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ABSTRACT

Studies were carried out to determine the activity of complexes of the essential amino acids DL-Lysine and
L-Methionine with heavy metals in the oxidation of cyclohexene with tert-butylhydroperoxide in toluene at 80°C. All
complexes were prepared through interaction of metal ions and DL-Lysine and L-Methionine at room temperature in
aqueous solutions. Only the complexes of Mo and W were obtained from acidic aqueous solution. These complexes
were characterized by FT-IR, Moessbauer spectroscopy and EPR analysis. The products of the oxidation reactions were
identified by GC/MS analysis. The complexes of Mo and V showed the best activity in the epoxidation reaction of
cyclohexene in comparison with other complexes, such as Ni, Mn, Zn, Co, Cu, Cr, Fe and W. Using semi-empirical
quantum-chemistry methods, the full energy of the Mo complexes was calculated and their probable structure is pre-

sented.
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1. Introduction

Reactions between oxygen and organic compounds have
a major role in living organisms, because the produced
energy is used to power all biochemical systems. Cataly-
sis in biological systems is attributed to the need to opti-
mize three aspects of the catalytic process simultaneously:
selectivity, rate and stability. Higher selectivity, rate and
stability in biological systems provide evolutionary ad-
vantages of certain forms over those having biologically
less adaptable and unstable systems.

The epoxidation of alkenes is among the main reac-
tions in the chemical industry. Epoxy compounds can
react with amines, phenols and others containing active
oxygen and act as intermediate compounds in the synthe-
sis of pesticides, pharmaceutical and perfumery products,
polyethers and so on. Mo complexes are known to be
efficient catalysts in the epoxidation of alkenes with or-
ganic hydroperoxides. The use of other transition metal
ions in the form of homogeneous or heterogeneous cata-
lysts has also been described [1,2].

Polymer coated Cu(Ill) complexes with L-phenyla-
lanine and L-valine were obtained and used as catalysts
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for the epoxidation of alkenes with m-chloroperbenzoic
acid. The selectivity for the obtained epoxide was 92% -
94% [3]. Polymer-anchored amino acid ruthenium com-
plexes were used as epoxidation catalysts. The polymer
carrier was Merrifield resin with valine attached to it and
treated with ruthenium(IIl) chloride. Selective epoxida-
tion with norbornylene and cyclooctene was observed
while for styrene, benzaldehyde and acetophenone were
obtained besides epoxy [4]. Efficient epoxidation cata-
lysts were obtained on the basis of tungsten oxide [5] and
molybdenum tricarbonyl [6]. New catalysts were also ob-
tained through the treatment of MCM-41 molecular sieve
with 3-aminopropyl-trimethoxysilane and acetylacetone
[71.

The donor properties of the amino acid methionine
were investigated for a number of transition and nontran-
sition metal ions, such as Cr(IIl), Fe(IlI), Cu(Il), AI(IIL),
Ag(I) and Bi(III) [8]. The kinetics of the reaction be-
tween tetrachloroaurates (III) and L-Methionine were
studied spectrophotometrically using a stopped-flow te-
chnique at different temperatures [9]. Schiff bases deriv-
ed from 2-nitrobenzaldehyde with the amino acids gly-
cine and methionine and their Co(II), Ni(II) and Cu(II)
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complexes were synthesized and characterized [10]. The
complexes of Mn-lysine [11], Pd-lysine [12] and Cu-
lysine [13] were also obtained and characterized

The present paper is a continuation of the authors’
studies on the preparation and characterization of com-
plexes of glutathione [14], histidine [15] and others [16]
with heavy metal ions. The aim of the present work is to
prepare metal complexes of DL-Lysine, L-Methionine
and to study their catalytic activity in the model oxida-
tion reaction of cyclohexene with tert-butylhydroperox-
ide.

2. Experimental
2.1. Materials

Chemicals

NazMOO4'2HQO, CuC122H20 CI'(NO3)3'9H20 ZDSO44HQO
were purchased from Fluka, Switzerland; VOSO,4 5H,0
FeCl,"4H,0 NiCl,"6H,0O MnCl,"4H,0O from Merck Ger-
many; CoCl,"6H,0 from Chemapol Praha; Na,WO,2H,0
from Aldrich; DL-Lysine and L-Methionine from Reanal,
Budapest, Hungary. Toluene was a product of Lukoil
Neftochim, Burgas, Bulgaria. Cyclohexene (Fluka, Swit-
zerland) was purified by distillation before use. Tert-
butylhydroperoxide (--BHP) was purchased from Fluka,
Switzerland and was purified by vacuum distillation at
32°C-33°C.

