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Abstract

New square-planar manganese(ll), copper(ll), nickel(ll) and cobalt(ll) complexes of a tetradentate Schiff-baseNijbéubib-(c-
methylsalicylidene)-2,2-dimethylpropane-1,3-diamine;[Mie,salpnMe] have been prepared and characterized by elemental analyses, IR,
UV-vis, conductometric and magnetic measurements. The results suggest that the symmetrical Schiff-base is a bivalent anion with tetraden-
tate ONNO donors derived from the phenolic oxygen and azomethine nitrogen. The formulae was found to bes@ipfiNiés)] for the
1:1 non-electrolytic complexes. Alumina-supported metal complexes (ASMC); [WMallenMe]/Al ,0s; catalyze the oxidation of cyclo-
hexene withtert-buthylhydroperoxide (TBHP) and hydrogen peroxide. Oxidation of cyclohexene with TBHP gave 2-cyclohexene-1-one,
2-cyclohexene-2-ol and 1grt-butylperoxy)-2-cyclohexene whereas, oxidation witsO4l resulted in the formation of cyclohexene oxide
and cyclohexene-1,2-diol. Manganese(ll) complex supported on alumina “[MséifegnMe]/Al ;05" shows significantly higher catalytic
activity than other catalysts.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction oxidation suffers from some drawbacks from a practical point
of view. The low conversion, the catalyst deactivationby
Selective oxidation of hydrocarbons to give oxygen- dimerization through the formation of oxygen bridges, the
containing compounds (alcohols, aldehydes, ketones, acidshigh cost of the complex and the lack of recycling methods
etc.) is an extremely important and useful reaction in the make it difficult for application of this system on alarge scale.
chemical industry. Normally more than one oxygenate and To avoid these problems, to improve the separation of the cat-
all products are susceptible to complete combustion to give alyst from the reaction medium and to increase its active life,
Co, [1]. The search for new selective oxidation catalysts is various strategies can be employed. The encapsulationin zeo-
one of the mostimportant current topics, connected with both lites[3—8], the grafting on polymerf@-11]or MCM-41 sil-
industrial and academic research. In this field, the use ofica[12] and the immobilization in polysiloxane membranes
homogeneous catalysts has received great attention in thg13] have been used as supporting methods, with moder-
last few years, given that they have shown to be useful in the ate to excellent results. Application of alumina-supported
oxidation of olefing2]. Despite its interest, this method of catalysis in organic transformation has been receiving atten-
tion in recent yearfl4,15] Immobilization of homogeneous
* Corresponding author. Tel.: +98 361 555 333; fax: +98 361 552 930.  transition metal catalysts to alumina carriers offers several
E-mail addresssalavati@kashanu.ac.ir (M. Salavati-Niasari). practical benefits of heterogeneous catalysis, while retaining
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the advantages of homogeneous catalytic reacfibhsl7] none, 2,2-dimethyl-1,3-propanediamine, hydrogen perox-
Some of the attractive features of alumina-supported catalysiside and tert-butlhydroperoxide (solution 80% in dért-
include: (1) easy separation of the catalysts from the reagentsbutylperoxide) were obtained from Merck Co. Cyclohex-
and reaction products; (2) simplification of methods to recy- ene was distilled under nitrogen and stored over molecular
cle expensive catalysts; (3) nonvolatile and nontoxic char- sieves (47\). Cyclohexanone was used as an internal stan-
acteristics to high molecular weight alumina backbones; (4) dard for the quantitative analysis of the product using gas
minimization of certain catalyst deactivation pathways by site chromatography. Reference samples of cyclohexene oxide,
isolation. These attractive features of these catalysts could2-cyclohexene-1-ol and 2-cyclohexene-1-one (Aldrich) were
possibly help in developing high through put discovery appli- distilled and stored in the refrigerator. Acidic alumina was
cations as well as in developing continues catalytic processegpurchased from Merck (Art. no. 1078, aluminum oxide 90
for industrial scale synthesis. In this paper, we report the active acidic, 0.063-0.200 mm). It was activated at 8D0
synthesis and characterization of transition metal (cobalt(ll), for 8 h before use.

