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Abstract: Sm(111) Chelates of isomeric juglones i.e of lawsone, juglone, phthiocol and plumbagin have been
synthesized. Molecular structures of these isomeric chelates are investigated with the help of thermogravimetry,
infrared, electronic spectroscopy and microanalysis. The antimicrobial activity of ligands and the chelates is
tested. The results of structural investigations and antimicrobial activity are compared to explore the nature and
consequences of ring isomerism on the structural characteristics and antimicrobial activity of these isomeric
chelates.
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. Introduction
Juglones which are hydroxyl derivatives of 1, 4 naphthoquinones constitute a typical class of ligands.
All juglones possess powerful chelating ability, due to which they can interact with most of the metals forming a
huge number of metal chelates which recognized as metal juglonates.
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Lawsone (LW) Juglone (JU) Phthiocol (PH) Plumbagin (PL)
Fig-1 Parent members of juglone

The important members of Juglone series under study are shown in the Fig-1.Some of the interesting
aspects of juglones include (a)Natural occurrence in medicinal plants as their active constituents[1] (b)
Exhibition of isomerism due to change of position of hydroxyl group on naphthogquinone moity.This results in
an interesting type of isomerism which is called as ring isomerism[2] after chelation with metals(c) Strong
‘Intermolecular and Intramolecular’ hydrogen bonding[3,4] is a special feature of Juglones which accounts for
their powerful microbiological[5]activities. These ligands also possess pharmacological [6], allelopathic[7]
entomological[8]and anticancer activity[9].Due to versatile nature of juglones study of metal complexes of these
ligands is a subject of interest for researchers for past fifty years.

Structural characterization of lanthanide complexes is a current need because lanthanide complexes
especially samarium complexes have gained significant attention because of their variety of applications as
catalyst in selective hydroboration[10],as electroluminescent material[11],antimicrobial agents[12,13]
anticancer and antiproliferative agents[14,15]Some lanthanide chelates of hydroxy naphthoquinones and their
derivatives are reported by Kelkar[16],Jagtap[17-19] Khandagale[20],Varpe[21]. TheCytotoxic effects of
samarium and some lantanide plumbaginates are reported by M. Tan[22] and Chen Z.[23].In present
communication we are reporting isomeric chelates of Sm(Ill) with lawsone(LW) ,juglone(JU), phthiocol(PH)
and plumbagin(PL) which are called Sm(I1l) Lawsonate, Juglonate,Phthiocalate and Plumbaginate to examine
effect of five and six membered ring formation after chelation on their structural and antimicrobial properties.

Il.  Materials And Methodes
2.1. Synthesis of ligands
Juglone and phthiocol were prepared by following the method suggested by Radt[24] and Fisher[25]
respectively while plumbagin was the commercial product obtained from Bio Organics, Madras (India).
2.2. Synthesis of Chelates
The methanolic solutions of the ligands (lawsone, juglone 0.522gm phthiocol and plumbagin
0.564gm,3mmol ) and aqueous solution of samarium chloride (0.261gm, 1m mol) were used. The Sm(lIl)
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phthiocolates and plumbaginates were precipitated by mixing the corresponding metal ion solution and ligand
solution taken in the proportion of about 1:3 and the pH was adjusted to 4-5 for phthiocolates and 6-7 for
plumbaginates by ag.ammonia solution (10 %) and reaction mixture was refluxed (with stirring) for 3 hours in
oil bath at 60° C. After cooling the products were filtered and dried in a vacuum desiccators.

2.3. Instrumental techniques

The chelates were analyzed micro analytically using Thermo Finnigan CHNS and O analyzer for
obtaining the percentage of carbon, hydrogen and residue (as metal oxide MO). The thermograms of the
chelates were recorded on DTG-60 Simultaneous DTA-TG apparatus Shimadzu model and the solid state
infrared spectra of ligands and metal chelates are recorded in KBr (discs) in the region 4000-450 cm™ on
Thermo Scientific (Nicolet iS5) spectrophotometer. The electronic spectra of ligands as well as their chelates
were recorded in KBr disc in the region 200-1100 nm against pure KBr disc as the reference on Shimadzu U.V-
300 double spectrophotometer. 1 mg of the sample was mixed in 100 mg of spectroscopic KBr and transparent
pellets of 0.1 mm thickness were obtained for recording the spectra.

