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ABSTRACT

Benzoxazoles are privileged organic compounds of medicinal significance, found in many natural products and are
used in drug discovery programme. Eleven newly synthesized 4-amino-N-[1, 3-benzoxazole-2-yl] benzene
sulphonamides derivatives were characterized by means of chromatography, IR, *H-NMR and Mass spectral
analysis.4-amino-N-[ 1, 3-benzoxazole-2-yl] benzene sulphonamides have significant biological activity in varied
degrees. The investigation of anti-inflammatory activity revealed that the test compounds of 4-amino-N-[1,3-
benzoxazole-2-yl] benzene sulphonamides showed favorable anti inflammatory activity at a dose of 30mg/kg bw.
Among the titled compounds some were having potent antioxidant activity. Besides its use in medicinal chemistry,
these are recognized as fluorescent probes such as anion and metal cation sensors, as photo chromatic agents and
laser dyes.
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INTRODUCTION

Biologically active benzoxazole derivatives havem&nown for long time, sindeenzoxazoles can be considered
as structural isosteres of the naturally occurnimgleic bases adenine and guanine, which allow tttemteract
easily with polymers of living systems. Benzoxasof@ssess most remarkable and a wide range ofgigalo
activities. Benzoxazole derivatives are potentiaitsons for building synthetically a variety of chieal systems
known for their broader biological and pharmacatagiproperties. The literature survey reveals thdistituted
benzoxazoles have been shown to exhibit activitwirey platelet aggregation, inflammation and cell
proliferation[1], anti inflammatory activity[2-8,1@OX-2 inhibitory[9], screened for their gastridceration on
potential in tested animals[11],antimicrobial aitfivagainst some gram positive and gram negativebia and
fungi[12-15], HIV-1 reverse transcriptase inhibitactivity[16], as DNA Topoisomerase | and Il Inhdris[17]
anticancer activity[18-19] and anti diabetic[20}iaities.

Recent observations suggest that substituted bamates and related heterocyclics, possesses aitastivity
with lower toxicities in the chemotherapeutic aaio in manAlthough they have been known from long ago to be
biologically active, their varied biological featw are still of great scientific interest. A bredcount of various
alterations conducted on benzoxazole ring and @s=spciated biological activities was incorpordtethe present
work.

It is interesting to note from the literature thia¢ benzoxazole moiety is yet to be explored bgttiretically and

biologically, in spite of the extensive work repatso far on benzoxazoles. Technology now playsjammole in
the field of drug discovery and drug developmenanlyl simulation techniques are available in aidughsresearch.
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In view of the biological prominence of the benzooxda moiety it is planned to synthesize some neamdno-N-[1,
3-benzoxazole-2-yl] benzene sulphonamides.

MATERIALS AND METHODS

All chemical in the present study of synthesis efvrd-amino-N-[1, 3-benzoxazole-2-yl] benzene sulmides
from Sigma Aldrich (LR grade) and Merck were usedhe present synthesis work.

Instruments used:

The instruments such as Infrared spectra are redooh Perkin Elmer model 283B and Nicolet 740 FT-IR
instruments and values are given intRroton Nuclear Magnetic Resonance spectra arerdetoon varian
Gemini-200, varian Unity-200 and advance-300MHZ K& UX-NMR instrument. The samples are made in
chloroform-d (1:1) or/and DMSO-d6 using tetra méthyane (M@Si) as the internal standard.ESI Mass spectra
were recorded on Micro mass Quattro LC using ESiftware with Capillary voltage 3.98 kV and ESI mode
positive ion trap detector. High-resolution masscta (HRMS) were recorded on a QSTAR XL Hybrid WS-
Mass spectrometer. Elemental analysis is carried oou VARFIO EL, se ElementorAnalytical Thin-layer
Chromatography (TLC) is performed on pre coateidasifjel-60 F254 (0.5mm) glass plates. Visualisatérihe
sports on TLC plates is achieved either to iodiapour or UV light. Yields of materials judged horeagus by
TLC and NMR spectroscopy. Melting points were releal on Melter Fp-51 instrument and were uncorreatect
used for the characterization of synthesized comgsu

Synthesis of new 4-amino-N-[1, 3-benzoxazole-2tyfnzene sulphonamides was carried out starting #em
chorophenol and 4-hydroxy phenylacetate to 1,3-zbeszole-2-amine was shown in step-1 of the syitthet
scheme. In step-2 and 3, 2-amino benzoxazole amdardtide transformed into N-[4-(1, 3-benzoxazol-2-
ylsulfomoyl) phenyl] acetamide intermediate, whistas later converted into 4-amino-N -(1, 3-benzol&bsyl)
benzene sulfonamide via hydrolysis and was finalipsformed into the tilted compounds of intergsthe reaction

of 4-amino-N -(1, 3-benzoxazole-2-yl) benzene swdfmide(Xlh.;) with various aldehydes gives corresponding
derivatives(Xlll 4.57) .

