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a b s t r a c t

One-pot synthesis of chromeno[3,4-b]quinoline derivatives have been achieved in good yields through
Michael Initiated Ring Closure (MIRC) by employing three-component condensation of aromatic alde-
hydes, 3-aminocoumarins, and cyclic 1,3-diketones in the presence of catalytic amount of p-toluenesul-
fonic (p-TSA) acid in ethanol under reflux condition. The salient features of this protocol are: simple
reaction procedure, shorter reaction time, good yields, avoidance of aqueous work-up, and column-
chromatographic separation. The merit of this process is highlighted by its high bond efficiency of pro-
ducing three new bonds and one stereocenter in a single operation.

� 2012 Elsevier Ltd. All rights reserved.
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The Michael Initiated Ring Closure (MIRC) reaction represents an
elegant approach, which has been used extensively for the con-
struction of cyclopropane rings,1 carbocyclic compounds,2 and
small/medium sized nitrogen3 or oxygen4 containing heterocyclic
compounds. The MIRC reaction strategy can also be cleverly
achieved through one-pot multicomponent reaction, which is gain-
ing interest to the synthetic organic chemists in recent times.5

Multi-component reactions (MCRs) play an important role in the
modern synthetic organic chemistry as they generally occur in a
single pot and exhibit high atom-economy and selectivity.6 They
also provide a powerful synthetic tool for the synthesis of diverse
and complex molecules as well as small and drug-like heterocy-
cles.7 We have perceived that cyclic 1,3-diketones may react with
various aromatic aldehydes in the presence of a suitable acid cata-
lyst to generate benzylidenecyclohexane-1,3-dione derivatives,
which might be reacted instantly with carbon nucleophile such as
3-aminocoumarin through Michael type reaction followed by ring
closure reaction leading to chromeno[3,4-b]quinoline derivatives.
The similar synthetic strategy has also been demonstrated by oth-
ers for the construction of 4-aza-2,3-didehydropodophyllotoxin8a

and tricyclic dihydropyridine analogues,8b and pharmacological
properties of these compounds have also been studied. Compounds
containing 3-aminocoumarin framework are found in many natural
products and some of them are used as antibiotic and antiviral
ll rights reserved.

: +91 361 2582349.
agent.9,10 For example, novobiocine is a 3-aminocoumarin derived
antibiotic which acts as an ATP-competitive inhibitor of the gyrase
B subunit, blocking the negative super-coiling of relaxed DNA.9d,10

On the other hand, the pyrido[2,3-c]coumarin skeleton constitutes
the backbone of santiagonamine (B), an alkaloid (Fig. 1).11 As a re-
sult, there is a continuing effort to prepare this class of compounds
for biological studies.p-Toluenesulfonic acid (p-TSA) is a readily
available chemical which has been used extensively in place of min-
eral acids. In recent times, it was also used as an efficient acid cat-
alyst for the synthesis of 4(3H)-quinazolinones,12 the regiospecific
nitration of phenols13 and the carbonylation of formaldehyde.14

As a part of our ongoing efforts to develop multi-component reac-
tions to access potentially bioactive scaffolds,15 we would like to re-
port one-pot three-component reaction for the synthesis of
chromeno[3,4-b]quinoline derivatives through MIRC reaction using
condensation of aromatic aldehydes, cyclic 1,3-dicarbonyl com-
pounds and 3-aminocoumarins under reflux condition in ethanol
using p-TSA catalyst as shown in Scheme 1.
OMe

Figure 1. The naturally occurring biologically active alkaloid santiagonamine (B).
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Table 2
Scope of various substituted chromeno[3,4-b]quinoline derivativesa

Entry Aldehyde 1,3-Cyclic diketones 3-Aminocoumarin Product Time (h) Yieldb

1

CHO O

O
O O
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O
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4c
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Table 1
Optimization of reaction conditions for the synthesis of chromeno[3,4-b]quinoline derivative 4aa

Entry Catalyst Solvent Catalyst (mol %) Reaction condition Time (h) Yieldb (%)

