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	 An	efficient	green	protocol	has	been	developed	for	the	conversion	of	a	range	of	aldehydes	to
the	 corresponding	 nitriles	 using	 a	 solid‐phase	 reusable	 catalyst	 combined	with	microwave
irradiation.	The	highlighting	features	of	this	method	are	short	reaction	time,	environmentally
compatible,	reusability	of	the	catalyst	and	good	product	yield.	
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1.	Introduction	
	

The	cyano	group	is	a	highly	important	moiety	not	only	due	
to	 its	 synthetic	value	as	precursor	 to	other	 functionalities	but	
also	 due	 to	 its	 presence	 in	 a	 variety	 of	 natural	 products,	
pharmaceuticals	 and	 novel	 materials	 [1].	 Nitriles	 are	 of	
particular	 interest	 in	 preparative	 organic	 chemistry	 due	 to	
their	rich	chemistry	[2‐6].	They	serve	as	useful	precursors	for	
the	synthesis	of	amines,	carboxylic	acids,	amides,	ketones,	and	
heterocyclic	compounds,	such	as	tetrazoles	[7‐9],	thiazoles	[10‐
11],	 oxazoles	 [12‐13],	 2‐oxazolines	 [14]	 and	 1,2‐
diarylimidazoles	 [15].	 It	 has	 also	 been	 well	 documented	 that	
the	cyano	group	itself	 is	present	 in	HIV	protease	 inhibitors,	5‐
lipoxygenase	 inhibitors,	 and	 many	 other	 bioactive	 significant	
molecules	[4,5].	

Although	a	plethora	of	methods	are	known	for	access	to	the	
cyano	functionality	[16‐19],	dehydration	of	oximes	and	amides	
to	nitriles	is	an	important	transformation	in	organic	syntheses	
[20‐33].	 In	 the	 last	 40	 years,	 a	 number	 of	 efficient	 methods	
have	been	developed	for	the	dehydration	of	oximes	and	amides	
to	 nitriles	 [34,35],	 and	 the	 search	 for	 better	 reagents	 still	
continues	[36].	Also,	 it	 is	reported	that	these	conversions	may	
be	performed	either	by	using	bacterial	enzymes	with	aldoximes	
[37]	 or	 by	 employing	 oximes	 ethers	 under	 basic	 conditions	
[38].	 Some	 recently	 reported	 methods	 for	 aldoxime	
dehydration	 involve	 sodium	 dichloroiodate/aq.	 NH3	 [39],	 N‐
chlorosuccinimide	and	pyridine	[40],	W‐Sn	mixed	hydroxide	in	
o‐xylene	 at	 149	 °C	 [41],	 thermal	 dehydration	 [42],	 reaction	
with	 ethyldichlorophosphate/1,8‐Diazabicyclo[5.4.0]undec‐7‐
ene	[43],	use	of	silphos	[PCl3‐n(SiO2)n]	 in	MeCN	[44],	ZnO/AcCl	
at	80	°C	[45],	reaction	with	chlorosulfonic	acid	in	toluene	at	90	
°C	 [46],	 use	 of	 Ga(III)OAc/MeCN	 at	 85‐120	 °C	 [47],	 reaction	
with	 dimethylacetylene	 dicarboxylate	 and	 Et3N	 [48],	
triphenylphosphine/CCl4	 [49]	 and	 thionyl	 chloride	 in	
benzotriazole	mixture	 [50].	But	most	of	 the	reported	methods	

have	limitations,	such	as	very	corrosive	and	moisture	sensitive	
reagents	 [34‐38,51‐54],	 use	 of	 extremely	 anhydrous	 reaction	
conditions	 [34‐38],	 cumbersome	 workup	 procedures	 and	
problems	 associated	with	waste	disposal	 [55‐57],	 use	 of	 toxic	
and	hazardous	chemicals	 [58‐60]	and	 lack	of	versatility	 in	 the	
transformations	 conducted	 in	 hydrated	 media	 [37,38].	 To	
overcome	 these	 drawbacks,	 we	 attempted	 to	 develop	 a	
protocol	 for	 the	 conversion	 of	 aldehyde	 to	 nitrile	 following	
Green‐Chemistry	norms.	

The	ideology	of	Green	Chemistry	calls	for	the	development	
of	 new	 chemical	 reactivities	 and	 reaction	 conditions	 that	 can	
potentially	provide	benefits	for	chemical	syntheses	in	terms	of	
resource	and	energy	efficiency,	product	selectivity,	operational	
simplicity,	and	health	and	environmental	safety	[61].	