Synthesis of titled compounds Xl{.zand XIII 4,7

Synthesis of 4-amino-N-(1,3-benzoxazole-2-yl) baezesulfonamide(Xkl;) with various aldehydes gives
corresponding derivativeXIll 4.,;) consisits of several steps and the details opssteere described as following.
To a solution of aluminum nitrate (40g) in acetigida acetic anhydride (1:1, v/v) mixture (160ml)g40f 4-
chloropheno(l) was added in small portions, while cooling and sihgkccasionally. The reaction mixture was left
at room temperature for 2hrs while shaking the eatstintermittently to complete the nitration. Thsulting brown
solution was diluted with ice cold water (500ml)daacidified with conc.HN@ (40ml) to get a bulky yellow

precipitate of 4-chloro-2-nitrophendlj (yield82%) and recrystallized from methanol, r@5C.

4-Chloro-2-nitrophenoll(,40g) was dissolved in boiling ethanol (400ml) aodium dithionate was added to this

boiling alcohol solution until it becomes alsb@olorless. Then the solvent was reduced{gl%its volume by
distillation and the residual liquid was trituratedth ice cold water. The resulting colorless shZxamino-4-
chlorophenol {1 ) was filtered, washed with cold water and driddslIrecrystallized from methanol (yieB0D%),

m.p 141C.

To a solution of aluminum nitrate (40g) in acetdida acetic anhydride (1:1, v/v) mixture (160ml)g46f 4-hydroxy
phenyl acetatéy ) was added in small portions, while cooling anedksihg occasionally. The reaction mixture was
left at room temperature for 2hrs while shaking tbhatents intermittently to complete the nitratidine resulting
pink solution was diluted with ice cold water (560) and acidified with conc. HN® 40 ml) to get a bulky
colorless precipitate of 4-hydroxy-3-nitrophenyetatey) yield 82%) and recrystallized from methanol, m.g@5
4-Hydroxy-3-nitro phenyl acetatd/( 40g) was dissolved in boiling ethanol (400 miaodium dithionate was

added to this boiling alcohol solution until it lseees almost colorless. Then the solvent was redm:’dgd of its

volume by distillation and the residual liquid wagurated with ice cold water. The resulting cdéais shiny

product namely 3-amino-4-hydroxyphenyl aceta)(was filtered, washed with cold water and dried.sl
0

recrystallized from methanol (yie86%), m.p 141C.

To a solution of 2-aminophenoN(] )/ 4-Chloro-2-aminophenolll{ )/3- amino-4-hydroxy phenyl acetat®I(
0.1mol) in CCl/toluene was added to a solution of Cyanogen brerf@d2mol) in CCGJtoluene with continuous
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stirring. The addition of reactants must be undev temperature (%-10 C) and the stirring was continued for
12hrs. The completion of the reaction was monitdogdTLC. The solid separated was filtered and weshith
carbon tetrachloride (C@)l and air dried to give solid product such as 2-4ambenzoxazole/5-chloro-2-amino
benzoxazole/5-acetyl-2-amino benzoxazM#l().

Dry acetanilide IX, 25gm, 0.185mol) in a 500ml round bottom flask §68@8ml, 1 mol) of chloro sulphonic acid
was added drop wise with a dropper with continushaking. After complete addition the reaction migtwas
refluxed for one hour on water bath. Cooled to rdaemperature, then reaction mixture was poured onished
ice. Obtained precipitate was filtered and washi&t water and dried. The produ¥i was used as such in the next
step.

