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ABSTRACT

In this research, certain phthalazine scaffolds evdesigned and synthesized. Hyperidzation with phaophoric
moieties possessing antioxidant activityincludinilycime hydrazides and derivativé§( 11 and 12), amide
derivatives 19), hydrazone {, 14 and 18), Schiff's base derivative84-¢ 13a-c and 20a-9 and N-phtalimido
derivativesBa-¢ 15a-cand2la-g;was achieved.In addition, a synthetic comparisetween O- and N-alkylation
products of phthalazinone ring systemwas studiédh&l newly synthesized compounds were screendtidiorin
vitro antioxidant activity through ABTS antioxidaagsay. Compoursishowed the best activity, whereas compound
12 showed moderate activity. The rest of compoundgeath weak to mild activity.
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INTRODUCTION

Phthalazines are unique well-known class of nitnegentaining heterocyclic compounds, possessingatiée
chemical, industrial and biological properties. Amgothe important pharmacological activities exkbitby
phthalazine derivatives are: anti-inflammatory tyi[1,3],PDE4 inhibitors [4-6], antihypertensiy&],vasodilator

[8], cytotoxic [9],antitumor [10], anticancer [lapticonvulsant [12],antiasthmatic [13], vasorelaxan
[14],antibacterial [15], and antifungal activityq]L

In general, little efforts has been directed tolea@on of the effect of the 2,3-disubstituted-tfpiazinones or 2,3-
disubstituted-1,4-phthalazinediones on alteratibthe pharmacological activity. Considerably lefflore has been
devoted to the modification of the benzene nuclefishe phthalazine in general [17-19].A library nebdor
phthalazine essential skeleton for a variety ofrplaeological activity is illustrated={gure 1).
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Figure 1.A library model for phthalazine scaffold

Antioxidants are molecules, natural, or synthetapable to interact with free radicals and stojr ttteain reactions
before essential vital molecules are damaged. Otairthe contribution and implication of oxidativigess in many
human diseases, antioxidants are intensively sdudienedicinal chemistry and pharmacology. Theirmse is for
treatment, prevention, or protection against marigease conditions [20,21]. Diverse biological and
pharmacological activities of phthalazines wereortggrl by many workers. To the best of our knowledigerature
survey did not reveal antioxidant evaluation. Tl the first objective of this work to investigaand evaluate
the potential antioxidant activity of this classamimpounds via design, synthesis, and in vitrooaidant screening
of selective representatives of phthalazine ddkigatbearing pharmacophoric moieties.

In this research, Introduction of a phenyl ringtéasl of R in the library model in order to increase the fipiicity,
steric effect, and planarity, Modification of R B®R in 3 and by its isosteric NHR &8 because of their polarity
and their important crucial role in varying the phacological activity of such derivatives [22].

In addition, hybridization of the synthesized pM#zines scaffolds with potential pharmacophoric eties
possessing antioxidant activity, e.g. glycine aadvétivesrs [23,24](0, 11 and12), Amide derivatives [25,26]0),
Hydrazone [27,28}, 14 andl8), Schiff's base derivatives [29-3BH-c, 13a-c and 20a-c), and N-Phtalimido
derivatives [32]through ring expansion ®-phenylphthalimide into phthalazinedione derivatiire 12 by
incorporation of the glycine moiety, offering sorihexibility to the heterocyclic ring8a-c, 15a-c and2la-c) was
achieved to afford the designed target compounds.
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Figure 2.0- and N-Alkylation products of phthalazine

From a chemical point of view, some of the synthedicompounds were designed for the aim of conguaris
betweenO-alkylation andN-Alkylation products of phthalazine. Alkylation dfhydroxyphthalazin-1¢2)-one and
its derivatives was studied sporadically, like #imilar analogs of pyridone and quinolinone. Litara survey
revealed that, alkylation of ambident tautomeritehecyclic lactam-lactim or amide-imidic acid forrissa complex
process. The alkylation product, eith€@salkylation, N-Alkylation, or a mix of O- and N-alkylation are varied
according to (but without a well-defined rule): ttmere favored tautomeric form, the solvent and eeadgised, the
spatial demand of the alkylating agent, steric@ndlectronic factors, and in favoring ring aroicigy. Therefore,
the second aim of this work was to synthesize kptikylation Scheme 1,2) andN-alkylation Scheme 3,4) in the
phthalazinone serie€-alkylation was accomplished a direct method, whereas, a chemical evidenceNfor
alkylation was carried out through an indirect noetifFigure 2).
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MATERIALSAND METHODS

Chemistry

Melting points were determined étisher-Johnamelting point apparatus and were uncorrected. ddicalyses were
performed in the Micro Analytical Center, Univeysitf Cairo. IR spectra (KBr) were recorded on Matt5000
FT-IR spectrometerv(in cm), Micro Analytical Center, University of CairdH NMR spectra were recorded on
Bruker Ac 250 FT NMR spectrometer (250 MHn DMSO-ds or CDCkusing TMS as internal standard, chemical
shifts in ppm were expresseddmunits, Micro Analytical Center, University of CairMS analyses were performed
on JEOL JMS-600H spectrometer, Micro Analytical @enUniversity of Cairo. Reaction times were detiered

by using TLC on Silica gel plates 6046 E. Merck, and the spots were visualized by U.V6(3845 nm).
Compounds: 4-hydrhoxy-2-phenylphthalazinjzne @) [33], 4-chloro-2-phenylphthalazin-1B-one (6) [34]
and 4-(1-hydrazonoethyl)anilin&?q) [35] were prepared according to the published.dat

Potassium 4-oxo-3-phenyl-3,4-dihydrophthalazin-late (2)

Finely powdered potassium hydroxide (2.81 g, 50 mmwas added to isopropyl alcohol (80 mL) and vigaly
stirred until a clear solution is obtained. Compabin(11.91 g, 50 mmol) was then added in small postiwith
continuous stirring for 1 h. The formed precipitatethe potassium salt was then filtered, washeith wage-cold
isopropyl alcohol (20 mL), and dried to afford 12.¢ of the titled compound. White crystals, mp >3Q0 yield
88%. Analysis for GHiKN,O, (276.33), Calc.: C, 60.85; H, 3.28; N, 10.14. Fau@, 60.73; H, 3.35; N, 10.31.

