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Abstract: New Ni(ll), Cu(ll) and Co(ll) complexes were synthesized with the
bidentate azo-azomethine dye, 4-[(E)-phenyldiazenyl]-2-[(E)-(phenylimino)me-
thyl]phenol (dmpH), which was prepared by the reaction of 2-hydroxy-5-[(E)-
phenyldiazenyl]benzal dehyde with aniline in EtOH. The syntheses of the metal
chelates of the azo-azomethine dye were realized by the precipitation techni-
gue. The synthesized metal complexes were characterized by elemental ana
lysis, molar conductance measurements, as well as infrared and UV-Vis spectral
data. Based on these characterizations, the metal complexes of the transition
metal ions may be formulated as [M(dmp)Cl(H,0)] where M = Ni(ll), Cu(Il)
and Co(I1). The metal complexes were formed by the coordination of N and O
atoms of the ligand. The molar conductance values of the Ni(ll), Cu(ll) and
Co(Il) complexes of the bidentate ligand indicate their non-ionic character. The
free ligand and its metal complexes were tested for their in vitro antimicrobial
properties against eight bacteriaz Escherichia coli, Saphylococcus aureus,
Klebsiella pneumoniae, Mycobacterium smegmatis, Pseudomonas aeruginosa,
Enterococcus cloacae, Bacillus megaterium, and Micrococcus luteus, and three
fungi, Kluyveromyces fragilis, Rhodotorula rubra and Saccharomyces cerevi-
siae, in order to assess their antimicrobial potential. The [Ni(dmp)Cl(H50)]
chelate exhibited high activity against al the bacteria and fungi, except
Rhodotorula rubra.

Keywords. azo dye; azo-azomethine; transition metals; spectroscopy; antimic-
robial activity.
INTRODUCTION
Colorants, which include chromophores of dyes usually consisting of C=C,
N=N, C=N, and aromatic and heterocyclic rings, containing oxygen, nitrogen or
sulfur, have been widely used as dyes owing to their versatility in various fields
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918 KURTOGLU

and high technologies, including textiles, paper, leather, plastics, biological stain-
ing, lasers, liquid crystalline displays, ink-jet printers, and in specialized applica
tions, such as food, drug, cosmetic and photochemical productions.1# Dyes used
before the nineteenth century were either of vegetable (i.e., weld, madder, indigo)
or animal origin (i.e., cochineal, shellfish) and belonged to various chemical
types, such as flavonoids (yellow), anthraguinones (red) and indigoids (blue and
violet).®> These chemical types of anthraguinoid dyes provide the most important
red dyes and lakes used in artistic paintings. Synthetic dyes are extensively used
in industry and a vast amount of the dyes produced enter the environment as
waste material.6 The main synthetic dye classes include azo, anthraguinone and
triarylmethane dyes which constitute more than half of the dyes used in industrial
applications. Azo dyes are widely used in the textile industry and are the largest
and most versatile group of synthetic organic dyes, with a tremendous number of
industrial applications.’

Schiff base metal complexes have the ability to reversibly bind oxygen in
epoxidation reactions, biological activity,10 catalytic activity in hydrogenation
of olefins!112 and photochromic properties.13 Also, Schiff bases can be used in
the degradation of organic compounds!4 and in radiopharmaceuticals.1°

In previous studies, the synthesis and characterization of various bidentate
compounds and some of their properties were investigated.16-20 In this article,
because of the importance of azo-azomethine compounds and in continuance of
present interest in the syntheses of azo and azomethine compounds, the syn-
theses, complex formation and characterization using different techniques, in par-
ticular the elemental analyses, molar conductivity, infrared and electronic spec-
troscopy, of 4-[(E)-phenyldiazenyl]-2-[(E)-(phenylimino)methyl]phenol are re-
ported. The ligand was synthesized by the reaction of 2-hydroxy-5-[(E)-phenyl-
diazenyl]benzaldehyde with aniline in EtOH solution at the boiling point. Its com-
plexing ability with Ni(Il), Cu(ll) and Co(ll) salts was examined. The structure of
the metal chelatesis proposed.