manganese(ll), nickel(ll) and copper(ll)) complexes of XRD patterns were recorded by a Rigaku D-max C

the Schiff-base ligandy,N’-bis-(@-methylsalicylidene)-2,2-  lll, X-ray diffractometer using Ni-filtered Cu K radia-
dimethyl propane-1,3-diamine;-JfMessalpnMe]; and the tion. Elemental analyses were obtained from Carlo ERBA
same complex immobilized in acidic alumingdcheme }; Model EA 1108 analyzer. The metal contents of the sam-

[M(MessalpnMe]/Al ,03; and used in the oxidation of pleswere measured by Atomic Absorption Spectrophotome-

cyclohexene withert-butylhydroperoxide and hydrogen per-  ter (AAS-Perkin-Elmer 4100-1319) using a flame approach.

oxide as oxygen donors. The products were analyzed by GC-MS, using a Philips
Pu 4400 Chromatograph (capillary column: DB5MS, 30 m),
Varian 3400 Chromatograph (15 m capillary column of HP-

2. Experimental 5; FID) coupled with a QP Finnegan MAT INCOF 50,
70eV. Diffuse reflectance spectra (DRS) were registered
2.1. Materials and physical measurements on a Shimadzu UV/3101 PC spectrophotometer the range

1500-200 nm, using MgO as reference. The stability of
All the solvents were purchased from Merck (pro- the supported catalyst was checked after the reaction by
analysis) and were distilled and dried using molecular sieves UV-vis and possible leaching of the complex was investi-
(Linda 4,&) [18]. Manganese(ll) acetate, copper(ll) acetate, gated by UV-vis in the reaction solution after filtration of the
nickel(ll) acetate, cobalt(ll) acetate, 2-hydroxyacetophe- alumina.
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2.2. Preparation of N,Nbis(@-methylsalicylidene)-2,2-
dimethylpropane-1,3-diamine;
Hso[MessalpnMe]

The stoichiometric amount of 2-hydroxyacetophenone
(0.02mol, 2.729) in dissolved methanol (25ml) is added
drop by drop to 2,2-dimethyl-1,3-propanediamine solution
(0.01 mol, 1.029g) in 25ml methanol). The contents were
refluxed for 3h and a bright yellow precipitate of symmet-
rical Schiff-base ligand (kL) was obtained. The yellow
precipitate was separated by filtration, washed and dried
in vacuum. It was then recrystalized from methanol to
yield Hy[MessalpnMe] (39, 89%). Elemental and spec-
troscopic analysis of neat and alumina-supported com-
plexes confirmed the molecular composition of ligand
(Table .

2.3. Preparation of [Co(MgsalpnMe)]

The flask containing a stirred suspension of cobalt(ll)
acetate tetrahydrate (3.96g, 0.016mol) in propanol
(100cn?) was purged with nitrogen, and then warmed
to 50°C under a nitrogen atmospheri,N'-bis-(@-met-
hylsalicylidene)-2,2-dimethylpropane-1,3-diamine (5.41¢,
0.016 mol) was added in one portion, and the resulting
black suspension was then stirred and heated under reflux
under a nitrogen atmosphere for 8 h. Then the mixture was
cooled and filtered under reduced pressure. The collected
solid was washed with diethylether and dried in air to give
black crystalline [Co(MgsalpnMe)] which was purified by
recrystallization from chloroform.

2.4. Preparation of [Mn(MgsalpnMe)]

The Schiff-base ligand (3.72 g, 0.011 mol) was dissolved
in 100 ml of refluxing ethanol and a stream of nitrogen was
purged for 4 h to eliminate the oxygen. A solution containing
2.69g (0.011 mol) of manganese(ll) acetate tetrahydrate in
water was added dropwise to the deoxygenated ligand solu-
tion. The resulting mixture was agitated and refluxed under
nitrogen with 5 ml of ethanol followed by 5 ml of water. The
mixture was then cooled and filtered under reduced pressure.
The collected solid was washed with diethyl ether and dried
in air to give yellow crystalline [Mn(MgsalpnMe)] which
purified by recrystallization from chloroform.

