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Abstract: Five metal chelates of the type M [Lw] , where M = Zn, Cd, Hg, Sn & Pb and Lw = 2- hydroxy-
1,4- naphthoquinone have been synthesized. All chelates have been characterized by modern methods such as
elementa analysis, FTIR, Electronic spectra, Thermogravimetry and Differential thermal analysis and electron
microscopy with EDAX analysis. All chelates are found to be coloured. These chelates are thermally stable up
to 500°C and all are crystallite in nature. Their particle sizes are in the range of 38 -157 nm. The ligand and the
metal chelates have been screened for antimicrobia activity on gram positive, gram negative and antifungal

activity.
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| ntr oduction

The anti — helicobactor pylori activity of 2-
hydroxy 1-4 naphthoquinone ( Lawsone ) was
evaluated using the paper disc assay which had
shown very strong activity at 0.1 and 0.5 mg / disc
but weak activity at doses of 0.01 mg/ disc or lower
(1). Lawsone exhibited inhibitory effects upon
comman nosocomial urinary tract pathogenes such
asE. Cali, P. Mirahilis, K. pneumonia, P. aeroginosa
and S. aureus at certain concertrations. (2). J.
Prasirst et.al. reported that lawsone have shown to
be effective against oral Candida abicans isolated
from patiants with HIV / AIDS (3). W.B. Wendel
(4) studied the influence of naphthoquinones upon
respiratory and carbohydrate metabolism of malaria
parasites. It is reported that in vitro leishmanicidal
activity of monomeric and dimeric naphthoquinones
(5). Antimicrobia activities of lawsinia inermis a

review have been published by P. Dinesh Babu and
S. R. Subhasree (6). Naphthoquinones have been
studied for their effects on prokaryotic and
eukaryotic cella. (7, 8). Lawsone have shown
antibacterial effects on several species of both
aerobic and anaerobic organisms (9). Bactericidal
and bacteristatic activity of lawsone on
Staphylococcus epidermidis have been reported by
S.T. Karpe et.d. (10). The probable mechanism of
antibacterial activity of lawsone is proposed by
Marco A. et. Al (11). Cobalt chelates of lawsone
have been studied for preliminary antimicrobial
activity by Kelkar et.a. (12). The 2-hydroxy-1,4-
naphthoquinone (Lawsone) from Lawsonia inermis
were found to exhibit strong fungal toxicity (13).
From literature survey it is seen that the work on
metal chelate of lawsone is sparse and incomplete.
Hence the studies have been undertaken to get more
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insight of the metal chelates of lawsone. This paper
describes physicochemical properties of metal
chelates of, under studies, such as X-ray diffraction,
MID, IR and FAR IR, thermal analysis of electronic
spectra in solids and in methanol. We studied the
antimicrobial activity of ligands and metal chelates
for Escherichia coli, Bacillus subtilis, Klebsidla
pneumonia, Staphylococcus aureus and Candia
albicans.

Computational details

The calculations of the title compound were carried
out with Gaussian 09 mechanics program. Geometry
optimization was calculated using RHF / 6-31 G*
level of theory. The wave number value computed
by HF method and 6-31 G* level contain known
systematic errors due to negligence of electron
correlation (14). We therefore have used the scaling
factor as 0.90 for HF/6-31G* (d p) s&t.

2. Materialsand Methods

The ligand 2-hydroxy 1-4 naphthoquinone was
used as it is, supplied by AR grade Thomas Baker
chemicals. A stock solution of chlorides of Zn (11),
Cd (1), Hg (1) Pb (I1) and Sn (I1) were prepared by
using AR grade chemicas. Deionised water was
used during synthesis.

2.1 Preparation of metal chelates

The chelates were prepared by mixing metal salt
solution and ligand in 1:2 for al metals. The mixture
was constantly stirred for one hour with magnetic
gtirrer. The pH of the mixture was maintained
between pH 5.0-6.0 by adding ammonia solution to
it. Mixture was warmed on water bath for about 15
minutes. On cooling it was filtered and found to be
colored.