EXPERIMENTAL
Reagents

Aniline and salicylaldehyde were purchased from Aldrich. 2-Hydroxy-5-[(E)-phenyldia-
zenyl]benzal dehyde was prepared as described previously.?1-23 NiCl,-6H,0, CuCl,-2H,0 and
CoCl,-6H,0 (Merck) were used as purchased with no additional purification. All solvents were
of reagent grade and used without further purification.

Physical measurements

The microanalyses for carbon, hydrogen, nitrogen were performed by the TUBITAK
Anayses Center. The proton NMR spectrum of the azo ligand was determined in the Indni
University Laboratories, Maatya, Turkey. The infrared spectra (KBr disc) were recorded in
the 4000400 cm! range on a Shimadzu 8300 FT-IR spectrometer. The electronic spectra
were obtained on a Shimadzu 160A UV spectrometer. The melting points were measured with
an Electrothermal LDT 9200 apparatus in open capillaries.
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METAL CHELATES OF BIDENTATE AZO-AZOMETHINEDYE 919

Synthesis of 4-[ (E)-phenyldiazenyl] -2-[ (E)-(phenylimino)methyl] phenol, dmpH (1)

The azo-azomethine compound was prepared according to a literature method (Fig. 1).16
Aniline (0.043 g, 50 mmol) and 0.104 g (0.460 mmol) 2-hydroxy-5-[(E)-phenyldiazenyl]-
benzal dehyde were dissolved in 75 mL absolute EtOH with a few drops of glacial acetic acid
as a catalyst. The solution was refluxed for 5 h and then left at room temperature. After cool-
ing, the azo-azomethine dye was obtained as orange microcrystals. The microcrystals were fil-
tered off, washed with 20 mL of cold absolute EtOH and then dried.

O
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CeHsNH; | reflux
EtOH
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15 1
H” \lo/ “H
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Fig. 1. Preparation of the azo-azomethine dye.

H H

Synthesis of [Ni(dmp)CI(H,0)] (2)

A methanolic solution (15 mL) of (0.040 g, 1.66x10* mol) nickel(11) chloride was added
to 15 mL of aclear solution of dmpH (0.050 g, 1.66x104 mol) in 10 mL MeOH. The resulting
mixture was refluxed for 4 h on a water bath. The volume was reduced to half by slow eva-
poration. After cooling, the red colored complex precipitated out, which was filtered off,
washed several times with EtOH and dried in vacuo.

Synthesis of [ Co(dmp)CI(H,0)] (3)

A solution of CoCl,-6H,0 (0.516 g, 0.0200 mmol) in 10 mL of MeOH was added to a
magnetically stirred 15 mL MeOH solution containing the ligand (0.653 g, 0.0217 mol) and
then refluxed for 2 h. The obtained solution was left at room temperature. The cobalt(I1) com-
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920 KURTOGLU

plex was obtained as a reddish brown precipitate. The product was filtered off, washed with
cold EtOH and then dried under vacuum.
Synthesis of [ Cu(dmp)CI(H,0)] (4)

Copper(l1) chloride hexahydrate (0.0524 g, 3.08x104 mol) dissolved in MeOH (10 mL)
was added to a hot solution of the azo-azomethine ligand (0.0928 g, 3.08x10# mol) dissolved
in MeOH (20 mL). The pH was adjusted to 56 using alcoholic sodium hydroxide (0.010 M).
The resulting solution was stirred and heated on a hot plate at 70 °C for 30 min. The volume
of the obtained solution was reduced to one-half by evaporation. One day later, a greenish
brown colored solid of the complex formed, which was filtered, the solid washed with cold
EtOH and Et,0 and finally dried under vacuum.