2.5. Preparation of [Ni(MesalpnMe)]

Hso[MessalpnMe] (4.73 g, 0.014 mol) was dissolved in
100 ml of ethanol, and the solution was refluxed. To this hot
solution was added nickel(ll) acetate tetrahydrate (0.014 mol,
3.48 g) dissolved in 100 ml of ethanol. Refluxing was contin-
ued for 8 h. Upon cooling the solution, a solid crystalline was
obtained which was filtered, washed with ethanol, and dried
in vacuum and purified by recrystallization from chloroform.

Table 1

Chemical composition, DRS absorption, UV-vis and IR stretching frequencies of neat and alumina-supported transition metal complexes

C/M ven@(em™)  dodem™d) e (MB)  Am2(Q lcmimold)
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Estimated values are given in parentheses.

2 Infrared spectra measured as KBr pellets.

b In chloroform solutions at 25C as never specified for neat complexes.
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2.6. Preparation of [Cu(MgsalpnMe)] The desired complexes crystallized upon cooling and recrys-
tallized from chloroform. Elemental analysis indicates that
The procedure followed was similar to that for all of the complexes are monomeric species formed by coor-
[Ni(MezsalpnMe)], except that copper(ll) acetate hydrate dination of 1 mol of the metal ion and 1 mol [M&alpnMe].
(0.014 mol, 2.799) was used instead of nickel(ll) acetate All of the metal chelates in this study are insoluble in water

tetrahydrate. but soluble in most organic solvents. Electrical conductiv-
ity measurements of the metal complexes givg values
2.7. Preparation of [Zn(MgsalpnMe)] of 6-20Q~tcm~tmol~! and confirm that they are non-

electrolytes. The metal content of the ASMC catalysts were

This complex was prepared by a method similar to €stimated by dissolving the known amounts of the heteroge-
that for [Ni(MessalpnMe)] except zinc(ll) acetate dihy- ~ Nneous catalystin concentrated HCl and from these solutions,

drate (0.014 mol, 3.07 g) was used instead nickel(ll) acetatetransition metal contents were estimated by atomic absorp-
tetrahydrate. tion spectrometer. The metal content of the different cata-

lysts synthesized were almost the same in all the supported
system and was 0.012 moty The chemical composition
(Table ) confirmed the purity and stoichiometry of the neat
and alumina-supported complexes. The chemical analysis of
the samples reveals the presence of organic matter \itN a
ratio roughly similar to that of neat complexéwble J).

2.8. Preparation of [M(MesalpnMe)]/Al 03

A solution of the [M(MesalpnMe)] (2.0g) in CHCE
was added to a suspension ob®k (10.0g) in CHC4. The
resulting suspension was stirred at°&under Ar atmo-
sphere. The solid was filtered, washed with CglCrhe
[M(MezsalpnMe)]/Al 203 catalyst was dried at 7@ under
vacuum overnight prior to use.

3.2. IR spectral study

A patrtial list of the IR spectral data of Schiff-base and
supported complexes along with their respective simple com-
plexes are presentedTiable 1 However, significant change

in some important bands from free ligand noticed. For exam-

A mixture of 1.0g catalyst, 25ml solvent and 10mmol e free ligand exhibitsc—y stretch at 1570 cm In com-
cyclohexene was stirred under nitrogen atmosphere ina 50 m'plexes, this band shifts to lower frequency and appears at

round-bottom flask equipped with a condenser and a drop-1515_1550 cm?, indicating the coordination of azomethine
ping funnel atroom temperature for 30 min. Then 16 mmol of jrogen to the metal. The appearance of two to three bands
TBHP (solutlon_80% in diert-butylperoxide) or hydrogen in the low frequency region (between 410 and 527¢n
peroxide (30% in water) was added. The resulting mixture jngicates the coordination of phenolic oxygen in addition
was then refluxed for 8 h undé; atmosphere. After filtra- {4 az0methine nitrogen. The presence of several bands of
tion and washing with solvent, the filtrate was concentrated ,adium intensity in 2700-2960 crh region indicates the

and then subjected to GC analysis. The concentrations Ofgyistence of methyl and propylene group of the amine residue
products were determined using cyclohexanone as internalys ihe ligand.

standard.

