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Abstract

N(Y-amino phenyl)-N-((pyridine-Y-yl)methyl) benzene-),Y-diamine (L) was prepared from the
reaction of ortho amino phyenylthiol with N(Y-amino methyl pyridyl) phenyl diamine in mole ratio
(V:)). It was characterized by elemental analysis (CHN),'H, '"C-NMR, IR and Uv-Vis. The
complexes of the bivalent inos (Co (1), Ni (11), Cu (I1), Pd (I1), Cd (1) and Hg (11)) and the trivalent
(Cr (111)) have been prepared and characterized too. The structural were established by elemental
analysis (CHN), IR, Uv-Vis spectra, conductivity measurements, atomic absorption and magnetic
susceptibility. The complexes showed characteristic behavior of octahedral geometry around the
metal ions except with Cu and Pd complexes showed square planer, other parameters for complexes
were estimated. The study of biological activity of the ligand (L) and its metal complexes showed
various activity toward staphylococcus aureus and E. coli.

Keywords: Synthesis, characterization, complexes, benzene, pyridine, biological study.

Introduction Materials:  orthoamino  phenyl  thiol
The chemistry of transition metal (C<HYNS), N(Y-amino methyl pyrideyl) phenyl
complexes has received consideration attention diamine (CyxHrNr), chromium
largely due to their catalytic of bioinorganic trichloridehexahydrate (CrCl+."H+xO), Cobalt
relevance. Such complexes are also important chloride hexahydrate (CoCly.THyO), Nickel
due to their potential biological activities such chloride hexahydrate (NiClv."HxO), Copper
as antibacterial, antiviral, antifungal, antimalarial chloride dihydrate (CuCly.YH+O), Mercury
and antitumor []. chloride (HgCly), Ethanol 447 (CH+CH+OH),
Recently complexes containing macrocyclic Dimethyl fromamide 44,27 (DMF), Dimethyl
ligand type Nr donor atoms play a very sulphoxide 44,07 (DMSO), carbon tetra
important role in biological system such as chloride 44,87 (CCl:), Chloroform 447

ca', Fe" and Pd" complexes [Y] and high (CHCI+), Toluene 337 (CvHy).
stable complexes of this type ligand with Tc,

Re are wused for radio pharmaceuticals b- Instruments
application [Y>¢] and in magnetic resonance Elemental analysis for the new ligand (L)
imaging [°], also with Ni'"' for used as catalyst and complexes were determined by Calibration
for division DNA molecules and Fe'' complex type; Linear Regression Euro EA Elemental
with porphyrin as a model for biological analysis were mode in Al- Kufa University.
proteins such as hemoglobin in blood[1]. In Melting points were determined by Gallen-
this paper reports the synthesis and Kamp apparatus.'H, '"C-NMR spectra were
characteriazation of new ligand derived from recorded in DMSO using Bruker model;
the reaction of ortho amino phenyl thiol with UltrashieldY++ MHz origin, Switzerland
N(Y-amino pyridyl) phenyl diamine, the new (Jordan) in CHxOD using TMS as an internal
ligand complexes with (Cr"', Co", Ni", Cu", standard.IR spectra were recorded as KBr
Pd", Cd" and Hg'") were prepared too. discs in the range (f¢+++-£++) cm™' using
shimadzu- FTIR.UV- Visible spectra were
Experimental recorded by shimadzu- UV- Vis- Y1:A ultra
a- Chemicals; All reagents were Analar or violet spectra photometer at Ye°C, using ) cm
chemistry pure grade by British Drug Houses quartz cell and etamind at the range of (Y- :-
(BDH), Merk and Fluka. Weo) nm at V" M in DMSO. Atomic

Absorption (A.A) technique have been

o4



measured suing ashimadzu AA 1A+G atomic
absorption spectrophoto meter were made in
center of Ibn-Cina. Molar conductivity of the
complexes were measured on pw 4°Y1 digital
conductivity in DMSO at Y+~ M. Magnetic
susceptibility were recorded by magnetic
susceptibility blance, model, Ms B-MK, and
made in Al- Nahrain University.

Preparation

Synthesis of N (Y-aminophenyl)-N-
((pyridine-Y-yl) methyl) benzene-,Y-
diamine (L).

