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Transition metal [Mn(II), Co(II), Ni(II), Cu(II), Zn(II) and Cd(II)] complexes of a new Schiff
base, 3-acetylcoumarin-o-aminobenzoylhydrazone were synthesized and characterized by
elemental analyses, magnetic moments, conductivity measurements, spectral [Electronic, IR,
1H and 13C NMR, EPR] and thermal studies. The ligand crystallizes in the monoclinic system,
space group P21/n with a¼ 9.201(5), b¼ 16.596(9), c¼ 11.517(6) Å, �¼ 101.388(9)�, V¼ 1724.2
(17) Å3 and Z¼ 4. Conductivity measurements indicated Mn(II) and Co(II) complexes to be
1 : 1 electrolytes whereas Ni(II), Cu(II), Zn(II) and Cd(II) complexes are non-electrolytes.
Electronic spectra reveal that all the complexes possess four-coordinate geometry around the
metal.

Keywords: o-Aminobenzoylhydrazide; 3-Acetylcoumarin-o-Aminobenzoylhydrazone;
3-Substituted coumarin; Transition metal complexes; Crystal structure; Thermal studies

1. Introduction

Coumarins are widely distributed in the plant kingdom, especially in the families

Umbelliferae and Rutaceae [1]. Coumarin derivatives exhibit antibiotic, antifungal,

anticoagulating, plant growth regulating and anti-inflammatory activities and are also

used as analytical reagents [2]. In particular, coumarins with various substituents

at position 3, exhibit a variety of biological properties [3] and are of spectroscopic

interest [4]. 3-Acetylcoumarins have been reported to have antimicrobial properties and
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are useful synthons for coumarin analogs of chloroamphenicol [5] and 3-coumar-
inylthiazoles [6].

Aromatic acid hydrazides and their Schiff bases inhibit the growth of tuberculosis
mycobacteria [7]. Introduction of a primary amino group ortho on the aromatic acid
hydrazide makes it strongly active against tuberculosis mycobacteria; metal complexes
of o-aminobenzoylhydrazide enhanced the antitubercular activity of the ligand [7].

Considering the biological activity of o-aminobenzoylhydrazide [7] and 3-substituted
coumarins [5, 6] we aim to design and synthesize a molecule containing both moieties
linking through azomethine with a free primary amino group ortho on the hydrazide
moiety, so as to enhance its biological activity [7]. Metal complexes of title ligand have
been synthesized to examine the role of transition metals in enhancing biological
activity of the ligand.

The literature cites very little work on hydrazones derived from 3-acetyl coumarin [8].
In continuation of our earlier work on 3-substituted coumarins [2], we report here
studies on synthesis, spectral, thermal and crystallographic studies of 3-acetylcoumarin-
o-aminobenzoylhydrazone and its metal complexes.

2. Experimental

The complexes were analyzed for their metal content by EDTA titration after
decomposition with a mixture of HCl and HClO4. The chloride content of the
complexes was determined as silver chloride after decomposition with HNO3. The
elemental analysis (C, H and N) was carried on a Thermoquest CHN analyzer.
Magnetic susceptibility measurements were made at room temperature on a Guoy
balance using Hg[Co(SCN)4] as calibrant; diamagnetic corrections were made by direct
weighing of the ligand for diamagnetic pull. Electronic spectra were recorded on
a Carry-Bio-50 Varian in DMSO solution (10�3M) in the range 200–1100 nm. IR
spectra were recorded in the 4000–400 cm�1 region (KBr disc) on a Nicolet 170SX
FT–IR spectrometer. 1H NMR spectra were obtained in DMSO-d6 using TMS as an
internal reference on a BRUKER AVANCE 300 NMR spectrometer. The EPR
spectrum of a polycrystalline sample was recorded at room temperature and also at
liquid nitrogen temperature on a Varian E-4-X-band spectrometer using TCNE as a ‘g’
marker. Conductance measurements were recorded in DMSO (10�3M) using an
ELICO-CM82 conductivity bridge with cell type CC-01 and cell constant 0.53.
TG–DTA studies were carried between 25–1000�C using TGA 7 ANALYSER, Perkin
Elmer, US with a heating rate of 10�Cmin�1 in oxygen.

The chemicals used were of A.R. grade and used without further purification.
Methanol was distilled before use. 3-Acetylcoumarin and o-aminobenzoylhydrazide
were prepared by reported methods [9, 10].