Biological studies

The azo-azomethine dye and its metal complexes were evaluated for both their in vitro
antibacterial activity against Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae,
Mycobacterium smegmatis, Pseudomonas aeruginosa, Enterococcus cloacae, Bacillus mega-
terium and Micrococcus luteus, and their in vitro antifungal activity against Kluyveromyces
fragilis, Rnodotorula rubra and Saccharomyces cerevisiae by the disc diffusion method.2425

RESULTS AND DISCUSSION
Synthesis of the coordination compounds

The dye, 4-[(E)-phenyldiazenyl]-2-[(E)-(phenylimino)methyl]phenol was
prepared by reacting aniline with 2-hydroxy-5-[(E)-phenyldiazenyl]benzal dehy-
de, obtained by treating a solution of aniline with salicylaldehyde in EtOH me-
dum with an agueous solution of NaNO» at -5 °C. The structure of the azo-azo-
methine dye was demonstrated by a combination of analytical, spectroscopic and
single crystal X-ray studies. The level of impurity in the product was checked by
thin layer chromotogropy. The single crystal structure of the azo-azomethine
ligand has been reported and discussed in a previous paper.16 In methanolic
solution (pH 5-6), the ligand undergoes deprotonation to form 1:1 mononuclear
complexes with Ni(I1), Co(ll) and Cu(ll) metal ions:

dmpH + MCly-xH20 — [M(dmp)Cl(H20)] + HCl + xH,0

Characterization and analytic data of the ligand and the complexes

4-[ (E)-phenyldiazenyl] -2-[ (E)-(phenylimino)methyl] phenol, dmpH (1). Yield:
0.12 g (85 %). m.p. 137-138 °C. Anal. Calcd. for C1gH15N30 (301.3 g/mol): C,
75.73; H, 5.02; N, 13.94 %; Found: C, 75.64; H, 5.09; N, 13.86. FTIR (KBr, cnr1):
3420 (Ar-OH), 3049 (Ar-C-H), 1620 (-CH=N-), 1346 (-N=N-). 1H-NMR
(DM SO-dg, 0 / ppm): 13.87 (1H, s, —OH), 9.17 (1H, s, -CH=N-), 8.32-8.30 (2H,
d, J = 9.1 Hz, Ar-H), 8.04-7.99 (5H, dd, J = 8.9 Hz, Ar-H), 7.88-7.85( 1H, d,
J = 8.6 Hz, Ar-H), 7.62—7.57 (5H, m, Ar-H). UV-Vis (EtOH, Amax / nm): 272
(r—n*, Ar—-C=C), 320 n—n*, -CH=N-), 333 (n—n*, -N=N-), 345 (n—>n*, —
CH=N-), 452 (nh—n*, -N=N-). UV-Vis (DMF, Amax / nm): 277 (n—w*, Ar—
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METAL CHELATES OF BIDENTATE AZO-AZOMETHINEDYE 921

C=C), 326 (nr—n*, -CH=N-), 343 (n—>n*, -N=N-), 360 (n—n*, -CH=N-), 460
(n—m*, -N=N-). 4y = 13 Q"1 cm?2 mol-1.

[Ni(dmp)CI(H20)] (2). Yield: 65 %. m.p. 225 °C. Ana. Cacd. for
C19H16CIN3NIO> (412,50 g/mol): C, 55.32; H, 3.91; N, 10.19 %; Found: C,
55.07; H, 3.69; Cl, 8.44; N, 10.42 %. FTIR (KBr, cm1): 3415 v(OH), 3064
v(Ar—-C—H), 1618 v(C=N), 1350 v(-N=N-), 941, 569 v(Ni-O), 447 v(Ni-N).
UV-Vis (DMF, Amnax / nm): 229 (r—mw*), 279 (n—n*), 347 (n—n*), 363 (n—n*),
443 (d—d). Ay = 15 Q-1 cm2 mol-1.

[Co(dmp)CI(H20)] (3). Yield: 69 %. m.p. 258 °C. Ana. Calcd. for
C19H16CICON3O2 (412.74 g/mal): C, 55.29; H, 3.91; CI, 8.59; N, 10.18; Co,
14.28 %,; Found: C, 55.35; H, 3.68; Cl, 8.71; N, 9.96; Co, 14.07 %. FTIR (KBr,
cm'®): 3439 v(OH), 3039 v(Ar—C—H), 1613 v(C=N), 1382 v(—N=N-), 563 v(Co—
0), 447 v(Co—N). UV—Vis (DMF, Amax / nm): 235 (n—n*), 293(n—n*), 346
(n—7*), 428(n—r*), 605(d—d), 669(d—d). Ay = 25 Q-1 cm?2 mol-1.

