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Abstract

The electrochemistry of 3-alkoxy- and 3-hydroxy-d-{dialkylamino)alkyl]-5-nitroindazole derivatives were characterized using cyclic
voltammetry in DMSO. The nitro reduction process was studied and this was affected by the acid moieties present in these compounds. A nitr
anion self-protonation process was observed. This phenomenon was studied by cyclic voltammetry in presence of increasing amount of NaOt
The reactivity of the nitro anion radical of these derivatives with glutathione was also studied by cyclic voltammetry. The oxidizing effect of
glutathione is supported by the parallel decrease of the anodic peak current and increase of the cathodic peak in the cyclic voltammogram
corresponding to the wave of the nitro anion radical from uncharged species with the addition of glutathione. Nitro anion radicals obtained
by electrolytic reduction of these derivatives were measured and analyzed in DMSO using electron spin resonance spectroscopy.
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1. Introduction 2, 3, and4 exhibited high activity against cruzi at 25uM
and their antiparasitic activity was not due to its unspecific
Trypanosoma cruzi (T. cruzi) is the etiological agent of  cytotoxicity, since at the concentration evaluated they
Chagas’ disease (American Trypanosomiasis), affecting ap-showed a slight unspecific cytotoxicity against macrophages
proximately 20 million people from Southern California to [4].

Argentinaand Chilgl-3]. Currently, this pathology is treated The biological activity of nitroheterocycle antiparasitic
with nitroheterocyclic agents such as Nifurtinfo@\fx) and drugs is dependent upon the nitro reduction process. The
Benznidazol®, but this chemotherapy is stillinadequate due suggested mode of action is due to the intracellular nitro
to its undesired side effecf3]. reduction followed by redox cycling yielding reactive oxy-

Recently, we have synthesized a series of new 3-alkoxy- gen species (ROS) and the formation of active intermediate
or 3-hydroxy-1-f»-(dialkylamino)alkyl]-5-nitroindazole species that can cause cellular damage directly by reaction
(Fig. 1) and their antiprotozoa properties and unspecific cyto- with various biological macromolecules, orindirectly by gen-
toxicity against macrophages have been studied. Derivativeseration of the highly reactive hydroxyl radid&,5-9]

- The electrochemical production of nitro anion radical has
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OR, OH 2.3. ESR spectroscopy
O,N O.N \
\
N/N R, N/N ESR spectrawere recordedinthe X band (9.7 GHz) using a
\\/z\/\N\ Bruker ECS 106 spectrometer with a rectangular cavity and
Rs 50kHz field modulation. The hyperfine splitting constants
R, RRs  Z were estimated to be accurate within 0.05 G. The anion rad-
1 Bn (CH)s O N. icals were generated by electrolytic reduction in situ under
2 Bn MeMe O R/ R the same conditions of temperature, atmosphere and concen-
3 Bo (CHys  CH trations stated at the CV experiment. The ESR spectra were
4 Bn Me,Me CH, Ry,R3 . . . .
5+ CH; (CH)s O 125 (CHys s!mulated using the program WINEPR Simphonia 1.25 ver-
6* CH; Me,Me (e} 13* Me,Me sion.
7% CH; Me,Me CH,
8** H (CHy)s (6]
9** H Me,Me O
10%* H (CHys  CHp 3. Results and discussion
11** H Me,Me CH,

(*) Compounds isolated as the hydrochlorides

3.1 clic voltammetr
(**) Compounds isolated as the hydrobromides Cy cvo Y

Fig. 1. Chemical structure of studied 5-nitroindazole derivatives. Fig. 2 shows typical voltammograms displayed by the 5-
NI family when a solution of 5-NI derivatives (1 mM) and
TBAP (100 mM) in DMSO was swept from 0.0 t62.0 V.
thiol, such as glutathione (GSH), have been studied usingClearly, it was noticed that 3-benzyloxy-5-nitroindazole
cyclic voltammetry (CV), to establish whether the thiol bio- derivatives,1-4, showed a one electron reversible trans-
logically acts as a radical scavenger, an oxidizing agent, or ference process (peak lic/lla, around..2V, Fig. 2a) cor-
a reducing agent, or all three depending on the conditionsresponding to the generation of the nitro anion radical
[6,10-12] RNO,*~, this typical voltammogram corresponds to the gen-
In this paper, a family of 13 5-NI were electrochemi- eration of the radical of 3-benzyloxy-5-nitroindazole deriva-
cally studied. The reduction pathway of these derivatives wastives (Fig. 3a). Fig. 20 shows the typical voltammogram of
studied in organic solvent using CV and the radical species 3-methoxy-5-nitroindazole hydrochloride derivativés:.
were characterized using electron spin resonance (ESR) spec¥wo reduction waves appeared, one due to electron transfer
troscopy. Also, we examined the interaction between radical System (peak lic/lla, around1.2 V) corresponding to nitro
species generated from 5-NI and GSH. The electrochemicalanion radical, RN@ ~, generation and a new wave at lower
generation of nitro anion radical species from 5-NI by CV negative potential (peak Ic, near tol.1V, Fig. 2b). This
has been used to follow the interaction of radical species andnew wave, Ic, corresponds to the reduction of the nitro group
GSH. in the presence of an internal proton donor, due the fact that
these derivatives were obtained as the hydrochlorfegs3b
shows this electroreduction process, wh€iecorresponds

