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ABSTRACT

In this work, the essential oil of Eucalyptus dttora was extracted and analyzed by Gas Chromapdyrd Mass
Spectrometry. From this analysis, it appears thigitonellal is the major compound (68.2%) of thid. orhis
aldehyde was used in situ in the essential oil e€afyptus citriodora for the hemi-synthesis of fatiructures
carbazones. That was citronellal semicarbazodg €itronellal thiosemicarbazone2), citronellal 4-phenyl
semicarbazone 3 and citronellal 4-phenyl thiosemicarbazond).(The structures of these compounds were
confirmed by IR spectrometry, proton NMR and cartt@nand by Mass Spectrometry. From the test
againstTrypanosomabruceibrucei, it appears thatociellal semicarbazone (kg = 473.93 pM) and citronellal
thiosemicarbazone (Kg= 440.53 uM) had low activity. Citronellal 4-phdrsgmicarbazone (l§ = 57.26 uM) and
4-phenyl thiosemicarbazone citronellal (i 19.63 M) had moderate activity. The activitycitfonellal 4-phenyl
thiosemicarbazonewas still pronounced. The studh@toxicity against Artemiasalinashowed thata@mpounds
except the compountivere moderately toxic andmay have antitumor propsrtBut the most antitrypanosomal
compounddwas particularly selective on trypanosome cells21.92) and could be a good candidate against this
parasite.

Key word: Essential oil, Eucalyptus citriodora hemi-synthesis, citronellalthiosemicarbazorieypanosoma
bruceibrucej toxicity.

INTRODUCTION

Since prehistoric period, medicinal plants usetraditional medicine play significant role to hdmalman diseases
and disorders [1-3JEucalyptus citriodord_emon scented gum) belongs to the family Myrtadda®] made from
these plants. In traditional medicine, essentiflobi Eucalyptusspecies has been applied for the treatment of
respiratory tract disorders, cold, chest pain, bsugnd infections [6, 7]. Its major component tsociellal [8]. The
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main disadvantage of this molecule is their inidniastability and propensity to oxidation. Thisconvenience,
together with their high volatility, in the case lofv molecular weight molecules used in the perfonfield, for
instance, makes the use of aldehydes less appéatisgme applications [9,10].Ouédraogo et al. @fiund more
interesting to realize from aldehyde, more stablamounds with pharmacological properties [11].

Many infectious diseases are caused by pathogeiimaonganisms like bacteria, viruses, fungi, pro@zand
multicellular parasites. These diseases are oftennmwnicable or transmissible diseases, because déweybe
transmitted from one person to another. Infectidiseases account for about half of the deathpidal countries
[12].

Sleeping sickness is one example which threateti®msi of people in 36 countries in sub-Sahararioff13]. The
disease in domestic animals, particularly cat8ealso a major obstacle to the economic developmwikeaffected
rural areas [14]. Displacement of populations, vead poverty are important factors leading to inseela
transmission and this alters the distribution @ tlisease due to weakened or non-existent healtbrayg [15]. The
parasites concerned are protozoa belonging ta@ tyyganosomayenus. They are transmitted to humans by tsetse fl
(Glossinagenus) [16]. The disease is fatal if untreatedigdrused for the treatment of this disease areddecald
[17]. In addition, parasites develop more resistaagainst these drugs [18].So it is essentialnd fiew, effective
and less toxic drugs ideally with all applicati@ncontrol the disease.

Thiosemicarbazones display a broad spectrum ofnpdaological properties, including antitumor, antijal,

antibacterial, antiviral and antimalarial, anfiaposomal [19-22] activities among others as welparasiticidal
activity againstPlasmodium falciparum, Plasmodium berdRB8i24], Trypanosoma bruceirhodesiefi2g], and

Toxoplasma gondR6], Trypanosoma cru27].Biological studies of commercial citronellahidésemicarbazone
synthesized by Tarasconie et al. showed inhibipooperties on leukemia cells proliferation [28].

In this research, citronellal semicarbazones ambsémicarbazones substituted were hemi-synthesizesitu in
Eucalyptus citriodoraessential oil. Their antiparasitic activity agaimsypanosoma bruceibruceind their toxicity
againstArtemiasalinawere also evaluated.

We believe that the completion of this work in whitere is local production of the substrate inhbmi-synthesis
reactions could help to make it less expensivethisywork, a new research very interesting in ib&lfof essential
oils could be also developed.

