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Abstract

The article report on new tetraamidometllophthalocyanines (2,9,16,23-tetra-N-[4-(1H-benzimidazol-2yl) phenyl] benzamido-
metallophthalocyanines) have been synthesized and were characterized by elemental analysis, FTIR, 'H NMR, UV-VIS
spectral data. The antioxidant activities of phthalocyanines were investigated by in vitro antioxidant assays such as free
radical scavenging ability of 1,1-diphenyl-2-picrylhydrazyl (DPPH). The soluble conjugates metallophthalocyanines were
screened against a wide range of Gram-positive and Gram-negative bacteria showed modest zone of inhibition and MIC with

standard drug was investigated.
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Introduction

Metallophthalocyanines (PcM), which are synthetic, remarkably
stable and versatile macrocyclic compounds. Crucial role in
overall functionality of the colorful PcM were make good
candidates for incorporation into high thermal stability, light
fastness and inertness to acids and alkalis. Major work has been
done on the modification of the phthalocyanines (Pcs) for
diverse applications, especially as pigments for printing inks
and plastics'™. Unique molecular assembly optical properties of
phthalocyanines make suitable for applications as optical and
electrical properties’. Since the molecules designed systems
follows the classical cyclotetramerization of suitably substituted
phthalonitriles, moiety that provides a desired response have
focused on the preparation of substituted phthalonitriles with
various opto responsive groups on to the aromatic system’.
There is a considerable interest in creating synthetic PcM
complexes and their derivatives that exhibits applications in
material science field®'’. Nevertheless, additional examples of
such complexes are used in laser-beam printers and
photocopiers'™!, in optical data storage"'?, as liquid crystals”
B as photo-sensitizers'™®, in non linear optics’", as gas
sensors® 13, as electrochromic substances'® 16, Langmuir-
Blodgett films'” ' and as carrier generation materials in the
region of near infrared (NIR)". Core-expanded Pc derivatives
increasingly recognized as useful pharmacokinetic and
photodynamic properties largely depends on understanding
the structure-activity relationships of this class of compounds.
However, the substituted PcM also display a rich array of
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biological activity and increasing administration of
antimicrobial agents has led to the development of microbial
resistance. Bibliographic Survey reveals genetic mutations that
result in resistance to clinically used drugs, especially
Streptomycin for antibacterial and fluconazole for antifungal®”
*!_ Studies in the literature involving very different classes of
materials lead us to suggest that the discovery of new
antimicrobial compounds could play a chief role as functional
elements antimicrobial spectra and higher therapeutic indexes
than Streptomycin and fluconazole. An essential component of
the search for new leads in a drug designing program is the
synthesis of molecules, which are novel yet resemble known
biologically active molecules by virtue of the presence of some
critical structural features. In the interest of above mentioned
features of PcM, we planned our synthesis by combines these
two biolabile components together to give a compact structure
like title compounds.

Present article describes a new series of 2,9,16,23-tetra-N-[4-
(1H-benzimidazol-2yl)phenyl]benzamido-substituted  metallo-
phthalocyanines have been synthesized as the target compounds
and characterized by FT-IR, '"H NMR, UV-visible spectroscopy
and elemental analysis. We described in order to examine the
lead optimization in vitro microbiological activity against
various Gram-positive, Gram-negative bacteria and the different
fungi in comparison with control drugs. In addition, antioxidant
properties of 2,9,16,23-tetra-N-[4-(1H-benzimidazol-2yl)
phenyl] benzamido- metallophthalocyanines were investigated
and radical scavenging capacity was studied.



Research Journal of Chemical Sciences

ISSN 2231-606X

Vol. 3(9), 51-57, September (2013)

Material and Methods

All the reagents were of analytical reagent grade and were used
without  further  purification. = O-phenylenediamine, p-
aminobenzoic acid and N,N'-Dicyclohexylcarbodiimide were
purchased from Sigma Aldrich. Synthesis of 4-(1H-
benzimidazol-2-yl)aniline ~ was according to available
procedure22 and synthesis of 2,9,16,23-tetra-N-[4-(1H-
benzimidazol-2yl) phenyl]benzamido- metallophthalocyanines
compounds (5-7) were prepared as described in literature™>*,
All reactions were followed by TLC (Silica gel, aluminum
sheets 60 F,s4, Merck).