3. Crystallography

The crystal structure of the Schiff base was determined by single crystal X-ray
diffraction on a crystal of dimensions 0.14� 0.08� 0.06mm3. Data were collected at

1548 K. Gudasi et al.
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293K on a BRUKER SMART APEX-CCD diffractometer with Mo-Ka radiation

(�¼ 0.71073 Å) and scan mode in the range of 2.18�5�527.35�. A total of 13321 (3589

independent, Rint¼ 0.0592) reflections were measured. The structure was solved by

direct methods and refined by full-matrix least-squares on F2. All non-hydrogen atoms

were refined with anisotropic temperature factors. Calculations were performed with

the SHELXTL programme [11]. Structure solution and refinement based on 3589

independent reflections with I42 sigma (I) and on 311 parameters gave R1¼ 0.0485.

(wR2¼ 0.1315). The ORTEP [12] of the ligand is shown in figure 1. Crystal data and

structure refinement and selected bond lengths and bond angles, are given in tables 1

Table 1. Crystal data and structure refinement for 3-acetylcoumarin-o-amino
benzoylhydrazone.

Empirical formula C19H19N3O4

Fw 353.37
Crystal system Monoclinic
Space group P21/n
a (Å) 9.2015 (5)
b (Å) 16.5964 (9)
c (Å) 11.5173 (6)
� (�) 90
� (�) 101.388 (9)
� (�) 90
V (Å3) 1724.2 (17)
Z 4
T (K) 293 (2)
Absorption coefficient (mm�1) 0.097
�(Mo-Ka) (Å) 0.71073
F(000) 744.0
� range 2.18–27.35
Limiting indices �11� h510, �19� k� 21,

�13� I� 8
Reflections collected 13321
Independent reflections 3589 (Rint¼ 0.0592)
Data/restraints/parameters 2923/0/311
Goodness-of-fit on F2 1.038
Final R indices [I42�(I)] R1¼ 0.0485, wR2¼ 0.1315

Figure 1. ORTEP diagram of the ligand.

Schiff base 1549
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and 2. The CIF file of the title compound has been deposited at Cambridge
Crystallographic Data Center (CCDC). CCDC reference number is 253911.

3.1. Synthesis of 3-acetylcoumarin-o-aminobenzoylhydrazone [ACAB]

To a methanolic solution of o-aminobenzoylhydrazide (1.51 g, 0.01mol) was added
3-acetylcoumarin (1.88 g, 0.01mol) and the mixture was stirred for 2–3 h until an orange
crystalline product was precipitated. It was filtered, washed with cold chloroform and
dried in air. Recrystallization from hot methanol gave shiny orange crystals suitable for
X-ray diffraction, m.p.¼ 115–116�C; yield: 85%.

3.2. Synthesis of Mn(II), Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) complexes

ACAB (1mmol) dissolved in 15mL of methanol was mixed with the corresponding
metal(II) chlorides (1mmol) and refluxed for 2 h to obtain precipitate. The solution was
cooled to room temperature, filtered and washed with methanol and air-dried. The
products are soluble in DMF and DMSO but insoluble in methanol, ethanol,
chloroform and benzene. Attempts to grow single crystals were unsuccessful.

4. Results and discussion

In the crystal structure of ACAB (figure 1), the bond lengths and angles (table 2) in the
coumarin moiety are comparable to those of related structures [13, 14]. The bond angles
and bond lengths in o-aminobenzoylhydrazide moiety are comparable with the
analogous compound, di-2-pyridylketone-2-aminobenzoylhydrazone [15]. One hydro-
gen of N(3) forms a strong intramolecular hydrogen bond with O(3) with a distance of
N(3)–H(3B) � � �O(3)¼ 2.646(0.006) Å. Another hydrogen of N(3) [H(3A)] is involved in
intermolecular hydrogen bonding with the O(4) of another molecule in the unit cell.
The ORTEP diagram (figure 1) shows the presence of methanol molecule in the crystal
lattice.

Analytical data are presented in table 3. The metal-to-ligand ratio in all
the complexes was 1 : 1. Conductivity measurements in DMSO (10�3M) suggest the

Table 2. Selected bond lengths (Å) and angles (�) for 3-acetylcoumarin-o-aminobenzoyl hydrazone.