2-(4-Oxo-3-phenyl-3,4-dihydrophthalazin-1-yloxy)aaeacid (3)

A mixture of2 (2.76 g, 10 mmol), chloroacetic acid (0.95 g, 1fial), and absolute ethanol (25 mL) was refluxed
with continuous stirring for 10 h. The reaction tobe was filtered while hot and allowed to coolrtpand then
cooled in ice-water. The precipitated solid watefid, air-dried, and recrystallized from aqueoctimsarol. White
crystals, mp 153-155 °C, yield 60%. Analysis fqQeti,N,O,4 (296.28), Calc.: C, 64.86; H, 4.08; N, 9.46. Fau@d
64.65; H, 4.33; N, 9.25. IR (KBr): 3300-2500 (-COPH017 (CH, aromatic), 2980 (CH, aliphatic), 1§62OO0OH),
1601 (N-C=0), 1080 (O=C-OjH NMR (DMSO-dg): 5 4.62 (s, 2H, OCH), 7.23-8.16 (m, 9H, Ar-H).

Ethyl 2-(4-oxo0-3-phenyl-3,4-dihydrophthalazin-1-ytg)acetate (4)

A mixture of3 (2.96 g, 10 mmol), absolute ethanol (50 mL), aokcentrated sulfuric acid (1 mL) was refluxed for
24 h then allowed to cool to rt and further in amd water. A cold solution of sodium bicarbondi&o) was added
gradually until effervescence ceased. The solidaiobtl was collected by filtration, suspended iniwod
bicarbonate solution (5%, 20 mL) and stirred formiid to remove unreacted acid. The precipitate eadiected by
filtration, washed thoroughly with cold water, dfjeand recrystallized from ethyl acetate to givé32g. white
crystals, mp 90-92 °C, yield 60%. Analysis (%) €gH;sN-O,4 (324.33), Calc.: C, 66.66; H, 4.97; N, 8.64. Found:
C, 66.97; H, 4.58; N, 8.62. IR (KBr): 3061 (CH, aratic), 2987 (CH, aliphatic), 1735 (O=C-0O), 1660@xO),
1229, (0=C-0), 1180 (C-O-CjH NMR (CDCL): 5 1.15 (t, 3H, OCHCHs), 4.15 (g, 2H, OCKCH;), 4.82 (s, 2H,
OCH,CO), 7.25-8.36 (m, 9H, Ar-H).

2-(4-Oxo0-3-phenyl-3,4-dihydrophthalazin-1-yloxy)aotydrazide (5)

A mixture of4 (3.24 g, 10 mmol) and hydrazine hydrate (5 mL, @¥%ethanol (25 mL) was refluxed for 8 h. The
formed precipitate was collected by filtration, Wad with ethanol, crystallized from isopropyl aloghand dried to
afford 2.64 g. White crystals, mp 180-182 °C, yi8Po. Analysis for GH;4N4O5 (310.31), Calc.: C, 61.93; H,
4.55; N, 18.06. Found: C, 62.17; H, 4.33; N, 17FONMR (DMSO<s): & 4.44 (s, 2H, OCH), 7.21-8.24 (m, 9H,
Ar-H), 9.50 (s, 1H, NH, BO exchangeable), NHprotons seemed to be exchanged by the solventinv&: 311
(M*+1, 4.70), 279 (11.04), 238 (11.17), 237 (11.52), £12.69), 145 (7.61), 104 (37.06), 77 (14.34).

2-(4-Oxo-3-phenyl-3,4-dihydrophthalazin-1-yloxy)-N4-(un)substituted benzylidene)acetohydrazides-(§a

A mixture of5 (0.31 g, 1 mmol) and the appropriate 4-(un)sultistit benzaldehyde (1 mmol) in absolute ethanol
(25 mL) was refluxed for 5 h, cooled to rt. The @egped crystalline solid was collected by filtratiadried and
recrystallized from absolute ethanol to afford titled products.

N'-Benzylidene-2-((4-oxo-3-phenyl-3,4-dihydroph#iza- 1-yl)oxy)acetohydrazid 6 &)

Yellowish white crystals, mp 176-178 °C, yield 858&alysis for GzH1gN403(398.41), Calc.: C, 69.34; H, 4.55; N,
14.06. Found: C, 69.50; H, 4.29; N, 14.45. IR (KB3215 (NHCO), 3060 (CH, aromatic), 2966 (CH, atipt),
1704 (CHCONH-), 1647 (N-C=0), 1587 (N-N=C-R), 1103 (C-O-®)S (m/z): 398 (M, 55.77), 279 (47.43), 251
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(13.17), 238 (100), 237 (17.40), 221 (34.22), 139%), 104 (19.51), 91 (18.47), 77 (21.4%).NMR (DMSO-dy):
8 4.52 (s, 2H, OCHh), 7.23-8.14 (m, 14H, Ar-H), 8.37 (s, 1H, N=CH),.38 (s, 1H, NH, BO exchangeable).

N'-(4-Chlorobenzylidene)-2-((4-oxo-3-phenyl-3,4yditophthalazin-1-yl)oxy)acetohydrazid&hf

Yellowish white crystals, mp 207-209 °C, yield 858®alysis for GsH;,CIN,O3 (432.86), Calc.: C, 63.82; H, 3.96;
N, 12.94. Found: C, 63.57; H, 4.19; N, 12.61. IB(K 3223 (NHCO), 3078 (CH, aromatic), 2958 (CHphahtic),
1704 (CHCONH), 1644 (N-C=0), 1620 (N-N=@;R103 (C-O-C)*H NMR (DMSO-dg): & 4.51 (s, 2H,
OCH,), 7.25-8.06 (m, 14H, Ar-H), 8.24 (s, 1H, N=CH)79.(s, 1H, NH, DO exchangeable).