2.2. Preparation of Molybdenum Complex

0.3 g lysine (1.64 x 10 M) was added to 20 ml dou-
ble-distilled water and the solution obtained was acidi-
fied with dilute HNO; to reach pH ~ 2.2. Then, 0.2 g
Na,MoO,2H,0 (8.21 x 10™* M) were added to 20 ml
water and the solution was also acidified with dilute
HNO; until pH ~ 2.2. Both solutions were mixed at room
temperature under intense stirring. The precipitate ob-
tained was filtered, washed with double-distilled water
and dried to constant weight. The complexes obtained
were then subjected to analysis for the presence of mo-
lybdenum. W complexes were obtained using the same
method.

2.3. Preparation of Vanadium Complex

The complex between VOSO,4 5H,0 and lysine was pre-
pared in aqueous-alcoholic solution at room temperature:
0.3 g lysine (1.64 x 10~° M) was dissolved in 10 ml water.
The solution was added to 20 ml aqueous-alcoholic solu-
tion of VOSO, 5H,0 (0.21 g, 8.21 x 10 M). The aque-
ous-alcoholic solution was stirred with a magnetic stirrer
for 10 - 12 hrs. The precipitate containing the complex
was then filtered, washed repeatedly with ethyl alcohol
and dried in vacuum at room temperature to constant-
weight. The complexes obtained were subjected to analy-
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sis to determine the contents of VO**. The other com-
plexes with Cu, Co, Fe, Ni, Mn, Zn and Cr were prepared
by the same method. The complexes with methionine
were obtained in the same way.

2.4. Determination of Metal Ions Content in the
Amino Acid Complexes

The amount of metal ions was determined by complexa-
tion with potassium using a UNIGAN 8625 UV/VIS
spectrometer at wave lengths (4., 1), as follows: Mo 4
=460 nm (rhodanide); Co A = 620 nm (thodanide); V 1 =
450 nm (hydrogen peroxide); W 4 = 405 nm (rhodanide
complex). Cu, Cr, Mn, Ni, Zn and Fe were determined
with a Varian AA240 atomic absorption spectrometer.

2.5. Oxidation of Cyclohexene

Cyclohexene was oxidized with +~-BHP in a batch glass
reactor equipped with a magnetic stirrer at T = 80°C for
90 min.

The following reagents were introduced into the reac-
tion vessel:

Content: 5 x 10~ mmol metal/l (the catalysts were in
powder form in all cases); 0.1 ml ~BHP (0.081 g; 8.79 x
10 M); 1.0 ml cyclohexene (0.8 g, 9.8 x 107 M); 4.0
ml toluene (solvent).

3. Analyses
3.1. FT-IR Analysis

FT-IR spectra of DL-Lysine, L-Methionine and their
metal complexes were taken using a Bruker spectropho-
tometer (Germany) and FT-IR Tensor-27 in the interval
4000 - 400 cm™'; and the samples were prepared as KBr
pellets.

3.2. GC/MS Analysis

An aliquot (0.1 pl) was injected into a GC/MS Varian
450-GC equipped with a Factor Four capillary column.
Initial oven temperature was 50°C (5 min) and program-
med to 100°C (10 min/min). Average linear velocity was
1 cm’/min. The carrier gas used was helium. The detector
was scanned over the 40 - 400 m/z range to confirm the
retention times of the analysis. To determine the pro-
ducts, selected ion monitoring (SIM) was performed and
two characteristic fragment ions were monitored in addi-
tion to the molecular ion.

3.3. EPR Analysis

The electron paramagnetic resonance (EPR) spectra of
the metal complexes were obtained at room temperature
on a Bruker 200 DSRC spectrometer (Germany) operat-
ing in the X-range, at frequency of magnetic field modu-
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lation 100 kHz and rectangular resonator TE .

3.4. Moessbauer Analysis

Moessbauer spectra of Fe’* complexes were recorded on
an electromechanical spectrometer (Wissenschaftliche
Elektronik GmbH, Germany) under regime of constant
acceleration. The source used was *’Co with activity of
20 mCi deposited on Cr matrix. The rate gauge was cali-
brated by using 25 um thick a-Fe foil. The samples were
studied at room temperature. The Moessbauer spectra ob-
tained were computer processed by the least squares me-
thod using Lorents shaped curves and deconvolution.
The experimental spectra were mathematically worked
out using a program based on the method of iteration
optimization of initial approximations (least squares me-
thod).

