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Diversity-oriented, regioselective, intramolecular annulation of b-enamino esters is described under solvent-
free, calcium-catalysis. 2-aminoaryl ketones and alkyl propiolates undergone a [4+2] annulation to yield
substituted quinolines; with an excess of alkyl propiolates, benzodiazepines were formed via a [4+2+1] annu-
lation. We also described a one-pot, 3-component synthesis of quinoline derivatives via a [4+2+2] annulation.
Interestingly, 2-aminoaryl ketones undergone a self-condensation [4+4] and gave the dibenzodiazocines.

� 2018 Elsevier Ltd. All rights reserved.
The small molecules, especially nitrogen-containing heterocyclic Initially, we planned to synthesize the quinolines and hence

compounds have been serving as viable research tools in the drug
discovery.1,2 The major class of current FDA approved drugs are
small molecules.3 Hence the pharmaceutical industries screen a
large number of small molecules in a traditional high-throughput
screening (HTS) to identify the bioactive molecules and lead com-
pounds for drug discovery.4,5 The results of HTS iterates the need
to have functionally diverse small molecules, and as a consequence,
the diversity-oriented synthesis (DOS) has emerged as a new branch
of organic synthesis, aimed to fill the chemical space with efficient
synthetic strategies.6 On the other hand, privileged molecules are
one of the important concepts in the rationale drug discovery.7 If
one can combine both the concepts together, that is a DOS to make
the libraries of privileged molecules, that could be a much more effi-
cient tool for the drug discovery than the individual strategies.

b-enamino esters are versatile intermediates in organic synthesis;
they are an integral part of many natural and synthetic bioactive
molecules.8 As depicted in Fig. 1, one can presume the b-enamino
esters as ambident substrates due to the reason that they have an
electrophilic carbon and also a nucleophilic carbon. Therefore we
designed our synthetic plan to explore the ambident reactivity of
b-enamino esters for the synthesis of quinolines and benzodi-
azepines. As part of our research aimed for the development of
new synthetic methods towards privileged molecules of medicinal
importance,9 herein we report a diversity-oriented synthesis of
nitrogen-containing privileged molecules, such as quinolines,
benzodiazepines, and dibenzodiazocines (Fig. 2).
chose 2-amniobenzophenone (1a) and ethyl propiolate (2a) as
the model substrates (Table 1).10 A mixture of 1a, 2a, and 10 mol
% of Ca(OTf)2 and Bu4NPF6 (additive) was refluxed in 1,2-DCE for
24 h to isolate the desired quinoline 3a in 52% yield (entry 1,
Table 1). Encouraged by this result, we screened few other solvents
such as acetonitrile (entry 2), ethanol (entry 3) and toluene (entry
4) to see the maximum yield of the reaction. Unfortunately, none of
them gave better results. Nevertheless, we were delighted to note
that under the solvent-free conditions quinoline 3a was isolated in
76% yield in 3 h (entry 5). We also confirmed that the combination
of catalyst and additive is necessary for the quinoline synthesis
(entries 6, 7, and 11 Table 1). Further experiments to minimize
the catalyst loadings were unsuccessful. Finally, we found that
entry-5 (Table 1) as the best condition for the synthesis of quino-
line 3a in 3 h with 76% yield.

Having the optimum condition in hand for a [4+2] annulation of
1a and 2a, we aimed to check the generality of this reaction con-
cerning the two reacting partners, i.e., 2-aminobenzophenone
and alkyne (Table 2). Under the standard conditions (Table 1, entry
5) ethyl propiolate reacted with substituted 2-aminoaryl ketones
and furnished the respective quinoline derivatives 3b-3d in good
yields. An obvious and similar reactivity was also observed with
methyl propiolate and substituted amino ketones while obtaining
the quinoline derivatives 3e-3h (Table 2) in good yields. Encour-
aged by the reactivity of terminal alkynes, we then treated the
2-amino ketones with internal alkynes, activated on both sides
and obtained the fully substituted quinolines 3i-3L. It is worth to
note that the yields of quinoline derivative with the internal-
alkynes activated on both sides were better than terminal alkynes.
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Fig. 1. Ambident reactivity of b-enamino esters.