I11.  Results And Discussion
The molecular composition of the chelates, which has been established on the basis of elemental
analysis and thermogravimetry and their general physical properties are given in Table-1.They show attractive
intense visible colors in solid state. The Lawsonates and phthiocolates possess intense orange or red color while
Juglonates and plumbaginates possess dark violate or brown shades.

Table.1: Analytical Data of Sm(Il) chelates of Lawsone, Juglone,Phthiocol and Plumbagin

Sr.  Empirical Formula Color Yield(%) Elemental Analysis: Found (Calcd.)
No
C H M(as MO)

1. Sm(LW)32H,0 Deep Red 70.11 52.28 2.88 25.01

Sm. C30H19011 (51.049) (2.713) (24.76)
2. Sm(JU)32H,0 Dark Violet 63.22 52.03 2.44 24.00
3. Sm(PH);.2H,0 Orange 68.85 56.79 2.20 23.63
4. Sm(PL)s.2H,0 Dark Brown 67.38 55.79 2.20 26.63

Sm .CgsH25011 (53.00) (3.37) (23.31)

LW: Lawsone JU: Juglone PH: Phthiocol PL: Plumbagin

3.1 Thermal study

Determination of the percentage of water molecules and confirmation of the percentage of metal oxide
were done through thermogravimetry [26]. The thermal decomposition curves recorded in nitrogen show a two
to three step weight loss pattern. In the initial step that occurs in the temperature range 0-180°C, the weight loss
corresponds to loss of two water molecules. In the subsequent steps, involving temperature up to 650°C,
oxidative decomposition of the ligands takes place resulting in the final product and lanthanide metal oxide
Sm,0s. The procedural and final decomposition temperatures are lower for phthiocolates than plumbaginates indicating
that the Juglonates and plumbaginates are thermally more stable than lawsonates and phthiocolates respectively[2].
Therefore juglonates and plumbaginates involving six member ring have stronger intermolecular forces than
those in lawsonates and phthiocolates involving five member ring.

3.2 Infrared spectroscopy
The IR spectra of the ligands and their chelates are shown in Fig-2 and significant IR peaks are
summarized in Table-2.
Table-2 Significant IR peaks of juglones and their Chelates

Sr.No. Compound v (OH) v (C=0) (cm™) v (C-0) -CH3
(cm™) Chelated Free (cm™) (cm®)

1 Lw 3170 1592 1678 1214 -

2 Sm-Lw 3421 1574 1653 1221

3 JU 3145 1643 1664 1225

4 Sm-JU 3421 1595 1635 1239 -

5 PH 3335 1590 1656 1208 2942

6 Sm-PH 3367 1542 1559 1232 2926

7 PL 3174 1644 1663 1230 2965

8 Sm-PL 3433 1613 1643 1252 2963
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Fig -2. Infrared spectra of Isomeric Fig-3. Electronic spectra of Isomeric
Juglones and Sm-Chelates. Juglones and Sm-Chelates.

These peaks are examined particularly to assess the effect of chelation and ring isomerism on their
peak position and peak intensity.

3.2.1 O-H Stretching Frequency:

The O-H stretching frequency is observed in the ligands, in the form of a broad band of medium
intensity in the range of 3145-3335cm1[27]. This frequency is expected to be absent in all chelates due to
chelation but its place is taken by O-H vibrational modes arising due to the association of lattice or coordinated
water. The O-H stretching frequency arising from water molecule appears at 3421cm™ for Lawsonate and
Juglonate. For phthiocolate and plumbaginate it appears at 3367cm™ and 3433cm™ respectively.

