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ABSTRACT

A series of novel chalcone incorporated hydrazidevatives was synthesized and characterized byeial and
spectral studies. The newly synthesized chaclowwesgorated hydrazides were screened for anticaantl activity
against maximal electroshock seizure (MES) modehaie wistar rats and compared with the standardgdr
phenytoin Compound N'-(3-(4-(dimethylamino)phenyl)-1-(4-flogihenyl)allylidene)-2-phenoxybenzohydrazgie
was found to be most active compound as compatatdtandard drug phenytoin. From the in-silico netaxicity
study, the compourh was found to lack of neurotoxicity.
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INTRODUCTION

Epilepsy is a common neurological condition, affegtc0 million people worldwide according to epidelngical
studies. In India, the prevalence rate of epilepasies from 1,710 to 9,780 cases per million pofpahs [1].
However, all currently approved anticonvulsant agemave dose-related toxicity and idiosyncratice sidfects.
There is continuing demand for new anticonvulsagends as it has not been possible to control ekany of
seizure with existing antiepileptic drugs [2-3].

Hydrazones possessing an azomethine -NHN=CH- pratostitute an important class of compounds for dewg
development. In the past decade, hydrazones haredesigned as potential anticonvulsants that steveturally
dissimilar from very common anticonvulsants cortagnthe dicarboximide function (CONRCO), which may
contribute to toxic side effects [4-7].

A new series of chalconesemicarbazones was sym#ltkand evaluated for anticonvulsant activity by3/¥ethod.
Some of compounds have shown significant prote@®oompared to standard drug phenytoin [8].

In the present work, we planned to incorporatestiiestituted chalcone moiety to 2-phenoxy benzaid lagdrazide
and to screen for anticonvulsant activity. Addihg two active anticonvulsant pharmacophores wepeagd to
have synergistic effect in dealing with anticonamisactivity.

The newly synthesized chalcone incorporated hydeaderivatives were evaluated for anticonvulsativiie by
the MES method by using phenytoin as standard.dEvelopment of anticonvulsant drug molecule mustrosme
the failure rate of poor absorption, distributiometabolism, excretion (ADME) and toxicity (T) propes. Clinical
failure of about 60% of the Investigational New BrdND) filing is attributed to their inadequate MET
attributes. Among that 41% of compounds fail ingldevelopment because of poor ADME and 22% of camgs
fail in drug development because of toxicity [9]o Teduce the burden on experimental animaissilico
neurotoxicity study of synthesized compounds wagezhout.
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Figure 1: Synthesis of Chalcones incorporated hydmdes (i) CHOH, Conc H,SOy; (ii) NH 2NH,.H0; (iii) CH 30H; Glacial CH3;COOH

EXPERIMENTAL SECTION

Chemistry

Melting points of the synthesized compounds werterdgned in open capillary tubes and are uncordecte
Elemental analysis (C, H and N) was undertaken witherkin-Elmer model 240C analyzer, and all aralysgere
consistent with theoretical values (within 0.4 %jass indicated. IR absorption spectra were recbode Bruker
alpha, ATR.’'H NMR spectra were recorded on the Bruker DPX-4@riment at 400 MHz. ThtH shifts are
reported as parts per million (ppm) downfield frafdS. The LC mass spectra of the compounds werededoon
Shimadzu 8201PC spectrometer. The homogeneity @fctimpounds was monitored by ascending thin-layer
chromatography (TLC) on silica gel G (Merck)-coatddminum plates, visualized by iodine vapor.

Methyl-2-phenoxybenzoat) (

A solution of the appropriate phenoxybenzoic adid fnmol), absolute methanol (10 ml) and concerdratéfuric
acid (1 ml) was heated under reflux for the appedprtime 30-40 h. The solvent was evaporated ureuced
pressure, the remaining contents cooled to roonpéeature, neutralized with a concentrated solutibsodium
carbonate, then the aqueous solution extractedaetlittr. The combined ether extracts were dried tfledolvent is
removed under reduced pressure to yield the caynelipg ester [10].

Yield, 82 %; mp 90-92 °C. IR (KBR)na/cmi* 1593 (C=0), 1528, 1497 (Ar. C=C), 1362 (C-O-C).aArCalcd for
CuH1,0; (%): C, 73.67; H, 5.30. Found: C, 73.54; H, 5B83und: C, 73.51; H, 5.21.