2. Experimental to an acid—base equilibrium in aprotic media, a typical behav-
ior of a self-protonation phenomenon displayed by nitrocom-
2.1. Samples pounds with acidic moieties in its struct|f8—15] We can

explain the pre-peak as the reduction of the positive charged
The 5-NI derivativesFig. 1) were synthesized according SPeciedi1being reduced atless cathodic potentials, followed

to methods described earlif]. the self-protonation reactiorS1 and reduction of the un-
charged specieE2. Fig. 2c shows the typical voltammogram
2.2. Cyclic voltammetry of 3-hydroxy-5-nitroindazole hydrobromides or hydrochlo-

rides derivatives8—13. Three reduction waves appeared, two

Dimethylsulfoxide (DMSO) (spectroscopy grade) was cathodic peaks Ic (around1.1V) and lic (around-1.2 V)
obtained from Aldrich. Tetrabutylammonium perchlorate and a new wave at higher cathodic potential peak (llic/llla,
(TBAP), used as supporting electrolyte, was obtained from around—1.5V). The electroreduction processes for these
Fluka. CV was carried out using a Metrohm 693 VA instru- derivatives are proposedHig. 3c. In a same manner that for
ment with a 694 VA Stand convertor and a 693 VA Processor, the case of 5-methoxy-5-nitroindazole hydrochloride deriva-
in DMSO (ca. 1.0< 103 mol L~1), under a nitrogen atmo-  tives, we can explain the reduction process of these 3-hydroxy
sphere at room temperature, with TBAP (ca. 0.1 nof), derivatives firstly as the generation of the nitro anion radical
using a three-electrode cell. A hanging mercury drop elec- RNO,*~ of the positive charged species, procESk at the
trode was used as the working electrode, a platinum wire aslowest cathodic potential, followed by the self-protonation
the auxiliary electrode, and saturated calomel as the referenceeactions,C’1, the generation of the nitro anion radical
electrode. RNO,*~ of the uncharged species, procds?, the sec-
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Fig. 2. Typical cyclic voltammograms of 1 mM 5-NI in 100% DMSO with 0.1 M TBAP. Sweep rate 2'V(@) 3-benzyloxy-5-nitroindazole derivatives, (b)
3-methoxy-5-nitroindazole hydrochloride derivatives, and (c) 3-hydroxy-5-nitroindazole derivatives.

ond self-protonation reactio@;2, generating 3-hydroxylate  ratio with the Nicholson and Shain equat{di,18]increases
derivative and finally the generation of the nitro anion radical to 1 with the addition of NaOH for peak lic/lla in the case of
RNO,*~ of negative charged 3-hydroxylate species at higher 3-methoxy-5-nitroindazole derivatives and for peak llic/llla
potential E'3. The high negative potential for 3-hydroxylate in the case of 3-hydroxy-5-nitroindazole derivatives (results
derivatives corresponds to a less capacity to accept elec-notshown). This study allows to confirm the presence of acid
trons from species with negative chardeble 1lists the protons in the chemical structure of these derivatives, which
values of voltammetric cathodic peaks for all compounds were neutralized with the gradual addition of NaOH. On the

and Nfx[16]. All derivatives exhibited more negative poten-
tial values than Nfx{0.91 V) showing lesser capacity to be
reduced.

other hand, we confirm the mechanism ECErev proposed for
these 3-methoxy-5-nitroindazole derivatives and ECECErev
for the 3-hydroxy-5-nitroindazole derivatives given by the in-

