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ABSTRACT

Hydazones are molecules that inhibit the developroEreveral microbes and parasites. They are knfowtheir
pharmacological activities: antimicrobial, antiviraantitumor, antimalarial, Anticonvulsant. In thigsearch, we
synthesized with good yields(57-91%), substitutgdahones of 4'-methylacetophenone, 2-acetonaphthone
methoxy-1-tetralone andS (+)-carvone that formed $eries: the series of salicylhydrazories(@a) and the series
of p-tosylhydrazones ofll§-4b). Then we checked purity of molecules by elemeatal HPLC analysis.
Spectrometric analyzes methods such as HRMEMR and'®C were used to confirm their structures. Their
antiparasitic properties were evaluated on Plasmadifalciparum and the toxicity against Artemia saliLeach.
Molecules of salicylhydrazones series presentecenadel activity with good selectivity{7SI< 14). All compounds
were found non-toxic to the larvae excéat3b and4b. In view of the observed activities and thoseaadseknown,
hydrazones could be a promising approach to thattnent of malaria.
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INTRODUCTION

Vector-borne diseases account for 17% of infectidiseases and are among the most important diseakesian
health, by both the morbidity and the mortality aido by the human poverty they cause[l]. Theseades are
mostly prevalent in tropical regions where they paet of the causes and the consequences of uesiefopment.
Their impact on public health is an obstacle tddrkn's education and economic development of cmsnfl].
Among these diseases, malaria is for men congdieguts to health. The main protozoan disease agentsembers
of Apicomplexa orders (Plasmodium, Toxoplasma, Eia)g2]. This protozoan parasite Plasmodium gemnbih

is endemic by WHO in 2011 caused more than 655d¥#hs and for which 216 million cases were obskerve
mainly in children and in West Africa [3]. Thus,veeal research groups synthesized new organic mieledor
therapeutic purposes[4-7]. The Hydrazone compouwmndsone of the important classes of molecules gamc
chemistry that have been extensively studied [8[®ky attract more attention because of their bicll and
pharmaceutical activities as anticancer [10] aafigesic, antiinflammatory and antipyretic [11-13]€Be
compounds also have antioxidant [14], anti-trypanos [15], and antimalaria [16]activities.Based aghbr bio-
activity, the biological importance of the hydraeogroup and its derivatives, it appears importandésign,
synthesize new derivatives with the pharmacophgdedzone group and evaluate their pharmacologicaliges.
The aim of our study was to synthesize hydrazomem fwell suitable carbonyl compounds and hydrazine
derivatives, to assess their purity by elementad &PLC analysis, to confirm their structures by ivas
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spectrometric analysis methods and to evalumatgtro, their antiplasmodial activity onld&modium falciparunand
their toxicity against Artemia salina L each.

EXPERIMENTAL SECTION

Equipment

Melting points (m.p.) were determined onfasionometerof the typeelectrothermallA 9000 and were not
corrected. For checking purity of synthesized coumuls, we used a Thermo Electron Corporation FlaSH EL2
serie analyzer equipped with a micro-balance Meflleledo MX5 and a logiciel : Eager 300. We usesbah
Accela type (Thermo Fisher Scientifique, Bremengrn@ay) HPLC system equipped with a Phenomenexty C
column.

All synthesized compounds were characterized bylédmdviagnetic Resonance spectra using Bruker Advd00
Ultra Sheild with dimethylsufoxide (DMSO)sa@r chloroform CDC and the Mass spectra were acquired in positive
mode using an LTQ-Orbitrap XL hybride (Thermo Fisl&ientifique, Bremen, Germany) equipped with an
electrospray ionization ESI and high resolution snaas given in m/z of [MA.

The frequencies folH and™*C are 400.130 and 100.612 MHz respectively. Chdnsitifts are given in parts per
million (ppm) relative to tetramethylsilane as mi&l standard. Multiplicity was designated as sn¢$), redoubled
doublet (dd) triplet (t), quintuplet (qi) and mgpligt (m).

Reagents

All reagents were obtained from chemical societiigma-Aldrich, Acros Organic, Janssen Chimicadbo and

Riedel-de Haen. Substrates, reagents, catalystsawdnts were used directly for syntheses withamyt further

purification. There were : S-(+)-carvone, 4'-medltgtophenone, 7-methoxy-1-tetralone, 2-acetylnabdntie;

glacial acetic acid, Technical ethanol (EtOH) atidgthydrazide. The para-toluenesulfonylhydrazidp- (
tolylhydrazide) is prepared from the hydrazine muomrate with thep-toluenesulfonyl chloride following the
method described in the literature [17].