Equipment: Infrared spectra were recorded on using a
Perkin Elmer Spectrum 100 FT-IR (ATR) spectrometer.
UV-Vis spectra were recorded on a Perkin Elmer UV-Vis
spectrometer; model UV/VIS-35. Elemental analysis was
performed on VarioMICROV 1.7.0. (Element] Analysersysteme
GmbH). '"H NMR spectra were obtained by using a Bruker
SFO1-400 MHz TMS, as internal reference.

Preparation of 4-(1H-benzimidazol-2-yl)aniline: 4-(1H-
benzimidazol-2-yl) aniline was synthesized by heating ortho
phenylenediamine (0.8 g, 3.68 mmol) and 4-aminobenzoic acid
(1 g, 5.78 mmol) in 12.5 g polyphosphoric acid (PPA) and the
mixture for a 24 h with constant stirring. The thick reaction
mixture slurry was poured into ice water mixture. Precipitated
product was filtered, washed several times with methanol and
air dried.

Yield: 76.3% found: Anal. (%) Calc. for [Ci3H;N3]: C, 74.62;
H, 5.30; N, 20.08 Found: C, 73.48; H, 6.52; N, 19.23. IR (KBr,
cm™): 3368.0 (-NH), 1691.9 (C=N), 1560.5(C=C), 1499.7 (C-
C). '"H NMR (DMSO-d6, & ppm):6.51 to 6.67 (s, NH,), 7.1-8.1
(m, Ar-H), 10.0-10.05 (s, NH). Mass (M)* cal m/z- 209.2, found
m/z -210.0.

Synthesis of 2, 9, 16, 23-tetra-N-[4-(1H-benzimidazol-2yl)
phenyl] benzamido- metallophthalocyanines: 2,9,16,23-tetra-
N- [4-(1H-benzimidazol-2yl) phenyl] benzamido-
metallophthalocyanines (MPc) was synthesized by procedure
described for the synthesis of other PcM. To dry DMSO (10
ml) under nitrogen atmosphere in a 100 ml RB flask, (1 g, 1
mmol) tetracarboxy metallophthalocyanines, 1.77 g (6 mmol) 4-
(1H-benzimidazol-2-yl) aniline, K,CO; (2.5 g, 2.5 mmol) and
DCC (1.65 g, 8 mmol) as catalyst was added to the mixture was
mixed well. The mixture was stirred for a total of 24 h at room
temperature. During the reaction hours the reaction mixture
turns to greenish color. After the 24 h reaction at which reaction
mixture forms a greenish color. The resulting product was
filtered, washed with ethyl acetate and hexane to remove the
intermediates and unreacted components. The product was dried
in an oven for 1 h at 55 °C obtained solid bluish green.

Synthesis of 2, 9, 16, 23-tetra-N-[4-(1H-benzimidazol-2yl)
phenyl] benzamido-nickelphthalocyanines (5): Yield: (82%)
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found: Anal. (%) Calc. for [CggHs,N,oNiOy]:C, 69.90; H, 3.47;
N, 18.53; Ni, 3.88; O, 4.23. Found: C, 68.88; H, 3.51; N, 17.83;
Ni, 3.69; O, 4.43. IR (KBr, cm™): 3322.07 (-NH), 2928.69
2850.95 (Ar-CH), 1625.83 (C=N), 1559.74(C=C), 1451.57 (C-
C), 1317.85, 1244.28, 1083.07, 831.18, 741.00, 629.05 are
attributed to the various skeletal vibration of PC ring."H NMR
(DMSO-d6, & ppm): 6.7 to 8.2 (m, Ar-H), 9.8 (s, NH).

Synthesis of  2,9,16,23-tetra-N-[4-(1H-benzimidazol-2yl)
phenyl] benzamido-cobalt phthalocyanine (6): Yield: (80%)
found: Anal. (%) Calc. for [CggH5,CoN,;O4]:C, 69.88; H, 3.47;
Co, 3.90; N, 18.52; O, 4.23. Found: C, 68.93; H, 3.24; N, 17.87,
Co, 3.66; O, 4.33. IR (KBr, cm™): 3322.07 (-NH), 2928.69,
2846.29 (Ar-CH), 1625.72 (C=N), 1513.77 (C=C), 1452.79 (C-
O), 1303.86, 1227.67, 1149.93, 1092.40, 893.38, 837.40, 36.33,
629.05 are attributed to the various skeletal vibration of PC ring.