O(2)–C(17) 1.2028(19) C(6)–C(7) 1.479(2)
O(3)–C(7) 1.2217(19) C(8)–C(9) 1.488(2)
N(1)–C(8) 1.2818(19)
N(1)–N(2) 1.3870(18)
N(2)–C(7) 1.359(2)

C(8)–N(1)–N(2) 116.40(13) C(9)–C(8)–C(18) 120.77(14)
C(7)–N(2)–N(1) 117.57(13) N(2)–C(7)–C(6) 117.45(14)
C(5)–C(6)–C(7) 121.51(14) N(1)–C(8)–C(9) 113.82(13)
C(1)–C(6)–C(7) 119.38(14) N(1)–C(8)–C(18) 125.26(14)
O(3)–C(7)–N(2) 119.98(13) O(2)–C(17)–O(1) 116.34(13)
O(3)–C(7)–C(6) 122.53(14)

1550 K. Gudasi et al.
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non-electrolytic nature for Ni(II), Cu(II), Zn(II) and Cd(II) complexes and 1 : 1
electrolytic nature for Mn(II) and Co(II) complexes [16].

Diagnostic IR bands are given in table 4. The Schiff base showed two bands
of medium intensity at 3431 and 3367 cm�1 ascribed to NH stretching frequencies
of asymmetric and symmetric modes of primary amine, respectively [17]. These
frequencies appeared to slightly lower wavenumber compared to 2-aminobenzoylhy-
drazone of 1,3-dione [17] probably due to involvement of free amino group in
intramolecular hydrogen bonding with oxygen of C¼O of hydrazide moiety as
confirmed by crystallographic studies. A sharp band at 3646 cm�1 is due to OH
stretching of lattice held methanol. Three bands at 1696, 1650 and 1618 cm�1 were
assigned to �(C¼O) lactone [8], �(C¼O) hydrazide (amide I) [15], and �(C¼N) [8],
respectively. The lowering of the �(C¼O) hydrazide frequency compared to
3-acetylcoumarin-o-hydroxybenzoylhydrazone [8] reveals the involvement of oxygen
in hydrogen bonding. The �(C¼O) of lactone shifts to lower wavenumber by
20–53 cm�1 in all complexes indicating involvement of lactone oxygen in coordination
[8]. The amide I band [�(C¼O)] in Mn(II) and Co(II) complexes shifts to lower
frequency by 25–27 cm�1 revealing coordination of uncharged amide oxygen. On the
other hand, in Ni(II), Cu(II), Zn(II) and Cd(II) complexes the amide I band disappears
indicating the involvement of oxygen via enolization. The �(C¼N) band in Ni(II),
Cu(II), Zn(II) and Cd(II) complexes shifts to lower frequency by 10–26 cm�1 as a broad
band in all the complexes, indicating coordination of azomethine nitrogen; broadening
is probably due to the formation of a new C¼N bond [17] due to enolization and
deprotonation. Two strong bands at 1518 and 1248 cm�1 in ACAB are attributed to
amide II and amide III bands [18]; these bands shift to slightly higher wavenumber
in Mn(II) and Co(II) complexes, further supporting amide oxygen coordination [18].
In Ni(II), Cu(II), Zn(II) and Cd(II) complexes amide II band shifts to lower frequency,
with decreased intensity due to deprotonation during complex formation [19].
The tentative structure for the complexes showing the bonding sites in ligand are
shown in figures 2 and 3.

1H and 13C NMR spectral data of ACAB and its zinc(II) complex are listed in table 5.
The 1H NMR spectrum of the Schiff base in DMSO-d6 showed two broad singlets at
10.59 and 6.22 ppm corresponding to one and two protons of N(2) and N(3) (figure 1),
respectively. A sharp singlet at 8.23 ppm is assigned to C(10)H. Three doublets in the
downfield region at 7.88, 7.56 and 6.76 ppm are ascribed to C(5)H, C(15)H, and C(2)H,
respectively. Triplets at 7.66, 7.21, and 6.59 ppm are attributed to protons of C(13), C(3)
and C(4), respectively. One doublet of C(12)H and a triplet of C(14)H merge to give a

Table 4. Diagnostic IR bands in ACAB and its metal complexes.

Compound
�(NH2)
asym. Sym.