Chemistry

Synthesis of p-tolylhydrazide (p-toluenesolfonylhydrazide)

Into al L round-bottomed three-necked flask fittdith a thermometer, a mechanical stirrer, and ppirg funnel
are placed200 g (1.05 moles) ptoluenesulfonyl chlorideand350 mL of tetrahydrafur The stirred mixture is
cooled in a nice bath to 10-15°C; then a solutibhyalrazine in water (135 mL of 85%hydrazine hydra2.22
moles) is added at such a rate that the temperatunaintained between 10° and 20°C. Stirring istiomed for 15
minutes after the addition is complete. The reactioxture is transferred to a separatory funnek Tdwer layer is
drawn off, and discarded. The upper tetrahydroflegmer is filtered by suction through a bed of €t remove
suspended particles and foreign matter (if anye Thlite is washed with a little tetrahydrofuranerémove any
absorbed to sylhydrazide. The clear, colorlessafés are stirred vigorously during the slow additiof two
volumes of distilled watemp-toluenesulfonylhydrazide separates as fluffy wiitgstalline needles. The product is
filtered through a Bichner funnel; washed sevéma$ with distilled water, and air-dried.

Synthesis of p-tosylhydrazones

In a 100 mL flask, we prepare a solution of 0.0llevaf ketone in 10-40 mL of ethanol and 2 mL ofojgé acetic
acid (GAA) and then we add gradually a solutionpgbsylhydrazide (1.76 g) dissolved in 10 mL ethanidie
mixture is maintained at reflux for 2 hours and teaction is followed by Thin Layer ChromatograghyC (Hex /
AcOEt: 8/2 or 7/3). The crystals formed are fildrevashed with distilled water and dried beforengei
recrystallized from technic ethanol.

Synthesis of salicylhydrazones

We prepare in a 100 mL flask a salicylhydrazinauoh (1.52 g in 10 mL of ethanol) that we gradualtid to a
solution of ketone (0.01 mole) dissolved in 10-4Dahethanol and 2 mL of glacial acetic acid. The&tore is
brought to reflux for 2 hours and the reactiondiofved by TLC (Hex / AcOEt: 8/2 or 7/3). After cliy, the
precipitate is filtered off, washed with distill@hter and dried and then is recrystallized fronhtézal ethanol.

The reactions are followed in Thin Layer Chromaapdnry (TLC), the product is dissolved in chlorofoamd the

eluent is composed of a mixture of hexane / etlegtate (Hex / EtOAc v / v: 7/3; 8/2). All compoundger
synthesis, purification and purity checking haverbsubmitted to thim vitro antiplasmodial and toxicity tests.
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Purity checking by elementary and HPLC analysis

The elementary analysis was used to check puritthef synthesized products. This method determihes t
percentage of the different atoms of the compourceg oxygen. The difference between theoretical an
experimental percentagesn{ex-mth) of pure synthesized compound must be tlems0.5[18,19]. HPLC method
was also used. It gives the percentage of each @oamnctpin a mixture. With this method, the percentafthe pure
synthesized compound must be at least equal to[28%9].

Characterization of synthesized compounds
S-(+)-carvone salicylhydrazone (1a)

o OH
N
— \N)J\©
H

Yield : 78% ; m.p. : 189-190°C ;;RHex/AcOEt, v/v, 7/3) : 0.57 ; NMKC (DMSO-d, & in ppm) : 161,78 (N-CO-
Ar); 147.53 (C=N); 156.36 (EOH phenolic); 133.87, 130.45, 119.59, 117.95, 11§cther C-Ar); 153.99, 133.186,
132.28, 110.32, 40.10, 29.57, 29.45, 20.44, 171388arvone).

NMR 'H (DMSO-d;, & in ppm) : 11.75 (s, 1H, OH); 11.20 (s, 1H, NH)97-6.95 (m, 4H, H-Ar); 6.25 (t, 1H,
C=CH-); 4.84 (d, 2H, C=Ck); 2.75 (qi, 1H, CHCH-CH,); 2.45 (t, 2H, C=CH-B8,-CH); 2.25 (d, 2H, HC-d,-
C=N); 1.90 (s, 3H, C¥J; 1.78 (s, 3H, Ch).