The obtained products 2-aminobenzoxaz®él (,6.7gm,5M) was added into 250ml round bottom flasth dry
pyridine and dissolved, to this mixture p-acetamimzene sulfonyl chloridéX,11.65gm,5M) was added and
refluxed over water bath for 2hours and then thetuné was added to crushed ice while it was indooidition. The
obtained precipitate (intermediadél,) was filtered and recrystallized with ethanol. r{ffine acts as solute, and also
neutralizes the released HCI from the reaction).

The compoundX|) was dissolved in 50ml methanol, 8ml of HCI wasded and the reaction mixture was refluxed
for 3hours until the solid matter got dissolved pdetely, reaction was monitored by TLC. After thmmpletion of
the reaction the excess acid was neutralized wiib ZNaHC®®.The obtained precipitate was filtered and
recrystallized with ethanol to get 4-amihbtl,3-benzoxazol-2-yl)benzene sulfonami@él | ) as final product.
The compound was purified by recrystalisation apldron chromatography (ethyl acetate: chloroforn8{yL;

The mixture of compoundX(l, 0.02mo) and an appropriate aldehyde (0.02mol) was dissalvexethanol (10ml)
containing 3 drops of acetic acid, and was reflusedwater bath for 3hrs. The solvent was evaporateti the
reaction mixture was poured in ice cold water. $okd was separated and filtered, washed with add water and
dried. All the compounds were purified by recryis@ion and column chromatography (ethyl acetdtéoroform)
(2:3). The compound&lIll 4.,7) were characterized by spectral data (IR, NMR, Mg&ctroscopy).

Scheme
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Figure 1: Synthetic scheme
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STEP I

Aldehy des rR' = H. C1. ccoo

o NH P R” = Aldehydes

Figure 1: Synthetic scheme (contd)

Spectral characterization:

1
The structures of the title compounds were estadtisby IR, H-NMR (DMSO-d5), Mass spectrum. The author

provides the complete spectral data for the saletitted compounds such as Xl and xllin this present
investigation. The spectral characteristics of 4idarN-(1,3-benzoxazol-2-yl)benzene sulfonamide(XIl) wea®

follows: IR (KBr, cm'l): 3494.15, 3395.35(N-H str),3093.59 (aromatic Gtr), 2078.68(C-S str),1639.68(C=N

str), 1593.39(aromatic C=Cstr), 1356.61(C-N str}2a.78(C-O str.),1155.04 (S=O stHi-NMR (DMSO-d,
400MHz) 5=11.76(s,1H, NH),7.162-6.866(m,4H,Ar-H),6.772 (H,2Ar-H), 6.672(d, 2H, Ar-H), 4.068 (s, 2H,

NH2).Mass (ESI): molecular ion (K/) peak was observed at 280z (100%). The spectral data of derivative of
titted compound nameli-(5-Chloro-1, 3-benzoxazol-2-yl)-4-{[phenyl methgdine] amino} benzene sulfonamide

was as follows(Xll;): IR(KBr, cm'l): 3110.87 (aromatic C-H str),3025.89 (alkene C-#),2063.17(C-S

str),1629.68 (C=N str),1575.94(aromaticC=C str),L28(C-O str.),1156.07(S=0 str), 778 (C-Cl %If}:NMR
(DMSO-0s, 400MHz)8=11.45(s, 1 H, NH),8.45(s,1H,C=H),7.482(d,2H, Ar-H)38 (d, 2H, Ar-H), 7.30-7.23 (m,

3H, Ar-H), 7.15-6.91 (m, 5H, Ar-H):Mass (ESI): molidar ion (M+) peak was observed at 4tz (100%).The
details of physical properties of 4-amino-N-[1b8Azoxazole-2-yl] benzene sulphonamide and devasmtiwere
incorporated inrable-1.

Table 1: Physical data of 4-amino-N-[1, 3-benzoxal®2-yl] benzene sulphonamide and derivatives