2.9. Heterogeneous oxidation of cyclohexene

The intensity of the alumina-supported metal complexes
(ASMC) is though weak due to low concentration of the com-
2.10. Homogeneous oxidation of cyclohexene plex, the IR spectra of supported complexes are essentially

similar to that of the free metal complexes. The adsorbing

To a solution of cyclohexene (1 ml), neat metal complex tendency of the acidic alumina might arise from the presence
(1.02x 10-°mol) in dichloromethane (10 ml), TBHP (2ml)  of oxygen groups on the surface in order to coordinate to
was added. The resulting mixture was then refluxed for 8 h metal ion center§cheme L All metal complexes supported
underN, atmosphere, the solvent evaporated under reducedon alumina exhibit band around 1200-740%¢ndue to alu-
pressure and the crude analyzed by GC and GC-MS. Themina framework. No significant broadening or shift of the
concentrations of products were determined using cyclohex-structure sensitive alumina vibrations at 1140¢nidue to
anone as internal standard. the asymmetric ALO stretch).

3.3. HNMR studies of ligand and neat
3. Results and discussion [Zn(MexsalpnMe)]

3.1. Synthesis of complexes Comparision of TH NMR spectral data of the
Ho[MessalpnMe] and [Zn(MesalpnMe)] recorded in
Synthesis of the metal complexes were essentially the DMSO-d; further supplements the conclusion drawn from IR
same and involved heating and stirring of stoichiometric data. The'H NMR spectrum of H[MessalpnMe] exhibits
amounts of H[MezsalpnMe] and metal acetate in methanol. the following signals: 11.88 (s, 2H, OH), 2.32 (s, 6H,
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—C(CHg)=N-), 6.61-7.80 (m, 8H, aromatic), 3.52ppm (s, at 17,540cm? that is attributed tal <> d transitions. The
4H, CH,) and 1.15 (s, 6H, Ck+C-). The disappearance spectrum of this complex is similar to those reported for
of phenolic signal and down field shift of azomethine sig- Cu(ll) complexes[23]. The magnetic moment (1.77 BM)
nal (3.14 ppm,—C(CH3)=N—) indicates the coordination of suggests a 5quare-p|anar geometry.

phenolic oxygen after deportation and azomethine nitrogen
atomsH NMR spectrum of other neat complexes could not
be recorded due to its partial paramagnetic nature of complex
as noticed earli€19].

3.6. Diffuse reflectance spectra

The diffuse reflectance spectra of Mn(ll), Co(ll), Ni(ll)
and Cu(ll) complexes contain (MgsalpnMe) were almost
identical before and after supporting, indicating the com-
plexes maintain their geometry even after supported without
significant distortion. For example, the UV-vis spectrum
of CuCh/Al,0O3 does not show any absorption band above
380 nm, while spectrum of [Cu(MsalMe)]/Al ;O3 displays
one broad band at 380 nm, which is probably due to a symme-
try forbidden ligand to metal charge transfer transition, simi-
lar to that observed in Cu(G3€0O0)(H20) [24c]at 370 nm.

A very weak but broad absorption at 575 nm is also observed
when highly concentrated sample was used to record the
spectrum and this is due @-d transition in the complex
[24c]. These data compare closely with that of pure complex
[Cu(MexsalMe] as well as of [Cu(salpn)] and are indicative

of a square-planer structure present on the alumina. Other
two bands appearing at 250 (sh) and 220 nm can be assigned
as intra-ligand transition. The electronic spectral data of lig-
and, neat [Cu(MgsalMe] and [Cu(MesalMe)]/Al .03 are
presented ifable 1

