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ABSTRACT

The electrochemical behaviour of N-hydroxy-3-isopropyl-2,6-difurylpiperidin-4-one semicarbazone and N-hydroxy-3-isopropyl-2,6-difurylpiperidin4-one thiosemicarbazone have been evaluated using cyclic voltammetric method with variable scan rates. Based on the number of cathodic and anodic
peak, peak current and number of stop crossing level it is concluded that an irreversible reduction taken place for both the synthesised compounds.
The presence of the electron-donating carbonyl and thionyl group of semicarbazone and thiosemicarbazone leads to a shift of the irreversible
reduction potential towards cathodic value. The products have been isolated and their structure is confirmed by 1H NMR and 13C NMR spectroscopy.
Further the reduced products were screened for antibacterial activity. On comparison the semicarbazone compound showed high inhibition towards
Pseudomonas aeruginosa among the eight test bacteria.
Keywords: Semicarbazone, Thiosemicarbazone, Cyclic voltammetry, 13C and 1H NMR, Antibacterial activity

INTRODUCTION
The synthesis of N-substituted piperidin-4-ones is of great
interest due to their varied properties. Set of 2,6-diarylpiperidin4-one were synthesised and the physico-chemical studies
revealed the structure of the compounds. The 1H NMR spectra
of
3-alkyl-2,6-bis(o-methoxyphenyl)piperidin-4-one,
3,5dialkyl-2,6-bis(o-methoxyphenyl)piperidin-4-one showed the
influence of substituents in phenyl ring over the chemical shifts
of hydrogens in piperidone ring1-7. The N-nitroso derivatives act
as an excellent anti-oxidant reagent. The N-formyl, N-hydroxy
compounds have corrosion inhibitory property. The piperidin -4one derivatives of semicarbazones and thiosemicarbazones were
thoroughly studied for the biological activities such as
antimicrobial10, antifungal6, anticancer, antimalarial, antitumour,
antiinflammatory etc. There are several reports6-13 on the
reduction
of
piperidin-4-one
semicarbazones
and
thiosemicarbazones by conventional catalyst. The structure of 4piperidin[3,4-d]-1,2,3-selenadiazole was proved by the 1H and
13C
NMR studies11-16. The N-substituted 3-alkyl-2,6diarylpiperidin-4-one semicarbazone and thiosemicarbazone
have been subjected to electrochemical reduction. There are
reports on pyridine-N-aldehyde thiosemicarbazone using gold
electrode and the electro reduction of
2-formylpyridine
thiosemicarbazone has also been studied1-7. But there was no
report on the cyclic voltammetric behaviour of N-substituted
2,6-hetroarylpiperidin-4-one derivatives. In this paper the
reduction
behaviour
of
N-hydroxy-2,6-difuryl-3isopropylpiperidin-4-one semicarbazone and thiosemicarbazone
are studied by cyclic voltammetry. The reduced product is
isolated and purified by column chromatography. The structure