MS m/z [MHlfound : 285.37 ; [M]theoretical : 284.35 ; Moleauformula : G/H,N,O,

4’-methylacetophenone salicylhydrazone (2a)

H
O] OH

Yield : 79% ; m.p. : 237-238°C ;;RHex/AcOEt, v/v, 7/3) : 0.63 ; NMRC (DMSO-d, & in ppm): 163.14 (N-CO-
Ar); 153.51 (C=N); 157.67 (€DH phenolic); 140.18, 136.27, 134.47, 131.69, 130127.52, 120.82, 119.02,
118.01 (other C-Ar); 21.99 ¢&-Ar); 14.93 (CH).

NMR *H (DMSO-d;, & in ppm): 11.80 (s, 1H, OH); 11.30 (s, 1H, NH); 8®.97 (m, 8H, H-Ar); 2.45 (s, 3H,48-
An), 2.31 (s, 3H, CH).

MS m/z [MH']found : 269.27 ; [M]theoretical : 268.31 ; Moleaulformula : GgH1gN,O,

7-methoxy-1-tetralone salicylhydrazone (3a)

Yield : 85% ; m.p. : 223-224°C ;;RHex/AcOEt, viv, 7/3) : 0.47 ; NMRC (DMSO-g, & in ppm): 161.82 (N-CO-
Ar); 151.75 (C=N); 157.64 (@H phenolic); 156.42 (-OCH,); 133.31, 133.04, 132.56, 130.57, 129.62, 119.69,
117.90, 116.83, 116.35, 108.18 (other C-Ar); 55@OCH;,); 27.92, 25.55, 21.53 (3s, 6H, 3“-¢H. NMR *H
(DMSO-d;, & in ppm): 11.80 (s, 1H, OH); 11.33 (s, 1H, NH); 8890 (m, 7H, H-Ar); 3.80 (s, 3H, O-GJi 3.35,
2.69, 1.89 (s, 6H, 3CH MS m/z [MHfound : 311.33 ; [M]theoretical : 310.34 ; Moleauformula : GgH1gN-O3
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2-acetynaphthalene salicylhydrazone (4a)

H
y
™
N/
O OH

Yield : 91% ; m.p. : 241-242°C ;;RHex/AcOEt, viv, 7/3) : 0.33 ; NMKC (DMSO-d, & in ppm) : 162.01 (N-CO-
Ar); 151.83 (C=N); 156.47(6&0H phenolic); 135.26, 133.39, 133.28, 133.05, 182130.66, 128.54, 127.73,
127.48, 126.89, 123.63, 119.72, 117.92, 116.87%(dEhAr); 13.60 (CH).

NMR H(DMSO-d;, & in ppm): 11.80 (s, 1H, OH); 11.42 (s, 1H, NH); 805 (m, 11H, H-Ar); 2.33 (s, 3H, GH
MS m/z [MH]found : 305.32 ; [M]theoretical : 304.34 ; Moleauformula : GgH1gN,O..

S-(+)-carvong-tosylhydrazone (1b)

Yield : 57% ; m.p. : 167-168°C ;;RHex/AcOEt, v/v, 8/2) : 0.46 ; NMR'C (CDCk, & in ppm) : 154.80 (C=N);
144.02, 132.46, 129.38, 128.26 (C-Ar); 147.11, 135133.59, 110.40, 40.36, 29.96, 29.09, 21.6465.1C-
carvone); 20.65 (kC-Ar). NMR *H (CDCl, & in ppm) : 7.90 (s, 1H, NH); 7.65 & 7.30 (2s, 4HA#); 6.05 (t, 1H,
C=CH-); 4.75 (dd, 2H, C=8,); 2.60 (m, 1H, CR+CH-CH,); 2.45 (t, 2H, C=CH-EB,-CH); 2.25 (d, 2H, HC-8,-
C=N); 1.95 (m, 3H, CH); 1.77 (s, 3H, Ch); 1.70 (s, 3H, Ch). MS m/z [MH]found : 319.33 ; [M]theoretical :
318.43 ; Molecular formula : £H5,N,0,S

4’-methylacetophenonep-tosylhydrazone (2b)

| Q/
X N
N7 2sC
(@) (@)

