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Abstract: The electrochemical properties of 1H-3-methyltdesycarbonyl-5-benzylidenehydrazino-pyrazole haeen
investigated in two different aprotic nonaqueoulsesats, at a platinum electrode. The voltammetnieestigation of the
above compound in anhydrous acetonitrile (AN) ammdethylsulfoxide (DMSO) respectively shows a sometmmilar
behavior but significant differences are also restlde. The different peak separation and peak heigh offer
supplemental information in order to get a cleasiewv of the mechanism governing the anodic oxidatd the latter
compound and to find the proper parameters to sgith pyrazolo-triazoles by electro-synthesis.
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1. Introduction brominated pyrazolo-triazoledll() are formed (Scheme 1)
[10]. In order to avoid this formation, we intendedobtain
The main interest towards 1H-3-aryl-6-methyl-7ihe desired compounds by electro synthesis [11-15].
ethoxycarbonyl-pyrazolo[5,1-c][1,2,4] triazoles) (relies Because, to our knowledge, no electrochemical
heavily on their biological activity [1], their usas investigation of this compound has been publistedas,
intermediates in obtaining color photosensitive ariats We present the results of an electrochemical ifnyatson
[2-4] as well as toners, inks and other photogmaphPf 1H-3-methyl-4-ethoxycarbonyl-benzylidene-hydraei
materials [5].The latter compounds are used as precursopyrazole @ X=Y=H) in various nonaqueous media in
of color photographic light sensitive materials, [&jners, order to elucidate the mechanism of anodic oxidati®
and ink jet printer dyes [5] as well as intermeesain better understanding of the electrochemical prexesisat

producing solid-state dye-sensitized solar cellS$Ds) take place at the electrode could help finding aremo

[6]. convenient way to obtain the desired pyrazolo tliez by
1H-3-Methyl-4-ethoxycarbonyl-5-arylidenehydrazino-€lectro synthesis. . .
pyrazo|es are key intermediates in Obtainimg.al:aryLG- Therefore the Study of the electrochemical behawior

methyl-7-ethoxycarbonyl-pyrazolo[5d[1,2,4]triazoles. ~ Various nonaqueous media of the unsubstituted bydea
The intramolecular cyclization reaction of 1H-3-mgt4-  (1a) using two different solvents is extremely impoitén

ethoxycarbonyl-5-arylidenehydrazono-pyrazoles 1) (order to get a better perspective on the electroatad

induced by either bromine in acetic acid [2] omgslead behavior of the latter.

tetraacetate in acetic acid [7, 8] are the main swaf With the aim of getting more relevant information

obtaining  the 1H-3-aryl-6-methyl-7-ethoxycarbonyI-VEQarding the mechanism of anodic oxidation of the

pyrazolo[5,1-c][1,2,4] triazoles (Scheme 1). hydrazonel, we've undertaken a comparative study of the
In the presence of bromine and sodium acetate meCtrOChemical behavior of the latter Compoundt\/im)

glacial acetic acid, the hydrazones substitutedh w@l, - honaqueous solvents, namelgcetonitrile (AN) and

