
Chinese	Journal	of	Catalysis	34	(2013)	1936–1944 

	 	 	 	 	 	 	 	

	

a v a i l a b l e   a t  www . s c i e n c e d i r e c t . c om  

	

j o u r n a l   h omep a g e :  www . e l s e v i e r . c om / l o c a t e / c h n j c  

	

Article   

Synthesis	of	hexahydroquinolines	using	the	new	ionic	liquid	sulfonic	
acid	functionalized	pyridinium	chloride	as	a	catalyst	

Ardeshir	Khazaei	a,*,	Mohammad	Ali	Zolfigol	a,#,	Ahmad	Reza	Moosavi‐Zare	b,‡,	Javad	Afsar	a,	 	
Abdolkarim	Zare	c,	Vahid	Khakyzadeh	a,	Mohammad	Hassan	Beyzavi	d	
a	Faculty	of	Chemistry,	Bu‐Ali	Sina	University,	Hamedan,	6517838683,	Iran	
b	Department	of	Chemistry,	University	of	Sayyed	Jamaleddin	Asadabadi,	Asadabad,	6541835583,	Iran	
c	Department	of	Chemistry,	Payame	Noor	University,	PO	BOX	19395‐4697	Tehran,	Iran	
d	Institut	für	Chemie	und	Biochemie,	Freie	Universität	Berlin,	Takustr.	3,	14195	Berlin,	Germany	

A R T I C L E 	 I N F O 	
 

A B S T R A C T 	

Article	history:	
Received	31	May	2013	
Accepted	14	August	2013	
Published	20	October	2013	

Sulfonic	acid	functionalized	pyridinium	chloride	[pyridine‐SO3H]Cl	has	been	synthesized	as	a	novel	
Brönsted	acidic	ionic	liquid	and	characterized	on	the	basis	of	its	FT‐IR,	1H	and	13C	NMR,	MS,	ther‐
mogravimetry,	and	derivative	thermogravimetry	data.	The	material	has	also	been	used	as	a	highly	
efficient,	homogeneous,	and	reusable	catalyst	for	the	preparation	of	hexahydroquinolines	according	
to	the	one‐pot	multi‐component	condensation	of	arylaldehydes,	dimedone	(5,5‐	dimethylcyclohex‐
ane‐1,3‐dione),	β‐ketoesters,	and	ammonium	acetate	under	solvent‐free	conditions.	
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1.	 	 Introduction	

Ionic	liquids	(ILs)	have	attracted	considerable	interest	from	
chemists	during	the	course	of	the	last	two	decades	because	of	
their	 unique	 properties,	 including	 their	 non‐flammability,	
non‐volatility,	wide	 liquid‐state	 temperature	 range,	 high	 ther‐
mal	and	chemical	stability,	 large	electrochemical	window,	and	
favorable	 solvation	 behaviors	 [1,2].	 These	 compounds	 have	
been	 applied	 extensively	 to	 a	 number	 of	 different	 areas,	 in‐
cluding	spectroscopy,	extraction,	separation,	and	electrochem‐
istry	 processes	 [1,3]	 and	 are	 used	 as	 solvents,	 catalysts,	 and	
reagents	 in	a	variety	of	organic	transformations	[1,2,4–10].	Of	
the	many	 different	 kinds	 of	 ILs	 available,	 the	 Brönsted	 acidic	
ILs	 offer	 the	 greatest	 potential	 for	 the	 development	 of	 envi‐

ronmentally	 friendly	 acid	 catalysts	 for	 organic	 synthesis	 be‐
cause	 they	 effectively	 combine	 the	 advantages	 of	 liquid	 and	
solid	 acids	 and	 provide	 high	 levels	 of	 operational	 simplicity,	
efficacy,	and	selectivity	coupled	with	a	 low	environmental	 im‐
pact	[11–18].	

Multi‐component	 reactions	play	 an	 important	 role	 in	 com‐
binatorial	 chemistry	 because	 they	 allow	 for	 complex	 target	
compounds	 to	 be	 synthesized	 in	 a	 single	 step	 from	 three	 or	
more	 reactants	 with	 greater	 simplicity,	 efficiency,	 and	 atom	
economy	 than	 the	 corresponding	 conventional	 chemical	 ap‐
proaches	[5,19–21].	

Some	 pharmaceutical	 agents	 can	 be	 photolabile,	 and	 the	
photochemical	decomposition	of	such	materials	following	their	
exposure	to	light	could	result	in	the	reduction	or	complete	loss	
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of	 their	desired	pharmacological	activity.	Furthermore,	photo‐
chemical	 decomposition	 could	 even	 lead	 to	 changes	 in	 their	
properties	 that	 could	 turn	 them	 into	 potentially	 toxic	 com‐
pounds.	 In	 some	 cases,	 the	 products	 resulting	 from	 photo‐
chemical	decomposition	could	 induce	hypersensitivity	 to	 light	
and	potentially	give	rise	to	photoallergic	and	phototoxic	effects	
[22,23].	 For	 example,	 1,4‐dihydropyridine	 (DHP)	 derivatives	
are	included	in	the	long	list	of	photosensitive	pharmaceuticals	
[24,25].	

According	 to	 research	 available	 in	 the	 literature,	 one	 ap‐
proach	 for	 reducing	 the	 photosensitivity	 of	 pharmaceutical	
agents	is	to	modify	their	structure	and	their	core	scaffold.	Mod‐
ifications	 to	 the	DHP	 ring,	 such	 as	 the	 introduction	 of	 hetero	
atoms	 or	 different	 substituents,	 could	 not	 only	 result	 in	 de‐
creased	 photosensitivity	 in	 these	 compounds	 but	 could	 also	
enrich	 the	 diversity	 of	 DHP‐based	 chemistry	 and	 provide	
structure‐activity	 relationships	 that	 would	 provide	 novel	 in‐
sights	into	the	molecular	interactions	of	these	compounds	with	
their	target	[26,27].	It	is	also	recognized	that	structural	modifi‐
cations	to	the	DHP	periphery	could	have	a	significant	impact	on	
their	pharmacological	 activity	 [28–30].	One	 series	of	DHP	de‐
rivatives	with	an	improved	structural	scaffold,	the	hexahydro‐
quinoline	derivatives	(HHQs),	can	be	synthesized	according	to	
a	Hantzsch	 synthesis	 using	 aryl	 aldehydes,	 dimedone	 (5,5‐	di‐
methylcyclohexane‐1,3‐dione),	 β‐ketoesters,	 and	 ammonium	
acetate	 in	 a	 one‐pot	 multi‐component	 condensation	 reaction	
[31,32].	Quinolines	bearing	a	1,4‐dihydropyridine	scaffold	have	
been	 identified	as	promising	structure	 in	medicinal	chemistry	
because	 of	 their	 many	 pharmacological	 properties,	 including	
their	 antibacterial	 antihypertensive,	 anti‐inflammatory,	 anti‐
malarial,	 antiasthmatic,	and	 tyrosine	kinase	 inhibitory	activity	
[33–38].	 Furthermore,	 various	 methods	 and	 catalysts	 have	
been	developed	for	the	preparation	of	HHQs	[39–47].	