Yield : 81% ; m.p. : 190-191°CR; (Hex/AcOEt, viv, 7/3) : 0.51 ; NMRC(DMSO-d,, & in ppm) : 153.17 (C=N);
143.26, 138.98, 136.21, 134.62, 129.40, 128.90,5127125.86 (C-Ar); 20.97, 20.75 {6+Ar); 14.17 (CH). NMR
'H (DMSO-d;, 5 in ppm) : 10.45 (s, 1H, NH); 7.82-7.15 (m, 8H, H)A2.37 (s, 3H, KC-Ar); 2.30 (s, 3H, KC-Ar);
2.17 (s, 3H, CH. MS m/z [MH]found : 303.37 ; [M]theoretical : 302.39 ; Moleaufformula : GgH;gN,0,S

O
/
N~
/s R

Yield : 90% ; m.p. : 200-201°C ;;RHex/AcOEt, viv, 8/2) : 0.17 ; NMR’C(CDCL, & in ppm) : 152.57 (C=N);
157.99 (G,—OCH,); 144.20, 135.42, 132.42, 132.41, 129.57, 1291£8.23, 117.08, 108.21 (other C-Ar); 55.30
(O-CH;y); 28.43, 25.31, 21.64 (3GEBl 1CH;). NMR *H(CDCl,, § in ppm) : 8.10 (s, 1H, NH); 7.91-6.84 (m, 7H, H-
Ar); 3.85 (s, 3H, HC-0); 2.63, 2.45, 1.83 (m, 6H, 3Gk 2.34 (s, 3H, HC-Ar). MS m/z [MHfound : 345.41 ;
[M]theoretical : 344.43 ; Molecular formula 3§81,0N,0sS

7-methoxy-1-tetralonep-tosylhydrazone (3b)

\O
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2-acetylnaphthalenep-tosylhydrazone (4b)

N )
X
o// \O

Yield : 74% ; m.p. : 181-182°C ;;RHex/AcOEt, viv, 7/3) : 0.23 ; NMR’C(CDCL, & in ppm) : 152.37 (C=N);
144.26, 135.42, 134.67, 133.85, 132.88, 129.67,582828.19, 128.04, 127.64, 126.92, 126.42, 1268.29.56 (C-
Ar); 21.64 (HC-Ar); 13.29 (CH). NMR H(CDCl,, & in ppm) : 8.10 (s, 1H, NH); 7.93-7.25 (m, 11H, H)}A2.39
(s, 3H, HC-Ar); 2.25 (s, 3H, Ch). MS m/z [MH] found : 339.38 ; [M]theoretical : 338.42 ; Moléauformula :
ClnggNzozs.

Pharmacology

Parasites and media

Plasmodium falciparunthloroquine-sensitive strain 3D7 (from Prof. Gezllof Museum d’Histoire Naturelle,
Paris-France) asexual erythrocytic stages werévatgd continuouslyn vitro according to the procedure described
by Trager and Jensen (1976) at 37 °C and undemarsphere of 5% C5% G and 90% N. The host cells were
human red blood cells (A or O Rh+). The culture medwas RPMI 1640 (Gibco) containing 32 mM NaH{ @b
mM HEPES and 2.05 mM L-glutamine. The medium wasptmented with 1.76 g/L glucose (Sigma—Aldrich), 4
mg/mL hypoxanthin (Sigma—Aldrich), 100 mg/L gentarnmy(Gibco) and 10% human pooled serum (A or O Rh+)
Parasites were subcultured every 3—4 days wittalimionditions of 0.5% parasitaemia and 1% haenmnitoc

The eggs oArtemia salinal each were obtained from JBL society (JBL Gmbh&da, Germany).

Antiplasmodial test

Parasite viability was measured using parasiteatactiehydrogenase (pLDH) activity according to thethod
described by Makler et al. [20]. The vitro test was performed as described by Murebwayiralef21].
Chloroquine (Sigma) or artemisinin (Sigma) wereduses positive controls in all experiments with auitial
concentration of 100 ng/mL. First stock solutiomessential oils and pure compounds were prepar€MSO at

20 mg/mL. The solutions were further diluted in nmomad to give 2 mg/mL stock solutions. The highest
concentration of solvent to which the parasitesenexposed was 1%, which was shown to have no naasur
effect on parasite viability. Essential oils weested in eight serial threefold dilutions (finalncentration rang:
200-0.09ug/mL, two wells/concentration) in 96-well microtitplates. The parasitaemia and the haematocrit were
2% and 1%, respectively. All tests were performettiplicate.