4. Results and Discussion

The amino acids in the composition and structure of the
proteins are twelve, the number and their combinations
varying in the different proteins. They can be classified
as essential (or indispensable) and non-essential. The
amino acids that cannot be synthesized by the organism
and are supplied only in the diet have diverse functions.
For example, lysine (Figure 1) stimulates the appropriate
calcium absorption for the formation of collagen when
building cartilage and connective tissue. Lysine defi-
ciency may lead to fatigue, retarded growth, anemia and
infertility. Methionine (Figure 2) is the main supplier of
sulphur for the body. This amino acid can prevent skin,
hair and nail problems and is responsible for the normal
level of cholesterol in living organisms by increasing the
production of lecithin in the liver.

Metal ions also participate in biological oxidation
processes. Only metal ions capable of changing their oxi-
dation degree under certain conditions are active in these
catalytic reactions.

Table 1 shows the absorption peaks of the amino acids

Figure 1. Lys pK coon.(2.16); pK NH;r (9.06); content in
protein, % (5.9), pK side chaim (¢- NH; ) 10.54.

0]

s |
HyC™ OH

NH,
Figure 2. Met pK coon.(2.13); pK NH;r (9.28); content in
protein, % (2.2).
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lysine and methionine and their complexes with MoO3"
and VO*" cations. A shift of the band was observed at
1585 ¢cm', which is characteristic of the symmetrical
fluctuations of the NH; group after complexation, at
1530 cm™" for the vanadyl and 1520 cm™' for the mo-
lybdenyl complex respectively. The band at 1620 cm ',
characteristic of the asymmetrical fluctuations of the car-
boxylate anion, also shifted after complexation at 1560
em' and 1600 cm™'. The formation of a complex be-
tween the lysine and the molybdenyl ions led to the ap-
pearance of new bands at 875 cm™' and 780 cm ', char-
acteristic of the V=0 group [17]. New absorption bands
were also observed for the Mo complex: at 920 cm ',
typical of Mo=0 [16,18], and at 790 cm ', characteristic
of the asymmetrical fluctuations of the Mo-O-Mo bonds
[18]. Similar shifts of the ammonium group and the car-
boxylate anion as well as the appearance of new bands
characteristic of the V=0 and Mo=0 groups were ob-
served for the complexes of vanadyl and molybdenyl
ions with the methionine amino acid (Table 1).

Figure 3 shows the Moessbauer spectrum of the com-
plex of lysine with Fe ions. The experimental Moess-
bauer spectrum measured for the lysine complex was a
doublet and had isomer shift values of about 0.37 mm/s.

Since lysine, an amino acid, does not contain iron, the
spectrum observed can not be related to iron ions bonded
to this amino acid in a complex or iron containing miner-
als (oxides, hydroxides). The Moessbauer spectra calcu-
lated are included in Table 2.

Table 1. FT-IR data for a-amino acids and their complexes
(cm ™).

Functional group Lysine VO(a-aa); MoO,(a-aa),
v (NH;) 1585 1530 1520
vas (COO-) 1620 1560 1600
o0 (NH) 1490 1480 1495
vs (COO-) 1410 1400 1390
v (V=0) 875,780
v (Mo=0) 920
v (Mo-O-Mo) 790
Functional group  Methionine VO(a-aa), MoO,(a-aa),
v (NH;) 3420 3440 3196
vas (COO-) 1590 1620 1619
5 (NH) 1500 1500 1497
vs (COO-) 1410 1440
v (V=0) 980
v (V-0-V) 840
v (Mo=0) 910
v (Mo-0O-Mo) 750
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Figure 3. Moessbauer spectrum of lysine-Fe complex at room temperature.
Table 2. Parameters of the Moessbauer spectra.
Sample Components IS, mm/s QS, mm/s FWHM, mm/s G, %
Lysine-Fe Db Fe** 0.37 0.82 0.52 100
According to the isomer shift values, the spectrum pa- 8, —1-9600
rameters were found to be characteristic of the high spin m‘w\‘
Fe*" ions in octahedral coordination. Only Fe** ions were
registered in the Moessbauer spectrum of lysine. Ac-
cording to the values of the isomer shift values, all Fe
ions (Fe** and Fe’") in both samples were found to be in 170 G

octahedral coordination. The relatively high values of the
quadrupole split for all doublets indicated a significant
deformation of the charge field of the Fe ions due to
asymmetry.

