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SHORT COMMUNICATION

Synthesis of isoindolinone phosphonates and their related derivatives by
multicomponent reaction

Bettina R�avai , N�ora Popovics-T�oth, �Ad�am Tajti, and Erika B�alint

Department of Organic Chemistry and Technology, Budapest University of Technology and Economics, Budapest, Hungary

ABSTRACT
An efficient catalyst-free microwave (MW)-assisted method was elaborated for the batch and con-
tinuous flow synthesis of N-alkyl-isoindolinone phosphonates by the three-component reaction of
2-formylbenzoic acid, primary amines and various dialkyl phosphites. The reaction was also
extended to various secondary phosphine oxides and primary amines, as well. In order to obtain
more information about the condensation, the reaction mechanism was also studied by in situ FT-
IR spectroscopy.

GRAPHICAL ABSTRACT

ARTICLE HISTORY
Received 29 October 2021
Accepted 25 November 2021

KEYWORDS
N-heterocycles; isoindoli-
none phosphonates;
isoindolinone phosphine
oxides; Kabachnik-Fields
reaction; continuous flow
reactor; in situ FT-IR
spectroscopy

Isoindolinone derivatives, as important compounds among
nitrogen heterocycles, are proved to be useful in a wide
range of applications in the field of medicinal chemistry.
They can be used as antibiotics, anticancer, antiarrhythmic
and anti-inflammatory drugs.[1–4]

In this work, at first, a catalyst- and solvent-free
MW-assisted method was developed for the synthesis of isoin-
dolinone phosphonates5. The Kabachnik-Fields reaction fol-
lowed by cyclization of 2-formylbenzoic acid, primary amines
(butyl-, cyclohexil- or benzylamine) and dialkyl phosphites
(dimethyl-, diethyl-, diisopropyl-, dibutyl- or dibenzyl phos-
phite) or ethyl phenyl-H-phosphinate was studied (Figure 1).
After optimization, the isoindolinone phosphonates (1–3) were
obtained at low temperature (60 �C) for short reaction times
(10–30min) and isolated in high yields (70–94%). To evaluate
the potential of the MW irradiation, the reaction of 2-formyl-
benzoic acid, primary amines and diethyl phosphite was
repeated at the optimized conditions under conventional heat-
ing, however, conversions obtained were only 84–90%.

The condensation of 2-formylbenzoic acid, butylamine
and diethyl phosphite was also investigated by in situ FT-IR
spectroscopy.[5] The reaction mixture was heated to 60 �C in
an oil bath and was reacted until completion. In the
obtained time-dependent IR spectrum, reaction components
can be identified according to their characteristic absorp-
tions (2-formylbenzoic acid: �C¼O 1756 cm�1, diethyl phos-
phite: �P–O–C 964 cm�1, �P¼O 1254 cm�1, butylamine: dC-H

1381 cm�1, dN-H 1605 cm�1, diethyl (2-butyl-3-oxo-2,3-dihy-
dro-1H-isoindol-1-yl)phosphonate �C¼O 1690 cm�1). Based
on the results, no intermediate indicating the mechanism
was detected in the reaction mixture.

The MW-assisted reaction of 2-formylbenzoic acid, pri-
mary amines (butyl-, cyclohexyl- or benzylamine) and
diethyl phosphite was further investigated in a continuous
flow MW system consisting on a CEM Discover MW
reactor equipped with a commercially available continuous
flow cell (Figure 2).[5] The condensation in ethanol was
complete, applying 1.5 equivalents of amines and diethyl
phosphite, using residence times of 30–45min, depending
on the amines. The productivity of the continuous flow
method was 1.5 to 2 times higher as compared to the
batch method.

Finally, the special Kabachnik-Fields reaction of 2-formylbenzoic
acid was also performed with various secondary phosphine oxides
(diphenyl-, bis(p-tolyl)-, bis(3,5-dimethylphenyl)-, bis(2-naph-
thyl)- or dibenzylphosphine oxide) and primary amines (butyl-,
cyclohexil-, benzylamine or aniline) (Figure 3).[6] The reactions
were efficiently carried out in the absence of any catalyst, at room
temperature for short reaction times (10–25min), in acetonitrile.
Altogether 18 derivatives (4–7) were synthesized in excellent
yields (94–99%), and all of them were new compounds.

The biological activity of the isoindolinone phosphine
oxides were investigated in in vitro cytotoxicity and antibac-
terial assays. Several 3-oxoisoindolin-1-ylphosphine oxides
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showed modest activity against human promyelocytic leuke-
mia (HL-60) cell line, furthermore, two derivatives incorpo-
rating 3,5-dimethylphenyl groups on the phosphorus atom
were also active against selected Gram-positive (Bacillus sub-
tilis) bacteria.[6]
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Figure 1. Three-component reaction of 2-formylbenzoic acid, primary amines and dialkyl phosphites.

Figure 2. Condensation of 2-formylbenzoic acid, primary amines and diethyl phosphite in a continuous flow MW system.

Figure 3. Synthesis of isoindolinone phosphine oxides.
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