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A green solvent-free protocol for the synthesis of poly-substituted
guinolines using 3-methyl-1-sulfonic acid imidazolium chloride
{[Msam]ClI} as an efficient and homogeneous catalyst
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ABSTRACT

An efficient, smpleand clean protocol for the synthesis of poly-substituted
quinolinesfrom 2-aminoaryl ketones and carbonyl compounds possessing
areactive methylene group in the presence of catalytic amount of Brensted
acidicionicliquid 3-methyl-1-sulfonic acid imidazoliumchloride{ [Msim]Cl}
is described (Friedlander protocol). Using this protocol, the products are

produced in high yields and short reaction times.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Quinalinesarenitrogen containing heterocycleswith
widerange of medicinal propertieswhich have been
used asantimalarial, antiasthmatic, antihypertensive,
antibacterial and tyrosinekinaseinhibiting agentg**l.
These compoundshave been aso gpplied for the prepa-
ration of nano- and mesostructures having enhanced
electronic and photonic properties”™. In addition, poly-
substituted quinolinescan achievehierchica sdf-assem-
bly into avariety of meso and nano structureswith en-
hanced photonic and el ectronic properties” . There-
fore, development of new efficient protocolsfor the
synthesisof quinolinederivativesisof interest in both
medicind chemigtry and synthetic organic chemistry. The
most common protocol for the synthesisof quinolines
isFriedldnder method™?. Friedlander reaction is acid
or base-catayzed condensation of 2-aminoaryl ketones
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with carbonyl compounds containing areactive o-me-
thylene group followed by cyclodehydration(61-24,
However, most of thereported protocolsfor synthesis
of quinolineshave somedisadvantagesincludinglong
reactiontimes, low product yields and use of hazard-
ousand expengive cataysts. Moreover, thisreactionis
usudly carried out in harmful organic solventssuch as
acetonitrile, THF, DMF and DM SO;, therefore, workup
of thereaction mixtureisnot only cumbersomebut dso
the green aspect of thereactionisannihilated by using
these solvents specidly DMF. Consequently, search for
findingasmple, green, rapid, inexpensveand efficient
procedurefor the preparation of theseimportant het-
erocyclesisindemand.

Inresent years, investigation of dternativestotoxic
and non-green catd ystsand reagents hasresulted highly
growinginterestintheagpplication of ionicliquids(ILs)
as catalysts and reagents?2*, Infact, theuser-friendly


mailto:abdolkarimzare@yahoo.com

OCAIJ, 9(11) 2013

Abdolkarim Zare et al.

449

and adj ustable physico-chemicd propertiesof ILssuch
aslow volatility, non-iammability, high thermal stability,
negligiblevapor pressureand ability to dissolveawide
range of materials, have found numerous applications
asenvironmentaly benign cata ystsand reagentsaswel |
ashomogenizer of reaction mediafor organictransfor-
mationg?33, AmongthelLs, Brensted acidic ionic ones
based imidazolium moiety havedesgnedtoreplacesolid
acidsandtraditional minera liquid acidslikesulfuric
acid and hydrochloric acid in chemical procedures?”
%, 3-Methyl-1-sulfonic acid imidazolium chloride
{[Msim|Cl} isaninteresting Brensted acidic ionic lig-
uid which we haverecently synthesized and applied as
anefficient catalyst to promote organic transformations
(Figure 1)1z,

NON cl
Me™ """ TSO3H
Figurel: Thestructureof [Msim]CI

Solvent-free organi ¢ reactions have been applied
asuseful protocolsin organic synthesis. Solvent-free
reactionsoften lead to shorter reactiontimes, increased
yieldsand easier workup, in additiontoworkingwel in
green chemistry protocols, and enhancingtheregio- and
stereosdl ectivity of reactiong®*l,

Cong dering theabove points, wereport hereanew,
inexpensive, smple, green and efficient protocol for the
preparation of poly-substituted quinolines by
Friedldnder hetero-annulation between 2-aminoaryl
ketones and carbonyl compounds possessing areac-
tive methylenegroup catayzed by 3-methyl-1-sulfonic
acidimidazolium chloride{[Msm|Cl}, asagreen and
imidazolium based ionic liquid with Brensted acidic
property (Scheme 1).