Orthoaminophenylthiol (+,YYe gm. Y,
mmol) and N-pyridin-Y-ylmethyl) benzene-
V,Y-diamine (+,Y49 gm. Y.+ *mmol) in ethanol
(Yeml) was stirred for 1 hours. The precipitate
was filtered and recrystallized from hot

orthoamino
phenylthiol

N-pyridin-2-ylmethyI-
benzene-1,2-diamine

Synthesis of the metal complexes

An ethanolic solution of the following
metal salts CrClv."HxO (+,Y7 gm. Y,+ *mmol),
CoCly.THYO (+>Yégm,. Y, + *mmol),
NiClv.1HO  (+»Y¢ gm. ,++ mmol),
CuClv.YHO (*>)+ gm. Y,++ mmol), PdClv
(+>YVgm. Y,++» mmol), CdCl+.YHxO (+,YY gm.
V,++» mmol) and HgCly (+,YY gm. Y,++ mmol)
were added to a solution of the ligand (L)
(+>Y4 gm. Y,++ mmol) in ethanol. The mixture
was stirred of ¢+ min. the precipitate formed
was filtered, washed with distilled water and
dried under vacuum. Color, melting point,
yield, metal analysis and solubility of the
ligand and its metal complexes are given in
Table (V).
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absolute ethanol, fine yellow crystals were
obtained, m.p. YY°C, vyield A+7Z and it is
soluble in most organic solvents as shown in
Table (V).

The ligand was obtained by the reaction of
one mole of orthoaminophenylthiol and one
mole of N-pyridin-Y-ylmethyl-benzene-),Y-
diamine, as shown below;

__Ethanol —CH, / \ + H,S

Stlrrlng
T hrs. N—

N(2-amino phenyl)-N-((pyridin-
2-yl)methyl)bezene-1,2-diamine
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Table (/)
Some physical properties for theligand (L) and its metal complexes.

Elemental analysis Found (calculateed)
Compound
P C% | H% | N% | M% | Cl%
Y. NEET | LYY | V4,7

) (L)C\/\H\/\Ni T Yellow vy-va Ar (Vi,i/\) ('l,\‘~) (\Q,Y’\) - -
..+ | Dark EAT | £,0) | VYA [ 1),08 | Yroo.
\ LCrClr ot bereen | O T Y Leeaay o) [0v ey [ 00,09)] (1rev
V.-« | Dark EOY) | 00 [ VLVA [Tt | v

YAY-

T JLCoCIHO] oo | e Y-AE] Ve L e vy o] o)
. Y, e nght ¢Y,40 £,+4 Yy, v4 YY,AY YL,Y
§LNICHO) v green |V YYD Y emasy | oy [0 | (nan | 0t
R Lcuc B v | on oM e v R ege [
ULy | Brown AT oM EY o[y v

. LpdCl e g vorron | ar | EVTY [TV [OEA [ YYVE YR
Ty | Prown e EL W O [ oy | (e
Youe Light EV,90 | £,07 | YY,YA | YY,AY | Vg, ey

\ AN

V. [LCdClHO) iy yellow Y1 £(dec) (£7,20) [ (£, V) [ OV ¥ | (YY A | (18,59)
LHgCIv.Hy | Y,e» Light vv,vy | vee | a1 | ve,ea | Yo,
A 0 ore | yellow | DT ey vy vaee) | (,17) [(Feae9) | (1o64)

dec.=Decomposition

Results and Discussion
V- "H-NMR spectrum for the ligand (L).
The'H-NMR spectrum of the ligand (L) in
DMSO-"d solvent are summarized amultiplet
signal at (8=VY,+°, Y,+& V,»7 0 V,+% and
V,3Y ppm) and a doublet, triplet signal at
(8= LYTY, LvAY), (8= &), 1,¢¢ and
1L,£%7 ppm) which are due to aromatic
hydrogen and carbon respectively of ligand (L)
and a singlet signal at (6= ©,¢) ppm)
equivalent to protons assigned to (N-H) group,
the chemical shift at (6= Y,¥¢ ppm) is due to
solvent, while the chemical shift at (6= Y,°-
ppm) belongs to the methylene protons[V].

Y- '"C-NMR spectrum for the ligand (L)
""C-NMR of the free ligand shows the
signals of the C aromatic Carbon of the benzene
ring that do not bear hydrogens were observed
at (Vo)1 YYe,AY and YYY,°A ppm) and
signals at (6 Y'V,+1, YY1, @ and YYe,YY ppm)
assigned to the carbon have one hydrogen. The
methylene group ( H» —c —N { ) appear at

£+, ppm [A].

