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Abstract

The potentials of vanadium (lll) chloride as casalwere checked for the esterification of subsidutarboxylic acids with
methanol. The synthesised precursors and mettsisefsirmed were characterised by various analytéezdiniques such as
FT-IR, *H-NMR, *C-NMR and single crystal analysis. The antimicrbhigivities of the carboxylates and their methst-e
ers were found good against various strains ofédni@ciEscherichia coli, Bacillus subtilis, Staphylococcausreusand
Pasteurella multocidaand fungi Alternaria alternata, Ganoderma luciduand Penicillium notaturh All these esters
were tested for their activity against the alkalpf®sphatase (ALP) and Methyl 4-oxo0-4-(2,4,6-tiicbphenylamino)but-
2-enoate(compound 1)was found to be potent inhibitor while Methyl 443jichlorophenylamino)-4-oxobut-2-enoate
(compound 2)showed intercalative mode of binding with DNA.

Keywords: Vanadium Coordination Modes, Vibrational Spectroscopy,idittrobial Activities, Bacteria, Fungi

1. Introduction

The synthesis of carboxylic esters is one of thetrimopo- and industrial products. Similarly the alkyl estefslipha-
rtant fields in organic chemistry to obtain benielicomp- tic as well as aromatic acids showed enhanced amtin
ounds. However, most esterification proceduresireqa- ial properties against various strains stphylococgi
ther punitive situations such as the presencerohgtaci- colon bacilli aerobic bacilli Gram-positiveand Gram-
ds, bases, time consuming or expensive catalystiseds- negativebacteria and fungi as compared to the respective

er, such reactions frequently proceed only at higempe- acids (Aalto et al, 1953 and Grishchuk et al, 2007)
ratures. Studies revealed that esters derived &iamamic

and ricinoleic acids showed enhanced antimicradmtive- Vanadium complexes can catalyse the oxidation fofllet
ties as compared to their parent compounds (Nah@sim enzene to acetophenone, epoxidation of styrenexicle-
et al, 2004). tive bromination of salicylaldehyde (Maurya et 2005).

Vanadium(lll) chloride plays the equivalent rolethat of
The membrane-disruptive and antimicrobial actisgitief AICI; in the esterification of carboxylic moieties (Kaead
esters are well recognized and are often activiansiga br- et al, 2004). Many oxides, alkoxides, acetylacetorand
oad range of bacteria and certain viruses (Hugoy&f&, co-ordination compounds of vanadium have been tegor
1992). Esters are being used extensively in varflds as effective catalysts in hydrogenation and delyeinate-
like preservatives in pharmaceuticals, cosmeticeds, on/oxidation catalysis of organic and inorganic stdies
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(Sigel & Sigel, 1995). They also act as mediatarseidox
reactions driven by nicotinamide adenine dinuctEiph-
osphate (NADPH) (Vyskil et al, 1980). Selective oxidat-
ion of alkenes and cyclohexene by molecular oxygaes
also carried out by using oxovanadium(lV) tetradesmt
Schiff base complexes as catalysts (Boghaei & Mipheb
2002 and Mohebbi et al, 2005). The complexes dfrias
tolato) oxovanadium supported on silica gel havenbeam-
ployed for the oxidation of linear and cyclic allesnin
batch reactors (Mishra et al, 2007). A nhumber avaxa-
dium compounds were curtained as prospective citaly
for the oxidation of alcohols, polymerization ohgene
and ethylene/propylene copolymerization in the @nes
of a number of organoaluminium co-catalysts (Lingher
2007 and Da Silva et al, 2011).

Aim of the present work is to check the potentaflsana-
dium (1) chloride as catalyst for the esterifiicat of 4-
(3,4-dichlorophenylamino)-4-oxobut-2-enoic a¢il'), 4-
0x0-4-(2,4,6-trichlorophenylamino)but-2-enoic adidL?)
and 4-(4-bromo-phenylamino)-4-oxobut-2-enoic geid®)
and thereafter, to assess the antifungal and atgitial ac-
tivities of the esters formed.

