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Abstract

The new ligand(OBTMRZ), Bis[4-phenyl-3(2-propenyl)thio-1,2,4-
triazole -5yl] methane was prepared and characterized by vibrational
spectra and IPh};sical methods,selected metals,which were Cu", Zn",
Mn",Co" Fe' and Hg" were reacted with ligand to produce new
complexes.Solid compounds were isolated and identified through
metal analysis,vibrational and electronic spectra,molar conductivity
magnetic susceptibility measurements and other techniques depending
on the data obtained,chemical formula geometry of complexes were
suggested.

Other ligands(OXH,TRZH,OTRZ,BTMRZH,)were prepared and
select metals(Cu",Zn"andMn"jreacted with them to produce complexes.
These complexes were characterized by infrared spectroscopy and
physical methods .

Laccase was produce from fungal isolate P .ostreatus using
submerge culture at 30C° pH =6.5 after 96 hour of incubation .The
analysis of fungal filtrate using (HPLC) technique shown the presence
one peak which indicated , that was partial purified , the flam atomic
absorption technique indicated that the enzyme was contains (2Zn,
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1Cu,1Fe atom) .The optimum conditions for enzyme activity were
pH=6 at 60C° and for stability pH=5-6 at 35-60C°the operational
activity of enzyme were pH=6 at 60 C° for 30 min .
The effect of salts,indicator (ligands) and their complexes in
enzyme activity were studied as following :

- Zn complexes were act as enzyme inducer in case of OXH,TRZH,

OTRZligands in comparison with Cu complexes but the complexes

(BTMRZH2) were reveled opposite behavior with previously ligands.

- Enzyme activity was increase with Co ,Fe and Zn complexes by using

new ligand OBTMRZ while the activity was inhibited with Hg,Cu and

Mn complexes .

- Low activation was appeared with organic indicators (ligands ) .

- High activation in enzyme activity has been shown with present of
Fe,Zn and Co salts,and the highest inhibition was occurred in
presence of NaN3 and HgCl, .

The anion part of salts played animported role in enzyme activity
.the activity was increase in presence of NO; ' group in comparison
with chloride group for the same metal .

Introduction

The chemistry of heterocyclic compounds and a particular
biheterocyclic which have been contain five member ring such as
1,3,4-oxadiazole andl,2.4-triazole receive more attention during the
last decades,as bioactive molecules and of industrial applications,

1
(—N —C —=8)especially thio derivatives of this ring (1-3) . While

by virtue of in corporating the grouping toxophorically important in
many drug (4,5).It was suggested that the —SH group attached to
heterocyclic nucles many induce fungicidal activity (6).Although
some derivatives show a broad spectrum of activity to be as nsectic,a
caricidal and nematocidal as well .

Heterocyclic molecules with olefinic group is considered to be
good coordination compounds because they contain the hard N
besides soft S atoms and presence of unsaturated group in this ligands
Jnake the capable to form organometallic compounds ,and because of
their established biological activity with structural features and
behavior(7) .The interaction of triazole ligands containing unsaturated
group with transition metals gave a great interest for versality and(8,9)
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diversity from the point of structural,biological and catalytical aspects,
and its metal complexes it can be postulated that chemotheroputic area
is the main and widely vast field in triazole applications .

In the past several years the use of laccase enzyme as catalysts on
organic synthesis as example there is one step synthesis of substituted
-1,2,4-triazole(1,2,4)benzothiadizine-8-ones by laccase enzyme ,the
mediated reaction in various -5-substituted-4-amino-3-mercapto-1,2,4-
triazole and hydroquinone in aqueous solution (10).

Present paper describes the new olefinic his triazole and other
derivatives and coordination behavior toward some select metals.

Laccase enzyme was produce from local isolate P. ostreatus and
purified , the optimum conditions for enzyme activity were pH=6 at
60C° and for stability pH= 5-6 at 35-60 C® ,the operational activity of
enzyme were pH=6 at 60C°for30 min.

We have been studied the effect of the preparing ligands and their
metal complexes in addition to the salt in enzyme activity .