R

Y- The infrared spectrum of the ligand (L)
and complexes

Infrared spectra of the ligand exhibit
several absorption in common the bands at
approximately (¥*¥V9)em™, (¥Y:+) cm™,
(YeAY) cm™ and (Y¥+9) cm™ have been
assigned to the o(N-H)[3]. In (Y1+:-
Yo. ) cm™ region disappearance of absorption
band due to SH in ortho amino phenyl
thiol [) +].

The spectra of all complexes showed, the
amulti bands in the range (Y£Y)-¥YY4) cm™
and splite or broader band at (Y1+¢-Y2£%) cm™
"and ('Y+)) cm™ with the formation nitrogen
atom. (M-N) in the region (°Y+-2+4) cm™
suggesting the coordination through nitrogen
atom.

The bands characteristic of coordinated
water and (M-O) are seen in some complexes
in the region (AAY-AY4) cm'and (£V:-£00)
cm™'[VV]. Table (Y) characteristic some
stretching vibration frequencies (cm™) for the
ligand and its metal complexes.



Table (1)
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Characteristic stretching vibration frequencies (cm~") for the ligand and its metal complexes.

Compound

(L)CraHyaN:

YYY4(asym)s.s

Y'Y+ (sym)s.s

V1YV €(S.S), ) 0AY(s.5)
VWYY (M.s), VY EV(s.9)

YYAY(m.s)
‘A (ms)

v(C-H) cm-' Alli.

YaY. (asym)m.s
YAC . (Sym)ms
YEVY,) ié'&(s_s)

Y€+ ¢(asym)(m.br)
YYEY(sym)(s.s)
YoAo(s.s),Vo£€(s.s)
VYY) (ww), Y Y1o(s.s)

YV1e(w.s)
Y+4Y(m.br)

Y47+ (asym)(w.s)
YAY2(sym)(w.s)
V£10(s.S)

\ i\‘o(sls)

LCoClIx.H-O

YYYY(asym)(m.br)
Y¥YE(sym)(m.br)

VY. (S.S),’ oA (sh)
Yevo(sh), )Y+ V(s.5),) Y£Y(s.9)

\RRY (WS)
Y+1¢(m.br)

Ya71o(asym)(w.s)
YAY « (sym)(m.br)
yev '(S.S),’ 13X (s_s)

AAY(m.S)
too(m.s)

LNiCl+.HxO

YYA -+ (asym)(m.br)
YYEA(sym)(m.s)
V24Y(s.5),V2£1(s.9),
YYIV(s.5),V YVYA(s.S)

YAY(s.5)
Yedo (ms)

Y47e(asym)(m.br)
YAYe(sym)(m.br)
VEVY(s.5),) ££Y(s.S)

AYA4(s.S)
£14(s.9)

LCuCly

YY) (asym)(m.br)
Y'Y (sym)(m.br)
V1Y« (m.s),YevY(m.s)
AR i(m.s), 'Y V(m_s)
VYo (m.s)

YVi¥(m.s)
YoVe(ms)

Y4vé(asym)(m.s)
YAeo(sym)(m.s)
V£0£(5.5) ) ££7(s.S)

Y€\ ¢ (asym)(m.br)
Yo (sym)(m.br)
YYeV(m.s) Y1 £(s.s),
YooA(m.s) ) V4T (w.s)

YVAY(m.br)
Yoo (m.br)

Yav. (WS)
YAT . (WS)

VEVY(S.S), ) ££Y(s.9)

LCdCIv.H-O

A2 ~(m.5)’\‘\‘/\i(m.s)
YUY (sh),Ye4¥(s.s),
V0£7(s.5),Y ¥V o(m.s), ) YV1(s.5)

AR -(s.s)
Y1Y(s.5)

Ydo.+(m.s)
YA O(m.s)

VEVY(s.5),) ££Y(s.9)

AV3(m.s)
£ c(m_s)

YYYY (asym)(s.s)
YYY2(sym)(s.s)

YAYY(m.s)
Y+oY(m.s)

YaY<¢(m.s)
YAo£(m.s)

Aoo(s.s)
€Y+ (m.s)

LHgCI+.HxO V1Y £(sh), 241 (s.8),
VYL Y(m.s),) YAY(m.s)

\Vr.(mls)

Ar = aromatic,
br=broad,

m=medium,

£- The Uv-visible spectra of the ligand (L)
and complexes

The Uv-visible spectra of the ligand (L) in
DMSO solution exhibited strong absorption
bands at (Y11 nm, YYea¥ cm™) and (Y¢A nm,
YAYYe cm™), (Yo nm, YAYYA cm™) this may
attributed to the m-m'and n-m” transition
respectively[ Y].