N'-(4-hydroxybenzylidene)-2-((4-oxo-3-phenyl-3 Wydirophthalazin-1-yl)oxy)acetohydrazidge)

Yellowish white crystals, mp 233-235 °C, yield 758malysis for GsH1gN4O4(414.41), Calc.: C, 66.66; H, 4.38; N,
13.52. Found: C, 66.84; H, 4.71; N, 12.61. MS (m&4 (M, 7.17), 279 (25.52), 251 (6.67), 238 (10237
(19.17), 221 (21.27), 104 (14.86), 91 (23.56), Z7.27)."H NMR (DMSO-de): 8 4.59 (s, 2H, OCh), 6.79-8.10 (m,
13H, Ar-H), 8.39 (s, 1H, N=CH), 8.71 (s, 1H, OH,Dexchangeable), 9.65 (s, 1H, NH\M@exchangeable).

2-(4-Oxo0-3-phenyl-3,4-dihydrophthalazin-1-yloxy)-N1-phenylethylidene)acetohydrazide (7)

A mixture of5 (0.31 g, 1 mmol) and acetophenone (0.12 g, 1 mimaj)acial acetic acid (20 mL) was refluxed for
5 h, cooled to rt, and then poured over crusheaickallowed to stand overnight. The separated sadis collected
by filtration, dried and recrystallized from DMF/tea to give the titled product, Yellowish-white stgls, mp 191-
193 °C, yield 75%. Analysis (%) for,gH,0N4O5 (412.44), calc.: C, 69.89; H, 4.89; N, 13.58. FauBd70.12; H,
4.63; N, 13.27. IR (KBr): 3200 (NHCO), 3074 (CHpanratic), 2967 (CH, aliphatic), 1698 (@EIONH-), 1663 (N-
C=0), 1624 (N-N=C-R), 1108 (C-O-CH NMR (DMSO-d): & 2.53 (s, 3H, Ch), 4.57 (s, 2H, OC}H), 7.23-8.16
(m, 14H, Ar-H), 9.77 (s, 1H, NH, J® exchangeable).

2-(4-Oxo0-3-phenyl-3,4-dihydrophthalazin-1-yloxy)-{n)substituted-1,3-dioxo-2H-1,3-dihydroisoindol-2-
yl)acetamides (8a-c)

A mixture of 5 (0.31 g, 1 mmol) and the appropriate (un)subsgtityththalic acid anhydride (1 mmol) in glacial
acetic acid (20 mL) was heated under reflux for, @llowed to cool to rt, and then poured over icdex. The
separated solid was collected by filtration, dréedl recrystallized from glacial acetic acid to goeee products.

N-(1,3-Dioxoisoindolin-2-yl)-2-((4-oxo-3-phenyl-3ddhydrophthalazin-1-yl)oxy)acetamid@a)

Yellowish white crystals, mp 159-161 °C, yield 858&alysis for G4H16N4Os(440.41), Calc.: C, 65.45; H, 3.66; N,
12.72. Found: C, 65.11; H, 3.91; N, 12.46. IR (KB®217 (NHCO), 3006 (CH, aromatic), 1797, 1740 {@sC-N-
C=0), 1658 (CHCONH), 1626 (N-C=0), 1187 (C-O-CH NMR (DMSO-de): & 4.49 (s, 2H, OCH), 7.24-8.16 (m,
13H, Ar-H), 9.77 (s, 1H, NH, BD exchangeable).

1,3-Dioxo-2-(2-((4-oxo-3-phenyl-3,4-dihydrophthafa -yl)oxy)acetamido)isoindoline-5-carboxylic acib)
Yellowish white crystals, mp 182-184 °C, yield 658malysis for GsH;¢N4O; (484.42), Calc.: C, 61.99; H, 3.33; N,
11.57. Found: C, 62.27; H, 3.42; N, 11.31. IR (KB3%00-2750 (COOH), 3211 (NHCO), 3008 (CH, aromatic
1797, 1743 two (O=C-N-C=0), 1700 (COOH), 1654 (CBNH), 1625 (N-C=0), 1195 (C-O-C), 1103 (0O=C-0).
MS (m/z): 484 (M, 12.44), 439 (6.04), 295 (100), 279 (21.02), 2&1.44), 221 (26.75), 119 (2.19), 104 (28.44),
91 (38.66), 77 (38.98}H NMR (DMSO-d): & 4.50 (s, 2H, OCh), 7.21-8.02 (m, 12H, Ar-H), 9.75 (s, 1H, NH,
D,0O exchangeable), COOH proton seemed to be exchdnygbe sovent.

2-((4-Oxo0-3-phenyl-3,4-dihydrophthalazin-1-yl)oxyj(4,5,6,7-tetrachloro-1,3-dioxoisoindolin-2-yl)deenide 8¢)
Yellowish white crystals, mp 147-149 °C, yield 85%nalysis for G,H,,CI4N4Os (578.18), Calc.: C, 49.86; H,
2.09; N, 9.69. Found: C, 50.14; H, 1.88; N, 9.85NMR (DMSO-ds): & 4.53 (s, 2H, OC}h), 7.23-8.15 (m, 9H, Ar-
H), 9.77 (s, 1H, NH, BD exchangeable).

