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ABSTRACT \

This paper presents the structure and antibacterial properties of some complexes of Co(ll),
Ni(I1), Cu(ll), and Zn(lI), with a novel Schiff base obtained from 4-Methyl 7-hydroxy 8-formyl
coumarin, and N-methylamino propylene diamine. The Schiff base was characterized by
physical, spectral and analytical data. The synthesized Schiff base act as bidentate ligand for
the complexation reaction with Cu(ll), Ni(ll), Co(ll) and zZn(ll) ions. The structure of each
complex was characterized by spectroscopic methods (IR, UV-Vis, 'H-NMR, and Mass
spectroscopy) and elemental analysis. Molecular weight of few metal complexes was confirmed
by high resolution mass spectroscopy. According to these data, we propose an octahedral
geometry for Co(ll), Ni(Il),Zn(l1) and Cu(ll) complexes. Antibacterial activity of the ligand and
its complexes were tested against selected bacteria. The ligand and all the complexes possess
antimicrobial and antifungal activity. The transition metal complexes have shown superior
antimicrobial and antifungal activities as compared to Schiff base ligand.

wywords: 4-Methyl 7-hydroxy 8-formyl coumarin, N-methylamino propylene diamine. /

INTRODUCTION systems have evoked considerable interest
Synthesis and characterization of transition because of their utiliy as model compounds in
metal complexes containing Schiff bases as bioinorganic studies . Schiff bases form an
ligands has been a topic of interest to important class of organic  compounds in
researchers due to their importance as chemistry due to their useful physical and
catalysts in many reactions™®. These ligand chemical properties and large number of
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reactions they undergo. They are also having

wide industrial applications and very
interesting biological and  pharmacological
activities.  Schiff bases derived from

substituted aliphatic amines and aromatic
aldehydes have a wide variety of applications
in many fields, e.g. biological, inorganic and
analytical chemistry’®*.Currently, there is a
revival of interest in bioactive natural products
as chemical lead compounds for the
generation of semi-synthetic derivatives.
Recent research has shown that metal
complexes based on natural products afforded
a novel approach to a potential pro-drug*>*’
Schiffs bases and their metal complexes are
known to exhibit anticancer, antioxidant and
anti-inflammatory activities'®*%. In this paper
we report the synthesis and characterization of
novel Schiff base derived from 4-Methyl-7-
hydoxy-8-formyl  coumarin i.e.8-[(Z)-{[3-(N-
methylamino)propylliminoymethyl]-7-hydroxy-
4-methyl-2H-chromen-2-one [ NMAPIMHMC]
and its transition metal complexes and their
antimicrobial properties.

EXPERIMENTAL

Material and Methods

All chemicals and solvents used were of LR
grade. All metal(ll) chloride salts were used.
The proton magnetic spectra were recorded
on a Bruker AMX-5000 Spectrometer. Mass
spectra were recorded on Mass
spectrophotometer AB Sciex API-4000. IR
spectra were recorded on a Jasco FTIR
Spectrophotometer. UV-Visible spectra were
obtained in DMF on a Shimadazu UV-Visible
Spectrophotometer.

Synthesis of 4-Methyl 7-hydroxy coumarin
4-Methyl 7-hydroxy coumarin was prepared by
the reported method®.

Concentrated H,SO,4 (500 ml) was cooled to 0°
C in ice bath. Mixture of ethylacetoacetate (65
ml) and meta-Cresol (55 ml) was added in
concentrated H,SO, under vigorous stirring at
0-5°C over a period of 1-1.5 hrs . Stirring was
continued at 5°C for 2 hrs. Temperature of
reaction mixture was then raised slowly to
30°C and allowed to stand for 24 hrs. The
solution was then poured in ice bath and water
. The product precipitated was filtered. The
crude product was dissolved in 5% NaOH
solution and the solution was then clarified
with activated charcoal and filtered. Filtrate
was acidified with conc. HCI to give 4- Methyl
7 —hydroxyl coumarin. The yield of the product
was around 95%.
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Synthesisz4of 4-methyl-7-hydroxy 8-formyl
coumarin

4-Methyl 7-hydroxy coumarin (30g, 0.170
moles ) was dissolved in 300 ml glacial acetic
acid. Hexamine(60 g, 0.428 moles) was added
and heated to 85-90°C for 5 hours. Reaction
was monitored by TLC (30% Ethyl acetate in
hexane). After reaction was completed, as
indicated by TLC, Reaction mixture was
quenched in 20% HCI and heated to 60-80°C
for 20 minutes. Reaction mixture was cooled
to room temperature and product was
extracted in methylene chloride( 100 ml x 3
times). Combined MDC extract was washed
with distilled water and dried over anhydrous
Na,SO,. MDC extract was concentrated and
crude product was purified by Silica gel
column chromatography to get pure 4-Methyl-
7-hydroxy-8-formyl coumarin. The yield of the
product was around 20%.