3.4. X-ray diffraction

The X-ray powder diffractograms (XRD) of ADs,
NiCl,/Al>,03 and [Ni(MeysalpnMe)]/Al ,03 were recorded
to study their crystallinity and to ensure supporting.
After careful comparison of XRD patterns of A3 and
NiCl,/Al>,03, it was observed that, there is one new
peak wih a d \alue of 1.734nm in NiGVAI,Os3 this
peak was also observed in [Ni(¥&alpnMe)]/Al 03 and
[Ni(MessalpnMe)] at the same position. In addition, the
[Ni(MegsalpnMe)]/Al ;03 exhibits one new signal with
value of 8.274 nm, which is a part of the ligand as this signal
was also observed in [Ni(MsalpnMe)] but not observed in
Al>03 or NiCl2/Al203. This information clearly indicates the
support of [Ni(MesalpnMe)] on alumina. Very low inten-
sity of other peaks made it difficult to distinguish them from
the other peaks in the XRD pattern of the ASMC.

3.5. Electronic spectral studies

Within the UV spectrum of the ligand has been observed 3.7. Catalytic activity
the existence of two absorption bands assigned to the transi-
tionn— 7" andzr — 7" at 41500 and 34500 cm, respec- We have recently reported the activation oftC bond
tively. Also these transitions are to be found in the spectra with TBHP and HO, in the presence of exchanged zeo-
of the complexes, but they are shifted to lower frequen- lite NaY with transition metal elements, alumina-supported
cies, confirming the coordination of the ligand to the metal and zeolite-encapsulation of metal compleX@s]. We
ions[20]. In addition, in the spectra of the some complexes showed that some complexes of Mn(ll) included in zeo-
of HoMezsalpnMe ligand, the new bands observed in the lite Y, catalyzed the oxygen transfer from TBHP to cyclo-
25,640-23,250 cmt range can be attributed to the charge- hexene and concluded that such simple systems mimic
transfer bands (ligand to metal or metal to ligand centre) the behavior of cytochrome P-450 type oxidation sys-
[21]. The magnetic measurement obtained at room temper-tems[25b]. We also showed the [Mn(haacac)]$®s; (haa-
ature {[Table 1 for manganese complex in the powder state cac = bis(2-hydroxyanil)acetylacetone), catalyzed cyclohex-
is 5.94 BM, i.e., close to the spin only value expected for ene oxidation with the highest reactivity and selectivity

high spin manganese(ll) in an tetrahedral environni2ht and 2-cyclohexene-1-one was formed as the main product
The electronic spectrum of [Co(MsalpnMe)] is very sim- [25d], and we showed a simple catalyst system of alu-
ilar to that reported for related cobalt(ll) complex@2]. mina supported Mn(Il) complexes with a number of biden-

The spectrum of the [Co(MsalpnMe)] exhibits one band  tate ligands of N,N; N,O and O,0O donors atoms in the
at 20,200 cm? that is assigned td <> d transitions. This oxidation of cyclohexeng25c]. Since, alumina-supported
geometry is confirmed by the values of the effective mag- metal systems exhibit catalytic activity in a wide range of
netic moment (1.79 BM). The electronic spectrum of the the industrially important processes and have been exten-
[Ni(MessalpnMe)]exhibit one band at 24,100 cth that can sively studied, we decided to investigate the effect of tran-
be assigned to @<« d transition of the metal ion. The sition metal complexes with a tetradentate Schiff-base lig-

average energy of this absorption is comparablel o d and ‘N,N'-bis-(a-methylsalicylidene)-2,2-dimethylpropane-
transitions of other square planar Schiff-base of nickel(ll) 1,3-diamine”, B[MessalpnMe], supported on acidic alu-
chelates with nitrogen and oxygen donor atoi@3]. The mina in the oxidation of cyclohexene with TBHP.

