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ABSTRACT

Trypanosomiasis constitutes a severe health prolitensub-saharian African and latin American popida and
there is an urgent need for better drugs to curés thfe-threatening disease. In this context, artima
thiosemicarbazones appears attractive drug candislafThe condensation reaction of thiosemicarbazidits
aldehydes and ketone to form thiosemicarbazonesiig efficiently catalyzed by nucleophilic catadysn the
general context of generalized acid-base catalysithis paper, we developed anthranilic acid agemeral purpose
green catalyst. Methanol appears to be a perfotmanlvent for this reaction. In general, gooceia@ellent yields
in the range of 70-99% were obtained. In the caisdéon of various ketones with 4-phenylthiosenfiaaide the
choice of anthranilic acid as catalyst was ratiozeld on the basis of mechanistic considerations.

Key words: Green ChemistryNucleophilic Catalysis, trypanosomal infectiorfgspsemicarbazones, anchimeric
assistance.

INTRODUCTION

Trypanosomiasis is the generic name of severahdéein vertebrates caused by parasitic protozgpartosomes

of the genus Trypanosoma. It is estimated thataqimately 30,000 people in 36 countries of sub&®ah Africa
suffer from human African trypanosomiasis (also lezhl sleeping sickness), which is caused by either
Trypanosomabruceigambiens@r Trypanosomabruceirhodesiefise 2, 3]. The other human form of
trypanosomiasis, called Chagas disease, caused2de@ths per year, mainly in South America. Désigis often
not correctly pinpointed in the early phase of tfisease due to the non-specific nature of the symgpt
Pentamidine and Suramin are used for treatmerttdrfitst phase. Melarsoprol, nifurtimox, and efiithine are
drugs used in second phase of the disease. Howawmee of these remedies are optimal in terms véme side-
effects and ease of administration. There is fthezean urgent need for research in this field,eegdly for
discovering new drugs with improved safety andceffy. [4]

Thiosemicarbazones exhibit a wide variety of imanttuseful therapeutic properties among which weaoi:anti-
tumoral [5,6], antimalarial [7] anticonvulsant [8Rntibacterial [9,10], antiviral [11, 12], antifumg{13],

antitrypanosomal [14,15,16] anti-inflammatory ofie8], analgesic [16], and potential inhibitory pespes of many
key enzymes [17].
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Figure 1: General structure of antitrypanosomal thbsemicarbazones

Over the last 10 years, we became interested sethmilti-faceted compounds owing to their signiftgaotential in
the treatment of infections caused in particulatrigpanosomes. From previous publications in takl ffrom our
group, we became able to derive a general strueittreity relationship profile [18, 19]. Best cooynds respond
to the general structure shown in the Figure 1,reviieis an alkyl, aralkyl, or aromatic substituertile X and Y
are classical aromatic substituents (typically lygr methoxy, chlorine, etc...). The synthesis of
thiosemicarbazones derived from aldehydes and aliptketones is well documented in the literatunel #his
process is not considered as a big challenge @syhthetic organic chemist since, for exampleafdehydes, this
condensation proceeds in general rapidly even @nreemperature. Aromatic ketones, however, arehniess
reactive and require rather high reaction tempegatand more extended reaction time compared ttotheer ones
Search for an efficient catalysis and an adequ@test was thus planned in the contexgofen chemistrj20, 21,
22],to circumvent this crucial problenGreen chemistryalso sometimes referred to as sustainable chegmista
spirit in chemical research and engineering thabarages the design of products and processesthahize the
use and generation of hazardous substances ortgmtfiu It should be noted also that the condesrsati
thiosemicarbazides with ketones is a process df higm economy (typically superior to 90%). Fogxample,
entry #1 (Table 2) is endowed with an atomic econofr4.6%. Atom economy is indeed an importamtospt of
green chemistry philosophy and one of the most lywidecepted ways to measure the "greenness" obeeps or
synthesis [23].

