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ABSTRACT

The scheming and structural adornment of soluble metall ophthal ocyanines peripherally substituted with 4-bromo-2-
methoxyaniline via amide bridged molecule is described. These molecules display admirable solubility in organic
solvents such as methanol, ethanol, tetrahydrofuran, dimethylformamide and dimethyl sulfoxide and compound was
characterized by a wide range of spectroscopic methods in addition to el emental analysis. Synthesized all of the new
phthal ocyanine compounds have been set to antimicrobial activity and antioxidant. The antioxidant activities of
designed metallophthalocyanines were investigated by in vitro antioxidant assays such as free radical
scavenging ability of 1,1-diphenyl-2-picrylhydrazyl (DPPH). The title metallophthal ocyanines (5-7) were screened
against Gram-positive bacteria with comparing standard Streptomycin as reference. Antifungal activities against
two different fungi have been evaluated and compared with Flucanazol e as reference.

Keywords: soluble metallophthalocyanines, amide bridggzectroscopy, minimum inhibitory concentrations,
antimicrobial, antioxidant.

INTRODUCTION

We are involved in the synthesis of metallophthgdmines (MPcs) and its derivatives are conventigiginents
that were exposed almost a century ago. Investigathd design of phthalocyanines (Pcs) with notractire and
functional properties are becoming important presectg to obtained materials with extremely different
functionalities by making changes in metal ionshi@ir inner cores or in the substituent’s on thegbery [1-4] and
moreover, many reports describe the use of Pcrialstén chemical sensors, liquid crystals, catslysonductive
materials, electro chromic display devices, pholai® cells, xerography, optical disk, non-lineaptios,
photodynamic reagents for cancer therapy, and fberomedical applications [5-10]. Selectivity agplions,
exceptional soluble and non-aggregated Pcs areabisi The former property facilitates the purifioa and the
fabrication processes, while the latter assistsharacterization and allows these materials to tfoncproperly;
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many properties of Pcs change upon aggregatiori3l1in this consequence, a substantial numbercsf with

sterically demanding substituents have been rep$i]. Phenolic hydroxyl and amide substituted BlIRave been
repeatedly tested for various wide of range biaali activities because of enhanced solubility #melr potent
active groups[15-17]. Synthesized MPcs were dematiisg a prosperous array of biological activityglancreasing
administration of antimicrobial agents has led he tevelopment of microbial resistance. Bibliogiapsurvey

reveals genetic mutations that result in reststa to clinically used drugs, especially Stwepycin for

antibacterial and fluconazole for antifungal fig- Studies in the literature involving vedifferent classes
of materials lead us to suggest that theodisry of new antimicrobial compounds couldypla chief role
as functional elements antimicrobial spectra dgher therapeutic indexes than Streptomycihfarconazole.
These versatile features have stimulated attemptghe synthesis of new Pc derivatives with objectiof

developing new materials containing improved othhiignctional characteristics and which are novelrgsemble
known biologically active molecules by virtue oktpresence of some critical structural featureshéninterest of
above mentioned features of MPc, we planned outhsgis by combining these two boilable componergsther
to give a compact structure like title compounds.

We describe herein a series of Pc complexes sutestitvith 4-bromo-2-methoxyaniline groups. Theskkypand
amide substituent not only enhance the solubilit?cs in organic solvents and reduce their tenglém@aggregate
the substituted Pcs. 2,9,16,23-tetra-N-(4-bromoe2hmxyphenyl)benzamide substituted metallophthaoies
have been synthesized as the target compoundshanacterized by FT-IRH-NMR, UV-visible spectroscopy and
elemental analysis. We described in orderexamine the lead optimization in vitro micrabigical activity
against various Gram-positive, Gram-negative baceend the different fungi in comparison with aohdrugs. In
addition, antioxidant properties of 2,9,16,23-tdfr§4-bromo-2-methoxyphenyl)benzamide substituted
metallophthalocyanines were investigated angpliad for antimicrobial activity and radical seaging capacity
was studied.

