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ABSTRACT

The heterocyclic ligand 2-anilino-N'-[(1E)-1-pyridi2-ylethylidene]acetohydrazide (Apeah) was
synthesized by coupling of 2-anilinoacetohydrazidth 2-acetylpyridine and characterized by
IR, *H and °C-NMR spectra, it was then reacted with Lanthafiijenitrates to form
complexes of the type [Ln(ApeaiNO; H,O]-2NO; where, Ln = La(lll), Pr(lll), Nd(llI),
Sm(lll), Eu(lll), Gd(I11), Tb(ll), Dy(ll1), Y(l1). The metal complexes were characterized on the
basis of elemental analysis, molar conductance,megg susceptibility measurements, TG/DTA
and spectral (IR'H and**C-NMR, UV-Visible and EPR) studies. The spectréd davealed that
the Apeah behaves in tridentate fashion coordimgatinrough carbonyl oxygen, azomethine
nitrogen and pyridine nitrogen. The molar conducirvalues adequately supported their 1:2
electrolytic natures. Both Apeah and complexes wereened for their antimicrobial study. An
enhancement of antimicrobial activity of the Apeaats observed on complexation.

Keywords: 2-acetylpyridine, 2-anilinoacetohydrazide, Lamiioe@ complexes, Hydrazone, Antimicrobial
activity.

INTRODUCTION

Hydrazones possessing an azomethine (-NHN=CH-) pgimanstitute an important class of
compounds for new drug development. Therefore, nfaytyazones have been synthesized as
target structures and evaluated their biologicévities. Acidhydrazides have frequently been
investigated as potential tuberculostats [1-6] Bpdrazones derived from 2-acetylpyridine are
known to inhibit the proliferation of tumor cell® ta greater extent compared to standard
anticancer agents [7]. Hydrazides and their coratears products have displayed diverse range
of biological properties such as bactericidal [8-&fti-fungal [10], anti-tumor [11, 14], anti-
malarial [15, 16].

292
www.scholarsresearchlibrary.com



B. Gudasiet al Der Pharma Chemica, 2011, 3 (2):292430

Lanthanide complexes have found a role in caneatrirent as contrast imaging agents such as
Gd(lll) DTPA which is commonly used for MRI imagingf tumors. Radioisotopes of
lanthanides have also been explored both for ingagimd therapy [17, 18]. Several cerium(lll)
salts were reported to have antibacterial actiji§]. Systematic studies later confirmed that
cerium nitrate had broad-spectrum antibacterialviégtagainst a range of bacteria including
Pseudomonas aeruginosadStaphylococcus aureus

With the above points in mind and in continuatidnoar work on lanthanide(lll) ions based
antimicrobial agents [20,21], we have designed @ tigand (Apeah) by condensing 2-
anilinoacetohydrazide with 2-acetylpyridine (ScheteThe lanthanide complexes of the same
have been synthesized and characterized. The andionl activity was screened for Apeah and
its lanthanide(lll) complexes.

MATERIALS AND METHODS

All the chemicals used were of analytical gradechased from BDH, Rankem and Himedia.
Commercial solvents were purified by standard mdthand used [22]. The lanthanide nitrates
were obtained by heating lanthanide oxides (99.@f@)an Rare Earths) with dilute nitric acid
(50%) and evaporating the excess acid and dried¢num oven. 2-Anilinoacetohydrazide
was prepared according to the procedure descnibtgkiliterature [23].

2.1. Physical measurements

Carbon, hydrogen, and nitrogen were determined anto@&rba CHN analyzer. IR spectra were
obtained on a Nicolet 170 SX FT- IR spectrometémgi&Br pellets, in the range 400-4000 cm
! H and **C NMR spectra were recorded on a JEOL-AMX-400 NMgecirometer, using
DMSO-d; as the solvent. Thermograms were recorded on kinPieimer (Pyris Diamond)
analyzer in N atmosphere at a heating rate of°00 Mass spectrum of the Apeah was recorded
on a Thermofinnigan 1020 automated GCMS. UV-Visigtectra were obtained on a Hitachi
2001 spectrometer. EPR spectra of the Gd(lll) cemplas monitored on a Varian E-4X band
spectrometer at both room temperature as well ak. Mblar conductivities were measured on
an Elico conductivity bridge having platinum electes. Magnetic moments were measured with
a Faraday balance using Hg[Co(Ng}S3s the calibrant. Diamagnetic corrections wereeniay
using Pascal’'s constants. The metal contents weisgrdined by complexometric titrations with
EDTA using xylenol orange as the indicator. Antifeai@l and antifungal activities of the Apeah
and its complexes along with the standard wereiethrout against the pathogenic bacteria
Pseudomonas aeruginog$BA), Bacillus cirroflagellosugBC) and fungalPenicillium notatum
(PN), Aspergillus niger(AN) by cup plate method.

