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Abstract

The ligand (4-(7-hydroxy-4-methylcoumarin-8-ylazo)-1-phenyl-2,3-dimethyl pyrazol-5-one 4-yl)
derived from 4-aminoantipyrine and 7-hydroxy-4-methyl coumarin. The synthesized ligand was
characterized by *C, 'HNMR, FT.IR and UV-Vis spectra. Complexes of Fe(l1), Co(Il) and Ni(Il)
with the ligand were prepared in aqueous methanol with a (1:2) M:L ratio. The prepared complexes
have been characterized by using flame atomic absorption, FT.IR, UV-Vis spectra as well as
magnetic susceptibility and conductivity measurements. On the basis of physicochemical data
octahedral geometries were attributed for the complexes.
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1. Introduction

The studies of azo dyes with interesting
physical and spectrophotometric properties
have been active area of research. They are
very important class of chemical compounds
containing a heterocyclic moiety which have
been attracted the attention of many
researchers in the recent years [1]. 4-
aminoantipyrine and its complexes are a good
analytical reagent in the medicine field [2].

With an end goal to enhance bio-available,
medicinal in addition to toxic properties of the
compound derived from the azo-compound
named 4-aminoantipyrine, numerous creators
centered  their  exploration on  the
amalgamation, identification and natural
assessment of metallic complexes for this
group of natural materials [3-4]. The
spectroscopically and magnetically
investigations of Fe*® complex of hydroxyl
(aryl) azo-dyes, got from antipyrine, prompted.
Rawther & Nair to propose from the FT-IR
information that the OH group join in
coordination by Nitrogen double bond
Nitrogen and carbonyl group of ring of
pyrazolone [5,6].

Azo gatherings show frail contributor
properties however in conjunction with other
solid givers like OH, NH; or C=0 they form
exceptionally stable chelates.

The stability of the chelates, as mentioned
earlier, depends on the number of atoms
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involved in ring formation. So chelates with
five or six membered rings are the most stable
ones. For the same reason, complexes of
tridentate azo compounds are more stable than
the ones of bidentate azo compounds.
Moreover, the strongly basic ligands form the
most stable complexes and the strongly acidic
ones the least stable complexes [7].

Metallic azo compounds might be
subdivided to first category and second
category, named the azogroups were involve
by bonding but the others in which they were
not. Former could be derived to
azocompounds that had donor groups (OH,
NH,, COOH, SH) in a congenial position to
produce 6 or 5 metallic membered compound
[9].

Metal complexes of azo-compounds might
be separated into two classes, to be specific
ones that the azogathering is included in
holding & the others that they were most surly
not. Previous are gotten from azocompounds
that had benefactor capacities, for example,
OH, NH2, COOH, SH, and so forth., in a
congenial position in order to frame 6 or 5
metallic membered compound [9].

2. Experimental Section
2.1 General

The reagents and solvents were of
analytical grade and used without further
purification. 4-aminoantipyrine, 7-hydroxy-4-



methylcoumarin, ferrous chloride tetrahydrate
(FeCl,.4H,0), cobalt chloride hex
hydrate (CoCl,.6H,0) and nickel chloride
hexahydrate (NiCl,.6H,0) were obtained from
Fluka Company, ethanol, methanol and
sodium nitrite (NaNO,) were obtained from
B.D.H, Company. Infrared spectra were
recorded as KBr plates utilizing a Shimadzo
FT-IR 8400S spectrophotometer, at the
Chemistry  Department, Al-Mustansyriyah
University. UV/ visible on a UV-Visible
spectrophotometer produced by Shimadzu in
range  200nm-800nm  utilizing  0.001M
concentration of metallic compouns and ligand
in methanolic solvent, that had utilized as
blank. The 13C, IHNMR spectra (dissolvable
DMSO-d6) had been noted on Bruker DMX-
500 spectrophotometer-300 MHz spectrometer
with TMS as interior standard which were
made at Chemistry Department, Al-Bayt
University, Jordan. The dissolving purposes of
the readied compounds were gotten utilizing
Gallenkamp M.F.B-600.