magnetic moment suggests a square-planar geometry. The Results of Table 2 show the catalytic activity of
spectrum of the [Cu(MgsalpnMe)] exhibit one broad band  homogeneous catalysts. Comparing between neat and
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Table 2 100 ——— S
Oxidation of cyclohexene with TBHP catalyzed by metal complexes in 90 4 1=[Mn{MezsalMez))/Alum. o 2-Cyclohexene-1-one
O 2-Cyclohexene-1-ol
CHoCl> - 2=[Co(MegsalMey))/Alum. m 1-(tert-butylperoxy)-2-cyclohexene
. .. 0 T 3=[Ni(MezsalMez))/Alum.
Catalyst (g/:(;nversmn Selectivity (%) 0l . a-CuMesaiMe Al
(] - L.
Ketoné AlcohoP  Peroxidé -
52 60 -
[Mn(MessalpnMe)] 50.9 56.6 21.6 21.8 <, Efid f]
[Co(MegsalpnMe)]  42.7 47.6 27.4 25.0 =
[Ni(MezsalpnMe)]  23.8 31.4 38.7 29.9 T 10
[Cu(MegsalpnMe)]  36.9 35.2 29.8 35.0 g 30 4

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

- W
o o

1

1 2 3 4

alumina-supported Tebles 3 and 4and Figs. 1 and 2 Fig. 1. Oxidation products distribution in methanol with [M(M=aIMe>)]-
complexes as catalyst evidence that ASMC gave higher aj,0,TBHP.

conversion of cyclohexene than their corresponding neat

complexes. The higher activity of supported complexes is the analysis of the recovered catalysts by atomic absorption

because of site isolation of the complexes. spectroscopy showed no reduction in the amount of transi-
The selectivity and activity results of these ASMC on tion metalions, they showed a slightly lower catalytic activity

the oxidation of cyclohexene with TBHP are given in (2.5%) (Tables 3 and %

Tables 3 and 4ndFigs. 1 and 2At the end of the reaction, The effect of transition metal complexes supported on alu-

the catalyst was separated by filtration, thoroughly washed mina was studied on the oxidation of cyclohexene with TBHP

with solvent and reused under similar conditions. Although in dichloromethane and the results are showmdhle 3 As

Table 3
Oxidation of cyclohexene with TBHP catalyzed by metal complexes on alumina #CGH
Catalyst Conversion (%) Selectivity (%)
Ketoné Alcohol? Peroxidé

[Mn(MezsalpnMe)]-Al ;O3 82.8 80.5 14.2 B
[Mn(MezsalpnMe)]-Al ;03¢ 81.9 79.2 15.6 2
[Mn(MezsalpnMe)]-Al ,03© 81.1 78.6 16.4 B
[Mn(MezsalpnMe)]-Al 205 80.3 78.1 17.0 )
[Co(MezsalpnMe)]-Al 03 74.6 74.6 21.0 4
[Ni(MezsalpnMe)]-Al 203 49.6 64.2 26.7 a
[Cu(MezsalpnMe)]-Al 03 60.1 69.6 18.6 18

a 2-Cyclohexene-1-one.

b 2-Cyclohexene-1-ol.

¢ 1-(tert-butylperoxy)-2-cyclohexene.

d First reuse.

€ Second reuse.

f Third reuse.
Table 4
Oxidation of cyclohexene with TBHP catalyzed by metal complexes on alumina #CCH
Catalyst Conversion (%) Selectivity (%)

Keton& Alcohol Peroxidé&

[Mn(MezsalpnMe)]-Al ;03 79.6 76.7 16.9 a8
[Mn(MezsalpnMe)]-Al ,03¢ 78.8 75.7 18.2 a
[Mn(MezsalpnMe)]-Al ;03¢ 78.1 75.1 19.0 3
[Mn(MessalpnMe)]-Al .03 77.4 74.3 20.1 B
[Co(MezsalpnMe)]-Al 203 69.7 70.6 23.1 [+]
[Ni(Me,salpnMe)]-Al 203 45.1 60.1 28.8 11
[Cu(MezsalpnMe)]-Al 203 57.4 65.6 221 13

a 2-Cyclohexene-1-one.

b 2-Cyclohexene-1-ol.

¢ 1-(tert-butylperoxy)-2-cyclohexene.
d First reuse.

