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Abstract

In this work, the m-phenylene diamine and resorcinol have been used in the
synthesis ligand [m-phenylene bis(azo resorcinol)] tetradentate type (N+Or).

The tetra dentate ligand was reacted with the metal ions Mn(,Fe(and zn("
Jin (Y:Y) mole ratio via reflux in Ethanol using Et-N as a base to give binuclear
complexes of genral formula [My(L)x(H+O):]. The synthesized compounds were
characterized by spectroscopic methods [I.R, UV-VIS and A.A] along with
melting point, chloride content and conductivity measurements. These studies
revealed an octahedral geometries for Mn(" | Fe(and Zn{Y complexes.

The ligand and its complexes exhibited biological activity against the
Bacillus(G™) strain and the E.coli(G") strain.

Introduction

Attention have been paid during the last decade the chemistry of the metal
complexes of ligands containing nitrogen and oxygen as donor atoms‘), this
could be due to the stability of such ligand complexes®™ and its biological
activity along with oxidation catalysis and electro chemical analysis("®. m-
Phenylenediamine,  also  called Y;Y-diaminobenzene, IS anorganic
compound with  the formula C-H:(NHx)s. It is an isomer of o-
phenylenediamine and p- phenylenediamine. It is a colourless solid. m-
Phenylenediamine IS used in the preparation
various polymers including aramid fibers, epoxy resins, wire enamel coatings
and polyureaelastomers. Other uses for m-phenylenediamine include as an
accelerator for adhesive resins, and as a component of dyes for leather and
textiles m-phenylenediamine is a "coupling agent”, used to produce blue
colors.®

Resorcinol is benzene->¥-diol™, It compound prepared by alkali fusion of
VY benzene disulphonic acid. Resorcinol is produced when any of a large
number of resins™. It is one of the main natural phenols in argan oil®
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.Resorcinol compound had medical uses as an antiseptic and disinfectant, and is
used © to Y+’ in ointments in the treatment of chronic skin diseases such as
psoriasis, hidradenitis suppurativa, and eczema of a sub-acute character, and in
prescription treatments at higher concentrations.) Resorcinol is also used as a
chemical intermediate for the synthesis of pharmaceuticals and other organic
compounds.( YAzo compounds are used in a variety of cosmetic ') and as a
food coloring”'", and its biological activity along with oxidation catalysis and
electro chemical analysis'™'*) - The aim of the present study is synthesis,
characterise and evaluate the metal complexes as antibacterial agent as
promising addition of new class as metal based drugs.

Expermental

Chemicals used were analytical grades; metals were used as chloride salts.
I.R data were recorded as (KBr) disc using shimadza ¢A-+s FTIR spectro
photometer in the range (¢+++-¢++) cm. (UV-VIS)spectra were obtained at Y©
°C for Y+ M solution in DMF using a shimadzu "+ spectrophotometer in the
range (Y« +-%++) nm using quartz cell and electrical conductivity measurements
of complexes were recorded at (Yo °C) for (Y +"-)+"°) M solution in DMF as
solvent using a pw 3°Y1 digital conductivity meter. . The metal content of
complexes determined by absorption technique, using shimadza (A.A) 1A« G
atomic absorption spectrophotometer. The chloride content for complexes was
determind by potentiometric titration method using (1 AY - titro processor - 119),
Dosinatmetrm Swiss. And melting points were obtained using an electrothermal
apparatus Stuart. All measurements were obtained in lbn-sina company.
Antibacterial screening was done at laboratories of college of scince, University
of Baghdad using agar diffusion technique. The metal complexes were screened
for their in vitro antibacterial activity against one Gram negative of (E.coli) and
one Gram® positive (Bacillus) bacterial strains.

Synthesis of Ligand [m- phenylene bis(azo resorcinol)] [HrL]
m-phenylenediamine hydro chloride (Y,AYg, Y+ mmole) was dissolved in
warm mixture of Y +ml con. HCI and ) +ml distilled water contained in Y+ +ml
beaker kept in ice salt bath (:-°)°C whilst stirring vigorously, m-
phenylenediamine hydro chloride will separate in a finely divided crystalline
form. Solution of sodium nitrate (1,¥Ag, Y+ mmole) in Y » ml of water was added
slowly with stirring to an end — point with potassium ioded — starch paper.
Resorcinol (Y,Yg, Y+mmole) was dissolved in a solution of potassium
hydroxide (+,°%g, Y *mmole) in ) »ml water, then cooled in ice bath and added
to the diazotized solution with stirring.Concentrated hydrochloride acid was
added slowly and with vigorous stirring, and the filtered with gentle suction,
washed with distilled water free acid and dried upon filter — paper in the air.
Yield percent (AY%) and dec. ('Y +)°C.
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Synthesis of Complexes
Synthesis of the [Mny(11)(L)x(H+O):](}) complex

(+>) g, *»° mmol) of MnCl+.¢H<O in() + ml) ethanol was added drop wise to
a solution of [H+L] (+,YYeg, +, mmol) dissolved in () + ml) hot ethanol, the PH
of the reaction mixture was adjusted by adding Et-N in equivalent quantity, and
the reaction mixture was allowed to reflux for Y hrs. The mixture was cooled in
an ice bath, brown precipitate was collected, washed several times with absolute
ethanol and dried, yield (M %), m.p (Y4e-Y++) °C dec.

