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ABSTRACT

In our ongoing research efforts to improve and develop new treatment strategies against oxidative stress, we
develop simple and efficient methods to synthesis a new derivatives as stable free radical scavenger through
conjugation of the different moieties to enone 8a-c & 16 as starting compounds and containing different active
parts as indoline (9a-c,11a-c, 12a-c &13a-c), quinoline 10a-f, pyrimidine 15a,b and pyridine 17. In addition, the
UV absorption by some representative members indicated A, in the range of 400-320nm (UVA) asin compound 17
and A in the range of 320-290nm (UVB) as in 9b. This finding represents an indication that these compounds
might proof themselves as photoprotectors. This might be due to their characteristic structure that can scavenge free
radicals and protect the skin against their harmful effects and they can be applied topically. Moreover, they were
evaluated pharmacologically for their in vitro antioxidant activity using L-ascorbic acid as positive control
according to ABTS antioxidant assay, Erythrocyte hemolysis and Bleomycin depended DNA damage methods and
the structures were confirmed by elemental analysis aswell as*H NMR, IR and mass spectral data.
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Figure 1. Representative examplesof new antioxidant compounds might proof as photopr otectors.
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Antioxidant activity

INTRODUCTION

Free radicals and other reactive oxygen speciesSjR0ch as superoxide {) hydroxyl radical (HQ hydrogen
peroxide (HO,) are constantly generated by many biological gses and may be considered as a measure of

1785
www.scholar sresear chlibrary.com



Magda A.-A. El Sayed et al Der Pharma Chemica, 2012, 4 (5):1785-1797

biological inefficiency [1 ]. Human body uses antioxidant defence systeneutralise the excessive level of ROS,
this system consists of enzymes such as superdaigieutases (SOD), catalases and glutathione persedd
(GPXs) and numerous non-enzymatic small moleculssilslted widely in biological system and capabie
scavenging free radicals, these molecules includ&atbione (GSH),o-tocopherol (vitamin E), vitamin Cj-
carotene and seleniun®[]. The imbalance between (ROS) production andatlalable antioxidant defence leads to
a widely accepted phenomenon called oxidative st@sIn oxidative stress the ROS that are produceexitess
are responsible for the oxidative damage of biomdés such as lipids, proteins and DNA within cdlhe
oxidative damage of these biomolecules may leddrmation of non function molecules which precipitan the
tissue of 4, 5] as, Muscles, lead to inflammation and muscle spagscular system, lead to atherosclerosis, heart,
kidney and liver diseases and Nerve cells lealzbeimer disease. Moreover, when oxidative straake damage
of the DNA, it will produce non function moleculesghich may lead to apoptosis of cells or canceritfdse results
may induce “Aging”. In the last decade, much effbes been directed toward finding molecules capable
preventing or retarding this oxidative stress @vaje. These are, however many naturally occurubgtances and
synthetically pharmacological agents which functit;m protect against the potentially harmful effea$
prooxidants, these substances are termed antidgig@s10]. The objectives of this study were to evaluate th
antioxidant activity and the efficacy of some nesnpounds containing pharmacophoric groups aslstytyich
found in Resveratro\ [11], in trans stilbene template such as the 4-methoxystilbeatognes B 12], enones as
C and Curcumin which is the principal CurcuminBicf the popular Indian spice Turmeric and hasoaidative
property [L3-16].
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Figure 2. Representative examples of antioxidant compounds containing phar macophoric groups
RESULTSAND DISCUSSION

2.1. Chemistry

The synthetic routs of the proposed compounds atined in scheme4-3. Our initial goal was to prepare 3-
hydroxy-3-[(E)-4-(3,4-disubstituted phenyl)-2-oxobut-3-enyl]itide2-ones9a-c. This was synthesised analogues
to Popp method1l7, 18] through addition reaction of 4-(substituted pH#myt-3-en-2-onesBa-c with isatin in
absolute ethanol in presence of few drop®lof-diethylamine (DEA) as a catalyst, the final prodwere easily
separated in good yiel&cheme 1. Compound®b, ¢ showed'H NMR spectra indicated that the products exist as
the E-steroissomersduylcr= 16.3-16.5 Hz rang). Whereas, compouBdsc were reacted according to "Pftzinger
reaction [L9] to prepare 6-substituted-2-(4-substitutedstygyl)noline-4-carboxylic acidOa-f through the reaction
with isatins in alcoholic KOHschemel. The mass spectra of compourid®, b and 10f showed molecular ion
peaks confirmed their molecular weights, and gaedomic fragments that verified their structué.’¢44 or -45) is
the common fragment ion peak eliminated from conmpisdOa, b due to decarboxylation. Cyclocondensation of 3-
hydroxy-3-[(E)-4-(substituted phenyl)-2-oxobut-3-enyl]indoline&es 9a-c with hydroxylamine hydrochloride in
alcoholic potassium hydroxide, hydrazine hydrateeryl hydrazine, or malononitrile in the presenéeexcess
ammonium acetate in ethanol gave 3-[4,5-dihydr@eB) substituted phenyl)-1,2-oxazol-3-ylmethyl]-3-
hydroxyindolin-2-oned 1a-c, 3-(4,5-dihydro-1,3,5-trisubstituted pyrazol-3-@thyl)-3-hydroxyindolin-2-one&2a-

f and 3-[6-amino-5-cyano-4-((un)substituted  phenyijpn-2-ylmethyl]-3-hydroxyindolin-2-ones 13a-c,
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respectivelyScheme 2. On the other hand, 4-(4-Methoxy-3-substitutednghle6-methylpyrimidin-2-amined4, 15
were synthesised according to the procedure desthly Pandeyet al [20] through the reaction of 4-(substituted
phenyl)but-3-en-2-one8b,c with guanidine hydrochloride in the presence abhblic sodium hydroxide provided
the requisite compounds in good overall yield. TRedata of compound$4 exhibited absorption bands at 3280
(NH,) and 1625-1613 (C=C, C=N of ring) and no absorpband new at 1655 (C=0, butenone). Moreover, &hif
base condensation reaction of 2-aminopyrimidinévedtves 14a,b with isatin in absolute ethanol containing few
drops of glacial acetic acid gave the correspondmijes 15ab Scheme 3. The IR data of compounit5a
exhibited absorption bands at 3385 (NH) and 1734Q)¢ in addition to characteristic bands at 163%3.6C=C,
C=N of ring).

