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Abstract

Cyclic voltammetry and electron spin resonance (ESR) techniques were used in the investigation of several potential antiprotozoal thiosemi-

carbazones nitrofurane derivatives.

A self-protonation process involving the protonation of the nitro group due to the presence of an acidic proton in the thiosemicarbazone

moiety was observed in the first step of a GEEeduction mechanism of these derivatives.

ESR spectra of the free radicals obtained by electrolytic reduction were characterized and analyzed. AM1 methodology was used to obtain
the optimized geometries and UB3LYP calculations were performed to obtain the theoretical hyperfine coupling constants. The theoretical
study exhibited an unusual assignment of the spin densities showing a free radical centered in the thiosemicarbazone moiety rather than the

nitro which are in agreement with the experimental hyperfine pattern.

Keywords: Cyclic voltammetry; ESR; 5-Nitrofurane derivatives; Anion free radidatruzi

1. Introduction

5-Nitrofuranes have found popular use in the treat- in use[4].

ment of parasitic infections because of their antiprotozoal—
antibacterial activity1]. In Latin America, parasitic diseases

parasiteTrypanosoma cruziaffects approximately 20 mil-
lion people from Southern California to Argentina and Chile

[2,3].

* Corresponding author. Tel.: +56 2 6782834; fax: +56 2 7370567.
E-mail addresscolea@uchile.cl (C. Olea-Azar).

Fenton reactionfb,6,8].

The redox metabolism in trypanosomatids is unique
in being based on the bis-glutathionylspermidine conju-
gate, trypanothione, and the flavoenzyme trypanothione

The current chemotherapy against this parasite is still in-
adequate due to the undesired side effects caused by the drugs

Experiments carried out on the main drugs used in Chagas
treatment suggest that intracellular reduction followed by re-
represent a major health problem. In particular, Chagas’ dis- dox cycling yielding reactive oxygen species (ROS) may be
ease (American Trypanosomiasis), caused by the protozoartheir major mode of action againét cruzi These can cause
cellular damage directly by reacting with various biological
macromolecules, or indirectly by generation of the highly re-
active hydroxyl radical via iron-mediated Haber—-Weiss and
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reductase (TR). The trypanothione system, which replaces2. Experimental section and theoretical methods
the glutathione/glutathione reductase (GR) system, quite om-
nipresent in mammals, protects the parasites from oxidant2.1. Samples
damage, among other phenomena. The known sensitivity of
trypanosomatids towards ROS renders the enzymes of the The 5-nitrofuryl-containing thiosemicarbazone deriva-
trypanothione metabolism promising targets for the develop- tives (Fig. 1) were synthesized according to methods de-
ment of parasite-specific drufg]. scribed earlief14].
We have previously reported studies on antiprotozoal 5-
nitrofurfural and 5-nitrothiophene-2-carboxaldehyde dpriva— 2.2. Cyclic voltammetry
tives. These compounds showed to generate nitro anion rad-

icals, which were characterized using ESR spectroscopy DMSO (spectroscopy grade) was obtained from Aldrich.

[8_1:])]' q g desianed in ord . h Tetrabuthylammonium perchlorate (TBAP), used as support-
The study of several drugs designed in order to imitate the i, oo ctrolyte, was obtained from Fluka. Cyclic voltamme-

trypanothione spermidine group reported the generation oftry was carried out using a Metrohm 693 VA instrument

nitro anion and hydroxyl radicals by microsomal reduction with a 694 VA Stand convertor and a 693 VA Processor,

in presence of. cruziepimastigotegl0]. _ in DMSO (ca. 1.0< 10~3mol L~1), under a nitrogen atmo-
Electron spin resonance (ESR) and electrochemical meth-Sphere at room temperature, with TBAP (ca. 0.1 noi).