EXPERIMENTAL SECTION

General techniques

Essential oil analysis

The analysis was performed on a FOCUS GC with dlaapcolumn CP Wax 52 CB (J & W Scientific from
Agilent Technologies Column, No. US1670726A, USA) dimension 15 x 0.25 mm with 0.2bm internal
diameter.

In order to confirm the specificity and selectivif/the GC method, GC/MS analysis were performeed GiRACE
GC 2000 series (Thermo Quest, Rodano, Italy), gupdpvith an AS2000 auto sampler (GC System Theromes
coupled to a mass spectrometer type Thero Quese &) operating in electron impact mode [29].

The compounds were identified by comparing thetemgon time and mass spectra with those of reteren
compounds.

Hemi-synthesized compounds identification

The melting points were taken on a fusionometee stpctrothermal 1A 900@nd are uncorrected. The IR spectra
were recorded on a Perkin-Elmer FTIR 286. The feegies of absorption bands are expressed ih dine NMR
spectra were registered on a Brucker 500 in GOhloroform-d6) or DMSO-d6 (dimethylsulfoxide-d@hich
frequencies fotH and**C are 400 MHz and 100 MHz respectively. Chemicétslare given in parts per million
(ppm) relative to tetra-methyl silane as a benctmislultiplicity is designated as singlet (s), tepl(t), doublet (d)
and multiplet (m).MS spectrometrical data of compasiwere reported in APCI mode.
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Extraction of essential oil

The fresh leaves ducalyptus citriodoréharvested in the morning around Abomey-Calavi Ursitg (Benin) were
used as material plant. The extraction took plasmédiately after harvest. The essential oil wasiobtd by
hydrodistillation using a Clevenger type appar§8g.

Hemi-synthesis

Semicarbazones and thiosemicarbazones were syzrgtiesicording to the methods used in our previark y81].

All reagents (semicarbazide, thiosemicarbazidehdnpl-3- semicarbazide and 4-phenyl-3- thiosemazide),
obtained from SIGMA-ALDRICH were usedn situon citronellal in Eucalyptus citriodoraessential oil.
Hydrochloric acid is also from SIGMA-ALDRICH.
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Scheme I: Hemi-synthetic route of citronellal semiarbazone (3
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Citronellalsemicarbazone (1)

1 mmol (111.5 mg) of semicarbazide hydrochloridssdived in 2 ml of distilled water was added totierexl
mixture of 308 mg of essential oil ducalyptus citriodoradissolved in 3 ml of ethanol at 95 °. 5 drops of
triethylamine were added to a mixture after a mérftstirring. The crystals appeared after 5 hofiagitation. The
stirring was maintained for another hour. The r@sglcrystals were filtered, washed until neutdxied, weighed
and then recrystallized in ethanol at 95 °.

Citronellalthiosemicar bazonessemicarbazone substituted (2, 3, 4).

To a stirring of 308 mg of essential oil Blicalyptus citriodoradissolved in 3 ml of ethanol at 95° was added 1
mmol of substituted semicarbazide or thiosemicadeszappropriate dissolved in 3 ml of hydrochlaa@d (1N).
After the appearance of crystals between five tortenutes, stirring was continued for one hour. Tesulting
crystals were filtered, washed until neutral, driwdighed and recrystallized in ethanol at 95 °.

Anti-trypanosomal activity (LILIT, AlamarBlue™)

The test was performed on the bloodstream formhefdtrain 427 offrypanosoma bruceibrucddy the "Lilit
Alamar Blue" method [32-34]. The stock solutions tbfosemicarbazones have been prepared from aal init
concentration of 10 mg/ml in DMSO. The trypanosomesgrown in a medium containing 10% of heat-ivatéd
fetal calf serum and bloodstream form supportinggdia The trypanosome suspensions were adjustesi 1@
“tryp/mL. In each well, 5Qu of different dilutions of the stock solution weeelded to 5Qul of suspension of
trypanosomes. The plates were then incubated &C3ér 72 hours in an atmosphere with 5% ,C00 ul of dye
"AlamarBlué"" was added to each well and then incubated fooutsh The dye "AlamarBIU&" is a reagent for
detecting enzymatic activity. The wells in whictetboncentration of compound was insufficient toibiththe
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proliferation of trypanosomes are stained. The @Ms$ the concentration of unstained wells in whigdreé was the
lowest amount of thiosemicarbazone. The plate mngpdvas made in comparison with control wells on a
fluorescence plate reader using an excitation vesaggh of 530 nm and an emission wavelength 590 nm.