2.2 Instrumental Analysis

The IR spectra were recorded on a JASCO
FTIR in the region of 4000 to 350 cm™ model in a
KBr matrix. Electronic spectra were recorded on
JASCO 530 UV-VIS spectrometer, in solid state in
KBr matrix and in methanol solution. DTA/TGA
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curves were recorded on Shimatzu 60H model using
10 C° / min. heating rate, 800 C° maximum
temperature in air. X-ray diffraction patterns were
obtained by wusing Brucker D8 advanced
diffractometer. Elemental analysis was carried out
with a Perkin Elmer 2400 series for C, H, O, & N.
Scanning electron microscopy was carried out on
Vega 2SB model and EDAX on OXFORD INCA
PENTA with TECAN VEGA 2SB.

2.3 Bioassay

Test organisms:  The antimicrobia activity
ligands, metal salt and synthesized metal chelates
were examined against bacteria and fungi
[Escherichia coli (NCIM 2065), Bacillus subtilis
(NICN 2063), Klebsiella pneumonia (NCIM 5082),
Saphylococcus aureus(NCIM 2079) and Candia
albicans (NICM 3471) ] strains collected from NCL
Pune India

2.4 Maintenance and Culture

The culture of bacteria and fungi were maintained
on Nutrient agar (Himedia Laboratories Pvt. Ltd.
Ref. M 002-500G 99% Purity and sub cultured
accordingly. These plates were incubated at 35°C for
24 hour in incubator.

2.5 Inoculums preparation

One loopful growth of bacteria and fungi
were transferred in to the 100uL of the organism
suspension. Finally 100uL of ligand, metal salt and
metal chelates were placed in to each well.

3. Resault and discussion

The chelates of lawsone are stable at room
temperature, insoluble in water and protic solvents
while soluble in aprotic solvents such as DMF and
DMSO.

3.1lInfrared spectra
The IR frequencies of ligand and its metal
chelates are given in table-1.

Table-1: Characteristics IR (cm™) Bands of Lw and itsmetal chelates

Sr.No. | Compound OH C=0 C=0 C-O
1 Lw 3172 1662 1678 1224
2 ZnLw 3168 1644 1677 1285
3 CdLw 3153 1644 1675 1277
4 HgLw 3265 -- -- 1274
5 SnLw 3175 1643 1676 1283
6 PbLw 3323 1642 1253
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In comparison with Lw spectrum (15), the spectra of
the metal chelates displayed bands ranging between
v(C-O) group (16-17) and confirming the
coordination through the phenolic oxygen. The other
frequencies of C=0 are shown common in al
chelates. The main peak for OH from ligand is not
observed in chelates. In The region 1700-1200 cm?,
al the chelate showed a number of intensive bands,
which are due to norma modes of vibrations of
ligand affected by its coordination. The v(C=0)
stretching frequency of coordinated carbonyl group
is similar that of ligand. All the chelates exhibits
v(C=0) band at lower energy. It can be explained on
the basis of mono anionic nature of the ligand which
acts as aring with bidendate ligand. In resultsform a
ring with metal ion. A considerable delocalization of
the m electron density exhibits such a strong ring
formation. This can be explained on the bass of
absorption bands by the chelate. The most important
region isv 600-300 cm™ exhibits several absorptions
are sendtive to the centrad metal ion and the
structure of the chelate and can be attributed to the
normal mode of vibrations of the MO, moiety.
Generally the ligand to metal ratio is 1:2 and they
have D, symmetry and band can be assigned in the
region of v 590-420 cm™* to the Vgm (MO) stretching
vibration species B, and the other band in the v390-
320 cm™ to the Vagym (MO) stretching to By, These
two vibrations are sensitive to the nature to the
central metal ion.
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3.2 Electronic spectra