Synthesis of Schiff base

The Schiff base i.e. the ligand 8-[(Z)-{[3-(N-
methylamino)propylliminoymethyl]-7-hydroxy-
4-methyl-2H-chromen-2-one] [NMAPIMHMC]
was synthesized by the condensation of 8-
Formyl-7-Hydroxy-4-Methylcoumarin  with N-
methylpropane-1,3-diamine in (1:1) molar
proportion in ethanol in the presence of traces

of concentrated hydrochloric acid. The
reaction mixture was refluxed for an hour.
On cooling, the product was isolated to

obtained yellowish brown oily mass of the
schiff base.

As the schiff base was an oily mass and
unstable in nature, it was difficult to
characterize the compound. Therefore, its

oxalate salt was prepared for spectral
characterization.
The Schiff base 8-[(Z2)-{[3-(N-

methylamino)propylliminoymethyl]-7-hydroxy-
4-methyl-2H-chromen-2-one] [NMAPIMHMC]
was obtained by the reaction of N-
methylpropane-1,3-diamine  with 4-methyl-7-
hydroxy 8-formyl coumarin in (1:1) molar
proportion in ethanol in the presence of traces
of concentrated hydrochloric acid. The
reaction mixture was refluxed for an hour. It
was then treated with Oxalic acid (1 mole
equivalent) and further refluxed for an hour.
On cooling, the product was isolated as yellow
coloured oxalate salt which was recrystallized
from alcohol. The yield of the product was
around 70%. M.P. 199°C, *H NMR DMSO(d)
90MHz, oy 1.62-1.63(m, 2H), 2.11(m,2H),
2.51(s, 3H), 3.02( t, 2H), 5.15(s, 1H),5.97( d,
2H, J=9.3Hz), 6.94(d, J=9.3Hz) 8.17(s, 1H).
MS : [M+1]" 275.3. IR : vy 3460 cm™  ve-o
(Lacony 1718 cm™ veoy 1603 cm™ veoc 1079
cm™ Phenolic vc.o 1310 cm™
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UV: A max 225 nm, 313 nm

Synthesis of Metal Complexes of Schiff
base

As the Schiff base [NMAPIMHMC] was an oily
product, it was freshly prepared in situ by
mixing N-methylpropane-1,3-diamine with 4-
methyl-7-hydroxy 8-formyl coumarin in (1:1)
molar proportion in ethanol. Then equimolar
guantities of divalent metal chloride were
mixed and the reaction mixture was heated on
water bath for about five hours. It was then
cooled and pH was adjusted to about 8.5 by
25% ag. ammonia when coloured solid
separated out which was filtered and washed
with ethanol, recrystallized in ethanol and
dried in oven at 80-100°C. This is the general
method for the synthesis of metal complexes
of ligand with divalent metal chlorides
MCI,.2H,O0 Where M= Co(ll), Ni(ll), Cu(ll),
Zn(ll). Since Zn (NMAPIMHMC),.2H,0
Complex was diamagnetic in nature, it could
be scanned for *H NMR in DMSO(ds) 700MHz,
On 2.06(m, 2H), 2.34(s,3H), 2.96( t, 2H), 3.73(
t, 2H), 5.98(s, 1H), 6.56( d, 2H, J=8.4Hz),
7.56(d, J=8.4Hz) 8.83(s, 1H).

RESULTS AND DISCUSSION

Physical properties

The Schiff base [NMAPIMHMC] (Fig. 1) was
freshly prepared by refluxing N-
methylpropane-1,3-diamine with 4-methyl-7-
hydroxy 8-formyl coumarin in (1:1) molar
proportion in ethanol in the presence of traces
of concentrated hydrochloric acid.

This Schiff base was then used for the
complexation with Cu(ll),Co(ll), Ni(ll), and
Zn(ll) ions. All of the synthesized metal
complexes were air and moisture stable.
These were prepared by the stoichiometric
reaction of the corresponding metal salts ( as
chlorides) and the Schiff base in molar ratios
M:L of 1:2. The complexes are intensely
colored, which decomposes above 250°C.
They are insoluble in common organic
solvents such as chloroform or acetone,
slightly soluble in ethanol, methanol, but
soluble in DMSO and DMF. [ Figure 1]

Infrared spectra

IR spectra of the Schiff base oxalate salt
showed the absence of bands at 1725 and
3300 cm™ due to carbonyl v(C=0) and v(NH,)
stretching vibrations and, instead, appearance
of a strong new band at ~ 1630 cm™
assigned” to the azomethine, v(C=N) linkage.
It suggested that amino and aldehyde moieties
of the starting reagents are absent and have
been converted into the azomethine moiety
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(Fig.1). The comparison of the IR spectra of

the Schiff base and their metal complexes

(Table 1 & 2) indicated that the Schiff base
was principally coordinated to the metal atom

1. The band appearing at 1610 cm™ due

to the azomethine was shifted to lower

frequency by ~ 1020 cm™
indicating®  participation  of the
azomethine nitrogen in the

complexation.