Synthesis of 2,9,16,23-tetra-N-[4-(1H-benzimidazol-
2yDphenyl] benzamido-copper phthalocyanine (7): Yield:
(81%) found: Anal. (%) Calc. for [CggHs,N,,O4Cul:C, 69.67;
H, 3.45; Cu, 4.19; N, 18.47; O, 4.42. Found: C, 68.55; H, 3.55
: N, 17.87; Cu, 4.06; O, 3.53. IR (KBr, cm™): 3317.41 (-NH),
2916.25, 2840.52 (Ar-CH), 1628.83 (C=N), 1568.19 (C=0),
1450.02 (C-C), 1313.19, 1227.67, 1086,18, 887.16, 837.40,
741.00, 636.82 are attributed to the various skeletal vibration of
PC ring.

Results and Discussion

Synthesis and characterization: Scheme 1 shows the synthetic
route to prepare target 2,9,16,23-tetra-N-[4-(1H-benzimidazol-
2yl)phenyl]benzamido- metallophthalocyanine complexes. The
target compounds (5-7) were synthesized from the
corresponding key precursors tetracarboxy phthalocyanine (4),
4-(1H-benzimidazol-2-yl) aniline (3), potassium carbonate and
DCC as a catalyst in dry dimethylformamide for 24 h with
constant stirring at room temperature. Synthesized PcM showed
partial solubility in methanol and ethanol but completely soluble
in N,N'-dimethylformamide (DMF) and dimethylsulphoxide
(DMSO). Characterizations of the complexes were achieved
using infrared-red, ultraviolet—visible, proton nuclear magnetic
resonance (‘H NMR) spectroscopy and elemental analyses. The
analytical data showed good agreement with the proposed
structures. The 'H NMR spectra of the complexes 5 in figure 1
showed characteristic signals for the aromatic Pc ring protons
between 6.7 to 8.2 ppm corresponding to the 44 protons
counts of the complexes and NH-protons at 9.8 ppm
corresponding to the 8 protons of the complexes. From figure
2 IR spectral data clearly indicated the formation of compound
(5-7) by the appearance of new absorption bands at 3317.41-
3322.07 cm’ (Ar-NH), 2840.52-2928.25 (Ar-CH), 1625.72-
1628.25cm™ for C=N, 1513.77-1523.6 cm'for C=C, 1450-1452
em’ for C-C, 1313.19, 1227.67, 1086,18, 887.16, 837.40,
741.00, 636.82 are attributed to the various skeletal vibration
signals of Pc ring. The elemental analyses results are consistent
with the expected values.



Research Journal of Chemical Sciences

ISSN 2231-606X

Vol. 3(9), 51-57, September (2013)

UV-visible absorption spectra: UV-VIS experiments were
performed in dimethylsulphoxide solvent in the range 280-800
nm (the UV cut-off region for DMSO is 265 nm). The aim was
to provide information about the electron density of the
complexes, their aggregation and their spectral shifts. UV-
Visible spectra for the 2,9,16,23-tetra-N-[4-(1H-benzimidazol-
2yl)phenyl]benzamido-metallophthalocyanines complexes (5-7)
were summerized in figure 3. The peaks observed in the range
of 608-673 nm was atributed to Q-band and B-band region at
328-433 nm for complex 5, Q-band region in the range 598-663
nm and B-band region at 300-432 nm for complex 6 and Q-
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band region in the range 593-685 nm and B-band region at 306-
433 nm for complex 7 are responsible for the successful
substituion on the periphery of the phthalocaynine core. The
most intense peaks of phthalocyanines in the visible region are
assigned as the Q band, which are attributed to the allowed n-*
transition between the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular orbital (LUMO)
of the phthalocyanine ring and also Q band shifts depend upon
changes in the electron distribution in the phthalocyanine ring
caused by substituents and their positions.
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Scheme 1

Synthesis of 2,9,16,23-tetra-N-[4-(1H-benzimidazol-2yl)phenyl]benzamido- metallophthalocyanines (5-7)
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Figure-1

