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ABSTRACT
The

ligand 2,5-bis(phenylcarbamoyl)terephthalicacid (bpctpa) was synthesized and
characterized. Novel co-ordination polymers were prepared by using ligand (bpctpa) and
transition metal ions viz. Mn(l1), Co(ll), Ni(ll), Cu(ll), and Zn(ll). The co-ordination
polymers and parent ligand were characterized by elemental analysis, spectral studies,
thermogravimetry, number-average molecular weights (Mn), diffuse reflectance spectral

studies and magnetic susceptibilities. The biological activity of all the samples has also been
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monitored against plant pathogens.

Co-ordination polymer,
Numberaveragemolecularweight( Mn),
Thermogravimetricanalysis(TGA),
Magnetic moment,

Biological activity.

Introduction

The design of metal organic co-ordination polymeric
materials have been deeply researched. In recent years, the
studies of co-ordination polymers have made much progress.
Such polymers are prepared by polymerization of bis ligand and
metal ions. Most of the co-ordination polymers are reported
based on bis-salicylic acid, bis-salicyaldehyde and bis-oxine.[1-
6] One of the area in which the co-ordination polymer formation
through bisamic acid has not been much developed except few
instances. Bisamic acid based on maleic anhydride, [7-9] amic
acid based on phthalic anhydride[10-13] are only such type of
co-ordination compound / polymers based on amic acid. More
particularly, multicarboxylate material i.e. 1,2,4,5-benzene tetra
carboxylic acid has been shown to be good building blocks in
the design of metal organic materials with desired topologies
owing to their rich co-ordination modes. Therefore, the
dianhydride of 1,2,4,5-benzenetetracarboxylic acid known as
pyromellitic dianhydride-PMDA has been selected for the
further work.

Literature survey also reviewed that, the co-ordination metal
polyamide based on bisamic acid of pyromellitic dianhydride
(PMDA) has not attracted any attention. Hence, the initial work
in this direction has been reported by us recently. [14] This
prompted us to extend our work by using other auxiliary ligand
such as 2,5-bis (phenylcarbamoyl)terephthalicacid. Considering
the special biological activity of these polymeric complexes
along with their magnetic properties, thermo gravimetric
analysis and polymeric property, we focused our work on this
ligand by complexation using Cu(ll), Co(ll), Ni(ll), Mn(ll) and
Zn(11) metal ions. The synthetic route is shown in Scheme-1.
Experimental details
Material

All the chemicals such as 1,2,4,5-benzenetetracarboxylic
dianhydride (pyromellitic dianhydride-PMDA) (m.p. 397-
400°C) of Fluka Analytical-Japan , Aniline of SD fine
chemicals-Mumbai and Cu(Il), Co(ll), Ni(ll), Mn(1l) and Zn(Il)
metal ions salt of Merck Laboratory and SD fine chemicals used
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were of reagent grade. Solvents are dried and distilled before use
according to standard procedures.
Measurements

Infrared (IR) spectra of all the samples were scanned on a
Nicolet-760 FTIR spectrophotometer. *H NMR and **C NMR
were recorded on Bruker spectrophotometer (400 MHz).
Elemental analysis of ligand and its co-ordination polymers
were carried out on a Thermofingan flash 1101EA (ltaly). The
metal content of the co-ordination polymers were performed by
decomposing a weighed amount of co-ordination polymer
followed by the  complexometric titration  with
EDTA(disodiumethylenedi aminetetra acetate).[15] The number
average molecular weight of polymers was determined by
method reported.[16] Magnetic susceptibility measurements of
polymers were carried out at room temperature by the Gouy
method. Molar susceptibities were corrected for diamagnetism
of component atoms using Pascal’s Constant. [17] The solid
diffuse reflectance spectra of polymers and ligand samples were
recorded on a Beckman DK-2A spectrophotometer. Thermo
gravimetric analysis was carried on Perkin Elmer TGA analyzer.
Antibacterial activity of ligand and polymers were studied
against gram-positive  bacteria  (Bacillus subtilis and
Staphylococcus aureus) and gram-negative bacteria (E.coli, and
Salmonella typhi). The fungicidal activity of all the compounds
was studied at 1000 ppm concentration in vitro. Plant pathogenic
organisms used were Penicillium expansum, Botrydepladia
thiobromine, Nigrospora Sp., Trichothesium Sp.. The percentage
inhibition for fungi was calculated after five days using the
formula given
Percentage of inhibition = 100(X-Y) / X.