F Melting Point Apparatus. The metal
percent in the compounds were resolved
utilizing the nuclear retention Shimadzu
680cc-fire/Japan.  Magnetic  susceptibility
estimations were gotten at room temperature
by equalization magnetic susceptibility of
Bruke Magnet B.M.6, England. Conductivity

was estimated in Conductometer/WTW/
England.
2.2  Synthesis of  4-aminoantipyrine

diazonium salt.

4-aminoantipyrine (2.0324 gm., 0.01mole)
was diazotised by dissolving in dilute
hydrochloric acid 20.25 ml in 4 ml water. The
resulting solution is stirred for 10 min. A
solution of sodium nitrite (0.76 gm., 0.011
mole) in water (2.5 ml) was added slowly
dropwise to previous solution (keeping the
temperature at 0-5°C). The solution where
clear.

2.3 Synthesis of ligand (HL).

The solution of unstable compound
(diazonium-salt) had been spontaneous add
wisely to alkaline well cooled mixture.
Solution  of  7-hydroxy-4-methylcoumarin
(1.7620g, 0.01 mole) in ethanol and 10%
NaOH (15 ml). After the completed addition,
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the mixture was stirred for further 20 min.
The mixture had been allowed to stand for
one h. Yellowish/orange product of the ligand
had been formed. Filtered then washed
with water. Boiling ethanol has been used as
recrystallization solvent then reducing the
water by utilizing ofr anhydrous CaCl, for one
night in a desiccator (yield 85%, M.p. 176-
178C°) (Scheme (1)).

CHjz CHs
/
HsC—n HsC—n
\ NH, HCI, NaNO, \ \
a — > A
Ph (0-5)°C Ph

NLCl

NaOH

7-Hydroxy-4-Methyl
Coumarin

Scheme (1): Synthesis of HL ligand.

2.4 Synthesis of metal ion complexes

To methanolic solution (10 ml) of HL
(0.392 g, 1 mmol), a metal salt solution
(0.5 mmol) (0.995 g, 0.119 g and 0.119 g of,
FeCI2.4H20, COC|26H20 and N|C|26H20
respectively) in methanol has been add
drop/wise with stirring. The mixture had
been refluxed for 2-3 hrs. The ratio of metal
to ligand was 1:2 for all studied metals.
Complexes had been  washed  with
water/methanol and filtered. All complexes
had been recrystallized from absolute ethanol
and kept in a desiccators over anhydrous
CaCl.,.

Results and Discussion

HL ligand was synthesized by diazotised of
4-aminoantipyrine with 7-hydroxy-4-methyl
coumarin. The reaction of HL ligand with
metals salts in a 1:2 metal to ligand mole ratio
resulted in the formation of solid complexes
with the general composition [MLy]nCl
(L = CpH1gN4Os, M = Fe "' Co" and Ni " ;
n =1 when M = Fe " or Co* while n = zero

when M = Ni "). The ligand and their
complexes were characterized through
elemental analysis, electrical conductance,
infrared, electronic spectra, and magnetic

susceptibilities at room temperature. The
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analytical data for the ligand and complexes
together with some physical properties are
summarized in Table (1). The lower
conductivity value of the Ni" complex support

Vol.19 (4), December, 2016, pp.41-47

Science

the non-electrolytic nature, while Fe' and Co"
complexes show the electrolytic nature. All the
data and remarks are found in Table (1).

Table (1)

Physical parameters with CHN analysis for the metallic compounds with ligand.

Formula

Yield (%)

Colour

Mp.
0

C21H20N4O,4

85

Yellowish
orange

176-178

C42H38N303F9C|

81

Black

155-157

Cond.

C42H38N303COC|

46

Brownish
Green

120-122

40
Cond.

C42H33N808N i

58

Pale yellow

140-142

10
Noncond.

* The conductivity measured in DMSO solvent of (1x10 mole/L) complexes at room temprature.
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Fig.(3): The proposed structure of the complexes. When M = Fe'' or Co",
n=1,when M=Ni", n=0.

3.1 Electronic Spectra and magnetic
moments of Free Ligand and their
complexes
The spectrum of the free ligand HL show as

a strong bands at 202 and 217nm, which is
attributed to = — =* transition. Another two
bands were also observed at 325 and 373 nm
due to 1 — @* and n — w* transitions
respectively [10,11]. These values do not
change more between free ligand and their
complexes except the last value (373 nm)
which shifted to higher wave, in all complexes
this mean corporation the pair of electrons of
azo group in binding with metal.