2. Materials and Methods
2.1. Materials

Analytical reagents, such as 3,4-dichloroanilind, &tric-
hloroaniline, 4-bromoaniline, maleic anhydride, adium
(1) chloride, p-nitrophenyl phosphate hexahydrate- (
NPP), diethanolamine and magnesium chloride wega-ac
ired from Sigma Aldrich (USA) and used without fwt
purification. Sodium salt of Salmon sperm DNA (SS-
DNA) was obtained from Acros Organics, Belgium, and
used as received. All the solvents purchased fromez-

ck (Germany) were dried before use according ta¢pe-
rted procedures (Armarego & Christina, 2003). Hureen
rum (after patient consent) was used as a sourakkalfne
phosphatase (ALP).

2.2. Characterization of Compounds
Fourier transform infra-red (FT-IR) spectra in tla@ge of

4000-400 crit were recorded on a Thermo Nicolet-6700
FT-IR Spectrophotometer. Multinuclear NMRH( and

13C) spectra were recorded on a Bruker-300 MHz FT-

NMR Spectrometer (Figure 1), using CR@k a solventd]
'H (CDCly) = 7.25 ppm and **C (CDCE) = 77 ppm]. Ch-
emical shifts are given in ppm (in Sections 2.68.3 and
coupling constants (J) values in Hz. The multipiks of
'H NMR signals are mentioned with chemical shifts (s
singlet, d = doublet etc.). The absorption spestee me-

APEX CCD diffractometer, equipped with a 4 K CCO-de
ector set 60.0 mm from the crystal. The crystalseve®ol-
ed to 293+2 K for compounidL ! and 296+2 for Methyl 4
-0X0-4-(2,4,6-trichlorophenylamino)but-2-enoate riqm-
und 1) and Methyl 4-(3,4-dichlorophenylamino)-4-bxt-
2-enoate (compound 2sing the Bruker KRYOFLEX low
temperature device and intensity measurements acme@
mplished using graphite monochromated Me-tadiation
from a sealed ceramic diffraction tube (SIEMENS&n@r-
ator settings were 50 KV/40 mA. The structures vesie-
ed by Patterson Methods (Herbst-Irmer & SheldricQ8)
and extension of the model was done by direct nuistlus-
ing the program DIRDIF or SIR2004. Final refinement
F? was made by full-matrix least squares techniquegus
SHELXL-97, a modified version of the program PLUTO
(preparation of illustrations) and PLATON package.

—167.3
—161.53
- 53.02

&0 40 20

Figure 1.**C-NMR Spectrum of Compound 1

2.3. Salmon Sperm DNA Binding Studies

Salmon sperm DNA (SS-DNA) (20 mg) was dissolved and
stirred for overnight in doubly deionised water (pH.0)
and kept at 4C. The nucleotide to protein ratio (N/P) was
obtained from the ratio of absorbance at 260 ari r#8
respectively and was found to be 1.9, indicatingt tine
DNA is appropriately free from protein (Dey et 2010).
The DNA concentration was determined by absorpsipn
ectroscopy using the molar absorption coefficifn6@00
M~em® at 260 nm for SS-DNA and was found to be
2.0x10" M (Sastri et al, 2003). The compound was dissol-
ved in 70% ethanol at a concentration of 2 mM. Bbdt
absorption studies 10 mL solution of known concaign

of SS-DNA and compound were prepared by varying the
concentration of SS-DNA while keeping the conceitra

of compound fixed. A blank/reference solution wasoa
prepared without compound. Compound-SS-DNA solute-
ons were endorsed to incubate for 30 minutes ah neon-
perature (25+1°C) before the absorption measurements

asured on a Shimadzu 1800 UV-Visible Spectrophotome were made. Absorption spectra were recorded usingte

ter. The melting points were determined by usinglaatr-
othermal melting point apparatus, Gallenkamp (U.Kbe
X-ray diffraction data was collected on a Bruker ART

tes of 1 cm path length at room temperature. Ttréngic
binding constant “K” was calculated by using then8si-
Hildebrand Equation given below (Shujha et al, 2010
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AJ(A-Ao) =edf (encea) +&al (ences) X 1/ K[DNA]
Where:

K = Binding constant

A, = Absorbance of the drug

A = Absorbance of the drug-SS-DNA adduct

&s = Absorption coefficient of the drug

en-c = Absorption coefficient of the drug-SS-DNA adduct

The binding constants was obtained from the interte
slope ratios of A(A-A.) vs 1/[DNA] plots. The change in
Gibb’s free energyAG) was calculated by using following
equation:

AG = -RT InK
Where:

