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The eleetroebemieal behaviour of ethyi·:Z,3-dloxobutyrate·2·phenylbydrazono-3· 
semicarbazone has been studied in a wide range of pH by polarography, linear and 
cyclic sweep voltammetry, coulometry and spectral studies. The redaction of this com
pound takes place in a slagle 4e JIH dependent Irreversible step. In cyclic voltammetry 
one anodic peak Is also observed, when the sweep was Initiated towards positive poten
tials Indicating thereby the possible electroo:rldatlon of this compound. The products 
of electrolysis have been ebarac:terlsded by tie and ge. 

AR Y LHYDRAZONES have found w1de apphcation 
m the synthetic orgamc chemistry for the prepara
tion of varieties of physiologically active com

pounds1-6. In analytical chemistry hydrazones 
have been used for identification and detection of 
large number of metal cations•. As from a polaro· 
graphic pomt of view semicarbazones resemble the 
structurally related arylhydrazones, a large number 
of electrochemical mvesttgations have been carried 
out on arylhydrazones and &emlc.ubazones•-•. 
Nevertheless, most of these mvest1gations were res
tricted to the polarography at dropping mercury 
electrode and no mformatton IS a vatlabJe on their 
bebav10ur at soltd electrodes. For the last &everal 
years we are mvest1gatmg the polarographic 
behav10ur of bJOiogtcaHy Important compounds, 
however, most of our investigations were restricted 
to polarographic behaviour m want of other 
sophesticated mstruments11-u and hence, we were 
unable to identify mtermediates and products of 
electroreduction. In view of the great Importance 
of hydrazones and semicarbazones, we have selected 
ethyJ-2,3·dioxobutyrate·2·phenylhydrazono·3-semi
carbazone, wh1ch possesse\ two polarographically 
reduc1ble sites, viz. hydrazono and sem1carbazono 
{1) to study it& electrochemical behaviour at dropping 
mercury electrode and at rough pyrolytic graphite 
electrode (RPGE) using polarography, linear and 
cychc sweep voltammetry and coulometry. 
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We mttrated this mvesttgatton m the expection 
that a compafl!>On of compound (1) with ethy!-3· 
ox.obutyrate~>emlcd.J bazone (l) and the mechamsm 
observed electrochemically and product!> of electro
reduction mtght throw some light on the biological 
redox reactiOn of thts molecule. This paper des
cribes our observatiOns on the electrochemical 
behaviour of compound (1) using var~eties of 
technique!.. The productt~ of electroreductJon have 
been separated and identified by tlc and gas 
chromatography. 

Experimental 

Ethyl-2,3- dioxobutyrate-2-phenylhydrazono- 3-
sem•carbazone was synthesi&ed by the method 
reported in literature11• The stock solution of this 
compound (1 mM) was prepared in dimethylforma
mJde (A.R., H10, 0.1%). Phosphate bu1fer18 of 
ionic strength 0.5 M were prepared from reagent 
grade chemical in the pH range 2.2-11.8. 

Polarographic curves were recorded on a 
Cambridge pen recordmg polarograph and capillary 
characteristics were 1.45 mg118 sec-111• Each curve 
was recorded at least twice to ensure reproducibility. 
Valtammograms were recorded at rough pyroiytJc 
graphite electrode using Micronics cychc voltam-
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meter. The graphite electrode was rubb~d gently 
on sand paper and washed with dtstilled water after 
each run. Controlled potentials during large scale 
electrolysis were applied with the help of a poten
tiostatl'" using platmum gauge as counter electrode. 
The characterJSalton of the intermediate and the 
product of electrode reactwn were done by using 
uv-vis Specord spectrophotometer (C. Zeiss, Jena) 
and Aimil Nucon 5700 gas chromatograph equtpped 
wtth a column of 3% SE-30 on chromo~>orb W and 
flame ionisation detector. The temperature of 
injector and detector were fixed at 190' and the 
column temperature was raised at a rate of 6• min-:1 
from 80' until the final tf"mperature 200" was 
reached. 