Where, X: Area of colony in control plate, Y: Area of
colony in test plate

Preparation of  2,5-bis(phenylcarbamoyl)terephthalicacid
(bpctpa)

The bpctpa was prepared by method reported.[18]
According to this method, a mixture of 1,24,5-
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benzenetetracarboxylic dianhydride (0.1 mole) and aniline (0.2
mole) was refluxed at 75-80 °C for 1 h with occasional stirring.
Thus obtained light yellow precipitate was then filtered and
washed. Lastly it was air dried. Molecualr formula C,H1sN,O¢
(m.p. 245-260(uncorrected), yield 70%, m.wt. 404.37, light
yellow), Elemental analysis calculated: C, 65.34; H, 3.99; N,
6.93. Found C, 65.30; H, 3.99; N, 6.89%. 'H NMR (8 ppm):
10.7 (2H, s, -COOH), 8.8(2H, s, -NH-CO-), 8.0 (2H, s, Ar.H),
7.30-7.63 (10H, m, Ar.H). *C NMR (8 ppm): 117, 119, 123,
126, 129, 132, 135, 167, 172. IR (KBr, cm™): 3530, 3254, 3021,
1740, 1700, 1652, 1575, 1450, 1034.

Preparation of co-ordination polymers

All co-ordination polymers were synthesized by using
equimolar amount of ligand and metal salt. The yields of all co-
ordination polymers were almost quantitative. The synthetic
route for the co-ordination polymer is shown in Scheme-1.

[Cu(bpctpa)(H,0),], was prepared by neutralizing a warm
clear solution of ligand (0.01 mol) in dimethyl sulphoxide-
DMSO with 0.1 M sodium hydroxide solution and pH about 7-8
was maintained. A pasty mass was observed. It was diluted with
water to make the solution clear and then added to a solution of
copper salt (0.01 mol) with constant stirring. pH of the reaction
mixture was adjusted to about 4-5. The Co-ordination polymers
thus separated out in the form of a suspension was digested on a
water bath for 1 h and eventually filtered, washed and then dried
in air at room temperature. Empirical formula CyHsN,OgCu
(yield 70%, Empirical wt. 502.94, green), Elemental analysis
calculated: C, 52.54; H, 3.81; N, 5.57; Cu, 12.63. Found C,
52.48; H, 3.78; N, 5.50; Cu, 12.56%. IR (KBr, cm™): 3248,
2980, 1682, 1662, 1603, 1463, 1397, 1239, 1175, 1021, 632,
532. Magnetic moment pe: 2.1 B.M.  Number average
molecular weight (Mn): 3020. Degree of polymerization (Dp):
6.

[Co(bpctpa)(H,0),], was prepared in an analogous manner
except the reaction was carried out at about 6 pH in presence of
cobalt salt. Empirical formula CxHisN,OgCo (yield 52%,
Empirical wt. 498.33, pink), Elemental analysis calculated: C,
53.02; H, 3.84; N, 5.62; Co, 11.83. Found C, 52.92; H, 3.80; N,
5.56; Co, 11.78%. IR (KBr, cm™): 3249, 2983, 1686, 1668,
1607, 1465, 1399, 1237, 1171, 1024, 635, 536. Magnetic
moment per: 3.3 B.M. Number average molecular weight (Mn):
2511. Degree of polymerization (Dp): 5.

[Ni(bpctpa)(H,0),], was prepared in an analogous manner
by using nickel salt. Empirical formula CyHigN,OgNi (yield
57%, Empirical wt. 498.09, light green), Elemental analysis
calculated: C, 53.05; H, 3.84; N, 5.62; Ni, 11.78. Found C,
53.00; H, 3.78; N, 5.56; Ni, 11.72%. IR (KBr, cm™): 3245,
2984, 1685, 1663, 1605, 1467, 1397, 1240, 1177, 1026, 638,
533.Magnetic moment pe: 3.1 B.M. Number average
molecular weight (Mn): 2534. Degree of polymerization (Dp):
5.