o) CH;
H\)k
N NH \)k
Mo X _ B
N
N A reﬂux 4-5 hrs

Apeah
Scheme 1

2.2. Synthesis of 2-anilino-N'-[(1E)-1-pyridin-2-gthylidene]acetohydrazide (Apeah)
The synthesis is outlined in scheme 1. 2-Acetytpge (1.21g, 10 mmol) was added to an
ethanolic solution of 2-anilinoacetohydrazide (690 mmol). The reaction mixture was
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refluxed for 4-5 hrs on water bath. The crystallswdid that separated on cooling was filtered
and recrystalized from methanol (Yield: 90%, M.R11@).

2.3. Synthesis of complexes

An ethanolic solution of Ln(N¢);s (1 mmol ) was added to an ethanolic solution ef Apeah
(0.5369g, 2 mmol) and refluxed for 2-3 hrs at waiath temperature. The solution is concentrated
to a small volume and macerated with petroleumreléeeding to its solidification. The dark
yellow solid obtained was filtered, washed withagtbl and air dried (Yield - 80%, M. P. >
250°C).

RESULTS AND DISCUSSION

The analytical data [Table 1] indicates that themplexes have 1:2 (Metal:Ligand)
stoichiometry. The lanthanide complexes are staidek yellow in colour. They are sparingly
soluble in ethanol, methanol and soluble in DMS®JMbut insoluble in benzene, ether and
chloroform. The molar conductance values [Tableflthe complexes in DMSO at ® are in
the range 70.00 - 80.00 OHrom? mol™, indicating their 1:2 electrolytic nature [24].

Table 1: Elemental analysis and physical parametersf Apeah and its Ln(l1l) complexes

Found (calculated %) . Molar
Sl Compounds migr?:r:ltg conductance
No. P M C H N BM Oohm™ cm? mol™
1
67.00 6.00 20.81
1 CusH1eN4O " (67.15) (6.01) (20.88) -
La(Apeah} NO; 1575 4090 3.80 17.48 Dia 70.43
2
H,0]-2NO; (15.80) (40.96) (3.86) (17.52)
[Pr(Apeah)NO; 15.95 40.80 3.79 17.45 3.68 72.46
3
H,0]-2NO; (15.99) (40.86) (3.85) (17.48)
[Nd(Apeah) NO; 16.35 40.76 3.81 17.37 3.40 75.46
4
H,0]-2NO, (16.31) (40.71) (3.84) (17.41)
[Sm(Apeah)NO; 16.82 40.38 3.77 17.33 1.60 74.25
5
H,0]-2NO; (16.88) (40.43) (3.81) (17.29)
Eu(Apeah) NO, 17.00 40.30 3.84 17.21 3.70 80.05
6
H,0]-2NO; (17.04) (40.36) (3.81) (17.26)
Gd(Apeah) NO3 17.47 40.08 3.71 17.10 7.72 80.05
7
H,0]-2NO; (17.52) (40.12) (3.78) (17.16)
Tbh(Apeah) NO; 17.60 40.00 3.75 17.10 9.80 78.92
8
H,0]-:2NO; (17.67) (40.04) (3.78) (17.13)
9 [Dy(Apeah) NO3 18.10 39.82 3.72 17.00 10.84 72 12
H,0]-:2NO; (18.00) (39.88) (3.76) (17.06) '
10 [Y(Apeah) NO, 10.67 43.40 4.00 1851 Dia 77 25
H,0]-2NO, (10.72) (43.43) (4.10) (18.57) '

The values in parenthesis are calculated ones.: Dimmagnetic.