Herein,	we	report	for	the	first	time	the	synthesis	of	sulfonic	
acid	functionalized	pyridinium	chloride	[Pyridine‐SO3H]Cl	as	a	
new	 Brönsted	 acidic	 ionic	 liquid	 from	 inexpensive	 and	 com‐
mercially	 available	 starting	materials	 (Scheme	 1),	 and	 its	 full	
characterization	 using	 FT‐IR,	 1H	 and	 13C	NMR,	 thermal	 gravi‐
metric	analysis	(TGA)	and	derivative	thermal	gravimetric	anal‐
ysis	(DTGA).	Furthermore,	we	report	the	use	of	this	ionic	liquid	
as	a	highly	efficient,	homogeneous,	and	recyclable	catalyst	 for	

the	 preparation	 of	 hexahydroquinolines	 in	 the	 one‐pot	 mul‐
ti‐component	 condensation	 of	 dimedone,	 arylaldehydes,	
β‐ketoesters,	and	ammonium	acetate	under	solvent‐free	condi‐
tions	(Scheme	2).	

2.	 	 Experimental 

All	 of	 the	 chemicals	 used	 in	 the	 current	 study	 were	 pur‐
chased	 from	 Merck	 or	 Fluka	 Chemical.	 The	 known	 products	
were	 identified	 by	 comparison	 of	 their	 melting	 points	 and	
spectral	data	with	those	reported	in	the	literature.	The	chemi‐
cal	reactions	were	monitored	by	TLC	using	silica	gel	SIL	G/UV	
254	plates.	1H	NMR	(400	or	300	MHz)	and	13C	NMR	(100	or	75	
MHz)	analyses	were	run	on	a	Bruker	Avance	DPX‐250	FT‐NMR	
spectrometer.	The	chemical	shifts	(δ)	have	been	reported	rela‐
tive	to	TMS,	which	was	used	as	an	 internal	reference.	Melting	
points	were	recorded	on	a	Büchi	B‐545	apparatus	in	open	ca‐
pillary	tubes.	 	

2.1.	 	 General	procedure	for	the	preparation	of	the	 	
[pyridine‐SO3H]Cl	ionic	liquid	  

A	 solution	of	 pyridine	 (0.36	g,	 5	mmol)	 in	 CH2Cl2	 (40	mL)	
was	added	drop‐wise	to	a	stirred	solution	of	chlorosulfonic	acid	
(0.58	g,	5	mmol)	in	dry	CH2Cl2	(40	mL)	at	0	°C	over	a	period	of	
10	min,	and	the	resulting	mixture	was	stirred	for	20	min	before	
being	 allowed	 to	 stand	 for	 5	min.	 The	 CH2Cl2	 layer	was	 then	
decanted	and	the	resulting	residue	was	triturated	with	CH2Cl2	
(3	×	10	mL)	before	being	dried	under	vacuum	at	90	°C	to	give	
[pyridine‐SO3H]Cl	as	a	viscous	colorless	oil	in	95	%	yield	(0.93	
g).	

Spectral	 data	 of	 [pyridine‐SO3H]Cl	 are	 as	 follows.	 Viscous	
colorless	 oil;	 IR	 (Nujol):	 750,	 866,	 1042,	 1174,	 1488,	
2650–3550	cm–1;	 1H	NMR	(300	MHz,	DMSO‐d6):	δ	 8.11	 (t,	 J	 =	
7.45	Hz,	2H),	8.65	(t,	J	=	7.81	Hz,	1H),	8.94	(d,	J	=	5.76	Hz,	2H),	
13.67	 (s,	 1H);	 13C	 NMR	 (75	 MHz,	 DMSO‐d6):	 δ	 127.9,	 142.4,	
147.1;	MS:	m/z	=	196	[M+H]+,	195	[M]+.	

2.2.	 	 General	procedure	for	the	synthesis	of	hexahydroquinolines	  

[Pyridine‐SO3H]Cl	(11.7	mg,	0.06	mmol,	3	mol%)	was	added	
to	 a	 mixture	 of	 dimedone	 (0.28	 g,	 2	 mmol),	 arylaldehyde	 (2	
mmol),	β‐ketoester	(2	mmol),	and	ammonium	acetate	(0.185	g,	
2.4	mmol)	in	a	test	tube,	and	the	resulting	mixture	was	initially	
stirred	magnetically	before	being	agitated	with	a	 small	 rod	at	
50	 °C	 following	 solidification	 of	 the	 reaction	 mixture.	 Upon	
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Scheme	1.	Preparation	of	sulfonic	acid	functionalized	pyridinium	chlo‐
ride	 [pyridine‐SO3H]Cl.	 Left:	 The	 reaction	 of	 pyridine	 (1	 equiv.)	 with
chlorosulfonic	acid	(1	equiv.)	in	dry	CH2Cl2	at	0	°C;	Right:	The	reaction
of	sulfur	 trioxide	pyridine	complex	with	an	excess	of	HCl	gas	at	room	
temperature.	
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lines	catalyzed	by	[pyridine‐SO3H]Cl.	
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completion	of	the	reaction,	as	determined	by	TLC,	the	reaction	
mixture	 was	 cooled	 to	 room	 temperature	 and	 diluted	 with	
ethyl	acetate	(20	mL).	The	resulting	mixture	was	then	stirred	at	
reflux	for	3	min	and	the	solvent	decanted	(the	product	is	solu‐
ble	in	hot	ethyl	acetate;	however,	[pyridine‐SO3H]Cl	is	not	solu‐
ble	 in	 this	 solvent).	 The	 remaining	 viscous	 residue	 (oil)	 was	
washed	with	hot	ethyl	acetate	(10	mL)	to	give	the	pure	recycled	
catalyst.	The	decanted	solutions	were	then	combined,	washed	
with	water	 (20	mL),	 and	 dried.	 The	 solvent	was	 then	 evapo‐
rated	to	give	the	crude	product,	which	was	purified	by	recrys‐
tallization	 from	 ethanol	 (95%)	 or	 column	 chromatography	
using	 n‐hexane/ethyl	 acetate	 (4/1,	 v/v)	 as	 an	 eluent.	 In	 the	
current	work,	[Pyridine‐SO3H]Cl	was	recycled	and	reused	four	
times	without	significant	loss	of	its	catalytic	activity.	

