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A new strategy is reported for the synthesis of quinolinylphosphine oxides via the Povarov reaction
between phosphorous aldimines and acetylenes. Moreover, these compounds were studied for in vitro
cytotoxicity on a human lung alveolus adenocarcinoma (A 549) cell line, demonstrating strong inhibition
of cell growth.
� 2021 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
Introduction

Cancer continues to be one of the leading causes of morbidity
and mortality in the world [1]. Cancer is defined as a broad group
of diseases which are characterized by the rapid multiplication of
abnormal cells that extend beyond their usual boundaries and
can invade adjacent parts of the body or spread to other organs,
a process known as metastasis. One of the most lethal types of can-
cer is lung cancer [2].

Quinolines are important substrates widely used in biochem-
istry, the pharmaceutical industry and in the design of new mate-
rials [3]. In this regard, the Povarov reaction [4] represents an
effective strategy for the synthesis of 6-membered nitrogen rings,
many of which possess interesting biological properties [5,6]. Ini-
tially, the Povarov reaction described the involvement of aldimines
in [4 + 2] cycloaddition reactions with electron-rich olefins in the
presence of a Lewis acid catalyst, and subsequent tautomerization
of the initial adduct into 1,2,3,4-tetrahydroquinoline derivatives
(Scheme 1). Previously, our group reported a combined theoretical
and experimental study of a Povarov type cycloaddition reaction,
suggesting that the corresponding endo-adducts are obtained
through an asynchronous concerted process, [7] favored by Lewis
acid activation with BF3�Et2O. Since then, we have prepared a num-
ber of heterocyclic compounds, with antiproliferative [8,9] and
antileishmaniasic [10,11] activities using this methodology.
More recently, our research group developed this synthetic
route with olefins for the first synthesis of a wide range of phos-
phino- and phosphine sulfide-1,2,3,4-tetrahydroquinolines and,
after subsequent selective oxidation, the corresponding quinolines
[12]. Moreover, these phosphorated compounds displayed inter-
esting biological properties [13,14].

Herein, we report the direct synthesis of aromatic diphenyl
(quinolin-8-yl)phosphine oxide derivatives via the Povarov reac-
tion using acetylenes. Moreover, the in vitro cytotoxicity of these
compounds on a human lung alveolus adenocarcinoma (A 549) cell
line has been studied.

Results and discussion

The synthesis of quinolines 6 was carried out using a modifi-
cation of the Povarov reaction, between phosphorous aldimines
3, obtained by condensation between aniline 1 and aromatic
aldehydes 2, [13] and acetylenes 4 (Scheme 2). If acetylenic com-
pounds are used as dienophiles in the Povarov reaction instead
of olefins, diphenyl(quinolin-8-yl)phosphine oxides are directly
obtained. The multicomponent approach between aniline 1,
[13] aromatic aldehydes 2 and acetylenes 4 cannot be consid-
ered, because of side-product formation due to coupling reac-
tions between the acetylenes and aldehydes as indicated in
previous work [15].

Firstly, the preparation of imines 3 was carried out via conden-
sation of aniline 1 [13] with the corresponding aldehydes 2, at
reflux in the presence of molecular sieves (MS 4 Å) under an inert
atmosphere (Scheme 2). The formation of imines 3 could be
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Scheme 1. General scheme for the Povarov reaction.

Scheme 2. Synthesis of diphenyl(quinolin-8-yl)phosphine oxides 6 and amine 7.
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detected by NMR spectroscopy; however, in order to avoid
hydrolysis, they were not purified and therefore used in situ for
subsequent reactions.

Then, diphenyl(quinolin-8-yl)phosphine oxides 6 were pre-
pared by the Povarov reaction between imines 3 and dienophiles
4, in the presence of BF3�Et2O as the Lewis acid. In order to optimize
Table 1
Diphenyl(quinolin-8-yl)phosphine oxides 6 obtained by the Povarov reaction of aldimines

Entry Compound

R1 R2

1 6a H Ph
2 6a H Ph
3 6b F Ph
4 6c CF3 Ph
5 6d OCH3 Ph
6 6e H C6H4-4-OCH3

7 6f CF3 C6H4-4-OCH3

8 6g H C10H6-6-OCH3

9 6h CF3 C10H6-6-OCH3

10 6i H C6H4-4-F
11 6j F C6H4-4-F
12 6k OCH3 C6H4-4-F
13 6l H C6H4-4-Me
14 6m F C6H4-4-Me

a Isolated yields of compound 6 from amine 1.
b Without the addition of DDQ, a stoichiometric mixture of compounds 6 and 7 was o

2

the reaction conditions, the Povarov reaction between imine 3a
derived from benzaldehyde (R1 = Ph) and phenylacetylene 4a
(R2 = Ph) as the dienophile was studied (Scheme 2, route A).

Spectroscopic analysis of the crude reaction mixture showed
the equimolecular formation of two compounds, quinoline 6a
and amine 7 (Scheme 2, route A, Table 1, entry 1) as determined
3 and acetylenes 4, and subsequent treatment with 1 equiv. of DDQ.