MATERIALSAND METHODS

MATERIALS

2,9,16,23-tetra-N-(4-bromo-2-methoxyphenyl)benzamsdibstituted metallophthalocyanine complexes (e
prepared and characterized as previously descfded2]. All reagents were purchased from comnaippliers
and used without further purification unless otheewvnoted. Reactions were performed under nitrod&h-
Dimethylformamide (DMF) was predried with bariumiade and distilled under reduced pressure. The cfdom
used in the UV/Vis studies was ar grade, Commeiidi&l plates (silica gel 60 F254, SDS) were useahtmitor the
progress of the reaction, with spots observed utliétight at 254 and 365 nm. N,N'-Dicyclohexylcadimide
(DCC) and 4-bromo-2-methoxyaniline were purchagsedhfSigma Aldrich , Bangalore, India and used witho
further purification. Ultrapure MilliQ water was ubséor all the experiments.

METHODS

Spectral analyses

Elemental analyses (C, H and N) were recorded darsoMICROV 1.7.0. (Elementl Analysersysteme GmbH)
The 1H NMR spectra were measured at 400 MHz Vai@nNMR spectrometer in dimethylsulfoxide-d6 using
tetramethylsilane as the internal standard. Eleatesmbalysis was carried out using a Perkin EImedOZHN
instrument. UV-Vis spectra were measured on anrooptics USB 4000.USA, using 1 cm path length devet
room temperature. Samples were prepared in dinstipfioxide at a concentration of 5.0 x°1fol dm?®. Infrared
spectra were recorded using FT-IR 8400s Shimadectspneter with KBR pellets in the range of 400-@&6™".

Chemistry

General procedure for the Synthesis of 2,9,16,23-1d-(4-bromo-2-methoxyphenyl)benzamide substitute
metallophthalocyanines compounds (5-7). The teraptaindensation reaction between a mixture of 4-br@m
methoxyaniline (1.9 g, 0.06 mmol), tetracarboxy afletphthalocyanines (1 g, 0.001 mol),,G0; (2.5 g, 0.0025
mmol) and DCC as catalyst in DMF (20 mL) and thietare was stirred under nitrogen atmosphere foh 2t
room temperature. The progress of the reactionokasrved by color change from blue to bluish gregor and
the precipitate was removed by filtration. The crpdeduct so obtained was washed thoroughly withwaiter and
repeatedly with hexane. The product was dried éatben for 1 h at 55°C obtained bluish green solid.
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Synthesis of 2,9,16,23-tetr a-N-(4-bromo-2-methoxyphenyl)benzamide substituted nickel(l1)phthalocyanines
©)

Yield: (80%) found: Anal. (%) Calc. for gH4BrsN-OgNi]: C, 51.82; H, 2.72; Br, 21.55; N, 11.33; O, 8, 6\i,
3.96. Found: C, 51.55; H, 3.96; Br, 21.11; N, 11.02 9.10; Ni, 3.81. IR (KBr, cif): 3405.9 (-NH), 3020.56,
2983.33 (Ar-CH), 1637.0 (C=0), 1610.4 (C=N), 153@C4C), 1478.2 (C-C), 766.0 (C-Br), 1328.2, 1289.761.4,
11415, 1091.7, 1057.2, 926.1, 831.6, 738.1, 72483,2 are attributed to the various skeletal vibraof PC ring.
'H NMR (DMSO-d6,5 ppm): 9.0 to 9.3 (s, NH), 7.1 to 8.0 (m, Ar-H)730 4.1 (s, OCh).