Ethyl	 2,7,7‐trimethyl‐5‐oxo‐4‐phenyl‐1,4,5,6,7,8‐	hexahy‐
droquinoline‐	3‐carboxylate	(1).	White	solid;	isolated	yield	94%	
(0.32	g);	melting	point:	206–208	°C	(Ref.	[30]:	203–205	°C);	1H	
NMR	(300	MHz,	DMSO‐d6):	δ	0.85	(s,	3H),	1.00	(s,	3H),	1.13	(t,	J	
=	 7.0	 Hz,	 3H),	 2.01–2.20	 (m,	 2H),	 2.29	 (s,	 3H),	 2.38–2.50	 (m,	
2H),	3.97	(q,	J	=	7.0	Hz,	2H),	4.82	(s,	1H),	7.05	(m,	1H),	7.18	(t,	J	
=	6.7	Hz,	2H),	7.21	(t,	J	=	6.5	Hz,	2H),	9.12	(s,	1H);	13C	NMR	(75	
MHz,	DMSO‐d6):	δ	14.5,	18.8,	26.8,	29.5,	32.6,	36.5,	50.6,	59.6,	
103.4,	 109.9,	 113.5,	 126.9,	 128.8,	 130.5,	 146.0,	 150.3,	 167.0,	
194.7.	

Ethyl	 2,7,7‐trimethyl‐4‐(4‐nitrophenyl)‐5‐oxo‐	1,4,5,6,7,8‐	
hexahydroquinoline‐3‐carboxylate	 (2).	 White	 solid;	 isolated	
yield	 95%	 (0.37	 g);	 melting	 point:	 245–248	 °C	 (Ref.	 [34]:	
242–244	°C);	1H	NMR	(500	MHz,	CDCl3):	δ	0.92	(s,	3H),	1.10	(s,	
3H),	1.19	(t,	J	=	7.1	Hz,	3H),	2.16	(d,	J	=	16.4	Hz,	2H),	2.24–2.29	
(distorted	AB	system,	2H),	2.41	(s,	3H),	4.07	(q,	J	=	7.1	Hz,	2H),	
5.18	(s,	1H),	6.68	(s,	1H),	7.51	(d,	J	=	8.5	Hz,	2H),	8.09	(d,	J	=	8.5	
Hz,	 2H);	 13C	 NMR	 (125	MHz,	 CDCl3):	 δ	 14.6,	 19.8,	 27.5,	 29.8,	
33.1,	 37.7,	 41.3,	 51.0,	 60.5,	 105.3,	 111.4,	 123.7,	 129.4,	 145.0,	
146.6,	149.6,	154.9,	167.3,	195.9.	

Ethyl	 2,7,7‐trimethyl‐4‐(3‐nitrophenyl)‐5‐oxo‐1,4,5,6,7,8‐	

hexahydroquinoline‐3‐carboxylate	 (3).	 White	 solid;	 isolated	
yield	 94%	 (0.36	 g);	 melting	 point:	 179–181	 °C	 (Ref.	 [32]:	
177–178	 °C);	 IR	 (KBr):	 3285,	 2959,	 1705,	 1606,	 1487,	 1380,	
1212	cm–1;	1H	NMR	(400	MHz,	DMSO‐d6):	δ	(s,	3H),	1.00	(s,	3H),	
1.10	(t,	 J	=7.04	Hz,	3H),	1.98	(d,	J	=	16.12	Hz,	1H),	2.19	(d,	J	=	
16.12	 Hz,	 1H),	 2.31	 (s,	 3H),	 2.42–2.50	 (distorted	 AB	 system,	
2H),	3.99–3.94	(m,	2H),	4.95	(s,	1H),	7.52	(t,	J	=	8.0	Hz,	1H),	7.61	
(d,	7.68	Hz,	1H),	7.97	(t,	J	=	2.16	Hz,	2H),	9.25	(s,	1H);	13C	NMR	
(400	MHz,	DMSO‐d6):	δ	13.99,	18.31,	26.30,	29.01,	32.16,	36.36,	
38.8,	 49.98,	 59.22,	 102.59,	 109.17,	 120.89,	 121.95,	 129.41,	
134.28,	146.11,	147.34,	149.69,	150.12,	166.36,	194.31.	 	

Ethyl	 4‐(4‐methoxyphenyl)‐2,7,7‐trimethyl‐5‐oxo‐	1,4,5,6,7,	
8‐		hexahydroquinoline‐3‐carboxylate	 (4).	White	 solid;	 isolated	
yield	 95%	 (0.35	 g);	 melting	 point:	 256–258	 °C	 (Ref.	 [33]:	
257–259	°C);	1H	NMR	(300	MHz,	DMSO‐d6):	δ	0.85	(s,	3H),	1.00	
(s,	3H),	1.14	(t,	J	=	7.0	Hz,	3H),	1.96	(d,	J	=	16.0	Hz,	1H),	2.15	(d,	J	
=	 16.1	Hz,	 1H),	 2.27	 (s,	 3H),	 2.37–2.49	 (m,	 2H),	 3.66	 (s,	 3H),	
3.97	(q,	J	=	7.0	Hz,	2H),	4.79	(s,	1H),	6.73	(d,	J	=	8.3	Hz,	2H),	7.05	
(d,	J	=	8.3	Hz,	2H),	8.99	(s,	1H);	13C	NMR	(75	MHz,	DMSO‐d6):	δ	
14.6,	18.7,	26.9,	29.6,	32.6,	35.4,	50.6,	55.3,	59.4,	104.4,	110.7,	
113.5,	128.8,	140.5,	145.1,	149.7,	157.7,	167.4,	194.7.	 	

Ethyl	 2,7,7‐trimethyl‐5‐oxo‐4‐p‐tolyl‐1,4,5,6,7,8‐	hexahy‐

droquinoline‐3‐carboxylate	(5).	White	solid;	isolated	yield	92%	
(0.32	g);	melting	point:	259–262	°C	(Ref.	[33]:	260–261	°C);	1H	
NMR	(500	MHz,	CDCl3):	δ	0.96	(s,	3H),	1.08	(s,	3H),	1.24	(t,	J	=	
7.1	Hz,	3H),	2.15–2.31	(m,	7H),	2.35	(s,	3H),	4.09	(q,	J	=	7.1	Hz,	
2H),	5.04	(s,	1H),	6.76	(s,	1H),	7.02	(d,	J	=	7.8	Hz,	2H),	7.21	(d,	J	=	
7.8	Hz,	2H);	13C	NMR	(125	MHz,	CDCl3):	δ	14.7,	19.7,	21.5,	27.6,	
29.8,	 33.1,	 36.6,	 41.3,	 51.2,	 60.2,	 106.6,	 112.4,	 128.3,	 129.0,	
135.8,	143.9,	144.7,	149.3,	167.9,	196.1.	