S.No Compound M. Formula M. Weight | M.P(°C) | % vyield
1 Xll1(Ri=H) C13H11N303S 289.30 98-105 73
2 Xllx(R=Cl) C1:H10CIN3OsS 323.75 120-123 75
3 Xll3(Ri=CHsCOO) Ci15H13N303S 347.34 145-148 70
4 Xl 4(R: =H and R=C¢Hs) CacH1:N303S 37741 132-134 76
5 XlIls(R:=Cl and R= CgHs) CyoH15CINO3S 411.86 160-165 82
6 Xlll+(R;=H and R=C,H,0) C1eH13N30,S 367.37 183-184 75
7 Xlllg(Ri=H and R=H) Ci1eH12CIN;O,S 401.82 201-203 77
8 Xl 1¢(R; =H and R=CgHg) Cu3H1gN3O3S 417.48 268-269 72
9 XlIl17(R, =Cl and R=CgHs) Cy3sH15CIN3O3S 451.92 275-276 69
10 Xl 2¢(Ry=Cl and R=CH) CisH12 CIN3O3S 349.79 152-155 77
11 Xlllz7(Ri= CH;COO and R= CH;) | Ci7H1sN30sS 373.38 213-215 84

Pharmacological evaluation:
Evaluation of in vivo anti-inflammatory activity afynthesized compounds by carragenan induced vatdama
method:Plethysmograph, Carrageenan, Celecoxib, and tespaonds, Normal saline, water, 1ml reusable glass
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syringe, needles for intraperitonial (IP) injectiomarker pens, cotton, 0.1% Sodium CMC suspensine wsed for
the anti-inflammatory activity of the synthesizeshgpounds.

All the experiments were carried out using maleta§pe-Dawley rats (300-350 g) were obtained fronmah
house. On arrival the animals were placed at ranaiodnallocated to treatment groups in polypropylesges with
paddy husk as bedding. Animals were housed at perature of 22C + 2°C and relative humidity of 30-70 %. A
12:12 light: day cycle was followed. All animals ngeallowed to free access to water and fed witimdsted
commercial rat chew pellets. Carrageenan suspemsgrprepared as 1% w/v Suspension of carragegnadding
100mg of carrageenan powder to 10ml of saline (0N&EI) solution and set aside to soak for 1 hour. A
homogenous suspension was then obtained by thomughg with a magnetic stirrer.

The experimental procedure for the anti inflammatactivity of titted compounds was in which Spragdawley
strain Albino rats of either sex, weighing betw@&®-300g, fasted overnight before the test andveltbwaterad
libitum, were divided into 12 groups of six animals eakde volume of the right hind paw was measured uaing
plethismograph. This constituted the initial regdihe test compounds were tested at a dose of /Rnbgpdy
weight. Celecoxib 5mg (0.014mmoles)/kg body weiglds used as standard. All these were administesed a
suspensions using sodium CMC (0.1% wi/v) as suspgratjent. Control group of animals received a susipa of
sodium CMC only. All these were administered ing@ajonially 1h before the injection of carrageen@ri ml of

1% wi/v carrageenan suspension in normal salindnjested in to the plantar region of the right hjveiwv.

The swelling produced after injection of the caemigan was measured at lhour intervals for 4 h@etails of
Mean paw edema volume (n=6) of 4-Amino-N-[1, 3-lmt@zole-2-yl] benzene sulphonamide and derivatives
(30mg/kg bw) compared to standard drug Celecoximg(kg bw) was presented in theable-2. Percentage
inhibition of edema was calculated for the titlesdnpound derivatives were mentioned in Tradble-3.

Table 2: Mean paw edema volume (n=6) of 4-Amino-Nt| 3-benzoxazole-2-yl] Benzene sulphonamide and deatives (30mg/kg bw)
compared to standard drug Celecoxib

S.No | Compound Mean paw edema volume (ml+SD)
1h 2h 3h 4h
1 Xll1(Ri=H) 0.82+0.00] 0.80+0.07 0.80+0.04 0.78+0.¢p5
2 XlIx(R=Cl) 0.83+0.05| 0.78+0.05| 0.74+0.07| 0.74+0.02
3 XlI3(R:=CH;COO) 0.80+ 0.06| 0.75+0.06| 0.72+0.05| 0.68+ 0.06
4 Xlll4(R: =Hand R=C¢Hs) 0.75+0.06| 0.69+0.08| 0.63+0.07| 0.59+0.06
5 Xllls(R:=Cl and R= CsHs) 0.61+0.04| 0.60+0.01| 0.51+0.04| 0.46+0.04
6 Xlll2(R,=H and R=C,H,0O) 0.68+ 0.08| 0.62+0.04| 0.56+0.07| 0.53+0.08
7 Xlllg(R:=H and R=H) 0.70+0.08| 0.64+0.05| 0.58+0.08| 0.54+0.03
8 Xl 1¢(R: =Hand R=CgHs) 0.78+0.06| 0.73+0.06| 0.68+0.04| 0.67+ 0.06
9 Xlll 17(R; =Cland R=CgHs) 0.82+ 0.05| 0.82+0.04| 0.78+0.05| 0.74+0.06
10 | Xlllx¢(R:=Cl and R=CHjy) 0.78+0.04| 0.73+0.03| 0.68+0.06| 0.63+ 0.04
11 Xlllz7(Ri= CH,COO and R= CH;) | 0.74+0.05| 0.68+0.08| 0.58+0.08| 0.57+0.07
12 Celecoxib 0.63+0.04 0.53+0.08| 0.63+0.05| 0.54+0.05
13 | Control 0.85+ 0.1 0.95+0.11| 1.45+0.12| 1.85+0.10