1 p-TSA EtOH 5 Reflux 12 54
2 p-TSA EtOH 10 Reflux 12 68
3 p-TSA EtOH 20 Reflux 7 77
4 p-TSA EtOH 30 Reflux 7 78
5 p-TSA MeOH 20 Reflux 12 62
6 p-TSA CH3CN 20 Reflux 12 66
7 p-TSA H2O 20 Reflux 10 42
8 ZnCl2 EtOH 20 Reflux 12 38
9 SiO2 EtOH 20 Reflux 12 28

10 Et3N EtOH 20 Reflux 12 24
11 Piperidine EtOH 20 Reflux 12 26
12 Acetic acid EtOH 20 Reflux 24 22
13 HCl EtOH 20 Reflux 24 00
14 No catalyst n-BuOH 0 Reflux 24 00
15 p-TSA n-BuOH 20 Reflux 4.5 75

a Reaction conditions: benzaldehyde, dimedone and 3-aminocoumarin were taken in 1:1:1 ratio.
b Isolated yields.
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Scheme 1. One-pot three-component condensation reaction for the synthesis of chromeno[3,4-b]quinoline derivatives.
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Table 2 (continued)

Entry Aldehyde 1,3-Cyclic diketones 3-Aminocoumarin Product Time (h) Yieldb
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Table 2 (continued)

Entry Aldehyde 1,3-Cyclic diketones 3-Aminocoumarin Product Time (h) Yieldb
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Table 2 (continued)

Entry Aldehyde 1,3-Cyclic diketones 3-Aminocoumarin Product Time (h) Yieldb
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a Reaction conditions: aromatic aldehyde, 1,3-cyclic ketone and 3-aminocoumarin were taken in 1:1:1 ratio in presence of 20 mol % of p-TSA in ethanol under reflux
conditions.

b Isolated yields.

Figure 2. Single crystal X-ray structure 4b (CCDC 827568).
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To find the optimal conditions, a mixture of benzaldehyde
(1.0 mmol), dimedone (1 mmol) and 3-aminocoumarin (1.0 mmol)
was refluxed for 12 h in ethanol in the presence of 5 mol % p-tolu-
enesulfonic acid and it provided the desired chromeno[3,4-b]quin-
oline derivative 4a in 54% yield (Table 1, entry 1). The same
reactions were also carried out successively using 10, 20, and
30 mol % p-TSA (Table 1, entries 2–4) to afford the desired product
4a in 68%, 77%, and 78% yields, respectively. It was noted that the
yield of the product 4a did not increase significantly by increasing
the amount of catalyst from 20% to 30%. For scrutinizing the suit-
able solvent system, the similar reactions (entries 5–7) were con-
ducted in methanol, acetonitrile and water under otherwise
identical reaction conditions, respectively and the highest yields
and the shortest reaction times were obtained in ethanol. To exam-
ine the efficacy of the catalyst, several reactions were carried out in
the presence of other acidic and basic catalysts (entries 8–11),
respectively. From these observations, it seems to us that p-tolu-
enesulfonic acid (p-TSA) is an optimal catalyst. We have also exam-
ined the reactions with protic acids such as acetic acid and conc.
hydrochloric acid (entries 12 and 13). The reactions were very
sluggish and incomplete even after 24 h of refluxing when the
same reaction was carried out in presence of protic acid (Table 1,
entries 12 and 13). We presume that p-toluenesulfonic acid pro-
vides a more optimal balance between the unprotonated fraction
of amine and a protonated fraction of 1,3-diketone. The results
are summarized in Table 1. To verify the role of temperature, we
have carried out two reactions in the solvent n-butanol (bp 116–
119 �C) with and without catalyst (entries 14 and 15). It is worth-
while to mention that the same reaction was complete relatively
faster in n-butanol. Since the yield has not increased significantly
and cost of the n-butanol is higher as compared to ethanol, all
the reactions were performed in ethanol.