Toxicity test

The toxicity test was performed on larvae of brifeimp @Artemia salinaLeach) by the method of [24. salina
eggs were incubated in seawater until hatching afng larvae (48 hours). Then, series of solutiohdest
compound at varying concentrations were prepar&Mi$O/seawater. A defined number of larvae wenmmahiced
into each solution and incubated under rocking dardfor 24 h. To evaluate the toxicity of the stibn, counting
of larvae viability was performed under microscdypedetermining the number of dead larvae in eadiitiso. In
the case where there was death in the control medhe data was corrected by Abbott's formula:

% death = [(nd test - nd control)/ nd control)]60123] with = number of dead larvae.
Camptothecin(Sigma) was used as positive refereoiegound.
Data (dose-response) were transformed by logardhoh the half-lethal concentration ¢was determined by
linear regression [24]. Tests were carried outiplitates. All data were expressed as mean * atandeviation of
triplicate measurements.

RESULTS AND DISCUSSION
Chemistry
We have synthesized two series of derivatives tagras in goods yields (57-91%). There are: S-(¥yer#
salicylhydrazone 1(@), 4’-methylacetophenonesalicylhydrazora)( 7-methoxy-1-tetralone salicylhydrazonga)

and 2-acetylnaphthalenesalicylhydrazomks),( S-(+)-carvonp-tosylhydrazone 1b), 4’-methylacetophenong-
tosylhydrazoneZb), 7-methoxy-1-tetralonp-tosylhydrazone3b) and 2-acetylnaphthalempetosylhydrazone4b).
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The hydrazine or hydrazide having the same radigill—NH—R reacts with a carbonyl compound according to
the same mechanism. Steric and electronic effddfseovarious substituents of the carbonyl are asible for the
difference in reactivity and yields when the samdrhzine derivative is reacted with various sultesand vice
versa.

In the literature, it was described in 1976 thetlsgais of acetophenop¢osylhydrazone without catalyst for 5.5
hours with 68% vyield [25]; the synthesis using dehyde salicylic acid hydrazide and 4-
dimethylaminobenzaldehyde or 4-nitrobenzaldehydetfbours [26]. To enhance the reaction, we usethgwur
work in the synthesis of the salicylhydrazonasgndp-tosylhydrazonesh] the glacial acetic acidic and technical
ethanol. The mixture is heated to reflux for 2 soand the reaction followed by TLC with yields ramggfrom 57 to
90%. The low yield 57% obtained of S-(+)-carvpttesylhydrazonel(@) is due to the nature of thisp unsaturated
ketone. We note well the presence of adduct 1-&ntin(Michael addition) which was removed afterifioation.

Their elementary analysis(tablel) showed that thepound2a, 3a,4b andb meet the purity criteria for this
analysis with the variation of percentaggof each atom less than0.5 [18-19].