3.2.2 C=0 Stretching Frequency:

There are two non equivalent C=0 bonds in all the ligands and chelates. One of these which is adjacent
to —OH group is directly involved either in hydrogen bonding in the free ligand or in chelate formation in their
metal chelates. Hence, these bonds are characterized as ‘chelated C=0’ bond, while for other it is characterized
as ‘non-chelated’ or ‘free C=0" bond. Corresponding IR frequencies are assigned as chelating C=0 and non-
chelating C=0 stretching frequencies.

As a result of chelation, the chelated C=0 stretching frequency is shifted to lower frequency region
indicating that bonding with metal is through chelated carbonyl oxygen[28] in all four chelates. Similarly the
non-chelating C=0 frequencies are shifted to lower wave number. This suggests that although, the free C=0
bond is not directly involved in the chelation, there seems to be some mechanism due to which withdrawal of
electron density from this C=0 bond takes place, resulting a large red shift.
when chelated C=0 frequency of the isomeric pairs is compared it is found that frequencies of juglonates and
plumbaginates are observed at higher wavelengths as compared to lawsonates and phthiocolates indicating their
greater strength in the respective chelates.

3.2.3 C-O Stretching Frequency:

This is another important frequency which is involved in chelation. In the juglone and plumbagin, C-O
stretching frequency is observed at higher wave number (1225-1230cm-1) as compare to lawsone and
phthiocol(1214-1208) respectively indicating comparatively stronger bonding. The large red shifts indicate C-O
bond becomes stronger in chelates. When this observation is coupled with the weakening of the free C=0 bond,
it suggests that there might be a delocalization of electron density over the region connected by free C=0 bond
and chelated C-O bond due to which there is a transfer of electron density from the free C=0 bond to chelated
C-0 bond as suggested by Kodolikar [29].

The greater strength of chelated C=0 and C-O in plumbaginates indicate that the six membered ring in
plumbaginates is more stable than five membered ring in phthiocolates. A comparison of the stretching
frequencies corresponding to that of chelated C=0 and C-O bond in these isomeric chelate provides an
evidence to assess the relative stability of five membered ring and six membered ring.

3.3 Electronic Spectroscopy

The spectra of all the ligands and their chelates are shown in Fig.-3 and significant absorption maxima
are given in Table-3. Electronic spectra of 1,4 naphthoquinones are interpreted by previous workers[30].The
electronic spectra of lawsone, juglone, phthiocol, plumbagine in polar as well as non polar solvent have been
studied in detail along with their C-3 substituted derivatives to examine the effect of C-3 substitution[21,26]..
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The spectra of lawsone, juglone, phthiocol and plumbagin consist of three principal bands which are called as
benzenoid electron transfer (BET), quinonide electron transfer (QET) with medium intensity and n—=* ,which
is comparatively broad.

In the present work a comparative study of the electronic spectra of these selected ligands and their
samarium(lI1) juglonates in solid state is carried out mainly to examine effect of ‘ring isomerism’ on these
spectra. These chelates show intense colours in solid state which are stable towards light, moisture, atmospheric
air and variations in temperature. It is further found that colour of the chelates is characteristics feature of this
chelate in solid state which is reduced when they are dissolved (partially) in solvents.

3.3.1 Effect of Chelation:

A comparison of spectra of chelate with the spectra of their ligand shows that there is a general
resemblance between these spectra. Thus , spectra of ligands and chelate consist of three principle bands. The
first being due to the BET,the second due to the QET and last band is expected to occur due to mixing of
n—7 ,f-f transition and charge transfer transition as a result of chelation with the metal ions.

Table 3. Absorption maxima of solid state electronic spectra of Isomeric Juglones and Sm-Chelates.

Sr.No. Compound Principle band wavelength
BET ) nm. QET A nm. n—m /L—M/ f-f
transition A nm.