2-phenoxybenzohydrazid®) (

A solution of hydrazine hydrate (99.9 %, 5 mmoldaviethyl 2-phenoxybenzoate (1 mmol) was brought to a
gentle reflux for the appropriate time 22 h, thesoled to room temperature. The solid formed watergd
(ice/water mixture was added in some cases to atmplrecipitation) and washed with several portiohsold
water. The filtrate was dried by suction. Crystation of crude product from EtOH afforded the esponding 2-
phenoxybenzohydrazide [10].

Yield, 82 %; mp 98-100 °C. IR (KBrma/cmit 3,320 (-NH-NH), 1621 (C=0), 1582 (C=N), 1562, 1472 (Ar.
C=C), 1354 (C-O-C). Anal. Calcd for,:,N,0, (%): C, 68.41; H, 5.30; N, 12.27. Found: C, 68.865.23; N,
12.33.

Compoundsd-j) were synthesized by as per reported in previbesture [11].
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N'-(1,3-diphenylallylidene)-2-phenoxybenzohydrazifiza)

A mixture of 2-phenoxybenzohydrazide(0.01 mol) and 2-(4-Chlorophenyl)-2,3-dihydrbhromen-4-onga)
(0.01 mol) in methanol was stirred at 60-70 °C@&e8 h in the presence of 2-3 ml of glacial aceticdlaThe reaction
mixture was poured into a beaker containing crustednd allowed to stand for 2 h. The precipitaidormed was
filtered and washed with ice cold water. The crydeduct was dried and recrystallized from chlorofofThe
completion of the reaction was monitored by runfiihg. Solvent system: Benzene: Methanol (8:2).

Yield, 79 %; Mp 184-186 °C. IR (KBryma/cm® 3375 (-NH), 3099, 3045 (CH Str.), 1708 (C=0), 1505N),
1461, 1417 (Ar. C=C), 1378 (C-O-CH NMR (400 MHz, DMSOdy); &: 9.74 (s, 1H, NH), 8.17 (d, 1H, CH), 7.82
(d, 1H, CH), 7.56-6.82 (m, 19H, Ar-H). LCM@/z 419.2, [M+1]. Anal. Calcd for GgH,,N,O, (%):C, 80.36; H,
5.30; N, 6.69. Found: C, 80.19; H, 5.24; N, 6.55.

The other compoundib to 3j were prepared by the same procedure using thespmnding Chalconeb).

N'-(3-(3-nitrophenyl)-1-phenylallylidene)-2-phenoxenzohydrazide (3b)

Yield, 74 %; Mp 190-194 °C. IR (KBn)n./cm™* 3379 (-NH), 3057 (CH Str.), 1676 (C=0), 1585 (CzMN}48 (C-
NO,), 1382 (Ar. C=C), 1342 (C-O-C)H NMR (400 MHz, DMSO#d); 8: 9.63 (s, 1H, NH), 8.13 (d, 1H, CH), 7.96
(d, 1H, CH), 7.72-6.87 (m, 18H, Ar-H). LCM®/z 464.4, [M+1]. Anal. Calcd for GgH»N3;0, (%):C, 72.56; H,
4.57; N, 9.07. Found: C, 72.39; H, 4.48; N, 9.16.

N'-(3-(4-chlorophenyl)-1-phenylallylidene)-2-phengkenzohydrazide (3c)

Yield, 72 %; Mp 206-208 °C. IR (KBma/cmi' 3412 (-NH), 3062, 3028 (CH Str.), 1655 (C=0), 13@£N),
1315 (C-0O-C), 793 (C—CIfH NMR (400 MHz, DMSOs); 5: 9.79 (s, 1H, NH), 8.20 (d, 1H, CH), 8.12 (d, 1H,
CH), 7.83-6.90 (m, 18H, Ar-H). LCM$&/z 453.2, [M+1]. Anal. Calcd for GH,,CIN,O, (%):C, 74.25; H, 4.67;
N, 6.18. Found: C, 74.12; H, 4.66; N, 6.09.

N'-(3-(4-chlorophenyl)-1-(4-hydroxyphenyl)allylidez)-2-phenoxybenzohydrazide (3d)

Yield, 77 %; Mp 146-150 °C. IR (KBr),./cm* 3389 (—NH), 3063 (CH Str.), 1695 (C=0), 1596 (CM310 (C—
0-C), 825 (C—CI)'H NMR (400 MHz, DMSO#d); &: 9.57 (s, 1H, NH), 8.08 (d, 1H, CH), 7.89 (d, XEH), 7.86-
6.92 (m, 17H, Ar-H), 5.67 (s, 1H, OH). LCM8/z 470.4, [M+1]. Anal. Calcd for GgH,;CIN,O; (%): C, 71.72; H,
4.51; N, 5.97. Found: C, 71.86; H, 4.59; N, 5.84.