Table 1: Elementary Analyses of the synthesized pdoicts

Compounds  Atom  Experience N°1  Experience N°2  Avege theoretic dmex-mth

N 09.64 09.99 09.815 09.85 -0.035
la C 71.02 70.76 70.89 71.81 -0.92

H 07.09 07.09 07.09 07.09 0.00

N 10.61 09.9 10.255 10.44 -0.44
2a C 71 71.15 71.075 71.62 -0.445

H 05.96 05.98 05.97 06.01 -0.005

N 08.98 08.64 08.81 09.03 -0.22
3a C 69.26 69.16 69.21 69.62 -0.45

H 05.82 05.83 05.825 05.85 -0.025

N 9.21 08.62 08.915 09.20 -0.285
4a C 74.34 74.34 74.34 74.98 -0.64

H 05.28 05.27 05.275 05.30 -0.025

N 8.71 8.69 8.7 8.8 -0.1
1b C 64.55 63.88 64.215 64.12 0.095

H 6.84 6.88 6.86 6.96 -0.1

S 9.56 8.96 9.26 10.07 -0.81

N 9.01 9.09 9.05 9.26 -0.21
b C 62.58 62.85 62.715 63.55 -0.835

H 5.94 5.78 5.86 6 -0.14

S 10.16 10.96 10.56 10.6 -0.04

N 08.02 08.09 08.05 08.13 -0.08
3b C 62.55 62.55 62.69 62.77 -0.08

H 05.84 05.88 05.86 05.85 -0.01

S 09.16 08.96 09.06 09.31 -0.25

N 08.10 08.13 08.115 08.28 -0.165
ab C 67.71 67.13 67.65 67.13 0.32

H 05.41 05.42 05.415 05.36 0.055

S 09.52 09.48 09.50 09.47 0.03

The other compoundkg, 4a, 1b and2b) were then purified again and subjected to HPL&lyais for purification
checking. These compoundka( 4g 1b and2b) fulfilled the purity criteria for HPLC analysis \iitpercentages of
purity higher than95 % (figure 1; Table 2) [18, 19]

Table 2: Purity checking by HPLC method

Compound Percentage of purity

la 99.028
2a -

3a -

4a 100
1b 96.432
2b 97.254
3b -

4b

323



Salomé D. S. Kpoviessit al J. Chem. Pharm. Res,, 2015, 7(7):318-326

= Accela (Offline)  Method: joanne aout2014.met  Data: 564  Pretreatment: untitled  Project: JeanPaul - [Detector 1-254nm]
"I File Edit ¥iew Method Dats Sequence Pretrestment Analysis Control Reports Swindow  Help e

2 =& E & |[1: Detector 1-25 ~ =B 2 E S T @ |[F| K7
Tima: ©1.2008 Ninitas - Aepitude: 0 784 mal
3250 Detector 1-254nm
— s64 =
S64 =}
3000- &
1a

2750-

25004

22504

2000+

1750

1500

mAU

1250

1000+

7504

N
a
[=] [=]
0872

o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 20

L T AL A Sa A AN S A A g e GRS AL S A AL A s oAb b T T A L PR sk

For Help, press F1 o]
-
® A 7

4 démarrer >

Figure 1 : Chromatogram with percentage of purity of compoundla

In total, the two purity verification methods shalwvthe purity of all synthesized products. Thesedpots can
therefore be used for biological analysis. Theiucures were at first characterized with the Tl@nfal rapport
(R), spectrometrical analysis HRMS, and NMR &3C.Molecules of each series showed similar spectiigne
data.

The analysis of th&’C NMR spectra of molecules frosalicylhydrazoneseries {a - 49showed the peak of the
amide carbon function (N-CO-Ar) between 163 and ppin. The carbon of the imine’s function, charastar
group obtaining during the reaction (C=N) appeamuad 153-147 ppm. Other peaks between 158 andpfp68
correspond to the aromatic ring; phenolic carbeartatic C-OH) has a high value between 157 andpp®6. In'H
NMR, there are two types of protons: the phenolld @roton and that of NH. The phenolic OH proton ihgv
acidic properties and may establish a hydrogen hwitld the carbonyl in ortho is to a lower field théhe NH
proton [27, 28]. So it will be assigned to OH, ttighers$ value. Therefore, it is a singlet between 11.80 &h.75
ppm whereas the NH proton singlet occurs at 110421t20 ppm. The aromatic protons appear betwezth déhd
6.90 ppm.

In the series ofp-tosylhydrazonesompounds(b - 4b),”*C NMR spectral analysis presented the group C=N
characteristic of the formation of products betw&&A and 152 ppm. Aromatic carbons are in the reg4-108
ppm, depending on the structure of the test compoWwe remark intH NMR, the single proton of the internal
nitrogen NH is in the form of a singlet at 10.45npfior the 4'-methylacetophenometosylhydrazone 3b) in
DMSO-d; and 8.10 ppm3b & 4b) and 7.90 ppmip) ppm in CDC}. This difference is due to the effect of DMSO
solvent which generates a strong hydrogen bonddmtwxygen and the NH proton [29] causing a chdralué of
hydrogen downfield. Aromatic protons are obseng&tedding from 7.93 to 6.84 ppm.

The molar mass of each synthesized molecule giyandss spectrometry is consistent with theoretizads found.
Various spectrometrical analyses done on each congpbave really confirmed the presence of functigmaups
and different types of protons and carbons in estolicture. The spectrometric data are in conformiith the
structures suggested for the products.

