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The anodic oxidation of a number of arylsemicartbezi derivatives (I) has been examined in
acetonitril containing lithium perchlorate (LICIO4s a supporting electrolyte (20g/l). The reaction
was sensitive to the amount of electricity pasdedugh the cell, so the electrode potential was
determined on the basis of the oxidation potermiahe compound which is measured by using the
cyclic voltammetry. The electrochemistry reactioashbeen realised under controlled- potential
because the constant current condition is necegeacarry the reaction in high selectivity. In this

reaction condition the anodic oxidation of arylseanbazides derivatives (I) gives 2,5-disubstituted-
1,3,4-oxadiazoles (Il) as final compound.
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1. INTRODUCTION

Oxadiazoles belong to a group of heterocycles hlake been attracting attention for last two
decades due to their wide range of biological attBons.

The 1,3,4-oxadiazole ring system has been idedtifie the main core of many bioactive
molecules. Compounds containing these aromaticrfieenbered heterocycles have been shown to
exert anti-inflammatory [1], antimicrobial[2], artonvulsant [3],and hypoglycaemic [4]
hypoglycaemic [4] activities. In addition, 2,5-dmstituted-1,3,4-oxadiazoles are proposed to have
potential agrochemical use [5] due to their widectum of insecticidal [6] and acaricidal [7]
properties attained by interfering with insect’stichbiosynthesis [8]. This class of materials alss
gained the worth of modern applications such astifators, fluorescence and photographic materials
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[9]. They are of interest as emitting layers incél@uminescent devices [10] and as structuralsunit
polymeric membranes designed for gas separatioticappns [11]. Because of these interesting
features several routes to the synthesis of 1,8aliazoles have been developed. A majority of the
2,5-disubstituted-1,3,4-oxadiazoles have been sgithd from cyclodehydration of diacylhydrazines.
This method of synthesis usually involves rigor@osditions or use of harsh reagents, e.g. POCI3
[12], SOCI2 [13], polyphosphoric acid [14], liqusdilfuric acid [15], phosphorus pentoxide[16], tdifl
anhydride [17], and BF3-OEt2 [18]. Mild dehydratiraggents like Burgess reagent [19] and
carbodiimides are also used in this manner [20btAar more popular route to the synthesis of 1,3,4-
oxadiazoles is based on the preparation of acydzmires from unprotected acylhydrazines and
aldehydes, followed by oxidation with a varietyafidizing agents [21]. By a similar approach but in
a non-oxidative media, trichloroacetylhydrazonegegh,3,4-oxadiazoles through a formal oxidation of
aldehyde-derived moiety of hydrazones [22]. To edel the oxidation step, carboxylic acids have
directly been used instead of aldehydes in thehggn of 1,3,4-oxadiazoles via reaction with
hydrazines [23]. Orthoesters are readily availatdeboxylic acid derivatives which react with
acylhydrazines in milder and acid catalyzed cooddito afford 2,5-disubstituted-1,3,4-oxadiazoles
[24]. However, many of these methods suffer frormwdracks such as long reaction times [25],
unsatisfactory yields, special care in handling atating the reagents, undesired side products in
reaction with harsh reagents [26], using heavy maxaants [21], cumbersome product isolation
procedure and environmental pollution. Thereforenesd still exists for further development of
versatile and milder reaction conditions, usingegrand electro-organic reaction [27]. Many merits o
the electro-organic synthesis [28] encouraged akisomethod like: the electro organic reaction are
achieved at room temperature, also since the pylafia substrate is inverted by the transfer of
electrons [29], the reaction between electrophiid alectrophile or nucleophile and nucleophile,
becomes possible. And finally the reaction scaleoistrolled easily and the electro-organic reastion
are essentially non-polluting. The present worklgleaith the newly electro-synthesis, spectral
characterization, of some 2,5-disubstituted-1,Xddmzoles.