Ethyl	 4‐(4‐hydroxyphenyl)‐2,7,7‐trimethyl‐5‐oxo‐	1,4,5,6,7,	
8‐	hexahydroquinoline‐3‐carboxylate	 (6).	White	 solid;	 isolated	
yield	 94%	 (0.33	 g);	 melting	 point:	 234–236	 °C	 (Ref.	 [33]:	
232–234	°C);	1H	NMR	(300	MHz,	DMSO‐d6):	δ	0.86	(s,	3H),	1.00	
(s,	3H),	1.14	(t,	J	=	7.0	Hz,	3H),	1.96	(d,	J	=	16.0	Hz,	1H),	2.15	(d,	J	
=	16.1	Hz,	1H),	2.26	(s,	3H),	2.36–2.49	(m,	2H),	3.96	(q,	J	=	7.0	
Hz,	2H),	4.74	(s,	1H),	6.56	(d,	J	=	8.1	Hz,	2H),	6.93	(d,	J	=	8.1	Hz,	
2H),	8.94	(s,	1H),	9.01	(s,	1H);	13C	NMR	(75	MHz,	DMSO‐d6):	δ	
14.6,	18.7,	26.9,	29.6,	32.6,	35.3,	50.8,	59.4,	104.6,	110.8,	114.9,	
128.8,	138.9,	144.8,	149.6,	155.7,	167.5,	194.7.	

Ethyl	 4‐(4‐bromophenyl)‐2,7,7‐trimethyl‐5‐oxo‐	1,4,5,6,7,8‐	
hexahydroquinoline‐3‐carboxylate	 (7).	 White	 solid;	 isolated	
yield	 91%	 (0.38	 g);	 melting	 point:	 252–254	 °C	 (Ref.	 [30]:	
255–257	°C);	1H	NMR	(300	MHz,	DMSO‐d6):	δ	0.83	(s,	3H),	0.99	
(s,	3H),	1.10	(t,	J	=	6.9	Hz,	3H),	1.96	(d,	J	=	16.0	Hz,	1H),	2.16	(d,	J	
=	16.1	Hz,	1H),	2.29	(s,	3H),	2.38–2.49	(m,	2H),	3.97	(q,	J	=	7.0	
Hz,	2H),	4.84	(s,	1H),	7.11	(d,	J	=	7.2	Hz,	2H),	7.37	(d,	J	=	7.2	Hz,	
2H),	 9.09	 (s,	 1H);	 13C	 NMR	 (75	MHz,	 DMSO‐d6):	 δ	 14.6,	 18.8,	
26.9,	 29.5,	 32.6,	 36.2,	 50.6,	 59.5,	 103.5,	 110.1,	 119.1,	 130.2,	
131.0,	145.8,	147.4,	150.0,	167.1,	194.7.	

Ethyl	 4‐(4‐chlorophenyl)‐2,7,7‐trimethyl‐5‐oxo‐	1,4,5,6,7,8‐	

hexahydroquinoline‐3‐carboxylate	 (9).	 White	 solid;	 isolated	
yield	 91%	 (0.35	 g);	 melting	 point:	 244–246	 °C	 (Ref.	 [32]:	
245–246	°C);	IR	(KBr):	3274,	1707,	1605,	1489,	1382	cm–1;	1H	
NMR	(400	MHZ,	DMSO‐d6):	δ	0.82	(s,	3H),	0.99	(s,	3H),	1.11	(t,	J	
=	7.08Hz,	3H),	1.97	(d,	J	=	16.08,	3H),	2.16	(	d,	J	=	16.12	Hz,1H),	
2.43–2.50	(distorted	AB	system,	2H),	3.96	(d,	J	=	7.08	Hz,	2H),	
4.83	(s,	1H),	7.15	(d,	J	=	8.48,	2H),	7.24	(d,	J	=	8.44,	2H),	9.01	(s,	
1H).	

Ethyl	 4‐(2‐methoxyphenyl)‐2,7,7‐trimethyl‐5‐oxo‐	1,4,5,6,7,	
8‐	hexahydroquinoline‐3‐carboxylate	(10).	White	solid;	isolated	
yield	 96%	 (0.35	 g);	 melting	 point:257–259	 °C	 (Ref.	 [10]:	
256–257	 °C);	 IR	 (KBr):	 3285,	 2957,	 1689,	 1611,	 1488,	 1381,	
1216	cm–1;	1H	NMR	(400	MHz,	DMSO‐d6):	δ	0.83	(s,	3H),	0.99	(s,	
3H),	1.10	(t,	J	=	7.08	Hz,	3H),	1.89	(d,	J	=	16.08	Hz,	1H),	2.11	(d,	J	
=	16.08	Hz,	1H),	2.18	(s,	3H),	2.40–2.50	(distorted	AB	system,	
2H),	3.68	(s,	3H),	3.91	(q,	J	=	3.64	Hz,	2H),	5.04	(s,	1H),	6.75	(d,	J	
=	7.44	Hz,	1H),	6.82	(d,	J	=	8.04	Hz,	1H),	7.03	(d,	J	=	7.36	Hz,	1H),	
7.09	 (q,	 J	 =	 1.44	 Hz,	 1H),	 8.93	 (s,	 1H);	 13C	 NMR	 (400	 MHz,	
DMSO‐d6):	 δ	 14.05,	 18.00,	 26.15,	 29.28,	 31.95,	 32.77,	 50.36,	
55.14,	 58.72,	 102.89,	 108.64,	 110.96,	 119.44,	 126.90,	 130.46,	
134.93,	144.08,	149.94,	157.10,	167.26,	193.79.	 	

Ethyl	 4‐(2,4‐dichlorophenyl)‐2,7,7‐trimethyl‐5‐oxo‐	1,4,5,6,	
7,8‐	hexahydroquinoline‐3‐carboxylate	 (11).	 White	 solid;	 iso‐
lated	yield	94%	(0.38	g);	melting	point:	243–245	°C;	IR	(KBr):	
3285,	1706,	1609,	1493,	1381,	1214	cm–1;	1H	NMR	(400	MHz,	
DMSO‐d6):	δ	0.83	(s,	3H),	0.92	(s,	3H),	1.07	(t,	J	=	7.08	Hz,	3H),	
1.91	(d,	J	=	16.04	Hz,	1H),	2.14	(d,	J	=	16.08	Hz,	1H),	2.22	(s,	3H),	
2.49–2.50	(distorted	AB	system,	2H),	3.95–3.91	(m,	2H),	5.14	(s,	
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1H),	7.31	(s,	2H),	7.34	(s,	1H),	9.12	(s,	1H);	13C	NMR	(400	MHz,	
DMSO‐d6):	 δ	 14.07,	 18.19,	 26.37,	 29.01,	 31.94,	 34.73,	 50.14,	
58.99,	 102.69,	 109.18,	 126.83,	 128.16,	 130.70,	 132.75,	
132.82,144.19,	145.44,	149.85,	196.3;	MS:	m/z	=	373	[M]+;	CHN	
Analysis:	Anal.	Calcd	for	C21H23Cl2NO3:	C	61.77,	H	5.68,	N	3.43;	
Found	C	61.43,	H	5.96,	N	3.27.	