of the reduced product is proved by 1H NMR and 13C NMR
spectra. The antibacterial property of the products was tested
against eight select bacteria.
MATERIALS AND METHODS
All the chemicals used in the preparation of semicarbazone and
thiosemicarbazone derivatives are of very high purity.
Completion of reactions was monitored by thin layer
chromatography on silica gel coated Aluminium sheet (Type 60
GF 254, Merck). The melting points were measured with open
capillaries and uncorrected. 1H NMR spectra(in DMSOd6/CDCl3) on Varian 400 MHz instrument using TMS as the
internal standard.
Synthesis of N-hydroxy-3-isopropyl-2,6-difurylpiperidin-4one(1)
The
3-isopropyl-2,6-difurylpiperidin-4-one
and
mchloroperbenzoic acid (1:1) were mixed in 20ml chloroform at
0°C. The mixture was extracted and washed with 10% sodium
bicarbonate solution. The chloroform layer was dried with
anhydrous sodium sulphate and evaporated. The separated solid
was subjected to column chromatography. The column was
packed with silica gel(100-200mesh) in hexane. The eluting
solvents used were benzene, and benzene-pet-ether (40:60)
(8:2). The compound was found to be separated in benzene-petether (8:2).
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Synthesis of N-hydroxy-3-isopropyl-2,6-difurylpiperidin-4one semicarbazone(2a) and thiosemicarbazone(2b)
A mixture of N-hydroxy-3-isopropyl-2,6-difurylpiperidin-4one(1gm, 0.0027mol), semicarbazide hydrochloride (0.316gm,
0.0027mol) and sodium acetate (0.75gm) was dissolved in
ethanol (40ml) and refluxed for two hours on a steam bath and
cooled. The separated solid was filtered and washed with water
and recrystallised from ethanol. Similarly N-hydroxy-3isopropyl-2,6-difurylpiperidin-4-one thiosemicarbazone was
also prepared by the same reflux method using
thiosemicarbazide hydrochloride (0.316gm, 0.0027mol). The
physical data of the synthesized compound(2a) and compound
(2b) are given in Table 1.
Elemental Analysis
The CHNS data analyses of reduced compounds are displayed in
Table 2. There is good agreement between the experimental and
calculated values. The C,H,N,S analysis was done on a CHNS
rapid analyser.
Preparation of Media
Nutrient broth has been used to cultivate bacteria. Agar media
has been prepared by adding 24% w/v agar in the nutrient broth
for making agar slants. Bacteria have been sub-cultured on the
nutrient
agar
slants.
Different
concentration
of
sample(250µL,500µL,1000µL) has been loaded in to the wells
in Muller Hinton Agar plates15-19. The plates have been
incubated at 37oC for 24hours. At 1000µg/ml concentration the
conventional standard antibacterial drug chloramphenicol
exhibited 15±3mm zone of inhibition against all the test
bacteria.
Cyclic Voltammetry(CV)
The electrochemical experiment was conducted with a
computerized instant VSM/EC/30.s potentiostat. The solution
was deoxygenated by bubbling purified nitrogen gas for about
15mins and then a blanket of nitrogen gas was maintained
throughout the reaction time. The reference electrode used was
Ag/AgCl(3mKCl) electrode, and the auxiliary electrode was a
platinum electrode. In this study a paraffin-impregnated graphite
electrode was used as the working electrode. The
electrochemical behavior of 0.01M N-hydroxy-3-isopropyl-2,6difurylpiperidin-4-one semicarbazone(2a) and N-hydroxy-3isopropyl-2,6-difurylpiperidin-4-one
thiosemicarbazone(2b)
were dissolved in respective mixed solvent of 0.1M of ethanol
and distilled water17-24 and it was studied with Cyclic
voltammetric technique in the potential range -2100mV to

2100mV and with the variable scan rate range of (100mVs1,150 mVs-1 and 200mVs-1). The yield of the reduced products is
listed in Table 3.
RESULTS AND DISCUSSION
The corresponding N-hydroxy-3-isopropyl-2,6-difurylpiperidin4-one and semicarbazide hydrochloride were refluxed in the
presence of sodium acetate for two hours. The product obtained
was
N-hydroxy-3-isopropyl-2,6-difurylpiperidin-4-one
semicarbazone.
Similarly
N-hydroxy-3-isopropyl-2,6difurylpiperidin-4-one thiosemicarbazone was obtained. Then
the semicarbazone and thiosemicarbazone were subjected to
cyclic voltammetric study. The positions and shapes of the
peaks were dependent on the scan rate but the numbers of peaks
remain same. The results were indicative of an irreversible two
electron transfer to electro reduction of semicarbazone and
thiosemicarbazone moiety19-25.
As the number of stop crossing level increased, the number of
peaks doesn’t change which indicated irreversible reduction has
taken place in the N-hydroxy-3-isopropyl-2,6-difurylpiperidin4-one semicarbazone and thiosemicarbazone. Waltman who
studied the influence of geometry distortion on redox properties
and found that each geometric distortion leads to shift of the
potentials towards more negative value. It was also found that
the peak current for the semicarbazone and thiosemicarbazone
compounds were higher due to the shift of peak potential
towards more negative value. The presence of active carbonyl
and thionyl group in the synthesised semicarbazones and
thiosemicarbazone compound is the reason for the shift of peak
potential to the more negative value. Thus the presence of
heterocyclic substitution in semicarbazone leads to decrease in
anodic peak current compared to the aromatic substitutes12. The
reduced products were isolated and the structure is proved by1H
NMR and 13C NMR.
Synthesis of N-hydroxy-3-isopropyl-2,6-difurylpiperidin-4one semicarbazone(2a) and N-hydroxy-3-isopropyl-2,6difurylpiperidin-4-one thiosemicarbazone(2b)
The corresponding N-hydroxy-2,6-difurylpiperidin-4-one and
semicarbazide hydrochloride were refluxed in the presence of
sodium acetate for two hours. The product obtained was Nhydroxy-2,6-difurylpiperidin-4-one
semicarbazone(2a).
Similarly
N-hydroxy-2,6-difurylpiperdin-4-one
thiosemicarbazone(2b) was obtained when N-hydroxy-2,6difurylpiperdin-4-one and thiosemicarbazide hydrochloride react
in the presence of sodium acetate. Then the semicarbazone(2a)
and thiosemicarbazone(2b) were subjected to CV study. The
reactions a represented in scheme 1 and scheme 2 respectively.