2. EXPERIMENTAL PART

2.1. Apparatus and reagents:

Cyclic voltammetry (CV) was performed in a modelG@ 301) dynamic-EIS voltammetry
with a traditional three-electrode system. All esipents were carried out in a conventional
electrochemical cell, The electrode system conthimecarbon paste working electrode (10.0cm in
diameter) a platinum wire as counter electrode satdrated calomel as reference electrode. For the
reagents and chemicals we used: Lithium perchlovate the formula LiCIQ, Benzaldehyde
derivatives, semicarbazone hydrochloride all chatiavere reagent-grade materials, from Aldrich
and E. Merck, respectively. These chemicals weee wathout further purification.
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3. RESULTS AND DISCUSSION

3.1. Voltammetric studies of 4-Methoxybenzal dehyde semicarbazone

Figure 1, shows the voltammetric curves obtainedHe oxidation of 4-methoxybenzylidene)
semicarbazide (I) ,the cyclic voltammogram of (ipws tow oxidation peak potential at 0.9V and the
second at 1.35V and no reduction peak potentiglfii 1)

It was recorded at a glassy electrode. Peak patsrare expressed in V/ISCE and ohmic drop
has not been corrected. The voltammograms of alstarting compounds are similar and so (E)-1-(4-
methoxybenzylidene) semicarbazide la was select¢deamodel compound.
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Figure 1. Cyclic voltammograms for (E)-1-(4-methoxybenzyliggsemicarbazide la

3.2. Electrochimical Oxidation of 4-Methoxybenzal dehyde semicarbazone

3.2.1. Electrode potential

The electrode potential has to be determined obalses of the oxidation or reduction potential
of the semicarbazide | wich is measurable by usyaiic voltammetry, it's one of the most important
factors in controlling the reaction to have a higéliectivity.

Frome the voltammetric studies we see too peakxafation each peak correspond to the
transfer of one electron, the controlled potentidtation at the first peak will selectively leaul the
one electron oxidation of the substrate, while ak&lation at the second peak potential will mainly
bring about the reaction which is related with tele@etron oxidation.

In the title reaction the potential is fixed at 9-8//SCE
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3.2.2. Amount of electricity passed through the cell

The amount of electricity passed through the ceftasponds to the amount of one of the
reagents in the usual chemical reaction. Theotetim@unt of electricity can be calculated on thsida
of the number of electrons which are required tonpte the reaction; usually the unit used is coblom
or faraday per mol (Emol). In the constant current method , the curigritept constant throughout
the reaction and hence the totale amount of eb#gtis easily calculated by the following equation

Amount of electricity =66x HA/96500 x M

WhereH is the time in hourdA is the current amperes aWtlithe amount of substrate in moles,
for the title reaction the amount of electricityspad through the cell for 1g of compound is g= 1205

Q).

3.2.3. Temperature

One of the most remarkable features of the mostrel®rganic reaction is that it is generally
achievable at room temperature. As a matter ofseotire reaction temperature is not limited to room
temperature; any temperature is allowed [30]. Oftennecessary to cool the cell externally due to
heat evolution caused by the passage of electrioityur reaction we just work at room temperature.

3.2.4. General producer of the electrochemical synthesis

3.2.4.a) Synthesis of 4-Methoxybenzal dehyde semicarbazone la

Starting materials were synthesized according towkn procedures [31llsemicarbazide
hydrochloride (0.68g, 63mmoland freshly recrystallized sodium acetate (051gniédl), were
dissolved in water (10 ml) following a literatureopedure . The reaction mixture was stirred at room
temperature for 10 minutes. To this, 4methoxy- bhé&ehyde (1g, 42mmol) was added and the
mixture was shaken well. A little alcohol was addedlissolve the turbidity. The mixture was shaken
for a further 10 minutes and allowed to stand.

The title compound (I) crystallizes on standing 6oh. The separated crystals were filtered,
washed with cold water and recrystallized from ethaYield: 1g (84%).

I @
C=N—NH-C

CHO “NH
/©/ +  NH,NHCONH, HCl ——— VO 2
MeO ©

Scheme 1. the synthesis of-Methoxybenzal dehyde semicarbazone
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3.2.4.b) Electrochemical synthesis of 5-(4-methoxyphenyl)-1,3,4-oxadiazol-2-amine l1b

The title reaction is carried out by using the teghe of controlled potential electrolysis.