'"H NMR spectra of 2,9,16,23-tetra-N-[4-(1H-benzimidazol-2yl)phenyl]benzamido-nickel(II)phthalocyanines (5)
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Figure-2
IR spectra of 2,9,16,23-tetra-N-[4-(1H-benzimidazol-2yl)phenyl]benzamido-metallophthalocyanines (5-7)
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Figure-3
Electronic absorption spectra of 2,9,16,23-tetra-N-[4-(1H-benzimidazol-2yl)phenyl]benzamido-metallophthalocyanines (5-7)
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Antimicrobial activity: Antimicrobial screening of the
2,9,16,23-tetra-N-[4-(1H-benzimidazol-2yl)phenyl|benzamido-

metallophthalocyanine (5-7) complexes was carried out by the
agar diffusion technique®. The antimicrobial activity was
evaluated using seven different laboratory control strains of
bacteria, i.e., Gram positive Staphylococcus aureus, Gram
negative, Klebsiella  pneumonia, Pseudomonas aures,
Escherichia coli. Two fungal strains were aspergillus niger and
candida albicans. All tests were triplicates in Muller Hinton
broth for the bacterial strains and were swabbed on sterile
Muller Hinton agar plates using sterile cotton swab followed by
punching wells of 6 mm with the help of sterile cork borer.
Overnight broth cultures of each strain were prepared, and the
final concentration in each well was adjusted to 40 pg/mL
concentration against both bacterial and fungal strains. DMSO
was used as a vehicle. Streptomycin (40 pg in100ul) and
Fluconazole (40 pug in100ul) were used as standard drugs for
comparison of antibacterial and antifungal activities
respectively. The zone of inhibition was compared with
standard drug after 24 h of incubation at 37 °C for antibacterial
activity and 72 h at 25 °C for antifungal activity. The results
revealed that the tested compounds were considered to be
modest since the values obtained were close to each other. The
compounds 6 and 7 exhibited higher antimicrobial activity than
compound 5 as compared with standard drugs. The results are
recorded in table 1.

Minimum Inhibitory Concentrations (MIC): The Minimum
Inhibitory Concentrations (MIC) of 2,9,16,23-tetra-N-[4-(1H-
benzimidazol-2yl)phenyl]benzamido = metallophthalocyanines
(5-7) was determined by a micro dilution method *. The
respective clinical strain was spread separately on the medium.
The wells were created using a stainless steel sterilized cork
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borer under aseptic conditions. The synthesized 2,9,16,23-tetra-
N-[4-(1H-benzimidazol-2yl)phenyl]benzamido
metallophthalocyanines (5-7) at different concentrations viz. 10,
20, 30, 40 and 50 pg was dissolved respectively in 25, 50, 75,
100 and 125 pL of DMSO and later loaded into corresponding
wells. The standard drug Streptomycin (40 pug in100ul) and
Fluconazole (40 pug in100ul) were used as standard drugs for
comparison of antibacterial and antifungal activities
respectively. The zone of inhibition was compared with
standard drug after 24 h of incubation at 37°C for antibacterial
activity and 72 h at 25 °C for antifungal activity. The results are
recorded in mm in table 2.

Antioxidant activity: The DPPH radical scavenging activity of
the compounds and the ascorbic acid (standard) was measured
according to the method”. The DPPH radical is a stable free
radical having A, at 517 nm. Different concentration (5, 10,
25, 50, 100 and 200 pg/ml) of compounds and standard were
prepared in methanol. In clean and labeled test tubes 2ml of
DPPH solution (0.002% in methanol) was measured at 517 nm
using UV-visible spectrophotometer. The absorbance of the
DPPH control was also noted. The scavenging activity was
calculated using the formula: scavenging activity (%) = A-B/A
x 100, where A is the absorbance of DPPH and B is the
absorbance of DPPH in standard combination. The Figure 4
reveals that antioxidant activity at different activity
concentration of compounds (5-7) in methanol and ascorbic acid
in terms of free radical scavenging ability which was evaluated
using DPPH free radical assay. The compounds exhibited
marked antioxidant activity by scavenging DPPH* found to be
dose dependent. The compound 5 and 7 was shown to be more
potent than compound 6 as compared with standard ascorbic
acid and results were tabulated in table 3.

