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ABSTRACT 

Through electrochemical oxidation benzaldoximes can be readily converted to the corresponding benzaldehydes in 
biphasic medium. Biphasic electrolysis has a distinct advantage over conventional homogeneous electrolysis in synthesis. 
The electrochemical oxidation resulted in the high yield of benzaldehyde (87%). The reaction was carried out with 
platinum electrodes at room temperature in an undivided cell within constant biphasic medium consisting of chloroform 
containing benzaldoxime and an aqueous solution of various perchlorate salts as the mediators with a catalytic amount 
of H2SO4. 
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INTRODUCTION 
Electroorganic	 chemistry	 is	 a	 multidisciplinary	 science	 overlapping	 the	 vast	 fields	 of	 electro	 chemistry	
and	organic	chemistry.	The	study	of	the	electro	chemistry	of	organic	compounds	has	more	than	150	years	
of	history	[1].	
Green	 chemistry	 is	 an	 environment	 friendly	 approach	 to	 the	 synthesis	 and	 processing	 in	 the	 chemical	
field.	 It	 makes	 use	 of	 chemicals	 that	 reduce	 the	 risk	 to	 humanity	 and	 the	 environment.	 Of	 late,	
innumerable	 innovative	 methods	 have	 been	 developed	 that	 are	 effective,	 efficient	 and	 more	
environmentally	benign	[2-4].	
Oximes	 are	 very	 useful	 in	 organic	 chemistry	 as	 protecting	 groups	 and	 synthetic	 intermediate	 for	
producing	amines	[5]	and	nitriles	[6].	These	highly	crystalline	compounds	can	be	prepared	from	carbonyl	
and	non	carbonyl	compounds	[7-8].	They	are	used	for	purification	and	characterization	of	aldehydes	and	
ketones.	 The	 regeneration	 of	 carbonyl	 compound	 from	 oxime	 provides	 an	 alternative	 method	 for	 the	
preparation	 of	 these	 compounds.	 They	 act	 as	 good	 intermediate	 for	 many	 reactions	 such	 as	 the	
preparation	of	amides	by	Beckmann	rearrangement	[9].	
There	are	many	excellent	reviews,	monographs	and	publications,	which	review	the	use	of	electrochemical	
methods	as	a	 tool	 in	laboratory	scale	synthesis.	A	survey	of	the	literature	revealed	that	a	wide	range	of	
oxidizing	agents	have	been	used	for	this	purpose	with	different	degrees	of	success	[10-11].	Many	of	the	
methods	cited	in	the	literature	do	not	describe	deoximation	of	aldoximes.	Some	of	them	give	low	yield	of	
aldehydes,	or	liberated	aldehydes	are	over	oxidized.	We	wish	to	report	a	new	and	a	practical	method	for	
the	cleavage	of	benzaldoximes	with	various	perchlorate	salts	as	oxidizing	agents	that	overcomes	many	of	
the	disadvantages	associated	with	oxidative	methods	developed	so	far.	
AIM AND SCOPE	
Organic	 electrochemistry	 often	 provides	 	 	 	 interesting	 and	 useful	 alternatives	 to	 conventional	 synthetic	
methods	 and	 constitutes	 a	 useful	 tool	 for	 organic	 chemist.	 Benzaldoximes	 and	 their	 corresponding	
aldehydes	 are	 key	 intermediates	 for	 the	 production	 of	 a	 variety	 of	 specialty	 chemicals,	 pharmaceutical	
intermediates	and	dyestuffs. 
The	 present	 investigation	 aims	 to	 report	 on	 efficient	 route	 for	 synthesis	 of	 benzaldehyde	 in	 biphasic	
medium	from	benzaldoxime	with	various	mediators	such	as	LiClO4,	NaClO4,	KClO4	and	NH4ClO4	by	electro	
chemical	 oxidation.	 Biphasic	 electrolysis	 has	 a	 distinct	 advantage	 over	 conventional	 homogeneous	
electrolysis	in	synthesis.	
 