The electronic spectrum of Fe'! complex
showed three peaks at 205,219,323nm due to
ligand field. Other two peaks at 422, 551 nm
which were assigned to charge transfer and
(d-d) electronic transition type “T.g—’Eg [12].
The spectrum of Co™ complex appeared peaks
at 207,221 and 323 nm were attributed to
ligand field. The peaks at 429, 450, and 620nm
were ascribed to charge transfer and electronic
transition 4T]_g —)4ng P and 4T1g—>4Azg(F),
these results agree well with the observed
values of magnetic moments, p= 3.98 B.M,
[13]. which clearly indicate for six coordinated
octahedral.
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The electronic spectrum of the Ni (1)
complex display three peaks at 208, 222 and
323 nm due to ligand field other peak at
357nm which was assigned to charge transfer
with electronic transition *Axgp— >Tigp)
the two peaks at 437, 670 nm due to
electronic transition type *Axg@— *T20F and
SAx0m— *T1gr) respectively [14].

The magnetic moment ps for complexes in
the solid state shows that all complexes are
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paramagnetic at room temperature. The
complexes of Fe" (d%), Co" (d) and Ni" (d®)
were found to be 4.93 B.M, 3.98 B.M and
3.01 B.M respectively, which within the
expected spin-only values. The higher value of
terr OF the Nit?(d®) complexes 3.01 B. M may
be due to the orbital contribution [15, 16], as
show in Table (2).

Table (2)
Uv/Visible data and magnetic moment of azo ligand and its metal complexes (nm).

‘ n- ¥ d-d transitons
. 202, 217,
Ligand (HL) 395 373 - - -
[Fel,] 205,219 | 323,422 551 (°T,g —°Eq) 4.89 4.93
4.7-5.2
450 (‘T1ge—"T19()620 High spin
L 207, 221 323, 429 3.87
[CoL] (‘T9p—"A0m) 2.0-2.7
Low spin
_ 357 CAgp—"T10p)
208, 222 323, 437 2.83 3.01
INiLz] I ’ ' 670 CA9—°T10)
3.2 FTIR spectra of ligand and its gathering in the coordination with metal
complexes ion. The appearances of new groups in the

The data of the IR spectra of the ligand and
its complexes were compared with the FTIR
spectrum of the free ligand in order to
determine the involvement of coordination
sites in chelation and to detect the changes
that might have taken place. The obtained
data are summarized in Table (3) with some
assignments of the important characteristic
bands.

The FT/IR spectra for the ligand shown
broad band at 3185 cm™, which was allocated
to the extending vibration of v (OH) group.
This band was truant in the spectra of all
synthesized complexes, which  showed
deprotonating and contribution of enol oxygen
in chelation.

The band at 1701cm™ show up because of
the stretching mode of v (C=0), on appearance
a moved with change in shape was seen from
this band, while expanding in intensity was
seen. Band normal for the azo extension
vibration at 1550cm™ moved to lower
frequency with change in shape of complexes,
which means that the engagement of this
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area of 466-560 cm™ are probably relegated to
v (M-N) and v (M-O) (Metal-ligand)
extending groups [18, 19].
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Table (3)
FT-IR data of azo ligand and its metal complexes (cm™).

Compound ";S:rﬁ) vC=0) | v(N=N) | v(M-0) | v(M-N)
HL 3185 | 3103 | 2988 | 1502 | 1701 | 1550 - -
[Fe(Ly) - 3124 | 2989 | 1514 | 1674 | 1455 476 538
[Co(L,)] - 3120 | 2985 | 1510 | 1676 | 1450 466 521
[Ni(L,)] - 3159 | 2987 | 1516 | 1674 | 1452 479 560

3.3 HNMR spectrum of the ligand

The HNMR spectrum of the ligand in D6-
DMSO was demonstrated in Fig.(1). The
spectrum might be shows four important
signals, (Me-C=C) coumarin (d,3H,2.504-
2.677), methyl (N-CHs3) for antipyrine
(d,3H,3.144-3.365), H-for(C=C) in pyrone
ring for coumarin (S,1H,6.118), aromatic
C-OH proton at(6.696), aromatic ring for

benzene ring in antipyrine (7.393-7.594) [20-
22].