2. A band appearing at 3371-3119 cm™
in metal complexes which have
significantly different characteristic of
von Stretching vibration due to
stretching modes of coordinated water
molecule.

3. Further conclusive evidence of the
coordination of these Schiff base
compounds with the metals, was
shown by the appearance of weak low
frequency new bands at 545-559 and
450-453 cm™.  These  were
assigned?®”?® to the metal-nitrogen (M-
N) and metal-oxygen (M-O)
respectively. These new bands were
observed in the spectra of the metal
complexes and not in the spectra of its

Schiff base  compounds  thus
confirming participation of these
hetero groups (O and N) in the

coordination.

'H NMR spectra®

The proton magnetic resonance spectrum of
Schiff base (NMAPIMHMC) in DMSO solution
shows a N=CH azomethine proton at  8.17
and methyl protons of 8-Formyl-7-Hydroxy-4-
Methylcoumarin at 5 2.51. Comparitive
assignment values are shown in Table 3.

Due to its diamagnetic nature metal complex
Zn (NMAPIMHMC),.2H,0, . 'H NMR
spectrum was scanned in DMSO-d6. It was
observed that the azomethine proton at 10.59
ppm in 8-Formyl-7-Hydroxy-4-Methylcoumarin
was appearing at 8.17ppm in schiff's base.
After complexation with Zinc metal it was
shifted significantly downfield to 8.83ppm due
to deshielding effect exerted by metal atom.
Apart from the downfield shift of azomethine,
following other interesting observations were
also made. Aromatic protons of coumarin ring
appearing at 5.87 ppm and 6.84 ppm in
schiff's base were shifted to 6.56ppm and 7.56
ppm respectively due to the electron
withdrawing mesomeric effect exerted by Zinc
metal atom. Olefinic proton of coumarin ring
appearing at 5.24 ppm was also shifted down
field to 5.98 ppm due to electron withdrawing
mesomeric effect operating through the
conjugation across the aromatic ring over the
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a,3-unsaturated double bond of coumarin ring.
The methyl protons and phenyl protons of
Schiff base of the divalent metal ion
complexes of both ligands are showing shift in
d values.

13C NMRZQ

Carbon atom positions obtained are compared
with known compound 8-Acetyl-7-hydroxy-4-
methyl coumarin having similar structure to
that of 8-formyl-7-hydroxy-4-methyl coumarin.
Comparitive assignment values are shown in
[Figure 2] and [Table 4].

Mass spectra

High resolution mass spectra of Schiffs base
NMAPIMHMC. Oxalate salt showed [M+1]" at
275.4 thus confirming formation of Schiff base.
Mass spectra of Cu(NMAPIMHMC),.2H,0
showed [ M+1]" at 611 and [M-L] © at 336.
Mass spectra of Ni(NMAPIMHMC),.2H,0O
showed [M-L+ H,0] " at 349 and [M-L] " at 331.
Mass spectra of Zn(NMAPIMHMC),.2H,0
showed [ M+1]" at 612 and [M-L+ H,0] * at
356 and [M-L]" 338. Mass spectrum of
Co(NMAPIMHMC),.2H,0 showed [M+1]" at
606 and [M-L]" at 331. [ Figure 3 & Figure 4]
[Table 5]

From the discussion of the results of various
spectroscopic details presented above, it may
be concluded that the proposed geometry for
the transition metal complexes with general
formula  ML,.2H,O is octahedral for
Co(I1),Ni(Il), Zn(ll) complexes and for ML, is
square planer for Cu(ll) complexes and the
bonding in the complexes can be represented
as follows:[Figure 5]

Antimicrobial properties

Schiff base and transition metal chelates were
evaluated for their antibacterial activity against
the strains Gram-negative bacteria viz.
Escherichia coli and antifungal activity against
strain Aspergillus niger by the tube dilution
technique.

The lowest concentration which showed no
visible growth was taken as an end point
known as minimum inhibitory concentration
(MIC).

A comparison of the antimicrobial activity of
the Schiff base and their metal complexes
shows that the antimicrobial activity of the
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Schiff base was enhanced due to the
complexation with metal ion. The results of the
studies of minimum inhibitory concentration of
the Schiff base and their metal complexes are
summarized in (Table 6).