Befor performing macroscale electrolyses, analltingestigation were carried out with a
glassy carbon electrode at a scan rat of 50Mke semicarbazide was dissolved in methanol
containing lithium perchlorate (LICIO4) as a sugdpuy electrolyte(20g/l), this solution was placed i
a non divided cell fitted with a glassy carbon #&lede (diameter 10 cm) as anode electrode and a
carbon rod as cathode two successive irreversidd (figure 1) were recorded at Ep0.9V/SCE
and Ep= 1.35V/SCE .

These observation are consistent with previouslteesbtained in our laboratory and indicate
that a selective bielectronic oxidation processlatdne performed at peak A. the controlled potential
oxidation of | was thus carried at +0,9 V/SCE grs2ale in non divided cell fited as cited elecérdd
glassy carbon electrode as anode and a carboasr@dthode. In our preliminary experiments, the
current dropped rapidly from 150mA to 20mA and tlagsis took place over 5 hour’'s period
(scheml). After the consumption of 2 Faradays pelr oh substrate, the voltammogram showed the
disappearance of the first oxidation peak at + \EEfjure 2).

And the electrolysis was terminated when the cirdecreased by more than 95%. Water was
added to the anolyte and methanol was carefullp@wded under reduced pressure. The aquese phase
was extracted with Cj€l,, and the organic phase was dried over MgS®e solvents were
evaporated under reduced pressure to afford teepated solid which was collected by filtration.
The products were purified by column chromatograptympound 1) (silica gel; chloroform for
chloroform/ether). After purification, the produgas characterized BJAINMR, and*C NMR.

O\\
Cc—NH;
] N—N

H

~ A\
Oy emon A
R/ _— LiClOy.-2e - |//

I(a-h) R II(a-h)

Scheme 2. electro synthesis & (phenyl)-1,3,4-oxadiazol-2-amine |1 (a-h)
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Ila 4-Ome e 4-NQ
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3.2.4 Voltammetric Determination of the 5-(4-methoxyphenyl)-1,3,4-oxadiazol -2-amine

Prior to macroscale electrolysis, an analyticatlgtwas carried.The voltammetric studie of the
5-(4-methoxyphenyl)-1,3,4-oxadiazol-2-amine hasnbesalised in the same condition of the starting
compound! -Figure 2 (vitreous carbon electrode in methanol containinglO, (0.1 M) as
supporting electrolyte at a sweep rate of 50 Mifigure 2). Peak potential were expressed according
to an SCE reference electrodelhe former voltammogram shoes one oxidation gl ,35V) and
showed the disappearance of the first oxidatiork p¢40,95V), this means that the starting compound

is finished, and this oxidation peak correspondhaf former oxadiazole which is stable under this
experimental condition.
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Figure 2. Cyclic voltammograms foB-(4-methoxyphenyl)-1,3,4-oxadiazol -2-amine

3.3. Discussion

Tow electron oxidation of the arylsemicarbazide \iipuld be expected to generate the
compound (Il) capable of undergoing internal attdgk either oxygen or nitrogen to yield the
oxadiazole (1), deprotonation of the intermedifsymed compound (L) could occur giving rise to the
formation of the dipolar ion (L1)[30].Contributiasf structure of the dipolar formed compound should
enhance cyclization through oxygen and formatioox@diazole (1), under our condition oxadiazoles
were the observed products (scheme 3). The patfehe oxidative reaction of organic compound are
classified into tow type’s cleavage of C-H bond &€ bond.

C-H bond: C-C bond:
. @ @ .
RHLR"'H R---Ri’ 2R

For our reaction, the proposed mechanism of therelsynthesis is:
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Scheme 3. The proposed mechanism of the electro syntheaidion

3.4. General Technigques

Melting points were determined in open capillargdgs and are uncorrected. some products are
known compounds and identified by comparison wiithantic samples, Chemicals were purchased
from Merck Chemical Company H- and 13C- NMR speeteae recorded on a Varian Gemini 200
spectrometer at 300 MHz in DMSO (internal standBxtfS, 6 = 0.0 ppm) atambient temperature (ca
20 oC).