As	 functional	 group	 transformations	 play	 the	 most	
fundamental	 role	 in	 synthesis,	 synthetic	 chemists	 continue	 to	
explore	 new	 methods	 which	 are	 green	 to	 carry	 out	 these	
chemical	transformations.	One	of	these	green	methods	is	to	run	
reactions	 using	 heterogeneous	 catalyst.	 As	 the	 surfaces	 have	
properties	that	are	not	duplicated	in	the	solution	or	gas	phase,	
entirely	new	chemistry	may	appear	[62].	Even	in	the	absence	of	
new	chemistry,	a	surface	reaction	may	be	more	desirable	than	a	
solution	counterpart,	because	 the	 reaction	 is	more	convenient	
to	run,	or	a	high	yield	of	product	is	attained.	For	these	reasons,	
synthetic	surface	organic	chemistry	is	a	rapidly	growing	field	of	
study	[62]	and	the	other	method	is	to	carry	out	reactions	under	
solvent‐free	 conditions	 as	 this	 offers	 a	 lot	 of	 advantages	
connected	to	safety,	enhancement	 in	reactivity	and	selectivity,	
pollution	 prevention,	 energy	 and	 cost	 saving.	 When	 these	
conditions	are	coupled	with	microwave	irradiation,	nonthermal	
effects	 can	 be	 developed,	 thus	 allowing	 considerable	
improvements	over	classic	procedures	[63].	

Amberlite	 IR	 (Ion	 exchange	 Resin)	 120‐H	 is	 a	 gel	 type	
strongly	 acidic	 cation	 exchange	 resin	 of	 the	 sulfonated	
polystyrene	 type.	 It	 has	 excellent	 physical,	 chemical	 and	
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thermal	 stability	 and	 has	 emerged	 as	 an	 efficient	
heterogeneous	 catalyst	 for	 various	 organic	 reactions	 like	 N‐
formylation	 of	 amines	 [64],	 synthesis	 of	 various	 organic	
compounds	like	glycosyl	dihydro	pyridones	[65],	1‐amidoalkyl‐
2‐naphthols	 [66],	 2‐aryl‐benzimidazoles	 [67],	 and	 glycosyl	
enamines	[68].		

It	is	now	very	well	known,	use	of	microwave	irradiation	in	
synthetic	 chemistry	 has	 become	 such	 a	 popular	 technique	 in	
the	scientific	community	that	in	a	few	years,	most	chemists	will	
probably	use	microwave	energy	to	carry	out	chemical	reactions	
on	a	laboratory	scale	[69].	In	many	of	the	reactions	published	in	
the	 literature,	 microwave	 heating	 has	 been	 shown	 to	
dramatically	reduce	reaction	times,	enhanced	product	purities	
by	 reducing	 unwanted	 side	 reactions	 compared	 to	 the	
conventional	method	 of	 heating	 and	 increased	 product	 yields	
[70].	Several	reviews	have	been	published	on	the	application	of	
microwaves	 in	 organic	 synthesis,	 nanotechnology,	
homogeneous	 and	 heterogeneous	 catalyses,	 medicinal	
chemistry,	 polymer	 synthesis,	 material	 science,	 drug	 delivery	
[70].	We	 have	 synthesized	 nitriles	 earlier	 using	 catalysts	 like	
ZnCl2	 [71],	 pyridine	 [72]	 and	 p‐TsOH	 [73],	 but	 here	 we	 are	
making	an	attempt	to	use	a	reusable	catalyst	for	the	synthesis	
of	 nitriles.	 Thus	 incorporating	 all	 these	 green	 conditions	 we	
have	 developed	 a	 highly	 efficient	 and	 environmentally	 safe	
protocol	for	the	synthesis	of	nitriles	as	shown	in	Scheme	1.	
	

	
	

R	=	‐H;	4‐OCH3;	3‐OCH3;	2‐OH;	4‐OH;		
															3‐OCH3;	4‐OH;	4‐Cl;	4‐NO2;	4‐N(CH3)2.	

	
Scheme	1	

	
2.	Experimental	
	
2.1.	Material	and	instruments	
	

All	the	aldehydes,	hydroxyl	ammonium	chloride,	amberlite	
IR‐120H	and	analytical	grade	solvents	are	commercial	products	
of	 Sd	 fine‐chem.,	 India	 make	 and	 used	 without	 further	
purification.	 The	 silica	 coated	 catalysts	 were	 obtained	
according	to	the	methods	reported	in	the	literature	[74‐77].	All	
microwave	 reactions	 were	 conducted	 in	 a	 MILESTONE	
microwave	reactor	at	120	W	for	2	min.	Progress	of	the	reaction	
was	monitored	on	 thin	 layer	 chromatography	 (TLC).	 TLC	was	
carried	 out	 on	 Merck	 made	 silica	 gel	 60	 F254	 plates	 with	
ethylacetate:hexane	(1:4)	system.	The	formation	of	nitriles	was	
confirmed	 by	 recording	 the	 IR	 spectra	 on	 Bruker	 Alpha‐T	
ATR/FTIR	 spectrometer.	 Yields	 refer	 to	 isolated	 yields	 of	 the	
products.		
	