In order to obtain non-distorted cyclic voltammograms crement in the ipa/ipc ratio toward the reversibility of it final
for 3-methoxy and 3-hydroxy-5-nitroindazole derivatives and peak.
verify the above mechanism proposed, we have worked in  We studied the stability of the radical intermediates in
presence of increasing amounts of aqueous NaOH (0.1 M).presence of NaOH (peak lic/lla or llic/llla) by changing the
Fig. 4 shows the typical voltammograms obtained for 3- electrochemical conditions, i.e. the scan rate, while keeping
methoxy and 3-hydroxy-5-nitroindazole derivatives in the the chemical conditions of the solution unaltered. We ob-
presence of different quantities of base. The electroreduc-served that the calculated ipa/ipc retl@] increased slightly
tion wave Ic gradually disappears with the increase of NaOH as the scan rate increase (from 100 to 2000 mV/s) (results not

concentration from 0 to 1 mMA(g. 4a) and llc for 3-hydroxy-
5-nitroindazole derivatives with the increase of NaOH con-
centration from 1 to 2 mMKig. 4b). The calculated ipa/ipc

Table 1
Cyclic voltammetric parameters in DMSO corresponding to cathodic peaks
vs. saturated calomel electrode (sweep rate 2%'s

shown), this is typical for a reversible charge transfer pro-
cesgq18]. Table 2lists the values of voltammetric peaks and
anodic and cathodic currents for all compounds. The 5-NI
derivatives exhibited more negati¥g, (E1/2 = (Eq+ Ec)/2)
values than Nfx £0.88V [16]) showing a worse ability to
generate the radical species.

Derivative Epic (V) Epiic (V) Epiic (V) 3.2. Reactivity of the nitro anion radical anion

1 - -1.21 - electrochemically generated from 5-NI with GSH

2 - -1.21 -

3 - -1.19 - We studied the reactivity of GSH with the nitro anion radi-

4 -1.07 -1.19 - . I 1

5 105 191 B cal of 5-NI by cyclic voltammetry, adding increasing amounts

6 ~1.05 _121 _ of aqueous GSH (0.1 M in buffer phosphate pH 7.4) solution

7 -1.08 -1.22 - to the mediaFig. 5 shows the typical CV behavior of 3-

8 —1.07 -121 —1.50 benzyloxy derivatives in DMSO solutions in absence and in
1?) j-(l’fla j;g jg; presence of GSH, curve (a) illustrates the cyclic voltammo-
1 _109 _119 _1a9 grams involving 1-electron transfer process corresponding to
12 ~1.06 ~1.20 _1.49 the nitro anion radical formation then when GSH was added
13 -1.07 -1.23 —1.50 the anodic peak practically disappeared concomitantly with
Nfx —0.9% - - a significant increment of the cathodic peak (curve (b)). In

a[16]. the case of 3-methoxy and 3-hydroxy derivatives, when GSH



C. Olea-Azar et al.

(2

*O,N

O,N

Iic

(d)

* O)N

O,N

E,

OCH:

HO,N

OCH

OCH;3

R2

*"O,N

O,N

E;

Ilc

(©

E";

Z,
© .
g z. 9
@W ~T
~__< - (S 4
7z o M\N/N\A
Z,
S
=
=2
o
© ®z

OH

O)N

Ila

0©

* ON

E';

Ilic

Fig. 3. Reduction mechanism of studied 5-NI derivatives.
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Fig. 4. Typical cyclic voltammogram of 1 mM 5-NI in the presence of different amount of aqueous NaOH (0.1 M), sweep rafe @y 8-methoxy-5-
nitroindazole derivatives, and (b) 3-hydroxy-5-nitroindazole derivatives.

was added to the medium, a large increase in the 1-electronaddition. The species responsible for redox cycling has not
RNO, reduction step corresponding to the electroreduction been identified, but it is possible that thes® radical (pro-

of uncharged species and the absence of the return oxidaduced via the 1 electron oxidation of GSH) is the oxidizing
tion step are observed, on the other hand, disappeared thagent for the RN@" .

other cathodic and anodic peaks (data not shown). These The fact that in biological medium it is present high thiol
changes were evidenced immediately after the addition of levels this kind of process could take place into the parasite
GSH (GSH:5-NI=8:1). GSH signals did not interfere the explaining the observed biological activity for 5-NI deriva-
corresponding nitro anion radical detection at the studied tives against. cruzi.

concentrationfl0—-12] These results indicated that the nitro
anion radical RN@" ~ electrochemically obtained is imme-
diately re-oxidized to the original material by the action of
GSH. The effect is essentially catalytic, the nitro voltam- 5-NI free radicals characterized by ESR were prepared
metric changes was virtually complete after the octave thiol in situ by electrochemical reductions in DMSO, applying the
potential corresponding to peak lic obtained from the CV ex-
periments. All the studied structures produced stable param-
agnetic intermediates at that first reduction step. The interpre-
tation of the ESR by means of a simulation process confirmed