R = General gas constant, 8.314 Jitol™
T = Temperature, K
K = Binding constant

2.4. Alkaline Phosphatase I nhibition

For the preparation of assay the method used witasi
to as reported earlier with slight modificationsglik et al,
2011). Working substrate was made by mixing foutga
of reagent A [Diethanolamine (pH 9.8) 2 molfland ma-
gnesium chloride 0.5 mmol/dinand one part of reagent B
[p-nitrophenyl phosphate 50 mmol/dmSubstrate was in-
cubated for five minutes at 2&. In a cuvette 2 mL of the
substrate was taken and 40 pL of human serum haveng
activity of 165 IU/L was added into it. After incation of

1 minute, the absorbance was recorded to confieratt-
ivity of enzyme. The hydrolyzeg-NPP will be of yellow
colour due to the formation gfnitrophenol according to
the following reaction that absorbs at 405 nm.

) ALP ) .
p-Nitrophenyl phosphate + M§+ H,O ——— > p-Nitrophenol + Pi
Where:

“Pi"= inorganic phosphate

Various amounts of esters were, then, added pegtyi
from the 25 M stock solution to the above essagyliated
for 3 minutes and absorbance was recorded again hft
2, 3, 4 and 5 minutes. The average of these filleegavas
used to calculate the percentage inhibition.

2.5. Antimicrobial Activities
The fungicidal and bactericidal activities of caxplates
and their respective esters against various bacaed fun-

gi were carried out in two steps.

Step 1. Growth Medium, Culture & Inoculum Preparation

The bacterial strainsEécherichia coli, Bacillus subtilis,
Staphylococcus aureuand Pasteurella multocida were
cultured overnight at 37C in nutrient agar. The pure bact-
erial cultures obtained were maintained in the mn@din
slants and petri plates. For inoculums preparati@ng of
nutrient broth was suspended in one litre of destilater,
mixed homogenously and autoclaved for 15 minutd &t
°C. Then 10 pL of pure culture of a bacterial straias
added to 100 mL of freshly prepared nutrient broisdi-

um and shacked (140 rpm) at %7 for 24 hours. The prep-
ared inocula were stored at’@. The inocula with 1x10
spores/mL were used for activity measurement (&abet

al, 2012). The fungal strainglfernaria alternata, Ganod-
erma lucidumand Penicillium notatu were cultured ov-
ernight at 28C using potato dextrose agar. The pure cultu-
res were maintained in sabouraud dextrose agar SDA
medium in slants and petri plates, which were peets

sed in hot air oven at 18T for 3 hours. These cultured
slants were incubated at 28 for 3-4 days for the multipl-
ication of fungal strains.

Step 2. Antimicrobial Assay by Disc Diffusion Method

Antimicrobial activities were determined by meaifiglisc
diffusion method (Standards, 2006). Nutrient ag#& @
(for antibacterial activities) or potato dextrosgaa3.9 g
(for antifungal activities) was suspended in 100 ditill-
ed water and was sterilized by autoclaving at21for 15
minutes. It was then mixed well with 1QQ inoculums
and was poured in sterilized petri plates. Finathall filt-
er paper discs (9 mm) each soaked with Ql00f a specif-
ic solution were laid flat on growth medium. Thetrpe
plates were then incubated at %7 for 24 hours or 28C
for 48 hours for the growth of bacteria or fungspective-
ly. Clear zones of inhibition formed around thecdisvere
measured in millimetres using a zone reader (Hwtndl,
1996 and Bhalodia & Shukla, 2011). The zone ofhithi
on was calculated by using the following equation:

% Growth inhibition =100

(Linear growth in test sample (mm}( 0
L Linear growth in control (mm)

2.6. Synthesis

Substituted carboxylic acid$i( *-HL %) and their corresp-
onding methyl estersl{3) were prepared by condensation
reaction and crystallized in methanol. The geneedliche-
mical reactions and the proposed reaction mechaarem
given in Scheme 1 All the synthesized compounds were
characterised by various types of physical and tspsw-
pic techniques. Purity of the products was confitntg
their sharp melting points. The proposed structofeom-
pounds were verified by FT-IR, multinuclear NMBH(
and™*C) studies and single crystal analysis.