2.2.	General	procedure	for	the	preparation	of	nitriles	
	

Aldehyde	 (2	 mmol),	 hydroxyl	 ammonium	 chloride	 (2	
mmol)	and	amberlite	IR	120H	(0.1	g)	were	taken	in	pyrex	tube	
and	 subjected	 to	 microwave	 irradiation	 at	 120	 W	 in	 a	
microwave	 reactor.	The	progress	 of	 the	 reaction	was	 checked	
at	regular	intervals	using	TLC	and	irradiation	was	continued	for	
the	 required	 time	 as	 mentioned	 in	 Table	 1	 until	 no	 further	
progress	in	the	reaction	was	observed.	After	which	the	reaction	
mixture	 was	 cooled,	 5	 mL	 of	 CH2Cl2	 was	 added,	 catalyst	 was	
filtered	and	the	resultant	solution	was	washed	with	water,	the	
organic	 layer	was	 separated,	 dried	 over	 anhydrous	 CaCl2	 and	
evaporated	 under	 reduced	 pressure	 to	 get	 crude	 product,	
which	 was	 purified	 by	 recrystallization	 or	 column	
chromatography	using	ethyl	acetate/hexane	as	eluent	to	afford	
the	desired	nitrile	in	good	yields.	

3.	Results	and	discussion	
	

As	 already	 known	 the	 use	 of	 heterogeneous	 catalyst	 in	
organic	synthesis	are	of	immense	benefit	and	since	to	the	best	
of	 our	 knowledge	 not	many	 reports	 exist	 in	 literature	 on	 the	
use	 of	 heterogeneous	 catalyst	 combined	with	microwaves	 for	
the	 synthesis	 of	 nitriles.	 Hence	 we	 aimed	 at	 employing	
heterogeneous	 catalyst	 for	 the	 conversion	 of	 aldehydes	 to	
nitriles,	 to	 do	 so	 various	 silica	 coated	 catalyst	 such	 as	 SiO2‐
HClO4	 [74],	 PPA‐SiO2	 [75],	 silica	 chloride	 [76]	 and	 silica	
sulphuric	acid	[77]	were	prepared	and	used	for	the	synthesis	of	
nitriles	 using	 anisaldehyde	 as	 the	 model	 substrate,	 product	
formation	 was	 noticed	 but	 yield	 was	 not	 satisfactory,	 when	
Amberlite	 IR‐120H	 was	 employed	 as	 catalyst	 under	 reflux,	
within	80	min	the	formation	of	product	was	observed	in	good	
yield,	 but	 when	 the	 same	 reaction	 was	 carried	 out	 under	
solvent‐free	microwave	 irradiation	 the	yield	 further	 increased	
with	considerable	decrease	in	reaction	time	to	just	2	min.		

A	 comparative	 study	 of	 the	 model	 reaction	 under	
conventional	method	and	microwave	heating	is	shown	Table	2.		

To	optimize	 the	 ideal	heating	conditions,	 the	 reaction	of	2	
mmole	 of	 anisaldehyde,	 2	 mmole	 of	 hydroxyl	 ammonium	
chloride	and	0.25	g	of	Amberlite	 IR‐120H	were	 taken	and	 the	
mixture	was	subjected	to	microwave	irradiation	at	80,	120	and	
200	W	 for	2	min,	 best	 result	was	 obtained	when	 the	 reaction	
was	carried	out	at	120	W.	The	reaction	time	was	optimised	by	
irradiating	the	mixture	at	120	W	for	5	min,	a	sticky	over	heated	
mass	 was	 formed,	 which	 when	 extracted	 into	 an	 organic	
solvent,	 showed	 very	 little	 formation	 of	 product.	 Next,	 the	
reaction	was	irradiated	and	monitored	at	an	interval	of	20	sec	
each	by	TLC,	at	every	interval	there	was	noticeable	increase	in	
the	yield.	Finally	after	2	min	maximum	formation	of	4‐methoxy‐
benzonitrile	 (85	 %)	 was	 observed,	 further	 heating	 did	 not	
improve	the	yield.		

Optimization	of	catalyst	loading	and	its	reusability	was	the	
next	 concern,	 to	 start	 with	 0.25	 g	 of	 Amberlite	 IR‐120H	 was	
used,	 decrease	 of	 catalyst	 loading	 to	 0.2	 g	 did	 not	 alter	 the	
product	yield,	further	reduction	in	the	amount	of	catalyst	to	0.1	
g	 did	 not	 affect	 the	 yield	 of	 nitrile	 formed,	 but	 reduction	 to	
below	0.1	g	led	to	decrease	in	the	formation	of	nitrile.		