EXPERIMENTAL

All the materials were purchased from Merck,
Fluka, Across Organicsor Aldrich Chemical Compa
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nies. Merck silicagel 60 F254 TLC plateswere used
for thin layer chromatography (TLC). Mdting points
were recorded on a Biichi B-545 apparatus in open
capillary tubes. *H NMR (500 MHZz) and *C NMR
(125 MHz) were run on a Bruker Avance DPX FT-
NMR spectrometer (6 in ppm).

Procedure for the preparation of ionic liquid
[Msm]CI

A round-bottomed flask (100 mL) was charged
with 1-methylimidazole (0.410 g, 5 mmol) in dry
CH,CI, (50 mL), and then chlorosulfonic acid (0.605
g, 5.2 mmol) was added dropwise over a period of
5min at room temperature. After theaddition wascom-
pleted, the reaction mixturewasdtirred for 20 min, stand
for 5min, and the CH,Cl,, was decanted. Theresidue
was washed with dry CH_CI, (3x50 mL) and dried
under vacuumto give[Msim| Cl asaviscouscolorless
oil in92%yied, 0.912 g1,

General procedurefor thesynthesisof poly-sub-
stituted quinolines

Toamixture of 2-aminoaryl ketone (1 mmol) and
carbonyl compound (1.5 mmol) in atest tube, was
added [Msim]Cl (0.03 g, 0.15 mmoal), and theresult-
ing mixturewas stirred with asmall rod at 90 °C for
thetimesreported in TABLE 1. Afterward, thereac-
tion mixture was cooled to room temperature, and
H,O (5mL) wasaddedtoit, and stirred for 3minto
dissolve[Msim]Cl. Thecrude product (insolublein
water) wasfiltered and recrystallized from hot etha-
nol to afford the pure product.

Selected spectral data of theproducts

7-Chloro-3,3-dimethyl-9-phenyl-3,4-
dihydroacridin-1(2H)-one(TABLE 1, entry 1)

1H NMR (CDCl,, 500MHz): 8 1.15 (s, 6H), 2.56
(m, 2H), 3.25 (s, 2H), 7.14-7.16 (m, 2H), 7.42 (d, J =
2.5 Hz, 1H), 7.50-7.51 (m, 3H), 7.66-7.68 (dd, J =
2.5,8.9 Hz, 1H), 7.99 (d, J = 9.0 Hz, 1H); ®*CNMR

O
x\(j\)Lph HL ., [Msim]CI (15 mol%)
+ R,
NH, R K Solvent-free, 90 °C

.

Se-

X=CI,H

Scheme1: Thesynthesisof poly-substituted quinolinesusing [M sim]Cl
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(CDCl,, 125 MHz): 6 28.4, 32.3, 48.1, 54.3, 124.0,
126.5, 127.9, 128.4, 130.5, 132.3, 136.7, 147.9,
150.1, 162.0, 196.9.

Ethyl 6-chloro-2-methyl-4-phenylquinoline-3-car-
boxylate(TABLE 1, entry 4)

IHNMR (CDCl,, 500 MHZ): 5 0.92 (t, J = 7.0
Hz, 3H), 2.75 (s, 3H), 4.02-4.06 (g, J = 5.2 Hz, 2H),
7.32(m, 2H), 7.46-7.51 (m, 4H), 7.60-7.62 (m, 1H),
7.97 (d, 3= 9.0 Hz, 1H); *C NMR (DMSO-d,, 125
MHz2): § 13.8,23.7, 61.6, 124.9, 125.7, 129.1, 129.3,
129.4, 129.5, 131.3, 131.4, 131.8, 134.6, 145.1,
145.9, 155.0, 167.5.