3.1. Infrared Spectra

The important IR frequencies of Apeah and its caxgs$ are given in Table 2. A strong band in
the spectrum of free Apeah at 1676 tim assigned to(C=0) (amide 1) where as those at 1530
and 1247 cri are due to amide 1l and 11l respectively, arisiram thev(C-N) andv(NH) modes
[25]. Due to the presence of intermolecular hydrmobending between carbonyl oxygen and the
hydrogen of NH group, the(C=0) is observed at a lower frequency (1676 yrmompared to
the literature report [11], where in the same waseoved at 1700 cth A strong band at 1605
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cm? is assigned to the(C=N) group and)(N-N) is observed at 1020 ¢émThe pyridine ring
stretching vibrations appear as a series of bantis78, 1554, 1458, 1432 ¢nji26].

In IR spectra of the complexes, bands due(@=0) andv(C=N) were shifted to lower wave
number, compared to the free Apeah. This indicedesdination of the Apeah through carbonyl
oxygen and azomethine nitrogen. Additional eviderfoe participation of v(C=N) in
coordination is given by the slight upward shiftugN-N) band in all the complexes [11]. The
pyridine ring vibrations at 1578 and 1554 tmre merged to give a band in the region 1541-
1547 cni. The band at 1458 and 1432 temndergo a shift to lower frequency by about 4-5'cm
and 10-26 cn respectively. These changes in pyridine ring \tibres indicate the coordination
of the pyridine nitrogen to the metal ion. The aboation of pyridine nitrogen suggests the
rotation of Apeah across C-N bond, so as to fatdithe coordination through pyridine nitrogen.
A band around 1384 cthindicates the presence of ionic nitrate. The presef ionic nitrate
was also confirmed by conductivity studies. Therdowted nitrate show six absorption bands at
1320, 1252, 819, 1036, 746 and 653 twhich are assigned ta, v, ve, V2, v3 andvs vibrations
respectively. The magnitude of - v; andvs - vs lies between 68-88 cthand 90-93 crt
respectively, indicating the coordination of nigr@roup in bidentate fashion [27, 28].

3.2.'H and *C NMR Spectral Studies

'H NMR spectral studies of Apeah and its La(lll) quex were recorded in DMSO-d6. The data
are summarized in Table 3. Figure 1 gives the nuimipesystem of Apeah followed fdH and
3C NMR assignments. IfH NMR spectrum of Apeah [Figure 2a], two singletlsserved at
2.34 and 4.30 ppm are assigned to the protons tfyin@10Hs;) and methylene group (C2H
respectively. The peak due to NH proton attachethegohenyl ring is observed at 5.7 ppm and
amide proton at 10.91 ppm. The aromatic protonsobserved between 6.65 - 8.60 ppm. Four
doublets at 8.60, 7.85, 7.42 and 6.62 ppm are raassig to H15, H12, H8 and H4 respectively.
The triplets at 8.12 and 7.11 ppm are due to HIBH® respectively, where as multiplet at 7.40
ppm accounts for H14 of pyridine ring.

15
0 ; NP\ 14
: QL
3 _N 2 N_ 9 13
7 1 I NI
2 H 12
6 4 CHj3

10

Figure 1: Numbering system of Apeah

On complexation, there is no noticeable changené@tt NMR spectrum of La(lll) complex
[Figure 2b] compared to the free Apeah.