Celecoxib: 5mg/Kg; Contro: 0.1% sodium CMC; Test compounds: 30mg/kg

Table 3: % inhibition of paw edema of 4-Amino-N-[1,3-benzoxazole-2-yl] benzene sulphonamide and deatwes (30mg/kg bw)
compared to standard drug Celecoxib (5mg/kg bw).

S.No | Compound % inhibition of paw edema PLP scorg
1h 2h 3h 4h

1 Xll1(R:=H) 13.61| 25.25| 42.86| 59.69| -63.02

2 Xll,(R=Cl) 15.21| 27.18| 46.45 60.84 -68.29
3 XlI3(R:=CHsCO0) 15.76 | 30.15| 49.26 64.21L -72.67
4 Xl 4Ry =H and R=CsHs) 20.12| 35.89| 54.83 70.28 -83.43
5 Xlll5(R:=Cl and R= CgHs) 29.43| 46.05| 6298 75.34 -91.37
6 Xlll7(R,=H and R=C,H.0) 27.33| 44.14| 6084 7185 -88.71
7 Xlllg(R:=H and R=H) 25.30 | 40.19| 60.29 72.0f -88.42
8 Xl 1¢(R: =H and BR=CgHs) 18.78 | 35.80| 51.06 66.0p -73.88
9 X1 17(Ry =Cl and R=CgHg) 14.52 | 23.42| 4523 6198 -67.10
10 Xlll2¢(R;=Cl and R=CHs) 19.95| 35.78| 50.81 69.3p -74.66
11 | Xlll;#(Ri=CHCOO and R=CHs) | 24.16 | 37.15| 59.13 71.5P -84.22
12 Standard Celecoxib (5mg/kg.bw) 28.59 4845 68.7%.75| -92.77
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in vitro antioxidant activity:

The following materials were employed for the studyantioxidant activity of titted compounds such Ascorbic
acid (Analytical grade, Merck India), Methanol (HRIgrade, Merck India), DPPH,@-diphenylp-picrylhydrazyl)
(Sigma Aldrich),Test compounds, Double distillecteva

Required amount of Ascorbic acid was accuratelyghed and dissolved in distilled water to preparéMlstock
solution. Solutions of different concentrations fi) 30nM, 100nM, 300nM, @M, 3uM, 100uM, 30QuM, and
1mM) of Ascorbic acid were prepared from stock solu 0.2mM solution of DPPH was prepared by digisg
required amount of DPPH in 100ml of methanol. Thkitson was protected from sunlight to prevent shx@lation
of DPPH. Required amount of test compounds wa®ldisd in methanol and 1mM stock solution was pre@ar
Solutions of concentration ranging from 10mM to 1mhMdre prepared.

The procedure for the antioxidant activity was ieatras follows. To 0.1 ml of test sample/ascortuid,a2.5ml of
methanol and 0.5ml of DPPH solution were added,edhithoroughly and absorbance was measured at 517nm
against blank, prepared in an identical way butheut the test compound. The reduction in absorbance
calculated. The details of the results were incratea inTable-4.

Table 4: Antioxidant activity of 4-amino-N-[1, 3-benzoxazole-2-yl] benzene sulphonamides compared tmsdard Ascorbic acid.