The broader lines for a single component in the spec-
trum could be explained by the presence of Fe ions in
non-equivalent states (positions) which have close pa-
rameters.

The EPR spectrum of lysine—VO?** is presented in
Figure 4. The EPR spectra calculated are included in
Table 3.

To decide which donor atom of the amino acid (O or N)
is coordinated to the VO ion relevant data were looked
for in the literature. One source [19] reported a link only
between the isotropic EPR parameters of the vanadyl
complexes and different donor atoms. For this reason, the
table also shows values of Aj,, and g, [Ajso = (A + AL)/2;
giso= (gu + g1)/2].

The lower donor properties of the N atoms (compared
to the O ones) determine the formation of a VON, com-
plex (vanadyl lysine). The EPR spectrum shows that the
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Figure 4. EPR spectrum of Lysine—VO?** complex.

complex has axial symmetry. At lower symmetry in the
EPR spectrum 24 superfine lines (8 in each direction x, y,
z) could be expected. Despite the presence of a nuclear
spin y "*N (I = 1), no superfine interaction was observed
because the uncoupled electron of V(IV) is situated on
the dxy orbital, which does not overlap with the atomic
orbitals of the N atoms and the electron-nucleus interac-
tion is very weak.
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Eleven out of the expected 16 lines in the EPR spec-
trum (8 in parallel and 8 in perpendicular orientation)
were registered. All transitions in parallel orientation and
3 of the transitions in perpendicular orientation were well
allowed.

Another problem that the authors have solved in the
present research is the optimization of the geometry of
the obtained complex compounds of the lysine and me-
thionine amino acids with Mo(VI) using semi-empirical
quantum-chemistry methods and studying their electronic
structure.

The quantum-chemistry calculations and the analysis
of the electron configuration of co-ordination compounds
of transition metals allows to clarify the origin of their
physical and chemical properties at electron level, as well
as to predict some of the substance properties. This must
be done mostly because of their wide use in catalysis and
the important role they play in biological processes. For
this purpose, the geometry was optimized and the elec-
tronic structure was calculated for eight of the coordina-
tion compounds of Mo(VI) with some amino acids (ly-
sine and methionine) obtained. All the calculations were
carried out by the semi-empirical quantum chemistry
method ZINDO/1 in the HyperChem 6.0 software pack-
age, using standard parametrization for the molybdenum
atom.

The molecular structures were preliminarily deter-
mined using the molecular mechanics from the same
software package. For the quantum-chemistry calcula-
tions the optimization algorithm of Fletcher-Reeves was
applied. Closed-shell molecules are usually calculated
with the approximation of the Restricted Hartree-Fock
method (RHF), also known as the Spin-Restricted Har-
tree-Fock method.

The following characteristics are known about the
stereochemistry of coordination compounds with transi-
tion metals with d° electron configuration and multi-
ple-binding ligands, such as Mo(VI) compounds [20,21]:

Multiple-binding ligands (O=, N=) are situated in
cis-position to one another;

The introduction of a multiple-binding ligand to a

o-binded octahedral complex leads to considerable leng-
thening of the bond in frans-position to the substitute.

The results obtained for some bond lengths in coordi-
nation compounds are presented in Table 4.

The occupation of the molecular orbitals (MO) is also
related to the charge distribution in a molecule, that is the
pure charges of the atom. If on MO y; there are n; elec-
trons (7; = 0, 1 or 2), then n,c. (where c,; is the coeffi-
cient before AO y, in MO y;) is equal (in zero differential
overlap approximation) to the partial electron occupation
of the respective AO.

According to this approximation (on which the
ZINDO/1 method is based too), AO of the different at-
oms are regarded as orthogonal and consequently the
overlap integrals are taken to be equal to zero. The total
occupation of AO is worked out by adding up all partial
occupations along all occupied MO in which the AO
takes part. The total occupation of an atom in a molecule
is the sum of the occupations of all its AO. The formulaic
expression of the above is as follows:

P,; (partial occupation of AO y,) = n jcf, i
P, (total occupation of AO ) =X, n jcfl i

P, (occupation of atom A) =X,P,.

Then the pure charge of the atom is

qu=2Z4— Py,
where Z, is the charge of the nucleus.