Ethyl	 2,7,7‐trimethyl‐5‐oxo‐4‐(naphthalen‐2‐yl)‐1,4,5,6,7,8‐	

hexahydroquinoline‐3‐carboxylate	 (12).	 White	 solid;	 isolated	
yield	92%	(0.36	g);	melting	point:	235–237	°C;	IR	(KBr):	3253,	
1701,	1607,	1493,	1217	cm–1;	1H	NMR	(400	MHz,	DMSO‐d6):	δ	
0.82	(s,	3	H),	1.00	(s,	3H),	1.12	(t,	J	=	7.08	Hz,	3H),	1.95	(d,	J	=	
16.12	Hz,	1H),	2.18	(d,	J	=	16.16	Hz,	1H),	2.31	(s,	3H),	2.42–2.50	
(distorted	AB	system,	2H),	3.95	(q,	J	=	7.12	Hz,	2H),	5.03	(s,	1H),	
7.43–7.36	(m,	3H),	7.58	(s,	1H),	7.79–7.78	(m,	3H),	9.11	(s,	1H),;	
13C	 NMR	 (400	 MHz,	 DMSO‐d6):	 δ	 14.12,	 18.29,	 26.35,	 29.12,	
32.10,	 36.20,	 50.21,	 59.02,	 103.38,	 109.74,	 125.11,	 125.32,	
125.73,	126.68,	127.22,	127.28,	127.56,	131.60,	132.72,	144.99,	
145.14,	 149.64,	 166.81,	 194.30;	 MS:	 m/z	 =	 389	 [M]+;	 CHN	
Analysis:	 Anal.	 Calcd	 for	 C25H27NO3:	 C	 77.09,	 H	 6.99,	 N	 3.60;	
Found	C	76.88,	H	6.91,	N	3.68.	

Ethyl	 4‐(3‐hydroxyphenyl)‐2,7,7‐trimethyl‐5‐oxo‐	1,4,5,6,7,	
8‐	hexahydroquinoline‐3‐carboxylate	(13).	White	solid;	isolated	
yield	92%	(0.33	g);	melting	point:	211–213	°C;	IR	(KBr):	3408,	
3289,	 1675,	 1606,	 1485,	 1220	 cm–1;	 1H	 NMR	 (400	 MHz,	
DMSO‐d6):	δ	0.86	(s,	3H),	1.00	(s,	3H).	1.13	(t,	J	=	7.04	Hz,	3H),	
2.00	(s,	1H),	2.15	(d,	J	=	16.08	Hz,	1H),	2.26	(s,	3H),	2.38–2.50	
(distorted	AB	system,	2H),	3.97	(q,	J	=	7.08	Hz,	2H),	4.78	(s,	1H),	
6.46–6.43	(m,	1	H),	6.57	(d,	J	=	7.24	Hz,	2H),	6.93	(t,	J	=	7.96	Hz,	
1H),	9.01	(s,	1H),	9.06	(s,	1H);	13C	NMR	(22.5	MHz,	DMSO‐d6):	δ	
14.8,	18.9,	27.4,	29.8,	32.8,	36.4,	40.4,	51.2,	59.7,	104.6,	110.8,	
113.4,	 115.4,	 119.0,	 129.3,	 145.4,	 150.2,	 157.7,	 167.8,	 195.0;	
MS:	m/z	=	355	[M]+;	CHN	Analysis:	Anal.	Calcd	for	C21H25NO4:	C	
70.96,	H	7.09,	N	3.94;	Found	C	70.67,	H	7.18,	N	3.81.	

Methyl	 4‐(4‐methoxyphenyl)‐2,7,7‐trimethyl‐5‐oxo‐	1,4,5,6,	
7,8‐	hexahydroquinoline‐3‐carboxylate	 (17).	 White	 solid;	 iso‐
lated	yield	91%	(0.32	g);	melting	point:	257–259	°C	(Ref.	[10]:	
256–257	°C);	1H	NMR	(300	MHz,	DMSO‐d6):	δ	0.84	(s,	3H),	0.99	
(s,	3H),	1.97	(d,	J	=	16.0	Hz,	1H),	2.15	(d,	J	=	16.1	Hz,	1H),	2.28	
(s,	 3H),	 2.37–2.49	 (m,	 2H),	 3.52	 (s,	 3H),	 3.66	 (s,	 3H),	 4.81	 (s,	
1H),	6.73	(d,	J	=	7.4	Hz,	2H),	7.05	(d,	J	=	7.4	Hz,	2H),	9.02	(s,	1H);	
13C	NMR	(75	MHz,	DMSO‐d6):	δ	18.7,	26.9,	29.6,	32.6,	35.2,	50.7,	
51.1,	55.3,	104.0,	110.7,	113.6,	128.7,	140.3,	145.4,	149.7,	157.7,	
167.9,	194.7.	

Methyl	 4‐(3‐bromophenyl)‐2,7,7‐trimethyl‐5‐oxo‐	1,4,5,6,7,	
8‐hexahydroquinoline‐3‐carboxylate	(18).	White	solid;	isolated	
yield	 90%	 (0.36	 g);	 melting	 point:	 233–234	 °C	 (Ref.	 [10]:	
235–236	°C);	1H	NMR	(300	MHz,	DMSO‐d6):	δ	0.83	(s,	3H),	1.00	
(s,	3H),	1.99	(d,	J	=	16.0	Hz,	1H),	2.18	(d,	J	=	16.1	Hz,	1H),	2.30	
(s,	3H),	2.39–2.49	(m,	2H),	3.53	(s,	3H),	4.85	(s,	1H),	7.14–7.16	
(m,	 2H),	 7.25–7.27	 (m,	 2H),	 9.15	 (s,	 1H);	 13C	 NMR	 (75	 MHz,	
DMSO‐d6):	 δ	 18.8,	 26.8,	 29.5,	 32.6,	 36.3,	 103.1,	 109.9,	 121.6,	
126.8,	 129.1,	 130.5,	 130.6,	 146.3,	 150.3,	 150.5,	 167.5,	 194.7;	
MS:	m/z	=	404	[M]+;	CHN	Analysis:	Anal.	Calcd	for	C20H22BrNO3:	
C	59.42,	H	5.48,	N	3.46;	Found	C	59.61,	H	5.27,	N	3.39.	