[Cu(dmp)CI(H20)] (4). Yield: 71 %. m.p. >250 °C. Anal. Cacd. for
C19H16CICUN3O2 (417.35 g/moal): C, 54.68; H, 3.86; Cl, 8.49; N, 10.07; Cu,
15.23 %; Found: C, 54. 55; H, 3.74; Cl, 8.27; N, 10.16; Cu, 15.32 %. FTIR (KBr,
cm1): 3458 v(OH), 3058 v(Ar-C-H), 1611 v(C=N), 1379 v(-N=N-), 530
v(Cu-0), 455 v(Cu-N). UV-Vis (DMF, Amax / nm): 234 (n—n*), 274 (n—>1*),
352 (n—m*), 370 (n—7*), 412 (d—d). A4y = 21 Q-1 cm?2 mol-L.

The structures of the ligand and corresponding complexes were e ucidated
based on 1H-NMR, IR and UV-Vis spectra, elemental analysis and molar con-
ductivity. In the complexes, the chloride ions were found to be coordinated to the
metal ions as confirmed by the conductivity measurements.

Solubility and molar conductance

All of the metal chelates, [Ni(dmp)CI(H20)], [Cu(dmp)ClI(H>0)] and
[Co(dmp)Cl(H20)] are stable in air and soluble in DMF and insoluble in water
and n-hexane. Single crystals of the metal chelates could not be isolated from any
organic solution, thus no definite structures can be described. However, the ana-
lytical, spectroscopic and conductivity data enabled possible structures to be
predicted as shown in Fig. 2. The molar conductance values of the complexes 2—4
in DMF were in the range 15-25 Q-1 cm?2 mol—1, indicating that they are non-ele-
ctrolytes.

Elemental analyses

The elemental analysis results of the complexes of the ligand 1 are in good
agreement with the theoretical calculations. The data show a 1:1 (M:dmpH) ratio
of the complexes with formulae [M (dmp)CIl(H20)].
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922 KURTOGLU

Fig. 2. The proposed general struc-
ture of the metal chelates.

"H-NMR spectrum of the ligand

Proton nuclear magnetic resonance spectral analysis was performed for the
synthesized dye which provided further evidence for the structural characteristics
of the dye. The TH-NMR spectrum of the dye showed a signal at §13.87 ppm.26
This chemical shift can be attributed to hydrogen bonded O—H proton. The al-
dehyde compound containing an azo group exhibited a peak in its TH-NMR spec-
trum at 0 10.32 ppm as a singlet belonging to the proton of the -CHO group.
However, the aldehyde peak disappeared in the azo-azomethine dye. The proton
of the azomethine group appeared at §9.17 ppm asasinglet (Fig. 3). The IH-NMR
spectrum of the dye showed d peaks at ¢ 8.32-8.30 ppm (H-3), add at ¢ 8.04—
—7.99 ppm (H-5) and ad at § 7.88-7.87 ppm (H-6), which are attributed to phe-
nyl protons, including the —OH group.22 These results show that the azo-azome-
thine dye shifts to the enol-imine form. The multiple peaks appearing at o 7.62—
—7.57 ppm are al so attributed to aromatic protons.2

/

L

T 1 T T T T T T

14 13 12 11 10 9 8 7
8/ ppm
Fig. 3. TH-NMR spectrum of the dye.
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IR spectra

The IR spectra of the complexes were studied to characterize their structures.
The IR spectra of the dmpH ligand 1 and its metal complexes were taken as KBr
pellets.