Od‘T‘l’ ;uchlas c(;j/chcvoltan;mpetr)l/, grekr]]oy:;md_(fa_ly apcepfted and,sing a three-electrode cell. A mercury-dropping electrode
well developed as poweriul tools in the identification of para- 55" sed as the working electrode, a platinum wire as the

magneticintermediates and other reaction prod6eld., 12] auxiliary electrode, and saturated calomel as the reference
On the other hand, density functional methods are capable of

- . _ electrode.
providing reasonable predictions for ESR properties, the best
results being obtained with the hybrid schemes such as the

standard B3LYH13]. 2.3. ESR spectroscopy
In the present work, a family of eight 5-nitrofuryl- ] )
containing thiosemicarbazone derivatives were stufiétl ESR spectra were recorded in the X band (9.7 GHz) using

These compounds were developed as hybrid compounds tha@ Bruker ECS 106 spectrometer with a rectangular cavity and
could act againsT. cruziby a dual mechanism of action, 50 kHz field modulation. The nitro radicals were generated
oxidative stress and inhibition of cruzain throughout their by electrolytic reduction in situ under the same conditions
nitro and thiosemicarbazone moieties, respectively. Cruzain Of témperature, atmosphere and concentrations stated at the
is the major cysteine protease ®f cruzi cruzain inhi- voltammetric experiment. Simulations of the spectra were
bition is currently one of the most advanced and widely Made using the Simfonia Version 1.25 software. The hyper-
studied strategies in the design of new drugs for the treat- fine splitting constants were estimated to be accurate within
ment of American trypanosomiagiss]. Recently, it has de-  0-05G.

scribed that some thiosemicarbazone derivatives exhibit po-

tent activity against cruzain as well as trypanocidal activity 2 4. Theoretical calculations

against parasites in cell cultuf&6]. The reduction path-

way of this family of compounds was studied using cyclic  Full geometry optimizations, in vacuo, of the nitrofuranes
voltammetry and the.radical species were charac.terized_ u§ingn spin-paired forms were carried out using AM1 semi empir-
ESR. In order to estimate the theoretical hyperfine splitting ical methodology. The theoretical hyperfine constants were
constants, an open shell B3LYP methodology was carried calculated using the open shell UB3LYP methodology with

out. the 6-31G basis set.
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Fig. 1. Chemical structure of the nitrofuran of thiosemicarbazone derivatives.
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3. Results and discussion Table 1
Cyclic voltammetric parameters corresponding to the nitro moiety reduction
of couple Il and IV vs. saturated calomel electrode in DMSO

3.1. Cyclic voltammetry
Nitrofurans Ep|||c Ep|||a AE Ei2 (V)2 ipalipc Ep|\/c

Fig. 2 shows the voltammogram displayed by the nitro- ) v ) )
furane family when a DMSO solution of 1 mM of nitrofu- sg; *8;3 *8-2 g-gg *8-;2 i-g? *i-‘z‘é
rane NS3 derlvat!ve and 100 mM of TBAP is swept from0 o3 078 —070 008 —074 088 —126
to —2.6 V. We notice clearly a one-electron reversible trans- \g4 _077 -070 007 -074 094  —1.12
fer (peak llic/lllaFig. 2) corresponding to the generation of Ns5 -0.79 -0.71 0.08 -0.75 1.04 -1.40
the radical anion RN@ ~ around—0.80 V. We studied the  NS6 -0.79 -0.70 0.09 -0.75 1.08 -1.26
stability of the radical intermediates by changing the elec- NS7 —084 075 009 -08 085 -142

-0.84 -0.72 012 -0.78 1.03  -1.31

trochemical conditions i.e. the scan rate, while keeping the
chemical conditions of the solution unaltered. We observe — Eva= Eome + Eoa)2

that the i/ip ratio calculated with the Nicholson and Shain DZf; froﬁg'iefeg';fcm]'.
equation[17] increases slightly as the scan rate increases c pata not shown in referends].
(from 100 to 2000 mV/s), as is typical for a reversible charge

transfer (results not showf)8]. All of the nitrofuranes ex- The voltammogram of all nitrofuranes show one anodic
hibited lowerEy /> (Ey/2 = (Ea + Ec)/2) values than Nifurtimox  peak around—0.6V (la), that could be attributed to the