2.6.1. Synthesis of HL* and Compound (1)
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Scheme 1. (a) General Method for the Synthesis ob@pounds (b) Proposed Reaction Mechanism

R = 3,4-Chloro, 2,4,6-Chloro, 4-Bromo

HL *was synthesized by the condensation of 3,4-dichloro
niline with maleic anhydride. To a solution of malanh-
ydride (1 mmol) in acetic acid (HOAc) (300 mL) wadd-
ed a solution of 3,4-dichloroaniline (1 mmol) ireéic acid
(150 mL) and the mixture was stirred at room terapee
overnight. The light brown precipitates formed wélter-
ed, washed with cold distilled,® (200 mL) and air dried.
Crystals suitable for crystallographic study wereven fr-
om methanolic solution by slow evaporation at raemp-
erature. Compoundl) was obtained as green crystals by
refluxing HL* (3 mmol) with vanadium trichloride (1
mmol) in methanol for 4 to 5 hours.

Compound (1): Yield: 70%; m.p. 112 °C; Mol. Wt.:
274.09;IR(cm™): 1707 (-C=0 stretching of -COOGHr-
oup), 1677 (-C=0 stretching of -NH-CO-CH- group256
(-C-0O stretching of -COOCHyroup), 3303 (-NH stretchi-
ng of aromatic secondary amin€ti-NMR (300MHz,
CDCl3é/ppm): 7.91 (1H, s, aromatic), 7.38 (1H, 3= 8.7
Hz, aromatic), 7.49 (1H, d] = 8.7 Hz, aromatic), 6.43
(1H, d,J = 13.2 Hz, CO-CHCH), 6.26 (1H, dJ= 13.2
Hz, CO-CH=CH, 3.88 (3H, s, -COOC}), 11.18 (1H, s,-
NH-CO); **C-NMR (75MHz, CDCl3, 8/ppm): 139.9 (G),
121.7 (G), 132.7 (GQ), 125.6 (G), 127.7 (G), 119.3 (GQ),
167.4 (-NH-@) 137.3 (CO-G=CH), 130.5 (CO-CH=8
), 161.5 (-@MOCH;), 53.0 (-COQEI5) (Figure 1).

2.6.2. Synthesis of HL? and Compound (2)

HL? was synthesized with the same procedurdla’ but
instead of 3,4-dicholoroaniline, 2,4,6-trichlordareé was
used. Brown colored crystals of compou2)l Were obta-
ined by refluxingHL *with vanadium trichloride using me-
thanol as a solvent for 4 to 5 hours.

Compound (2): Yield: 72%, m.p. 113 °C; Mol. Wt.:
308.53,IR (cm™):1720 (-C=0 stretching of -COOGHr-
oup), 1660 (-C=0 stretching of -NH-CO-CH- group2,L¥
(-C-0 stretching of -COOCHyroup), 3205 (-NH stretchi-
ng of aromatic secondary aminél-NMR (300 MHz,

CDCl;3 é/ppm): 7.90 (2H, s, aromatic), 6.47 (1H, d, =

13.2 Hz, CO-CHCH ), 6.26 (1H, dJ = 13.2 Hz, CO-
CH=CH), 3.89 (3H, s, -COOC}H), 11.25 (1H, s, -NHCO);

13C-NMR (75MHz, CDCl;d/ppm): 126.4 (G), 134.1 (G

and G), 128.5 (G and G), 131.0 (G), 167.6 (-NH-@),

138.6 (CO-G=CH), 133.5 (CO-CH=@), 161.6
(-COOCH;), 52.9 (-COQG5).

2.6.3. Synthesis of HL* and Compound (3)

HL® was also prepared by adapting the above procedure,
by taking 4-bromoaniline and maleic anhydride astistg
materials. Light green crystals of compour®) (vere
obtained by refluxinddL *with vanadium trichloride for 4-
5 hours using methanol as a solvent.

Compound (3): Yield: 73%, m.p. 95 °C; Mol. Wt.:
283.10,IR (cm™): 1722 (-C=0 stretching of -COOGHjr-
oup), 1657 (-C=0 stretching of -NH-CO-CH- group2,14
(-C-O stretching of -COOCHyroup), 3241 (-NH stretchi-
ng of aromatic secondary aminé-NMR (300 MHz,
CDClj3 d/ppm): 7.46 (2H, d,J = 8.4 Hz, aromatic), 7.59
(2H, d,J = 8.4 Hz, aromatic), 6.44 (1H,Xz 13.2 Hz,
CO-CH=CH), 6.25 (1H, d,J = 13.2 Hz, CO-CH=CH
3.87 (3H, s, -COOCH, 11.04 (1H, s, -NHCO); *°C-
NMR (75MHz, CDClI3 é/ppm): 140.3 (G), 125.2 (Gand
Cs), 132.0 (G and G), 121.6 (G), 167.4 (-NH-@®) 136.9
(CO-CH=CH), 132.7 (CO-CH=8), 161.5 (-@®©OCH;),
52.9 (-COQGE5).