Toxicity Test against Artemiasalina

The test was performed agaistemiasalinaLEACH by the method of Michael et al. [35] resuniadVanhaecke
et al [36] and by Sleet and Brendel [37]. The egfjarténiasalinawere incubated in seawater until hatching of
young larvae (48 hours). Then, series of solutmintest substance at varying and progressive ctoratems were
prepared. A defined number of larvae was introdupdd each solution. All solutions and control ga@n
containing no active substance were left stirriagZ4 hours. Counting under a microscope the nurob&eath
larvae in each solution was used to evaluate tRieitp of the solution. In the case where there waath in the
control medium, the data was corrected by Abb&trsula: % Death = [(test - control) / control)]200. Data
(dose-response) are transformed by logarithm amdl @ywas determined by linear regression [22].

RESULTS AND DISCUSSION

Extraction

The yield obtained after the extraction of the miakoil of Eucalyptus citriodoravas 4.3%. The yield of essential
oil of a plant depends heavily on fresh or dry plewaterial [38]. In this work, essential oil wastabed from fresh
plant material. The analysis indicates that cithah@®7.5%) is the major compound of this oil. Thercentages
ofisopulegol(11.95%) and citronellol(8.68%) wersaasignificant (table 1).

Table 1: compounds of the essential oil &ucalyptuscitriodora

Components 1K percentage
isobutyrate d isobutyle  925,3 0,12%
a-pinéne 940,9 0,18%
B-pinéne 979,6 0,41%
§-2-caréne 998,1 0,57%
limonéne 1029 0,24%
1,8-cinéole 1033 0,37%
bergama 1054 0,21%
linalol 1100 0,57%
isopulégol 1151 11,95%
citonellal 115¢ 67,50¥
néo-isopulégol 1181 0,78%
a-terpinéol 1196 0,15%
citronellol 122¢ 8,68%
pipéritone 1256 0,59%
géranial 1268 0,10%
acétate de citronellyle 1348 1,56%
eugénol 1351 0,53%
B-élémene 1389 0,13%
acétate de phenylethyle 1392 0,17%
B-caryophylléne 1421 1,82%
a-humulene 1457 0,10%
germacrene-D 1482 0,12%
oxyde de caryophyllene 1583 0,17%
Total 97,02%

The table also showed other compounds presentipithThese percentages are consistent with tfoasel in the
literature [39]. The slight differences are oftetated to soil types, climates and seasons of bhamd even the
hours of harvest [38]. The major component is the that interests us most in this oil.

Synthesis
Citronellal was usedn situ in essential oil ofEucalyptus citriodorafor the hemi-synthesis of citronellal
semicarbazone, citronellal thiosemicarabzone, m#lla 14-phenylsemicarbazoneand4-phenylthioseméazrie
citronellal.

Apart from citronellal semicarabzone, all compouhésni-synthesized were obtained with yields all\&h50%.
Spectrometric analyzes in SM showed very littléedénce between the theoretical masses and praciasses.
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In IR spectrometry, the vibration frequencies cspanding to-NH groups were around 3500 ¢niThese of =NH
group are around 3100 émAlso we noted the presence of the respectivepgrdli= O and C = N at about 1600
and 1500 cm. No band corresponding to the SH group whose &rgjes lie between 2600 and 2500 owas
observed at citronellal thiosemicarbazones. We tiwgresence of bands related to C = S groupsfrétjuencies
of misrepresentatiobetween 979 and strain 878 ¢m

Spectrometric analyzes by proton NMR clearly margib the different types of protons. In all compayntthe
proton of = NH group was more deshielded. Its doahshift was between 9.7 and 8.1 ppm. That wakaicgy
because it was between the two withdrawing groupsiCand C = O or C = S. Protons of-CH = N- wersoal
deshielded and their chemical shifts were betwe@raid 7.1ppm. Then, came the protons ofnibegenterminal
group. The vinyl groups were also present. Spealsa provide information on the presence of metirgups.
NMR carbon 13 chemical shifts of the C = O groups @resents very remarkable level of semicarbazandsare
around 158ppm. Those corresponding to C = S grafifhosemicarbazones are also present around 180 pp
These results are consistent with those obtaineRibsalberto et al. in 2000 about citronellal tleiogcarbazone
[28].

The spectrometric proprieties of hemi-synthesizeamounds are mentioned below.