The second starting compound 1, 1, 1-trifluorgtdydroxyphenyl) hex-5-ene-2, 4-dion#6 via base-catalyzed
condensation of ethyl trifluoroacetate with butem@malogues8c in methanolic solution of sodium methoxide and
(MTBE). Reaction of compouni6 with malononitrile and excess ammonium acetate acdseved to afford (2-
amino-4-(3, 3, drifluoro-2-oxopropyl)-6-(4-hydroxyphenyl) pyridin@-carbonitrilel7 Scheme 3. The IR spectral
data of compounds7 exhibited absorption bands at 1633-1630 (C=0), 22283 (CN) and 3389-3346 (NH and
no absorption bands at ~1611-1599 (C=C, vinyl). éalty, Diels-Alder reaction is carried out by réan a double
bond to a conjugated diene and formation of a sxatmered ring 41]. Formation of18a,b through Diels-Alder
reaction of 1,3-butadiene and butenone analoi@ies in benzene at °5was failed .

O o)
SN Qe
N
H
R —_—
R DEA/ C,HsOH
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KOH/ C,H5OH

R,R'=H, OCH;
X= BI', F, CH3
Scheme 1
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Table 1: Physicochemical data of compounds 9b,c.

O NH
S
oH ©
R 9b,c
R1
Analysis
Comp.No.| R Rl Mol. Form. M.p°C | Yield %
(M.W)
Calc. Found
C:70.58| C:70.59
9 OCH, H C1H17NO,(323.34) | 160-162 63 H:5.30 | H:5.32
N:4.33| N:4.31
CoHeaNO C:67.98| C:67.97
9c OCH; | OCH; (23"5§937)5 170-172 42 H:5.42 | H:5.42
. N:3.96 | N:3.98

Table2: Physicochemical data of compounds 10a-f.

COOH

0
S N/
1

R
R
_ :
Comp.No. | R RV | x M‘(’,'\)I';‘\’/r)m' "’E'Ffég) Yield % CachnalyS;oun 5
263 C :59.39| C :59.36
10a OCH [ H | Br | CoHuBINO:(384.22)| 60 H :3.67 | H :3.69
N :3.65| N :3.62
199.200 C :7058| C :70.52
10b OCH, | H F | CuuFNO:(323.32) | i 60 H:436| H :4.39
N :4.33| N :4.32
- C 75.22| C 75.25
10 OCH [ H | CHy| CaHiNO(319.35) | o 55 H:537| H:536
N :439 | N :4.33
280 C :57.99] C 57.96
10d OCH, | OCH, | Br | CoHiBINO:(414.25) | Ey 72 | H :389| H :385
N :3.38| N :3.84
158-160 C 67.98] C 67.96
10e OCH, [ OCH, | F | CaHhoNO:(353:34) | * 2y 52 | H :456| H :455
N :3.96| N :3.98
204 C 72.19] C 72.16
10f OCH, | OCH; | CHy | CoioNO:(349.38) | 65 | H :548| H :5.49
N :401| N :4.04

*R.S: Recrydtallisation solvent, AW: acetic acid/water, DW: DMF/water, EAA: ethanol/acetic acid, EE: ethanol/ethyl acetate.

Table 3: Physicochemical data of compounds 11a-c.
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1 Mol. Form. o . Analysis
Comp. No. R R (M.W) (M.p°C) | Yield % Calc. Found
C.7012] C:70.15
11a H H | CigHiNoOs (308.33)| 197-200| 60 | H:523 | H:5.21
N:9.09 | N:9.10
C67.44] C67.45
11b | OCHs | H | CiHisN:04(338.36)| 199-201| 62 | H:536 | H:539
N:8.28 | N:830
NG C 6521 C 6523
1ic OCH; | OCHs Egég;s)s 180-182 53 H:5.47 | H:5.49
' N:7.60 | N:7.58
Table 4: Physicochemical data of compounds 12a-f.
R
Rl
1 Mol. Form. (M.p°C) | Yield % Analysis
Comp.No. | R R R, (M.W) (RS*) | Method | calc. Found
C.7034 | C.7033
12a H H H | CigHiNs0,(307.35) 1?2'A1)82 (15) H :558 | H: 559
N :13.67 | N:13.65
C.67.64] C.67.63
126 | OCHs | H H | CiHigNsOs (337.37) 13&)140 (i(; H :568| H:5.69
N :12.46 | N:12.45
C 6538 | C.6533
12c | OCHs | OCHs | H | CagHaaNsOs (367.40) 1285')122 (‘f)’ H :576| H:5.79
N :11.44| N:11.45
180-182| 53 | C:7518| C:75.19
12d H H | CoHs | CoHaaNsO, (383.44)|  (AA) ® | H :552| H:555
N:10.96 | N:10.70
C 7262 | C72.65
12 | OCH | H | CeHs | CosHosNsOs (413.47) 13(9E')14° (%3 H:561 | H:514
N:10.16 | N:10.14
C 7041 | C70.43
12 OCHs | OCHs | CaHs | CagHosNaO (443.49) 1%3;3)22 (‘:32) H:568 | H:5.69
N:947 | N :9.45

*R.S Recrystallisation solvent, AA: acetic acid, E: ethanol, EA: ethyl acetate, M: methanol

Table5: Physicochemical data of compounds 13a-c.

1 Mol. Form. 0 . Analysis
Comp. No. R R M.W) (M.p™C)R.S*) | Yield % Calc. Found

C:70.77| C:.70.78

13a H H CaH16N4O; (356.38) 1(7D3V&)7 5 53 H :453| H:452
N:15.72| N:15.72

200-201 C:68.38 | C:68.39

13b OCH; H C2H18N405 (386.40) E) 60 H:470| H:4.71
N:1450| N:14.48

210-213 C:66.34 | C:66.38

13c OCH; | OCH; | Cy3H20N4O4 (416.43) E) 42 H :484| H:4.86
N:13.45| N:13.41

*R.S Recrystallisation solvent, DW: DMF/water, E: ethanol.
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Table 6: Physicochemical data of compounds 15a,b

OCH,
Mol. Form. (M.p °C) i Analysis
Comp. No. R (M.W) Yield % Calc. Found
C:69.76 | C:69.79
15a H CooH16N402(344.37) | 190-192 56 H:4.68 | H:4.64

N:16.27 | N:16.29
C:67.37| C:67.38
15b OCH; | CiH1gN4O3 (374.39)| 215-217 53 H:485| H:4.90
N:14.96| N:14.92

2.2. Biological screening

2. 2.1 Antioxidant screening

The newly synthesized compounds have been subjdotegreliminary screening of thein vitro antioxidant
activity using L-ascorbic acid as positive contmotording to the following methods.

2.2.1.1. ABTS antioxidant assay [22, 23].

ABTS", 2, 2'-azinobis (3-ethylbenzothiazoline-6-sulfoaitid) diammonium salt radical cation decolourizattest
is a photometric method widely used for the assessmwf antioxidant activity. ABTSwas generated by oxidation
of ABTS with potassium persulfat&éhe absorbance is bleached by antioxidants dtieeio capacity to reduce the
preformed radical. The results of the preliminamalifative antioxidant screening (scavenger agiiwif the tested
compounds indicated that compourdds, 12ef highly active while,11a, 12¢,d, 14b,c were moderately active and
slightly active respectively, in comparison wittetheference compound gble 8). 11b, 12ef are highly active,
while compounds

2.2.1. 2. Erythrocyte hemolysis assay [24-26].

There is evidence that ROS can induce the processllodeath so erythrocyte hemolysis assay wafopaed
mediated by peroxy radicals. A suspension of eogiytes in phosphate buffer saline (PBS) was adoeldet same
volume of 2,2'-azobis[2-amidinopropane]dihydrcider (AAPH) solution in PBS containing samples totésted
and The percentage hemolysis was calculated byeduation ( A/ B ) x 100 % .. The results indicatbdt
hemolysis than the reference L-ascorbic acid. Whitenpoundsl2a, b, e were either inactive or slightly active.
(Table 9).

2.2 .1 .3. Bleomycin dependant DNA damage assay [27-29].

Bleomycin is a cytotoxic antibiotic derived fro8treptomyces verticellus mostly of the tested compounds has high
ability to scavenger the peroxy radical with desieg the ability to erythrocyte. It has antitumantibacterial and
antiviral properties. Several investigations halkieven that bleomycin induces apoptosis in mammatigis. The
observed data indicated that compoudfidhas distinctive protecting activity to DNA. In atidn, compound’ have
dominant activity similar to L-ascorbic aci@igble 10).

3. Chemistry

3. 1. Expirmental

Melting points {C, uncorrected) were determined offrigher-Johns apparatus (Fischer-Scientific, Pittsburgh,PA,
USA). UV spectra were recorded on Shimadzuc (Mdéell PC) UV-Visible spectrophotometer. IR speckBr]
were recorded on a Pye-Unicam SP 1000 spectrorfietarcmi®) ( Pye-Unicam Ltd., Cambridge, UKH NMR
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spectra were recorded on a Bruker Ac 250 FT NMRctspmeter using tetramethylsilane (TMS) as internal
reference (chemical shifts in ppmd units). Mass spectra data analyses were recordedaoian Mat. 112 A
spectrophotometer. Analytical thin layer chromatpdry (TLC) was applied to monitor the reactionsngsi
precoated plates (silica gel 60 f-265, Merk, Daedst Germany) and spots were visualized with UWtligrhe
result of elemental analysis (C, H, N) were withird.4 % of the theoretical values. Thin layer chabography
(TLC) was preformed on silica gel GLF plates, 250crons. E)-4-phenylbut-3-en-2-one anéE)-4-(4 -
methoxyphenyl)-but-3-en-2-oneE)-4-(3,4 -dimethoxyphenyl)-but-3-en-2-one (8a-c) respectively, were
synthesized as describe3Df 35] and9a & 14a were prepared as describ&6,[37] respectivelly.

General procedure for preparation of 3-hydroxy-3-[(E)-4-(3,4-disubstituted phenyl)-2-oxobut-3-enyl]indolin-
2-ones (9b,c).

A mixture of isatin (1.4 g, 0.01 mol), butenoneidatives8a-c (0.01 mol) and DEA (4 drops) in absolute ethanol
(50 ml) was heated under reflux for 30 min. Afteargling for two days at room temperature, the sgpdrsolid
was filtered, dried and recrystallised from MeOHelihg points, yield percentages and microanalytitza are
shown inTTable 1).

3-Hydr oxy-3- [(E)-4-(4-methoxyphenyl)-2-oxobut-3-enyl] indolin-2-one (9b).

IR: 3430 (OH), 3150 (NH), 1725, 1675 (C=0), 1624 (¢=t1 NMR (CDCL): & 10.2 (s, 1H, NH, BO
exchangeablel 7.1-8.0 (m, 9H, H-4 & Ar-H)$ 6.8 (d, 1H, J=16, H-3% 3.6 (2d, 2H, CH), 5 5.9 (s, 1H, OH,
D,0-exchang.)8 3.8 (s, 3H, OCh. MS (m/z %): 323 (3.7, M, 294 (94.4), 280 (28.98), 251 (27.42), 161
(100.00), 147 (24.3), 146 (58.5), 133 (37.1), 13@.1) 77 (30.4).

3-Hydr oxy-3-[(E)-4-(3, 4-dimethoxyphenyl)-2-oxobut-3-enyl]indolin-2-one (9c).

IR: 3435 (OH), 3145 (NH), 1720, 1675 (C=0), 1635 (=81 NMR (CDCL): & 10.4 (s, 1H, NH, BO
exchangeable} 7.3-8.1 (m, 9H, H-4 & Ar-H)$ 6.8 (d, 1H, J=16, H-3% 3.6 (2d, 2H, CH), § 5.8 (s, 1H, OH,
D,0-exchang.)$ 3.9 (s, 6H, OCHh).

General procedurefor preparation of 2-(3, 4-disubstituted styryl)-6-(un) substituted quinoline-4-car box- ylic

acids (10a-f).

A mixture of the appropriate butenone derivatiBasc (0.005 mol ), isatin (0.78 g, 0.005 mol) or 5-stiated
isatin (0.005 mol) and potassium hydroxide (1.8.§23 mol) in 50 % aqueous ethanol (20 ml) wasdteander
reflux for 20 h. Then, the reaction mixture wasithld with 30 % aqueous ethanol, filtered and néméh with 50%
acetic acid. The precipitated solid was filtereded and recrystallised from the suitable solvévi¢lting points,
recrystallisation solvents, yield percentages aimtaanalytical data are shown ifigble 2).

6-Bromo-2-(4-methoxystyryl)quinoline-4-car boxylic acid (10a).

IR: 3450 (COOH, 1734 (C=0), 1699 (C=CjH NMR (CDCL): 11.0 (s, 1H, COOH), 7.1-8.2 (m, 9H, styryl H-2 &
Ar-H), 6.8 (d, 1H, J=16, styryl H-1), 3.7 (s, 3HCB3). MS (m/z %): 383/385 (16.7/26.3, WM*+2), 382 (25.5),
371 (9.6), 368 (11.3),334 (20.5), 339 (24.30), §BR2), 216 (32.2), 171 (37.2), 161 (46.4), 121170108 (50.6),
89 (100.0), 79/81 (38.5/37.2), 77 (80.0) 62 (37.2).

6-Fluor 0-2-(4-methoxystyryl)quinoline-4-car boxylic acid (10b).

IR: 3455 (CQOH, 1730 (C=0), 1685 (C=CJH NMR (CDCL): 11.2 (s, 1H, COOH), 7.1-8.4 (m, 9H, styryl H-2 &
Ar-H), 6.7 (d, 1H, J=16, styryl H-1), 3.8 (s, 3HCE3). MS (m/z %): 323 (71.4, N), 322 (75.5, M-1), 279 (27.1),
278 (40.8), 238 (100.0), 161 (42.3), 121 (82.08 (M1.5), 83 (30.4), 77 (13.4).

2-(4-M ethoxystyr yl)-6-methylquinoline-4-car boxylic acid (10c).

IR: 3455 (COOH, 1730 (C=0), 1685 (C=CJH NMR (CDCL): 11.0 (s, 1H, COOH), 7.2-8.2 (m, 9H, styryl H-2 &
Ar-H), 6.9 (d, 1H, J=16, styryl H-1) 3.7 (s, 3H, @¢}, 2.3 (s, 3H, Ch). MS (m/z %): 318 (3.7, M1), 308 (3.4),
300 (4.3), 294 (9.4), 288 (3.1), 223 (5.9), 161851133 (34.2), 121 (100.0), 91 (46.4), 77 (53.5).

6-Bromo-2-(3,4-dimethoxystyryl)quinoline-4-car boxylic acid (10d).
IR: 3455 (CQOH, 1730 (C=0), 1685 (C=CJH NMR (CDCL): 11.2 (s, 1H, COOH), 7.3-8.2 (m, 8H, styryl H-2 &
Ar-H), 6.8 (d, 1H, J=16, styryl H-1), 3.9 (s, 6HCB5).

6-Fluor 0-2-(3,4-dimethoxystyryl)quinoline-4-car boxylic acid (10€).

IR: 3455 (CQOH, 1730 (C=0), 1685 (C=CJH NMR (CDCL): 10.9 (s, 1H, COOH), 7.2-8.2 (m, 8H, styryl H-2 &
Ar-H), 6.8 (d, 1H, J=16, styryl H-1), 3.9 (s, 6HC8,). MS (m/z %): 353 (2.6, M), 269 (6.0), 268 (24.0), 237
(7.7), 151 (100.0), 137(8.7), 83 (9.1), 77 (4.2).
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2-(3,4-Dimethoxystyryl)-6-methylquinoline-4-car boxylic acid (10f).
IR: 3455 (CQOH, 1730 (C=0), 1685 (C=C}H NMR (CDCl): 11.1(s, 1H, COOH), 7.3-8.2 (m, 8H, styryl H-2 &
Ar-H), 6.9 (d, 1H, J=186, styryl H-1), 3.9 (s, 6HC8,), 2.3 (s, 3H, CH).

General procedurefor preparation of 3-[4, 5-dihydro-5-((un)substituted phenyl)-1, 2-oxazol-3-ylmethyl]-3-
hydr oxyindolin-2-ones (11a-c)

A suspension oPa-c (0.003 mol) in absolute ethanol (15 ml), was addeda solution of hydroxylamine
hydrochloride (0.2 g, 0.003 mol) and potassium byifte (0.2 g, 0.004 mol) in absolute ethanol (10Q.nMhe
resulting mixture was heated under reflux for 100m cooling, the precipitated solid was filteredied and
recrystallised from ethanol. Melting points, yigldrcentages and microanalytical data are shownhahl ¢ 3).

3-(4,5-Dihydr o-5-phenyl-1,2-oxazol-3-ylmethyl)-3-hydr oxyindolin-2-one (11a).
'H NMR (DMSO-d): 11.7 (s, 1H, NH, BO exchangeable), 8.2 (s, 1H, OH;(exchangeable), 6.8-8.0 (m, 9H,
Ar-H), 5.7-5.9 (t, 1H, oxazolyl, CH-5), 4.8 (2d, 28H,), 3.4-3.5 (d, 2H, oxazolyl, CH-4).

3-[4,5-Dihydr 0-5-(4-methoxyphenyl)-1,2-oxazol-3-ylmethyl]-3- hydr oxyindolin-2-one (11b).
'H NMR (DMSO-d;): 11.7 (s, 1H, NH, BO exchangeable), 8.2 (s, 1H, OH,Dexchangeable), 6.8-8.0 (m, 8H,
Ar-H), 5.7-5.9 (t, 1H, oxazolyl, CH-5), 4.8 (2d, 2BH,), 3.8 (s, 3H, OC}H), 3.4-3.5 (d, 2H, oxazolyl, CH-4).

3-[4,5-Dihydr 0-5-(3,4-dimethoxyphenyl-1,2-oxazol-3-yImethyl]-3-hydr oxyindolin-2-one (11c).

'H NMR (DMSO-d;): 11.7 (s, 1H, NH, BO exchangeable), 8.2 (s, 1H, OH,Dexchangeable), 6.8-8.0 (m, 7H,
Ar-H), 5.7-5.9 (t, 1H, oxazolyl, CH-5), 4.8 (2d, 28BH,), 3.9 (s, 6H, OCk), 3.4-3.5 (d, 2H, oxazolyl, CH-4AM S
(m/z %): 367 (2.3, M+1), 363 (3.0), 338 (1.9), 308 (8.8), 305 (1002Y0 (16.3), 275 (5.8), 263 (3.5), 142 (1.0), 92
(2.0), 74 (22.9).

General procedurefor preparation of 3-(4, 5-dihydro-1,3,5-trisubstituted pyrazol-3-ylmethyl)hydroxyindolin-
2-ones (12a-f).

Method A:

Hydrazine hydrate (98 %) (1.3 g, 0.04 mol) was ddfbea solution oBa-c (0.01 mol) in absolute ethanol (30 ml)
and the mixture was heated under reflux for 6 ke $blvent was concentratatdvacuo. On cooling the separated
solid was filtered, dried and recrystallised frdm fappropriate solvent.

Method B:

Phenyl hydrazine (0.9 g, 0.01 mol), was added solation of9a-c (0.01 mol) in glacial acetic acid (20 ml). The
mixture was heated under reflux for 20 h. On caplihe separated solid was filtered, dried andystallised from
the appropriate solvent.

Melting points, recrystallisation solvents, yieldrpentages and microanalytical data are showhablé 4).

3-(4,5-Dihydr o-5-phenyl-1H-pyr azol-3-ylmethyl)-3-hydr oxy indolin-2-one (12a).

'H NMR (DMSO-d;): 9.9 (s, 2H, NH, BO exchangeable), 8.4 (s, 1H, OH,exchangeable), 7.0-8.0 (m, 9H, Ar-
H), 5.1-5.3 (t, 1H, pyrazolyl, CH-5), 4.9 (2d, 28H,), 3.4 (d, 2H, pyrazolyl, CH-4MS (m/z %): 307 (7.2, M),
296 (3.3), 243 (2.3), 116 (13.0),74 (100.0).

3-[4,5-Dihydr 0-5-(4-methoxyphenyl)-1H-pyr azol-3-ylmethyl]-3-hyd- roxyindolin-2-one (12b).
H NMR (DMSO-d): 9.9 (s, 2H, NH, BO exchangeable), 8.3 (s, 1H, OH,exchangeable), 6.8-8.0 (m, 8H, Ar-
H), 5.1-5.2 (t, 1H, pyrazolyl, CH-5), 4.9 (2d, 26H,), 3.7 (s, 3H, OCH), 3.4 (d, 2H, pyrazolyl, CH-4).

3-[4,5-Dihydr 0-5-(3,4-dimethoxyphenyl)-1H-pyr azol-3-ylmethyl]-3-hydr oxyindolin-2-one (12c).
H NMR (DMSO-d): 9.9 (s, 2H, NH, BO exchangeable), 8.3 (s, 1H, OH,exchangeable), 6.8-8.0 (m, 7H, Ar-
H), 5.1-5.2 (t, 1H, pyrazolyl, CH-5), 4.9 (2d, 26k,), 3.9 (s, 6H, OCH), 3.4 (d, 2H, pyrazolyl, CH-4).

3-(4,5-Dihydro-1,5-diphenyl-1H-pyrazol-3-ylmethyl)-3-hydr oxyindo-lin-2-one (12d).
'H NMR (DMSO-d;):10.1 (s, 1H, NH, BO exchangeable), 8.3 (s, 1H, OH,exchangeable), 6.8-8.0 (m, 14H,
Ar-H), 5.0-5.2 (t, 1H, pyrazolyl, CH-5), 4.5 (2dH2CH,), 3.1-3.5 (d, 2H, pyrazolyl, CH-4).

3-[4,5-Dihydr 0-5-(4-methoxyphenyl)-1-phenyl-1H-pyr azol-3-ylmethyl]-3-hydr oxyindolin-2-one (12¢).

'H NMR (DMSO-d):10.1 (s, 1H, NH, BO exchangeable), 8.3 (s, 1H, OH,exchangeable), 6.8-8.0 (m, 13H,
Ar-H), 5.0-5.2 (t, 1H, pyrazolyl, CH-5), 4.5 (2dH2CH,), 3.7 (s, 3H, OCH) 3.1-3.5 (d, 2H, pyrazolyl, CH-4M S
(m/z %): 413 (6.1 M), 383 (1.7), 266 (19.6), 265 (100.0), 251 (1.@p 20.3), 162 (1.0), 91 (1.8), 77 (0.1), 66 (0.4).
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3-[4,5-Dihydr 0-5-(3,4-dimethoxyphenyl)-1-phenyl-1H-pyr azol -3-yl-methyl]-3-hydr oxyindolin-2-one (12f).
H NMR (DMSO0-d;):10.4 (s, 1H, NH, BO exchangeable}, 8.6 (s, 1H, OH, BO-exchangeable), 6.8-8.0 (m, 12H,
Ar-H), 5.2-5.4 (t, 1H, pyrazolyl, CH-5), 4.8 (2dH2CH,), 3.8 (s, 6H, OCh), 3.4 (d, 2H, pyrazolyl, CH-4).

General procedure for preparation of 3-[6-amino-5-cyano-4-((un)substituted phenyl) pyridine-2-ylmethyl]-3-
hydr oxyindolin-2-ones (13a-c).

A mixture of 9a-c (0.005 mol), malononitrile (0.3 g, 0.005 mol) aachmonium acetate (3.1 g, 0.04 mol) in
absolute ethanol (30 ml) was heated under reflux6ftn. The reaction mixture was concentrabed/acuo. On
cooling, the precipitated solid was filtered, driad recrystallised. Melting points, recrystallisatsolvents, yield
percentages and microanalytical data are showhahlé 5).

3-(6-Amino-5-cyano-4-phenylpyridin-2-ylmethyl)-3-hydr oxyindolin-2- one (13a).

IR: 3450 (OH), 3389 (NbJ, 2225 (CN), 1715 (C=0), 1610 (C=NH NMR (DMSO-d;): 10.2 (s, 1H, NH, BD
exchangeable), 8.6 (s, 1H, OH;@exchangeable), 6.8-8.1 (m, 10H, Ar-H), 6.2 (s, BRH,, D,O exchangeable),
4.1 (2d, 2H, CH).

3-[6-Amino-5-cyano-4-(4-methoxyphenyl) pyridin-2-ylmethyl]-3-hydr oxyindolin-2-one (13b).

IR: 3445 (OH), 3385 (Nb), 2215 (CN), 1720 (C=0), 1615 (C=NH NMR (DMSO-d): 10.3 (s, 1H, NH, BD
exchangeable), 8.6 (s, 1H, OH;Mexchangeable), 6.8-8.1 (m, 9H, Ar-H), 6.2 (s, BRiHj, D,O exchangeable), 4.1
(2d, 2H, CH), 3.7 (s, 3H, OCh). MS (m/z %): 386 (5.5, M), 372 (25.6) , 332 (35.5), 264 (16.8), 238 (5023)1
(18.5), 135 (43.2), 121 (76.9), 93 (22.6) 57 (1D06EG (84.9).

3-[6-Amino-5-cyano-4-(3,4-dimethoxyphenyl)pyridin-2-ylmethyl]-3-hydr oxyindolin-2-one (13c).

IR: 3455 (OH), 3380 (NbJ, 2220 (CN), 1715 (C=0), 1620 (C=NH NMR (DMSO-d;): 10.3 (s, 1H, NH, BD
exchangeable), 8.7 (s, 1H, OH;Mexchangeable), 6.8-8.1 (m, 8H, Ar-H), 6.2 (s, RiHj, D,O exchangeable), 4.1
(2d, 2H, CH), 3.9 (s, 6H, OCHh).

4-(3,4-Dimethoxyphenyl)-6-methyl pyrimidin-2-amines (14b).

A mixture of the appropriate butenone analog8e€.01 mol) and guanidine hydrochloride (1.4 g,18.0nol) was
added to a solution of sodium hydroxide (1.8 g48.@nol) in ethanol (50 ml). The reaction mixtureswzeated
under reflux for 6 h, concentratéad vacuo and cooled. The resulting solid was collectedediand recrystallised
from ethanol to yield 1.35 g (53 %) of compouhoh.p 115-118C. Analysis (%) Calc.(Found) for compouivb:
Ci13H1N30, (245.28): C, 63.66 (63.68); H, 6.16 (6.19); N,1B7(17.15).UV (CHsOH): Anax 267, € = 19828.00.
IR: 3280 (NH), 1625, 1613 (C=C, C=N ring).

General procedure for preparation of 3-[4-(substituted phenyl)-6-methylpyrimidin-2-ylimino] indolin-2-one
(154, b):

Isatin (0.4 g, 0.003 mol) and the appropriate pidines (4a,b) (0.003 mol) were dissolved in warm absolute
ethanol (75 ml) containing glacial acetic acid (§.rihe reaction mixture was heated under reflixd® h and kept
at room temperature overnight. The solid precipdatvas washed with ethanalried and recrystallised from
ethanol. Melting points, , yield percentages andra@nalytical data are shown ingble 6).

3-[4-(4-M ethoxyphenyl)-6-methylpyrimidin-2-ylimino] indolin-2-one (15a).
UV (CHsOH): Amax 272, € = 8517.24 Amax 224, ¢ = 26931.031R: 3385 (NH), 1734 (C=0), 1635, 1613 (C=C,
C=N ring).'H NMR (DMSO-d): 9.1 (s, 1H, NH), 7.1-8.0 (m, 9H, Ar-H), 3.8 @, OCH;), 2.3 (s, 3H, Ch) .

3-[4-(3, 4-Dimethoxyphenyl)-6-methylpyrimidin-2-ylimino]indolin-2-one (15b).

IR: 3380 (NH), 1734 (C=0), 1635, 1613 (C=C, C=N ririt) NMR (DMSO-d): 9.1 (s, 1H, NH), 7.1-8.0 (m, 8H,
Ar-H), 3.9 (s, 6H, OCH), 2.3 (s, 3H, CH) . MS (m/z %): 373 (10.9, M1), 372 (24.8), 359 (11.10), 346 (7.32),
333 (15.4), 238 (37.5), 233 (20.4), 226 (12.9), 18.8), 121 (100.0), 115(13.6), 108 (8.8), 89 (95A) (17.5), 69
(12.2).

1, 1, 1-Trifluor 0-6-(3,4-dimethoxyphenyl)hex-5-ene-2,4-diones (16).

A solution of ethyl trifluoroacetate (23.5 g, 0.h6ol) in methyl tert-butyl ether (MTBE) (75 ml) was added
dropwise to an ice-cooled solution of sodium meitiex9.5 g, 0.18 mol) in methanol (40 ml), followled addition
of a suspension of appropriate butenone derivaeef0.15 mol) in MTBE (20 ml) dropwise over 5 min. &h
mixture was stirred at room temperature for 16 & aN HCI (70 ml) was added. The organic layer waltected,
washed with brine (75 ml), dried over Mg$@iltered and concentratad vacuo, the residue was triturated with
pet. ether (60-80). The resulting solid was co#idcby filtration, dried and recrystallised from &bl to afford g
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(42%) of compound6, mp 93-95°C. Analysis (%) Calc.(Found) for compoufé: CyH;3F:0, (302.25): C, 55.63
(55.60); H, 4.34 (4.39); F, 18.86 (18.80) (C,HsOH): Amax 370, & =20636.36.

IR: 3346 (NH), 2213 (CN), 1633 (C=Q) IR: 3450 (br, OH), 1675, 1639 (C=0), 1583 (C={E).NMR (CDCL):
6.9-7.5 (m, 3H, H-4 & Ar-H)$ 6.8 (d, 1H, J=16, H-3), 5.1 (s, 1H, OH,M@exchangeable), 4.1 (s, 2H, §H3.9 (s,
6H, OCHy). MS (m/z %): 302 (21.8, N), 256 (8.7), 233 (24.0), 205 (28.2), 191 (31.53 18.2), 130 (15.0), 90
(27.1.3), 68 (100.0), 52 (21.4).

2-Amino-6-(3,3,3-trifluor o-2-oxopr opyl)-4-(3,4-dimethoxyphenyl) pyridine-3-carbonitrile (17).

A mixture of 1,1,1-trifluoro-6-(3,4-dimethoxyphenkiiex-5-ene-2,4-dione$6 (0.005 mol), malononitrile (0.3 g,
0.005 mol) in absolute ethanol (30 ml) and ammonagetate (3.1 g, 0.04 mol) was heated under réfiug h. The
reaction mixture was concentratedvacuo, the precipitated solid was filtered, dried ancrystallised from ethanol.
to afford g (41%) of compounti7, mp 153-138C. Analysis (%) Calc.(Found) for compoufé: C;/H;,FsN;0;
(365.31): C, 55.89 (55.83); H, 3.86 (3.81); F, D5(15.50), N: 11.50 (11.53)R: 3346 (NH), 2213 (CN), 1633
(C=0). 'H NMR (CDCL): 6.8-7.4 (m, 4H, Ar-H), 5.5 (s, 1H, OH,,0 exchangeable), 4.9 (s, 2H, WHD,O
exchangeable), 3.7 (s, 3H, OgH2.5 (s, 2H, CH. MS (m/z %): 365 (8.1, M, 349 (9.7), 293 (15.3), 269 (8.9),
191 (18.0), 151 (100.0), 91 (7.8) and 77 (8.5).

3.2. Biological screening

3.2.1. Antioxidant screening

3.2.1. 1. ABT S antioxidant assay:

3.2.1.1. 1. Preparation of reagents and extracts

a) Preparation of control: ABTS solution prepared abg®/100 ml, MnQ@ solution 25mg/ml (used instead of
potassium persulfate). All reagents were preparegtiosphate buffer (pH 7, 0.1M). Mix the two reagen
ABTS/MnO, (2:3), shake, centrifuge, and the supernatantréergblue solution (ABTSradical solution). This
colour remains stable more than 1h. Adjust absaat 0.2 at 734 nnib) Preparation of standard antioxidant L-
ascorbic acid L-Ascorbic acid solution prepared&s solution: 1g /50 ml distilled watec) Preparation of test
samples: Each test sample was used in concentdt@@1mg/ml in methanol/phosphate buffer (1:1).

3.3.1. 1.2 Assay:
a) Add 900 ul of (ABTS/Mn@) to cuvette of spectrophotometer (SPEKOL 11), meaabsorbance at 734 nm and
measure against blank (methanol/phosphate buffg); (ading.0.2.

b) Add 900 ul of mixture to 100ul standard ascorbitd and measure against blank (methanol/phosghster
(1:1) +100 ul of ascorbic acid).

¢) Add 900 ul of mixture to 100 ul of sample andasigre against blank (methanol/phosphate buffe) (11100 ul
of sample). The antioxidant activityas expressed in term of percentage of inhibitibeuperoxide production %
Inhibition of superoxide production = (control alisance - test absorbance) / (control absorban&8px

3.2.1. 2. Erythrocyte hemolysis assay

3.2.1.2.1. Preparation of reagentsand extracts

Blood was obtained from rats by retro orbital plexnethod and collected in heparinised tubes. Eoytites were
separated from plasma and the buffy coat and watstied times with 10 volumes of 0.15 M NaCl. Durithg last
wash, the erythrocytes were centrifuged at 2,5@0figr 10 min to obtain a constantly packed celparation.

3.2.1. 2.2 Assay:

A 10 % suspension of erythrocytes in pH 7.4 phospbaffer saline (PBS) was added to the same volin(200
mM) 2,2'-azobis[2-amidinopropane]dihydrchloride (RA) solution in PBS containing samples to be tested
concentration of 0.2 mg/milhe reaction mixture was shaken gently while bémubated at 37C° [for 2h. Then,
it was removed, diluted with 8 volumes of PBS ardtdfuged at 2.500 rpm for 10 min. The absorbafax the
supernatant was read at 540 nm. Similarly, theti@aenixture was treated with 8 volumes of distlllevater to
achieve complete hemolysis and absorbance B dfupernatant after centrifugation was measured @ind4. The
percentage hemolysis was calculated by the equ@iidiB) x 100 %.

3.2.1.3. Bleomycin dependant DNA damage assay.

3.21.3.1. Assay

The reaction mixture contained DNA (0.5 mg/ml),dsteycin sulfate (0.05 mg/ml), Mge{0.5 mg/ml), FeGI(50
uM) and samples to be tested in a concentratiod. bimg/ml. L-ascorbic acidvas used as positive control. The
mixture was incubated at 3T for 1 h. The reaction was terminated by addit6r®.05 ml EDTA (0.1 M) .The
colour was developed by adding 0.5 ml thiobarbitadid (TBA) (1% w/v) and 0.5 ml HCI (25% v/v) folved by
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heating at 80°C for 10 min. After centrifugation the extent of BNdamage was measured by increase in
absorbance at 532 nm.

Table6: ABTSantioxidant assay method

M ethod ABTS

Comp. No. | AbsorbanceA | Inhibition % Comp. No. Absorbance A | Inhibition %
% 0.37 17.70 12b 0.38 15.50
9c 0.35 22.20 12¢ 0.14 68.80
10a 0.3 33.30 12d 0.19 57.70
10b 0.34 24.40 12e 0.08 82.20
10c 0.25 44.40 12f 0.08 82.20
10d 0.25 44.40 13a 0.3 33.30
10e 0.27 40.00 13b 0.1 77.70
10f 0.39 13.30 13c 0.18 60.00
1la 0.2 55.50 15a 0.38 15.50
11b 0.05 88.80 17 0.3 33.30
11c 0.29 35.50 L -ascor bic acid 0.05 88.80
12a 0.26 42.20

Table7: Erythrocyte hemolysisantioxidant assay method.

M ethod Erythrocyte Hemolysis

Comp. No. | AbsorbanceA | Hemolysis% | Comp. No. Absorbance A | Hemolysis %
9b 0.014 1.60 12b 0.45 52.50
9c 0.009 1.05 12c 0.014 1.63
10a 0.02 2.33 12d 0.007 0.81
10b 0.036 4.20 12e 0.45 52.50
10c 0.006 0.70 12f 0.017 1.98
10d 0.02 2.33 13a 0.029 3.38
10e 0.02 2.33 13b 0.031 3.61
10f 0.025 291 13c 0.047 5.48
1lla 0.033 3.85 15a 0.003 0.35
11b 0.006 0.70 17 0.032 3.73
11c 0.028 3.26 L -ascor bic acid 0.054 6.30
12a 0.281 32.70

Table 8: Bleomycin depended DNA damage antioxidant assay method.

Method Bleomycin depended DNA damage
Comp. No. | Absorbance A | Comp. No. Absorbance A

122b 0.04 12b 0.009
9c 0.023 12c 0.002
10a 0.041 12d 0.004
10b 0.033 12e 0.01
10c 0.033 12f 0.02
10d 0.043 13a 0.03
10e 0.132 13b 0.016
10f 0.015 13c 0.006
1lla 0.02 15a 0.021
11b 0.036 17 0.045
1lc 0.085 L -ascor bic acid 0.023
12a 0.048

Acknowledgements
Thank Prof.Farid A. Badria, Professor of Pharmacognosy, Head of Liver Rekeaaboratory, Faculty of
Pharmacy, University of Mansoura, for his sincezfptand co-operation in performing the biologicaiegning.

REFERENCES

[1] Halliwell B. and Cross C. D. Environ. Health Perspect, 102, 5 (1994).

[2] Halliwell B.; Pathology and Biology, 44, 6 (1996).

[3] Jacob R. A.Nutrition Research, 15, 755 (995).

[4] Yucan Y. V. and Kitts D. D.AOCS Press, Champaign, lllinois, 258 (1997).

[5] Sics H.;Exp. Physial., 82, 291 (997).

[6] Wiseman H. and Halliwell BBiochem. J, 313, 17 (1996).

[7] Gupta A., Rosenberger S. F. and Bowden GCarrinogenesis, 20, 2063 (1999).

[8] Regnstrom J., Nilsson J., Tomvall P., Landou C.ldathstem A.lancet, 339, 1183 (992).

1796
www.scholar sresear chlibrary.com



Magda A.-A. El Sayed et al Der Pharma Chemica, 2012, 4 (5):1785-1797

[9] Powers S. K., and Lennon S. Proc. Nutr. Soc., 28, 1025 (999).

[10]Hayes I. D. and Mclellan L. IEree Radical. Res.,. 31, 273 (1999).

[11]1Dube D., Fortin R., Friesen R., Wang Z. and Gaufhat.; US Patent, 0065011 2003).

[12] Schneider Y., Chabert P., Stutzmann J., Coelhd-Bugerousse A., Gosse F., Launay J. F., Brouilarend
Raul F.,Int. J. Cancer; 107, 107 Q003).

[13]Barclay L. R. C., Vingvist M. R., Mukai K., Goto Hdashimoto Y., Tokunaga A. and Uno xg. Lett., 2,
2841 @000).

[14]Venkatesan P. and Rao M. N. A.;Pharm. Pharmacol, 52, 1123 2000).

[15]Masuda T., Maekawa T., Hidaka K., Banda H., Y. &adhaguchi H.;J. Agri. Food Chem., 49, 2539 @001).
[16]Food Standards Australia New Zealand. "Food Additiv Numerical List".
http://www.foodstandards.gov.au/newsroom/publigagiohoosingtherightstuff/ffoodadditivesnumeric1688.c
Retrieved 2 Decemb@009.

[17]1Popp F. D. and. Donigan B. E;Pharm. ci., 68, 519 (1979).

[18]Popp F. D., Parson R. and Donigan B.JEHeterocyclic Chem.,17, 1329 (980).

[19]Kinght J. K., Porter H. K. and Calaway K. Padl,Am. Chem. Soc., 66 (1944) 1893-1894

[20]Pandeya S. N., Sriram A., Nath G. and De Clercdl Earmaco, 54, 624 (999).

[21]Knapp S., Randall R. and Michna B.0rg. Chem., 46, 624 (1981).

[22]Miller N.J, Rice-Evans C., Davies M.J., Gopinatharand Milner A. , Clin Sci84, 407 (1993).

[23]Vissers M. C. and Wilkie R. PJ, Leukoc. Biol., 81, 1236 @007)

[24]Follera M., Geigera C., Mahmuda H., Nicolaya J. hadg F., Eur J. Pharnbg81, 13 008)

[25] Pietraforte D., Matarrese P., Straface E., Gamliarde, Metere A., Scorza G., Leto T., Malorni Wnda
Minetti M., Free Radical Biology & Medicind2, 202 @007)

[26]Lang K.S., Lang P.A., Bauer C., Duranton C., WietleHuber S.M. and Lang F., Cell Physiol. Biochgt,
195 @005).

[27] Tounekti O., Pron G. and BelehradelBleomycin, an apoptosis-mimetic drug that induses types of cell
death depending on the number of molecules inteethl Cancer Res53, 5462 (993).

[28]Fridlender Z. G., Cohen P.Y., Golan O. and Arish\Nallach-Dayan S. and Breuer R., Eur Respif3@.205
(2007).

[29]Mahmutoglu I., Scheulen M.E. and Kappus H., Arckxi¢ol., 60,150 (1987).

[30]Elias G. and Rao N. M., European Journal of Medichemistry23, 379 (L988).

[31]Mannich C. and Merz K. W.; Archiv. Pharm. Pharm.dM€hem. 15, 265 (1927).

[32] Smith L.; J. Chem. Educl, 430(996).

[33]Katade S, Phalgune U, Biswas S, Wakharkar R antdp2esle N., Indian J.Chem4/B, 927@008).

[34] Furniss B. S., Hamaford A. J., Smith P. G. and f&ltcA. R.;Vogel's " Textbook of practical organic chemistry
"Eds Longman Group, England? Bd. p 10331989).

[35]Mokle S.S., Khansole S.V., Patil R.B. and VibhutBY International J. of Pharma and Bio S¥il, 1 (2010).
[36]M. E. Beccalli, A. Marchesini and T. Pilatl; Chem. Soc., Perkin trans. 1, Org. and Bio-org. Chem., 5, 579
(1994).

[37]1Bhendkan A.Qriental J. Chem., 19, 731 @003).

1797
www.scholar sresear chlibrary.com