�(C¼O)
(lactone)

�(C¼O)
(amide I)

�(C¼N)
(azomethine)

�(CN)þ 	(NH)
(amide II) Amide III

ACAB 3431m 3367m 1696vs 1650m 1618m 1518s 1248s
[Mn(ACAB)Cl] �Cl 3465m 3335m 1670s 1625m 1608s 1522m 1263s
[Co(ACAB)Cl] �Cl 3461m 3333m 1656s 1623m 1606s 1523m 1263s
[Ni(ACAB)Cl] 3446m 3330m 1671s – 1608vs,br 1514w no
[Cu(ACAB)Cl] 3440m 3328m 1643s – 1592vs,br 1496m no
[Zn(ACAB)Cl] 3465m 3361m 1676s – 1608vs,br 1515w no
[Cd(ACAB)Cl] 3468m 3317m 1675s – 1608vs,br 1514w no

M¼medium; vs¼ very strong; s¼ strong; br¼broad; w¼weak; no¼ not observed.

1552 K. Gudasi et al.
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Table 5. 1H and 13C NMR spectral data of ACABa and its zinc(II) complex (	ppm).

13C

1H

Carbon position ACAB Zn(II) complex Proton position ACAB Zn(II) complex

C(1)b 150.52 150.47 – – –
C(2) 115.25 115.36 C(2)H 6.76 (d, J¼ 8.1Hz) 6.76 (d, J¼ 8.1Hz)
C(3) 133.28 133.35 C(3)H 7.21 (t, J¼ 7.5Hz) 7.21 (t, J¼ 7.5Hz)
C(4) 116.86 116.85 C(4)H 6.59 (t, J¼ 7.4Hz) 6.59 (t, J¼ 7.4Hz)
C(5) 133.08 133.01 C(5)H 7.88 (d, J¼ 7.5Hz) 7.86 (d, J¼ 7.5Hz)
C(6) 115.76 115.76 – – –
C(7) 160.14 161.10 – – –
C(8)b 150.52 150.47 – – –
C(9) 119.66 124.17 – – –
C(10) 142.39 144.41 C(10)H 8.23 (s) 8.24 (s)
C(11) 117.14 119.63 – – –
C(12) 127.80 129.68 C(12)H 7.42 (m) 7.41 (m)
C(13) 125.66 125.70 C(13)H 7.66 (t, J¼ 7.7Hz) 7.65 (m)
C(14) 130.06 130.07 C(14)H 7.42 (m) 7.41 (m)
C(15) 116.97 117.14 C(15)H 7.56 (d, J¼ 7.7Hz) 7.58 (d, J¼ 6.8Hz)
C(16)c 154.30 154.17 – –
C(17)c 154.30 155.30 – –
C(18) 17.04 17.19 C(18)H 2.30 (s) 2.32 (s)
C(19) 49.46 – C(19)H 3.16 (d, J¼ 5.1Hz) –

aChemical shifts of protons of N(2), N(3) and O(4) are not included in table.
bThese carbons appeared as a single line both in ACAB and the Zn(II) complex.
cThese carbons appeared as a single line in ACAB.

Figure 2. Tentative structures for Mn(II) and Co(II) complexes.

Figure 3. Tentative structures for Ni(II), Cu(II), Zn(II) and Cd(II) complexes.

Schiff base 1553
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multiplet at 7.42 ppm, which corresponds to two protons. In the upfield region, a sharp
singlet at 2.31 ppm is ascribed to protons of C(18), the integral area of which accounts

for three protons. 13C NMR spectrum shows signals at 154.30 and 150.52 ppm, the
former assigned to C(16) [20] and C(17), and the latter due to C(l) and C(8) [20].
The C(18) signal was observed at 17.04 ppm as expected for sp3 hybridized carbon. The

signal at 	 160.14 was assignable to C(7) [19]. These assignments were made by
comparing 1H and 13C NMR spectrum of the title compound with 3-acetylcoumarin
[21] and methyl anthranilate [22]. One quartet and a doublet in the 1H NMR at 4.11 and

3.16 ppm are due to protons of O(4) and C(19) of lattice held methanol [23]. Lattice held
methanol carbon, C(19), was observed at 49.4 ppm [23].