CONCLUSION

Novel Schiff base 8-[(2)-{[3-(N-
methylamino)propylliminoymethyl]-7-hydroxy-
4-methyl-2H-chromen-2-one] [NMAPIMHMC]
was obtained by the reaction of N-
methylpropane-1,3-diamine  with 4-methyl-7-
hydroxy 8-formyl coumarin and characteriased
by 'HNMR, “CNMRand HRMS techniques.
Novel transition metal complexes with Co(ll),
Ni(ll), Cu(ll) and Zn(ll) were prepared,
characterised and their antibacterial and
antifungal activity was screened.

In the antibacterial screening against bacteria
Escherichia coli it was found that the ligands
show MIC values greater than 200 ug/ml,
whereas transition metal complexes of ligands
showed MIC values less than 20 ug/ml. Hence
it can be concluded that Metal complexes of
transition metals of the ligand have better
activity against Escherichia coli.

Antifungal screening was done against
organism such as Aspergillus niger, the
ligands show MIC values less than 200 ug/ml,
whereas transition metal complexes of the
ligand showed MIC values less than 20 ug/ml.
Hence it can be concluded that transition
metal complexes of the ligand showed better
activity against Aspergillus niger.

The results of the screening of the Schiff base
and transition metal complexes for
antimicrobial  activity indicate that the
antimicrobial activity of the Schiff base was
enhanced on complex formation with metal in
all cases studied.

Note: Authors have no conflict of interest.
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Fig. 3 Mass spectrum of Co(NMAPIMHMC),.2H,0 complex
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Table 1: Infrared Spectral Data (cm™) of the Schiff base
Ligand (NMAPIMHMC).Oxalate salt

. . Vc=0 i -
Schiff base Ligand VN-H Ve=n Lactonyl Phenolic c-o
NMAPIMHMC 3468 1610 1715 1313

Table 2: FT-IR Bands for Metal Complexes of (NMAPIMHMC)
and their Assignments

: Lactonyl v .
Lattice water _ v C=N Phenolic C- v M-N v M-O
Complex v (OH) cm™ fr;? cm™ Oocm™ cm® cm®
CO[(NMAPIMHMC),].2H,0 3371 1716 1615 1395 554 450
Ni[(NMAPIMHMC),].2H,0 3372 1719 1631 1406 559 450
Cu (NMAPIMHMC),.2H,0 3212 1717 1631 1412 545 451
Zn (NMAPIMHMC),.2H,0 3119 1728 1631 1411 550 453

Table 3: 'H NMR assignments of Schiff base NMAPIMHMC & Zn(NMAPIMHMC),.2H,0 metal

complex
& value in ppm Schiff base & value in ppm Metal complex Multiplicity & .
NMAPIMHMC Zn(NMAPIMHMC),.2H,0 Number of Assignment
Protons
1.62-1.63 2.06 m ( 2H) C-CH,-C

2.11 2.34 s (3H) -N-CHj
2.41 251 s (3H) =C-CH3
2.75 2.96 t (2H) N-CH,
3.02 3.73 t (2H) =N-CH,
5.15 5.98 s (1H) =C-H olefinic
5.97 6.56 d (2H)
6.94 7.56 d (2H)
8.17 8.83 s (1H) =N-H Azomethine

Table 4: *C NMR assignments of Zn (NMAPIMHMC),.2H,0
metal complex

13 8-Acetyl-7-hydroxy-
Atom No. Group € ppm 4-met?1lylcosjlmarir)1l
2,2 C 162.733 162.0
3,3 CH 107.248 1125
4,4 C 106.985 152.8
4a, 43’ C 106.322 113.6
55 CH 130.107 132.6
6, 6 CH 120.355 112.5
7,7 C 154.867 160.3
8,8 C 156.861 117.4
8a, 8a’ C 160.229 149.3
9,9 C 173.636 199.8
10,10’ CH, 58.48 na
11,11 CH; 33.582 na
12,12 CH; 47.342 na
13,13 CHs 27.064 na
14,14’ CHjs 18.892 21.2

Table 5: Mass Spectral Data for the Metal Complexes

Complex Fragments m/z
Cu(NMAPIMHMC),.2H,0 [M+1]" 611, [M-L +H,0] 354, [M-L]" 336.
Ni(NMAPIMHMC),.2H,0 [M-L +H,0] 349, [M-L]" 331.
Zn(NMAPIMHMC),.2H,0 [M+1]" 612, [M-L +H,0] 356, [M-L]" 338.
Co(NMAPIMHMC),.2H,0 [M+1]" 606, [M-L]" 331.
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Table 6: Antimicrobial Activity (MIC, ug ml™) of Schiff
base [NMAPIMHMC] and its Metal Complexes

Compound Escherichia coli Aspergillus niger
[NMAPIMHMC] <200 <200
Co[NMAPIMHMC],.2H,0 <20 <20
Ni[NMAPIMHMC,.2H,0 <20 <20
Cu[NMAPIMHMC],.2H,0 <20 <20
Zn[NMAPIMHMC],.2H,0 <20 <20
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