2-(1,4-Dioxo-3-phenyl-3,4-dihydrophthalazin-2(1H)})gcetic acid (10)

An ice-cooled solution of chloroacetic acid (4.7359 mmol) in water (50 mL) was neutralized by dwige
addition of 10% sodium hydroxide solution. Phenytitazine (5.41 g, 50 mmol) was then added dropveisd,the
reaction mixture was heated under reflux for 3 tsofution of phthalic acid anhydride (6.67 g, 45 ofnin glacial
acetic acid (30 mL) was then added in small postiover a period of 1 h followed by addition of hydnloric acid
(30 mL, 36%) and reflux was continued for 24 h. Thened precipitate was filtered, washed thoroughith
water, dried, and recrystallized from acetic aciéfford 8 g of the titted compound. Off-white digls, mp 192-194
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°C, yield 60%. Analysis for H1,N,0, (296.28), Calc.: C, 64.86; H, 4.08; N, 9.46. Fou€d:65.03; H, 4.04; N,
9.66. IR (KBr): 3250-2500 (COOH), 3015 (CH, aroropt980 (CH, aliphatic), 1723 (COOH), 1659-1624(
N-N-C=0), 1078 (O-C=0)*H NMR (DMSO-d): 5 4.23 (s, 2H, NCH), 6.88-8.34 (m, 9H, Ar-H), COOH proton
seemed to be exchanged by the solvent.

Ethyl 2-(1,4-dioxo-3-phenyl-3,4-dihydrophthalazintPH)-yl)acetate (11)

A mixture of 10 (2.96 g, 10 mmol), absolute ethanol (50 mL), andcentrated sulfuric acid (1 mL) was heated
under reflux for 24 h then concentrated and allow@daool overnight. The precipitated crystallineguct was
filtered off, washed with sodium bicarbonate sant{5%, 20 mL) and finally with water, dried, argtrystallized
from absolute ethanol to give 2.27 g. Yellowish t&hirystals, mp 119-121 °C, yield 70%. Analysis @gH1sN,O,
(324.33), Calc.: C, 66.66; H, 4.97; N, 8.64. FouBd66.51; H, 5.22; N, 8.55. IR (KBr): 3061 (CHparatic), 2987
(CH, aliphatic), 1735 (COOEt), 1660-1624 (O=C-N-N@), 1229 (COOEt)H NMR (CDCL): 6 1.35 (t, 3H,
OCH,CHs), 4.18 (q, 2H, OCHCHs), 4.26 (s, 2H, NCKCO), 6.89-8.32 (m, 9H, Ar-H).

2-(1,4-Dioxo-3-phenyl-3,4-dihydrophthalazin-2(1H))acetohydrazide (12)

A mixture of11 (3.24 g, 10 mmol) and hydrazine hydrate (5 mL, @%ethanol (25 mL) was heated under reflux
for 12 h. The formed precipitate was collectediliyation, washed with ethanol, recrystallized frawetic acid, and
dried to afford 2.26 g. Yellow crystals, mp 262-283, yield 72%. Analysis for gH14N4O5 (310.31), Calc.: C,
61.93; H, 4.55; N, 18.06. Found: C, 62.11; H, 4.49; 18.22. IR (KBr): 3336 (CHCONHNH,), 3180 (-
CH,CONHNH,), 3039 (CH, aromatic), 2922 (CH, aliphatic), 166H,CONH), 1650-1627 (O=C-N-N-C=0}H
NMR (DMSO-g): & 4.32 (s, 2H, NCH), 6.89-8.32 (m, 9H, Ar-H), 11.50 (s, 1H, NH,®@ exchangeable), NH
protons seemed to be exchanged by the solvent.

2-(1,4-Dioxo-3-phenyl-3,4-dihydrophthalazin-2(1HJ}yN'-((un)4-substituted benzylidene)acetohydrazedé¢l3a-

c)

A mixture of 12 (0.31 g, 1 mmol) and the appropriate 4-(un)sulttit benzaldehyde (1 mmol) in absolute ethanol
(25 mL) was heated under reflux for 5 h, allowedttol to rt. The separated crystalline product filtered off,
dried, and recrystallized from absolute ethandafford the titled compounds.

N'-Benzylidene-2-(1,4-dioxo-3-phenyl-3,4-dihydriyatidzin-2(1H)-yl)acetohydrazidd. 8a)

Yellow crystals, mp 247-249 °C, yield 68%. Analyfis C,3H1gN4O3 (398.41), Calc.: C, 69.34; H, 4.55; N, 14.06.
Found: C, 69.50; H, 4.40; N, 13.881 NMR (DMSO-dq): 6 4.02 (s, 2H, NCh), 6.84-8.34 (m, 14H, Ar-H), 8.45 (s,
1H, N=CH), 11.07 (s, 1H, NH, {® exchangeable).

N'-(4-Chlorobenzylidene)-2-(1,4-dioxo-3-phenyl-8jAydrophthalazin-2(1H)-yl)acetohydrazid&3g)

Yellow crystals, mp 198-200 °C, yield 78%. Analy&is C,3H;,CIN,O3(432.86), Calc.: C, 63.82; H, 3.96; N, 12.94.
Found: C, 63.76; H, 3.88; N, 12.96{ NMR (DMSO-dq): 6 3.81 (s, 2H, NCh), 6.81-8.07 (m, 13H, Ar-H), 8.22 (s,
1H, N=CH), 11.91 (s, 1H, NH, f® exchangeable).

2-(1,4-Dioxo-3-phenyl-3,4-dihydrophthalazin-2(1H)-N'-(4-hydroxybenzylidene)acetohydrazid8d)

Yellow crystals, mp 211-213 °C, yield 73%. Analyfis Cy3H1gN4O4 (414.41), Calc.: C, 66.66; H, 4.38; N, 13.52.
Found: C, 66.30; H, 4.46; N, 13.67. IR (KBr): 334BH), 3209 (NH), 3067 (CH, aromatic), 2957 (CH phktic),
1680 (-CHCONH-), 1643 (O=C-N-N-C=0), 1597 (HN-N=CH NMR (DMSO-ds): 5 4.11 (s, 2H, NCk), 6.77-
8.03 (m, 13H, Ar-H), 8.25 (s, 1H, N=CH), 8.65 ($1,10H, D,O exchangeable), 11.80 (s, 1H, NH,(D
exchangeable),

2-(1,4-Dioxo-3-phenyl-3,4-dihydrophthalazin-2(1H))yN'-(1-phenylethylidene)acetohydrazide (14)

A mixture of 12 (0.31 g, 1 mmol) and acetophenone (0.12 g, 1 mimogjacial acetic acid (20 mL) was heated
refluxed for 10 h, cooled to rt, poured over ceblice, and allowed to stand overnight. The seedrablid was
collected by filtration, dried and recrystallizemr glacial acetic acid to afford pure productsf-@ite crystals,
mp 253-255 °C, yield 63%. Analysis fopE,0N4O3(412.44), Calc.: C, 69.89; H, 4.89; N, 13.58. Faudd69.81;
H, 4.80; N, 13.35. IR (KBr): 3271 (NH), 3062 (CHpaatic), 2957 (CH, aliphatic), 1676 (-GEIONH-), 1660-
1627 (O=C-N-N-C=0), 1593 (}€-C=N-N).*H NMR (DMSO<y): & 2.25 (s, 3H, HC), 4.25 (s, 2H, Ch), 7.12-
8.37 (m, 14H, Ar-H), 10.81 (s, 1H, CONH,D exchangeable).
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2-(1,4-Dioxo-3-phenyl-3,4-dihydrophthalazin-2(1H))yN-((un)substituted-1,3-dioxo-2H-1,3-dihydroisodiol-2-
yl)acetamides (15a-c)

A mixture of 12 (0.31 g, 1 mmol) and the appropriate (un)subsgtityththalic acid anhydride (1 mmol) in glacial
acetic acid (20 mL) was heated under reflux for, &doled to rt, and then poured over ice-water. Sbpgarated
solid was collected by filtration, dried, and restaflized from glacial acetic acid to give pureguots.

2-(1,4-Dioxo-3-phenyl-3,4-dihydrophthalazin-2(1H)-N-(1,3-dioxoisoindolin-2-yl)acetamid4 %a)

Yellow crystals, mp 205-207 °C, yield 78%. Analyfis C,4H1gN4O5 (440.41), Calc.: C, 65.45; H, 3.66; N, 12.72.
Found: C, 65.69; H, 3.46; N, 12.50{ NMR (DMSO-dg): 5 3.94 (s, 2H, Ch), 6.86-8.29 (m, 13H, Ar-H), 10.90 (s,
1H, CONH, BO exchangeable). MS (m/z): 440 (M, 60.97), 279285.251 (34.18), 238 (100), 237 (40.56), 221
(79.59), 104 (60.20), 91 (48.47), 77 (29.59).

2-(2-(1,4-Dioxo-3-phenyl-3,4-dihydrophthalazin-2(tjd)acetamido)-1,3-dioxoisoindoline-5-carboxylicia (15b)
Yellow crystals, mp 247-249 °C, yield 62%. Analyfis CysH1gN4O; (484.42), Calc.: C, 61.99; H, 3.33; N, 11.57.
Found: C, 62.16; H, 3.57; N, 11.851 NMR (DMSO-dq): 5 4.09 (s, 2H, Ch), 6.84-8.16 (m, 12H, Ar-H), 10.82 (s,
1H, CONH, BO exchangeable), 11.72 (s, 1H, COOHQO®Exchangeable).

2-(1,4-Dioxo-3-phenyl-3,4-dihydrophthalazin-2(1H)-N-(4,5,6,7-tetrachloro-1,3-dioxoisoindolin-2-glyetamide
(159

Yellow crystals, mp 260-262 °C, yield 85%. Analygs C,,H1,Cl4;N4O5 (578.19), Calc.: C, 49.86; H, 2.09; N, 9.69.
Found: C, 50.04; H, 2.23; N, 9.44. IR (KBr): 3218H), 1800, 1748 two (O=C-N-C=0), 1654 (N-NHCOgH
1625 (O=C-N-N-C=0), 734 (C-CIfH NMR (DMSO-ds): & 4.08 (s, 2H, Ch), 5 6.86-8.29 (m, 9H, Ar-H)5 10.82
(s, 1H, CONH, RO exchangeable).

4-(2-(1-(4-Aminophenyl)ethylidene)hydrazinyl)-2-phglphthalazin-1(2H)-one (18)

A mixture of 16 (2.57 g, 10 mmol)17 (1.49 g, 10 mmol) and anhydrous sodium aceta®?(g, 10 mmol) in
absolute ethanol (25 mL) was refluxed for 5 h. Ttiened precipitate was collected by filtration,-difed, and
recrystallized from aqueous ethanol. Fluffy yellogvystals, mp 106-108 °C, yield 81%. Analysis for
CoH1oN50(369.42), Calc.: C, 71.53; H, 5.18; N, 18.96. FhuB, 71.69; H, 4.95; N, 19.234 NMR (DMSO-dg): &
2.28 (s, 3H, BC), 7.12-8.37 (m, 13H, Ar-H), 10.81 (s, 1H, CONH(exchangeable), NHprotons seemed to be
exchanged by the solvent. MS (m/z): 369 (M, 9.25) (26.11), 119 (50.00), 118 (100.00), 104 (18.82)(43.89).