S.No | Compound 1Gc(UM)
1 | Xl (R;=H) 41.83
2 Xllx(R=Cl) 46.21
3 Xll3(Ri=CH;COO0) 55.59
4 Xl 4(Ry =H and R=CgHs) 74.10
5 Xllls(Ri=Cl and R= CgHs) 58.95
6 XIll+(R=H and R=C,H,0) 89.06
7 Xlllg(Ri=H and R=H) 39.56
8 Xl 16(R; =H and R=CgHg) 35.16
9 Xlll17(R: =Cl and R=CsHs) 73.88
10 | Xlll,(R;=Cl and R=CHy) 59.86
11 | XllIyx(R:= CHCOO and R= CHy) 66.75
12 Standard Ascorbic acid 8.64

RESULTS AND DISCUSSION

The present research work carried by the authortevagnthesize biologically active 4-amino-N-[1b8nzoxazole-

2-yl] benzene sulphonamides and their derivativeswas succeeded in preparing titted compoundstefdst. The

detailed synthetic scheme was incorporated in Figure-1 (synthetic scheme). The structures of the title
1

compounds were established by IR{-NMR (DMSO-t5), Mass spectrum. The preliminary studies on anti-

inflammatory activity and antioxidant activity di¢ new benzoxazole derivatives have generated sugsresting
data. An attempt has been made to infer the uléroatcome of the present studies based on this data

All the synthesized new benzoxazole derivativesewaraluated for their anti inflammatory activity bging the
standard Celecoxib for the period of four hourdwaihe hour interval. All the synthesized compoundse tested at
the concentration of 0.1mole and the results werapared with standard Celecoxib at concentratiofi.bmole,
and were shown iffable-2.The investigation of anti-inflammatory activity ealed that the test compounds of 4-
amino-N-[1, 3-benzoxazole-2-yl] benzene sulphonasishowed promising anti inflammatory activity atase of
30mg/kg bw. Among the synthesized compouKtl$ 5 was more potent with best PLP score followedXbly 7,

Xl g, Xl 27andXIll 4 with best interactions and best percentage inbibitiere found to be comparatively potent

with %inhibition and PLP scores compared with stadddrug Celecoxib. The details were presentetar able-
3.

All the eleven new 4-amino-N-[1, 3-benzoxazole-P-Ylenzene sulphonamides were evaluated ifasitro
antioxidant activity by DPPH method. The resultshed evaluation studies have been compared wittstdredard
ascorbic acid and the IC50 values (concentraticlesifcompound require to scavenge the 50% fraealatDPPH)

of all compounds were shown ifable-4.All these synthetic compounds produced a concémtralependent
scavenging of free radical, DPPH. The IC50 valukeallosynthetic test compounds were found betweed GM
and 89.06M.Among these compoundXlll 15 XIIl g Xl 1 and Xl 2 were found to be comparatively potent

antioxidant activity respectivelyXll 3, Xlll 2g and XlIl 5 were found to have moderate antioxidant activity
respectivelyXIll 27, XIIl 4, Xl 17, Xlll 7 were found to have weak antioxidant activity.
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CONCLUSION

Heterocyclics for the present investigation wastlsgsis, characterization and physiological actiatyl-amino-N-
[1, 3-benzoxazole-2-yl] benzene sulphonamides dévies. Synthetic studies could go positive astperplanning
and as such in all the reactions carried out. Mpeeted compounds alone could be obtained.

The compounds have been found to be safe even apdimse of 300mg/kg bodyweight orally in experinaént
animals. Eleven newly synthesized 4-amino-N-[1,eB4pxazole-2-yl] benzene sulphonamides derivativesre
characterized by means of chromatographytRNMR and Mass spectral analysis.4-amino-N-[1,3zos@zole-
2-yllbenzene sulphon- amides showed activity inedaidegrees. The investigation of anti-inflammatacfivity
revealed that the test compounds of 4-amino-N-fie@zoxazole-2-yl] benzene sulphonamides showedkrditle
anti inflammatory activity at a dose of 30mg/kg bw.

Among the above synthesized compoukdl$ 5 was more potent with best PLP score followeddly 7 XIII g
Xl o7 andXlll 4 with best interactions and best percentage inbibitvere found to be comparatively potent with
%inhibition and PLP scores compared with standand €elecoxib.

All these synthetic compounds produced a concéotratependent scavenging of free radical, DPPH. Q%D
values of all synthetic test compounds were fouetiveen 38.54M and 80.02M. Among these compounds
Xl 16, X1l g XII 1 andXIl 2 were found to be comparatively potent antioxidanivéty respectively.
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