13C NMR spectrum of Apeah [Figure 3] and its La(lipmplex were taken in DMSO-d6
medium. The data is summarized in Table 3. Infibe Apeah, the peak at 171.85 ppm is due
to C1 of the >C=0 group. The C9 of azomethine gnaap observed at 167.33 ppm. The signals
observed at 155.20 and 148.00 ppm are ascribedlio add C15 adjacent to the pyridine
nitrogen.
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Table 2: IR Spectral data of Apeah and its Ln(lll) complexes
Sl v(OH) | v(C=0) _ . : : -NO; bands
No. Compound water | Amide | v(C=N) | v(Py N) | Amide Il | Amide IIl {lonic NO 3 o o ve v, s e
1 Apeah 1676s 1605s 15789 1530s 1247sh - - - - - -
2 [Ln(Apeah) NO;H,0]-2NO; | 3385 | 1646s 1603sh  1556m  1523s 1252sh 1384m 131232ml 819w | 1036w 746w 669
3 [Pr(Apeah)NO; H,0]:2NO; | 3384 | 1642s 1602sh  1547m  1503s 1254sh 1383m 1342501 822w | 1030w 755w 667m
4 [Nd(Apeah)NO3;H,0O]-2NG; | 3385 | 1644s 1602sh  1548m  1530s 1254sh 1384m 133836l 816w | 1020w 753w 658m
5 [Sm(ApealhNO;,0]-2NO; | 3387 1644s 1602sh  1550m  1524s 1250sh 1383m 1332501 820w | 1031w 750w 671m
6 [Eu(Apeal)NO3; H,0]-2NO; | 3385 | 1642s 1601sh 1550m  1522s 1249sh 1386m 1339491l 825w | 1031w 755w 669m
7 [Gd(Apeah)NO3; H,O]-2NG; | 3381 1643s 1603sh  1547m  1521s 1249sh 1383m 1312491l 821w | 1021w 745w 670m
8 [Th(Apeah)NO3; H,0]-2NO; | 3382 1644s 1603sh  1550m  1524s 1251sh 1384m 1335481l 819w | 1042w 742w 668m
9 [Dy(Apeah) NO;H,O]-2NG; | 3387 1641s 1603sh  1546m  1520s 1248sh 1385m 133748mi1l 822w | 1012w 743w 668m
10 | [Y(Apeah)NO3H,0]'2NO; | 3375 | 1646s 1603sh  1543m  1524s 1252sh 1384m 131823mi1l 818/w| 1015w 751w 680m
s = strong, sh =sharp, = m =medium, b = broad, weak
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On complexation, the C1 of the >C=0 group undergo@ewnfield shift to 172.45 indicating

the coordination of carbonyl oxygen to the metahe TC9 of the azomethine group also
undergoes downfield shift from 167.33 to 168.07 ppdicating its involvement in coordination.

The C10 signal is shifted from 11.97 to 12.23 ppue do the coordination of azomethine
nitrogen. The signals of the pyridine ring [C11,2CC13 and C15] showed a downfield shift
indicating the coordination through pyridine nitemg Downfield shifts of C4, C5, C6, C7 and
C8 indicate the coordination through carbonyl oxyg&hese changes confirm the ligation
through carbonyl oxygen, azomethine nitrogen andame nitrogen.

Table 3:'H and **C NMR Spectral Data of Apeah and Its La(lll) complex

Proton Apeah La(lll) complex Carbon Apeah La(lll) complex

- - - Cl  171.85 172.45
C2H,  4.30(s) 4.28(s) C2  48.07 49.32
- - - C3  147.97 148.07
H4  6.62(d) 6.62(d) c4  112.29 116.19
H5  6.51(t) 6.50(t) C5  129.40 129.59
H6  7.11(1) 7.10(t) C6  120.84 121.46
H7  7.38(1) 7.38(t) C7  124.62 124.68
H8  7.42(d) 7.42(d) cs  117.91 117.95
- - - C9  167.33 168.07
C1O0H, 2.34(s) 2.34(s) Cc10  11.97 12.23
- - - Cll  155.20 155.68
H12  7.86(d) 7.85(d) C12  138.80 139.00
H13  8.01(t) 8.01(t) C13  139.42 139.70
H14  7.40(m) 8.14(m) Cl4 12450 124.25
H15  8.60(d) 8.58(d) C15  148.00 148.18
N2H  10.91(s) 10.90(s) - - -
NIH  5.71(s) 5.70(s) -

s = singlet, d = doublet, m = multiplet, t = trigle

-
o
B
n—
o

14 12 10

Figure 2a: *H NMR spectrum of Apeah
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T
11 10

Figure 2b: 'H NMR spectrum of La(lll) complex

L ]
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200 180 160 140 120 100 80 60 40 20 O ppm

Figure 3: °C spectrum of Apeah

3.3. Magnetic and EPR spectral studies

The effective magnetic moments [Table 1] of all tbemplexes indicate that they are
paramagnetic in nature except La(lll) and Y(lll)iatnare diamagnetic. The values obtained are
similar to the Van Vleck and Frank [29], and Hun{B8] values except in case of Sm(lll) and
Eu(lll) where slightly higher values were obtain&tiis is due to low J-J separation, which leads
to thermal population of higher energy levels. Thties obtained are similar to those of typical
lanthanide ions [31] and indicate the non-involvamef 4f electrons in bonding due to their
effective shielding by the 88p° octet.