Synthesis of 2,9,16,23-tetr a-N-(4-br omo-2-methoxyphenyl)benzamide substituted cobalt (I1)phthalocyanines

(6)

Yield: (81%) found: Anal. (%) Calc. for fgH40BrsN20gCo]: C, 51.81; H, 2.72; N, 21.54; Br, 21.54; O,38.€o0,

3.97. Found: C, 51.78; H, 3.87; Br, 21.07; N, 10.95 9.03; Co, 3.86. IR (KBr, ch): 3398.3 (-NH), 3025.23,
2962.74 (Ar-CH), 1663.5 (C=0), 1609.6 (C=N), 1540C=C), 1518.7 (C-C), 765.8 (C-Br), 1328.4, 1289.361.4,

1141.4, 1096.7, 1054.5, 994.7, 831.6, 739.8, 72M3,3, 682.0 are attributed to the various skelgébaation of PC
ring.

Synthesis of 2,9,16,23-tetr a-N-(4-bromo-2-methoxyphenyl)benzamide substituted cupper (I1)phthalocyanines

(7)

Yield: (82%) found: Anal. (%) Calc. for [gH40BrsN1,0sCu]: C, 51.65; H, 2.71; Br, 21.48; N, 11.29; O,®3.€u,

4.27. Found: C, 51.25; H, 3.89; Br, 21.13; N, 6.8, 9.08; Cu, 3.85. IR (KBr, chx 3406.2 (-NH), 3032.85,
2962.12 (Ar-CH), 1637.2 (C=0), 1610.8 (C=N), 154(C3C), 1505.0 (C-C), 763.8 (C-Br), 1399.8, 1316.489.4,

1140.5, 1093.8, 1051.8, 913.2, 832.6, 737.4, 72406,6, 679.0 are attributed to the various skelétaation of PC
ring.

RESULTSAND DISCUSSION

Synthesis and Characterization
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Scheme 1 2,9,16,23-tetr a-N-(4-br omo-2-methoxyphenyl)benzamide substituted metallophthal ocyanines (5-7)

2,9,16,23-tetra-N-(4-bromo-2-methoxyphenyl)benzamatdibstituted metallophthalocyaninés7] synthesized by
tetracarboxy metallophthalocyanines (1 g, 0.001))m#&,CO; (2.5 g, 0.0025 mmol) and DCC as catalyst was
dissolved in dimethylformamide (DMF, 20 mL) with resiant stirred for 1 h. To this solution, 4-bromo-2
methoxyaniline (1.9 g, 0.006 mmol) was added foldwy the above reaction mixture under stirringla®wvn in
Scheme 1. After 24 hgreen precipitate appeared and reaction mixturegaointo water and repeatedly purified
with hot water and followed by hexanehey were characterized by FT-IB-NMR spectroscopy and elemental
analysis. The complexes were stable and readilyb®in MeOH, THF and DMSO. The proton NMR spectroin
the phthalocyanine compouns) displayed characteristic signals as shown inrigli The singlets at 3.6 to 3.8 and
4.0 to 4.1 ppm in the spectrum revealed the preseh€O-CH) groups respectively.The -CO(NH) signals were
observed at 9.0 to 9.2 ppm and the aromatic rintpps as unresolved multiplets (most likely dughpresence of
isomers), integrating for a total of 24 protonshia range 7.1to 8.0 ppm respectively.
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Figure 1. 2,9,16,23-tetr a-N-(4-br omo-2-methoxyphenyl)benzamide substituted nickel(l1)phthalocyanine (5)

The IR spectra of the metallophthalocyanine comgseshow characteristic peaks and were relativellyresolved
as shown in figure 2. The presence of broad atehse absorption bands at region 3398.3-3406:2 fom(Ar-
NH) function, the presence of a band in the re@683.85-2962.12 cthfor (Ar-CH) group, the (C=0) group was
observed as a sharp, intense band at 1663.5-1668i7,Ghe stretching vibrations of (C=N) and (C=C)gpovere
observed near 1610.0-1609.0trand 1540.5-1505.0 chthe sharp peak observed at 766.0-763.0,fun (C-Br)

groupv

1313.19, 1227.67, 1086,18, 887.16, 837740,.00, 636.82 cih are attributed to the various skeletal

vibration of PC ring and IR spectral data supptitesproposed target structures. The elementaysemkesults are

consistent with the expected one.
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Figure 2. 2,9,16,23-tetr a-N-(4-br omo-2-methoxyphenyl)benzamide substituted metallophthal ocyanines (5-7)