3. Results and Discussion

3.1. Crystal Structures of HL*, Compound (1) and (2)

Crystal data and structure refinements of carboxatid
HL* and methyl esterd) & (2) are given in Table 1, whe-
reas the selected bond lengths, bond angles aadsdet
hydrogen bonding are listed in Table 2. Figuresh@ws
the ORTEP diagrams along with atomic numbering sche
me of the compounds. The observed bond lengthdand
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nd angles in carboxylic acidL * and methyl esterd) and is also intramolecular hydrogen bonding between the

(2) are almost similar to those reported in literafioreoth- amide hydrogen and carbonyl oxygen of the esteumro
er structurally related compounds (Shahid et a@j32and (N1—H1--03). In compound?) there is only one kind of
Munawar et al, 2010). intramolecular hydrogen bonding between the amigk-h

Table 1. Crystal and Structure Refinements Data folCompounds HL, (1) and (2)

Compounds HL Compound (1) Compound (2)
Chemical formula @H-CILNO; C1HoCILNO; C11HgCINO;
Formula weight 260.07 274.09 308.53
T/K 293(2) 296(2) 296(2)
Wavelength / A 1.5418 0.71073 0.71073
Crystal system Triclinic Monaoclinic Monaoclinic
Space group P1 P 2/c C2lc
alA 7.1885 (3) 6.8375(3) 28.3957(12)

b/A 11.6364(5) 17.654(8) 4.6349(2)

cl/A 13.1264(7) 10.5182(5) 19.7123(11)

al® 85.180(4) 90 90

p1° 75.13 97.387(2) 94.019(2)

y1° 81.22 90 90

VA3 1047.63(8) 1224.26(10) 2587.98(19)

z 4 4 8

Absorption coefficient, mit |5.524 0.524 0.706

F(000) 528 560 1248

Crystal size, mm 0.5%x0.3x0.3 0.34 x 0.25 x 0.22 0.28 x 0.22 x 0.18

0 range for data collectiofl, |3.49 to 62.65 2.281t0 25.25 2.07to0 25.25
Reflections collected 11738 2204 2345

Independent reflections 3312 1808 1842

Goodness-of-fit on ¥ 1.031 1.063 1.096

Final R indices [l > 2(1)] R; =0.0318, wR=10.0899 | R=0.0425; wR=0.0780 | R=0.0540, wR=0.0951
R indices (all data) R=0.0345, wR=0.0927 | R=0.0323, wR=0.0724 | R=0.0371, wR=0.0782
Data/restrains/parameters 3312/0/289 2204/0/155 5/RB4

Calculated Density, mg/chn | 1.649 1.487 1.584

It is interesting to note that in synthesized commats; the  ogen and carbonyl oxygen (NH1--O1).

Cl attached to benzene ring lie in the plane ofzkee ring

to which it is attached. Asymmetric unit BiL* contains  3.3. FT-IR Spectroscopy

two molecules, whilel) and @) exist as monomers. The

ORTEP diagram oHL * (Figure 2) shows that the carbox- Fourier transform infrared spectra of the examiesters

yl group adopts an antiplanar conformation. Therimier- ~ show strong signals in the range of 1707-1722 arhich
molecular hydrogen bonding between the amino aro- ca are allocated to(C=0) and appearance of sharp bands ar-
oxylic group (N+H1--06 and N2H2--O2) as well as int- ound 1657-1677 cthand 1463-1486 cihare attributed to
ramolecular hydrogen bonding between carboxylicryd the asymmetric and symmetric vibrationsu(€0O0), resp-
gen and carbonyl oxygen (©8i3--O1 and O5H5--04). ectively. Whilev(COO) bending vibrations are observed in
In compound 1) intramolecular EH--O interact-ions, be-  the range of 1434-1448 ¢mPresence of peaks in the regi-
tween the benzene ring and the amide groupt{2-0O1 on of 3241-3303 cthare due to the(NH) stretching vibr-
and C6-H6--O1), generates a S(6) ring motif as well as in- ations. Aliphatic and aromatic (CH) groups shovetstni-
teraction between vinyl hydrogen and oxygen ofatrede ng vibrations around 2951 and 3183 ‘Gmrespectively.
group (C9-H9--01) also generates S(5) ring motif. There The CH; bending vibrations are seen at 1398-1400".cm
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Some weak bands due t¢-CH=CH-) are also visible in
the range of 640 to 650 ¢