The scaffold has advantageous properties: low mtdeeveight, reasonablélog P, good hydrogen bond donating
and accepting capabilities (table 3), easy, and@nical synthetic routes [24].
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Table 3: Properties Compatible with Reasonable Phanacokinetics and Drug Availability, Rules of Lipinki [30] applied to hydrazones

Molecular weight No. of No. of N.O' (.)f
Compounds 1 ClogP Hbond Hbond criteria
(g.mofl™) d
onors acceptors met
Rules <500 <5 <5 <10 At least 3

la 284.35 3.093 2 4 all
2a 268.31 2.436 2 4 all
3a 310.34 2.358 2 5 all
4a 304.34 3.111 2 4 all
1b 318.43 4772 1 4 all
2b 302.39 4.115 1 4 all
3b 344.43 4.199 1 5 all
4b 338.42 4.790 1 4 all

Pharmacology

Antiparasitic activity of compounds was evaluateditro on the chloroquine-sensitive strain 3D7Ré&ésmodium
falciparumand their toxicity on larvae dfrtemia salinalL. The half-inhibitory concentration (kg and half-lethal
concentration (Lg) were respectively determined and expressed imomiclar (LM) to be compared with the
scales of antiplasmodial and toxic activities. Thire selectivity index (SI) of each compound wakwated as
showed in table 4.

The antiplasmodial test reveals that molecules fpatwsylhydrazide seriels were less active onthis parasites than

/—

those from salicylhydrazide ones. This could belarpd by the presence of the sulfone groaﬂ ) in p-

tosylhydrazide compounds. The replacement of tlesgby the carbonyl group (o ) in the passage of seribs
compounds to seriea ones seemed to enhance antiplasmodial activity thefse compounds. S-(+)-
carvonesalicylhydrazoneld) (ICso = 18.65+2.99M) and 2-acetylnaphthalenesalicylhydrazor&s) ((ICsq =
13.05+4.84uM) were the most actives compounds followed by 4tmylacetophenonesalicylhydrazorga)( and
7-methoxy-1-tetralone salicylhydrazon8a). Among the synthesized arylketone compounds, itisecasing of
conjugation with C=N groups seemed to enhance lastipodial activity fronBato 4a. 1a and4a showed moderate
activity with 1G5y values between 2 and 20M and the others compounds, lower activitiegg#20 pM)(table 4)
according tothe scale of Beroaatl[31].All synthesized compounds were none toxic aglalarvae ofArtemia
salinaL. except4b which exhibited an I¢; value lower than camptothecin one {J€ 38.09+0.06uM) that was the
positive reference used for this test (table 4).

From the analyses of their selectivity index, thetBesized products with interesting activifya{4a) also showed
good selectivity on the parasite ¥3) (table 4). These results were in perfect agre¢méh the work of Tiumaet
al.[32] in which if the Sl value is higher than unithe test compound is considered to be selectivih@mparasite
and if Sl value is lower than unity, the test commpa is more cytotoxic than antiparasitic.

Table 4: Antiplasmodial activity, toxicity and seletivity index of synthesized compounds

Selectivity Index

Compounds 1Gso (ULM) Activity ¥ LCso (M) Toxicity* (Sl = LC50 / 1C50)

la 18.65+ 2.99 moderate 219.44 +2.17 no toxic 9.80

2a 20.83+2.82 lower 352.57 +1.32 no toxic 11.62

3a 95.25+32.95  lower 731.13 +£3.27 no toxic 7.74

4a 13.05+ 4.84 moderate 310.50 +£1.93 no toxic 13.97
1b >314.33 lowerorno 536.38 +£2.35 no toxic <1.70
2b >331.01 lower orno 368.06 £1.87 no toxic <1.11
3b >290.60 lowerorno 137.32+0.77 no toxic <0.47
4b >198.10 lowerorno 35.45 +1.41 toxic <0.17

YActivity classified by using the scale of Beroahfa].#Toxicity by using camptothecin value 4G 38.09+0.06.M) as reference.
CONCLUSION

In this study, eight hydrazone derivatives weretlsgsized, purified and characterized. Their bialabictivities
were evaluated and products showed interestingplastnodial activity on the studded parasite withodjo
selectivity. To our knowledge, this is the firghg that the antiparasitic activities of these males are evaluated
on Plasmodium falciparunand then they could open an interesting oppostuaithe treatment of malaria.
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