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1. Introduction 

α-Aminophosphonates have several biological activities as they are bioisosteres of α-amino 

acids. In the last few decades, heterocyclic phosphonate derivatives have also received 

an intensively growing interest.1,2 The extensive application of the family of compounds makes 

it important to synthesize new derivatives, and to improve the procedures, as well as 

the investigation of their biological activity. 

I have started my PhD work under the supervision of Dr. Erika Bálint at the Green Chemical 

and Organophosphorus Research Group at the Department of Organic Chemistry and Technology, 

at Budapest University of Technology and Economics.  

The aim of my research work was to synthesize potential biologically active nitrogen- 

((oxoisoindolinyl)phosphonates and -phosphine oxides (1), (1,2-dihydroisoquinolinyl)-

phosphonates (2) and -phosphine oxides (3), as well as (dihydropyrimidinone)phosphonates (4)), 

and oxygen heterocycles containing a phosphonate or phosphine oxide moiety 

((aminochromenyl)phosphine oxides (5) and (chromonyl-aminomethyl)phosphine oxides (6)) 

(Figure 1.). 

 

Figure 1: The target molecules 

 
1Hudson, H. R.; Kukhar, V. P. Aminophosphonic and aminophosphinic acids: chemistry and biological activity; 

Wiley: Chichester, 2000. 
2Ali, T. E.; Abdel-Kariem, S. M. ARKIVOC, 2015, 2015, 246-287. 
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Our main aim was to elaborate effective and simple methods for the preparation of the target 

derivatives via multicomponent reactions, as far as possible, in the absence of any solvent and/or 

catalyst. We aimed at a comprehensive study on the reactions, and the formation of diverse molecular 

libraries. We also wished to investigate the in vitro cytotoxicity, antibacterial and anti-inflammatory 

activity of the compounds synthesized, in cooperation. Furthermore, a phosphine oxide derivative 

was aimed to be utilized as a phosphine ligand in the synthesis of a transition metal complex. 

2. Background 

In modern organic chemistry, multicomponent reactions came into the front, where complex 

structures can be formed from simple and cheap starting materials. During my research work, 

the synthesis of the target heterocyclic phosphonate or phosphine oxide derivatives was aimed to 

be performed by three-component reactions.  

There are only a few examples regarding the synthesis of (oxoisoindolinyl)phosphonates. 

The Kabachnik−Fields reaction followed by cyclization of 2-formylbenzoic acid, aromatic amines 

and dialkyl phosphites was carried out under thermal heating or under MW conditions, in most cases, 

for long reaction times and in the presence of a solvent.3,4 The three-component reaction has not been 

performed with secondary phosphine oxides, yet. (Oxoisoindolinyl)phosphine oxides were obtained 

by multistep reactions, applying special reagents and conditions.5  

The Kabachnik−Fields reaction of 2-alkynylbenzaldehydes, aniline and dialkyl phosphites was 

carried out in the presence of different catalysts. α-Amino-(2-alkynylphenyl)-methylphosphonates 

were formed using Lewis acids as catalysts6, while (1,2-dihydroisoquinolin-1-yl)phosphonates were 

obtained in the presence of silver or copper salts, after long reaction times.7  

The Reissert-type reaction of isoquinoline, different acetylenes and secondary phosphine oxides 

was investigated in the literature, and (1,2-dihydroisoquinolin-1-yl)phosphine oxides were obtained. 

In most cases, the condensations were performed at high temperature for long reaction times, 

applying excess of the reagents.8,9 

  

 
3 Ordóñez, M.; Tibhe, G. D.; Zamudio-Medina, A.; Viveros-Ceballos, J. L Synthesis 2012, 44, 569-574. 
4 Milen, M.; Dancsó, A.; Földesi, T.; Slégel, P.; Volk, B. Tetrahedron 2016, 72, 5091-5099. 
5 Moreau, A.; Couture, A.; Deniau, E.; Grandclaudon, P. J. Org. Chem. 2004, 69, 4527-4530. 
6 Sun, W.; Ding, Q.; Sun, X.; Fan, R.; Wu, J. J. Comb. Chem. 2007, 9, 690-694. 
7 Ding, Q.; Wang, B.; Wu, J. Tetrahedron 2007, 63, 12166-12171. 
8Gusarova, N. K.; Volkov, P. A.; Ivanova, N. I.; Khrapova, K. O.; Albanov, A. I.; Afonin, A. V; Borodina, T. N.; 

Trofimov, B. A. Tetrahedron Lett. 2016, 57, 3776-3780. 
9 Trofimov, B. A.; Volkov, P. A.; Khrapova, K. O.; Telezhkin, A. A.; Ivanova, N. I.; Albanov, A. I.; Gusarova, N. K.; 

Belogolova, A. M.; Trofimov, A. B. J. Org. Chem. 2019, 84, 6244-6257. 
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The Biginelli reaction of β-ketophosphonates, benzaldehydes and urea was performed in 

the presence of a solvent and acidic catalysts at high temperature for long reaction times.10,11 Based on 

the literature data, the Biginelli reaction of β-ketophosphonates does not take place starting from 

aliphatic aldehydes.  

There is no example in the literature, for the condensation of salicylaldehydes, malononitrile and 

secondary phosphine oxides. A few publications can be found for the three-component reaction 

starting from dialkyl phosphites, where (2-amino-3-cyano-4H-chromen-4-yl)phosphonates were 

synthesized in the presence of a basic catalyst.12 

The Kabachnik−Fields reaction of 3-formylchromone derivatives primary amines and dialkyl 

phosphites was carried out at high temperature for long reaction times.13 However, the condensation 

has not been investigated starting from secondary phosphine oxides, thus there is no example for 

the synthesis of (chromonyl-aminomethyl)phosphine oxides. 

3. Experimental methods and equipment 

The MW-assisted reactions were carried out in a CEM Discover® MW reactor (300 W), 

equipped with a pressure device. The flow MW reactions were carried out in a system containing 

a CEM Flow Cell Accessory® flow cell, a CEM Discover® MW reactor (300 W), a dual HPLC 

pump, a cooler and a backpressure regulator (250 Psi = 17.2 bar). 

The products were purified by column chromatography or crystallization. The reactions were 

followed by gas chromatography (GC), high pressure liquid chromatography (HPLC) and 

31P NMR spectroscopy. The products were identified by GC-MS and/or HPLC-MS measurements, 

characterized by 31P, 13C, and 1H NMR spectroscopy, and identified by HRMS data. The crystal 

structure of a few derivatives was analysed by X-ray diffraction (XRD) measurements. 

The quantum chemical calculations were carried out using Gaussian09 software package, using 

wB97X-D/6-31G* method. 

The IC50 values for antibacterial and in vitro cytotoxicity studies were determined by 

fluorescence-based measurements. 

 
10 Essid, I. