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ABSTRACT 

The EPR of radicals obtained by electrolytic reduction of some new analogues of the 

antiprotozoal drug nihrtimox were measured in DMSO and DMF. The electrochemistry of 

these compounds was studied using cyclic voltammetry AM1 and INDO semiempirical 

molecular orbital calculations were performed to obtain the optimized geometries and spin 

distribution, respectively. Density functional theory was used to rationalize the reduction 

potentials of these compounds. 

INTRODUCTION 

Parasitic diseases in tropical and subtropical areas constitute a major health and 

economic problem. Chaga's disease, produced by several strain of Tiypanosoma CTUZI.  

affects approximately 24 million people from Southern of California to Argentina and Chile 

( I )  Nihrtimox and benznidazole are currently used to treat this disease. A characteristic 

99 

Copyright 0 1998 by Marcel Dekker. Inc 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
3
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



100 OLEA-AZAR ET AL. 

EPR (electron paramagnetic resonance) signal corresponding to the nitro anion radical (R- 

NO2.) appears when nihrtimox is added to intact T. CYUZI cells ( 2). This and other 

experiments (3-5) suggest that intracellular reduction of nifurtimox followed by redox 

cycling, yielding 0;' and H202, may be the major mode of action against T. cruzi. However, 

the use of nihrtimox has the disadvantage of its side effects (6). Mester et al. (7) 

synthesized new nihrtimox analogues in which the tetrahydrothiazine moiety was replaced 

by unsaturated five- and six-membered nitrogen heterocycles. Most of  the new compounds 

proved to be more effective than nifurtimox (8). 

In general, the biological effects of nitroheterocyclic compounds, especially in T. 
are believed to involve redox cycling of these compounds and oxygen radical cruzi, 

production, two processes in which the nitroanion radicals play an essential role (9). 

In the present work, we reporf electrochemical studies on four new semicarbazone 

derivatives of 5-nitro-2-hraldehyde and 5-nitrothiophene-2-carboxaldehyde (FIG. 1 ) in 

dimetylsulfoxide (DMSO) and dimethylformamide (DMF) The formal one electron transfer 

potential for the new nitroheterocyclic compounds were compared with that of Nifurtimox. 

The anion radicals produced in the electrochemical process were characterized by EPR. 

To estimate the theoretical hyperfine constants, INDO-SCF calculations were carried 

out The geometry of each nitrocompound in both spin-paired and free radical forms was 

fully optimized by AM1 methodology. 

Finally, we have applied the approximate density functional theory (DFT) (1 0) using 

the amsterdam density functional (ADF) (1 1) program for obtain the electron affinities of 

these compounds. 

EXPERIMENTAL SECTION AND THEORETICAL METHODS 

Reagents 

The DMSO and DMF (spectroscopy grade) were obtained from Aldrich The 

tetrabutylammonium perchlorate (TBAP) used as the supporting electrolyte was obtained 

from Fluka. 

The new semicarbazone derivatives were prepared using a three step synthetic route 

from S-nitro-2-hraldehyde and 5-nitrothiophene-2-carboxaldehyde 
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FIGURE f 

x R 
Molec 1 0 NH(CH2)5CH, 

Molec2 S NH(CH2)5CH, 

Molec.3 0 Morfoline 

Molec.4 S Morfoline 

Electrochemical and EPR Measurement 

Cyclic voltammetry was carried out using a Weenking POS 88 instrument with a 

Kipp Zenen BD93 recorder, in DMSO or DMF (ca 1 0 ~ 1 0 ‘ ~  moles dm”), under a nitrogen 

atmosphere, with TBAP (ca 0,l moles d ~ n - ~ )  using three-electrode cells A mercury 

dropping electrode was used as the working electrode, a platinum wire as the auxiliary 

electrode and saturated calomel as the reference electrode 

The radicals were generated by eletrolyltical reduction /IT siti4 at room temperature 

EPR spectra were recorder in the x band (9 85 GHz) on the Bmker ECS 106 spectrometer 

using a rectangular cavity with a 50 KHz field modulation The hyperfine splitting constants 

were estimated to be accurate within 0 05 G 

THEORETICAL CALCULATION 

Full geometry optimizations of these nitrocompounds in spin-paired and free radical 

forms were carried out by AM1 methods (12). INDO calculations were done employing the 

open shell UHF option. The electron affinities were calculated using ADF calculations This 
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102 OLEA-AZAR ET AL. 

approach solves the Kohn-Sham equations within the local density approximation (LDA) 

with gradient corrections for the exchange and correlation potentials The ADF basis set 

used was a doublet-c plus polarization hnctions The LDA exchange correlations suggested 

by Vosko (13) were used The nonlocal gradient corrections for exchanges proposed by 

Becke and the nonlocal correction for correlation proposed by Perdew (14) were used The 

3d orbitals were incorporated in the calculations corresponding to the nitrothiophenes 

derivated 

RESULTS AND DISCUSSION 

CYCLIC VOLTAMMETRY 

Table 1 lists the values of the voltammetric peaks and the anodic and cathodic 

currents for all compounds All nitroheterocyclic compounds display comparable 

voltammetric behavior, showing two well-defined reduction waves in DMSO and DMF 

The first wave for all compounds studied corresponds to a reversible one-electron 

transfer The reverse scan showed the anodic counterpart of the reduction waves The 

breadth of the cathodic wave at its half intensity has a relatively constant value of 60 mV 