Reaction conditions Yield (%)a

Solvent T (�C)

toluene 111 30b

CHCl3 60 66
CHCl3 60 50
CHCl3 60 68
CHCl3 60 58
CHCl3 60 72
CHCl3 60 54
CHCl3 60 85
CHCl3 60 73
CHCl3 60 56
CHCl3 60 68
CHCl3 60 59
CHCl3 60 82
CHCl3 60 71

btained.



Fig. 1. NOESY-1D experiment for compound 6e.

A. Selas, G. Ramírez, F. Palacios et al. Tetrahedron Letters 70 (2021) 153019
by 31P NMR spectroscopy. The formation of quinoline 6 may be
explained by a regioselective [4 + 2] cycloaddition between aldi-
mine 3 and acetylenic compound 4 to give cycloadduct 5, which
subsequently undergoes oxidation to quinoline 6, with the reduc-
tion of one equivalent of imine 3 to amine 7 (Scheme 2). To avoid
the formation of by-product 7, we postulated that the addition of
an oxidant such as DDQ (2,3-dichloro-5,6-dicyano-p-benzo-
quinone) would prevent imine 3 from acting as the hydrogen
acceptor of dihydroquinoline 5.

The desired diphenyl(quinolin-8-yl)phosphine oxides 6 were
exclusively obtained in a regioselective manner via the reaction
between imines 3 and acetylenes 4 in the presence of BF3�Et2O at
reflux for 2 h, and subsequent oxidation in the presence of DDQ
at reflux for 30 min (Scheme 2, route B, Table 1) [16]. The struc-
tures of compounds 6 were assigned by 1D and 2D NMR spec-
troscopy. The regiochemistry of the obtained compounds was
supported by NOESY-1D experiments (Fig. 1, ESI). Difference
experiments (NOE), between H-5 of the quinoline ring and H-2 of
the p-methoxyphenyl substituent (2.7%) when H-5 was irradiated,
are consistent with the formation of regioisomer 6 with the meth-
oxyphenyl substituent at the 4 position of the quinoline ring
instead of the formation of the other regioisomer with the sub-
stituent at position 3 of the quinoline ring.

The scope of the reaction was extended to the formation of
diphenyl(quinolin-8-yl)phosphine oxides 6 containing electron-
donating and electron-withdrawing groups, including fluorine
and trifluoromethyl substituents on the aromatic ring. It should
be noted that several recently approved drugs contain fluorine in
their structure [17].
Table 2
Cytotoxic values of diphenyl(quinolin-8-yl)phosphine oxides 6 against the A 549 cell
line.

Entry Compound IC50 (lM)a

R1 R2

1 chlorambucil 72.78 ± 2.30
2 cisplatin 28.1
3 6a H Ph 1.21 ± 0.68b

4 6b F Ph 2.26 ± 0.21b

5 6c CF3 Ph 1.03 ± 0.16b

6 6d OCH3 Ph nd
7 6e H C6H4-4-OCH3 1.59 ± 0.39
8 6f CF3 C6H4-4-OCH3 1.93 ± 0.30
9 6g H C10H6-6-OCH3 1.37 ± 0.52
10 6h CF3 C10H6-6-OCH3 2.02 ± 0.14
11 6i H C6H4-4-F 2.59 ± 0.77
12 6j F C6H4-4-F 3.82 ± 0.42b

13 6k OCH3 C6H4-4-F nd
14 6l H C6H4-4-Me 0.11 ± 0.01b

15 6m F C6H4-4-Me 2.64 ± 0.43

a Concentration corresponding to 50% growth inhibition.b IC50 previously
reported.13 nd: Not determined.

3

The antiproliferative activity of quinolines 6 was evaluated
in vitro using alveolar adenocarcinoma cells (A 549), by means of
a colorimetric assay with CCK �8 (Cell Counting Kit-8).

As shown in Table 2, quinolines 6 show antiproliferative activity
in the culture of lung alveolar adenocarcinoma cells (A549). The
antiproliferative activity of these compounds against A549 cells
is much higher than the reference anticancer agents chlorambucil
[18] (Table 2, entry 1) or cisplatin [19] (Table 2, entry 2).

In summary, the one-pot synthesis of diphenyl(quinolin-8-yl)
phosphine oxide derivatives containing a phosphine oxide sub-
stituent can be achieved via the Povarov reaction of phosphorated
anilines, aldehydes, and acetylenes. The [4 + 2]-cycloaddition reac-
tion of imines 3with acetylenes 4 represents an excellent synthetic
strategy for the preparation of phosphorated quinolines with
regioselective control. Initially, an equimolecular mixture of quino-
line 6 and (2-(benzylamino)phenyl)diphenylphosphine oxide by-
product 7 was obtained. However, the use of DDQ as an oxidant
proved to be essential to avoid formation of by-product 7. This
approach therefore offers a new strategy for the straightforward
preparation of hybrid phosphorated quinolines, which have poten-
tial as antiproliferative agents.
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