Synthesis of [Fe(I1)(L)+(HxO):](Y) and [Zn(L)+(H+O):](*) complexes:-

These complexes were obtained in a similar method to that mentioned in the
preparation of complex()): using FeClx.YH<O and ZnCl+. TH+O. The quantity of
the compounds were adjusted accordingly. Table (Y) state the quantity of
starting materials and some physical properteis of complexes.

Results and Discussion
Synthesis of the Ligand

The ligand was prepared in high yield using one equivalent of m-
phenylenedi diazonium salt and tow equivalent of resorcinol at low
temperature, scheme (V). The I.LR spectrum of the ligand showed bands at
(YY+9)em™ and (Y+11)em” which could be attributed to v(OH)-<- and vOH).x.
hydroxyl groups respectively, also the spectrum showed bands at (Y¢71+)cm"
and () ¢Ye)em'which could be attributed to v(N=N) stretching ortho and meta
respectively. Finlly the band at (YY¥1)cm™ could be attributed to v (C-O)
phenolic. The (U.V-Vis) spectrum for the ligand is shown in Fig (1), the results
were summarized in Table (£). The Figure exhibited three intense absorption
peak at (Y1Y)nm,(¥+ ¢)nm and (¢ ) )nm which assigned to (n- «*),(n-7*) and (-
7*) transition respectively.

Synthesis of the complexes

The reaction of the ligand [HxL] with Mn(ll1), Fe(ll) and Zn(ll) salts was
carried out in ethanol. The analytical and physical data Table(Y) and spectral
data Table(Y) and Table (¢) are compatible with the suggested structure Fig(}).
The I.R spectra of the complexes (V),(Y) and (V) are shown in Figs.(¥s¢ and ©).
The bands at (Y°1+)em™ and (Y ¢Ve)em™' in the free ligand which assigned to v
(N=N) stretching ortho and meta was shifted to lower frequencies and appeared
at (VoA EY)em, (Ve YN ev¥emland (Ve ¢, ¢YY¥)emindicated the
formation of the complexes (1),(Y) and (¥)"*:('") respectively.

These bands were assigned to v (N=N) stretches of reduced bond order, this
can be attributed to delocalization of metal-electron denisty into the ligand =-
system (HOMO-LUMO)". The phenolic (C-O) stretching vibration appeared
at (\YY)em™ in the free ligand was shifted to lower frequencies and appeared
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at OYY9)em?, OYY9)em” and (YY¥¢)em™ in the complexes (V),(Y) and (¥)
respectively , indicating a weak linkage between oxygen of phenolic group and
the metal ions® V(") | This shift confirms the particpation of phenolic oxygen in
the (C-O-M) bond. The spectra of the complexes showed the appearance of new
bands at (°Y+)em”, (¢V+)em’ and (°V:)em refer to v(M-N) bond for
complexes (), (Y) and (¥) respectively. The bands confirm also the coordination
of the azo nitrogen atom to metal center(V("").Finally the bands at (¢¥Y)cm,
(¢¥Y)em'and  (¢YY) cm'"may be assigned to v(M-O) band of
complexes()),(Y)and(Y) respectively. These confirm also the coordination of the
phenolic oxygen atom to metal center. The (U.V-Vis) Spectra for the complexes
are shown in Figs.(V),(A) and (%), the results were summarized in table (¥). The
complex(}) showed an intense absorption peak at (Y1°) nm due to ligand field
and two peaks at (Y+ ¢) nm and(£Y7) may assigned to (C.T) transition, while the
weak peak at (1¥°) nm was assigned to (d-d) electronic transition type
("Axg—"T\pr) suggesting Octahedral geometry around the metal ion- This result
is in agreement with that reported by Abu-EL-Reash and Co-workers(""). On the
other hand the complex(Y) showed three intense absorption peaks at
(Y1)nm,(Y+¢) and (¢)V)nm assigned to ligand field and (C.T) transitions
respectively, while a weak peak at (YY+) nm was assigned to (d-d) electronic
transition type("Exg— "T+g) suggesting octahedral geometry around Fe*ion.
This result is in agreement with that reported by Kumar and Co-workers™,
Finally the complex(Y) showed a peak at (Y)+) nm was assigned to ligand field,
while the peak at (¢Y°)nm was assigned to (C.T) transition("™. The metal ion Zn
of complex belong to d'* system and this metal do not show (d-d){"*),suggestion
to an octahedral geometry around the zinc(ll) ion® . The molar conductance of
the complexes in DMF lie in the range(Y1.0A-YY,Ye Ohm™'cm™ mol™') ,Table(¢)
Jindicated that complexes (Mn™, Fe(" and Zn() are all non-electrolyte(",