(—0.88V[8]) showing a higher capacity to be reduced, hence, repxidation process of the hydroxylamine RNHOH gen-
a better ability to generate the radical species. erated in IVc into RNO. A successive second sweep ex-

Table 1lists the values of voltammetric peaks and the an- hjpjts a shoulder peak near lic which could be attributed to
odic and cathodic currents for all compounds plus nifurtimox the cathodic counterpart from the reversible reaction RN-
taken from referenci8]. All compounds display comparable HoOH< RNO + 26 + 2H* (figure not shown). In addition, a
voltammetric behaviour, in DMSO. prepeak (lic) appears even before the reduction of the nitro

The subsequent more negative three-electron irreversiblegroup, meaning that the nitro group follows another reac-
cathodic peak (IVcFig. 2) belonging to the production of  tjon path beside the known electron-transfer mechanism of
the hydroxylamine derivativL0] is irreversible inthe whole  pitroaromatic compounds in aprotic media. This prepeak cor-
range of sweep rates used (100-2000 mV/s) for all eight com-responds to the four-electron reduction of a small portion of
pounds. Sharp peaks can be noticed in some voltammogramshe molecules reaching the electrode surface, while the re-
at low sweep rates as a result of an adsorption phenomenomnaining portion supplies the protons required for this reduc-
in the electrode surface due to the presence in the moleculegjon. The presence of the nitro group increases the acidity of
of the thiocarbonyl group (results not shown). the N-H moiety from the thiosemicarbazone group{¥i.,

Fig. 1) which becomes capable of protonating the nitro group

of a minor part of molecules in the solution, resulting into a

la lla lower intensity of these signals. This is a typical behavior of a

self-protonation phenomenon displayed by nitrocompounds
with acidic moieties in their structufd9-22] Peak lla as
the counterpart of llc belongs actually to the two-electron
oxidation of the hydroxylamine into the nitroso compound
as happens in la. In summary, we observe, thus in waves lll
and IV, the reduction of the anionic molecules that supplied
the protons for reaction Ic to take place.

Peak V observed in the voltammograms is presumed to
belong to the reduction of the imine moiety (EN) of the
thiosemicarbazone gro{@3]. Peaks notlabeled Fig. 2cor-
respond to the reduction of the support electrolyte (TBAP).

Finally, the reduction mechanism for these nitrofurane
derivatives comprising waves IlI-V, and prepeaks | and Il
observed in the cyclic voltammograntsid. 2), is proposed

Nifurtimox ~ —0.9° —0.85 0.06 —0.88 1.01 <

in Fig. 3
I T T T T T T T T T T T T . .
20 25 20 15 1o o5 00 3.2. Ele_ctron spin resonance and theoretical
E[V] calculations

Fig. 2. Cyclic voltammograms of 1 mM NS3 sweep rates of wave IIl from The nitrofurane free radicals characterized by ESR were
100 to 2000 in 100% DMSO with 0.1 M TBAP. prepared in situ by electrochemical reductions in DMSO,
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Fig. 3. Reduction mechanism suggested for the nitrofurane derivatives.

applying a potential corresponding to peak llic obtained from ety of the ethyl group which are assigned by theoretical
the voltammetric experiments. All the investigated structures calculation.

formed stable paramagnetic intermediates at that first reduc- The simulated spectrum of NS3 radical results from a pat-
tion step. tern of three triplets from nitrogensiNN2 and N; directly

The interpretation of the ESR by means of a simulation bound to N, and two doublets from Hand Hs.
process confirmed the stabilities of these radical species due NS5 free radical spectrum was simulated in terms of two
to the delocalization of the unpaired electron. The simulation triplets assigned to nucleifNand N> and three doublets as-
of the spectra was made using hyperfine coupling constantssigned, one to nuclei Hand the others to two of the hydrogen
(hfces) obtained from the DFT calculations, modifying the atoms of the methyl group.
linewidth, modulation amplitude and Lorentzian/Gaussian  NS7 free radical spectrum was simulated in terms of three
component until the obtained spectra reached the greatestriplets from nitrogens N, N> and Ns and four doublets be-
similarity with the experimental oneJable 2reports the longing to hydrogens ij Hz and both hydrogens of the amine
hfccs obtained from the DFT calculations. moiety.