[Mn(bpctpa)(H,0),], was prepared in an analogous manner
by using manganese salt. Empirical formula CxHigN,OgMn
(yield 45%, Empirical wt. 494.33, light pink), Elemental
analysis calculated: C, 53.45; H, 3.87; N, 5.67; Mn, 11.11.
Found C, 53.40; H, 3.82; N, 5.61; Mn, 11.05%. IR (KBr, cm™):
3234, 2978, 1680, 1663, 1609, 1464, 1395, 1239, 1174, 1021,
630, 535.Magnetic moment ps: 4.9 B.M.  Number average
molecular weight (Mn): 3010. Degree of polymerization (Dp):
6.

[Zn(bpctpa)(H,0),], was prepared in an analogous manner by
using zinc salt. Empirical formula C,,H1gN,OgZn (yield 40%,
Empirical wt. 504.80, white), Elemental analysis calculated: C,
52.34; H, 3.79; N, 5.55; Zn, 12.96. Found C, 52.29; H, 3.72; N,
5.50; Zn, 12.90%. IR (KBr, cm™): 3244, 2981, 1684, 1662,

1603, 1465, 1397, 1234, 1179, 1025, 638, 531.Magnetic
moment s : Diamagnetic. Number average molecular weight
(Mn): 2520. Degree of polymerization (Dp): 5.

Scheme 1: The synthetic route for the co-ordination

polymers.
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Results And Discussion
Elemental analysis and Polymeric analysis

The elemental analysis of ligand and its co-ordination
polymers are in agreement with proposed structures. All the co-
ordination polymers exhibited 1:1 metal to ligand stoichiometry.
The value of the Degree of polymerization (Dp) of all the co-
ordination polymers are in the range of 5 to 6.
IR Spectra

Ligand exhibit a broad band at 3530 cm™ attributed to
carboxylic —~OH group and at 3254 cm™ and 1658 cm™ are due to
O=C-NH group. Comparison of the IR spectrum of ligand with
the co-ordination polymers revels that, a broad band at about
3530 cm™ for ligand is virtually disappeared from the spectra of
polymers. In the case of metal complexes, vibrational bands
appeared for O=C-NH (amide carbonyl linkage) shifted to the
lower frequencies and indicating the co-ordination of amide
nitrogen to metal ion, and this can be explained by the donation
of electrons from nitrogen to metal atom. The v C-O also
registered a significant shift to lower frequency indicating the
participation of metal through the carboxylate oxygen. In all the
polymer metal complexes, some additional bands also appeared
in the regions of 525-550 cm™ and 620-640 cm™, which support
the co-ordination of metal through nitrogen and oxygen
respectively.[16,17] These features confirm the proposed
structure of ligand 2,5-bis(phenylcarbamoyl)terephthalic acid
(bpctpa) with metals.
Electronic spectra and Magnetic measurements

The information regarding geometry of the co-ordination
polymers were obtained from their electronic spectral data and
magnetic moment values. The diffuse electronic spectrum of the
[Cu-bpctpa-(H,0),] shows two broad bands around 15,966 cm™
and 22,780 cm™ due to the 212424 transition while the second
may be due to charge transfer, respectively, This suggest a
distorted octahedral structure for the [Cu-bpctpa-(H,0),]
polymer. The higher value of e of the [Cu-bpctpa-(H,0),]
polymer support this view. The [Ni-bpctpa-(H,0),] co-
ordination polymer shows two absorption bands, at 15,590 cm™
and 22,981 cm™ due to 3a—37ig (F) and 3pu—3715 (P)
respectively. The [Co-bpctpa-(H,0);] polymer shows two
absorption bands, at 19,611 and 22,923 cm™ corresponding to
411g(F)—>41yy and  4ryo(F)—414(F) transitions, respectively.
Thus, the absorption bands of the diffuse reflectance spectra and
the values of the magnetic moments (L) indicate an octahedral
configuration for the [Ni-bpctpa-(H,0),]and [Co-bpctpa-(H,0),]
polymers. The spectrum of [Mn-bpctpa-(H,O),] show weak
bands at 16,478, 17,690, and 23,150 cm™ assigned to the
transitions 6Alg_>4Tlg(4G): 6Alg_’4TZg(4G) and 6Alg_’4Alga4Eg
respectively, suggesting an octahedral structure for the [Mn-
bpctpa-(H,0),] polymer[21]. As the spectrum of the [Zn-bpctpa-
(H20),] polymer is not well interpreted, but its s Value shows
that it is diamagnetic as expected.
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Magnetic Moments e Of co-ordination polymers revels
that all the polymers except Zn(ll) metal ion polymer are
paramagnetic while Zn(I1) metal ion polymer is diamagnetic.
Thermogravimetric analysis