1. LW 260 343 394
2. Sm-LW 343 418 694
3. JU 247 367 425
4. Sm-JU 343 397,422 599
5. PH 265 344 418
6. Sm-PH 343 380 750
7. PL 248 363 407
8. Sm-PL 343 422 594

In all four chelates the first band BET becomes of medium intensity and it is shifted to higher
wavelength by (83-78) nm in five membered Sm(Ill) Lawsonate and phthiocolate and by (96-95) nm in Sm(lll)
juglonate and plumbaginate. These shift in juglonate and plumbaginate are greater than lawsonate and
phthiocolate. The second band due to QET shows increase in intensity after chelation and is shifted to higher
wavelength.This shieft is by 81-28 nm in lawsonate and phthiocolate and by 65-66 nm in juglonate and
plumbaginate.The shift in Sm-PH is very small as compare to other chelates. The third intense band attributed
to n—mw*transition in all the ligands show a significant change in its position, shape and intensity as a result of
chelation.The n—r* transitions are normally expected in visible region (380-800 nm) which is also important
for ligand field spectra originated from f-f transitions[21]. This band becomes broad with a large shift to higher
wavelength.After chelation a large shift in Sm-LW and Sm-PH is of order of (300-332 nm) is seen while in Sm-
JU and Sm-PL it is of order of (170-190 nm).The shifting of band in Lawsonate and phthiocolate is greater than
in respective juglonate and plumbagin.Since all ligands are powerful donors and shifting at or above around
600cm™, this broad band is attributable to overlapping of n—* transitions in the ligands, f-f transitions within
the metal and ligand to metal charge transfer in the chelates.

IV.  Antimicrobial Activity Of Ligands And Chelates
Antimicrobial activity of similar hydroxy 1,4 naphthoquinones and their oxime derivatives with some
lanthanide metals such as Ho(lll), Er(l11), Yb(IIl) are reported by Jagtap etal and khandagale etal[17-20] while
Varpe[21] has studied the activities of Y(III),Eu(lll) and Th(lll) chelates of juglone derivatives. In this
communication comparison of the activities of isomeric pairs of the selected juglones and their Sm(l1l) chelates
is done.

4.1 Materials and Methods:
4.1.1 Microorganisms and compounds:

The antimicrobial investigations of Sm(lII) chloride, lawsone,juglone, phthiocol, plumbagin and their
chelates with Sm(IIl) were carried out against two Gram negative bacteria i.e Escherichia coli (NCIM — 2065)
and Klebsiella pneumoniae (NCIM-2706) and three Gram positive bacterias which are Bacillus subtilis (NCIM
— 2063), Micrococcus luteus (NCIM-2169), Staphylococcus aureus (NCIM — 2079) and These were obtained
from National collection of Industrial Microorganisms division of National Chemical Laboratory, Pune. Metal
salt SmCl;.6H,0 purchased by Aldrich was used for comparative purpose of antimicrobial activities. Well
diffusion method was employed for the measurement of the activities. The effect of chelation and effect ring
isomerism on the selected compounds is studied in the present work.
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4.1.2 Concentration of compounds under test:

The compound was tested for three concentrations 1mg/ml,1.5mg/ml, 2mg/ml dissolved in DMSO for
compounds showing significant activity while the concentrations were increased further to 2.5mg/ml, 3mg/ml,
3.5mg/ml dissolved in DMSO for compounds not showing activity at lower concentrations. The activities at
these various concentrations are summerized in Table-4. The concentration (1.5mg/ml) at which all ligands and
all chelates show significant activity are taken for the comparison and the results are presented in Table-5.

4.1.3 Experimental Procedure:

Fresh cultures of the bacteria organisms are taken. Suspension of the organisms was prepared in sterile
peptone water. Prepared suspension was aseptically seeded in Nutrient Agar for bacterial cultures. Seeded agar
was poured in sterile petriplates. After cooling, four wells of 8 mm diameter were bored in each plate. Each
well was marked with the sample name and with the help of micropipette, 0.1 ml of sample dilution was added
in respective well. (0.1 ml of sample dilution correspond to 500 p g Concentration per well). The bacterial plates
were incubated at 37°C for 48 hrs.After incubation the organisms which are sensitive are inhibited by the test
sample and inhibition zone is developed. The diameters of these inhibition zones were measured in mm. The
antimicrobial activity in the present work is expressed in terms of circular zone inhibition areas (mm?)
calculated from 7ur? (where r = radius i.e. 0.5 diameter) which is convenient for comparative purpose as proposed
by Kulkarni.