Table 2. Selected Bond Lengths, Bond Angles and Hipgen Bon-
ding for Compounds HL, (1) and (2)

Is of the chemical shifts of diverse kinds of pracand
carbons are given in Materials and Methods sectiothe
case of'H-NMR spectra, the formation of esters were
confirmed by the disappearance of peak of carboxyiot-
ons in their respective regions and appearance shfagp

T singlet at 3.87-3.89 ppm due to the methoxy protens
Compound HL OCH,). *C-NMR spectra showed peak for methoxy carb-
Bond Lengths (A) Bond Angles (°) on (-CH;) around 53.0 ppm which also supports the form-
Cl2-C11 1.726(2) 03-C10-C9 120.87(18) ation of the product.
N2-C17 1.339(3) | C17-N2-C14| 128.47(16)
N2-C14 1.413(2) C10-03-H3 109.5 3.4. Drug DNA Interaction
03-C10 1.299(3) C15-C14-Np  116.85(17)
06-C20 1.212(3) C7-C8-H8 115.8 The binding mode of drug with SS-DNA was checked by
01-C7 1.240(2) 02-C10-C9 118.67(19) UV-Visible absorption spectroscopy by the comparisb
Compound (1 absorbance and shift in the wavelength of estetis anid
Cl1-C3 1.727(2) C10-02-C1]l 116.39(14) Without SS-DNA. DNA usually shows intercalationpgf
02-C10 1.316(2) C1-N1-C7| 128.30(14) Ve binding and electrostatic mode of interactiothvthe
N1-C1 1.402(2) C1-N1-H1 116.00 drug. The intercalative mode of binding is refersedhy-
C2-H2 0.9300 N1-C1-C6| 117.75(14) pochromism and bathochromic shift because of stacki
01-C7 1.222(19) Cl1-C3-C2| 117.79(15) interaction betwegn an aromatic chromophore_ anuh_ith_e
Compound (2 ogenous base pairs of DNA. The bathochromic shittai-
CI1-C2 1.724(3) C10-02-Cil 115.8(3) used by the_lowering in-T* trgnsition energy of the com-
Cl2-ca 1.737(3) C1-N1-C7| 121.32(19) plex due to its ordered stacking between the DNgeljza-
o1.C7 1.219(3) C7-NLHL 11900 irs after intercalation (Sirajuddin et al, 2013).
02-10 1.332(4) N1-C1-C2 120'0(f) The binding modes of all the synthesized compouritts
02-C11 _ 1'44f(4) N1-C1-C6] 122.9(4)  g5.pNA were checked and it was observed that amty-c
Hydrogen bonding HL pound () showed such interactions might be due to the pr-
D-H..A d(D-H) |d(H..A)| d(D..A) | <(DHA) , esence of chloro atoms on vicinal carbons of bemziey.
N1-H1..06 0.86 2.03 2.867(2) 164. The absorption spectra of compourdd i6 the absence (i)
N2-H2...02 0.86 2.03 2.872(2) 166.3 and presence (ii—viii) of DNA are shown in FigureTBere
Hydrogen bonding (1) exists single band at 260 nm. With the increadeNi&\ co-
N1-H1---O3| 0.86 211 | 2.9412(1P)161.00 ncentration the transition band of compourdl €xhibits
C2-H2---01| 0.93 2.22| 2.835(2) 123.00  hypochromism of 6.0, 10, 12.7, 16.7, 19.5, 23 a®d 2%
Hydrogen bonding (2) for 10, 19, 27, 35, 42, 48 and 54 uM of DNA resjwety.
N1-H1..01 | 0.86 | 1.9900 2.780(3) 153 These spectral characteristics show hypochromisiichwh
(a) : = (b) (e} HI1G T
“ET"'-_'L':-E:H o | {
‘:5"[ [ il
C /"E‘.J-h:u‘;. . \\;:QIC : : o3
il K il . & L.
) e (3:?{ 50 o ™ b @
-:j a':f-:‘:.- L:‘i'f In ‘\. 3 f e i
Cul /{L,L\‘;{;.“{:E o w B __ s
::'f =] i *,-,
06 HITA He