In the 1H NMR spectrum of the Zn(II) complex, disappearance of NH clearly
indicates deprotonation of amide NH via enolization, further confirmed by appearance

of C(7) signal in the 13C NMR spectrum of zinc(II) complex downfield by 0.94 ppm
indicating involvement of oxygen in coordination. The free NH2 signal shifts upfield by
2.79 ppm revealing breakdown of hydrogen bonding upon complexation. Other signals

in the 1H NMR of the Zn(II) complex did not show any shift. In 13C NMR spectrum of
Zn(II) complex, the shift of C(9) and C(17) carbons by 5 and 1 ppm, respectively,
indicate participation of lactone oxygen in coordination.

On the basis of IR and NMR studies, one can expect free rotation across C(8)–C(9).
This change in conformation will facilitate ligand coordination through carbonyl

oxygen, azomethine nitrogen and lactone oxygen.
EPR spectra of the Cu(II) complex at room temperature and liquid nitrogen

temperature showed identical features. The room temperature EPR spectrum is
depicted in figure 4. From observed g values of the Cu(II) complex at RT and LNT

( gk¼ 2.19, g? ¼ 2:16 and gav¼ 2.17), it is evident that the unpaired electron lies
predominantly in the dx2� dy2 orbital with some dz2 character being mixed with it
because of low symmetry [24]. The gk value (gk¼ 2.1952.3) indicates a larger

percentage of co-valency [25]. The G value (G¼ 1.17) being less than 4 indicates
interaction between copper centers in the solid state.

Electronic spectra of all complexes in DMSO (10�3M) were scanned in the region
250–1100 nm. The electronic spectrum of ACAB showed a strong band at 337 nm

attributed to 
!
* transition. The Mn(II) complex exhibits three bands at 390, 350

Figure 4. EPR spectrum of Cu(II) complex.
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and 341 nm assigned to the transitions, 6A1 ! 4E, 6A1 !
4 T2ðDÞ and

6A1 !
4EðDÞ, respectively. These transitions indicate tetrahedral geometry around

Mn(II) [19]. A broad band at 685 nm followed by a shoulder at 615 nm were observed in
the electronic spectrum of the Co(II) complex. The former was attributed to
4A2ðFÞ !

4T1ðPÞ and the latter to spin–spin coupling [19]. A broad band centered at
370 nm was probably due to charge transfer. These transitions reveal tetrahedral
geometry around Co(II). The Ni(II) complex shows two bands at 680 and 450 nm
assigned to 3T1ðFÞ !

3T1ðPÞ (�3) and charge transfer transitions, respectively, in
consistent with tetrahedral geometry around Ni(II) [19]. In the electronic spectrum of
the Cu(II) complex, a broad band in the region 720–790 nm was observed and assigned
to the combination of 2B1g !

2A1g and 2B1g !
2Eg transitions. These transitions

indicate square-planar around Cu(II) [19]. Two more bands were observed at 384 and
426 nm and are assigned to charge transfer transitions. The bands observed at 350 and
375 nm in Zn(II) and Cd(II) complexes are probably due to charge transfer transitions.

Effective magnetic moments of 5.82, 4.41 and 3.46BM were observed for Mn(II),
Co(II) and Ni(II) complexes, respectively. These values are within the range for high
spin tetrahedral complexes [19]. The copper(II) complex showed an effective magnetic
moment of 1.50BM, which is less than the spin only value indicating some metal–metal
interaction in the crystalline state, supporting the EPR observation.

In order to study the thermal behavior of cationic complexes [Mn(II) and Co(II)] and
neutral complexes [Ni(II), Cu(II), Zn(II) and Cd(II)] we have chosen Mn(II) and Ni(II)
complexes as representative. The Mn(II) and Ni(II) complexes decompose in two steps.
In the Mn(II) complex the weight loss of 16.0% (Calcd 15.87%) in the first step
(250–380�C) corresponds to loss of chloride and a coordinated chloride. In the second
step (380–535�C), the ligand is lost with a mass loss of 71.7% (Calcd 71.6%). The
plateau obtained at 535�C with a residual weight of 16.0% (Calcd 15.9%) corresponds
to MnO. For the Ni(II) complex, the first weight loss of 8.3% (Calcd 8.46%)
(250–295�C) accounts for the loss of coordinated chloride. The weight loss 77.16%
(Calcd 77.26%) observed in the second step (295–505�C), corresponds to loss of ligand.
The plateau obtained with the residual weight of 18.0% (Calcd 18.03%) above 505�C
corresponds to formation of NiO.
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