Fig.(2) demonstrate the ‘*C/resonance of
HL ligand, that records the absorptions at
161.6-160.7, 155-102, 40.2-1805 ppm that
may correspond to C=0, C=C & CHj; groups
respectively. The obtained data from *C/NMR
as in Fig.(3) with results of *H NMR together
supports the normal structure of azo/ligand.

coumarin have 2H each proton give (d,1H) in
(6.703-6.779) and (6.786-6.808), (5H)
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Fig.(1): *"H NMR spectrum of HL ligand in DMSO-d6.

== o N e 1w oy
RN B MmO @ w =L
- S e I =
355 IS ES
—_ o2 o S B fm i Sl ]

NI/ N

sample 37

ComE s oo
Do OB br oo oW
CRERIGas=ESES R
TaocoSoaasas e o
ST ESsmemm

2

s

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 o PPmM

Fig.(2): *C NMR spectrum of HL ligand in DMSO-ds6.
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4. Conclusions

Our paper, coordination chemistry for series
of Fe", Co" and Ni" metals with a new
azo/ligand namely (4-(7-hydroxy-4-
methylcoumarin-8-ylazo)-1-phenyl-2,3-
dimethyl pyraz-ol-5-one 4-yl) were
synthesized in good yield. The ligand with
metal complexes had been identified on the
basis of 'H & *C NMR, metal analyses,
magnetic susceptibility, FT/IR with UV-Vi.,
spectroscopical outcomes. The structure of
metallic compounds had been founded to be
[ML,]nCl; were M= Fe'" or Co", n=1; M= Ni",
n=0. The T/IR spectral data revealed that HL
behaves as tri-dentate ligand via nitrogen
atoms in —Nitrogen double bond Nitrogen-
group with atoms name Oxygen from hydroxyl
an carbonyl pyrazoline groups. As indicated
by the outcomes acquired from natural
investigations, molar/conductivity estimations
in DMSO and magnetic/susceptibility
information, the Oh-structures for all metallic
compounds been proposed as appeared in

Fig.(3).

5. References

[1] Kirkan B., and Gup R., “Synthesis of New
Azo Dyes and Copper (II) Complexes
Derived from Barbituric Acid and 4-
Aminobenzoylhydrazone”, Turk J. Chem,
32, 9-17, 2008.

[2] Asaad Ali A., Tark Fahad A., and Wesam
Abdullah A., “Synthesis And Spectral
Properties Of Some New Derivatives of 4-
Aminoantipyrine Azo Dyes”, Journal of
Kufa for Chemical Science, 8, 59-69, 2013.

[3] Hassib H. B., and Abdel-Latif S.A.,
“Potentiometric, Spectrometric, Thermal
and Conductimetric Studies on some 3-
Phenyl-4-(Arylazo)-5-Pyrazolones and their
Complexes with Divalent Cobalt Metal
lon”, Spectrochimica Acta Part A, 59,
2425-2434, 2003.

[4] Yogeeswari P., Menon N., Semwal A,
Arjun M., Sriram D., “Discovery of
molecules for the treatment of neuropathic
pain:  Synthesis,  antiallodynic  and
antihyperalgesic  activities of  5-(4-
nitrophenyl)furoic-2-acid hydrazones”, Eur.
J. Med. Chem., 46, 2964-2970, 2011.

[5] Makedonski P., Brandes M., Grahn W.,
Kowalsky W., Wichern J., Wiese S.,

46

Khalida F. AL-Azawi

Johannes H.H., “Synthesis of new kinds of
reactive azo dyes and their application for
fibre-optical  pH-measurements”,  Dyes
Pigments, 16, 109-119, 2004.

[6] Mahmoud N., Al-Jibouri, “Synthesis and
charctrization of transition metal complexes
with azo ligand derived from 4- hydroxyl-
6-methyl-2-pyranone”, Eur. Chem. Bull.,
3(5), 447-451, 2014.