€ Second reuse.

f Third reuse.
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100 -
90 1
80 4
70 A
60 -
50 1
40 1
30 A
20 4
10 4

O 2-Cyclohexene-1-one
o %—Cyciohexene-
FER

1o 1=[Mn(MezsalMez))/Alum.
-0l
(tert-butylperoxy)-2-cyclohexene

2=[Co(Me,salMey)/Alum.
3 =[Ni(MezsalMez)]/Alum.
4=[Cu(Me;salMey)]/Alum.

(%)

Selectivity

I

1

4

2 3

Fig. 2. Oxidation products distribution in acetonitrile with [M(Me
salMey)]-Al 203/TBHP.

shown inTable 3 only allylic oxidation has occurred with
the formation of 2-cyclohexene-1-one, 2-cyclohexene-1-ol
and 1-(ert-butylperoxy)-2-cyclohexene. Oxidation with the
same oxidant in the presence of Mafll,0O3 was 29.1%
[25c]. The increase of conversion from 29.42bc]to 82.8%
compared to MNnGIAl,03 with [Mn(MezsalpnMe)]/Al ;03

indicates that the existence of ligand has increased the activity

of the catalyst by a factor of 2.84. From the results indicated
in Tables 2—4&ndFigs. 1 and 2t is evident that cyclohexene-
2-one is selectively formed in the presence of all catalysts.

The trend observed ifables 2—-4andFigs. 1 and Zan
be explained by the donor ability of ligand available in the
complex catalysts. As Wang and co-workers have pointed
out recently, the key point in the conversion of cyclohex-
ene to the products is the reduction of L-#rto L-Mn2*.
This reduction to L-MA* is facilitated with the ligands
available around the metal catigd6]. The formation of
the allylic oxidation products 2-cyclohexene-1-one and 2-
clohexene-1-ol shows the preferential attack of the activated
C—H bond over the €C bond. The formation of 1tet-
butylperoxy)-2-cyclohexene shows the presence of radical
reactions[27]. That TBHP as oxidant promotes the allylic
oxidation pathway and epoxidation is minimized, especially
under the highly acidic properties of alumina supported with
divalent and trivalent transition metal ions and complexes,
has been observed by us and oth@$,28] It should be
emphasized that the destructive oxidation of alkenes via
epoxidation pathway with $0D, under the catalytic effect of
alumina-supported Mn(ll) complexes seems interegabd
Although the two systems are alike, it is the oxidant structure
that has changed the fate of the reaction.

When the oxidant was changed to hydrogen peroxide
(Fig. 3), the oxidation occurred on the double bond and cyclo-

hexene epoxide obtained as the sole product. It seems tha11 :
the diol resulted from the epoxide ring opening under the

aqueous acidic conditions. Since botp®4 and TBHP oxi-

dize cyclohexene in the presence of alumina-supported metal ©

complexes, but that only #D, and not TBHP gave epoxida-
tion of cyclohexene under the similar conditions leads us to
conclude that the two types of reactions do not occur via
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Fig. 3. Oxidation products distribution in acetonitrile with [M(Me
salMez)]-AI 203/H202.

a common intermediate. As Valentine and his co-workers
have pointed out one possible explanation is that the species
responsible for the cyclohexene oxidation are the products
formed from cleavage of the-@ bond, whereas, the epox-
idation reaction occurs by a direct reaction of olefin with
coordinated HOO radical. Since the-O bond of HOOH is

5 kcal/mol stronger than that of TBHP, an HOO complex is
expected to have a higher activation energy ferGObond
cleavage than a TBOO complex and, therefore, to have a
longer lifetime[29].