Citronellal semicarbazong)(Yield: 48%; m.p: 83-85°CIR (NaCl, cm-1): 3594; 348%(NH2); 3257, 3182/(NH);
1668, 1638v(C=0); 1578v(C=N); 1518, 1449/(C=C). 13C NMR (CDCl;, 100MHz)&(ppm): 158 ; 144 ; 132 ;
120;36; 34 ; 27 ; 26 ; 22 ; 19H NMR (CDCl;, 400MHz),3(ppm): 0.9 (d, 3H, -CHCEHJ; 1.3, and 1.6 (s, 6H, -
C(CHg),); 1.7 (m, 2H, -CHCH); 1.9 (m, 1H, -CHCH); 2.8 (m, 2H, -CHCH=); 3.4 (t, 2H, -CHCH=N); 4.3 (t, 1H, -
CH=C); 6.9 and 6.5 (s, 2H, -N} 7.1 (t, 1H, -CH=N); 8.1 (s, 1H=NNH-MS (m/z): [MH+] 211.17; [MH+] found
211.17.

Citronellal thiosemicarbazon@)(Yield: 67%; m.p: 178-180°AR (NaCl, cm-1): 3606, 3534, 3448NH2); 3234,
3177 v(NH); 1576 v(C=N); 1483, 1459, 1448(C=C); 979v(C=S).13C NMR (CDCls;, 100MHz)&(ppm): 177 ;
145; 131 ; 122 ; 33; 32; 26; 25; 23; 22H NMR (CDCl;, 400MHz), 1.1 (d, 3H, -CHC}}; 1.4, and 1.6 (s, 6H, -
C(CHs),); 1.8 (m, 2H, -CHCH); 1.9 (m, 1H, -CHCH); 2.6 (m, 2H, -CHCH=); 3.5 (t, 2H, -CHCH=N); 5.2 (t, 1H, -
CH=C); 7.1 and 6.8 (s, 2H, -N}{ 7.3 (t, 1H, -CH=N); 9.6 (s, 1H=NNH-MS (m/z): [MH+] 227.15; [MH+] found
227.00.

4-phenyl Citronellal semicarbazon®) (Yield: 58%; m.p: 120-122°AR (NaCl, cm-1): 3639, 3529, 3444 NH2);
3200v(NH); 1684 v(C=0); 1594v(C=N); 1500, 1446-(C=C).13C NMR (CDCl;, 100MHz)3(ppm): 158 ; 141 ;
136 ; 134;129; 124 ; 119; 36; 34 ; 29; 27 ; 22;; 19;1H NMR (CDCl;, 400MHz), 0.9 (d, 3H, -CHC}); 1.6,
and 1.4 (s, 6H, -C(Chh); 1.6 (m, 2H, -CHCH); 1.8 (m, 1H, -CHCH); 2.5 (m, 2H, -CHCH=); 3.5 (t, 2H, -
CH,CH=N); 4.1 (t, 1H, -CH=C); 7.2-6.9 (H aromaticsp (s, 2H, -NH); 7.9 (t, 1H, -CH=N); 8.4 (s, 1H=NNH-).
MS (m/z): [MH+] 287.2; [MH+] found 287.27.

4-phenyl Citronellal thiosemicarbazong) (Yield: 77%; m.p: 143-145°CIR (NaCl, cm-1): 3621, 3528, 3442
v(NH2); 3181v(NH); 1600, 1590+(C=N); 1498, 1458, 1448(C=C); 878v(C=S).13C NMR (CDCl;, 100MHz)
d(ppm): 183 ; 142 ; 128 ; 125;124; 123 ; 37; 34 ; 25 ;1H NMR (CDCls, 400MHz), 1.0 (d, 3H, -CHC}); 1.8,
and 1.7 (d, 6H, -C(C¥§),); 2.05 (m, 2H, -CHCH); 2.2 (m, 1H, -CHCH); 3 (m, 2H, -CHCH=); 3.8 (t, 2H, -
CH,CH=N); 4.6 (t, 1H, -CH=C); 7.6-7.1 (H aromatic) &ahd 6.9 (s, 2H, -N§J; 7.7 (t, 1H, -CH=N); 9.7 (s, 1H,
=NNH-). MS (m/z): [MH+] 303.18; [MH+] found 303.15.

Synthesis and evaluation of some properties obroititalsemicarbazone and thiosemicarbazone and nhetal

complexes have been reported in the literature[88].against, this is the first time that the semiieaone and
thiosemicarbazone substituted are realized. Mot#rygranosomal activities and toxicity of all moldes have
never been studied. Also the synthesis route oficeebazones and thiosemicarbazones in the esseritiaf

Eucalyptus citriodoras new.