4.2 Results and discussion of antimicrobial activity:
4.2.1 Antimicrobial Activity of the Metal Salt and ligands:

The activity of Samarium chloride is zero against all five microorganisms. Among four selected
ligands, lawsone and phthiocol show MIC for the concentration,1.5 mg/ml for all five microorganisms while
juglone and plumbagin show MIC for 1 mg/ml for all five microorganisms. Therefore in general Juglone and
Plumbagin exhibit greater activity as compared to Lawsone and Phthiocol for selected bacteria. For comparing
activity within five organisms 1.5 mg/ml concentration is considered where all four ligands show considerable
activity. The effect of chelation with samarium is also studied for the same concentration. The results are
expressed through bar diagram (Fig-4).The ligand Plumbagin (conc.1.5 mg/ml) shows highest activity against
all five selected bacteria where activity against E. coli is maximum. On the contrary ligand lawsone shows least
activity against M. luteus among all ligands.

It is notable that the area of inhibition zone against Gram negative bacteria (E. coli and K.
pneumoniae) are found to be greater as compared to that against Gram positive bacteria (B. subtilis, M. luteus
and S. aureus) for Lawsone and Juglone. Phthiocol and Plumbagin do not exhibit such uniform trends for
Gram positive and Gram negative bacteria.

4.2.2 Antimicrobial Activity of the Sm (111) Chelates and effect of ring isomerism:

The juglone and plumbagin chelates of Sm (lll) show significant activity against selected
microorganisms which is found to be reduced as a result of chelation as compared to original ligands. The
activity of other two ligands, lawsone and phthiocol is totally diminished after chelation with Sm(lIl).
Comparison of the antimicrobial activities of Sm-JU and Sm-PL, for all five microorganisms clearly shows that
their activities are remarkably different from each other due to methyl substitution on Plumbagin. Sm-PL shows
greater activity as compared to Sm-JU. Rahmoun etal [31] have showed that, the free keto groups at 1,4 position
on naphthoquinone enhanced their bioactivity. In general the OH group on the ring increases the activity but
when present at C-2 position decreases the activity as seen in lawsone and phthiocol. Ambrogi etal and bradnelli
etal [5,32] have showed that presence of electron donating groups such as methyl group at positions 2 or 3 on
1,4 naphthoquinones may enhance their antimicrobial activity as observed in plumbagin. These groups enhance
hydrogen bonding, allowing stronger binding at its site of action. Therefore the strength of the activity is also
related to the strength of hydrogen bonding [33].In the present study, Ligands, juglone and plumbagin having
very strong intramolecular hydrogen bonding as compared to lawsone and phthiocol respectively results in
greater antimicrobial activity. Similar trend is maintained for the isomeric metal chelates of juglone and
plumbagin. The most notable observation is that, six membered Sm-JU and Sm-PL show greater activity against
selected Gram negative bacteria as compared to Gram positive bacteria indicating the effect of ring size on the
activity. Sm-PL shows highest activity against E. coli (530.66mm?). It is maximum even at concentration
1mg/ml(452.16 mm?). Therefore this activity is likely to be predominant even at lower concentrations, for which
further study is necessary. The results are summarized in Table no.5 and Fig-4.
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Table 4. Comparison of the Antimicrobial Activity of the Isomeric juglones and it’s Chelates with

Sm(III) at Different Concentrations.