[7] Venkataraman K., “The chemistry of
synthetic dyes”, New York and London:
Academic Press, 3, 303-369, 1970.

[8] Pooja T., Malay C., “Decolourisation of
metal complex Azo dyes and treatment of a
dyehouse waste by modified photo Fenton
(Uv-Vis/ Ferrioxalatel H,0,) process”,
Indian J. Eng. Mater. Sci., 11, 499-504,
2004.

[9] Gup R., Kirkan B., “Synthesis and
spectroscopic studies of copper (Il) and
nickel (11) complexes containing hydrazonic
liga nds and heterocyclic coligand”,
Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 62, 1188-
1195, 2005.

[10] Wolfgang K., Natasa D., and Stephanie
F., “Azo compounds as electron acceptor or
radical ligands in transition metal species:
spectroelectrochemistry  and  high-field
EPR studies of ruthenium, rhodium and
copper complexes of 2, 2-azobis (5-
chloropyrimidine)”, J.  Molec.  Stru,
656,183-194, 2003.

[11] Emel Y., and Hamit B., “Synthesis of
Novel Acidic Mono Azo Dyes and an
Investigation of Their Use in the Textile
Industry”, Turk. J. Chem., 26, 897-903,
2002.

[12] Lever A., B., P., “Electronic spectra of d"
ions, in Inorganic Electronic
Spectroscopy”, Elsevier, Amsterdam, The
Netherlands, 2" edition, 376-611, 1984

[13] Seth S., Aravindakshan K., Spectrochim.
Acta Part A Mol.Biomol.Spectra. 2(1), 415-
422, 2013.

[14] Chandra S., and Kumar A., “Spectral
studies on Co(ll), Ni(ll) and Cu(ll)
complexes with thiosemicarbazone (L1)
and semicarbazone (L2) derived from 2-
acetyl furan”, Spectrochimica Acta Part A,
66 (4-5), 1347-1351, 2007.



Journal of Al-Nahrain University Vol.19 (4), December, 2016, pp.41-47 Science

[15] Day M.C., and Selbin J., “Theoretical
Inorganic Chemistry I1”, East West press
Pvt. Ltd., New Delhi; 1983.

[16] Cotton F.A., Wilkinson G., Gauss P. L.,
“Basic inorganic  chemistry”;  Second
Edition; John Wiley and Sons, 1987.

[17] Silverstein R. M., Webster F. X., John
Wiley and Sons, Inc., New York, 1998.

[18] Nakamato K., “Infrared and Raman
Spectra of Inorganic and Coordination
Compounds”, Wiley, New York, 1986.

[19] Drago R. S., “Physical Methods for
Chemists”, 2" Edition, Saunders Colleges
Publishing, New York, 1977.

[20] Porter Q. N., and Baldas J., “Mass
Spectrometry of Heterocyclic compounds”
(Weissberger, A. and Taylor, E. C., eds)
Wiley- Inter Science, John. Wiley and
Sons, Inc., USA, 1971.

[21] Budzikiewicz, H., Dijerassi, C. and
Williams, D. H., “Mass spectrometry of
Organic Compounds”, Holden-Day, San
Francisco, 1967.

[22] Batterham, T. J.,, “NMR Spectra of
Simple heterocyclic” (Taylor, E. C. and
Weissberger, A., eds. General Heterocyclic
Chemistry Series, John Wiley and Sons,
Inc. New York, USA., 1973.

-

ADAl
OolesS diie 4= uSgyna —T7) —4) 3l jias
=5— Jssnb die Sl -3,2-Jud —1-( 550 d -8 —
4 5 ol Jiwd= w7 e (B -4 ol
Cilalal danlyy puaaall SIS (add 5 Gl () sl
G 5 eheall Cad Al 5 ownhlinadl (gl o))
5 ALl 5 paall Glates Gipas LA el Al
Ay Jelinad) Jaug = 2l & sl aatl J<ull
Al pandll Cilitaall Cuads ((2:1) xlsd ;b
5 Ayl — Apmadidl 38 5 elpeall Ciad A okl
liall QLS e Olmb (ol Galaiay) A
sl 2l (e 5 AilesSl) Aduagill 5 4l
pmnall Ciltinall slad) LA JSEN -5 5 gl

47