To explore the synthetic scope and the generality of the present
protocol,16 various reactions were performed with a wide variety
of aromatic aldehydes containing different substituents in the
aromatic ring such as Me, OMe, Cl, Br, F, and NO2 with dimedone
and 3-aminocoumarin. The reaction time and percentage yield of
the products (4b–k) are shown in Table 2 (entries 2–11). It is inter-
esting to note that the pure products of all these reactions can be
obtained just by recrystallization of the crude materials from eth-
anol by avoiding aqueous work-up and tedious column-chromato-
graphic separation.

For verifying the generality of the present approach, other
substituted 3-aminocoumarins such as 6-bromo-3-aminocouma-
rin and 6-nitro-3-aminocoumarin17 were also examined with aro-
matic aldehyde and dimedone under identical reaction conditions
to provide the desired chromeno[3,4-b]quinoline products (Table
2, entries 12–16). Furthermore, the reactions with 1,3-cyclohexadi-
one and 1,3-cyclopentadione with 3-aminocoumarin and aromatic
aldehyde were also performed (Table 2, entries 17–19). When
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Scheme 2. Proposed mechanism for the formation of products catalyzed by p-TSA.
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aliphatic aldehydes such as acetaldehyde, or butyraldehyde was
treated with cyclic 1,3-diketones and 3-aminocoumarin in the
presence of p-TSA under identical reaction conditions, the desired
product was not obtained (Table 2, entry 20). It was also noted that
the similar transformation fails while the reaction was carried out
with acyclic 1,3-diketone such as benzoylacetone.

Finally, the structure of one of the representative compounds
such as 12-(4-chlorophenyl)-9,10-dihydro-9,9-dimethyl-7H-chro-
meno[3,4-b]quinoline-6,11(8H,12H)-dione (4c) was confirmed
unambiguously by single crystal X-ray diffraction analysis (see
the Supplementary data) (Fig. 2).

The formation of the product may be explained as follows: The
first step is believed to be the condensation reaction between aro-
matic aldehyde (1) with dimedone (2) to give Knoevenagel product
A, benzylidenecyclohexane-1,3-dione,18 which can act as a suitable
Michael acceptor as shown in Scheme 2. We have also tried to iso-
late the intermediate A by performing the reaction of dimedone
and p-chlorobenzaldehyde in the presence of 10% p-TSA. But we
did not get the intermediate A. Still we may believe that the inter-
mediate A reacts with 3-aminocoumarin (3) at the position 4 of the
coumarin ring to provide reactive intermediate C, which undergoes
intra-molecular ring closure reaction followed by dehydration to
give the desired chromeno[3,4-b]quinoline 4 as shown in Pathway
A in Scheme 2. However, we did not obtain the product 5, which
may be possible by the nucleophilic attack of NH2 group of 3-
aminocoumarin to Knoevenagel adduct (A) as shown in Pathway
B. Thus in this reaction we observed selective behavior of 3-amino-
coumarin as C-nucleophile rather than acting as N-nucleophile. It
is reported by Kadutskii and Kozlov that reaction of aromatic
amines, formaldehyde, and dimedone provides spirosubstituted
piperidines,19 which we did not observe in our present study.

In conclusion, we have disclosed the synthesis of novel hetero-
cyclic compounds chromeno[3,4-b]quinoline derivatives (4a–r)
using a high-yielding one-step multicomponent Michael Initiated
Ring Closure (MIRC) reaction. It is worth mentioning that the three
new bonds (two C–C and one C–N) and one stereocenter are formed
in the course of reactions. This method is quite general which
works for a wide variety of aromatic aldehydes, cyclic 1,3-dike-
tones and different substituted 3-aminocoumarins. Shorter reac-
tion times, environmentally benign, superior atom economy, the
easy accessibility of the catalyst and its cost effectiveness, simplic-
ity of the procedure and good to excellent yields are some of the
most significant features of the present protocol. The biological
study of these compounds is under investigation and their asym-
metric synthesis will be reported in due course of time.
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