Diethyl	 4,4'‐(1,4‐phenylene)bis(2,7,7‐trimethyl‐5‐oxo‐	1,4,5,	
6,7,8‐hexahydroquinoline‐3‐carboxylate)	 (19).	 White	 solid;	
isolated	 yield	 76%	 (0.46	 g);	 melting	 point:	 294–296	 °C;	 IR	

(KBr):	3284,	3215,	2961,	1702,	1612,	1493,	1379,	1218	cm–1;	
1H	NMR	(400	MHz,	DMSO‐d6):	δ	0.97	(s,	12H),	1.06	(t,	J	=	6.96	
Hz,	6H),	2.09–2.13	(m,	2H),	2.26	(s,	6H)	2.45–2.50	(m,	2H),	3.96	
(q,	J	=	3.96	Hz,	4H),	4.79	(s,	2H),	6.92	(s,	4H),	9.01	(s,	2H);	13C	
NMR	(400	MHz,	DMSO‐d6):	δ	14.08,	18.28,	26.75,	27.91,	28.85,	
32.13,	 34.77,	 50.22,	 58.97,	 102.38,	 103.35,	 109.82,	 126.61,	
144.65,	 149.61,	 166.90;	 MS:	m/z	 =	 600	 [M]+;	 CHN	 Analysis:	
Anal.	 Calcd	 for	 C36H44N2O6:	 C	 71.97,	 H	 7.38,	 N	 4.66;	 Found	 C	
71.68,	H	7.23,	N	4.71.	

3.	 	 Results	and	discussion 

3.1.	 	 Characterization	of	[pyridine‐SO3H]Cl 

The	structure	of	the	sulfonic	acid	functionalized	pyridinium	
chloride	was	characterized	on	the	basis	of	its	1H	and	13C	NMR,	
IR,	UV,	and	MS	data,	which	were	presented	in	the	Experimental	
section.	

The	 IR	 spectrum	of	 the	catalyst	 contained	a	broad	peak	at	
2650–3550	cm–1,	which	was	attributed	to	the	O–H	stretching	of	
the	 SO3H	group.	 In	 addition,	 the	 two	peaks	observed	 at	 1042	
and	1174	cm–1	were	assigned	 to	 the	vibrational	modes	of	 the	
N–SO2	and	O–SO2	bonds	(Fig.	1).	

The	1H	and	13C	NMR	spectra	of	the	[pyridine‐SO3H]Cl	cata‐
lyst	are	shown	in	Fig.	2.	The	peak	at	δ	=	13.67	in	the	1H	NMR	
spectrum	 was	 assigned	 to	 the	 acidic	 hydrogen	 of	 the	 SO3H	
group.	To	confirm	this	assignment	through	a	process	of	elimi‐
nation,	 we	 also	 collected	 the	 1H	 NMR	 spectra	 of	 ClSO3H	 and	
pyridinium	chloride	in	DMSO‐d6	(the	acidic	hydrogens	of	pyri‐
dinium	 chloride	 and	 pyridinium	 chlorosulfonate	 gave	 similar	
chemical	 shifts).	 All	 of	 the	 samples	 involved	 in	 this	 1H	 NMR	
study	 were	 prepared	 at	 a	 concentration	 of	 0.08	 mol/L.	 The	
peaks	 corresponding	 to	 the	 acidic	 hydrogens	 of	 pyridinium	
chloride,	 ClSO3H,	 and	 [pyridine‐SO3H]Cl	were	 detected	 at	 δ	 =	
11.37,	13.45,	and	13.67,	respectively.	The	differences	between	
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Fig.	 1.	 IR	 spectra	 of	 sulfonic	 acid	 functionalized	 pyridinium	 chloride	
[pyridine‐SO3H]Cl.	
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the	 observed	 chemical	 shifts	 of	 the	 acidic	 hydrogen	 in	 these	
three	species	confirmed	that	the	peak	detected	at	δ	=	13.67	had	
been	 correctly	 assigned	 to	 the	 SO3H	 group	 of	 the	 [pyri‐
dine‐SO3H]Cl	catalyst.	

The	UV/Vis	absorbance	spectrum	of	 the	catalyst	was	com‐
pared	with	those	of	pyridine	and	pyridinium	chloride	to	high‐
light	the	differences	between	the	UV/Vis	absorbance	pattern	of	
the	catalyst	and	pyridinium	chloride.	As	shown	in	Fig.	3,	λmax	in	
the	UV/Vis	spectrum	of	the	catalyst	appeared	at	about	285	nm.	
In	 the	 UV/Vis	 spectra	 of	 pyridine	 and	 pyridinium	 chloride,	
however,	 the	λmax	values	 appeared	at	 about	270	and	295	nm,	
respectively	 (The	 compounds	were	 dissolved	 in	 DMSO‐d6	 for	
UV	studies	at	a	concentration	of	0.005	mol/L).	

We	also	studied	the	formation	of	an	N–S	bond	by	exposing	
hydrogen	chloride	gas	to	sulfur	trioxide	pyridine	complex	as	a	
white	 solid	 powder.	 This	 reaction	 also	 represents	 an	 alterna‐
tive	 method	 for	 the	 preparation	 of	 [pyridine‐SO3H]Cl,	 where	
the	white	solid	powder	becomes	a	viscous	colorless	oil.	The	1H	
and	 13C	 NMR	 and	 IR	 spectra	 of	 the	 product	 were	 compared	
with	those	obtained	from	the	other	procedure	described	above	
and	 found	 to	 be	 identical.	 This	 result	 clearly	 proves	 that	 the	
structure	of	the	[pyridine‐SO3H]Cl	prepared	in	the	current	has	
been	correctly	characterized	(Scheme	1).	

Moreover,	 based	 on	 the	 results	 from	 the	 literature	
[15,48,49],	 it	 is	well	known	that	 sulfur	 trioxide	pyridine	com‐
plex	[C5H5N+SO3–]	can	be	generated	in	dichloromethane	at	low	

temperatures	via	the	drop‐wise	addition	of	chlorosulfonic	acid	
(1	equiv.)	to	pyridine	(2	equiv.)	(Scheme	3).	Under	these	condi‐
tions,	 because	pyridine	 is	 always	present	 in	 excess	 compared	
with	ClSO3H,	 it	 is	 generally	 assumed	 that	 1	 equiv.	 of	 pyridine	
(as	a	nucleophile)	attaches	 to	 the	sulfur	of	ClSO3H	 to	produce	
[pyridine‐SO3H]Cl,	with	another	equiv.	of	pyridine	 functioning	
as	a	base	to	abstract	the	acidic	hydrogen	of	[pyridine‐SO3H]Cl	
to	yield	C5H5NHCl	and	C5H5N+SO3–.	In	our	current	procedure	for	
the	 synthesis	 of	 [pyridine‐SO3H]Cl,	 1	 equiv.	 of	 pyridine	 was	
added	drop‐wise	to	1	equiv.	of	chlorosulfonic	acid	at	low	tem‐
perature.	Under	these	conditions,	 there	 is	always	an	excess	of	
ClSO3H	in	the	reaction	mixture	compared	with	pyridine.	Thus,	
when	pyridine	reacts	with	ClSO3H,	 [pyridine‐SO3H]Cl	would	be	
formed	 and	 there	 would	 be	 no	 base	 present	 in	 the	 reaction	
mixture	to	abstract	the	acidic	hydrogen	to	produce	C5H5N+SO3–	