MATERIALS AND METHODS	
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The	 chemicals	 used	 in	 the	 present	 study	 were	 purchased	 from	 Merck	 and	 used	 as	 they	 were	 received	
without	 any	 further	 pre	 treatment.	 The	 solvents	 used	 were	 of	 high	 purity.	 Double	 distilled	 water	 was	
employed	for	all	the experiments.	Lithium	perchlorate	(LiClO4),	sodium	perchlotate	(NaClO4), potassium	
perchlorate	 (KClO4)	 and	 ammonium	 perchlorate	 (NH4ClO4)	 were	 used	 as	 the	 mediators.	 The	 other	
chemicals	used	were	benzaldehyde,	hydroxylamine	hydrochloride,	pyridine,	benzaldoxime,	etc.	An	Aplab	
power	source	was	used	as	the	direct	current	source	for	electrolysis.	Deionised	water	was	used	to	prepare	
the	electrolyte.	A	beaker	type	glass	cell	(120mL	capacity)	equipped			with	a	magnetic	stirrer	was	used	and	
two	platinum	sheets	each	of	15cm		area	were	used	as	the	electrodes.	
The	reaction	was	carried	out	with	platinum	electrodes	at	room	temperature	in	an	undivided	cell	within	
constant	 biphasic	 medium	 consisting	 of	 chloroform	 containing	 benzaldoxime	 and	 aqueous	 solution	 of	
potassium	perchlorate	as	a	mediator	with	a	catalytic	amount	of	H2SO4.	
The	 same	 procedure	 was	 carried	 out	 with	 lithium	 perchlorate,	 sodium	 perchlorate	 and	 ammonium	
perchlorate.	By	designing	and	optimizing	the	electrolysis	conditions,	high	yields	of	desired	products	were	
achieved.	 Amount	 of	 yield	 was	 analysed	 by	 using	 normal	 conventional	 techniques	 like	 HPLC.	 Authentic	
samples	 of	 benzaldehyde	 were	 used	 to	 compare	 and	 calculate	 the	 peak	 areas	 of	 the	 experimental	
products	for	yield	calculation.	
ELECTRO CHEMICAL OXIDATION OF BENZALDOXIME	
1) Lithium Perchlorate 
A	solution	of	benzaldoxime	(1.0g,	10mmol)	in	chloroform	(25ml)	was	taken	in	a	beaker.	To	the	solution	
90mL	of	lithium	perchlorate	(3.0g,	21.6mmol)	containing	10.2	mmol	(1.0g)	sulphuric	acid	was	added.	The	
aqueous	 upper	 layer	 contained	 the	 lithium	 perchlorate	 as	 a	 mediator	 and	 sulphuric	 acid	 to	 maintain	
acidic	medium	and	for	conductivity	purpose.	The	benzaldoxime	was	present	in	the	lower	organic	phase.	
Then	two	platinum	electrodes	(each	of	15cm	area)	were	introduced	into	the	aqueous	phase	till	they	just	
touched	the	organic	phase.	The	electrode	distance	 	 	was	maintained	at	2	cm.	The	magnetic	stirring	was	
kept	at	the	rate	of	60	rpm	to	keep	the	aqueous	and	organic	phases	in	biphasic	medium.		
The	electrolysis	was	conducted	galvonostatically	at	a	current	density	of	50	mA	cm	while	maintaining	the	
temperature	 at	 30-	 40.	 After	 passing	 2F,	 4F	 and	 6F	 charge	 per	 mole	 of	 benzaldoxime,	 the	 stirring	 was	
stopped.	 The	 lower	 organic	 phase	 containing	 the	 product	 was	 separated	 by	 separating	 funnel.	 The	
aqueous	phase	was	washed	twice	with	chloroform	(2x25	mL)	and	dried	over	anhydrous	sodium	sulphate	
and	the	solvent	was	removed	by	distillation.	The	reaction	was	monitored	by	a	Shimadzu	HPLC	with	LC-8A	
column	(250mm	x	4.6	mm)	as	the	stationary	phase.	The	eluent	consisted	of	acetonitrile	/	water	(60:	40)	
at	 flow	 rate	 of	 1mL	 /	 min.	 Samples	 were	 analysed	 by	 UV	 detector	 at	 a	 wavelength	 of	 254	 nm.	 HPLC	
analysis	of	the	residue	indicated	the	presence	of	87.8%	benzaldehyde.	
2) Sodium Perchlorate 
Electrochemical	oxidation	of	benzaldoxime	with	sodium	perchlorate	was	conducted	in	the	same	manner.	
3) Potassium Perchlorate 
Electrochemical	 oxidation	 of	 benzaldoxime	 with	 potassium	 perchlorate	 was	 conducted	 in	 the	 same	
manner.	
4) Ammonium Perchlorate 
Electrochemical	 oxidation	 of	 benzaldoxime	 with	 ammonium	 perchlorate	 was	 conducted	 in	 the	 same	
manner. 
 