Experimental

Materials and methods

The chemicals used in this work were obtained from B.D.H and
they were all pure grade reagents.Flame atomic absorption of
elemental analyzer AAG608 flame Emission spectrophotometer was
used for metal determination,FTIR spectra were recorded using
shimadza-8000 spectrophotometer,for the rangd000-200cm™ . Electronic
spectra were recorded using shimadza-uv-visible detector(SPD-
10AVP) was used for purification determinatton of enzyme.
Electrical conductivity was measured by WTW conduct meter and
magnetic susceptibility was measured by Brukar magnetic using
faraday method , potentiometer was measured by HF-98150-GippH or
Demeter type Hanna.Also cooling centrifuge Beckman ,Autoclave and
shaker incubator were used in this work .

Preparation of ligands

The methods that were used to prepare the{ (OXA) 5-phenyl-2-
mercapto-1,3,4-oxadiazole(TRZH)4,5-diphenyl-3-thiol-1,2,4-triazole,
(BTMRZH,)Bis[4-phenyl-3-thiol-1,2,4-triazole-5yl]Jmethane,
(OTRZ) 4,5-diphenyl-3(2-propenyl)thio-1,2,4- triazole}as reported in
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the literature(11-13) .The new ligand (OBTMRZ) Bis[4-phenyl-3(2-
propenyl) thio-1,2,4-triazole-5yl] methane was prepared starting from
ethyl malonate and hydrazine according to the following scheme :
O
|

o 0 3
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(Pbc;-o-c-)zﬂiz—p(mmu—o-o-)lcu,-—» (Fh = Nl = C e NV — Gy

N=N N-N N=N '
I =CH-(H;—S—Q 9_):% B — (H—0l = O m—Q »-CH:-Q 9‘5“ Ok
! I

Fh i i ]

The physical properties of the product are shown in the table (1)
,characterization by physical method and FTIR spectra are given in
table (2).

Preparation of complexes

The methods that were used to prepare the metal complexes of
OXA TRZH.BTMRZH, andOTRZ as  reported in the
literature(8,12,13).

Their is one general procedure was adopted as follows for
preparation of OBTMRZ complexes :

A mixture of ethanol solution of metal salt with a certain ligand
in (2:1) mole ratio was stirred under reflux for 10 min. , the precipitate
which was formed after addition diethyl ether in all cases , isolated by
filtration and dried under vacuum . The physical data of the prepared
complexes are shown in table (1) .

Enzyme isolation

Fungal laccase was produced from P .ostreatus using submerged
culture(70) at 30 C and 120 rpm .Fungal filtrated was separated using
cooled centrifuge at 5000 rpm for 15 min .
Estimation of Enzyme activity
The activity of laccase was measured using syringaldazine as
substrate at different pH values (4-7). Laccase activity U/ml was
calculated(14) according the following :
A=10°AE/cAt ; A=Enzyme activity(U/ml),AE=Absorbance at 525 nm
, At=The reaction time (min),E= 65000

Protein was determined by Bradford method(15using BSA as

standard protein and the purity of enzyme was determined by HPLC
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using 0.1% trichloroacetic acid with acetonitrle as mobil phase and
20pL of enzyme was used .

Enzyme characterization

* Determination the optimal pH for enzyme activity and stability :

Laccase activity was measured in different pH values (4-8) using
phosphate-citrate buffer.Enzyme stability was measured using the
same buffer by incubation the enzyme forl 0 min at different pH
values .

* Determination the optimal temperature for enzyme activity and
stability :

Laccase activity was measured at different temperature (20-80) C’
at optimal pH , then the stability of enzyme was measured using the
same range of temperature but after
incubation for 10 min .