NS1 free radicalKig. 1) displays a simulated spectrum In the analysis of NS2 free radical spectrum, we observe a
of two triplets assigned to the nitro group {(N~ig. 1) and signal pattern of three triplets assigned to the nitrogen of the
the imine (\b) nitrogen atoms and four doublets assigned to nitro group (N), the imine (N)) and the thiosemicarbazone
nuclei Hy from the furan ring, H belonging to the imine  (N3), and four doublets assigned to nuclgidhd H, from the

group, and two of the hydrogen atoms of the Choi- furan ring and Ha and Hsb’ belonging to the CHCH group.
Table 2

Hyperfine splittings (Gauss) assigned by UB3LYP/6-3@&thodology and experimentglalues nitro anion radicals

Nitrofuran aN aN alN3 aH; aHs aR gvalues
NS1 2.49 8.76 - 3.43 1.33 20.36 (CH) 2.0170
NS3 2.07 5.47 1.09 2.66 1.50 - 2.0164
NS5 2.16 7.43 - 3.02 - 22.18 (CHp) 2.0162
NS7 1.19 6.98 1.57 1.17 2.59 x21.06 (NH) 2.0158
Nitrofuran aN/’ aNy’ aNs’ aH;’ aH,’ aHza aHsb’ aHs’ aR gvalues
NS2 0.99 6.54 1.20 0.68 1.32 3.08 6.52 - - 2.0167
NS4 0.78 4.42 1.20 - 1.25 271 3.94 0.73 - 2.0177
NS6 1.54 6.24 1.57 1.08 1.08 4.82 4.84 0.94 1.284CH 2.0156
NS8 0.99 6.49 1.14 0.68 1.30 3.04 6.55 - - 2.0158

The magnetic nuclei are named accordingig. 1
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to produce the corresponding anion hydroxylamine interme-

diate[19].
\ The donor/acceptor capacity of the substituents does not
) \/\N\/\/\/ seem to affect significantly the reduction potentials of the
106 | derivatives; only the non-substituted derivatives display dif-

ferences in their potentials. However, the conformations
adopted by the radical species, influenced by their interaction
with the solvent, affects in the delocalization of the unpaired
A W electron.
(B) The theoretical calculations showed that the spin density

is in general higher in the thiosemicarbazone nitrogen, op-
Fig. 4. (A) ESR experimental spectrum of NS6 nitro radical produced by posing to the results of other nitro radical spe¢i§swhich
an electrochemical generation in DMSO with 1mM of nitrofurane and 1 eans that the unpaired electron accepted by the nitro moi-

100 mM TBAP.Spectrometer conditionsnicrowave frequency, 9.71 GHz; etv. as stated by the voltammetric studv. rapidly delocalizes
microwave power, 20 m\W; modulation amplitude, 0.2 G; scanrate, 1.25 G/s; Y: y y, rapidly

time constant, 0.5s; number of scans 15. (B) Computer simulation of the O the other nuclei of the molecule. _
same spectrum using DFT-calculated hfccs. Spectrum was simulated using  UB3LYP/6-31G proved to be a good methodology in the

the following parameters: line width, 0.9 G; ratio Lorentzian/Gaussian, 1.0; calculation of ESR hyperfine coupling constants for this kind
hyperfine constants included Table 2 G, Gauss. of molecules, making the simulation process much simpler.

NS4 free radical spectrum was simulated in terms three
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