RESULTS AND DISCUSSION 
Benzaldehyde	 was	 obtained	 in	 good	 yield	 by	 electrochemical	 oxidation	 of	 benzaldoxime	 in	 biphasic	
medium.	The	reaction	with	lithium	perchlorate	at	2F,	4F	and	6F			gave	benzaldehyde			46.9%,	81.1%	and	
87.8%	 respectively.	 The	 6F	 current	 was	 fixed	 for	 the	 other	 mediators	 such	 as	 ammonium	 perchlorate,	
sodium	perchlorate	and	potassium	perchlorate. 
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S.NO. REAGENT CURRENT YIELD 

1	 Benzaldoxime	+	LiClO4	 2F	 46.8%	
2	 Benzaldoxime	+	LiClO4	 4F	 81.1%	
3	 Benzaldoxime	+	LiClO4	 6F	 87.8%	
4	 Benzaldoxime	+	NaClO4	 6F	 86.8%	
5	 Benzaldoxime	+	KClO4	 6F	 80.7%	
6	 Benzaldoxime	+	NH4ClO4	 6F	 78.6%	

The	electrochemical	oxidation	of	benzaldoxime	might	have	taken	place	through	the	following	three	steps	
[12].	

1. Initial	formation	of	an	iminoxy	radical	by	monoelectronic	transfer	and	deprotonation.	
2. Transfer	of	a	second	electron	and	water	addition	leading	to	an	α	–	hydroxynitroso	intermediate.	
3. Decomposition	of	the	latter	resulting	the	bebzaldehyde	formation.	

The	mechanism	for	the	formation	of	benzaldehyde	in	biphasic	medium	is	presented	below.	
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The	 maximum	 yield	 of	 aldehyde	 was	 obtained	 with	 mediator	 LiClO4	 (87.17%)	 and	 	 	 minimum	 yield	
(78.14)	with	NH4ClO4.	 it	 is	due	to	the	size,	movement	and	the	formation	of	the	cations	(Li+,	Na+,	K+	and	
NH4

+).	 The	 more	 cationic	 character	 and	 less	 size	 of	 Li	 are	 favourable	 for	 the	 formation	 of	 maximum	
benzaldehyde.	The	mechanism	for	other	mediators	also	followed	the	radical	type	mechanism.	
 
CONCLUSION 
Replacing	 conventional	 chemical	 reactions	 by	 electrochemical	 processes	 often	 enhances	 the	 efficiency	
and	avoids	reagent	waste	therefore	such	transformations	reveal	a	high	atom	economy	and	out-standing	
sustainability.	 They	 solve	 research	 and	 development	 objectives	 for	 a	 multi-step	 targeted	 synthesis	 and	
cover	a	broad	spectrum	of	applications	of	electrochemical	methods	in	organic	synthesis,	expanding	their	
use	in	various	day	to	day	industries.	
The	 electrochemical	 oxidation	 of	 benzaldoxime	 to	 benzaldehyde	 by	 biphasic	 electrolysis	 constitutes	 a	
novel	and	efficient	alternative	method	over	conventional	chemical	methods.	These	reactions	are	currently	
an	active	field	of	research	in	industrial	and	academic	chemistry	because	of	the	resulting	simplification	in	
handling	procedures	and	work	–	ups,	from	a	green	chemistry	point	of	view,	easy	and	clean	reactions,	and	
avoidance	of	by–products.	Hence	we	find	this	as	a	novel	method	for	obtaining	carbonyl	compounds	from	
their	corresponding	oximes.	
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