N-(4-(1-(2-(4-Oxo-3-phenyl-3,4-dihydrophthalazinyll)hydrazono)ethyl)phenyl)acetamide (19)

Compoundl8 (0.37 g, 1 mmol) was refluxed in acetic anhydiiti@ mL) for 5 h, cooled to rt, and poured over ice-
water (30 mL). The formed crystalline product witefed, dried, and recrystallized from aqueousasth to give
0.26 g. White crystals, mp 135-137 °C, yield 658%alysis for G4H,1NsO, (411.46), Calc.: C, 70.06; H, 5.14; N,
17.02. Found: C, 70.28; H, 5.39; N, 16.88. IR (KB3B89, 3345 (KC-C=N-NH and CHCONH), 3071 (CH,
aromatic), 2925 (CH, aliphatic), 1681 (§EDNH), 1643 (N-C=0), 1611 (€-C=N-NH).*H NMR (DMSO-dy): &
2.15 (s, 3H, COKLC), 8 2.65 (s, 3H, N=C-Ckj, 7.23-8.13 (m, 13H, Ar-H), 9.17 (s, 1H, NHCO,exchangeable),
=N-NH proton seemed to be exchanged by the solvent.

4-(2-(1-(4-(4-(un)Substituted  benzylideneamino)plydethylidene)hydrazinyl)-2-phenylphthalazin-1(2HRres
(20a-c)

A mixture of 18 (0.37 g, 1mmol) and the appropriate 4-(un)sultstitibenzaldehyde (1 mmol) in absolute ethanol
(25 mL) was heated under reflux for 5 h, allowecctol to rt. The separated crystalline product Vilteered off,
dried, and recrystallized from absolute ethandafford the titled compounds.

4-(2-(1-(4-(Benzylideneamino)phenyl)ethylidene)hyiryl)-2-phenylphthalazin-1(2H)-on20a)

Yellow crystals, mp 181-183 °C, yield 87%. Analyfis C,H»3NsO (457.53), Calc.: C, 76.13; H, 5.07; N, 15.31.
Found: C, 76.31; H, 4.85; N, 15.2tH NMR (DMSO-g): & 2.33 (s, 3H, HC-C=N-), 7.20-8.14 (m, 18H, Ar-H),
8.61 (s, 1H, -N=CH), 10.76 (s, 1H, NH,@ exchangeable).

4-(2-(1-(4-((4-Chlorobenzylidene)amino)phenyl)eittghe) hydrazinyl)-2-phenylphthalazin-1(2H)-0 281

Yellow crystals, mp 254-256 °C, yield 71%. Analyfis C,oH,,CINsO (491.97), Calc.: C, 70.80; H, 4.51; N, 14.24.
Found: C, 71.08; H, 4.75; N, 14.06. IR (KBr): 333IN-N=C), 3070 (CH, aromatic), 2924 (CH, aliphatitp75
(N-C=0), 1621, 1583 (C-C=N-NH and ph-C=N-phfH NMR (DMSO-d): 5 2.38 (s, 3H, HC-C=N-), 7.22-8.20
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(m, 17H, Ar-H), 8.60 (s, 1H, -N=CH), 10.78 (s, I8, D,O exchangeable).

4-(2-(1-(4-((4-Hydroxybenzylidene)amino)phenyl)éttgne)hydrazinyl)-2-phenylphthalazin-1(2H)-or2 ¢

Yellow crystals, mp 119-121 °C, yield 64%. Analyfis C,gH»3Ns0, (473.53), Calc.: C, 73.56; H, 4.90; N, 14.79.
Found: C, 73.20; H, 5.18; N, 14.684 NMR (DMSO-d,): & 2.42 (s, 3H, KC-C=N-), 7.18-8.14 (m, 17H, Ar-H),
8.53 (s, 1H, -N=CH), 9.75 (s, 1H, NH,D exchangeable), 10.92 (s, 1H, NHDexchangeable).

2-(4-(1-(2-(4-Oxo-3-phenyl-3,4-dihydrophthalazinyil}hydrazono)ethyl)phenyl)(un)substituted-2H-1, 3-
dihydroisoindole-1,3-diones (21a-c)

A mixture of 18 (0.37 g, 1 mmol) and the appropriate (un)subsgtityththalic acid anhydride (1 mmol) in glacial
acetic acid (20 mL) was heated under reflux for, &doled to rt, and then poured over ice-water. Sbgarated
solid was collected by filtration, dried, and restaflized from glacial acetic acid to give pureguots.

2-(4-(1-(2-(4-Oxo0-3-phenyl-3,4-dihydrophthalazind)hydrazono)ethyl)phenyl)isoindoline-1,3-dior2d §

Yellow crystals, mp 137-139 °C, yield 70%. Analyfis CsoH,:NsOs (499.52), Calc.: C, 72.13; H, 4.24; N, 14.02.
Found: C, 71.85; H, 4.41; N, 14.35. IR (KBr): 34@84), 3070 (CH, aromatic), 2925 (CH, aliphatic),787 1719
two (O=C-N-C=0), 1680 (N-C=0), 1584 {8-C=N-NH)."H NMR (DMSO-ds): & 2.55 (s, 3H, HC-C=N-), 7.21-
7.89 (m, 17H, Ar-H), 10.59 (s, 1H, NH,,D exchangeable).

1,3-Dioxo-2-(4-(1-(2-(4-oxo-3-phenyl-3,4-dihydropatazin-1-yl)hydrazono)ethyl)phenyl)isoindoline-&rzoxylic

acid (20b)

Yellow crystals, mp 257-259 °C, yield 74%. Analyfis C;;H,;NsOs (543.53), Calc.: C, 68.50; H, 3.89; N, 12.88.
Found: C, 68.77; H, 4.14; N, 12.62. IR (KBr): 34@#H), 3250-2500 (-COH), 3065 (CH, aromatic), 2925 (CH,
aliphatic), 1783, 1723 (O=C-N-C=0), 1681 (-COOHj53 (N-C=0), 1601 (kC-C=N-NH).'H NMR (DMSO-d,):

8 2.58 (s, 3H, HC-C=N-), 7.23-8.61 (m, 16H, Ar-H), 10.31 (s, 1H, NBL,O exchangeable), COOH proton seemed
to be exchanged by the solvent.