The UV-VIS spectra of the ligand and its metal
chelates were recorded in a solid state in the KBr
matrix, aso in methanol solution, data is given in
Table-2. Ligand Lw exhibited electronic transition
bands at 240, 322 and 402 nm in solid state and
assigned to Benzenoid electronic transition (1-m*)
and n to m* (*By, - 'Ay) respectively. These bands
are compared to theoreticaly calculated by using
Gaussian 09 and using RHF / 6-1 G* (d,p) level
which gave results as 331.80, 289.31, 266.93,
251.20, 20.41 and 189.67 nm which shows good
arrangement with experimenta results. In methanol
solution, the calculated transition state values are at
268, 255 and 190 nm, while the experimental values
are 248 and 330 nm. These transitioned to m to *. In
the case of ZnLw, it shows transition state at 261,
345 and 491 nm as against calculated values at 350,
365 and 357 nm respectively. The remaining metal
chelates show similar results.

3.3 X-ray diffraction

X-ray diffraction patterns of Lw, ZnLw and
PbLw are shown in fig-1. Lw crystallizes in the
triclinic group which is calculated by using
McMaille Version-4 computer code (18) and it has
crystadlographic parameters are a = 7.6180, b =
7.1189 and ¢ = 11.3240 a = 99.460, p = 70.494, y =
93.344, its volume is 570.996 (A°)* and space group
H-M symbol P1.

Table-2: Electronic Spectra ( UV-VIS) of Lawsone and its Metal Chelates A1 nm in solid state and A2 nm

in Methanol

Sr. | compound | Colour Al nm A2 nm |Alnm | A2 nm Al nm A2 nm

No.

1 Lw Yellow 278 248 322 330 402 --

2 ZnLw Brown Red 261 234 335 350 491 -

3 CdLw Y ellowish 261 236 325 -- 425 406
orange

4 HoLw Reddish 249 244 300 330 488 --
orange

5 SnLw Y ellowish 261 238 320 342 460 --
Green

6 PbLw Dark Red 288 232 344 -- -- 446
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Fig-1: XRD Patternsof 1) Lawsone (Lw), 2) Zinc Lawsonate (ZnLw) and 3) Lead L awsonate (PbLw)

The values for miller indices and observed 2 8 for Lw are given in Table-3.

Table-3 Miller indices and observed 2 0 for Lw

Ly

Sr.No. | H k | Observed206
1 1 0 0 18.365
2 0 1 1 18.785
3 1 -1 -1 32.970
4 0 1 2 33.850
5 1 0 -2 35.985
6 0 0 3 38.015
7 2 -1 1 39.010
8 0 1 -3 39.895
9 2 -1 0 41.490
10 2 1 2 44.145
11 0 1 3 45.410
12 1 0 4 48.455
13 0 2 -4 60.180
14 1 3 0 62.0005
15 1 -1 -4 67.410
16 2 -2 5 70.545

PblLw

iy "
b P
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Zinc Lawsone (ZnLw) crystallizesin the triclinic group and it has crystallographic parameters are a=5.0555, b
=10.4411 and ¢ = 10.3535 o = 64.141, B = 89.935, y = 101.984, its volume is 478.453 (A°)® and space group H-
M symbol P1.The values for miller indices and observed 2 8 are given in Table-4 .

Table-4: data for h k| and 2 6 values

Sr. | h k L TH(OBYS) TH-ZERO TH(CALC) DIFF.

No.
1 0 0 1 14.185 14.204 14.194 0.010
2 0 1 -1 24.415 24.434 24.428 0.006
3 0 1 2 25.570 25.589 25.613 -0.024
4 0 2 1 25.935 25.954 25.946 0.008
5 1 0 1 29.165 29.184 29.180 0.004
6 1 0 -1 31.875 31.894 31.883 0.011
7 1 -2 0 34.875 34.894 34.906 -0.012
8 1 0 2 37.465 37.484 37.488 -0.004
9 1 1 -1 40.225 40.244 40.256 -0.012
10 1 0 3 49.235 49.254 49.246 0.008
11 1 -3 -3 51.085 51.104 51.098 0.006

Lead Lawsonate (PoLw) crystallizes in the triclinic group and it has crystallographic parameters are

A B C ALPHA BETA GAMMA
9.0770 7.6246 9.7726 82.784 72981 78.913

VOLUME (A**3) :632.920 and space group H-M symbol-1. Dmin=3.100570 g/cm®

The values for miller indices and observed 2 6 are givenin Table-5 .