Compou Conc. E. coli K. pneumoniae B. subtilis M. luteus S. aureus
nds Mg/ml. A B A B A B A B A B
DMSO - - -
SmCl;.6 1.0/1.5/2.0 - - -
H,O
2.5/3.0/3.5 - - -
LW 1.0 13 | 132.66 13 132.66 10 78.5 10 78.5 10 78.5
15 18 254.34 17 226.86 11 94.985 14 153.86 12 113.04
2.0 18 254.34 19 283.38 15 176.62 15 176.62 16 200.96
Sm-LW 1.0/1.520 | --
2.5/3.0/3.5 - - -
JU 1.0 18 | 254.34 16 200.96 15 176.62 14 153.86 15 | 176.625
15 18 254.34 16 200.96 15 176.25 14 153.86 15 176.625
2.0 18 | 254.34 16 200.96 16 200.96 14 153.86 15 | 176.625
Sm-JU 1.0 13 | 132.66 14 153.86 14 153.86 17 226.86 14 | 153.86
1.5 14 153.86 15 176.65 15 176.62 17 226.86 15 176.62
2.0 14 | 153.86 16 200.96 15 176.62 17 226.86 15 176.62
PH 1.0 14 153.86 12 113.04 13 132.66 10 78.5 10 78.5
15 16 | 200.96 12 113.04 13 132.66 14 153.86 11 94.98
2.0 16 | 200.96 13 132.66 14 153.86 14 153.86 11 94.98
Sm-PH 1.0/1.5/2.0 - - -
25/3.0/35 | -
PL 1.0 34 | 907.46 25 490.62 26 530.66 | 26 530.66 | 25 | 490.62
15 36 | 1017.3 25 490.62 26 530.66 | 26 530.66 | 25 | 490.62
2.0 36 | 1017.3 26 530.66 27 572.26 | 26 530.66 | 25 | 490.62
Sm-PL 1.0 24 | 452.16 12 113.04 13 132.66 14 153.86 13 132.66
15 26 | 530.66 17 226.86 16 200.96 16 200.96 16 | 200.96
2.0 27 | 572.26 20 314 17 226.86 19 283.38 18 | 254.34
A: Diameter (mm)
B: Area (mm?)

Table-5 Antimicrobial activities of Isomeric Juglones and their Sm (111) Chelates at Conc. 1.5mg/ml.

Compounds Circular area of inhibition zone (mm?)
E. coli K. pneumoniae S. aureus B. subtilis M. luteus
DMSO —
SmCl;.6H,0 - -
LW 254.34 226.86 113.04 94.985 153.86
Sm-LW ---
JU 254.34 200.96 176.625 176.25 153.86
Sm-JU 153.86 176.65 113.04 78.5 94.985
PH 200.96 113.04 94.98 132.66 153.86
Sm-PH —
PL 1017.3 490.62 490.62 530.66 530.66
Sm-PL 530.66 226.86 200.96 200.96 200.96
~ 1200 . PR : s
A Comparative Results of the Antimicrobial Activity
E 1000
E 800
E 600 B E. coli
E 400 B K. pneumoniae
E 200 S. aureus
k] 0~ B B, subtilis
]
= \!\"0 «9’0 v \7‘\ \\5 &\x\s QQ\ RQ” ¥R M. luteus
&
Compounds

Fig.-4 Bar Diagram for Comparison of the Antimicrobial Activity of Isomeric Juglones and its
Chelates with Sm(I11) (Conc. 1.5 mg/ml)

www.iosrjournals.org 38 | Page



Effect of Ring Isomerism on Spectral and Antimicrobial Studies of Sm (111) Juglonates

V.  Conclusion

Comparative study of Sm(lIl) chelates of Lawsone, juglone, phthiocol and plumbagin from spectral
study indicates in that general six membered juglone and plumbagin chelates are thermodynamically more
stable than five membered lawsone and phthiocol chelates. Notable large shifting of band in the electronic
spectra of the Sm(IIl) chelates could be due to overlapping of n—n* transitions,f-f transitions and ligand to
metal charge transfer in chelates which is greater for six membered chelates as compared to five membered
chelates. Greater shifting in Sm(l11) phthiocolate as compare to lawsonate could be due to methyl substitution on
the ring.Remarkable activity is shown by Sm(Il1) plumbaginate and juglonate which is greater for selected Gram
negative bacteria than Gram positive bacteria while activity of respective five membered lawsonate and
phthiocolate is lost indicating the effect of ring isomerism on these chelates.
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