N'-(3-(2-chlorophenyl)-1-(4-hydroxyphenyl)allylidez)-2-phenoxybenzohydrazide (3e)

Yield, 64 %; Mp 164-166 °C. IR (KBR)ma/cm* 3428 (-NH), 2965 (CH Str.), 1681 (C=0), 1604 (CEN303 (C—
O-C), 838 (C—CI)'H NMR (400 MHz, DMSO#d); &: 9.66 (s, 1H, NH), 8.16 (d, 1H, CH), 7.93 (d, 1EH), 7.64-
6.96 (m, 17H, Ar-H), 5.76 (s, 1H, OH). LCM8/z 470.1, [M+1]. Anal. Calcd for GH»,CIN,O3 (%): C, 71.72; H,
4.51; N, 5.97. Found: C, 71.64; H, 4.47; N, 5.91.

N'-(3-(4-(dimethylamino)phenyl)-1-(4-hydroxyphenyllylidene)-2-phenoxybenzohydrazide (3f)

Yield, 73 %; Mp 178-180 °C. IR (KBmpna/cmi' 3471 (-NH), 3326 (~OH), 3066 (CH Str.), 1682 (C=D$09
(C=N), 1305 (C-O-C)*H NMR (400 MHz, DMSOd); 5: 9.73 (s, 1H, NH), 8.15-8.14 (d, 1H, CH), 7.864 (@,
1H, CH), 7.70-6.90 (m, 17H, Ar-H), 5.69 (s, 1H, OR)91 (s, 6H, -N(Ch),. LCMS m/z 478.2, [M+1]. Anal.
Calcd for GoH»7N303 (%): C, 75.45; H, 5.70; N, 8.80 Found: C, 75.395t65; N, 8.78.

N'-(1-(4-chlorophenyl)-3-(3-nitrophenyl)allylidene?-phenoxybenzohydrazide (3g)

Yield, 68 %; Mp 184-186 °C. IR (KBn)n./cm* 3429 (-NH), 3034 (CH Str.), 1715 (C=0), 1599 (CsMN66 (C-
NO,), 1311 (C-O-C), 812 (C-CljH NMR (400 MHz, DMSO#d); 5: 9.54 (s, 1H, NH), 8.05 (d, 1H, CH), 7.76- (d,
1H, CH), 7.74-6.68 (m, 17H, Ar-H). LCMBi/z 499.3, [M+1]. Anal. Calcd for GH,CIN3O, (%): C, 67.54; H,
4.05; N, 8.44. Found: C, 67.71; H, 4.05; N, 8.32.

N'-(3-(4-(dimethylamino)phenyl)-1-(4-fluorophenyljiylidene)-2-phenoxybenzohydrazide (3h)

Yield, 78 %; Mp 158-160 °C. IR (KBna/cmi* 3418 (-NH), 3065, 3030 (CH Str.), 1697 (C=0), 150&N),
1287 (C-0O-C), 930 (C-FfH NMR (400 MHz, DMSO¢); 5: 9.58 (s, 1H, NH), 8.14 (d, 1H, CH), 8.03 (d, 1H,
CH), 7.85-6.79 (m, 17H, Ar-H), 2.83 (s, 6H, -N(@ LCMS m/z 480.1, [M+1]. Anal. Calcd for GyH26FN3O,
(%): C, 75.14; H, 5.46; N, 8.76. Found: C, 75.275t68; N, 8.88.

N'-(3-(4-chlorophenyl)-1-(4-fluorophenyl)allylideng2-phenoxybenzohydrazide (3i)

Yield, 72 %; Mp 172-174 °C. IR (KBrma/crmit 3396 (—NH), 2961, 2917 (CH Str.), 1650 (C=0), 1584N),
1316 (C-O-C), 962 (C—F), 841 (C—CH.NMR (400 MHz, DMSO#); 5: 9.66 (s, 1H, NH), 8.22 (d, 1H, CH), 7.94-
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7.92 (d, 1H, CH), 7.76-7.06 (m, 17H, Ar-H).LCMf/z 472.2, [M+1]. Anal. Calcd for GH»CIFN,O; (%): C, C,
71.41; H, 4.28; N, 5.95. Found: C, 71.28; H, 4M65.88.