4,5,6,7-Tetrachloro-2-(4-(1-(2-(4-oxo-3-phenyl-3ldydrophthalazin-1-yl)hydrazono)ethyl)phenyl)isinfine-1,3-
dione 0¢Q

Yellow crystals, mp 283-285 °C, yield 70%. Analy$is CsH1,C4NsO3 (637.30), Calc.: C, 56.54; H, 2.69; N,
10.99. Found: C, 56.69; H, 2.48; N, 11.24.NMR (DMSO-dq): 5 2.67 (s, 3H, Ch), & 7.21-8.14 (m, 13H, Ar-H),
10.75 (s, 1H, NH, BD exchangeable).

Antioxidant Screening

Preparation of reagents

ABTS solution was prepared as 0.1 g/100 mL. Ms@lution (25 mg/mL) was used instead of potasgiensulfate.
All reagents were prepared in phosphate buffer{pB.1 M). The two reagents ABTS/Ma@:3) were mixed and
centrifuged. The supernatant was obtained as dreensolution (ABTS radical solution). This color remained
stable for more than 1 h. The absorbance was adjust about 0.2 at 734 nrh:Ascorbic acid solution was
prepared as 2% solution: 1 g/50 mL distilled wakegxch test sample was used at a concentratiorddfrig/mL in
methanol/phosphate buffer (1:1).

Starting assay

Of ABTS/MnG,, 900 mL was added to a spectrophotometer cuv&REKOL 11), and the absorbance was
measured at 734 nm against a blank made of metpaosphate buffer (1:1). Of the ABTS/Mp@®ixture, 900 mL
was added to 100 mL standard L-ascorbic acid, aml absorbance was measured against the blank:
methanol/phosphate buffer (1:1) + 100 mLLedscorbic acid. 900 pL of the ABTS/Ma@ixture was added to 100
mL of sample, and the absorbance was measuredsaglaeblank: methanol/phosphate buffer (1:1) + @Q0of
sample. The % inhibition of absorbance for eachhaf tested compounds was calculated from the emuati

% Inhibition = (Abs of control - Abs of test)/(Abs of control)x 100.
RESULTSAND DISCUSSION

Chemistry
The starting compound 4-hydroxy-2-phenylphthalafi2H)-one () was converted to its potassium salt by a salting
out with KOH in isopropyl alcohol. This salt forn@at suggests the existence of phthalhydrazide-
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phthalazinoneequilibrium (lactam-lactimtautomeriornis) which predominatessufficiently to cause acidi
charactersand favor more stable ring structure.f38}lation of 2 with chloroacetic acid via Williamson reaction
[37] afforded compour@®l The corresponding estérwas prepared via Fischer esterification [38],tigtouefluxing
the acid derivative and absolute ethanol in the presence of catadytiount of sulfuric acid.The acid hydrazigle
was prepared by refluxing a mixture of the edtand hydrazine hydrate in ethar@lieme 1).

Compoundsa-cwere prepared by condensationscdind the appropriate aromatic aldehyde in ethanal s@vent.
The acetophenonehydrazd@neas prepared by refluxing a mixture ®fand acetophenone in glacial acetic acid,
whereas the acetamide derivativ@escwere synthesized through refluxirigwith the appropriate phthalic acid
anhydride in glacial acetic aci®gheme 2).

o o) OH
i NH SN
o — | | — | |
70% N N
o o} \©
1
oK OH
oY
i N i SN ©
88% N 60% | N
o o
2 3
H
o)
o ~ 0 > N NH,
iv | \I?j o \ N o
60% N 85% | N
o o) \©
4 5

Scheme 1.Synthesis of compounds 1-5. Reagents and conditions: (i) PhANHNH;, H,O, CH3;COOH, HCI, reflux, 10 h; (ii) KOH, isopropyl
alc,, stirring, 1 h; (iii) CICH,COOH, ethanal, reflux, 10 h; (iv) ethanol, H,SO,, reflux, 24 h; (v) NH,NH,.H,O, ethanal, reflux, 8 h

The N,N-disubstituted phthalazintd was synthesized by refluxing phthalic anhydridéhwhein situ-formed 2-(2-
phenylhydrazinyl)acetic acid®) [39] in a strong acidic mixture of acetic aciddahydrochloric acid. This is a
widely used synthetic approach for pyridazinestdhplazines synthesis, in which a reaction betwsginazine or a
substituted hydrazine and 1,4-dicarbonyl compousdsh as 1,4-diketones, 1,4-ketoaldehydes, 1,deligtles,
1,4-ketoacids, 1,4-dicarboxylic acids, and theirivadgives, in particular their acid anhydrides waerformed.
Generally, the reaction may proceed in a singl@ stevia the corresponding intermediate hydrazones. It is
customary to perform the condensation of 1,4-dimaybcompound with hydrazines in the presence ofemdl acid
to avoid the formation ofN-aminopyrole derivatives [40]. Esterification d0 with ethanol afforded the
corresponding esterl, while condensation of the estkl with hydrazine hydrate afforded the correspondinigl
hydrazidel2. The estefl1 and the hydrazid&2 derivatives were referred to in a publication [4gplying different
method for preparation of the estiel. Due to the absence of more detailed data, th@sg@aunds were partially
characterizedScheme 3).
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75-78% |

H
o o N
| =N i o)
—_— AN N
N\© 75% | |

i o 7\
= . N o 2

65-85%

8a-c
R = H, 5-carboxy, 4,5,6,7-tetrachloro

Scheme 2.Synthesis of compounds 6a-c, 7 and 8a-c. Reagents and conditions: (i) appropriate benzaldehyde, ethanal, reflux, 5 h; (ii)
acetophenone, CH3;COOH, reflux, 5 h; (iii) appropriate phthalic anhydride, CH;COOH, reflux, 5 h
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o o O, OH
NHNH, i )
©/ + CICH,COOH ——— oH | " B
_NH 60% N
N
H o} \©
o 10
0.0 o_N
0 j/ ~ 0 j/ “NH,
i N v N
70% LA 72% A
o) \© o)
1" 12

Scheme 3.Synthesis of compounds 10-12. Reagents and conditions: (i) 10% NaOH, reflux, 3 h; (ii) phthalic anhydride, CH;COOH, HCI,
reflux, 24 h; (iii) ethanol, H,SO,, reflux, 24 h; (iv) NH,NH,.H,0, ethanal, reflux, 12 h

The target products 13a-c, 14 and 15a-c were pedgara similar manner to Scheméazondensation of the acid
hydrazide derivative 12 with the appropriate aromatidehyde, acetophenone and the appropriate lghtha
anhydride, respectively (Scheme 4).