Scheme 1
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Scheme 2
Table 1: Physical data of the compound 2a and compound 2b
Name of the compound

Molecular Formula

2a
2b

C18H21N4O4
C18H21N4O3S

Molecular Weight
Kg/Kmol
357
373

Melting Point
°C
143-144
137-138

Yield
%
75
77

Table 2: The physical data of the reduced product of n-hydroxy-2,6-difurylpiperidin-4-one semicarbazone(3a) and thiosemicarbazone(3b)
Compound

Molecular Formula

3a
3b

C18H25N4O4
C18H23N4O3S

Molecular Weight
Kg/Kmol
361
377

C
%
61.56(60.26)
62.55(61.43)

H
%
4.89(5.23)
4.94(5.65)

N
%
10.27(10.88)
11.55(11.97)

S
%
9.23(10.11)

Table 3: List of reduced products obtained after cyclic voltammetric subjection
Compound

Name of the Compound

3a
3b

Amino(2-(N-hydroxy-2,6-difurylpiperidin-4-one ylidene)hydrazinyl)methanol
Amino(2-(N-hydroxy-2,6-bis(p-methoxyfuryl)piperidin-4-one ylidene)hydrazinyl)methane thiol

Melting Point
°C
135
143

Yield
%
73
72

Table 4: Cyclic voltammogram data of 0.01m n-hydroxy-3-isopropyl-2,6-difurylpiperidin-4-one semicarbazone(2a) and
thiosemicarbazone(2b) dissolved with 0.1m of ethanol and distilled water with variable scan rate(100mvs -1, 150mvs-1 and 200mvs-1)
Compound
2a

2b

Scan rate
100mVs-1
150mVs-1
200mVs-1
100mVs-1
150mVs-1
200mVs-1

Epc1 (V)
0.601
0.612
0.653
0.210
0.214
0.253

Epc2 (V)
-0.510
-0.513
-0.579
-0.512
-0.564
-0.612

Epc3 (V)
-1.815
-1.913
-1.975
-1.812
-1.912
-1.917

Epa1 (V)
-1.135
-1.167
-1.174
-1.051
-1.126
-1.128

Epa2 (V)
0.129
0.134
0.147
0.104
0.107
0.109

Table 5: The In vitro zone of inhibition profile of the amino(2-(n-hydroxy-3-isopropyl-2,6-difurylpiperidin-4-oneylidene)hydrazinyl)methanol(3a) and amino(2-(n-hydroxy-3-isopropyl-2,6-difurylpiperidin-4-one-ylidene)hydrazinyl)methane thiol(3b)
against test bacteria

Organisms
Bacillus
Pseudomonas aeruginosa
Salmonella typii
Vibrio cholera
Escherichia coli
Staphaylococcus
Enterobacter
Klebsiella