and	C5H5NHCl.	Moreover,	based	on	results	 from	the	 literature	
[15,48,49],	the	reaction	of	pyridine	with	chlorosulfonic	acid	at	
low	 temperature	 would	 occur	 via	 a	 nucleophilic	 substitution	
pathway	(i.e.,	substitution	of	the	Cl	in	ClSO3H	by	the	nitrogen	of	
pyridine)	 rather	 than	 the	 acid‐base	 reaction	 (i.e.,	 the	 abstrac‐
tion	 of	 the	 hydrogen	 of	 ClSO3H	 by	 pyridine	 to	 afford	
[C5H5N‐H][ClSO3]).	

The	 sulfonic	 acid	 functionalized	 pyridinium	 chloride	 was	
also	studied	by	TGA.	The	corresponding	diagrams	are	shown	in	
Fig.	4.	TGA	and	DTGA	of	 the	catalyst	 showed	that	a	mass	 loss	
occurred	in	one	step.	The	[pyridine‐SO3H]Cl	decomposed	after	
200	°C	in	one	step.	

3.2.	 	 Catalytic	activity	of	[pyridine‐SO3H]Cl 

Following	 on	 from	 our	 full	 characterization	 of	 [pyri‐
dine‐SO3H]Cl,	 we	 examined	 its	 catalytic	 activity	 towards	 the	
synthesis	of	hexahydroquinolines.	The	multi‐component	 reac‐
tion	of	dimedone	(2	mmol),	2‐methoxybenzaldehyde	(2	mmol),	
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ethyl	 acetoacetate	 (2	 mmol),	 and	 ammonium	 acetate	 (2.4	
mmol)	 was	 selected	 as	 a	 model	 reaction.	 The	 reaction	 was	
conducted	 in	 the	 presence	 of	 different	 amounts	 of	 [pyri‐
dine‐SO3H]Cl	at	temperatures	in	the	range	of	25	to	90	°C	in	the	
absence	 of	 solvent.	 The	 results	 of	 these	 optimization	 experi‐
ments	 are	 summarized	 in	Table	1.	 It	 is	 clear	 from	 the	 results	
that	 a	 catalyst	 loading	 of	 3	mol%	was	 sufficient	 to	 efficiently	
catalyze	 the	 reaction	 at	 50	 °C,	 with	 the	 corresponding	 HHQ	
being	obtained	in	96%	yield	under	these	conditions	within	11	
min	(Table	1,	entry	3).	

The	 reaction	 of	 dimedone	 (2	 mmol),	 2‐	methoxybenzalde‐
hyde	 (2	mmol),	 ethyl	 acetoacetate	 (2	mmol),	 and	 ammonium	
acetate	 (2.4	mmol)	 in	 the	 presence	 of	 [pyridine‐SO3H]Cl	 was	
selected	 as	 a	model	 reaction	 to	 compare	 the	 efficiency	 of	 the	
solution	 versus	 solvent‐free	 conditions	 using	 a	 variety	 of	 dif‐
ferent	solvents	at	50	°C.	All	of	the	solvents	tested	provided	low	
yields	of	the	product,	even	after	extended	reaction	time	(Table	
2).	

To	assess	 the	general	 scope	of	 the	new	catalyst,	dimedone	
was	 reacted	with	a	 series	of	different	aryl	 aldehydes	 (benzal‐

dehyde	as	well	as	arylaldehyde	possessing	electron‐	withdraw‐
ing	 groups,	 electron‐donating	 groups,	 and	 halogens),	
β‐ketoesters	 (ethyl	 and	methyl	 acetoacetate),	 and	 ammonium	
acetate	 under	 the	 optimized	 reaction	 conditions.	 The	 results	
are	shown	in	Table	3.	It	is	clear	that	all	of	reactions	proceeded	
efficiently	under	 the	optimized	conditions	 to	afford	 the	corre‐
sponding	hexahydroquinolines	 in	high	yields	over	 short	 reac‐
tion	 time.	 Thus,	 our	 new	 ionic	 liquid	 [pyridine‐SO3H]Cl	 is	 a	
highly	efficient	and	general	catalyst	for	the	synthesis	of	HHQs.	 	

It	is	important	that	ionic	liquids	and	ionic	liquids	supported	
on	solids	possess	good	recyclability	properties	[5,15,16].	With	
this	 in	 mind,	 we	 assessed	 the	 recyclability	 of	 the	 [pyridine‐	
SO3H]Cl	 ionic	 liquid	in	terms	of	 its	application	as	a	catalyst	(3	
mol%)	to	the	multi‐component	reaction	of	dimedone	(2	mmol),	
2‐methoxybenzaldehyde	 (2	 mmol),	 methyl	 acetoacetate	 (2	
mmol),	and	ammonium	acetate	(2.4	mmol)	at	50	°C.	Upon	com‐
pletion	of	the	reaction,	the	reaction	mixture	was	cooled	to	room	
temperature	 and	 diluted	 with	 ethyl	 acetate	 (20	mL).	 The	 re‐
sulting	 mixture	 was	 stirred	 under	 reflux	 for	 3	 min	 and	 then	
decanted	(the	product	was	soluble	in	hot	ethyl	acetate,	whereas	
the	 catalyst	 was	 insoluble).	 The	 viscous	 oily	 residue	 was	
washed	with	 hot	 ethyl	 acetate	 (10	mL)	 and	 dried	 to	 give	 the	
pure	recycled	catalyst,	which	was	used	for	the	next	run	of	the	
reaction.	 The	 catalytic	 activity	 of	 [pyridine‐SO3H]Cl	 was	 re‐
stored	 to	within	 the	 limits	 of	 the	 experimental	 error	 for	 four	
successive	runs	(see	Table	4).	