Table 1. Comparison of the electrochemical behaviours oftaging and obtained compounds

[ I
compound V/SCE V/SCE
Peak A Peak B
\Y} \Y;
b 0.95 1.45 1.5
c 1.00 1.51 1.55
d 0.95 1.50 1.54
e 0.88 1.40 1.44
f 0.90 1.35 1.40
g 0.97 1.30 1.45
h 0.99 1.42 1.50
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Elemental analyses were measured in-house withrla €Egba 1106 EA instrument. TLC was
performed on Kieselgel 60 F254 (Merck) layer MethlaDichloromethane (2:8 v/v) as eluents.

For the auther compounds we I(b-c) we do the saor& and analysis for the elctrochemicals
peak for each compounds (Table 1.).

3.5 The physical and analytical data of E/ectrochemical synthesized compounds

The structure of all the compounds are confirmed'HYNMR, *C-NMR spectre data and are
further supported by correct elemental analysis.

5-(4-methoxyphenyl)-1,3,4-oxadiazol-2-amine Ila The title compound was obtained in 52%
overall yield mp: 245-249°CH-NMR (DMSO-d) & 3,73(s,3H), 6,20(s,2H), 6,38 (d, J=8,5Hz, 2H),
7,37(d, J=8,5Hz, 2HC®*RMN (DMSO-c)55,9, 110,5, 114,8, 120,5, 128,5, 160,7, 164,%lABalcd
for COHIN302; C, 56.54; H, 4.74; N, 21.98; O, 16F6und C, 56.50; H, 4.78; N, 21.95; O, 16.77

5-phenyl-1,3,4-oxadiazol-2-amine I1b The title compound was obtained in 60% overalldyiel
mp 220-222°C'H-NMR (DMSO-&) & 7,1(s,2H), 7,22-7,30 (m, 2H), 7,33(d, J=7,5, 2AY¥8(d
J=7,7, 2H), C°"RMN (DMSO-d) 65,5, 126,2, 128, 130,5, 132,5 , 164,5. Analc@#&br C8H7N30 ;
C, 59.62; H, 4.38; N, 26.07; O, 9.93.found; C, 8918, 4.40; N, 26.10; O, 9.90

5-p-tolyl-1,3,4-oxadiazol-2-amine [Ic The title compound was obtained in 58% overalldyie
mp 210-218 °C'H-NMR DMSO 3 2,35 (s,3H), 6,43(s, 2H), 7,12(d, J=8,5Hz, 2H367(d, J=8,5Hz,
2H) .; C®*RMN (DMSO-d) § 24, 3,123,2, 127,4, 129,6, 138,4 . Anal. Caledd®HIN30 ; C, 61.70;
H, 5.18; N, 23.99; O, 9.13. found C, 61.75; H, 514323.90; O, 9.23

5-(4-chlorophenyl)-1,3,4-oxadiazol-2-amine I1d The title compound was obtained in 65%
overall yield mp 231-232H-NMR (DMSO-d) & 7,12(s, 2H), 7.61(d, J=8,5Hz, 2H), 7.81(d, J=8,5Hz
2H), C®*RMN (DMSO-d&;) & 123,4, 126,9, 129,5, 135, 156,7, 164,2 Anal. CécdC8H6CIN30O; C,
49.12; H, 3.09; CI, 18.12; N, 21.48; O, 8.18.Fo@d9.10; H, 3.11; ClI, 18.15; N, 21.47; O, 8.16

5-(4-nitrophenyl)-1,3,4-oxadiazol-2-amine | | e The title compound was obtained in 65% overall
yield mp 255-257°CH-NMR (DMSO-d) & 7,52(s, 2H), 8,03(d, J=8,8Hz, 2H), 8,30(d, J=8,8PH)
C®RMN (DMSO-d&;) & 124,8, 126,1, 130, 148,1, 156,2, 164,8 Anal. CadcdC8H6N403; C, 46.61;
H, 2.93; N, 27.18; O, 23.28. Found C, 46.57; Hp219, 27.20; O, 23.28

