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Abstract

2-Amino-substituted ketones react with a-methylene ketones under solvent-free conditions at 90 °C in the
presence of a catalytic amount of zirconium dodecylphosphonate to create the corresponding quinolines
in excellent yields. This procedure recommends numerous advantages such as easy work-up, use of mild,
reusable and safe catalyst, short reaction timeand high yields. The new compounds have been characterized

by 'H-NMR, C-NMR, mass and elemental analysis data.
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Introduction

Nitrogen-containing heterocyclic compounds
are an important class of heterocyclic
compounds since many of these chemical
compounds, exhibit biological activities
such as anti-platelet [1] anti-malaria [2] anti-
inflammatory [3] and anti-asthmatic agents
[4] Quinolines are important category of these
compounds that are synthesized by various
methods. These methods Include Skraup
[5] Doebner-Von Miller [6] and Friedlander
ones [7]. Also, synthesis of quinolines by
N-aryl nitrilium compounds [8], alkenylation/
cyclization of ortho-amino ketones [9],
utilizing ortho-amino aromatic vinyls [10] and
lately use of Aza-Dielz-Alder reaction [11] are
the other procedures. However, among these
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methods, the Friedlander synthesis is the most
convenient one for this purpose. This method
can occur under base [12], Bronsted [13] and
Lewis acids [14] catalyzed conditions. But,
higher yields were achieved from the acid
catalyzedreactions. Alternatively, most ofthese
methods suffered from many disadvantages
such as; deactivation of a-amino ketones by
protonation of amino group in strong Bronsted
acid media, difficulties in work-up, loss of
catalyst, harsh reaction conditions and the use
of stoichiometric and/ or relatively expensive
reagents. As part of our current studies on the
development of new heterocyclic systems
[15], the problems listed above and in
connection with our ongoing research on the
catalytic properties of dodecylphosphonic acid
and its salts [16], we now report zirconium
dodecylphosphate (Zr(DP),) as a reusable and
efficient catalyst for preparation of quinoline
derivatives by Friedlander synthesis.
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Experimental

2-Amino-substituted ketone (1) and
a-methylene ketone (2) were obtained
from Merck and were used without further
purification. Zirconium dodecylphosphonate
were prepared by known methods [16a].
Melting points (uncorrected) were measured
on an Electrothermal 9100 apparatus.
Elemental analyses for C, H and N were
performed using a Heraecus CHN-O-Rapid
analyzer. The experimental data were in good
agreement with the calculated values. '"H and
BC NMR spectra were measured with a Bruker
DRX-400 Avance spectrometer. Mass spectra
were recorded on a Hewleet-Packard 5993C
spectrometer.

General Procedure for the Preparation of
quinoline derivatives using Zr(DP) , as catalyst

A mixture of 2-amino-substituted ketone (1
mmol), a-methylene ketone (1.2-1.5 mmol)
and Zr(DP), (0.1 mmol) was heated at 90 °C
with stirring for the appropriate time (Table 2).
The extent of reaction was monitored by TLC
and mixture of iodine/ silica gel. After com-
pletion of the reaction, 3 mL petroleum ether
(b.p. 60°C) was added to the reaction mixture.
The pure product was filtrated and dried. Then
2 mL dichloromethane was added to residue
solution. The catalyst was precipitated and
dried for the next reaction.

(2,4-Dimethylquinolin-3-yl) (phenyl) metha-
none (Table 3, Entry 13): Pale yellow sol-
id, m.p: 141 C, Anal. Caled for C_H NO

187715

(261.32): C, 82.73; H, 5.79; N, 5.36. Found:
C, 82.65; H, 5.75; N, 5.30. MS: m/z (%): 261
(M+,100)246 (48), 209 (40), 184 (6), 105
(38), 77 (66), 51 (13).'"H NMR (400 MHz,
DMSO): &= 2.43 (3H, s, CH,), 2.47 (3H, s,
CH,), 7.57-7.77 (7TH, m, CH), 8.08 (1H, d, *J, ,,
=8.0 Hz, CH), 8.20 (1H, d, *J,,, = 8.0 Hz, CH).
“C NMR (100 MHz, DMSO): 6=18.2 (CH,),
22.7(CH,), 124.5, 125.6, 126.2, 126.9, 127.7,
128.5, 129.2, 129.4, 130.7, 132.5, 134.7,
136.1, 153.3, 197.2 (C=0).

Benzyl 2, 4-dimethylquinoline-3-carboxylate
(Table 3, Entry 14): Yellow oil, Anal. Calcd
for C ;H,JNO, (291.34): C, 78.33; H, 5.88; N,
4.81. Found: C, 78.15; H, 5.75; N, 4.72.MS:
m/z (%): 291(M*,100), 246 (18), 218 (15),
149 (20), 107 (42), 91 (66), 77 (5), 57 (10).
'H NMR (400 MHz, CDCl,): $=2.61 (3H, s,
CH,), 2.67 (3H, s, CH,), 5.46 (s, 2H, CH,),
7.39-7.72 (7TH, m, CH), 7.96-7.98 (1H, d, °J, ,,
=8.4 Hz, CH), 8.03 (1H, d, *J,, =8.4 Hz, CH).
“C NMR (100 MHz, CDCl,): 6=19.7 (CH,),
23.7 (CH,), 67.5 (CH,), 123.9, 125.7, 126.3,
127.6, 128.7, 128.8, 128.9, 129.1, 130.2,
135.1, 141.8, 146.9, 154.3, 168.9 (C=0).