Compound 18 was preparedvia alkylation of 4-(1-hydrazonoethyl)anilinelq) [35] with 4-chloro-2-
phenylphthalazin-1(2)-one (6) [34] in presence of catalytic anhydrous sodiunetaie in refluxing ethanol
(Scheme5).

The acetamido derivativel9 was synthesized by acetylation of the corresp@ndamine 18 in acetic
anhydride.Schiff's baseX)a-c target products were prepared by condensatidt8afith the appropriate aromatic
aldehyde in refluxing ethanol. The phthaloyl detiveas 21a-cwere synthesized by refluxing the amit® and the
appropriate phthalic acid anhydride in glacial ecetid Scheme 6).

All the newly synthesized compounds were charamdrby physical analytical and spectral data andddo be in
agreement with calculated and predicted values.
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Scheme 4.Synthesis of compounds 13a-c, 14 and 15a-c. Reagents and conditions: (i) appropriate benzaldehyde, ethanol, reflux, 5 h; (ii)
acetophenone, CH3;COOH, reflux, 5 h; (iii) appropriate phthalic anhydride, CH;COOH, reflux, 5h

OH

N

IO

16

¥ NS
i ©f’?}1 i §
70% N 81% R
I
18

NH,

Scheme 5.Synthesis of compound 18. Reagents and conditions: (i) POCls, reflux, 5 h; (ii) 17, CH3COONa, reflux, 5h

Antioxidant Screening

All the newly synthesized compounds have been stdglefor preliminary screening for thein vitro anti-
inflammatory activity through measuring of the amtdant activity. Superoxide dismutase enzyme isngportant
class of antioxidant defense system (free radicalengers). It was reported that very low levelgiofulating
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superoxide dismutase were observed in inflammatonditions. These levels were significantly imprdweith
NSAIDs therapy [42]. On the other hand; free radicand reactive oxygen species (ROS) were fountbeto
implicated in different inflammatory conditions, gbat inhibition of these species helped in colitrgl the
inflammatory conditions [43,44].

ABTS, (2,2’-azino-bis-3-ethylbenzothiazoline-6-suifc acid diammonium salt), radical cation decatation test
and is also a spectrophotometic method widely disethe assessment of antioxidant activity of vasicubstances
[45]. It is applicable for both lipophilic and hyaphilic compounds. The radical cation (ABT)Svas generated by
oxidation of ABTS with potassium persulfate. Thes@dbance is bleached by antioxidants due to ttegiacity to
reduce the preformed radical. The results of tledipmary qualitative antioxidant screening (scayemactivity) of
all the tested compounds are list@dlfle 1). Compound showed the best activity, whereas compoldghowed
moderate activity. Both and12 are carrying hydrazide moiety and &esubstituted fob andN-substituted fod2,
respectively. The rest of compounds showed weakil activity.

H
N\’//O
_N
i HN™
65% | \[Tj
N
o
Nx
HN’N\ N
NN S L HNS
' 64-87%
N ° SN R = H, Cl, OH
1® A
o
18 o
20a-c
o =
/R
J
i NS o
70-74% | \'Tl
N
o
R = H, 5-carboxy, 4,5,6,7-tetrachloro
21a-c

Scheme 6.Synthesis of compounds 19, 20a-c and 21a-c. Reagents and conditions: (i) (CH3CO),0, reflux, 5 h; (ii) appropriate
benzaldehyde, ethanal, reflux, 5 h; (iii) appropriate phthalic anhydride, CH;COOH, reflux, 8 h
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Table 1: Resultsof ABTS assay

Comp. No. Ab(ﬁ;gﬁ?ce % Inhibition [ Comp. No. Ab(?;gﬁ?ce % Inhibition
Control 0.54 0 13a 0.44 18.50
L-Ascorbic acid 0.05 90.70 13b 0.43 20.30
3 0.39 27.70 14a 0.47 12.90
4 0.44 18.50 14b 0.43 20.30
5 0.15 72.20 15a 0.45 16.60
6a 0.44 18.5( 15b 0.5¢2 1.8(
6b 0.37 31.4C 15¢c 0.3¢ 29.6(
6c 0.41 24.00 18 0.43 20.30
7 0.47 12.90 19 0.43 20.30
8a 0.45 16.60 20a 0.44 18.50
8b 0.37 31.40 20b 0.46 14.80
8c 0.37 31.40 20c 0.40 25.90
10 0.45 16.60 2la 0.48 11.10
11 0.50 7.40 21b 0.46 14.80
12 0.26 51.80 paly 0.45 16.60
CONCLUSION

From a chemical point of view, synthesis of tardepithalazine derivatives were achieved effecting simple
chemical pathways. Bo@+ and N-substituted phthalazine derivatives can be sem®dversatile heterocyclic
building blocks for different bioactive moleculdiplogically, antioxidant screening datarevealeat ttompound
showed the best activity, whereas, compol2aghowed moderate activity. Bofhand12 are carrying a hydrazide
moiety hybridized with phthalazine ring and &@esubstituted fob andN-substituted forl2, respectively. The rest
of compounds showed weak to mild activity.Furtheuctural modification of functionalities is reqai for
improvement of biological activity.
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