The EPR spectra were recorded for [Gd(Apeghl®); H,O]-:2NOs; at room temperature (RT) and
also at liquid nitrogen temperature (LNT). The ‘gilues 2.00 (at RT) and 2.06 (at LNT) being
almost the same and of similar line widths, indicttat the line widths are independent of
298
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temperature [32]. Further, the complete absenee-field hyperfine splitting and the presence
of broad bands indicate that the Gd(lll) ion isdted in a rather disordered environment caused
by strain. These strains (caused by ‘g’ straintfar ‘g’ tensor distribution, D-strain for the zero
field splitting distribution) arise due to randomydinogen bonds between water molecules and the
complex leading to distortions, which lead to broasbnance EPR lines [33, 34].

3.4. UV-Visible spectra

The electronic spectral data of two representatimmplexes of [Gd(ApeahNO3; H,O]-2NO;
and [Sm(Apeah)NO3; H,0O]-2NO;s is given in Table 4. The free Apeah shows an sedmand at
32154 cmt assigned to the & ©* and two weaker bands at 37174 and 34843 essigned ta
— m* transitions, respectively.

The electronic spectra of the complexes are domihhy Apeah bands, with a slight shift to
higher or lower energy levels. This shift was htited to the effect of crystal field upon inter
electronic repulsion between 4f electrons [35]. $hectra of the complexes were similar with a
slight shift of spectral bands to lower energy camegd to the respective aqua ions [36]. The
nepheleuxetic paramete$) ([37], bonding parameter tp[38] and Sinha’s covalency parameter
(8) [39] and angular covalency)(for the Gd(Ill) and Sm(lll) complexes are presehin Table

4. On comparison of the spectra with that of knoeampounds, it is concluded that the
coordination number of the present complex is nk®a representative, electronic spetrum of
Gd(lll) complex is given in Figure 4.

Table 4: UV-Visible spectral data of Gd(lll) and Sn{lll) complexes of Apeah

Amax Of Amax Of

. . Related
Complex Assignment Ln(::I:T)]_llon Cor;?]!?xes B parameter
32679 32520 0.99513 6 =0.35727%
[Gd(Apeah)NO; n— m* 34782 34904 1.00350 5 0.042190
H,O]-2NGO; T — ¥ 37664 37313 0.99068 n =0.05677
B =0.99644
21477 21114 0.98309 6=0.79121%
[Sm(Apeah)NO; n— m* 26624 26652 1.00105 “ 0.06264
H,O]-2NG; n—7* 27624 27412 0.99215 1 =0.08895
B =0.99215

S%bs

45

40

35

3.0

25

20 ]

15 | \/-
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i

00250 ' 3(‘)0 350 460 46‘0 5(;0nm

Figure 4: UV-Visible spectrum of [Gd(Apeah} NO3; H,0]-2NO;
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3.5. Thermal studies

The TG/DTA of the representative Y(Ill) complex wearried out in nitrogen atmosphere at a
heating rate of 16C/min. The thermogram of [Y(ApeahNOs; H,0]-2NG;, [Figure 5] exhibits
an initial weight loss of 2.00 % (Cal. 2.17 %)the range of 200-24%C corresponding to the
loss of one water molecule. Second weight lossAds % (Cal. 14.95 %) at 25€ corresponds
to the loss of two ionic nitrates. Third weightsasf 7.00 % (Cal. 7.48 %) at 296 corresponds
to the loss of one coordinated nitrate. A furtheight loss of 64 % (Cal. 64.66 %) in the range
of 350-800°C corresponds to the loss of Apeah molecules. Fitiad most stable oxide 0z is
formed on continued heating up to 1@ The percentage of metal obtained is in confiiomat
with the metal determinations.