Compound 3a(µg/ml)
250
500
1000
2
4
8
9
9
12
7
9
9
3
3
5
4
4
6
6
6
7
6
6
8
5
5
9

Compound 3b(µg/ml)
250
500
1000
3
7
9
7
9
9
7
8
9
4
4
4
5
5
6
5
5
6
8
9
10
8
8
9
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Figure 1: Cyclic Voltammogram of 0.01M N-hydroxy-3-isopropyl-2,6-difurylpiperidin-4-one semicarbazone (2a) dissolved with 0.1M of
ethanol and distilled water with variable scan rate (100mVs-1, 150mVs-1 and 200mVs-1)

Figure 2: Cyclic Voltammogram of 0.01M of N-hydroxy-3-isopropyl-2,6-difuryl-4-one thiosemicarbazone(2b) dissolved with 0.1M of ethanol
and distilled water with variable scan rate of 100mVs-1,150mVs-1& 200mVs-1

The electrochemical
difurylpiperidin-4-one
thiosemicarbazone (2b)

behaviour of N-hydroxy-2,6semicarbazone(2a)
and

The cyclic voltammogram of the semicarbazone(2a) and
thiosemicarbazone(2b) were studied at the potential range of 2200mV to 2200mV and the voltammetric data were analysed.
The
voltammogram(Figure
1-2)
of
the
respective
compound(2a&2b) showed three cathodic peak in the forward
scan and two anodic peak during in the reverse scan. Since there
is large difference in peak to peak potential separation, there has
occurred irreversible reduction. Three different scan rates of
100mVs-1, 150mVs-1 and 200mVs-1 were considered and the
voltammetric data are given in Table 4.
The effect of scan rate upon the reduction was arrived from the
analysis of peak potential values. As the scan rate increased the
peak potential value shifted to more negative value. Further it
has been observed that the number of peak has not changed even

if the number of crossing levels increased. This indicated an
irreversible reduction has taken place in both the semicarbazone
and thiosemicarbazone compounds(2a&2b) at the active
carbonyl and thionyl group respectively. The ease with which
the reduction product formed is greater for semicarbazone(2a) as
compared with that of thiosemicarbazone(2b) . The increase in
∆Ep with increased scan rate indicated the absence of redox
species and hence it was inferred that a new reduced
compound(3a&3b) were respectively formed.
The 13C NMR and 1H NMR analytical data of N-hydroxy-3isopropyl-2,6-difuryl-4-one
semicarbazone(2a)
before
subjection to CV
Analysis of 13C NMR: The 13C NMR spectrum of the
product(2a) was compared3 with that of the reactant(1). The
spectrum shows that the C-4 carbon has moved upfield to
205.67ppm from 209.53ppm. This proved the conversion of
C=O to C=N due to the attachment of semicarbazone moiety at
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C-4. At the same time, a new peak appeared owing to the
carbonyl carbon in semicarbazone moiety. The rest of the 13C
chemical shifts (2C,6C,3C,5C) were comparable as that of
compound(1).
NMR ∂ values in ppm: 13C NMR ∂ value: 50.8656.49(2C,6C),
162.12(s,SZ-CO),
151.19-153.23(Ar),
20.23;20.87(CH3), 23.56[CH-(CH3)2)], 51.23(3C), 46.81(5C),
205.67(4C)

At the same time, a new peak appeared owing to the thionyl
carbon in thiosemicarbazone moiety. The rest of the 13C chemical
shifts (2C,6C,3C,5C) were comparable as that of N-hydroxy-3isopropyl-2,6-difurylpiperidin-4-one is confirmed by 1H NMR
and 13C NMR spectral data.

13C

13C

NMR ∂ values in ppm: 46.87-51.23(2C,6C), 161.08(s,SZCS), 150.61-151.48(Ar-fur), 21.16;21.48(CH3), 22.31[CH(CH3)2)], 32.12-49.45(3C,5C), 207.43(4C).

Analysis of 1H NMR: The 1H NMR spectrum of the
product(2a) when compared3 with the reactant(1) showed peaks
due to the protons present in semicarbazone moiety. The signal
at 7.42ppm assigned to NH2 proton whereas the signal at
1.45ppm was assigned to NH proton. Thus the 1H NMR data
also confirmed the conversion of N-hydroxy-3-isopropyl-2,6difurylpiperidin-4-one(1)
to
N-hydroxy-3-isopropyl-2,6difurylpiperidin-4-one semicarbazone(2a).

