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A facile solvent-free one-pot three-component Mannich reaction of 
aldehydes, amines and terminal alkynes catalysed by CuCl2
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A	solventless	Mannich	condensation	of	aldehydes,	amines,	and	terminal	alkynes	catalysed	by	10	mol%	of	CuCl2	was	
investigated.	The	components	were	simply	mixed	and	heated	together	under	vacuum,	without	any	need	of	solid-
support	or	solvent.	This	results	in	the	formation	of	Mannich	products	in	high	yields.
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Multi-component	 reactions	 are	 some	 of	 the	 most	 important	
reactions	 in	 organic	 synthesis.	 The	 Mannich	 reaction	 is	 a	
well-known	example	of	a	three-component	reaction	in	which	
an	 aldehyde	 (usually	 formaldehyde),	 ammonia	 or	 a	 primary	
or	 secondary	 amine	 and	 a	 compound	 having	 an	 acidic	 C–H	
bonding	 site	 such	 as	 an	 enolisable	 ketone,	 an	 electron	 rich	
aromatic,	a	nitro	compound	or	a	terminal	alkyne	are	condensed	
to	afford	the	corresponding	products	which	are	usually	called	
Mannich	bases.1	The	products	are	used	extensively	in	industry,	
pharmacology	and	organic	synthesis.2

The	classic	method	for	 the	Mannich	 reaction	suffers	 from	
some	 disadvantages	 and	 limitations	 such	 as	 low	 yields,	
restriction	 to	 non-enolisable	 aldehydes	 and	 drastic	 reaction	
conditions such as refluxing of the reagents in toxic solvents 
like	dioxane,	acetonitrile,	toluene,	etc.1a	Modern	variations	of	
the	 Mannich	 reaction	 have	 been	 developed	 in	 past	 decades	
to	overcome	these	drawbacks,	including	the	use	of	pre-	or	in 
situ	prepared	imminium	salts,1,3	microwave-assisted	methods	
on	solid	supports4	and	more	recently,	performing	the	reaction	
in	aqueous	solution.5	The	latter	meets	the	increasing	interest	
nowadays	 in	 developing	 environmentally-benign	 methods	
removing	the	need	for	organic	solvents	as	reaction	media.

The one-pot variations among others, profit from the ease 
of	 the	 methodology,	 simple	 laboratory	 equipment	 and	 the	
possibility of using non-modified reagents.3

Solid–solid,	 solid–melt	 and	 melt	 reactions	 have	 recently	
been	 developed	 as	 eco-friendly	 procedures	 which	 afford	
high	yields	and	do	not	 require	any	auxiliaries	such	as	solid-
supports,	organic	solvents,	or	microwave	acceleration.	These	
methods	 have	 been	 successfully	 used	 in	 different	 type	 of	
reactions	including	protection,	condensation	and	elimination.6	
For	 example,	 it	 has	 been	 reported	 that	 the	 Knoevenagel	
reaction	is	viable	 if	 the	reagents	are	mixed	and	heated	in	an	
evacuated	 vessel.7	 In	 this	 respect	 and	 towards	 our	 goal	 of	
developing	new	solventless	methods	of	preparation	of	organic	
compounds,	we	were	interested	in	developing	a	new	method	
for	 the	Mannich	reaction	which	combines	 the	advantages	of	
solvent-free	 methods,	 one-pot	 procedures,	 and	 avoids	 the	
need	for	solid-supports.

We	now	wish	to	report	a	one-pot,	three-component	Mannich	
reaction	 catalysed	 by	 CuCl2,	 simply	 by	 heating	 a	 mixture	
of	 the	 reagents	 in	 an	 ordinary	 laboratory	 oven.	 No	 reaction	
solvent,	 no	 solid	 support	 or	 acceleration	 by	 microwave	
irradiation	is	needed.

Very	 recently,	 there	 has	 been	 a	 report	 on	 a	 microwave-
enhanced,	 solventless	 Mannich	 condensation	 of	 terminal	
alkynes	 and	 secondary	 amines	 with	 para-formaldehyde	 on	
cuprous	iodide	doped	alumina	which	gave	the	corresponding	
Mannich	products	in	good	yields.4b	Despite	of	the	usefulness	
of	the	method,	it	is	restricted	to	using	of	para-formaldehyde	
and	the	rôle	of	alumina	(1	g	per	1	mmol	of	aldehyde)	has	not	

been	 clearly	 investigated.	 As	 it	 has	 been	 proved	 in	 recent	
years	 that	 using	 some	 auxiliaries	 in	 such	 reactions	 is	 NOT	
necessary,7	 we	 were	 interested	 to	 explore	 the	 necessity	 and	
efficiency of solid supports, and to study the scope of the 
method	 for	 other	 aldehydes	 than	 formaldehyde	 (including	
enolisable	ones).	We	have	investigated,	therefore,	the	reaction	
of	 phenylacetylene,	 piperidine	 and	 p-chlorobenzaldehyde	 as	
a	model	reaction	in	the	presence	of	SiO2,	alumina	(acidic	and	
basic)	or	Montmorillonite	K-10	(Scheme	1).

To	 a	 mixture	 of	 p-chlorobenzaldehyde	 (1.0	 mmol),	
phenylacetylene	 (1.2	 mmol)	 and	 piperidine	 (1.2	 mmol)	 in	 a		
10 ml flask, 1.0 g. of the corresponding solid-support was 
added (Table 1). The flask was evacuated and heated to 80°C 
for	the	given	time.	The	results	are	summarised	in	Table	1.

Interestingly,	the	best	result	was	obtained	when	using	only	
10	mol%	of	CuCl2	catalyst	(instead	of	3	equivalents	as	used	in	
other	methods4b)	and	no	solid	support	at	all.	It	seemed	that	the	
presence	of	a	solid	support	was	not	strictly	necessary.

A	 wide	 range	 of	 potential	 catalysts	 such	 as	 FeCl3,	 ZnCl2,	
CeCl3.7H2O,	CoCl2.6H2O,	BiCl3,	CuI	and	CuCl2	were	tested	
in	the	model	reaction.	The	last	was	the	most	effective	one	and	
was	chosen	for	further	investigations	(Table	2).

These	 results	 have	 encouraged	 us	 to	 investigate	 the	
usefulness	of	 this	methodology	 for	other	 substrates.	Table	3	
contains	a	summary	of	the	results.	All	of	the	known	products	
4a–4p	 were	 been	 characterised	 with	 comparison	 of	 their	
physical	or	spectral	data	with	those	in	the	literature.	The	new	
products	 4q–4s	 exhibit	 satisfactory	 elemental	 analysis	 and	
spectroscopic	data.
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Scheme 1	 Solvent-free	reaction	of	phenyl-acetylene,	
piperidine	and	p-chlorobenzaldehyde.

Table 1	 Effect	of	different	solid-supports	on	sample	Mannich	
condensation	reaction

Solid-support	 Time/h	 Yield/%

SiO2	 3	 9
SiO2	 20	 30
Al2O3	(basic)	 3	 34
Al2O3	(basic)	 20	 60
Al2O3	(acidic)	 3	 16
Al2O3	(acidic)	 20	 72
Montmorillonite	K10	 3	 15
Montmorillonite	K10	 20	 85
10	mol%	CuCl2	 3	 95
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