In two previous publications concerned with the edifious synthesis of antitrypanosomalthiosemiczohas
derived from aromatic aldehydes and ketones, warlglademonstrated the benefit of the use of nudidiap
catalysis in the overall context of the so-calleshgralized acid-base catalysis, according to tfiaitien already
proposed in the 1960’s in the pioneeringwork ofkdat al [24, 25]. More precisely, our approach madeafdbe
couple aniline; hydrochloric acid (anilinium chide) as catalyst. Due to the general instabilitamifines towards
oxygen, in the practice aniline has to be redéitilprior use. We therefore searched for a moretipeh and
greeneralternative to this efficient catalyst. Anthramiacid {.e.2-aminobenzoic acid,) was selected as a valuable
candidate for this purpose owing to its good sdiybin most usual organic solvents (log P = 1.23cellent pKa
values (pKa 2.14, (carboxylic acid), pkat.95, aniliniumcation) inherent stability towargygen and non-toxicity:
let us keep in mind that is indeed vitamine L. Anthranilic acid {) was also chosen because of its unique
molecular structural arrangement with both the eophilic moiety (-NH) and acid catalyst (-COOH) in close
vicinity. We anticipated therefore that the carbaxynoiety would provide assistance both in theegation of the
activated imine intermediate and in its decompaositly subsequent nucleophilic attack of the hyaxiitrogen
the 4- phenylthiosemicarbazide. We would like tinp out that the whole strategy of nucleophili¢atgsis in its
principle is based on the fact of substitutingrayk reaction (direct condensation) by a two coutee reactions of
significantly lower activation energy.

EXPERIMENTAL SECTION

General Procedures

Melting points (uncorrected) were determined in ropmpillary tubes using a Bichi SMP 20 melting poin
apparatus. IR spectra were recorded using a dispeof the product in KBr disks by means of a ReEdmer
Model 297 spectrometer'H and**C NMR spectra were recorded using a 400 mHz Bregectrometer. The
NMR spectra were recorded at ambient temperatuireg uetramethylsilane (TMS) as internal referencall
compounds reported had I8 and*C NMR, MS, and elemental analysis data consistétht teir structure. The
experimental elemental analysis figures were foumithin 0.4% of the calculated values. Thin layer
chromatography analyses were performed on Merck PlaBes (silica gel, 60F 254, E. Merck, Darmstadf,
5735). All compounds reported here were found ctatographically homogenous in two standard solyéms
acetone/toluene/cyclohexane (5:2:3, v/viv) and amshichloroform equilibrated with ammonia (1:9, M/VAlI
reagents were purchased from Sigma/Aldrich.

608



Urbain C. Kasséhinet al J. Chem. Pharm. Res., 2014, 6(10):607-612

2-2 (1-(4-nitrophenyl)ethylidene)-4-phenylthiosemiarbazide(entry # 3)
This synthesis is representative of all the pretpara listed in the Table 2.

To a room temperature solution of 4-nitroacetophen(.65 g, 10 mmol) and 4-phenylthiosemicarbatidé? g,
10 mmol) in 50 mL of methanol were added in seqaees@0 mg of anthranilic acid. The solution turngrgdually
to a slurry was magnetically stirred at 65° fortR4apidly cooled in an ice bath, and filtered oBiechner funnel to
give 310 mg (99% yield) of TLC-pure vacuum-driedlge crystals.

Mp: 196-198°C (unaffected after recrystallizatiormiethanol)'H-NMR (CDCl) 8(ppm): 9.35 (s, 1H, NH), 8.92(s,
1H, NH), 8.27-7.27(m, 9H, ArH), 2.41(s, 3H, QH*C-NMR (CDC}) §(ppm) : 177.13, 148.99, 145.05, 143.82,
138.23, 129.60, 128.21, 127.81, 127.20, 125.0@&4414.

RESULTS AND DISCUSSION

As can be seen at Figures 3 and 4, which attenpdtionalize the catalysis offered by anthrarél@d, both the
imine and thiosemicarbazone moieties are effegticatalyzed by the vicinality of the amine and casflic acid
moieties. We tested as a potential condensation catalyst in comparigitim other known condensation catalyst
classical (acetic acid, hydrochloric acid, parasolesulfonic acid, etc.) in our benchmark reactios, the
condensation of 4-nitroacetophenone with 4-pheipgmicarbazide shown in the Figure 2.