Table-5: data for h k| and 2 6 values

S.No. [h [k L [ TH(OBS) TH-ZERO TH(CALC) | DIFF.
1 0| 0 | 1 9.460 9.497 9.482 0.015
2 1] 0 | o0 10.280 10.317 10.323 -0.006
3 0| 1 | 1 15.700 15.737 15.740 -0.003
4 1] 10 16.940 16.977 16.979 -0.002
5 1] 1 | 1 19.180 19.217 19.230 -0.013
6 2 | 1 1 21.300 21.337 21.347 -0.011
7 0| 1 | -2 23.180 23.217 23.221 -0.004
8 1] 0o | -2 24.080 24.117 24.111 0.006
9 1| 2 1 24.420 24,457 24.449 0.008
10 | 2| 1 | 2 24,560 24,597 24,587 0.010
11 | 2| o | 1 25.100 25.137 25.152 -0.015
2 |2 1] o0 25.580 25.617 25.609 0.008
13 |2 1 | 1 26.660 26.697 26.679 0.018
14 | 1| 2 | o0 27540 27577 27577 0.000
5 | 1| 2 | 2 28.000 28.037 28.043 -0.007
6 | 1| 1 | 3 28.580 28.617 28.622 -0.005
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3.4 Metal-Organic Frameworks

Crystalline porous coordination polymers (PCPs),
also called Metal-Organic Frameworks (MOFs), are
a fascinating class of solid-state inorganic-organic
hybrid materials. Research in these compounds is
expanding very rapidly owing to their exciting
combination of properties for advanced functional
materials in gas storage and gas separation, catalysis,
chemical sensing, as well as medical applications.
Fig 2 shows SEM of &) Lw b) ZnLw c) PbLw d)
CdLw €) HgLw f) SnLw

Its synthesis involves following steps -

Metal ion + Organic linker------ Nucleation------
Crystal growth

The growth orientation [100] on the layer by
layer growth of the same M OF requires coordination
through Lw-metal interaction, which forms the two
dimensional layer of the MOF, was impeded by the
presence of oxime and hydroxyl group. Therefore,
selective coordination-modul ation method enhanced
therelative crystal growth in the [001] direction. The
material grown under coordination modulation was

2. 7nbw

4.|'IEL'."|' G.5nbw

Fig: SEM Photographsof Ligand and Metal Chelates
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significantly enhanced compared to that of the
usually obtained microcrystalline power of M-(Lw)
2. The growth of metal chelates is observed as bulk
crystals. The crystallite size of chelates is found to
be nano range as 69.9, 157.74 and 38.35 nm for Lw,
ZnLw and PbLw respectively which is calculated
using XRD data and Scherrer formula. This
difference was attributed to the higher structura
defects of the usual material as compared with the
coordination modulation nano-MOF. Nevertheless,
direct evidence of coordinated oxime groups during
crystalization in the framework as a powder has not
been reported. Even more generally, the fabrication
and characterization of well-defined, stable self-
assembled mono layers (SAMs) of organic ligands at
acrystal face of a MOF has not been documented to
date.

SEM image of Lw shows plates made of
various crystals which is nothing but polymerization
of crystals through hydrogen bonding. ZnLw image
clearly shows a needle shaped formation of bulk
crystals which are belonging to nano size materials.
The EDAX data is obtained for elemental analysis
and the calculated values are presented in Table-6.