The ligand spectrum revealed a broad band at 3420 cm1 corresponding to
the vibration of the O—H group present in the structure.2 The band observed at
3049 cm1 is due to the presence of aromatic C-H bonds in the structure. Espe-
cialy, the band observed at 1620 cm?® indicates the azomethine (—CH=N-)
group, which was not present in the starting material but forms in the resulting
product as a result of the condensation reaction.2” This band is shifted in the me-
tal chelates toward lower frequencies because of the coordination of the nitrogen
to the metal ion. This fact can be explained by the withdrawing of electrons from
nitrogen atom to the metal ion on coordination. The band observed at 1346 cmr1
is an indication of the -N=N— group. The pesk at 3420 cm1 in the spectrum of
the ligand corresponding to the OH group was observed at 3415 cm! in the
spectrum of 2. The peak observed at 3064 cmL is due to the aromatic C—H group
in the complex. The peak at 1618 cmL is due to C=N. These values are in good
accordance with the values cited in the literature. The peak appearing at 3420 cm™
inthe IR spectrurri of the ligand corresponding to OH group was observed to ap-
pear at 3439 cm " in tr11e IR spectrum of 4. The peak aromatic C—H group was
observed at 3039 cm . The pesk at 1613 cm1 corresponds to the vibration
mode of the C=N group. The peak appearing at 3420 cm1 in the spectrum of the
ligand, corresponding to the OH group, was observed at 3458 cm 1 in the IR
spectrum of 3. The peak corresponding to the imine group appeared at 1611 cmL.,
The peaks appearing at 530 and 455 cm~1 were attributed to the Cu—O and Cu-N
groups. In the infrared spectra of the complexes, bands assigned to M—O and M—N
were identified between 569-530 cn1 and 455447 cmr1, respectively.28

Electronic spectra

The electronic spectra of the dye and its metal chelates were recorded in both
EtOH and DMF between 200 and 800 nm. The room temperature UV—-Vis ab-
sorption spectrum of the synthesized dye (dmpH) displayed mainly five bands
observed within the range 200-800 nm in EtOH and DMF solution. The first
band at 272 nm as a shoulder was assigned to the moderate energy n—m*
transition of the aromatic ring, while the second band at 320 nm is due to the low
energy m—m* transition of the —CH=N- group.

The peaks belonging to the azomethine group in the spectra of 2, 3 and 4
coordination compounds were observed at 347, 350, 342 nm, respectively. The
bands at 333 in EtOH and 343 nm in DMF were assigned to the n—nt* transition
of the -N=N- azo group. The other bands in EtOH at 345 and 452 nm were due
to n—m* transitions of the -CH=N- and -N=N- groups of the dye, respecti-
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vely.29 These transitions were observed at 360 and 460 nm in DMF solutions,
respectively. The peaks belonging to the -N=N- group in the spectra of the com-
plexes 2, 3 and 4 appeared at 363, 389 and 370 nm, respectively. The d—d tran-
sition bands in the spectra of the azo-azomethine dye complexes were observed
at 412-605 nm. The spectroscopic data obtained in this work agreed well with
the results of previous studies.

Biological activity

The antibacterial and antifungal activity of the new azo-azomethine chelates
were tested by the disc diffusion method. The antibacterial and antifungal acti-
vities of the compounds against eight bacteria, namely E. coli, S. aureus, K.
pneumoniae, M. smegmatis, P. aeruginosa, E. cloacae, B. megaterium and M. lu-
teus, and three fungi, namely K. fragilis, R. rubra and S. cerevisiae, are presented
in Table I. The results showed that the compound dmpH exhibited high activity
against al the tested bacteria and fungi, except for R. rubra. The dye, compound
1, showed the highest effect against S. aureus and K. pneumoniae among all the
tested bacteria and S. cerevisiae among all the tested fungi. Compound 2 was
quite effective against al the tested bacteria and fungi, with the exception of R.
rubra, as in the case of compound 1. However, compound 2 had the highest
effect only against one bacterium, namely S. aureus, showing an inhibition zone
of 22 mm. It isalso clear from the datain Table | that compound 3 exhibited high
activity against al the tested bacteria and fungi, showing an inhibition zone of 9—
—15 mm. Compound 4 exhibited moderate activity against all the tested bacteria
and fungi, except for R. rubra. The copper complex showed the highest effect
against E. coli and B. megaterium among all the tested bacteriaand S. cerevisiae
among all the tested fungi.