N'-(1-(4-fluorophenyl)-3-(4-nitrophenyl)allylideneR-phenoxybenzohydrazide (3))

Yield, 68 %; Mp 194-196 °C. IR (KBrn./cmi* 3367 (-NH), 2971, 2922 (CH Str.), 1659 (C=0), 15T&N),
1435 (C-NQ), 1317 (C-O-C), 961 (C—BH NMR (400 MHz, DMSOd,); &: 9.61 (s, 1H, NH), 8.09-807 (d, 1H,
CH), 7.97-7.96 (d, 1H, CH), 7.83-6.99 (m, 17H, A;-HCMS m/z 482.3, [M+1]. Anal. Calcd for GgHxFN3O,
(%): C, 69.85; H, 4.19; N, 8.73. Found: C, 69.684H.1; N, 8.84.

Pharmacology

Animals: Male wistar rats procured from BN CollegfePharmacy, Udaipur (150-200 g) were used in tesgnt
study. The animals were housed in colony cagegjitons of constant temperature (2512 °C), relativenidity of
50 £ 5 %, a 12 h light/dark schedule and allowesk faccess to standard palletized laboratory aramelwater
except during the experiment. The animals werengtbto habituate to the laboratory environment2ém before
the experiments were initiated. All the experiméptacedures and protocols used in this study weveewed and
approved by the Institutional Animal Ethical Comieé& (IAEC), constituted in accordance with the gilifees of
the Committee for the Purpose of Control and Supenv of Experiments on Animals (CPCSEA), Governtran
India. The protocol of the study was approved Istitational Animal Ethical Committee (Ref. No. 99C/BNCP-
012/IAEC).

Acute Toxicity Study

Albino mice weighing 20-25 g and Wistar rats weighil50-200 g were used for Acute toxicity studye Bmimals
were housed in colony cages, conditions of congtanperature (22+2 °C), a 12 h light/dark schedahe} allowed
free access to standard diet and tap water exegptgdthe experiment. The animals were allowed abituate to
the laboratory environment for 2 h before the eixpents were initiated. The tested compounds wenairadtered
intraperitoneally at different dose levels in shogps, each group was consist of 10 animals. Zdeh of the drug
administration the percent mortality in each gravgs observed, Approximate Lethal Dose was caladilbtethe
Karbers Method (~400 mg/kg) [12].

Anticonvulsant activity

Maximal Electroshock Seizure Model (MES): Maximidatroshock seizure model was used in the presedy $o
evaluate the anticonvulsant activity of the comptsupn male wistar rats as per reported methodufsizavere
induced in rats by delivering electroshock of 158 far 0.2 sec by means of an electro-convulsiom#tesugh a
pair of ear clip electrodes. The test compounds f8Jkg) were injected i.p. in the form of solutigfhe
compounds were dissolved in 1% sodium carboxymetiililose), 30 min before the maximal electrosheeizure
(MES) test. Phenytoin (25 mg/kg) was used as alatandrug. The reduction in time or abolition ofitoextensor
phase of MES- convulsions was noted [12-15]. Tha dee calculated & expressed as mean extensoe pliaation
in sec. followed by % protection and % potency amparison with the standard as shown in Table tgutie
following formula:

% Protection = (MEPDnc — MEPDsamplé MEPD) X 100,

Where MEPDnNc is the mean extensor phase duratiarowhal control in sec. and MEPD is the mean extens
phase duration of sample or standard in sec.

% Potency = (MEPDnc — MEPD/ MEPDnc —MEPDstd) X 100,
Where MEPDstd is the mean extensor phase duratistandard control in sec.

Statistical analysis
The results are expressed as the mean+SEM per gralithe data were analyzed by one-way analysioénce
(ANOVA) followed by Dunnett’s test as post hoc tegtvalue <0.05 was considered statistically significa

Computational Studies

Calculation of physicochemical parameters

In-silico study of synthesized compound3a{3j) was performed for the prediction of ADME propesti Polar
surface area (TPSA) was calculated using Molinsipinaonline property calculation toolkit (Molinspition
Cheminformatics, 2013). Absorption (%ABS) was chdted by: %ABS=109 -(0.345 x TPSH)6-18].
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In-silico neurotoxicity study

The Pentium IV work station and Pallas 6.1.1 safen@allas, 2000) were used to calculate and tdigiréhein-
silico toxicity study of the molecules. Chem draw ultoétware was used to draw the structure of the camgs to
be analyzed and was saved as MDL file. The sketot@dcules were calculated for the neurotoxicit§-pt].