The intensity ratio ipdipc has a value close to one (FIG 2) According to the standard 

reversibility criteria this couple corresponds to a reversible diasion-controlled one-electron 

transfer It is attributable to the reduction of R-NO2 to NO;, a stable anion radical at room 

temperature The second cathodic peak is irreversible in the whole range of sweep rates used 

(50-1000 mVls) We can attribute this wave to the production of the hydroxylamine 

derivative 

EPR SPECTRA 

The electrochemical reductions to the radical forms (in atu)  in DMSO were carried 

out applyng the potential corresponding to the first wave for the nitroheterocyclic 

compounds, as obtained from the cyclic voltammetry experiments 

The interpretation of the EPR spectra by means of a simulation process has led to the 

determination of the coupling constants for all magnetic nuclei 
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ANALOGUES OF NIFURTIMOX 103 

Table ICyclic Voltammetric parameters vs saturated calomel electrode, sweep rate 
0.20Vls 

Molecules 1 and 2 presented the same hyperfine pattern, complete resolved into 36 

lines. These spectra were simulated in terms of one triplet due to the nitrogen nucleus of the 

nitro group, two doublets due to hydrogens 3 and 4 which are not equivalent, and one triplet 

due to the nitrogen of the azomethine bond (FIG. 3). The hyperfine constants are listed in 

Table 2. 

The EPR spectrum of molecule 4 was simulated in terms of one triplet due to the 

nitrogen nucleus of the nitro group and two doublets due to hydrogens 3 and 4 which are 

not equivalent. This hyperfine pattern indicated that the unpaired electron is delocalized only 

in the heterocyclic ring (FIG. 4). The hyperfine constants are listed in Table 2. The anion 

radical of the molecule 3 could not be detected by EPR. 

THEORETICAL CALCULATIONS 

For the Ah4 1 calculations of both electron-paired and anion radical forms, all internal 

coordinates were completely optimized. In both electron-paired and anion radical structures 

the extended conformations of the side chain are the most stable. In addition, in all 

molecules in both neutral and anion radical forms the nitro group lies in the ring plane 
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-0.sv 

FIGURE 2 

First couple obtained at differents sweep rates used of molecule 1 in DMSO 
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FIGURE 3 

Top: EPR experimental Spectrum of the radical-anion of molecule 2 in DMSO. 
Bottom: Computer Simulation of the Same Spectrum. 

Table 2 Experimental (DMSO) and calculated INDO hyperfine splitting (Gauss) for 

the anion radicals investigate D
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I I I I I 1 

3420 3430 3440 3450 3460 
I G l  

FIGURE 4 

Top EPR experimental Spectrum of the radical-anion of molecule 4 in DMSO 

Bottom Computer Simulation of the Same Spectrum 

The examination of the MO coefficients indicated that the SOMOs of the anion 

radical forms have antibonding pz characteristics and is mainly localized on the nitro group 

However, the unpaired electron was partially localized on the two nitrogens of the side 

chain 

In order to obtain the theoretical hyperfine constants, N O  calculations were 

performed using the geometries obtained using AM1 calculations Table 2 shows both the 

experimental and calculated hyperfine constants. Comparison of these results shows in 

agreement with the assignment of the hyperfine constants 

In order to estimate the ability of  the molecules to accept electrons, the electron 

affinities were calculated using ADF and compared with the formal reduction potentials of 

the anion radical forms (Table 3)  The calculations show that the electron affinities of these 

compounds increase from the nitrothiophenes to the nitrofuran derivatives. in agreement 
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ANALOGUES OF NIFURTIMOX 107 

Molecule 

1 

2 

3 

4 

Table 3 Electron atlinities (kcaUmol) and reduction potential (in DMSO) 

LDA LDA LDA+NL x C Reduction 

+NL(Becke) (BeckePerdew) pontential 

-35 2501 -39 6952 -35 5924 -0 83 

-38 4684 -42 5885 -38 6695 -0 78 

-34 2105 -37 8665 -34 1324 -0 81 

-36 7721 -39 9965 -36 504 -0 79 

with the experimental results which indicated that the nitrothiophene derivatives are more 

easily reduced. 

CONCLUDING REMARKS 

All nitrocompounds studied presented comparable voltammetric behaviors in both 

solvent used. The fist wave corresponded to a reversible one-electron transfer in which the 

anion radicals were formed. The EPR spectra of the anion radical for molecules 1 and 2 

presented very good resolution. The hyperfine splittings in these spectra indicated that the 

electron delocdi t ion involved the side chain nitrogens. However, the EPR spectrum for 

molecule 4 indicated that in this case the delocdi t ion was limited to the heterocyclic ring 

The second peak was attributed to the production of the hidomylamine derivated. 

The hyperline constants obtained by INDO calculations show very good agreement 

with the experimental ones. Finally, the electron affinities calculated by ADF methodology 

show a very good correlation with the first wave potentials 
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