PerkinElmer Thermal Analysis.

Figure 5: Thermogram of [Y(Apeah) NO3; H,0]-2NO;

3.6. Mass spectral studies

The molecular ion peak at m/z = 268 in the massta@ of Apeah [Figure 6] corresponds to its
total molecular weight. The FAB mass spectrum [Fegd] of [La(Apeah)NO; H,O]-2NO3
complex shows the molecular ion peaks at m/z = 8épporting the proposed composition of
the complexes.

1875834 |
100 - 166 268
o | 151

100 156 208 258 368

Figure 6: Mass spectrum of Apeah
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Figure 7: Mass spectrum of [La(Apeah) NO3; H,0]:2NO;

Table 5: Antibacterial and antifungal activity data of Apeah and its Ln(lll) complexes

Antifungal Antibacterial

Sl. No. Compound PN AN PA BC
1 Apabz + + + +
2 [La(Apeah) NO3;H,O]-2NO;  ++  ++ ++ ++
3 [Pr(Apeah)NO;H,0]-:2NO; ++  ++ ++ ++
4 [Nd(Apeah)NO3H,O]'2NO;  ++  ++ ++ ++
5 [Sm(Apealh)NO3z H,O]-2NO;  ++  ++ ++ ++
6 [Eu(Apabz)NOs;H,O]'2NO; ++  ++ ++ ++
7 [Gd(Apeam)NOsH,O]:2NO;  ++  ++ ++ ++
8 [Tb(Apeah)NO3H,O]-2NO;  ++  ++ ++ ++
9 [Dy(Apabz} NO3z H,O]-2NO;  ++  ++ ++ ++
10 [Y(Apeah) NO; H,O]:2NO;  ++  ++ ++ ++
11 Griseofulvin +++ - -
12 Norfloxacin - - +++  +++

Key to interpretation: (-) No inhibition zone= intaee; 1-5 mm (+) = Less active; 6-10mm (+=)moderately
active; 11-15 mm (+++) = highly active; PN Benicillium notatum, AN = Aspergillus niger; PA

Pseudomonas aeruginosa, BC = Bacillus cirroflagslis.

3.7. Biological studies

The Apeah and the corresponding lanthanide(lll) mlexes along with the standards,
Griseofulvin and Norfloxacin were screenieelvitro for their antimicrobial activity against two
pathogenic bacteridPgeudomonas aeruginogRA), Bacillus cirroflagellosugBC)] and fungi
[Penicilliumnotatum (PN), Aspergillus niger(AN)] using cup plate method [40] and the results
are compiled in Table 5. The ligand (Apeah) was Bgive against PN, AN, PA and BC. On the
other hand, the complexes were found to be modgratgive against all the microorganisms
used. The enhanced activity of the complexes éstduthe synergistic effect that increases the
lipophilicity of the complexes. Chelation decreasies polarity of the metal ion, which further
leads to an enhancement of lipophilicity of the ptem. Since the microorganism cell is
surrounded by a lipid membrane which favours thesage of lipid soluble materials, increased
lipophilicity allows the penetration of complex atand through the membrane and deactivates
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the active enzyme sites of the microorganisms [#Hdwever, the activity shown by the
complexes is less than that of the standards used.

CONCLUSION

The Apeah behaves in a tridentate fashion cooindmgdhrough pyridine nitrogen, azomethine
nitrogen and carbonyl oxygen. A conformational denn the structure of the Apeah is
observed due to its rotation about the C-N bondchvfacilitates to coordinate in ONN fashion.
Based on the analytical and spectral data, follgvatmucture [Figure 9] is tentatively proposed
for the lanthanide(lll) complexes having the gehtanula [Ln(Apbz) NO3; H,0]-2NOs, where
Ln = La(li), Pr(l), Nd(ll), Sm(i), Eu(ll), Gd(l), Tb(l), Dy(ll), and Y(I). The
antimicrobial activity of the Apeah was enhancecomplexation with lanthanide(lll) ions.

X

|

N
O/ \O

X

Ln

0 Q

Figure 9: Tentatively proposed structure of all corplexes.

/N\B‘,{/N G

. 2NO;
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