CHs, -NO, [2] or -F, -CR, -4-pyridil [9] yield the dimethylsulfc_)xide (DMSO) respectively by keeping all
corresponding pyrazolo-triazolesil ), If the substrate Other experimental parameters constant.
contains substituents like -OH, -OgHthe non-desired
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Scheme 1. Synthetic pathways in the preparatidtheolH-3-aryl-6-methyl-7-ethoxycarbonyl-pyrazold[5][1,2,4] triazoles (l1) (IIl), @ X=Y=H)
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2. Experimental [17] of +0.45 V in DMSO / tetra-n-butylammonium
tetrafluororborate.
1H-3-methyl-4-ethoxycarbonyl-5-benzylidenehyzina-
pyrazole, fa, X =Y =H) was obtained according to the 3. Results and Discussion
literature [2, 8, 9]. Dimethylsulfoxide (DMSO) and
acetonitrile (AN) for synthesis (Fluka) as well &$ra-n-
butylammonium tetrafluoroborate  (TBATFB) (Merck) There are significant differences regarding physica
were used as purchased. constants between the two solvents, but the majommon
The purity of the compounds was >99%, agropertythat makes them useful for the studiedgsses is
determined by HPLC. HPLC analyses were conductéd witheir high relative permittivity [18]. This allowghem to
a Merck Chromolith Performance 2 column (fig.1)ings influence the interactions between electric chargdse
acetonitrile/HO as eluant. Melting points were recordedelative permittivity of the solvent has a paranmiun
with a Boetius PHMK (Veb-Analytik Dresden) appagtu influence on the dissociation of electrolytes amd the
thin layer chromatography was performed using .,60F solute-solvent interactions, both media being di@ssas
silica gel plates (Merck) and a mixture of benzemghyl polar solvents [19].
acetate = 1:1 as eluant. IR spectra were recordtd av In order to determine the useful potential winddwatt
JascoFT/IR-410 Infrared Spectrophotometer using KBran be accomplished in both media, baring in miad AN
disks and Bruker Avance 300 spectrometers were fmsed as well as DMSO are aprotic solvents, both the ctolu
'H-NMR and **C-NMR spectroscopy the characterizatiorand oxidation processes of the solvents are coatpticand
of the obtained compounds was reported elsewhéie [1  definite estimation of thermodynamic potential womd is
Cyclic voltammetry experiments were performedalmost impossible [19]. For these reasons, we oheted
using a Jaissle 1200PCT potentiostat / galvanostapled the practical potential windows voltammetricallysing
to an Agilent 33120A signal generator and an Agilerbright platinum working electrodes. A voltammograras
34970A data acquisition system using Pt workingneasured in the solvents under study, in the pcesef
electrodes and Pt auxiliary electrodes and wergechout TBATFB as supporting electrolyte.
in a single compartment cell with 7 &nmof electrolyte The potential window of anhydrous AN / TBATFB
solution containing c=2¢IdmoleL™ of substrate at room 0,1M differs significantly of that of DMSO / TBATFB,1
temperature. No correction was applied to compenfat M. As shown in fig. 2, the anodic potential limit AN in
the solution resistance. The solvent-supportingtedg/te  the given conditions can reach values of up to 220
system consisted of dry DMSO or AN and tetra-nmuch broader than the values reached in DMSO. The
butylammonium tetrafluoroborate. Solutions for allnegative limit is, on the other hand narrower in ,AN
voltammetric analyses were deoxygenated by bubblimgaching only -1,60 V. These data are in close ra@ecwe
with dry nitrogen and an atmosphere of dry nitrogeas with the literature results [19, 20, 21] and to tpeneral
maintained throughout the experiments All potesti@ere tendency that the negative potential limit expatwsiore
quoted with respect to the Ag/AgCl electrode atmmoo negative values with the decrease in solvent agidihile
temperature, which corresponds to a potential diffee the positive potential limit expands to more pesitvalues
from that of Fc/Ft (Fc = ferrocene) standard redox couplavith the decrease in solvent basicity.
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Figure 1. HPLC analysis of compoutzad

Although both are aprotic solvents, meaning thatyth anion radicals R”) have a much shorter lifetime [22, 23,
do not have a hydrogen atom joined to an elect@tingy 24]. In other words, one can assume that acetlenites a
atom, acetonitrile has a weaker basic characten thgreater ability to transfer a hydrogen ion towaadsdical
DMSO, based on the value of their donor numbers flas anion thus making it more stable in its radicalnfothan
as a consequence the fact that in anhydrous AMrcatiDMSO does.
radicals R™) show a greater stability that in DMSO and
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Figure 2.Cyclic voltammogram of the SSE in anhydrous AN. ditians: supporting electrolyte: tetra-n-butyl ammon tetrafluororborate; working
electrode: Pt; auxiliary electrode: Pt; refererleeteode: Ag/AgCl; scan rate 5019 s. Inset: Cyclic voltammogram of the SES in anhydrous DMSO
under the same experimental conditions.

Figure 3 shows the cyclic voltammetry curves athemical reaction, probably a deprotonation process
50-10° V-s® of a 10° M solution of compounda in (scheme 2). [25, 26]. The similar shaped peak ¢&f be
AN/TBATFB 0,AM and DMSO/TBATFB 0,1M observed during the voltammetric analysis carriel ia
respectively onto a platinum electrode. During th®MSO. The main difference consists in he fact tnader
oxidative scan a relatively small anodic currenthwa these conditions the signal appears at more pesitiv
maximum at E,; = +0,740 V/Ag:AgCl can be observedpotentials, i.e., ;= +0,860 V. These findings lead to the
(peak 1 fig. 3. inset). This peak current may letaited to conclusion that the first oxidation step of compwdun
the formation of a cation radical. The irreversipilof the occurs more slowly in DMSO in the first place deeits
peak is likely due to the instability of the radication higher basicity compared to AN, leading to a leshle
initially formed via electron transfer undergoingfast radical cation [22, 23].
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Figure 3.Cyclic voltammogram ofa in anhydrous AN. Conditions: substrate concentrgti=1-1G mol- L'*; supporting electrolyte: tetra-n-butyl
ammonium tetrafluororborate; working electrode:&Rixiliary electrode: Pt; reference electrode: AgTA scan rate 50- fOv-st. Inset: Detailed view
of the anodic scan dfain AN (curve A) and DMSO (B dotted line) under tgme experimental conditions.