The effect of various solvents for the oxidation of cyclo-
hexene with [M(MesalpnMe)]J/Al 203 catalysts was also
studied Fig. 4). The oxidation reactions were carried out
in protic and aprotic solvents. The results are given in
Tables 3 and 4ndFigs. 1 and 2In all the oxidation reac-
tion, 2-cyclohexene-1-one was formed as the major product.
When the reaction was carried out in a coordinating sol-
vent like CHsCN the conversion decreased by a factor of
~1.53 Fig. 4). This might be attributed to the donor num-
ber of acetonitrile (14.1) and, therefore, to its higher ability to
occupy the vacant spaces around the metal center and prevent

1=[Mn(Me;salMe,)/Alum.
25{CoMa:salMasAlIm:
3-='[Ni(Mef2'sa'|Mez)lfAidm. :
—4=|cu(megsa|nnaz)]mum,

4

+{| D Acetonitrile

/| @ Methanol

I/l O Chloroform

\-||_B Dichloromethane

40 60 100
Conversion

20 80

Fig. 4. Effect of solvent on the conversion by [M(MalMe)]/
Alum./TBHP.
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the approaching of oxidant molecules. In dichloromethane [14] V.A. de la Pé&a O'Shea, M.CAlvarez-Gahan, J.L.G. Fierro, P.L.
and chloroform the yields of 2-cyclohexene-1-01 and 2- Arias, Appl. Catal. B 57 (2005) 191,
cyclohexene-l-one were higher and lower yield of the J. Aguado, J.M. Escola, M.C. Castro, B. Paredes, Appl. Catal. A

eroxy species was obtained as compared to the other 284 (2005) 47;
peroxy sp P S.J. Sawhill, K.A. Layman, D.R. Van Wyk, M.H. Engelhard, C.

solvents. The_ effi_ciency of the catalysts for qxidation of Wang, M.E. Bussell, J. Catal. 231 (2005) 300;
cyclohexene in different solvents decreases in the order: W. Xiong, H. Ma, Y. Hong, H. Chen, X. Li, Tetrahedron: Asymme-
dichloromethane > chloroform > methanol > acetonitrile. try 6 (2005) 1449;

A. Maroto-Valiente, M. Cerro-Alar@n, A. Guerrero-Ruiz, |.
Rodfiguez-Ramos, Appl. Catal. A 283 (2005) 23;
B. Pawelec, A.M. Venezia, V. La Parola, S. Thomas, J.L.G. Fierro,

4. Conclusions Appl. Catal. A 283 (2005) 165.
[15] E. Heracleous, A.F. Lee, K. Wilson, A.A. Lemonidou, J. Catal. 231
In this study, we have used a rather simple cataly- (2005) 159;

sis system of alumina-supported manganese(”), cobalt(ll), Y.S. Al-Zeghayer, P. Sunderland, W. Al-Masry, F. Al-Mubaddel, A.A.

. . . . Ibrahim, B.K. Bhartiya, B.Y. Jibril, Appl. Catal. A 282 (2005) 163;
nickel(ll) and copper(ll) complexes with a Schiff-base lig- X. Zhang, M. Zhou, L. Lei, Appl. Catal. A 282 (2005) 285:

and ‘N,N'-bis-(a-methylsalicylidene)-2,2-dimethylpropane- A. Sirijaruphan, J.G. Goodwin Jr., R.W. Rice, D. Wei, K.R. Butcher,
1,3-diamine, H[MessalpnMe]” in the oxidation of cyclo- G.W. Roberts, J.J. Spivey, Appl. Catal. A 281 (2005) 11;
hexene. Oxidation of allylic site and double bond were V. Santes, J. Herbert, M. Teresa Cortez, Farafe, L. Daz, P.
resulted with the oxidants of TBHP ang 6, respectively. Narayana Swamy, M. Aouine, M. Vrinat, Appl. Catal. A 281 (2005)

The high percentage yield of reactions especially in the pres- 121,
N. Kunisada, K.-H. Choi, Y. Korai, |I. Mochida, K. Nakano, Appl.

ence of alumina-supported manganese(ll) complex seems  catal. A 279 (2005) 235.
promising. The extention of the method to different olefins [16] H.R. Hartley, Supported Metal Catalysis, Reidel, Dordrecht, 1985.
is currently under investigation in our laboratory. [17] J.H. Clark, A.P. Kybett, D.J. Macquarrie, Supported Reagents-
preparation, Analysis and Application, VCH, Weinheim, 1992.
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