O NH \"/ -H;0 N~ \"/
—>
S S
O,N O2N

Figure 2: Condensation of 4-nitroacetophenone witd-phenylthiosemicarbazide

In this context, we found out thatperformed better than classical catalysts)(and was found in many instances
nearly equivalent or slightly superior to aniliniuchloride Cfr Table 1). Practically speaking, in preliminary
experiments methanol and absolute ethanol weredfdainly good solvents and consequently methand wsed
throughout Table 1.

To evaluate the generality of applicability bfas catalyst we extended our benchmark reactionserias of ~20
additional substrates aiming at increasing the odimersity, in particular some benzophenone déirrea (.a.
tetralones, indanones, fluorenones ...) which arativelly more inert than sterically crowded alipbatir aryl-
aliphatic ketonesGfr Table 2). Overall, we can state thgterformed rather quite satisfactorily giving rteeyields
in the range 70-99% with exception for entry #Tis can be ascribed to the fact that fhidicarbonyl system is
strongly enolized, rendering ketonic carbonyl lesme to nucleophilic attack by the thiosemicarbdazeagent.

Tablel: Comparison of catalytic systems in the corahsation of 4-nitroacetophenone with 4-phenylthioseicarbazide

Entry Time(h) Temperature(°C) Solvent Catalyst® Yield (%)

1 3 65 Methanol Aniline/aceticacid 70
2 3 65 Methanol Aniline/formicacid 82
3 3 65 Methanol Aniline/hydrochloricacid 88

4 3 65 Methanol L-Proline 75
5 3 65 Methanol Guanidine hydrochloride 59

6 3 65 Methanol Aceticacid 86
7 3 65 Methanol Montmorillonite K-10 32

#1 % vol. catalyst was used through-out the whoties®f experiments presented in Tablel
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Figure 3: Formation of intermediate imine with participation of the vicinal carboxylic acid moiety (anchimeric assistance)
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Figure 4: Thiosemicarbazone formatiorvia decomposition of the tetrahedral adduct generatetly nucleophilic attack of
thiosemicarbazide on imine intermediate
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The mechanism of catalysis by anthranilic acid,olhinvolves anchimeric assistance, takes placevin dteps:
first, activation reaction there is the formatioham imine species between the ketone and antlraagid (see
Figure 3) which proceedgia the formation of a tetrahedral adduct in which temgative charge on oxygen is
stabilized by an intramolecular hydrogen bond effieby the carboxylic acid ideally located in theinity owing to

its ortho position. Subsquent water eliminatioade to the expected imine species. In the sedepd(see Figure

4), attach of the nucleophilic thiosemicarbazideogien on the previously formed imine species |leatistrahedral
adduct which again is stabilized by an internalrbgeén bond in which hydrogen 6 is locked in a sitedd’proton

cage ”. Prototropy and proton cage rearrangemeatdd to the expected thiosemicarbazone species with
regeneration of the anthranilic acid catalyst. sTinal act creates a catalytic loop.

Table 2: Reaction of ketones with 4-phenylthiosermarbazide catalyzed by anthranilic acid

Entry Ketone Solvent Yield (%)
1 4-Nitroacetophenone 1,2-propanediol 85
2 4-Nitroacetophénone 1,3-propanediol 85
3 4-Nitroacetophenone Methanol 99
4 Benzophenone Trifluoroethanol 75
5 Bromoacetophenone Methanol 96
6 4-Bromo-Phenylglyoxal Methanol 71
7 Camphre Methanol 60
8 Butyrophenone Methanol 98
9 1-Indanone Methanol 91
10  9-Fluorenone Methanol 90
11  7-Methoxy-1-tetralone  Methanol 95
12 1-Tetralone Methanol 78
13  Acetylacetanilide Methanol 38
14 4-Acetylbiphenyl Methanol 99
15  Acetophenone Methanol 85
16  Propriophenone Methanol 96

CONCLUSION

Further work is now being devoted to expanding thaxlel of catalysis based on a Br@nsted-Lowry apiproach
to a more generalized Lewis paradigm. Conclusivelyhis paper, we disclose the discovery of anihic acid as
an utmost valuable nucleophilicgreen catalyst in the general framework of the synthes$
antitrypanosomalthiosemicarbazones.

Methanol was found to be a good solvent in the eosdtion of different ketone substrates with 4-
phenylthiosemicarbazide. The catalyst role of @mtitic acid is supported by mechanistic approadioliving
anchimeric assistance.
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