Table-1
Anti-microbial activity of 2,9,16,23-tetra-N-[4-(1H-benzimidazol-2yl)phenyl]benzamido- metallophthalocyanines (5-7)

Zone of inhibition test (in cm)
bacterial strains fungal Strains
Compound S.aureus P.aeruginosa K.pneumoniae E.coli A.niger C.albicans

5 2.5 2.7 2.3 2.4 1.8 1.8

6 2.6 2.5 2.5 2.5 2.1 1.9

7 2.9 2.8 2.7 2.8 1.8 1.8
DMSO 0.0 0.0 0.0 0.0 0.0 0.0
Standard 4.1 34 3.7 3.6 2.2 2.3

Standard - Streptomycin (antibacterial), Standard - Flucanazole (antifungal)

Table-2
(MIC) of 2,9,16,23-tetra-N-[4-(1H-benzimidazol-2yl)phenyl]benzamido- metallophthalocyanines (5-7)
MIC (pg/pL)
Compound bacterial strains fungal Strains
10-50 (ng) S.aureus P.aeruginosa K.pneumoniae E.coli A.niger C.albicans
5 20 20 30 20 30 20
6 30 30 30 40 30 30
7 40 40 30 30 40 30
Control DMSO 0 0 0 0 0 0

Control: DMSO (Dimethyl sulphoxide)
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Table-3
DPPH radical scavenging activity of 2,9,16,23-tetra-N-[4-(1H-benzimidazol-2yl)phenyl]benzamido- metallophthalocyanines
(5-7)
compounds Radical scavenging activity (%)
(ng/m) 5 10 25 50 100 200
5 50.08 62.15 64.16 75.26 75.19 85.39
6 53.16 65.25 69.04 71.06 78.61 87.69
7 50.26 60.36 64.15 76.19 75.14 80.63
Ascorbic acid 64.96 75.08 85.46 91.36 95.09 98.06
Conclusion 6. Christian G.C., Uwe H., and Tomds T., Phthalocyanines:
From outstanding electronic properties to emerging
The present paper describes the successful synthesis of applications, The Chemical Record, 8, 75-97, (2008)
2,9,16,23-tetra-N-[4-(1H-benzimidazol-2yl)phenyl] benzamido- .
7. Agirtas S., Ion R.M., Bekaroglu O., Spectral study of the

metallophthalocyanines (5-7). All these newly synthesized
complexes have been fully characterized with an elemental
analysis, FTIR, 'H NMR, UV-VIS spectral data. The
synthesized complex has good solubility in common organic
solvents. It is important to mention here that for high
technological applications solubility of phthalocyanines is very
important. The main goal of the present work is to address the
possible use of phthalocyanines for biological evaluation and
antioxidant applications. The results showed the modest of
bacterial growth action was observed and confirming successful
bacterial growth inhibition.

Acknowledgement

The author (Chidananda B) is grateful to UGC for providing
Rajiv Gandhi Research Fellowship. The author is grateful to
Indian institute of science Bangalore for spectral analysis.

References

1. Leznoff C.C., and Lever A.B.P., Phthalocyanines Properties
and Applications VCH Publishers, New-York, 1-3, (1989-
1993)

Schweikart K.H., and Hanack M., Synthesis of Nickel
Phthalocyanines with One Aldehyde Group and Preparation
of a Bisvinylene-Phenylene-Bridged Bisphthalocyanine,
Eur. J. Org.Chem., 2551-2556, (2000)

3. Hanack M., and Lang M., Conducting Stacked
Metallophthalocyanines and Related Compounds, Adv.
Mater., 6, 819-833, (1994)

Kobayashi N., Higashi R., Titeca B.C., Lamote F., and
Ceulemans A., Substituent-Induced Circular Dichraism in
Phthalocyanines, J. Am. Chem. Soc., 121, 12018-12028,
(1999)

5. Hanack M., Heckmann H., and Polley R., In Hetarenes IV
Six-Membered and Larger Hetero-Rings with Maximum
Unsaturation, Schaumann E. (Ed.) George Thieme
Verlag: Stuttgart, 9, 717-842, (1998)

International Science Congress Association

supramolecular assemblies porphyrins-phthalocyanines,
Mater. Sci. Eng. C 7, 105-110, (2000)

8. Kobayashi N., Curr., Opin., Phthalocyanines , Current
Opinion in Solid State Mater. Sci., 4, 345-353, (1999)

Margaron P., Gregoire M.J., Scasnart V., Ali H., and Van
Lier J.E., Structure-Photodynamic Activity Relationships
of a Series of 4-Substituted Zinc Phthalocyanines,
Photochem. Photobiol., 63, 217-223, (1996)