Fig. 2. Exploing ambiden reactiviy of b-enamino esters in a diversity-oriented
approach to synthesize quinoline and benzoiazepine derivatives.

Table 1
Optimization of reaction conditions.a

Entry Catalyst (mol%) Conditionsb Yield (%)b

1 Ca(OTf)2/Bu4NPF6 (10/10) 1,2-DCE, 90 �C, 24 h 52
2 Ca(OTf)2/Bu4NPF6 (10/10) CH3CN, 90 �C, 24 h 30
3 Ca(OTf)2/Bu4NPF6 (10/10) EtOH, 90 �C, 8 h 60
4c Ca(OTf)2/Bu4NPF6 (10/10) Toluene, 110 �C, 24 h 16
5 Ca(OTf)2/Bu4NPF6 (10/10) Neat, 110 �C, 3 h 76
6 Ca(OTf)2 (10) Neat, 110 �C, 12 h 15
7 Bu4NPF6 (10) Neat, 110 �C, 12 h nr
8 Ca(OTf)2/Bu4NPF6 (5/5) Neat, 110 �C, 8 h 62
9 Ca(OTf)2/Bu4NPF6 (10/5) Neat, 110 �C, 8 h 68
10 Ca(OTf)2/Bu4NPF6 (5/10) Neat, 110 �C, 8 h 63
11 – Neat, 110 �C, 12 h nr

a 1 equiv. of 1a and 1.2 equiv. of 2a were used.
b Isolated yields.
c Optimum conditions. nr = no reaction.

Table 2
Substrate scope of calcium-catalyzed cascade synthesis of quinoline from 1-(2-
aminophenyl)ketones under solvent-free condition.

Reaction conditions: 1 equiv. of 1, 1.2 equiv. of 2, 10 mol% of Ca(OTf)2 and 10 mol%
Bu4NPF6 were heated at 110 �C for specified time.
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Ethyl 3-phenylpropiolate also participated in the intramolecular
annulation/aromatization cascade and furnished the quinolines
3m-3p in excellent yields. The reaction of 2-amino acetophenone
with dimethylacetylenedicarboxylate and ethyl propiolate was
also investigated. In this case, the reaction took relatively long time
with moderate yields of 3q and 3r (Table 2).

When we looked at the products obtained from acetylene dicar-
boxylates and 2-aminoaryl ketones (Table 2, entries 3i-3L), we
thought of a condensation reaction between these quinoline die-
sters and hydrazine. Interestingly these compounds were known
to show antibacterial activity.11 However, the reported synthesis
of these compounds was not a straightforward,11 hence we decided
to extend our two component synthesis of quinolines to a one-pot,
3-component synthesis (Scheme 1). Therefore, 2-aminoaryl
ketones were treated with Ca(OTf)2 and dimethyl acetylenedicar-
boxylate under neat conditions at 110 �C. After the formation of
Please cite this article in press as: Yaragorla S., Pareek A. Tetrahedron Lett. (20
corresponding quinoline diesters (monitored by TLC) the reaction
temperature was brought to 90 �C and then added ethanol and
hydrazine to obtain the desired tricyclic quinoline derivatives 4a-
4d in good yields as depicted in the Scheme 1.