The analysis of the occupation of AO of molybdenum
leads to an electron configuration of the valence electron
layer of 4d**5s"*5p!15 which indicates a transfer of
electron density from the ligand molecules to the free
orbitals of molybdenum and hence the occupation of the
Ss- and Sp-atomic orbitals of molybdenum is overvalued.
(Table 5) This result may lead to the incorrect conclu-
sion that there is a stronger coordination bond than in
reality, but it is typical of the semi-empirical quantum-
chemistry methods. This higher occupation of the mo-
lybdenum AO leads to a strong reduction of the positive
charge of the atom in comparison with the complexes of
Mo(VI) with other amino acids.

The last two columns of Table 6 show the energies of
the highest occupied molecular orbital (HOMO), as well

Table 3. Parameters of the EPR spectra.

2 gL

Liso All AJ_ Aiso

EPR paramaters
1.9374

1.9600

1.9437 186 51 118

Table 4. Calculated bond lengths (A) metal-ligand of co-ordination compounds of Mo(VI) with representatives of amino

acids.
Compounds Mo=0 Mo0-Nirans Mo-Nis Mo-O¢rans Mo-Oq;is
MoO;,(Lys), }7/28 2.365 2.310 2.158 2.125
1.769
MoO,(Met), 1751 2.364 2.310 2.166 2.124
Copyright © 2013 SciRes. JBNB
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Table 5. AO occupations of molybdenum in the studied complexes.

Compounds 5s 5p, 5p, 5p, 4d,}? 4d,, 4d,, 4d,-} 4d,,
MoO,(Lys), 0.422 0.342 0.375 0.433 0.887 0.772 0.733 0.750 0.714
MoO,(Met), 0.422 0.368 0.422 0.361 0.757 0.761 0.798 0.841 0.698

Table 6. Results obtained from the calculations of the electronic structure of the complexes of molybdenum with some amino

acids.
Compounds qmo (Ntrans QNeis qotrans qocis Enomocey Erumoev E momo-LumO)ev)
MoO,(Lys), 0.568 -0.213 —0.208 —0.438 —-0.420 —6.690 3.520 10.210
MoO,(Met), 0.567 -0.209 —0.210 —0.453 -0.417 -6.939 3.384 10.323

Table 7. Comparison of the obtained structures with regards to their energy (a.u) and (kcal/mol) and the experimental yield

data cyclohexene oxide, %.

Compound Full energy (a.u) Full energy (kcal/mol) Yield,% Cyclohexene oxide
MoO;(Lys), —248.483 —155928.862 41.5
MoO;(Met), —230.709 —144775.145 36.2

as that of the lowest occupied molecular orbital (LUMO).
They are called frontier MO and to a great extent they
determine the molecular system as steric system by the
substitution of ligands and its chemical reactivity (Fig-
ures 5 and 6).

The processes involving homogeneous, heterogeneous
and immobilized catalytic systems play an important role
in the chemical industry. The oxidation of alkenes is a
method for direct introduction of oxygen. These proc-
esses require the presence of a complex of a transition
metal and a source of oxygen.

The immobilized complexes obtained were studied in
the reaction of oxidation of cyclohexene. These results
were corresponded with full energy of complexes (Table
7). Table 8 shows the experimental data for the com-
plexes of the amino acid lysine and Table 9 shows the
respective data for the complexes of the amino acid me-
thionine.

All reactions were carried out in a batch reactor under
the same conditions.

As can be seen from Tables 8 and 9, high yields of
cyclohexene oxide were obtained using molybdenum
complexes: 41.5% with lysine and 36.2% with methion-
ine (Table 7). Lower yields were obtained using the va-
nadium complexes of lysine and methionine, 21.5% and
29.1% respectively. The obtained results correlate with
the literature data reported in [1,22], which report that
metals with high oxidation potential and low Lewis acid-
ity are efficient catalysts for the epoxidation of alkenes.
Exceptions in this respect are the tungsten complexes of
lysine and methionine, with which the yields of cyclo-
hexene oxide were 10.3% and 1.1% respectively. As for
the rest of the complexes, a relatively higher yield of

Copyright © 2013 SciRes.