Figure 2. ORTEP Drawing with Atomic Numbering Scteme for (a) HL* (b) Compound (1) (c) Compound (2)

3.3. NMR Spectroscopy

Deuterated chloroform (CDglwas used to record tHel
and™®*C-NMR spectra of the methyl estéfs3). The detai-

suggests that the compouriy (night bind to DNA by an
intercalative mode. After intercalating the basérspaf
DNA, the n* orbital of the intercalated ligand may couple
with z-orbital of base pairs, thus decreasingsthe* transi-
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tion energy. In addition, it shows to some extetgraction
with the minor grooves which may be due to hydroigen-
ding to bases, typically to ;Nof adenine and QOof thymi-
ne. Similar findings have been reported by Haq 2208a-
me results were obtained by recording the specaftien 24
hours, which confirms the stability of drug-DNA cplex
for at least 24 hours.

of compounds was increased the activity of enzynas w
decreased. Compoung)(was observed as the most potent
inhibitor among the tested compounds. Maximum ergzym
inhibition effect could probably be due to its melectro-
negative nature, which blocks the active site oPAtesul-
ting in failure of enzyme molecule to bind with thabstr-
ate. Hence, there is decrease in absorption dies$rod-

{a)

Absorbanse (au)
AaiA-AL)

100
(b} ()

g

K=849x 10°M*
AG =-12.41 kl.mol?

z

Inhibition of ALP/ %%
-
=]

2

=

T T T T T T i T T
240 260 ZBF 300 3B M0 360 230 400 &2 i] .02 004

Wavelength (nm)

006 DOE M1 002
A[DHA] / M

] 02 04 05 08 1 12
Concentration of Inhibitor / mM

Figure 3. (a) Absorption Spectra of Compound (1)n the Absencei) and Presence of 10 uM (i), 19 uM (iii), 27 puMiv), 35 uM (v), 42 uM (vi), 4¢
MM (vii) and 54 uM (viii) DNA. The Arrow Direction Indicates Increasing Concentrations of DNA (b) Plobf AJ/(A-A,) vs 1/[DNA] (c)
Concentration Dependent Inhibition of Alkaline Phophatase (ALP) by Esters (1-3)

Binding constant and Gibb’s free energy was catedldor

compound 1) at 260 nm. The binding constant was found

uct formation.

to be 8.49x 1DM ™ while the change in Gibb’s free energy 3.6. Antimicrobial Activity

was -22.41 kJ/mol. Negative value&® shows that the in-
teraction of the drug with DNA is a spontaneouspss.

Table 3 shows the antimicrobial activity of the gmunds.

Table 3. Antibacterial and Antifungal Activities of Carboxylic Acids and their Methyl Esters

Antibacterial Activities | Antifungal Activities
Compounds Average zone of inhibition, mm

E. coli B. subtilis S.aureus | P.multocida | A.alternata | G.lucidum | P. notatum
Streptomycin 3%+ 0.25 | 36°+0.22 | 36°+0.19 | 36°+0.28 - - -
Fluconazole - - - - 38 0.36 47+0.31 | 3%5°+0.33
HL? 20°°+0.15 | 19°+0.17 | 18+0.09 0 26°+0.12 | 28°+0.20 | 44°+0.31
1 3"+ 0.28 | 36°+0.24 | 3%5°+0.31| 33°+0.29 22°+0.19 | 29°+0.22 | 48°+0.30
HL? 16+ 0.07 | 16°+0.08 | 26°+0.03 | 28°+0.15 28°+0.17 | 26+0.13 | 28+0.17
2 38+0.29 | 34+0.32 | 39+0.27 34+0.30 28°+0.16 | 26°+0.15 | 33°+0.14
HL® 18°+0.14 | 15+0.09 | 24°+0.17 | 25+0.16 16+0.11 | 23°+0.16 | 32°+0.18
3 33°+0.29 | 34+0.22 | 39+0.34 | 33°+0.25 27°+0.18 | 36+0.23 | 49+0.33

Concentration = 1 mg/mL in DMSO; Standard = Strepyein (Antibacterial), Fluconazole (Antifungal)=ONo activity, 5-10 = Activity present, 11-25
= Moderate activity, 26-40 = Strong activity; Andibterial and antifungal values are mean + S.D ofngées analysed individually in triplicate at p <
0.1; Different letters in superscripts indicatersificant differences. a = maximum activity, b =dnhediate activity, ¢ = minimum activity, ab = aaty
between maximum and intermediate and bc = actbetyveen intermediate and minimum.