* Operational activity :

The operational activity of fungal laccase was measured by
incubation it in optimum pH and temperature from 10 to 210 min .
The effect of copper chloride in enzyme activity

2ml of CuCl; at different concentrations (0.05-0.5)uM than the
mixture was incubated at room temperature for 10 min .The reaction
was stopped using ice bath and the remained activity % was measured.
The effect of oxadiazole ,triazole and their complexes in
enzyme activity

2ml of ligands solutions and their complexes (0.2and 0.3) uM
were dispended in test tubes ,then (1ml) of enzyme was added to each
tube .The mixture was incubated at room temperature for 10 min ,the
reaction was stopped using ice bath and the remained activity % was
measured .
The effect of metal salts in enzyme activity

2ml of metal salts solutions (0.2and0.3) uM which included ,
Cu(NO;).3H,0, ZnCl,, Zn(NO;).6H,0, MnCl,.4H,0, HgCl,, Fe(NO;) .9H,0
,CoCl; .6H,0 and NaN;were dispended in test tubes,Iml of enzyme was
added to each tubethen the mixture incubated at room temperature
for 10 min ,the reaction was stopped using ice bath and the remained
activity % was measured .
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Result and Discussion
Metal Analysis

The physical and analytical data of the metal complexes are
given in table(1).The result obtained from metal analysis in
satisfactory agreement with the calculated values .

The suggested molecular formula was also supported by spectral
as well as magnetic moments .
Infrared spectroscopic study

OBTMRZ is a potential ligand which may act as mono or

bidentate as illustrated in scheme (1).So it is expected that ir
measurement are highly information with respect to the complication
behavior with various metal ions .The characteristic frequencies of the
free ligand and its metal complexes were readily assigned based on
comparison with literature references (16) .The spectrum of OBTMRZ
is characterized by the presence of an essential band which belong to
the olefinic group at 1630 cm™ and other bands at 965 and 865 cm’
which originate from the out of plane bending vibration of vinylic
group .Table (2) shows the position and assignment of the main
absorption bands for the ligand and their metal complexes .The spectra
i.r absorption peaks of the complexes were compared with pure ligand
, were adopted as follows :
- All the complexes exhibited a considerable lowering in the oleftnic
bands absorption vC=C str.by(131.2,36.7,129.3,129.3,129.3 and
131.2)em™ respectively and by (29.6,18.4- 25.8,22.3-16.1,15.4-18,
29.7-16.1,54-18 andl.9)cm™ respectively,for the double of the
vinylic bonding of CH, group, indicating that the coordination of
metals are through the olefinicn- bonding(16),and the spectra of the
complexes show also a red shift for vC-S band by(1,10,13,13,6
and9)em™! respectively,indicating the participation of sulfur atom
in coordination (16,17) .
- These absorptions were further supported by the appearance vM -8
and vM —-Oq6) ,there for the ligand may be considered to behave as
bidentate .
- The nitrate group was found to coordinates (T, Tand Ts) metals

through the oxygen atom (16).
-A broad band was observed around (3400-3462)cm™ spectra of

(T\,T5,T, and Ts) complexes,assigned toa vOH and suggested the
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presence of a water molecules in the complexes (18) .

Electronic spectra and electrical conductance

The electronic spectra of the metal complexes were recorded for
their solution in ethanol and DMF .

71 : The electronic spectra of dark green complex showed one broad
absorption band in the reglon around 12,626 cm™ which has been
attributed to Eg’> — ’T,g transition .

This position of this band is in agreement with reported for
highly distortion octahedral geometry(19,20). The electronic spectra
coupled with magnetic moment(2.01)BM studies indicate square planer
geometric  around  Cu(ll)complexziy,conductivity measurement
showed that the complex was non ionic, table (3) .

75,75 : The prepared complexes are colorless and diamagnetic which is
expected for d'%on.The uv-vis spectra of the compounds show relative
change in the band position compared to that of the free.

The conductivity measurement for these complexes in ethanol
at 25C°showed to be non conducting for zinc(Il)complex (22us .cm™)
and conducting for mercury complex (60 s .cm’™') .

T; : The electronic spectra of Mn(II)complex was recorded for the
ethanol solution .Spectra assignments were obtamed by fitting the
observed spectra to Tanaba-Sugano diagram for d’configuration values
of B,and 10Dq computed there form (22) .

Two observations have to be pointed out:(I) a series of very weak
,Some were narrow,bands have been observed in manganese spectra,
this is expected because the only sextet term of the d” configuration in
octahedral stereochemistry is the Alg ,consequently , there can be no
spin-allowed transitions (22,23) .