Results 

In the pH range 2.2-11.8, ethyl-2,3-dioxobutyrate-
2-phenylhydrazono-3-semicarbazone reduced in a 
single, 4e, pH dependent step at dropping mercury 
electrode. To confirm whether this polarographic 
wave is due to the reduction of hydrazono 
(NH- N =C) group or semicarbazono group or a 
combined wave of both, a separate polarogram of 
ethyl-3-oxobutyratesemicarbazone (l) was also recor
ded in phosphate buffer of different pH. It was 
mteresting to observe that thi~> compound does not 
exhibit any wave indicatmg thereby that the wave is 
due to the reductiOn of hydrazono group of the 
molecule. It has been further reported that the 
reduction of hydrazono group is eaMer than semi
carbazono group111 • The limiting current was 
independent of pH and mdtcated a lmear relation 
with v'h and concentration of depolariSer (0.1 to 
1.0 ruM). The value of temperature coefficient was 
1.2% deg-1. All th~~~e observations indicated the 
diffusion-controlled nature of the electrode proce~>s. 
The half-w<~.ve potential was dependent on pH and 
shifted linearly towards more negative potential with 
increase in pH by 63 mV/pH. The value of P, 
numb~r of protons, rnvolved 111 the rate determining 
step together w•th other polarographic data is given 
in fable 1. 

TABI.:R 1-POI.AROGRAPHIC AND Vo:r.Tui.M.STRIC 0RARAC· 
T.IUU'>TIC'I Oi' 0.1 mM ETSVI,-2,B-DIOXOBUTVRAT:R-

2·PHJCNYI. BYDRUON0-8-S:Rlloii-
CARBAZON:R AT Dli'FJCR:RNT pH 

pH& Polarographic cba.raoteri~tics Voltammetricoharaoterlstics11 

- .E 1 14 i> - Ep (lc) Ep {IIa) .. 
v ~ v v 

2.2 0.34 0.96 0.95 0.50 085 

Linear and cyclic sweep voltammetry of com
pound 1, however, indicated an entirely different 
behaviour at rough pyrolytic graphite electrode. In 
cyclic voltammetry at scan speed of '-0 mV s-1 one 
well defined cathodic peak lc is observed (Fig. J). 

I I I I I '/-- I I I I I 
•lll•O'> 00-05-I.O 1 •10•05 00-0.5-10 

POTfNTIAL (Vl v~ SCc 

Fig. 1. Cyclic voltammograms of 0.1 mM ethyl-2,8-dioxobnty
rate-ll·phenylhydrazono·8-somicarbazonc at a sweep 
rate nf 200 mV s-•. Upper curves arP initiated towa.rd~ 
negative direction and lower cut Vei towat.rds positive 
direction. 

In the reverse ~weep one well defined anodic peak 
(IIa) is also observed. The potentials of peak Ic 
and Ila were pH dependent and observed the 
relation. 

- Ep(lc) = [0.055 pH+0.38]V 
Ep(Ila) = [0.970- 0.052 pH]V 

Peak lc and lla were observed at a slow scan 
rate of 5mV s-1 also. If the direction of sweep is 
initiated in the positive direction first (Fig. 1), peak 
lla was observed very clearly and peak Ic had a 
tendency to become broad, indicating thereby that 
the electrode process for peak Ic and Ila are 
independent proc~ss and not related to one another. 
To decide whether the peak Ic is due to the reduc
tion of hydrazono or semicarbazono group, cyclic 
voltammograms of ethyl-3-oxobutyratesemicarbazone 
(l) were also recorded at RPGE in phosphate buffers 
of variou! pH and it was found that this compound 
does not give p~ak Ic or IIa. This observation 
clearly reflects that peak Ic and Ha processes are 
due to reduction/oxidation of hydrazono group. 