3.5. Enzyme | nhibition Studies

All the synthesized esters were screened for thaibit-
ion against alkaline phosphatase (ALP) and theltseespe
shown in Figure 3¢ which depicts that the inhilmitiaf the
enzyme is concentration dependent. As the condinrtra

The carboxylic acids and their respective esteivdgves
were screened to see thigirvitro response against various
strains of bacteriaEscherichia coli, Bacillus subtilis, Stap-
hylococcus aureusnd Pasteurella multocidaand fungi
(Alternaria alternata, Ganoderma luciduamdPenicillium
notatumn) by disc diffusion method. Streptomycin and Flu-
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conazole were used as the positive controls foibant
cterial and antifungal screening tests, respegtiwehile

Bhalodia, N.R., and Shukla, V. (2011) Antibacterald
antifungal activities from leaf extracts of CasB#ula I.:

DMSO was used as a negative control. Each paper disAn ethnomedicinal plantlournal of Advanced Pharma-

was soaked with sample solution having concentraifdl
mg/mL in DMSO and the zones of inhibition formedtfie
respective media were measured in millimetres. dé@
have been summarized in Table 3. The perusal afréat
eals that a close relationship exists between tstrei@nd
activities of the investigated compounds, the é&drpro-
ducts possessed significantly higher activity tagathe
tested organisms than the respective free carlomgid
precursors. The potential activities were apprdgiabhha-
nced after esterification against bacterial as aslfungal
strains. All the alkyl esters exhibited their bigical acti-
vities even equivalent to or higher than the steshdatiba-
cterial and antifungal drugs Streptomycin and Fhazmle,
respectively. The enhanced activities may be erpthi
due to the increased lipophilicity on esterificati@sulting
in enhanced permeability and diffusion through oedim-
branes of microbes thus ultimately leading to insesl de-
ath rate of the pathogen by esterified productikeddao the
free carboxylic acid. The difference in the effeetiess of
various biocidal agents against different organisiegen-

ceutical Technology & Research2(2), p. 104.

Boghaei D.M. and Mohebi S. (2002) Synthesis, charac
zation and study of vanadyl tetradentate Schifebasmp-
lexes as catalyst in aerobic selective oxidatiomlefins.
Journal of Molecular Catalysis A: Chemical, 179(1-2),
pp. 41-51.

Da Silva, J.A., da Silva, J.J.F., and Pombeiro, £011)
Oxovanadium complexes in catalytic oxidatioBsordin-
ation Chemistry Reviews 255(19-20), pp. 2232-2248.

Dey, S., Sarkar, S., Paul, H., Zangrando, E., amattGpa-
dhyay, P. (2010) Copper (II) complex with trideet&t do-
nor ligand: synthesis, crystal structure, reagtigihd DNA
binding studyPolyhedron, 29(6), pp. 1583-1587.

Fyles, T.M. (2007) Synthetic ion channels in bilagem-
branesChemical Society Reviews36(2), pp. 335-347.

ds upon the permeability through the plasma mengbran Grishchuk, B., Klimnyuk, S., Simchak, R., Pokryshkn,

(Fyles, 2007).
4. Conclusion

Methyl esters of carboxylic acids were synthesisegres-
ence of as catalyst VEIIt was believed that Lewis acid

“VCI 3" homogeneously catalysed the esterification reacti

on. Formations of esters were confirmed by theéctes-
copic studies like FT-IR, multinuclear NMR and esp#y
XRD. The biological screening of the methyl esteiew-
ed enhanced activities against various strainsiogifand
bacteria as compared to their respective acids. ebbers
also have inhibitory effects for ALP. Methyl 4-oXe-
(2,4,6-trichlorophenylamino)but-2-enoate (compoudl
showed intercalative binding with DNA.
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