cyclohexene oxide was obtained using the copper com-
plex of methionine: 11.4%. In the reactions of all the
other complexes the product from the allylic oxidation of
cyclohexene, namely 2-cyclohexene-1-ol, was the upper-
most. The yield of this compound was the highest when
using complexes of vanadyl, tungstenyl and iron ions
with lysine complexes, as well as methionine-iron com-
plexes. Their activity was between 10.7% and 12.4%. In
the authors’ previous studies of the histidine amino acid
as a ligand [15], the yield of cyclohexene oxide with the
molybdenum complex of histidine was 54.8% and 33.3%
with vanadium as such. The authors proved that different
products are obtained depending on the transition metal
ion. It is known from the literature that, depending on the
conditions of the reaction and the applied catalytic sys-
tem, it is possible to obtain around 70 different products
in the oxidation of cyclohexene [23]. In a previous work
[15], the authors determined three major products: cyclo-
hexene oxide, 2-cyclohexene-1-ol and 2-cyclohexene-1-
one. When comparing the experimental results of the
complexes of the three amino acids, it is evident that the
“third ligand” of the amino acid (the imidazole nucleus
of histidine, the amino group of lysine and the thiomethyl
group of methionine) also has an effect on the activity.
Scheme 1 shows the reactions where the three major
products are obtained. Reaction (1) is the main one: fert-
butylhydroperoxide epoxidizes cyclohexene to cyclohex-
ene oxide in the presence of the respective catalyst. Re-
actions (2) and (3) are side reactions. Reaction (2) is the
oxidation of cyclohexene to cyclohexenyl hydroperoxide
in the presence of oxygen. This reaction is competetive to
the epoxidation because cyclohexene contains an allylic
carbon atom. In reaction (3) cyclohexenyl hydroperoxide

JBNB
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Figure 5. Stereostructure (Methionine),-MoO, /semi-empirical/ ZINDO/1/, Symbol/Bond length, A. Symbol: Mo—white cen-
ter, O—red, N—blue, C—light blue, S—yellow, H—white.
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Figure 6. Stereostructure (Lysine),-MoO, /semi-empirical/ ZINDO/1/ Symbol/Bond length, A. Symbol: Mo—white center,
O—red, N—blue, C—light blue, H—white.

Table 8. Oxidation of cyclohexene with zert-butylhydroperoxide in the presence of different complexes with the amino acid
lysine.

No. Complex Cyclohexene oxide, % 2-Cyclohexene-1-ol, % 2-Cyclohexene-1-one, %
1 MoO,(Lis), 41.5 6.3 1.7
2 VO(Lis), 21.5 12.4 10.4
3 Ni(Lis), <1 7.8 52
4 Co(Lis), <1 6.2 10.8
5 WO,(Lis), 10.3 124 14.8
6 Cr(Lis), 3.8 4.9 1.4
7 Cu(Lis), <1 8.4 3.9
8 Fe(Lis), <l 10.2 3.8
9 Mn(Lis), 1.4 32 49
10 Zn(Lis), <1 4.6 8.6

Table 9. Oxidation of cyclohexene with zert-butylhydroperoxide in the presence of different complexes with the amino acid
methionine.

No. Complex Cyclohexene oxide, % 2-Cyclohexene-1-ol, % 2-Cyclohexene-1-one, %
1 MoO,(Met), 36.2 3.8 4.5
2 VO(Met), 29.1 4.4 7.8
3 Ni(Met), 2.6 3.0 <1
4 Co(Met), 33 6.7 2.7
5 WO,(Met), 1.1 42 1.4
6 Cr(Met), 7.6 <1 <1
7 Cu(Met), 11.4 4.1 32
8 Fe(Met), 1.4 10.7 6.5
9 Mn(Met), 3.7 3.7 2.9
10 Zn(Met), <1 1.7 <1

Copyright © 2013 SciRes. JBNB
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Scheme 1. Obtaining oxygen-containing products in the oxidation of cyclohexene.

can simultaneously epoxidize and oxidize cyclohexene to
2-cyclohexene-1-ol. The obtained seconddary alcohol
can be oxidized to 2-cyclohexene-1-one.

5. Conclusions

The possibilities of using amino acid complexes as cata-
lysts in the model reaction of oxidation of cyclohexene in
the presence of fert-butylhydroperoxide are newly dem-
onstrated. The optimal conditions for the formation of
complexes between the L-lysine, methionine and heavy
metal ions were established.

It was found out that the order of catalytic activity of
the complexes in the reaction of epoxidation of cyclo-
hexene with fert-butylhydroperoxide was as follows: Mo
>V > Cu > W, while in the reaction of hydroxylation it
was W=V >Fe > Cu.
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