Variation of the electrode potential towards moraleprotonation occurred with the formation of a pesly
positive values in AN reveals another anodic peak (charged intermediate (scheme 2). It seems likedy this
situated at [ = +0,970 V. This signal may correspond tostep is less influenced by the nature of the salvém
a second oxidation step of the intermediate forrmftdr DMSO the corresponding anodic signal (2', fig. 3ei)
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appears at a slightly more positive potential. Adthwell
defined peak occurs in AN at a potential of aboivl broad shoulder observed in AN at about 0,276 V may
beyond the outermost boundary of the electrochdmicdue to the irreversible reduction of the cyclizatigroduct
potential window recorded in DMSO and correspondstm previously formed [24, 27, 28].

likely to the oxidative cyclization of the produesulting
from the further transformation of carbocatibln. A more
detailed report of the latter has been publishedvehere

[16].

TABLE 1. Separation of the peak potentials of peaks 1 and 2 as a

function of the utilized solvent

inset), recorded in DMSO during the forward scahe T

The oxidation mechanism of hydrazol@ecould thus
folow an ECEC pattern [24], implying two
electrochemical steps (scheme 2). The first elebgmical
step, corresponding to peak 1 may have as a rdsailt
formation of a cation radical [29, 30]. After a hogenous
step consisting of the deprotonation of the latténe
substrate looses one more electron forming thetipelsi
charged intermediatkb [30].

E?\L\ggt AETE{“;V A comparative view of the voltammogram recorded in
AN 240.8 AN (curve A fig. 3 inset) and of that recorded iMBO

(curve B) under the same experimental conditiormwsh

Reversing the scan direction and variation toward@side of the aspects discussed above, a much igpeste
less positive potentials does not reveal any pesilsed to  Separation in AN (table 1), thus in the solventwitie less
the two oxidation signals 1’ and 2’ respectivelyg(f3 basic character.
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Scheme 2. Proposed anodic oxidation mechanismmopcoondla on a Pt working electrode in anhydrous aprotivesals

The peak separation of the first two anodic wavesbove that AN is not such a strong base as
AE;1., is more than twice as wide in AN than in DMSOdimethylsulsoxide (DMSO), this leads to the facattin
(Tab.1). Keeping in mind that the current-intengityves anhydrous AN radical cations are more stable than i
have been recorded at the same voltage sweep iratePMSO, i.e. the deprotonation occurs more slowly, [24].
follows that the radical intermediatea that may result Being more stable, hence having a greater lifetifme two
after the first oxidation step is significantly mostable in waves regarding the respective electron transégssshow
AN. Knowing that cation radicals are generally mstable a greater peak separation in AN [24].
in AN than in DMSO [22] we can assume that it isstno The charge delocalization within systems showing an
likely that a radical cation intermediatéa(scheme 2) is extendedrn conjugation comes to further stabilize of the
formed after the first oxidation step. cation radical intermediate [33]. The solvent pityari.e.

One can observe a shift of the peak potentials tdbsva its permittivity is the third factor that affectset stability of
less positive values in DMSO compared to AN. Thistf the cation radical by influencing the coulombicci® of

may be due to the different stability of the catiawlical
formed after the first oxidation step in the twodige[11,
22, 31], or due to the different reaction kinetiak the
homogenous process of deprotonation with the fdomat relative permittivity of the solvent, according En. (1)
of a positively charged intermediate [22, 32].

The stability of a radical ion depends firstly dret the larger the counter-ion (i.e. bigg®r the more ionic the
nature of the solvent [23, 24]. Radical cations arere
stable in less nucleophylic solvents [22]. It hager shown

attraction between the two oppositely charged ithe
cation radical and the counter ion originating frahe
electrolyte). That force is inversely proportional the
[24, 34]. Therefore, the higher the relative petinityy and

intermediate would be [35].
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2

&
Ere =— =
£k, A
where:
& - electric charge of the electron, [C]
€ - permittivity of the solvent, [F

& - permittivity of the vacuum, [F 1}
a - distance between the two electrical charges, [m]

(1)

Since both solvents have relative large permitésit
the electrostatic interaction between charges iskeseed.

The differences observed between the current-gatent
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