Furthermore the energles of the *Eg Gy and A g(G) terms do not
change much relative to the °A;g ) ground term as 10Dq change , as
seen from the Tanaba-Sugano diagram ,therefore bands corresponding
to transitions between the ground term and these two term are not
appreciably broadened by vibronic coupling (22) .

(11) the values of the nephelauxetic ratio,p,evaluated as the ratio of the
term separation in the complex B to that in the free ion ,are high .

This is in keeping with the general opinion that manganese(Il)
complex was highly ionic(23) .The electronic spectra coupled with
magnetic(4.87) BM and conductivity measurement showed that the
complex was non ionic indicate octahedral geometric around Mn(II} .
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T; : The blue cobalt (II) complex with ligand showed a magnetic
moment of (4.78) BM ,which indicates a high-spin type complex .
Electronic spectrum in ethanol solution exhibited a split band in the
range of(17,000-14,000)cm™ the split band is a typical tetrahedral
spectra type and can be assigned as4A2g—>4T1g(p) (v3),and in addition
there is band at(5181)cm™can be assigned to 4Agg—r4T|g(p; (V2)
transition (24,25).

The blue color as well as the magnetic moment is further indicated
tetrahedral geometry .

The(v1)and various ligand field parameter have been calculated,by
reference to Tanaba-Sugano diagram for d’configuration(26), table(3).

The calculation of the spin-orbit coupling constant {A} was
Bobs = 5o —15.59 A /10 Dg
Where n ons- The observed effective magnetic
K so =The electronic spin only magnetic moment

The resulting value( A = -206.8cm’’ ) shows the present complex
to be distorted tetrahedral(12,23).The nephelauxetic factor f was
calculated and found to be(0.613)indicating high degree of covalence
in bonding of ligand-donor atoms with cobalt(Il}ion .

The molar conductance showed that the complex is non electrolyte .
75 :The magnetic measurement show the iron ion in its orange complex
to be high spin paramagnetic(5,15) BM,of d°configuration .

This suggestion was supported by the number of maxima observed
in the electronic spectrum of the complex , which show two maxima
and may be assigned to transition 6A|g—>4T2g(G),6A| g—+4A1g +4Eg(G)
as shown in(27,28) table (3).The v, and racah parameter B,and the
value of 10Dq,which calculated for d*configuration .

The conductivity measurements in ethanol show the complex to
be non-electrolyte .

According to the results obtained from previous analysis the
propose structure of the prepared complexes can be illustrated as
follow :
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Activity of enzyme :

a- Optimum condition for enzyme production:

* The optimal pH :
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The optimal pH for laccase production from fungal isolate was6.5,
enzyme activity reached up to 0.717 U/ml .laccase activity decreased
in acid values between 5-5.5 and there was no activity in pH4,4.5,
while it was reached to 0.2 U/mlinpH 7.5 .

The growth of P .ostreatus was in pH values between 5-7 but the
optimal pH for enzyme activity was6-6.5(29-31).It was observed that the
optimal pH for enzyme production was 6.5 and it was almost the same
value for activity and this character is one of exracellular enzyme
characters (32, see the figure (1) .

* The optimal incubation period :

High level of enzyme production was 0.717 U/ml after 96 h. of

incubated at 30 C,figure(2).
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Enzyme purification :

The analysis of fungal filtrate by HPLC technique appear one
peak in retention time 2.9,this result was indicated that the enzyme
almost partially pure ,figure(3).

Enzyme characterization :
-The optimal pH for enzyme activity and stability :

The result was showed that the optimum pH for enzyme activity
was(6),enzyme activity reached up to 17.94 U/ml,and the enzyme was
stabile at pH in the range between (5-6),figure(4& 5).

- The optimal temperature for enzyme activity and stability :

The results in figure(6&7)were showed that the optimal
temperature for enzyme activity was 60C" enzyme activity reached up
1028.2 U/ml and the enzyme was stable at the rang between(3 5-60)C°.
_ The effect of incubation time in enzyme activity at optimal

conditions:

The result in figure(8),indicated that,enzyme was appeared100% of
it intial activity after incubation period reached up to30 min in pH=6
and temperature 60C".

The effect of copper chloride in laccase activity :

The activity of enzyme was enhanced gradually by copper chloride
.and the highest activity was 1.35 U/ml and concentration of 0.2 mM
and then decreased .