Biological screening
In our study the synthesised compounds have been screened for their
antibacterial activity against the bacillus (G *) and E.coli (G °) strains by the agar
diffusion technique("™. Each of the compounds was dissolved in DMF to give a
final concentration of (+,++Y) mg / ml and from the data shown in Table (}), and
Figs.)+ and VY, compounds (), (Y) and (V) exhibited biological activity against
E.coli (G ) (In hibition zone= ¢, Y.© and Y mm). but the compounds (V), (Y) and
(¥) exhibited biological activity against Bacillus (G *) (Inhibition zone = ).°,
Y,o and ¥ mm).
Table (Y).The biological activity of the synthesised complexes
Compound Bacillus(G *) E.coli(G-)
Control .0 +,0
Ligand ) )

[Mnr(”)(L)r(Hro)i] .0 ¢
[Fex(11)(L)x(HxO):] Y,o ),0
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Scheme(Y): The preparation of the ligand [HrL]

N=N OH
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O
N=N OH
HO— —N=N

Where : M =Mn(ll), Fe(ll), Zn(l1)
When: M=Mn  X=HO Y=H\O
M = Fe X=HO Y=H\O
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M =Zn X=H:O Y=H:0
Fig.(}): The propused structure of the complexes

Table (Y) : The microanalysis result and some physical properties for the
ligand [H+L] and its complexes

Compound Formula M.wt Color m. p. (°C) Yield | Chloride Metal

% Content Found ,
Calculate
H-L CyaH¢N:O:« vo. orange | dec ‘Y. A Nil -

[Mnx(I1)(L)x(HO):] CriHryNAO vMn AYY,A brown | dec(Yde-¥:+) A Nil VY,4
)

[Fex(I)(L)+(HxO)<] Cr<HrvNAO\vFex AVA,A | Dark dec(Y+.-Yev) | W1 Nil Ve,
brown QD))
[Zn<(IT)(L)+(H+O)<] Cr1HryNAO v Znv AAY Dark dec(Y++-Y+9) As Nil Vo, Y
orange (Ye,v)

Table (¥) Infrared spectral date (wave number v)cm™' for the ligand [HrL]
and its complexes

Compound V(N=N)ortn v(0-H): | v(C=C) v(C-0) v(M-N) v(M-0)
v(O-H)~ | Aromatic
V(N=N)meta
H:L Yol Y4 YUYA yYYR
Yévo
ro
[Mnx(I1)(L)x(H+O):] VoA Yeus youy YYY. ov. ivY
YEVY
Yio.
[Fex(IN)(L)+(HxO)<] Yo.¥ AL K YYY. oV, £YY
YEVY
YA
[Zn<(ID)(L)+(HxO)<] Yot Yey e R VYV ov. £YY
yEVY
TYo.

Table (%) Electronic spectral date for the ligand [H+L] and its
complexes Molar Ratio and Molar Conductivity

Compound M | € max Assignment Ratio Am
molar- S.cm".mol" | Coordination
’.Cm" 3
Ligand AR vy (n-1*%)
\E¥ Yy (n- m¥)
AR 'Y (7[-7[*)
[Mnx(IT)(L)+(H+O)<] Yie oAl Ligand field Octahedral
AR YyYy (C.T) Non elec. V¢,0
£ YYY (C.T)
1ye A1 ("Axg—"Tpr)
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[Fex(ID(L)+(HxO)<] Y14 £yy Ligand field Octahedral
ARE AR (C.T) Non elec. YY,Ye
£ YY) (C.T)
VY. Y (YEyg—>YTyg)
[Zny(I1)(L)+(HxO):] YA Ligand field Non elec. Y1,0A Octahedral
Yy, a9 (C.T)
¢Yo
F
G srHamaDn=y
70 __ww,ﬂ“w""'"’ i ‘:'\)':
Fig(Y) Infrared spectrum of the ligand [HvL]
F

Fig(¥) Infrared spectrum of [Mn«(I1)(L)+(H+O):]
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6 sHimaDzu

Fig(¢) Infrared spectrum of [Fer(I1)(L)+(H+O)<]

G sHiman=4

Fig(®) Infrared spectrum of [Zn+(11)(L)+(HvO)¢]
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Fig(1) Electronic spectrum of the ligand [H+L]

Fig(V) Electronic spectrum of[Mn+(11)(L)r(HrO)«]

Fig(») Electronic spectrum of [Fex(11)(L)r(HvO)«]
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Fig(%) Electronic spectrum of [Zn+(I11)(L)+(HrO)«]

Fig.(} ') Effect of compounds towards the Bacillus
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