6-Chloro-2-methyl-4-phenylquinolin-3-
yl)(phenyl)methanone (TABLE 1, entry 5)

'H NMR (CDCl,, 500MH2): 5 2.68 (s, 3H), 7.22
(s, 1H), 7.30-7.35 (m, 5H), 7.50 (t, J = 7.3 Hz, 1H),
7.59-7.62 (m, 3H), 7.71-7.73 (dd, J = 2.15, 8.9 Hz,
1H), 8.11 (d, J=89Hz, 1H); *CNMR (CDCl,, 125
MHZ): § 24.4, 125.4, 126.5, 128.9, 129.0, 129.6,
130.3, 131.0, 131.4, 132.9, 133.6, 134.1, 134.5,
137.3, 145.2, 146.6, 155.5, 197.7.

9-Phenyl-3,4-dihydroacridin-1(2H)-one(TABLE 1,
entry7)

IH NMR (CDCI,, 500 MH2): 5 2.62-2.65 (t, J =
6.5 Hz, 2H), 3.22 (t, J = 6.5 Hz, 2H), 3.75-3.78 (m,
2H), 7.25-7.26 (m, 2H), 7.32 (d, J = 2.2 Hz, 1H),
7.51-7.66 (m, 5H), 8.00(d, J=8.7 Hz, 1H); BCNMR
(DMSO-d,, 125 MHz): § 21.6, 34.6, 40.9, 127.7,
127.5, 127.5, 128.1, 128.2, 128.7, 129.0, 129.1,
132.5, 138.2, 148.7, 150.8, 163.2, 198.3.

RESULTSAND DISCUSSION

To obtain the optimized reaction conditions, the
Friedlander hetero-annulation condensation of 2-amino-
5-chlorobenzophenone (1 mmol) with dimedone (5,5
dimethylcyclohexane-1,3-dione) (1.5 mmol) was se-
lected asamodel reaction (Scheme 1), and its behav-
ior wasstudied in the presence of different molar ratios
of thehomogeneouscatayst, 3-methyl-1-sulfonicacid
imidazolium chloride{[Msim]Cl} at range of 60-100
°C. The best results were obtained when 15 mol% of
the catalyst was employed at 90 °C; in these condi-
tions, the product was producesin 93%within 30 min.
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TABLE 1: Thesynthesisof poly-substituted quinolinesform
2-aminoaryl ketonesand car bonyl compoundscatalyzed by
[Msm]CI

Time Yield® M.p.°C
Entry Product (min) (%) (iit)
Ph O
1 Cl X 30 o3 211212
P (212)
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X
~
N
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X
’ \©\)jiu\ ®0% sy
~
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s @ N oEt 40 87 0099
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~
N
Ph O
Cl 214-216
AN
~
N
Ph O
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6 0 9 (193-194)
~
N
Ph O
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X
=
N
Ph O
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X
i ©\)jiu\ ® 9 100110/
~
N
Ph O
102-104
AN
—
N
Ph O
136-138
N
=
N

3 solated yield.

To assesstheefficacy and the scope of our proto-
col, thereaction was examined with different carbonyl
compounds and 2-aminoaryl ketones. Theresultsare
summarizedinTABLE 1. ASTABLE lindicates, the
reaction of 2-amino-5-chlorobenzophenone or 2-
aminobenzophenonewith variouskinds of carbonyl
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compoundsincluding cyclicand acyclic B-diketones as
well asB-ketoesters proceeded efficiently and the de-
sired productswere obtained in high to excellent yields
and in short reactiontimes. Thus, themethod ishighly
efficentand generd.

CONCLUSIONS

In conclusion, we haveintroduced anew method
for the preparation of poly-substituted quinolinesfrom
2-aminoaryl ketonesand carbonyl compounds possess-
ing areactive methylene group using catal ytic amount
of [Msm|Cl asagreen Brensted acidic ionic liquid.
Themajor advantages of thismethod arehhigh yields,
relaively short reactiontimes, generdity, efficiency, low
cost, easy preparation of the catalyst, and good agree-
ment with the green chemistry protocols.
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