The UV-visible spectrum for Cr(lll)
complex showed one band in the region
(e¢7 nm, YAYYe cm™)  is  due
to*Avg— Trg[) ¥].

The UV-visible spectrum for Co(ll)
complex showed three bands in the region
(A« nm, Yo« cm™) due to ‘Tyg—>'Tvge
(1 nm, YeYe) cm™) due to ‘Thg—‘Avg and
(eY+  nm, Y3YY. cm™)  due to
Tge—>Tgel ]

asym = asymmetric,

Y

sym = symmetric,
s=strong,

VEVY(s.5),) €€+ (s.9)

sh = shoulder
w=weak

The ratio of Y4YY+«cm™ to YYe«. cm™
is Y,°¢ which fits with Tanabe- Sugano
d" E/B= Y1 and A./ B'= V1 A.=)Ye..cm™,
B' complex= YYe«+/V1= YAY cm~'B for free
Co(Il)= 2YY cm™'B (nephelaveticeffecit)=B'
complex/B Co(Il)=VYAY/ AYY = «,Av g,

Which indicates of d-electron delocalization
on the ligand hence a significant covalent
character in the complex [ °].

The UV-visible spectrum for Ni(ll)
showed one band at (A¢+ nm, YY3+¢ cm™)
which is due to "Avg—'T\g, Cu(ll) complex
appeared band at(¢YY nm, Y+41¢ cm™) is due
to'Byg— 'Brg. The brown palladium complex
exhibited astrong band at (¢++ nm,Yo+++cm™)
due to 'Avg—'Bsg transition[V1]. The UV-
visible spectrum for Cd (II) and Hg (lI)
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complexes showed shifted bands compared
with free ligand (L) are due to charge- transfer.

The molar conductance of all complexes in
DMSO were found to be low values which
suggested coordination of anion to the metal
[VVY].

The magnetic moments of Cr(l11) complexes
was indicative of three unpaired electron for
Cr(lI) ion suggesting consistency with their
octahedral environment. The magnetic moments
measurements for the solid Co (II) complex is
also indicative of three unpaired electrons per Co
(I1) ion suggesting consistency with their

Vol.\V (%), December, Y+ \¢, pp.e4-11

Octahedral environment. Ni (II) complex
showed the magnetic moment value of
(Y,A-Y,2) B.M (octahedral range) suggesting
consistency with their octahedral environment.
The magnetic susceptibility measurements of
Cu (I1) complex is Y,4Y B.M, which suggests
the presence of one unpaired electron with
square- planer configuration [YA]. Electronic
spectra conductance in (DMSO) magnetic
moment (B.M) of the ligand and its metal
complexes are given in Table (V).

Table ["]
Electronic spectra (DMSO), Conductance in DMSO, Magnetic moment (B.M) for the ligand (L)
and its metal complexes.

o Assignment As.cm’’ et Suggested
e e e Bands DMSO (! "M) | (B.M) structure
Yvoar(yiv) T
) (L)CH\H\ANi Y/\\’3“0(?'2/\) n— " _ . _
YAFYA(YoY)
Y LCrCl+ YAYYo(0£1) ‘Avg >Tvg AYe ¥, octahedral
VAT (oY) | T~ T
¥ | LCoClv.H<O | Yerey(Ry) ‘Tg —>*Ag VY,en YLAY octahedral
\Yeor(n1) | T —>Twge
¢ | LNiCls.H:O | Ma-£(At) | "Avg—'Thg VV,YE Y, AY octahedral
° LCuClx Y ATE(EVY) "Byg —'Bvg Yo A0 V,4Y | Square planer
1 LPdCl- Youua(gh) 'Avg —>'Byg A - Square planer
Y | LCACI.HxO | YYIVT(TIA) Charge- Ve,Yo - octahedral
Transfer
A | LHGCIw.HxO | T+oAY+(TYY) Charge YoY - octahedral
Transfer

B. M = Bohr Magneton.

Calculation of Cr (111), Co(ll), Ni (Il) and
Cu (I) metal complexes formation in
solution

The complexes of the ligand (L) with
selected metal ions (Cr(l1l), Co(ll), Ni(ll) and
Cu(l)) were studied in solution using ethanol
as solvent, in order to determine (M:L) ratio in
the prepared complexes, following molar ratio
method [Y4]. A series of solutions were
prepared having a constant concentration (C)
V+"" M of the hydrated metal salts and the
ligand (L). The (M:L) ratio was determined
from the relationship between the absorption of
the observed light and the mole ratio (M:L)
found to be (V:)) for all metal complexes.