5-(2,6-dichlorophenyl)-1,3,4-oxadiazol-2-amine |1f The title compound was obtained in 60%
overall yield mp 210-212°¢H-NMR (DMSO-d) & 7,1(s, 2H), 7,22-7,30 (m, 1H), 748(d, J= 77, 2H)
C“®RMN (DMSO-d&;) 860,5, 127,5, 131,6, 137,3, 137,7, 164,5 Anal. Cdtogd C8H5CI2N30; C,
41.77; H, 2.19; Cl, 30.82; N, 18.27; O, 6.95. Fo@di1.79; H, 2.17; Cl, 30.80; N, 18.26; O, 6.98
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4-(5-amino-1,3,4-oxadiazol-2-yl)-2-methoxyphenol I1g The title compound was obtained in
60% overall yield mp 210-212°¢H-NMR (DMSO-d;) & 3,73(s, 3H), 42(s, 2H), 681(d, J=75, 1H),
6,85(s, 1H), 6,9(d, J=77, 1H), 9,4(s, 1K)*RMN (DMSO-d;) & 56,2, 110,5 112,7, 117,4, 119,8,
121,2 145,4 154,2 164,2. Anal. Calcd for; CO9HIN30352.17; H, 4.38; N, 20.28; O, 23.17. Found
C, 52.15; H, 4.39; N, 20.27; O, 23.19

5-(4-methoxy-3-(phenoxymethyl)phenyl)-1,3,4-oxadiazol-2-amine [ 1h The title compound was
obtained in 66% overall yield mpH-NMR (DMSO-d;) & 5,33(s, 2H), 6,5(s, 2H), 6,72-6,87(m,
4H),7.14-7.30 (m, 4HC®RMN (DMSO-d;) 5 56.22, 61.3, 80.5, 114.5, 115.5, 118,7, 121.17.4,2
129,5. 129,8, 156.4, 160.4, 164.7 Anal. Calcd f©16H15N303 C, 64.64; H, 5.09; N, 14.13; O,
16.14. Found C, 64.60; H, 5.12; N, 14.10; O, 16.18.

4. CONCLUSIONS

In conclusion, the anodic oxidation of the derivasi of arylsemicarbazides provides a
convenient preparative route to the oxadiazoles depkending on the conditions selected for the
reaction, so we developed a new method of the sgighof oxadiazoles and auther heterocyclic
compounds can be also syntheses by the oxidatielzatyon of carbonyl derivativedn summary,
2,5-disubstituted-1,3,4-oxadiazoles, were syntleesitom the arylsemicarbazides in a single step
(one-pot electrolytic method) by utilizing eleatrganic synthesis Nevertheless, our results shatv th
the direct elecro oxidation process is higher, poluting and safe thane the chemical methods and
it's easily controlled and gives good vyield.

ACKNOWLEDGEMENT
The authors wish to thank University of rennesl gooviding research facility and university of
Constantine for financial support for the acconiptient of this work.

References

1. (a) M. Amir, S. Shahanindian J. Heterocycl. Chem. 8 (1998) 107. (b) F.A. Omar, N.M. Mahfouz,
M.A. RahmanEur. J. Med. Chem. 31 (1996) 819. (c) Z.K. El Sam{Chin. Pharm. J. 43 (1991)
245. (d) M. Kidwai, N. Negi, S.R. Chowdhurcta Pharm. 45 (1995) 511. (e) M. Amir, R.
Agarwal, Indian J. Heterocycl. Chem. (1998) 225.

2. (a) F.A. Ashour, S.A. Al Mazorod, Pharm. Si. 4 (1990) 29. (b) I.A. Shehata, M.N. Nasr, H.I. El

Subbagh, M.M. Gineinah, S.M. Kheirggi. Pharm. 64 (1996) 133.

(a) O.M. Nassatndian J. Heterocycl. Chem. 7 (1997) 105/ (b) P. Tsitsa, A.P. Valiraki, T.S.

Papastaikoudi, Z.P. Daifoiti, A. Vamvakidi&nn. Pharm. Fr. 47 (1989) 296.