3.Cdlw
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Table-6 Data for elemental analysisby EDAX and calculated

Sr.No. | Compound Method % C % O % H % Metal
1 Lw Obsd. 64.59 35.41 - --
Cad. 68.96 27.58 3.64 --
2 ZnLw Obsd. 61.76 17.64 - 20.60
Cald. 58.29 23.31 2.62 15.95
3 CdLw Obsd. 55.65 22.71 - 21.64
Cad. 52.37 20.93 2.18 25.40
4 HglLw Obsd. 33.93 20.91 - 45.16
Cald. 43.93 17.55 1.82 36.68
5 SnLw Obsd. 48.22 33.32 - 18.47
Cald. 51.67 20.64 2.15 25.23
6 PbLw Obsd. 34.73 13.73 - 51.54
Cald. 31.34 17.34 1.84 37.39

It is observed that this can be a qualitative analysis of the metal chelates.

3.6 Thermal analysis (TGA/TG)

DTA/TG of lawsone (Lw) was carried out in air
using 10°C/min. heating rate and maximum
temperature up to 800°C. DTA of Lw showed one
endotherm and one exotherm.

Endotherm -132.52 to 250.68°C
Exotherm- 500.15 to 652.81°C

The endotherm is due to decomposition of lawsone
and the weight loss is 52.374% which is due to loss
of CsO;H; moiety .The second step is exothermic
decomposition of remaining mass which
corresponds to 20.69% loss and it loses Cyy O; Hs
moiety. On further heating, it finaly shows only
carboneous matter.

DTA / TG of ZnLw shows one endotherm in the
temperature range 145 to 180 ° C  which is due to
loss of water molecules .The TG data shows 8.267%
weight loss which corresponds to two molecules of
crystalline water. Later it shows, second step in the

temperature range of 315 to 509°C and the weight
loss is 40.4%. It is observed that it loses CioH1105
moi ety and the remaining mass is ZnCgHO.

3.7 Antimicrobial activity studies
Antimicrobial Scanning Results

The Lw ligand and its metal chelates are screened
for their antimicrobia activities against Escherichia
coli, Bacillus subtilis;, Candida albicans,
Saphylococcus aureus and Klebsiella pneumonia.
The testing against growth of micro-organisms was
carried out by using well diffuson method
employing Mueller Hinton Agar (MAH) and culture
in nutrient broth in each case of micro-organisms.
The concentration of ligand Lw and its meta
chelates were chosen as 10°*M. the plates were
incubated at 35°C for 24 hours in incubator. The
clear zone of inhibition of growth for the organism
was measured in mm and the datais given in Table-
7. Dimethyl sulphoxide i.e. solvent used shows no
inhibition for al organisms under studies.
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Table: 7 Antimicrobial activities of 2-hydroxy -1, 4- naphthoquinone (Lw) and its metal chelates

(inhibition zone diameter in mm)

Sr. | Compound Escherichia Bacillus | Staphylococcus | Klebsiella Candida
No. coli subtilis aureus pneumoniae | albicans
1 DMSO Nil Nil Nil Nil Nil
2 ZnLw 11 -- 27 17 18
3 CdLw -- -- 25 19 12
4 HglLw 13 19 30 20 22
5 SnLw 29 42 12 17 26
6 PbLw 11 13 18 14 12

All the metal chelates showed microbial activity
against all organisms studied in this work.

SnLw showed good activity against al organisms
and showed highest activity for Bacillus subtilis.

The inhibition of the micro-organisms growth for
metal chelate was found to be in the following order
for Candida albicans

SnLw > HgLw > ZnLw > PbLw

The studies demonstrate that metal chelation can
increase the antimicrobial activity than metal free
ligand. It is responding that metal chelation reduce
the polarity of the metal ion mainly due to partia
sharing of its positive change with the donor group
and possibly the & electron delocalization occurring
within the whole chelate ring system formed during
co-ordination and resultsin increase of the lipophilic
nature of the central metal atom (20). It favors for its
penetration through the lipoid layer of the
membrane.

The transition metal chelates possess high degree
of inhibition which can be due to the greater number
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