201



K. R. Venugopala Reddy et al Der Pharma Chemica, 2016, 8 (10):198-204

In vitro antibacterial and antifungal assay

2,9,16,23-tetra-N-(4-bromo-2-methoxyphenyl)benzansdbstituted metallophthalocyaningsrj were scrneed for
antimicrobial activity using six different laborayocontrol strains of bacteria, i.e., the Gram pwsiSaphylococcus
aureus, Gram negativeKlebsiella pneumonia, Pseudomonas aures, Escherichia coli, two fungal strains were
aspergillus niger and candida albicans with metallophthalocyanine complexesq) was performed by the Agar
well diffusion method15-17]. The bacterial strains were collected frdiffierent infectious status of patients who
had not administered any antibacterial drugs fdeast two weeks with the suggestions of an autkdrphysician,
in Kiran diagnostic health centre of Chitradurgarifataka state, India. Fungal strains were procénad the
culture maintained at National College of Pharma&lyimoga. The compounds were tested at 40 pg/mL
concentration against both bacterial and fungairsdt DMSO was used as a vehicle. Streptomyciru@h10Ql)
and Fluconazole (40 pg in10l) were used as standard drugs for comparison tibauterial and antifungal
activities respectively. The zone of inhibition wammpared with standard drug after 24 h of incuipatit 37°C for
antibacterial activity and 72 h at 26 for antifungal activity. The results revealedtttiee tested compounds were
considered to be modest since the values obtaired glose to each other. The antibacterial andusigial studies
suggest that all synthesized metallophthalocyariti@) were showed resistant to antibacterial antifienrgal
activity and microbial results are systematizedables 1. In the case of bacteriological studiks, results were
compared with the standard drug (Streptomycin).ifdngal activities revealed showed moderate to ghodjal
inhibition against the standard drug (Flucanazdlbe complex showed a strong activity to Grampesitacteria
and the activity of the complex to Gram negativectbaa was reasonable on comparing little leesser t
Streptomycin standard drug. Antifungal activity ealed moderate to good fungal inhibition against skandard
drug (Flucanazole) but Among the compoubdmd6 exhibited higher antimicrobial activity than compaolr as
compared with standard drugs (Table 1). which nmak&allophthalocyanines (5-7) act as more powerdd| potent
bacteriostatic agents, thereby inhibiting the gtowftthe microorganisms.

Table 1: Anti-microbial activity of 2,9,16,23-tetra-N-(4-br omo-2-methoxyphenyl)benzamide substituted 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 3.€ 2.€ 2.8 2. 2.C 2.C
6 3.7 2.8 2.9 2.7 2.1 2.2
7 3.8 2.8 2.7 2.8 2.1 2.1
DM SO 0.C 0.C 0.C 0.C 0.C 0.C
Standard 4.1 34 3.7 3.6 2.2 2.3

Standard - Sreptomycin (antibacterial)
Sandard - Flucanazole (antifungal)

Minimum I nhibitory Concentrations (MIC)

The Minimum Inhibitory Concentrations (MIC) of 219,23-tetra-N-(4-bromo-2-methoxyphenyl)benzamide
substituted metallophthalocyanines-1) was determined by a micro dilution method [15:1The respective
clinical strain was spread separately on the medilime wells were created using a stainless steelize¢d cork
borer under aseptic conditions. The synthesized,1@,23-tetra-N-(4-bromo-2-methoxyphenyl)benzamide
substituted metallo- phthalocyaninds?) at different concentrations viz. 10, 20, 30, 4@ &0 ug was dissolved
respectively in 25, 50, 75, 100 and 125 pL of DM®@d later loaded into corresponding wells. Thendtad drug
Streptomycin (40 pg in1Q@) and Fluconazole (40 pg in10) were used as standard drugs for comparison of
antibacterial and antifungal activities respectivdlhe zone of inhibition was compared with stadddnug after 24

h of incubation at 37C for antibacterial activity and 72 h at 25 for antifungal activity. The results are recorded
mm in Table 2.