Results and discussion

In the beginning of our studies, the reaction
of  2-amino-5-chlorobenzophenon and
ethyl acetoacetate was utilized as a model for
finding the optimization conditions (Scheme
1, Table 1). First we started to investigate the
behavior of zirconium dodecylphosphonate as

Table 1. Optimization of Reaction Conditions in the Presence of Zr(DP),

Entry Solvent Catalyst (mol %) Temp. (°C) Time Isolated Yield (%)
1 Solvent-free 10 25 lh -
2 Solvent-free 10 50 1h 15
3 Solvent-free 10 90 15 min 98
4 Solvent-free 5 90 lh 87
5 Solvent-free 20 90 30min 96
6 Solvent-free - 90 lh 25
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Table 2. Zr(DP) -catalyzed Friedlander reaction between o-aminoaryl ketones and various B-diketones/ ketoesters

Entry  o-aminoketone Ketone Product® Mp ( C? Isolated Yields Tlme
Found (Lit.) (%) (min)
Ph o o Ph o
1 )i NHO He Ao N\/ C:E‘ 94 (97)'5d 92 35
< 29 113 (114) 1 85
2 ©\/:_|O HaCMCHg 30
Ph o o
2 9 I 133 (134) '
o o e L o 90 40
Ph o o Ph o
4 ©j;0 HSCMOCHQPh ©\)NY::CH2Ph 91-93 (90-93) 15d 78 60
Ph o Ph
3 e S 141 (141)' 04 30
e O (141)
ol T o o o ino .
A
6 1O e S @f\ﬁ 107 (108) 08 N
al T 0o o9 N fh o 15d
7 LS O JNE @fNj:t:;e 153 (151) 93 40
cl v o o o Ph o .
A
S & 6 T S & & G Lol 90 75
cl v o 0 a o
9 mi HscMOCHZPh \©\)NI:::3HzPh 191 (123) sq 87 43
Ph 0 Ph
10 c o © cl \ 78 (78) 154 95 35
oL L0 79)
CHs o o CH; 0
" O ne Ao R 270270272)" 86 10
CHy o o CHao
12 NH‘Z H3CMCH3 ©\)’\‘jf::|3 0il 10 90 40
CHs o o CH; 0
13 NHOZ Hachh N\/ c:: 141 95 a 3 (h)
CHsy o o CH3 0
14 C(;O H3CMocHzPh ©\)N\:[t;)CHzPh 0il 38 30

sAll the products were characterized on the basis of their 'H NMR and '*C NMR spectral analysis and compared with
the literature data (Ghassamipour & Sardarian, 2008; Poor Heravi, 2009; Barbero, 2010)

Table 3. Comparison of catalytic activity of Zr(DP),, DPA and ZrOCl,.8H,0

Entry Catalyst Conditions Temp. (°C) Time (min)  Isolated Yields (%)
1 Zr(DP), Solvent-free 90 15 98
2 DPA Solvent-free/H,0 90 20/96 98/82
3 ZrOCl,.8H,0 Solvent-free 90 30 70



198 S. Ghassamipour et al. / Journal of Physical Chemistry and Electrochemistry Vol.1 No.4 (2012) 195-199

@)

Cl Ph j\/l(J)\ Zr(DP), (10 mol%) o N OEt
T HsC OEt R P
NH, Solvent-Free, 90-100°C N C

Hs
Scheme 1
R1 R1
R3
Ry 0 Zr(DP), (0.1 mmol)  Re R
+ 0 - _
NH, R4 Solvent-free N~ "R®
90-100°C
1 2 3
Scheme 2
catalyst at different temperatures in solvent- Conclusions

free conditions with or without catalyst (Entry
1-6, Table 1). Lower amount of catalyst, 5
mol %, led to longer time for completion of
the reaction and higher amount, 20 mol %,
did not show significant improvement in the
yield and the reaction time. With the aim
of studying the generality of the method,
a series of ortho-aminoaryl ketones were
reacted with various B-diketones/ ketoesters
under the optimized conditions (Scheme
2). The results are summarized in Table 2.
As shown in Table 2, a variety of B-diketones
or ketoesters and simple ketones such
as cyclohexanone reacted with ortho-
aminoaryl ketones to efficiently generate,
the corresponding quinolines. In most cases,
adding petroleum ether to the reaction
mixture caused precipitation of product.
Then, the catalyst was separated by adding
dichloromethane to filtrate and reuse directly
without any activation. For example, the
reaction of 2-aminobenzophenone and ethyl
acetoacatate gave the corresponding quinoline
in 92,92, 90 and 89 % yields over four runs. In
continuation, we have compared the catalytic
activity of zirconium dodecylphosphonate with
dodecylphosphonic acid and ZrOCl,.8H,0
(starting materials for synthesis of Zr(DP),) in
the preparation of ethyl 6- chloro-2-methyl-4-
phenylquinoline-3-carboxylate (Table 3, Entry
6), as a model product (Table 3).

Conclusively, Zirconium dodecylphosphonate
have been introduced as a new catalyst that
easy recovered and produced correspounding
quinolines in great yields under solvent-free
conditions. This procedure in Compared with
our recent work (Ghassamipour, 2009) has
two advantages: recovery of catalyst and high
yields. In previous methods we were not able to
recover the corresponding catalyst in solvent-
free conditions in addition the yields in aqueous
media were lower than under solvent-free
conditions. So zirconium dodecylphosphonate
can be used as a reusable and efficient catalyst
for preparation of several quinoline derivatives
by Freidlander synthesis. Thus, the first
application of Zr(DP), in organic chemistry has
been introduced by our research team.
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