3.3. Electron spin resonance

Table 2
Characteristic CV parameters in DMSO in presence of amount of NaOH to
neutralized vs. saturated calomel electrode (sweep rate 2)V's

Derivative  Epc? (V) Epsl (V) AE (V) E1° (V) ipalipc
1d -1.21 —1.10 0.11 —1.16 0.86
2d -1.19 —1.10 0.09 —1.15 0.90
3d -1.19 -1.11 0.08 —1.15 0.93
4 -1.13 —1.04 0.09 —-1.08 1.18
5 -1.19 —1.09 0.10 —1.14 0.99
6 -1.19 —1.09 0.10 —1.14 0.76
7 —-1.18 —1.09 0.09 —1.14 1.02
8 —1.43 -1.32 0.11 -1.38 1.02
9 —1.42 -1.32 0.10 —1.37 1.03
10 —1.42 -1.32 0.10 -1.37 1.01
11 —1.42 -1.31 0.11 —1.37 1.03
12 —1.42 -1.31 0.11 -1.37 1.03
13 —-1.40 -1.29 0.11 -1.34 1.02 Derivative 3
Nfx —0.98 —0.85 0.06 —-0.88 1.01

& Epc = Epc (llc) for derivatives1-7 andEp (Ilic) for derivatives8—13.
b Epa= Epa (lla) for derivativesl—7 andEp, (Il1a) for derivatives8—13.

C Eip= (Epc +Epa)/2.

d Derivatives not treated with NaOH.

e [16].

. . . . .
-0.8 -1.0 -1.2 -1.4 -1.6 -1.8
E/V vs. saturated calomel

Fig. 5. Cyclic voltammogram in DMSO: (a) derivativd, and (b)
GSH:derivatived (8:1).
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Fig. 6. (a) Experimental ESR spectrum of derivafvetro anion radical produced by electrochemical generation in DMSO, 5-NI (1 mM) and TBAP (100 mM).
Spectrometer conditions: microwave frequency 9.71 GHz microwave power 20 mW, modulation amplitude 0.2 G, scan rate 1.25 G/s, time constaoe0.5 s, num
of scan 10. (b) Computer simulation of the same spectrum.

the stabilities of these radical species due to the delocaliza-protonation process, generation of nitro anion radical from
tion of the unpaired electron. All derivatives studied presented uncharged species, other self-protonation process from hy-
similar hyperfine pattern. For example, 5-NI derivative 3was droxyl moiety and generation of nitro anion radical from neg-
analyzed and simulated in terms of two triplets that could be ative charged species. The electrochemistry of these deriva-
assigned to one nitrogen atom of nitro group and one nitrogentives in presence of NaOH by CV allows to confirm the
of the indazole ring and one doublet that was accounted for presence of acidic protons in the chemical structure of 5-NlI
one benzo hydrogen atorhig. 6). derivatives and the proposed reduction mechanism. On other
hand, GSH was capable to act as an oxidizing agent for the
5-NI regenerating the starting material from the nitro anion
4. Concluding remarks radical. The oxidizing effect of GSH was supported by the
parallel decrease of the anodic peak current and the increase
We have studied the electrochemistry of 3-alkoxy- or 3- of the cathodic peak in the cyclic voltammograms, corre-
hydroxy-1-f-(dialkylamino)alkyl]-5-nitroindazole deriva-  sponding to the nitro anion radical to wave from uncharged
tives by CV, in DMSO as solvent. The reduction mecha- species with the addition of GSH. Stable free radicals were
nism depends on the acidic moieties in their structures. A generated using electrochemical reductions at potentials cor-
self-protonation process involving the protonation of the ni- responding to the first wave and characterized by ESR spec-
tro group was observed. The 3-benzyloxy-5-nitroindazole troscopy. The 5-NI studied presented similar spectrum, due
derivatives presented a one electron reversible transfer cor+o its structural similarity.
responding to the generation of the nitro anion radical by a
Erev mechanism. The reduction mechanism proposed for 3-
methoxy-5-nitroindazole derivativesis a ECErev correspond- A cknowledgment
ing to the generation of the nitro anion radical from posi-
tive charged species, self-protonation process and the gen- This research was supported by FONDECYT 1030949,
eration of a nitro anion radical from uncharged species. The 7040037, AT-4040020 grant (Chile), Collaborative Project
reduction mechanism proposed to 3-hydroxy-5-nitroindazole CSIC (Spain)-UdelaR (Uruguay), Consi Sectorial de In-
derivatives is a ECECErev corresponding to the generationvestigacbn Cientfica—UdelaR (Uruguay) and PEDECIBA
of the nitro anion radical from positive charged species, self- (Uruguay).
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