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Polaro~aPhic reduction of furfural semicarbazone in acid me-
dia is di •sion-controlled and occurs via protonation, at differ­
ent sites i the heterocyclic ring. While protonation at C-3 leads

to the ring-cleaved product, protonation at C-5 gives reductionproduct ~th furan ring in tact..
I

Zuman fnd Fleet! studied the polarographic reduc­
tion of a wide variety of semicarbazones of carbonyl
compou ds except that of furfural semicarbazone.

• This an many of its derivatives such as nitrofurfu­
ral se . arbazone find wide applications in the
manufac Un! of antiseptic ointments. Semicarba­
zones h e also been used in our laboratories for the

polarog phic determination of transition metal

ion.s.Thif prompted us to undertake the title investi­
gatIOn. I

The ~fural semicarbazone was prepared2 in the
laborato ..y and recrystallised from aq. ethanol, m.p.
200-201· (lit m.p. 202°). All other chemicals used
were of R grade and wherever necessary purified
using st ndard procedures. Polarograms were re­
corded a 30° ± 0.1 °C employing DC pen recording
polarogr ph (ELICO Private Limited, Hyderabad).
A Linga e type of H-cell with SCE in the narrow
limb was employed and the d.m.e. had the following

• characte istics: T = 3.0 s; m = 1.93 mg S-], h = 85
cm at O. V (vs SCE in water).

The effect of varying pH on the £1f2. in buffered
solutionsl (sodium acetate + hydrochloric acid, pH 1
to 3; so~ium acetate + acetic acid, pH 4 to 7; and
ammoni m chloride + ammonia solution, pH 8 to
10) has en studied. A single wave is observed in
the pH r ge 1 to 10 and £1/2 varie~ Ii::~arly with pH
in the ra e 1 to 7 (Table 1).The effects of the height
of mercu y column and concentration of the depol­
ariser on ave height indicate that the wave is diffu­
sion-con oiled. Semi-logarithmic analysis of the
polarogr m shows the irreversible nature of the

wa'~. AS1 is expected, the reduction of semicarba-
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Table I-Effect of pH on E,c and WaveHeight
pH ~ E, , Wave height a"

(V vs SCE) (em)

I 0.72 11.6 1.03
2 0.80 14.2 1.03
3 0.88 15.0 1.03
4 0.96 14.5 1.03
5 1.05 14.2 1.03
6 1.12 12.2 1.03
7 1.22 6.9 1.03
8 1.63 10.5*
9 1.65 9.0*

10 1.68 8.5*

*Waves are ill-defined and approximate values are given.

Table 2-Effect QfVaryingHydrochloric Acid
Concentration on £1/2 and WaveHeight in

Unbuffered KCl Solutions

[KCI]=O.1 M;[FAS]= 1 x 10-3 M;[HCI]= 1 x 10-2 M;
total volume = 25 ml

Volume pH-£'/2Wave height
ofHCI (ml)

(measured)(V vs SCE)(cm)

1.0

3.990.941.8
1.5

3.710.943.8
2.0

3.560.945.4
2.5

3.440.947.2
3.0

3.370.949.1
4.0

3.240.9411.7
5.0

3.100.9415.8
7.0

2.960.9416.4
8.0

2.890.9216.5
10.0

2.790.9116.2
15.0

2.620.8915.8

zone occurs at more positive potentials than that of
furfural. It is known that semicarbazones undergo
four-electron reductive cleavage in general. But
many instances are reported3.4-7 where the limiting
current does not correspond to the number of elec­
trons consumed in the reductive process. Such sys­
tems have beel. classified into four types.

(i) Where the maximum value of the limiting cur­
rent is not reached due to the protonation equilibri­
um not being fully attained under the experimental
conditions; (ii) where the semicarbazide derivatives
(RR'CHNHNHCONH2) are formed in increasing
proportion during reduction; (iii) where a substitu­
ent such as - NH2, a group in the depolariser is sus­
ceptible to facile protonation; and (IV)where simul­
taneous reduction of bi- and mono-protonated
forms is possible.
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NOTES

In the present study the limiting current in buf­
fered solutions is less than that observed in acid so­

lutions. The protonation as mentioned in (i) above
thus plays a significant role since the substrate under
investigation can undergo protonation at different
sities in the heterocyclic· ring and each protonated
form might have a different susceptibility8 to reduc­
tion.

Gharst and Schmir9 reported that foran deriva­
tives substituted at 2-position are susceptible to pro­
tonation at C-3 and C-5. However, species proto­
nated at C-5 alone preserves the foran ring in tact to
a larger extent, while that at C-3 brings about clea­
vage of the foran ring to give an aliphatic product in
aqueous acid solutions. The aliphatic intermediate

(OHC.CH2.CH2.CH2.CH = NH) in acid solutions
undergo hydration and is transformed into the elec­
tro-inactive [OHC.CH2.CH2.CH2.C( OH)NH{] spe­
cieslO• It is possible this aliphatic aldehyde wave is
responsible for the diminished limiting current in
buffered solution. The observed polarogram in acid
solutions (pH> 3) is therefore ascribed to the re­
duction of the speci~ protonated at 5-position
(route-B in Scheme 1).

In strongly acidic solutions, the wave heights are
high (Table 2). This is ascribed to the polarographic
reduction of species protonated at 3-position. The
larger currents are due to the further reduction of
the aliphatic aldehyde formed (route-A in Scheme
1).

The authors are thankful to the authorities of Sri

Krishnadevaraya University, Anantapur for provid­
ing facilities. One of the authors (RVS) is grateful to
the Principal, Government College, Anantapur and
the Director of Higher Eduction, Hyderabad for
deputation.

References
1 Zuman P & Fleet B, Topics in organic polarography, (Ple­

num Press, New York) 1970, 369.
2 Vogel A I, A text book of practical organic chemistry, (ELBS

Longmans Green, London) Sect m, 74.2, P 344.
3 Kitajev Yu P & Budnikov G K, Z Obsch Chim, 33 (1963)

1396.

4 Haas J W, Storey J D & Lynch C C, Anal Chern, 34 (1?62)
145.

5 Asabi Y, Chem Pha~ Bull(Tokyo), 11 (1963) 930.
6 LundH,Acta ChemScand, 13(1959)249.
7 CoulsonDM,AnaIChimActa, 19(1958)284.
8 Zuman P & Fleet B, Topics in organic polarography, (Ple­

num Press, New York) 1970,384.
9 Garst, John E & Schmir Gaston L, J org Chern, 39 (1974)

2920.

10 Zuman P & Fleet B, Topics in organic polarography, (Ple­
num Press, New York) 1970,386.

(8)

r-:;] a~~C-NH+Hz N'~'NH2
R

12e+2H+

Scheme 1
(A)

n a H+ H-n a~C=N.NH.~.NH2 - .~,.~-~.NH'~·Nfl2
~ H

!H+. 12e+2H+
~

ct =N.NH.8.NH2
~ L-..---J

I H+Fe+2H+

~=NH+H2 NtN~
H

~2e+2H+

H-C'CH2'C~'C~'CH=NHII
a

59