TABLE I. Antibacterial and antifungal activities (mm) of the synthesized dye and its com-
plexes

. . Compound
Tested microorganisms 1 > 3 7
E. coli 16 15 13 10
S aureus 20 22 10 8
K. pneumoniae 20 19 12 8
M. smegmatis 15 15 11 7
P. aeruginosa 15 15 9 7
E. cloacae 15 15 12 7
B. megaterium 16 16 11 10
M. luteus 17 16 12 9
K. fragilis 14 15 15 11
R. rubra 0 0 10 0
S cerevisiae 17 16 12 16
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CONCLUSIONS

In this work, an azo-azomethine dye ligand, 4-[(E)-phenyldiazenyl]-2-[(E)-
-(phenylimino)methyl]phenol (dmpH), derived from 2-hydroxy-5-[(E)-phenyldi-
azenyl]benzaldehyde and aniline in EtOH, and some of its transition metal com-
plexes were prepared. The analytical data and spectroscopic studies suggested
that the complexes had the general formula of [M(dmp)Cl(H20)], where M is
nickel(l1), cobalt(I1) or copper(ll). The molar conductance measurements of the
complexes showed their non-electrolytic nature. According to UV-Vis and IR
data, the phenylazo-linked azo-azomethine dye was coordinated to the metal ion
through the azomethine nitrogen and oxygen atom of the hydroxyl group in sali-
cylaldehyde.

Based on the above results, the structure of the investigated coordination
compounds can be formulated as in Fig. 2. The studied metal chelates exhibited
high activity against S. cerevisiae.

U3BOJ

CHUHTE3A, KAPAKTEPU3AIIUIA, XEJJALIJA JOHA TTPEJIAHUX METAJIA, U
AHTUBAKTEPUICKA U AHTU®YHI AJTHA UICTIUTUBATbA BOIE 4-[(E)-
OEHWINA3ZEHNI]-2-[(E)-(®EHUIMMUHO)METIJT] ®EHOJIA

NURCAN KURTOGLU

Kahramanmaray Siitgli /mam University, Department of Textile Engineering,
Avsar campus, 46050, Kahramanmaras, Turkey

Cunrerucanu cy Hou komiutekcu Ni(ll), Cu(ll) u Co(ll) ca 6uaenTaTHOM a30-a30METHHCKOM
60jom 4-[(E)-penmnauazennn]-2-[ (E)-(denmwmmuno)merwi] penonom (dmpH), nobujerom y peak-
wju 5-[(E)-denmnauasenmn]-2-xuapokcubensanaexuaa ¢ anunaoM y EtOH. Cunrese meranHux
Xenara a30-a30MeTHHCKe 00je H3BEICHE Cy TEXHHKOM Tajlokemha. CHHTETHCAHH METATHH KOMILICK-
CH Cy OKapaKTepHCaHH €IIEMEHTAHOM aHAIIM30M, MEPEHEM MOJIapHE MPOBOJBHBOCTH U HA OCHOBY
un¢panpsenux 1 UV-Vis cniekrpannux nojgaraka. Ha ocHOBY oBe kapakrepu3zauuje Ghopmyia me-
TAHAX KOMIUIEKca joHa mpenasuux merama moxe Ooutu [M(dmp)Cl(H20)] roe je M = Ni(ll),
Cu(ll) u Co(Il). Meranau komiiekcu ¢y (opmupanu koopauHoBameM N u O atoma muranma.
Bpennoctu monapue npoBoassuBoctd kommuiekca Ni(ll), Cu(ll) u Co(ll) GumentatHor nuranma
yKa3yjy Ha BHUXOB HEJOHCKH Kapakrtep. McnuraHa cy aHTHMHKPOOHA CBOjCTBa iN Vitro cioboaHor
JIWraHaa ¥ KoMmIuiekca Ha ocam Oakrepuja: Escherichia coli, Staphylococcus aureus, Klebsiella
pneumoniae, Mycobacterium smegmatis, Pseudomonas aeruginosa, Enterococcus cloacae,
Bacillus megaterium u Micrococcus luteus, u tpu risuBe: Kluyveromyces fragilis, Rhodotorula
rubra u Saccharomyces cerevisiae, kako Ou ce HPOIEHHO HUXOB AHTUMUKPOOHU MOTEHIHjal.
Xenat [Ni(dmp)CI(H20)] je mokasao BUCOKY aKTHBHOCT Ha CBE OAKTEpHje M TJbHBE, CEM Ha IJbUBY
Rhodotorula rubra.

((TTpumsbeno 26. HoBemGpa 2008, pesuanpano 12. janyapa 2009)
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