RESULTS

Chemistry

The synthetic route used to synthesize title compgeus outlined irFigure 1 and structure of titte compounds were
confirmed by IR!H NMR, LCMS and elemental analysis. Methyl 2-pheytmnzoate), the starting material, was
prepared according to the method reported in teealure, using phenoxybenzoic acid. 2-phenoxybeydazide
(2) was prepared by esterification of phenoxybenzaid fllowed by treatment with hydrazine hydrdtdn the
last step, chalconesa{j) were reacted with 2-phenoxybenzohydrazi@ #&nd gave chalcones incorporated
hydrazide derivatives of phenoxybenzoic add-3)).

The proposed structure of compours-3j was confirmed by elemental analysis and spectmsatata (IR,"H
NMR and LCMS). The IR spectra showed C=N absorptiands at 1609-1505 ¢mThe'H NMR spectra of the
compounds3a—3j, showed the one singlet of —-NH-N=C- at the re@ien9.74-9.54 ppm and two doublets of —
CH=CH- at the region of 8.22-8.05 and 8.12-7.92 Mémaining protons appeared at the expected chestiits.
The physical data, IRH NMR and mass spectral data for all the synthesizenpounds are reported in Materials
and method section.

Anticonvulsant activity

The anticonvulsant activity was determined by ME&hnd on wistar rats using phenytoin as standarg (fFable

1). In general, the results of the anticonvulsanitvely are encouraging as out of ten compoundetescompounds
3h and3j exhibited an anticonvulsant activity which is mgmatent than that of other compounds. The resiilts o
anticonvulsant activity showed that compowig substituted with 4-dimethylamino, was found torbest active
(showed 88.84 % potency) as comparable to stargtadytoin. Compounds substitution wimitro andp-fluoro

(3j) showed moderate activity by 77.90 % potency,eepely, as compared to phenytoin.

Table 1 Anticonvulsant activity of titte compounds(3a-3j)

Dose Extensor phase Protection Potency

Compounds ) duration(Sec.) (%) (%)
Control - 9.817+0.471 - -
Phenytoin 25 2.050+0.547 7912 100.00

3a 30 7.667:0.301%  21.90 27.68

3b 30 4567+0.175%  53.48 67.60

3c 30 5067:0.301%* 4839 61.16

3d 30 7.417:0203%  24.45 30.90

3e 30 6733:0288% 3141 39.70

3 30 7.900:0.374% 1952 24.68

3g 30 4.683:0.319%  52.29 66.09

3h 30 2917+0.325%  70.29 88.84

3i 30 5.667:0.484% 4228 53.43

3j 30 3.767:0.216™  61.63 77.90

Data analyzed by one way ANOVA followed by Dursm&st, (n = 6), *P < 0.05, **P < 0.01 significafitom control; ns, not significant.

Table 2In-silico prediction of pharmacokinetic parameters and neurtoxicity study

In-silico In-silico

Compounds MW TPSA % ABS  neurotoxicity (%)

Phenytoin 252.27 58.20 88.92 0
3a 418.50 50.70 91.51 0
3b 463.49 96.52 75.70 0
3c 452.94 50.70 91.51 29
3d 468.94 70.92 84.53 29
3e 468.94 70.92 84.53 29
3f 47756  74.16 83.41 0
39 497.94  96.52 75.70 0
3h 47956 53.93 90.39 0
3i 470.93 50.70 91.51 0
3j 481.48 96.52 75.70 0

MW, molecular weight; %ABS, percentage of absompfid®SA, topological polar surface area;
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CONCLUSION

In conclusion, we described analog-based designchulcones-incorporated hydrazide derivatives of 2-
phenoxybenzoic acid foin vivo anticonvulsant activity as chalcones itself showesdminent anticonvulsant
activity. Most of the compounds have displayed digemnt anticonvulsant activity as indicated by thetection
against MES test in comparison with standard drugngtoin (Table 1). Frorm silico neurotoxicity study, the
most of the compounds were found free from neuioityx CompoundN'-(3-(4-(dimethylamino)phenyl)-1-(4-
fluorophenyl)allylidene)-2-phenoxybenzohydraz&eshowed excellent anticonvulsant activity on MESdedo
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