Table2. (MIC) of 2,9,16,23-tetr a-N-(4-br omo-2-methoxyphenyl)benzamide substituted metallophthalocyanines (5-7)

MIC (ng/pL)
Compound bacterial strains fungal Strains
10-50 (ng)  Saureus P.aeruginosa K.pneumoniae E.coli A.niger C.albicans
5 30 30 40 30 30 40
6 2C 2C 3C 3C 40 3C
7 20 30 40 40 40 40
Control
DMSO 0 0 0 0 0 0
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Antioxidant activity

The DPPH radical scavenging activity of the compmitsuand the ascorbic acid (standard) was measuoeadatg
to the method [15-17]. The DPPH radical is a stéitde radical havin@maxat 517 nm. Different concentration (5,
10, 25, 50, 100 and 2Q@y/ml) of compounds and standard were prepared ithanel. In clean and labeled test
tubes 2ml of DPPH solution (0.002% in methanol) wesasured at 517 nm using UV-visible spectrophoteme
The absorbance of the DPPH control was also ndted.scavenging activity was calculated using thentda:
scavenging activity (%) = A-B/A x 100, where A hetabsorbance of DPPH and B is the absorbance BHDR
standard combination. The figure 3 reveals thabaittant activity at different activity concentrati of compounds
(5-7) in methanol and ascorbic acid in terms oé fredical scavenging ability which was evaluatadgi®PPH free
radical assay. The compounds exhibited marked »ddtat activity by scavenging DPPH* found to be elos
dependent. The compouridand 7 was shown to be more potent than compo@ras compared with standard
ascorbic acid and results were tabulated in table 3

Table 3. DPPH radical scavenging activity of 2,9,16,23-tetr a-N-(4-bromo-2-methoxyphenyl)benzamide substituted
metallophthalocyanines (5-7)

compounds Radical scavenging activity (%)

(ng/ml) 5 10 25 50 100 200

5 59.23 70.52 75.67 83.68 82.69 88.98
6 60.27 71.12 76.42 84.15 8524 87.78
7 60.8z 723t 75.9¢ 83.3¢ 84.67 88.1¢

Ascorbicacid  64.96 75.08 85.46 91.36 95.09 98.06

DPPH assay
120
100
,§° 80 M5 (ug/ml)
& ®10 (ug/ml)
8 60 Mg
3 25 (pg/ml)
¥ 40 ¥ 50 (pg/ml)
M 100 (pg/ml)
20
200 (pg/ml)
0
5 6 7 Ascorbic acid
Compound

Figure 3. Plotsof the radical scavenging effects (%) of the 2,9,16,23-tetr a-N-(4-br omo-2-methoxyphenyl)benzamide substituted
metallophthalocyanines (5-7) at various concentrations

CONCLUSION

In  conclusion, new series of 2,9,16,23-tetra-N«dnhbo-2-methoxyphenyl)benzamide  substituted
metallophthalocyanine${7) were synthesized and the formation title compgisuwere characterized by elemental
analysis, FT-IRH NMR spectra and elemental analysis. These compléias stable and good solubility in
methanol, tetrahydrofuran, N,N-dimethylformamidedadimethylsulfoxide. Investigated all the compounds
acknowledged for biological evaluation and antiexitlactivities. Title compound were found to behtygactive
and results suggested the very diffusion of thepleres into the bacterial cells and were able Haheé bacterium
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as indicated by the zones of inhibition of baclggrawth. The minimum inhibition concentration résitshowed w
50% of the bacterial inhibition at w1.20 mM MPc centration in DMSO. Moreover, complexes have modest
antioxidant activity when compared with standard.
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