3.0 0.40 0.95 1.01 0.54 
3.6 0.44 0.90 0.98 0.56 
4.6 0.50 0.90 0.9'7 0.60 
5.7 0.66 0.86 1.02 0.6'1 
6.6 0.60 0.90 1.01 0.711 
'7.11 0.66 0.96 1.10 0.'1'1 
8.6 0.'74 0.86 1.08 0.82 
9.2 0.84 0.86 0.99 0.86 

10.6 0.90 0.90 0.89 0.93 
11.2 0.96 0.86 098 0.9'7 

a Phosphate buffers of 11=0.5 M. 
b Sweep rate 50 m V s-1 and area of electrode 0.6 em •. 

0.82 
0.80 
o.76 
0.68 
0.66 
0.58 
0.61 
0.48 
0.44 
0.88 

The value of n, number of electrons involved in 
the electroreduction of ethyl-2,3-dioxobutyrate-2-
phenylhydrazono-3-sernicarbazone at mercury pool 
cathode or at rough pyrolytic graphite indicated that 
4.0 ± 0.2 (average± maximum deviation) electrons 
are involved (Table 2). The progress of electrolysis 
was monitored by recording cyclic voltammograms 
at various intervals of times. A cyclic voltammogram 
of completely reduced solution did not exhibit any 
peak and thus indicated that no electroactive 
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spectes remamed in the solution after complete 
elect rored uct 1011. 

T<~.BLJt 11-COUI,OMB'tRIC n VALUBS 0B~BRV:RD FOR 
ELKCTRORBDUCTION AND ELBCTROOXIDATION Olf 
ETitYI,-11,9-DtOXUDU'l'YRATB-2-PIIBNYLBYDRAZON0-

2-'>KMlC"-RB ... ZONIC "-'1' DIFPBRICJ:oo'r Flr;BC'rRODlt'l 

pH• CoDen. Poteutio.l Expenmental 
mJI.l V n value 

llercnry-pool catboile 

'1.0 08 -0.8 4.12 
5.7 0.5 -1.0 ,1,98 
7.2 1.0 -1.0 '1.87 
9.2 1.0 -1.1 4.01'! 

Pyrolyhio graphiteb 

3.0 0.5 -0.8 4.16 
5.7 1.0 -1.0 4.09 
7.11 1.0 -1.0 3.81 
9.2 0.8 -1.1 3.94 
3.0 1.0 +1.0 0.98 
5.7 1.0 +0.8 0.83 
7.11 1.0 +0.8 0.911 
9.11 1.0 +0.7 o.911 

"Phosphate butlers of /6=0.5 M. b Area of electrode 4.11 om•. 

The electro-oxidation of compound 1 at potential 
more positive than peak Ila at RPGE, indicated that 
close to one electron 1s mvolved in the oxidation of 
this compound (Table 2). Complete oxidised solu
tion also did not exh1b1t any peak m cychc voltam
metry in buffers of different pH. 

Characterisation oj intermediate and products: 
For charactem.ation 3.0·4.0 mg of the compound 
was reduced at potentials more negative to peak Ic 
or at plateau potential. The change in spectra in 
the reg10n 330-600 nm was momtored. A spectra 
of compound 1 before electrolysis is presented by 
curve 1 in Fig. 2A. It was observed that with pro
gress of electrolysis the Ama:o: at 390 nm start 
decreasmg systematically. The curves 2 to 9 were 
recorded at vanous intervals of time. After 100 min 
of electroly:,JS curve 10 was recorded and it was 
ob3erved that the peak at 390 nm and bhoulder at 

A 

Iou.u 

420 nm disappeared completely. Thus the pro
ducts of electrolysis does not absorb in the region 
330-600 nm. As during electroreduct10n absorbance 
d1d not mcrease at higher or lower wave length 
(Ftg. 2.) tt was obvioub that no intermedmte capable 
of absorbmg at shorter or longer wave length is 
generc1ted. It was observed that if potential is turned 
off after curve 7 no change tn spectra can be 
observed (F1g. 2B). fhus no intermediate with 
suffictent half-hfe was produced durmg the electro
reduction of compound 1. 1 he electrolysed solution 
was concentrated and the phosphate was removed 
by extractmg the slurry with solvent ether. The tic 
of the ether extract m chloroform-ethanol (90 : 10) 
mixture gave two clear spots (R 1-0.42 and 0.58) 
and gas chromatography gave two peaks (R,I¥1.2 
and 1.5 min) (Fig. 3B). 