Analysis of 1H NMR: The 1H NMR spectrum of the
product(3b) when compared3 with the reactant(2b) showed
peaks due to the protons present in thiosemicarbazone moiety.
The signal at 7.47ppm was assigned to NH2 proton whereas the
signal at 1.59ppm was assigned to NH proton. Thus the 1H
NMR data also confirmed the conversion of N-hydroxy-2,6difuryl-3-isopropylpiperidin-4-one(1) to N-hydroxy-2,6-difurylisopropyl piperidin-4-one thiosemicarbazone(2b).

1

H NMR ∂ values in ppm: ∂ 8.22(s,N-OH), 4.225.68(d,2H,6H),
2.12-2.86(m,3H,5H),
7.09-7.12(s,Ar),
7.42(s,NH2), 0.87;1.21(CH3), 1.94(CH-(CH3)2)

1

The analytical data of the N-hydroxy-3-isopropyl-2,6difurylpiperidin-4-one semicarbazone(2a) after subjection
to CV

The 13C NMR and 1H NMR data of N-hydroxy-2,6-difuryl-3isopropylpiperidin-4-one thiosemicarbazone (3b) after
subjection to CV

The above synthesised semicarbazone was subjected to cyclic
voltammetric study. The 13C NMR and 1H NMR spectrum was
recorded for the reduced product(3a).

The above synthesised thiosemicarbazone was subjected to
cyclic voltammetric study. The 13C NMR and 1H NMR
spectrum was recorded for the reduced product(3b).

Analysis of 13C NMR: The 13C NMR spectrum of the
product(3a) was compared with of the reactant(2a). The
carbonyl carbon now appeared in the upfield region at 91.12ppm
from 162.12ppm. This confirmed the reduction of C=O to CHOH. Due to the reduction of carbonyl carbon to methine carbon,
13C chemical shifts of C-3 and C-5 appeared in down field
region where as C-2 and C-6 appeared in up field region when
compared to the unreduced compound i.e, before subjection to
the cyclic voltammetry.

Analysis of 13C NMR: The 13C NMR spectrum of the
product(3b) was compared with the reactant(2b). The thionyl
carbon bearing the sulphur (thio group) now appeared in the
upfield region at 90.14ppm from 161.08ppm. This confirmed the
reduction of C=S to CH-SH. Due to the reduction of thionyl
carbon to methane thiol carbon, 13C chemical shifts of C-3 and
C-5 appeared in down field region where as C-2 and C-6
appeared in up field region when compared to the unreduced
compounds i.e, before subjection to the cyclic voltammetry. The
structure of the reduction product Amino(2-(N-hydroxy-3isopropyl-2,6-difurylpiperidin-4-oneylidene)hydrazinyl)methane thiol(3b) is established by
comparing the 1H NMR and 13C NMR with the reactant Nhydroxy-3-isopropyl-2,6-difurylpiperidin-4-one
thiosemicarbazone(2b).
There appeared a new singlet as around 3.17ppm for Amino(2(N-hydroxy-3-isopropyl-2,6-difurylpiperidin-4-oneylidene)hydrazinyl)methane thiol(3b), which is due to the
reduction of thio group to secondary alcohol group. The
multiplet as around 2.56ppm is assigned to the methane thiol
proton.

13C

NMR ∂ values in ppm: 13C NMR ∂ value: 52.3455.49(2C,6C),
91.12(s,SZ-COH),
152.56(Ar),
21.54;21.76(CH3), 25.12[CH-(CH3)2)], 52.62 (3C), 44.45(5C),
207.81(4C)
Analysis of 1H NMR: The 1H NMR spectrum of the reduced
product(3a) was compared with the reactant(2a). There appeared
a single peak around 2.79ppm for the product(3a) which is due
to the reduction of keto group to secondary alcohol group. The
multiplet around 2.56ppm is assigned to the methine proton. All
other proton shifts are in accordance with the reactant(2a). Thus
the 1H NMR also confirmed the reduction of C=O to CH-OH.