A	mechanism	has	been	proposed	for	the	reaction	as	shown	
in	Scheme	4.	Thus,	the	conversion	of	dimedone	to	its	enol	form	
using	 [pyridine‐SO3H]Cl	 and	 its	 subsequent	 reaction	with	 the	
activated	 aldehyde	 (activated	 by	 the	 catalyst)	 would	 give	 in‐
termediate	 I.	 In	 contrast,	 the	 reaction	 of	 the	 activated	
β‐ketoester	(activated	by	the	catalyst)	with	ammonia	(resulted	
from	ammonium	acetate)	would	give	enamine	II.	The	reaction	
of	intermediate	I	with	enamine	II	would	then	afford	intermedi‐
ate	 III,	 which	 would	 be	 converted	 to	 IV	 by	 tautomerization.	
This	 intermediate	would	 then	 undergo	 an	 intramolecular	 nu‐
cleophilic	attack	from	the	NH2	group	to	the	activated	carbonyl	
group	with	the	loss	of	H2O	to	afford	V.	The	tautomerization	of	V	
would	then	give	the	observed	hexahydroquinoline	product.	It	is	
noteworthy	that	in	the	steps	involving	the	activation	of	carbon‐
yl	 groups	 through	 the	 donation	 of	 a	 proton	 from	 the	 [pyri‐
dine‐SO3H]Cl,	the	proton	would	be	transferred	back	to	the	cat‐
alyst	 in	 a	 later	 step.	 This	 mechanism	 can	 therefore	 be	 con‐
firmed	by	the	literature	[39,41,43].	
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Fig.	4.	TGA	(a)	and	DTGA	(b)	diagrams	of	 the	[pyridine‐SO3H]Cl	cata‐
lyst.	

Table	2	
Effect	 of	 different	 solvents	 on	 the	 reaction	 of	 dimedone,	 2‐	methox‐
ybenzaldehyde,	ethyl	acetoacetate,	and	ammonium	acetate	in	the	pres‐
ence	of	[pyridine‐SO3H]Cl	(1	mol%).	

Entry	 Solvent	 Temperature	(°C)	 Time	(min) Yield	a	(%)
1	 CHCl3	 50	 60	 38	
2	 EtOAc	 50	 60	 45	
3	 EtOH	 50	 60	 41	
4	 hexane	 50	 60	 48	
5	 CH2Cl2	 reflux	 60	 42	
6	 —	 50	 11	 96	
a	Isolated	yield. 

Table	1	
Effect	of	the	[pyridine‐SO3H]Cl	catalyst	amount	and	temperature	on	the	
reaction	 between	 dimedone,	 2‐methoxybenzaldehyde,	 ethyl	 acetoace‐
tate,	and	ammonium	acetate	in	the	absence	of	solvent.	

Entry	
Catalyst	loading	

(mol%)	
Temperature	 	

(°C)	
Time	
(min)	

Yield	a	
(%)	

1	 1	 50	 25	 61	
2	 2	 50	 15	 73	
3	 3	 50	 11	 96	
4	 5	 50	 11	 96	
5	 3	 25	 15	 78	
6	 3	 70	 11	 96	
7	 3	 90	 11	 96	
a	Isolated	yield.	
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Table	3	
The	solvent‐free	synthesis	of	HHQs	from	dimedone,	arylaldehydes,	β‐ketoesters,	and	ammonium	acetate	catalyzed	by	[pyridine‐SO3H]Cl	at	50	°C.	

Aldehyde	 Product	 	
Time	
(min)	

Yield	a	

(%)	
Melting	point	(°C)	

(Ref.)	
Aldehyde	 Product	 	

Time	
(min)	

Yield	a	

(%)	
Melting	point	(°C)	

(Ref.)	

CHO
	

O

N
H

OEt

O

	

1	 12	 94	
206–208	

(203–205	[30])	 CHO

Cl

Cl

N
H

O

OEt

O
Cl

Cl

11 10	 94	
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CHOO2N
	

O

N
H

OEt

O

NO2

	

2	 8	 95	
245–248	

(242–244	[34])	
CHO

N
H

O

OEt

O 12 12	 92	 235–237	

CHO

O2N

	

O

N
H

OEt

O

NO2

	

3	 10	 94	
179–181	

(177–178	[32])	 CHO

HO

	
N
H

O

OEt

O

OH

13 8	 92	 211–213	

CHOMeO
	

O

N
H

OEt

O

OMe

	

4	 10	 95	
256–258	

(257–259	[33])	
CHO

	

O

N
H

OMe

O

14 13	 91	
261–263	

(260–262	[10])
	

CHOMe
	

O

N
H

OEt

O

Me

	

5	 8	 92	
259–262	

(260–261	[33])	 CHO

O2N O

N
H

OMe

O

NO2

15 12	 92	
230–232	

(229–231	[10])
	

CHOHO
	

O

N
H

OEt

O

OH

	

6	 8	 94	
234–236	

(232–234	[33])	
CHOMe O

N
H

OMe

O

Me

16 11	 90	
282–284	

	

CHOBr
	

O

N
H

OEt

O

Br

	

7	 10	 91	
252–254	

(255–257	[30])	
CHOMeO O

N
H

OMe

O

OMe

17 12	 91	
257–259	

(256–27	[10])	
	

CHO

Br

	

O

N
H

OEt

O

Br

	

8	 8	 90	
235–236	

(235–237	[30])	 CHO

Br

	

O

N
H

OMe

O

Br

18 5	 90	
233–234	

(235–236	[10])

CHOCl
	

O

N
H

OEt

O

Cl

	

9	 10	 91	
244–246	

(245–246	[32])	
CHOOHC

N

O

OEt

O

H
N

O

OEt

O
19 8	 76	

294–296	
	

CHO

OMe

	
N
H

O

OEt

O
OMe

	

10	 11	 96	
257–259	

(256–257	[10])	

	 	 	 	 	 	

a	Isolated	yield.	
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4.	 	 Conclusions 

We	have	 introduced	 the	Brönsted	acidic	 ionic	 liquid	 [pyri‐
dine‐SO3H]Cl	as	a	novel,	highly	efficient,	general,	and	homoge‐
neous	 catalyst	 for	 the	 one‐pot	 multi‐component	 reaction	 of	
dimedone,	 aromatic	 aldehydes,	 β‐ketoesters,	 and	 ammonium	
acetate	leading	to	hexahydroquinolines.	The	advantages	of	the	
current	protocol	include	its	efficiency,	broad	scope,	high	prod‐
uct	yields,	short	reaction	time,	clean	reaction	profile,	simplicity,	
low	cost,	ease	of	preparation,	and	the	recyclability	of	the	cata‐
lyst.	
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Sulfonic	acid	functionalized	pyridinium	chloride	[pyridine‐SO3H]Cl	has	been	prepared	as	a	novel	Brönsted	acidic	ionic	liquid	and	charac‐
terized	using	a	range	of	analytical	techniques.	This	compound	efficiently	catalyzed	the	synthesis	of	hexahydroquinolines	at	50	°C	under	
solvent‐free	conditions.	

 