After the suceessful substantiation of our synthetic protocol
towards synthesis of quinolines (Table 2) and tricyclic-quinoline
derivatives (Scheme 1) from 1-(2-aminophenyl)ketones, we fur-
ther elaborated the diversity of this methodology to explore the
synthesis of another privileged class of N-heterocyclic molecules,
benzodiazepines (Scheme 2).12,13 Interestingly, the [4+2+1] annu-
lation of o-phenyldiamine with ethyl propiolate (2 equiv.) was cat-
alyzed by calciumtriflate at room temperature under solvent-free
conditions to furnish the respective benzodiazepine 6a in 78%
yield. Similarly, methylpropiolate gave 6c in 71% yield. In case of
the annulation between 4-methylbenzene-1,2-diamine and ethyl
propiolate, the reaction yielded the regioisomeric benzodiazepines
18), https://doi.org/10.1016/j.tetlet.2018.01.064
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Scheme 1. Calcium (ll)-catalyzed, one-pot, 3-omponent synthesis of 10-phenyl-2,3-ihydropyridazino [4,5-b]quinoline-1,4-diones.

Scheme 2. Synthesis of benzodiazepines hrough a calcium-catalyzed [4+2+1]
annulation.

Scheme 3. Calcium catalyzed homodimerization o
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6b/6b1 in 1/0.7 ratio with a 77% combined yield.14 A similar obser-
vation was made with methyl propiolate (6d/6d1 = 1:0.8).

While synthesizing the quinolines through an intramolecular
annulation of b-enamino esters (Scheme 1), we treated 2-
aminobenzophenone and diphenyl acetylene under standard con-
ditions to get the 2,3,4-triaryl quinoline. However, the reaction
did not give the desired product but gave [1,5]-dibenzodiazceine
7a (Scheme 3). Since the alkyne is not activated, b-enamino ester
intermediate was not formed. But 2-aminobenzophenone under-
went an intermolecular condensation to yield 7a with Ca(II) under
neat conditions. A thorough literature survey suggested that owing
to the pharmacological and material applications;15 few
approaches have been developed for the synthesis of dibenzo[1,5]-
diazecines. The most common approach is the condensation of 2-
aminoaryl ketone in the presence of a suitable catalyst.16 When
compared to the existing methods, we felt that it would be useful
to develop a method under solvent-free conditions using an envi-
ronmentally benign catalyst (Ca(OTf)2). Therefore a suitable 2-ami-
noaryl ketone was heated at 110 �C in neat with 10 mol% of Ca(II)
and obtained the dibenzo[1,5]diazacines 7a-7d in good yields
(Scheme 3).
f 2-aminoaryl ketones to dibenzodiazocines.

18), https://doi.org/10.1016/j.tetlet.2018.01.064
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Scheme 4. (i) Possible mechanism for quinoline synthesis. (ii) Possible mechanism for benzodiazepine synthesis.
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The possible mechanism for the intramolecular annulation of
b-enamino esters to quinolines and benzodiazepines is described
in the Scheme 4. Initially aza-Michael addition of 2-aminoaryl
ketone and activated alkyne takes place to furnish the b-enamino
ester, where exists stereoisomerism due to the presence of
intramolecular hydrogen bonding.17 Whenever the trans isomer
activated by the Lewis acid, then an intramolecular annulation
takes place (here b-enamino ester behaves as carbon nucleophile
and adds to the carbonyl carbon), followed by a subsequent elim-
ination/aromatization results the quinoline molecule 3 (Scheme 4
(i)). Similarly, o-phenyldiamine undergoes aza-Michael addition
twice with two moles of activated alkyne to furnish the bis-
b-enaminoester. A Ca(II)-mediated intramolecular annulation
(one of the b-enamino ester acts as carbon nucleophile and adds
to another b-enamino ester via a Michael addition) yields the
benzodiazepine 6.

In summary, we have developed an efficient, diversity-oriented
approach for the synthesis of privileged-nitrogen containing hete-
rocyclic molecules such as quinolines, dihydropyridazino-quinoli-
nes, benzodiazepines and dibenzo[1,5]diazocines. All these
reactions were promoted by Ca(OTf)2 as the sustainable Lewis acid
catalyst and most of them are performed under solvent-free condi-
tions. The synthesis of quinoline derivatives and benzodiazepines
proceeded through the formation of ambident b-enamino esters
as key intermediates followed by the regioselective intramolecular
annulation. Further exploration of this ambident nature of b-enam-
ino esters is currently under progress.
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