The	 reusability	 of	 the	 catalyst	 was	 checked	 for	 four	
consecutive	 trials	by	washing	 the	 catalyst	obtained	 from	each	
trial	 with	 ethyl	 acetate	 several	 times	 and	 drying	 it	 in	 a	
preheated	oven	at	60	oC.	It	was	noticed	that	the	efficiency	of	the	
catalyst	remained	unaltered	giving	yields	of	the	product	as	88,	
85,	83	and	80%,	respectively	(Figure	1).	

	

Figure	 1.	 Reusability	 of	 Amberlite	 IR‐120H	 (0.1	 g)	 for	 the	 conversion	 of	
aldehydes	to	nitriles.
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Table	1.	Synthesis	of	various	substituted	aromatic	nitriles	using	a	reusable	catalyst.	
Entry	 Aldehyde	 Producta	 Time	(mins)	 Yieldb	(%)	 IR,	CN	stretch	(cm‐1)	
a	

	
	

2.0 75 2222	

b	

	
	

2.0 85 2226	

c	

	
	

2.0 85 2226	

d	

	 	

2.5	 80	 2227	

e	

	
	

2.5 80 2227	

f	

	
	

2.5 85 2226	

g	

	
	

3.0	 80	 2225	

h	

	
	

3.0 75 2234	

i	

	
	

3.0 80 2210	

j	

	

	

3.0 75 2243	

a	All	reactions	were	performed	using	aldehyde	(2	mmol),	hydroxyl	ammonium	chloride	(2	mmol),	and		amberliteIR‐120H	(0.1	g).	
b	Isolated	yield;	all	the	compounds	are	known,	IR	spectral	data	of	all	the	products	agree	with	the	reported	values.		
	
	
Table	2.	 	Comparative	study	of	conversion	of	anisaldehyde	(2	mmol)	to	4‐methoxy	benzonitrile	 in	the	presence	of	amberlite	 IR‐120H	under	various	reaction	
conditions.	
Entry	 Reaction	condition	 Time	(min) Yield	(%)	
a	 Silent	 60	 Nil	
b	 Reflux	 60	 20	
c	 Solvent	free	at	70	oC 60 30	
d	 Solvent	free	at	80	oC 60 40	
e	 Solvent	free	at	120	oC	 30 50	
f	 Solvent	free	MW	at	120	W	 2 85	
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Scheme	2	
	
	
	

At	 this	 point	 we	 wanted	 to	 assess	 the	 generality	 of	 this	
transformation	 and	 subjected	 a	 variety	 of	 araldehydes	 to	 the	
optimized	 reaction	 conditions.	 The	 results	 of	 these	 reactions	
are	 summarized	 in	 Table	 1.	 From	 the	 Table	 1,	 it	 is	 clear	 that	
reaction	 with	 araldehydes	 having	 electron	 donating	 and	
electron	 with‐drawing	 groups	 on	 the	 arene	 nucleus	 proceed	
significantly	well	 to	 afford	 the	 corresponding	 nitriles	 in	 good	
yield.	
	
3.1.	Mechanism	
	

The	 formation	 of	 nitriles	 from	 aldehydes	 and	 hydroxyl	
ammonium	chloride	catalysed	by	Amberlite	IR‐120H	proceeds	
via	the	nucleophillic	attack	of	hydroxyl	ammonium	chloride	on	
the	carbonyl	carbon	of	aldehyde	co‐ordinated	to	Amberlite	IR‐
120H	(as	co‐ordination	of	oxygen	atom	of	 the	aldehyde	to	 the	
acidic	 catalyst	 makes	 the	 carbon	 of	 the	 aldehyde	 more	
electrophillic	 and	 hence	 facilitates	 the	 nucleophillic	 attack	 to	
take	place	readily),	this	followed	by	rearrangement	and	loss	of	
water	gives	the	intermediate	oxime,	the	oxime	on	dehydration	
provides	 the	 nitrile	 in	 good	 yield	 (The	 dehydration	 steps	 are	
aided	 by	 the	 high	 temperature	 generated	 in	 the	 microwave	
reactor)	(Scheme	2).	
	
4.	Conclusions	
	

We	 have	 successfully	 developed	 a	 rapid	 and	 efficient	
method	 for	 synthesizing	 a	 variety	 of	 nitriles	 directly	 from	
aldehydes	 employing	 readily	 available	 inexpensive	 catalyst	
using	 environmentally	 safe	 conditions.	 We	 feel	 that	 the	
methodology	 developed	 is	 a	 valuable	 addition	 to	 the	 existing	
methods	as	it	makes	use	of	a	reusable	catalyst	for	affording	the	
nitriles	 in	 good	 yields	 in	 a	 short	 duration	 of	 time,	 thereby	
making	the	process	green.	
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