To compare the products observed with possible 
end products an ether solution of amline was 
analysed by tlc and gas chromatography. It was 
mteresting to observe that aniline gave R1-0.58 and 
R, .... 1.5 (Fig. 3A), which corresponds to the values 
observed for electrolysed solution. Thus, aniline 
(3) was one of the major products of electroreduc
tJOn. The other product (4) corresponding to 
R,-0.42 and R,-1.2 min could not be identified 
completely at this stage. However, a comparison 
with ethyl-3-oxobutyratesemicarbazone (l) which 
has one amino group less than the product 4, 
showed R,-0.42 and R,-1.10 respectively. Thns, 
the following overall mechanism can be proposed to 
account for coulometric value of 4.0. 

A similar mechanism has also been proposed by 
a large number of workersu-u for the electro
reduction of hydrazones. 

8 

Io.2A u 
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Spectral change'! observed dnting eleohrorednotlon of ethyl-2,8-dioxobntyrate-11-phenylhydrazono·S-semicar
bazone at pH 7.0, applied potentia\ 1.0 Vat RPGE. (A) CllrVBI were recorded at (1) 0, (g) li, (B) 10, (4) 110, 
(5) SO, (6) ll5, (7) 50, (8) 611, (9) 76, (10) 100 min of oleotnly4ls, (B) El9otr>ly4ls WI'! ~topped after 50 mtn 
QOireapon.dlng to curve 7. 
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Fig. 3. ·, A oomparision~of ga.s ohroma.togra.m:of aniline (A) with 
etheJ.1 extr .. ot of eleotwred11ctlon products (B). 

For the characterisation of intermediate and 
products during electrooxidation at RPGE, a pro
cedure similar to electroreduction was applied. Tt 
was interesting to observe that oxidation at potential 
more positive to peak Ila ah.o indicated a systematic 
change in the sp;,ctra in the range 330-6')0 cm-i as 
have been observed for electroreduction (Fig. 2). 
The ether extract of the electroxidised solution gave 
only one spot in the tic (R1-0.4) and did not exhibit 
any peak in 'gas chromatography, probably due to 
its non-volatile nature. The overall electrooxidation 
product based on one electron transfer will lead to 
the formation of a dimer. A similar mechanism for 
the autooxidation of hydrazones to give dimer have 
also been propo:;ed by Pausacker111 and Stanley 110 • 

Discussion 

The evidence thus presented clearly indicates 
that in ethyl-2,3-dioxobutyrate-2-phenylhydrazono-
3-semicarbazone reduction of hydrazono group 
occurs and semicarbazono group does not undergo 
reduction under these conditions. As the slope of 
dE111(dpH was practically similar to that of b..Ep/ 
dpH, it is evident that the electroreduction is taking 
place by the same mechanism at dropping mercury 
electrode and at rough pyrolytic graphite electrode. 
A little difference of 8 mV observed may be due to 

the different nature of the two electrodes. The 
observed spectral change during electroreduction 
clearly indicates that 'IT chromophore system does 
not increase or decrease extensively and hence 
absorbance simply shows a systematic change. No 
change in absorbance after turning off the reduction 
potential, indicate that no intermediate capable of 
absorbing in the region 330-600 cm-1 is formed. A 
comparison with authentic aniline confirmed the 
mechanism of electroreduction. 

The appearance of oxidation peak (Ha) in cyclic 
voltammetry clearly indicates that compound 1 can 
also undergo electrooxidation. Since most of the 
earlier observations have been carried out at dropp
ing mercury electrode, this oxidation behaviour has 
not been observed earlier. As the number of elec
trons involved in the oxidation has been found as 
one, a mechanism similar to autooxidation of 
hydrazone is also suggested for the compounds. A 
detailed investigation on the electrooxidation of this 
compound is in progress. 
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