Linpinsky rule

Lipinsky rule allows having an idea on the possliil@ogical properties for component hemi-synthediz ipinski
described desired ranges for certain propertiesghioto be important for pharmacokinetics and dfagelopment.
They areC log P < 5, number of hydrogen bond donors < 5, numbehyafrogen bond acceptors < 10, and
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molecular weight <500 [40]. A compound that fuffitht least three out of the four criteria adheodsipinski’s rule
[40]. Table 2 lists such properties of the four pamnds.

Table 2: Linpinsky rule

No.of H No.ofH

Compounds M\?Jsicﬂ?r Clog P bond bond crit'::i)éon];et
9 donors  acceptors
Rule <500 <5 <5 <10 at least 3
1 211 3,70 3 4 All
2 227 3,44 3 3 All
3 287 5,16 2 3 3
4 303 6,28 2 3 3

All compounds obtained in this work respect the mifl Lipinski. They could therefore consist of gatrdgs. In this
way, compounds hemi-synthesized are testedTorpanosoma bruceibrudei assess their antitrypanosomal
property.

antitrypanosomal activity of compounds

According to the work of Du et al. and Fujii et,dhiosemicarbazones are the trypanocidal whem tBgj values
are less than 10 uM, are regarded as moderatesagaittypanosomal if these values are betweemd(180 puM,
and have little or no activity when theirdg@re higher than 100 uM [25,26].

In crescent order of activity against trypanosomiéscwe have respectively citronellal semicarb&ftiy, =473,93

uM), citronellal thiosemicarbazone@&= 440,53 uM), citronellal 4-phényl semicarbazoh®{ =57,26 uM) and

citronellal 4-phényl thiosemicarbazone £G=19,63 uM) (table5).According to this scale, it dear that the
compoundsl and2 have a low activity on trypanosome cells. CompauBcnd4 have moderate activity. But
componendactivity againsiTrypanosomabruceibrudsivery interesting.

We observe that replacement one of the hydrogetiseaferminal nitrogen atom significantly augmere factivity
of the compound8 and4. Also we note that the substitution of oxygen bifis also augments thiosemicarbazones
activities.

As pointed out Kasuga et al. in 2001and many odluénors, we come to realize that thiosemicarbazane much
more active than semicarbazones [41,42].

Toxicity of compounds

This test indicates the sensitivity of shrimp lafacing compounds and can give an idea about patemtitumor
activities. According to Santos et al., there goad correlation Between toxicity of thiosemicaraes on shrimp
larvae and cytotoxicity activity on cells 9KB andP® (human carcinomanasopharygien) apart, cellsA-
549lungcarcinomaandHT-29cellsofcarcinomaof the mototheother [43,44,45]. Theyhave come tothe c@mmiu
thata compound having akfess than 280uMcould haveantitumor activity.The parison was madewith
lapachol;areference compoundwhichsk@lue was 281uM [43].

LCs values of compounds2, 3 and4 are respectively: 462,08 uM; 121,15uM; 45,05 uBi53uM (table 5). Thus
only compoundlwas not toxic. Particularly the compowidh addition tohis activityagainst trypanosome
cellscouldalso be a goodantitumor agent.

Selectivity index

Theselectivity index (SI) wasby definition, the ioatofthe value of thetoxicity test onthe value of
theantitrypanosomaltest.If the Sl value obtained weeater than unity, the test compound was coreid® be
selective on the parasites. However, if IS was tlan unity, the test compound was more toxic @uati-parasitic
[46].

S| of compounds 1, 2, 3 are less than unity, scetBelectivity on the parasite wasalmost negligifileere was
aremarkable selectivityof compouddSI = 4.92) intrypanosomecells (table 5).
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Table 5: Selectivity index values

Selectivity index

Compounds  LGouM  ICs5opM (SI = LCay/ICs0)

1 462,08 473,93 0,97
2 121,15 440,53 0,27
3 45,0¢ 57,2¢ 0,7¢
4 96,53 19,63 4,92
CONCLUSION

At the end ofthis work, citronellal contentin th&sential oiloEucalyptuscitriodoracan be used insynthesis reactions
for production ofpure moleculeswhichcanbe usedaactine ingredientdrugsagainst parasitic diseases.

Apart fromreducing thecost ofwork due tolocal pratilonof the substrate,this work offersgreat potitithe field
ofessential oils.
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