H NMR ∂ values in ppm: ∂ 8.22(s,N-OH), 5.345.67(d,2H,6H),
2.07-2.51(m,3H,5H),
7.35-7.59(s,Ar),
7.47(s,NH2),0.77;1.14(CH3), 1.89(CH-(CH3)2.

13C
1H

NMR ∂ values in ppm: ∂ 8.17(s,N-OH), 5.245.64(d,2H,6H),
2.64-2.71(m,3H,5H),
7.09-7.12(s,Ar),
7.42(s,NH2), 0.67;1.54(CH3), 1.86(CH-(CH3)2)
Thus the 1H NMR study also supports the conversion of
compound(2a) to the reduced product(3a).
The 13C NMR and 1H NMR analytical data of N-hydroxy-3isopropyl-2,6-difurylpiperidin-4-one thiosemicarbazone(2b)
before subjection to CV
Analysis of 13C NMR: The 13C NMR spectrum of the
product(2b) was compared3 with that of the reactant(1). The
spectrum shows that the C-4 carbon has moved upfield to
207.43ppm from ppm. This proved the conversion of C=O to
C=N due to the attachment of thiosemicarbazone moiety at C-4.

NMR ∂ values in ppm: 45.23-51.36(2C,6C), 90.14(s,SZCSH), 149.34-153.16(Ar), 20.45;21.36(CH3), 22.27[CH(CH3)2)], 31.48(3C,5C), 203.17(4C).
Analysis of 1H NMR: The 1H NMR spectrum of the reduced
product(3b) was compared with the reactant(2b). There
appeared a single peak around 3.01ppm for 4b 1 which is due to
the reduction of thio group to secondary thiol group. The
multiplet around 2.25ppm is assigned to the methine proton. All
other proton shifts are in accordance with the reactant5. Thus the
1H NMR also confirm the reduction of C=S to CH-SH.
1H

NMR ∂ values in ppm: ∂ 8.22(s,N-OH), 5.536.03(d,2H,6H),
2.14-2.66(m,3H,5H),
7.45-7.55(s,Ar),
7.13(s,NH2), 0.79;1.64(CH3), 1.83(CH-(CH3)2.
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Thus 1H NMR study also supports the conversion of the
compound (2b) to the reduced product (3b).
Antibacterial Activity
The
product
Amino(2-(N-hydroxy-3-isopropyl-2,6difurylpiperidin-4-one-ylidene) hydrazinyl) methanol(3a) and
Amino(2-(N-hydroxy-3-isopropyl-2,6-difurylpiperidin-4-oneylidene) hydrazinyl) methane thiol(3b) were screened for the
antibacterial activity for eight test bacteria21-28. The bacterial
strains used for inhibition study and the results were revealed in
the table 5. The compound 3a inhibits highly on Pseudomonas
aeruginosa among the eight test bacteria. Each value is an
average of three determinations.
CONCLUSION
N-hydroxy-2,6-difuryl-3-isopropylpiperidin-4-one
was
synthesized. The N-hydroxy-2,6-difuryl-3-isopropylpiperidin-4-one
were converted to semicarbazone and thiosemicarbazone(Table 1).
The structure of these products was proved by 13C NMR and 1H
NMR spectra. The N-hydroxy-2,6-difuryl-3-isopropylpiperidin-4one semicarbazone and N-hydroxy-2,6-difuryl-3-isopropylpiperidin-4one thiosemicarbazone were subjected to cyclic voltammetric study. It
was proved that the irreversible reduction has taken place in
both the synthesized compounds based on the number of
cathodic peaks, current peaks, and difference in cathodic and
anodic peak potential. Further if the number of stop crossing level
increased, the number of peaks doesn’t change which indicated
irreversible reduction has taken place in the N-hydroxy-3-isopropyl2,6-difurylpiperidin-4-one semicarbazone and thiosemicarbazone.
The formation and the structure of the reduced products were
confirmed by elemental analysis, 13C NMR and 1H NMR
spectra. The reduced compounds obtained after CV subjection
were screened for antibacterial activity. The results of
antibacterial activity shows maximum inhibition against the
Pseudomonas aeruginosa
by the compound Amino(2-(Nhydroxy-3-isopropyl-2,6-difurylperidin-4-one
ylidene)hydrazinyl)
methanol(3a).
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