N.A. MohamedPolym. Degrad. 44 (1994) 33.

H.L. Plant, R.R. Regis, R.®loore, Eur. Pat. Appl. EP 156,638 A2 (1985).

I.R. Matthews, D.P. BacoRCT Int. Appl. WO 9505368 Al (1995).

U. Kraatz, B. Gallenkamp, A. Marhol&, Wolfrum, WO 2002006256 Al (2002).

J.P. Arrington, L.L. WaddJSPatent 42,151,29 (1980).

w

©No O



Int. J. Electrochem. &ci., Vol. 6, 2011 2000

9. W. WiedemannChem. Z. 106 (1982) 313.

10.M. Meier, E. Buchwald, S. Karg, P. Po’sch, P. Siegit, W. Riel3 Synth. Met. 76 (1996) 95.

11.D. Gomes, C.P. Borges, J.C. PirfeoJymer 42 (2001) 851.

12.J. Dost, M. Heschel, J. Stein, J. Pr&ittem. 327 (1985) 109.

13.(a) M. Al Talib, H. Tashtoush, N. Ode8ynth. Commun. 20 (1990) 1811 (b) N.V. Kerr, D.G. Ott,
F.N. Hayes,). Am. Chem. Soc. 82 (1960) 186.

14.W.G. Tully, C.R. Gardner, R.J. Gillespie, W. Wesbap). Med. Chem. 34 (1991) 2060.

15.F.W. Short, L.M. Long,). Heterocycl. Chem. 6 (1969) 707.

16.H.J. Carlsen, K.B. JorgensehHeterocycl. Chem. 31 (1994) 805.

17.S. Liras, M.P. Allen, B.E. Segelsteigynth. Commun. 30 (2000) 437.

18.V.K. Tandon, R.B. Chhoi§ynth. Commun. 31 (2001) 1727.

19.C.T. Brain, J.M. Paul, Y. Loong, P.J. Oakl@grahedron Lett. 40 (1999) 3275.

20.J.P. Kilburn, J. Lau, R.C.F. Jondgirahedron Lett. 42 (2001) 2583.

21.(a) P.S.N. Reddy, P.R. Reddwgdian J. Chem. 26B (1987) 890. (b) T. Chiba, M. Okimotb,Org.
Chem. 57 (1992) 1375. (¢) R. Yang, L. Ddi,Org. Chem. 58 (1993) 3381. (d) S. Rostamizadeh,
G. Housaini,Tetrahedron Lett. 45 (2004) 8753. (e) K.S. Balachandran, M.V. Gegrgtrahedron
29 (1973) 2119.

22.L. El Kaim, I. Le Menestrel, R. Morgentifigtrahedron Lett. 39 (1998) 6885.

23.F. Bentiss, M. Lagrened, Heterocycl. Chem. 36 (1999) 1029.

24.(a) C. Ainsworth,J. Am. Chem. Soc. 77 (1955) 1148. (b) R.W. Leiby, Heterocycl. Chem. 21
(19841825). (c) A. Shafiee, E. Naimi, P. MansohiFAroumadi, M. Shekard, Heterocycl. Chem.
32 (1995) 1235.

25.B. Rigo, P. Cauliez, D. Fasseurand, D. CoutuBgnth. Commun. 18 (1988) 1247.

26.A.E. Siegrist, E. MoergellJSPatent 2,765,304 (1956).

27.S.A.M. Refaey, A.A. Hassan and H.S. Shehatd. J. Electrochem. Sci., 3 (200§ 325 — 337.

28.A. Zarrouk, A. Dafali, B. Hammouti, H. Zarrok, SoBkhris, M. Zertoubilnt. J. Electrochem.
., 5 (2010.46 - 55

29.M. M. Ardakani, Z. Taleatlnt. J. Electrochem. Sci., 4 (2009 694-706

30. T. Shonoglctroorganic synthesis, US Edition; (1991) 18-29.
31. A.Kocabalkanli, O. Ates, G. OtuK,Farmaco 56 (2001) 975-979.

© 2011 by ESGwWww.electrochemsci.ojg