The TGA results of all the samples are presented in Table 1.
Thermogram of ligand bpctpa is given in figure-1. The
thermogram of ligand degrade in to two steps. The first step of
degradation starts from 125°C to 240 °C may be attributed to
decarboxylation of bis ligand. The value of wt. loss 21.37% is
consistent with theoretical value 21.76%. The weight loss of the
co-ordination polymer samples at different temperature indicates
that the degradation of the polymers is noticeable beyond 300°C.
Thermograms of all coordinated polymers revealed that all
samples suffered appreciable weight loss in the range 170 to
340°C. This may be due to the presence of coordinated water
molecule. The rate of degradation becomes a maximum at a
temperature lying between 350°C and 500°C. This may be due to
accelerating by metal oxide which forms in situ. Each polymer
lost about 50% of its weight when heated up to 700°C. On the
basis of the relative decomposition (% wt. loss) and the nature of
thermogram, the co-ordination polymers may be arranged in
order in increasing stability as: Cu < Ni< Co < Zn < Mn.

Figure-1: Thermogram of Ligand bpctpa

| 00

Biological Activity

The antimicrobial activity of ligand and its co-ordination
polymers was studied against standard gram positive and gram
negative bacteria. (Table 2) The compounds were tested at
different concentration ranging from 50 to 1,000 ppm to find out
the minimum concentration of the ligand and polychelates,
which inhibits the microbial growth. The inhibition of growth
from ditch was measured in millimeter.

The fungicidal activity of all the compounds was studied at
1000 ppm concentration against Plant pathogenic organisms.
(Table 2) The ligand was found biologically active, and their
polychelates showed significantly enhanced biological activity
compared to the uncomplexed ligand.

BS : Bacillus subtilis, SA : Staphylococcus aureus, ST:
Salmonella typhi,

EC : Escherichia coli, PE : Penicillium Expansum, BT :
Botrydepladia Thiobromine, NS : Nigrospora Sp., TS :
Trichothe-sium Sp.

Conclusion

The present paper describes the novel ligand having
dianhydride and aromatic amine moieties. The ligand offers the
co-ordination polymers with metal ions. The polymers have
moderate thermal stability. All the polymers have good
microbicidal activity.
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Table 1 Thermogravimetric analysis of Co-ordination polymers

% Weight loss at different temperature(°C) Activation energy Ea
Compound
Kcal/mol
100 | 200 | 300 | 400 | 500 | 600 | 700
[Cu-bpctpa-(H.0)2]n | 1.3 | 10.1 | 22.8 | 31.5 | 36.2 | 43.2 | 574 6.5
[Co-bpctpa-(H.0)Jn | 1.9 | 125 | 21.6 | 33.1 | 38.1 | 441 | 58.9 7.9
[Ni-bpctpa-(H20).Jn | 2.4 | 140 | 219 | 32.7 | 375 | 46.5 | 59.9 75
[Mn-bpctpa-(H20),Jn | 2.9 | 105 | 23.0 | 33.4 | 37.6 | 45.9 | 59.8 8.3
[Zn-bpctpa-(H.0).Jn | 3.9 | 13.6 | 25.2 | 35.1 | 38.9 | 49.9 | 63.8 8.1

Table 2 Antibacterial and Antifungal activity of ligand and its polymers
Antibacterial Activity Antifungal Activity

Compound Zone of Inhibition Zone of Inhibition
Gram +Ve | Gram —Ve
BS | SA | ST | EC PE | BT | NS | TS

bpctpa 19 | 18 | 21 | 21 | 26 | 20| 23 | 20

[Cu-bpctpa-(H20)2], | 30 | 33 | 30 | 18 | 38 | 29 | 26 | 33

[Co-bpctpa-(H.0)], | 28 | 29 | 22 | 22 | 32 | 27 | 28 | 25

[Ni-bpctpa-(H,0)2l, | 26 | 26 | 24 | 24 | 28 | 22 | 29 | 24

[Mn-bpctpa-(H:0).], | 27 | 30 | 24 | 20 | 30 | 26 | 31 | 23

[Zn-bpctpa-(H;0),], | 28 | 31 | 25 | 21 | 31 | 25 | 28 | 24