The decreasing of enzyme activity was because of the ability of
copper to form binding with the protein His-Cu-His or His-Cu-Cys in
the active side or between enzyme molecules (33,34) .

The effects of OXH , TRZH , OTRZ, BTMRZH; andO BTMRZ
complexes in enzyme activity :
_The effects of OXH,TRZH andOTRZcomplexes in enzyme activity:

Figure(9,10&11) were indicated that the zinc complexes for each
indicators were act as inducers for enzyme activity in concentration
0.2 and0.3mM .

-The effects of BTMRZH, complexes in enzyme activity :

The BTMRZH,complexes were appeared a different effect in enzyme
activity in

concentration 0.2 mM figure (12) :

Zn(BTM) <Mn(BTM) <Cu(BTM)
increase in enzyme activity
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This result was indicated to the ability of copper to enhanced laccase
activity(3s,36),while the same complexes in concentration0.3mM were
showed this effect :

Mn(BTM) < Zn(BTM) < Cu( BTM)
increase in CNZyme acnwty

The inhibition of laccase activity in presence of manganese
belonged to the ability of Mn" to occupied the side of metals which
presence active side of enzyme (37).

® The effect of OBTMRZ complexes :

Co,Zn,Fe&Mn of OBTMRZ complexes were enhanced laccase activity
in0.2&0.3 mM concentration , while Cu & Hg OBTMRZ complexes
were inhibited laccase activity figure (13) .

The effects of OXH , TRZH , OTRZ, BTMRZH2 and OBTMRZ
in enzyme activity :
The effect of the prepared indicators in laccase activity were
reflected this arrangement in 0.2 mM
OXH < BTM < OBTM= OTRZ < TRZ
activity mcreasing
While in 0.3 mM case was appeared this effect :

OBTM < OXH < TRZ < QTRZ = BTM
activity increasing

These ligands were appeared trace activation in enzyme
activity because there contain olefinic groups and thioamid which
have ability to form organometallic and Werner s complexes in the
same time figure (14) .

The effect of metal salts in laccase activity :
The effect of metal salts in enzyme activity was studied , the
results in figure (15) showed following effect in 0.2 mM

NaN;<HgCly<Fe(NO;);<MnCly<CuClL<Cu{NO;)=CoCly<ZnCly<Zn(NO;);

activity increasing

While the same salts at 0.3 nM appeared the following effects :
NaNz<HgCla<MnC]2<CuCl;<Cu(N03)2<C0C12~<ZnClﬁZn(NO;}<Fe(NO;)

activity increasing

81




IBN AL- HAITHAM J. FOR PURE & APPL. 5CI VOL.21 (2) 2008

The highest effect in enzyme activity was appeared in case of using
Zn and Fe complexes , while sodium azide was appeared the highest
inhibition .
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Table (1) : The physical properties of OBTMRZ, and it's

complexes
M.P.C Metale
Colo | * Yiel | Solve analysis% ;
Compound uggestion formula
p r Or d% nt Calcul | Foun Sugg L
Dec, ate d
OBTMRZ sad | 1207118 52 T 2E = CaelNGS;
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Table (2) : Characteristic stretching vibration frequencies located
in FTIR of the ligand and their metal complexes in em™! units

Compound vO=N | vC- vM- | vM- | vM- vM- vM-
VOH | wO=C | &=cH, | (o ¢ | g |Bom| Vg | VY c | oNg, | ©
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=y 14002
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837.9
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Mn(OBTM) 3384 | 15024 | B448 | 12387 | 718 | 9335 | 420 | 235 | 416 — 351
931.6
Co(OBTM) [ 34133 | 15024 | o008 | 1278 | 718 | — [ a2z | 320 a0 | — |
10183
Fe(OBTM) s 15024 | 3335 oueo | nas losas lases | — | i 1348.1 | 450
3072 806.2
14673
Hg(OBTM) — J1soos | B eor |z | — |03 | s1aa | a0 | | _
g X 858.3 2 ; i
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Table (3) : Elcctronic spectra , conductivity and magnetic moment
data of the prepared new complexes
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