Villemin D., Hammadi M., Hachemi M., and Bar N.,
Applications of Microwave in Organic Synthesis: An
Improved One-step Synthesis of Metallophthalocyanines
and a New Modified Microwave Oven for Dry Reactions,
Molecules., 6, 831-844, (2001)

Bekaroglu O., Phthalocyanines Containing Macrocycles,
Appl. Organomet. Chem., 10, 605, (1996)

DautartasM.F. , Suh S.Y., Forrest S.R., Kaplan M.L.,
Lovinger A.J., and Schmidt P.H., Optical recording using
hydrogen phthalocyanine thin films, Appl. Physics A., 36,
71-79, (1985)

Agirtas  M.S.,
characterization

10.

11.

12.

13. Bekaroglu  O., Synthesis and
of new metal-free and metal
phthalocyanines ~ with  peripheral — N’'-2-(cyanoethyl)-
aminoethylsulfanyl  substituents, Porphyrins

Phthalocyanines, 5, 717-720, (2001)

Achar B.N., Fohlen G.M., Parker J.A., and Keshavayya
J., Synthesis and Magnetic, Spectral and Thermal Studies
on Metal 1,3,8,10,15,17,22,24-Octanitrophthalocyanines,
Polyhedron., 6, 1463-1467, (1987)

Toshima N., Tominaga T., and Kawamura S. B.,
Reversible Electrochromism of Copper Phthalocyanine
Thin Film , Chem. Soc. Jpn., 69, 245, (1996)

Kocak M., Okur Al., and Bekaroglu O. J., Novel two-fold-
macrocycle-substituted  phthalocyanines, Chem. Soc.,
Dalton Trans., 323, (1994)

Cook M.J., Daniel M.F., Harrison K.J., McKeown N.B.,
and Thomson A.J., 1,4,8,11,15,18-Hexa-alkyl-22,25-

and

J.

14.

15.

16.

17.



Research Journal of Chemical Sciences

ISSN 2231-606X

Vol. 3(9), 51-57, September (2013)

18.

19.

20.

21.

bis(carboxypropyl)phthalocyanines: materials designed for
deposition as Langmuir—Blodgett films, Chem. Commun.
1148-1150, (1987)

Kudrevich S.V., Galpern M.G., and Van Lier JE.,
Synthesis of Octacarboxytetra(2,3-pyrazino)porphyrazine:
Novel Water Soluble Photosensitizers for Photodynamic
Therapy, Synthesis., 779-780 (1994)

Giuntini F., Nistri D., Chiti G., Fantetti L., Jori G., and
Roncucci G., Synthesis of trimethylammoniumphenylthio-
substituted phthalocyanines with different pattern of
substitution, Tetrahedron Lett., 44, 515-517, (2003)

Lou P.G., Stutzenberger F.J., Nanotechnology in the
Detection and Control of Microorganisms. Adv. Appl.
Microbial., 63, 145-181, (2008)

Shahriar G., Mina A., and Sajjad S., Preparation and
identification of two new phthalocyanines and study of their

anti-cancer activity and anti-bacterial properties, Sci. Res.
Essays., 7, 3751-3757, (2012)

International Science Congress Association

22.

23.

24,

25.

Res. J. Chem. Sci.

Chhonker Y.S., Veenu B., Hasim S.R., Niranjan Kaushik,
Devendra kumar., and Pradeep kumar., Synthesis and
Pharmacological Evaluation of Some New 2-Phenyl
benzimidazoles Derivatives and their Schiff’s Bases, E-
Journal of Chemistry., 6(S1), S342-S346, (2009)

Meiser F., Cortez C., and Caruso F., Biofunctionalization of
Fluorescent Rare-Earth-Doped Lanthanum Phosphate
Colloidal Nanoparticles, Angew. Chem., Int. Ed., 43, 5954—
5957, (2004)

Moraillon A., Gouget-Laemmel A. C., Ozanam F., and
Chazalviel J.-N., Amidation of Monolayers on Silicon in
Physiological Buffers: A Quantitative IR Study, J. Phys.
Chem. C., 112, 7158-7167, (2008)

Jayanna N.D., Vagdevi H. M., Darshan J.C., Prashith
kekuda., Hanumanthappa B.C., and Gowdershivannavar
B.C., synthesis and biological evaluation of novel 5,7-

dichloro-1,3-benzoxazole derivatives, journal of chemistry.,
2013, (2012)