The stability constant (Kf) was evaluated
using the following equations:

T

Ki=)-a/0.'C
(X:Am'AS/Am

(ov) is the degree of the dissociation, (C) is
the concentration of the complex () +"M). (As)
and (Am) are the absorbance value of the
partially and fully formed complex respectively
Table (¢).

The absorbance of the solution were
measured at (Amax) Of the maximum absorption.
The molar absorptivity (emax) (€q.Y) has been
calculated using equation;

(A) is the average of three measurement of
the absorption containing the same amount of



metal ion and three fold excess of ligand, (b) is
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the depth of the quartz cell usually equal ' cm.

Table (#)

As, Am, Kf, &nax and Amax of the Cr(111), Co(Il), Ni(l1) and Cu(Il) complexes.
No. | Compound | As | Am o Formation Molarabso_r'pitiv_i’ty Amax
constant (Kf) &naxL.mol".cm (nm)
) Cr-complex | Y,o+ | Y,oY | «, .Y O,AE v x) " YYTA \EA
Y | Co-complex | Y,Y+ | V,YY ;o LAY Y4y ¥iA
Y Ni-complex GAC | GAY | e, e YT V,¥VYAxY Y441 YeA
¢ Cu-complex | Y,T« | V,7Y Y Y, 60ux) " Yov. YIA

HN

Cl / CI Cl
M~ | O \/
o \

H,N

M=Cr(111)(1)

Y

H,O—»M=<<—N—C

cl HZL @

o
SR TR EY
~

4

N=

o)

M=Cu(ll) and Pd(I1)(2)

Y o
v

z—>?<—z
zZ

M=Co(ll), Ni(1l), Cd(1l) and Hg(11)(3)
Fig.(!) Suggested structures of the metal complexes of the ligand (L).

Atomicabsorption analysis Table (V) and
spectroscopic data of the metal complexes
indicate that the metal ions are coordinated to
the nitrogen, nitrogen and nitrogen atoms and
the data support the proposed structures of the
ligand (L) have a ):) metal to ligand ratio.

Antibacterial activity study

The antibacterial activity of the prepared
ligand and its complexes were studied against
selected types of microorganisms which
include gram  positive  bacteria  like
staphylococcus aureues and gram negative
bacterial like E.coli in agar diffusion method

¢

[Y+], which is used (DMSO) as a solvent. Agar
diffusion method involves the exposure of the
zone of inhibition toward the diffusion of
microorganisms on agar plate. The plates were
incubated for (Y¢) hrs. at (YVv°C), the zone of
inhibition of bacterial growth around the disc
was observed. Table (°).
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Effect of ligend and its metal complexes on gram positive and gram negative bacteria.

Compound

Diameter of
inhibition zone
(mm) at
concentration
'mg/mi

Diameter of
inhibition
zone (mm) at
concentration
°mg/ml

Diameter of
inhibition zone
(mm) at
concentration
'mg/mi

Diameter of
inhibition zone
(mm) at
concentration
°mg/ml

Amoxicillin

Staphylococcus aureus

E. Coli

(L)C\/\H\/\Ni

LCrClv

LCoClIy.H+O

LNiCl+.H+O

LCuCly

LPdClIv

Conclusion

A series of complexes of Cr(lll), Co(ll),
Ni(l1), Cu(ll), Pd(l), Cd(I), and Hg(ll) with
N(Y-aminophenyl)-N-((pyridine-Y-yl)methyl)
benzene-), Y-diamine (L) have been prepared
and characterized. The tridentate ligand (L)
(N,N,N) is binding metal ion forming octahedral
structure except with Cu(ll) and Pd(ll) are
forming square planer.

Antibacterial effects of the ligand and its
metal complexes indicated that the ligand and
its metal complexes exhibited antibacterial
activity against both gram positive and gram
negative bacteria.
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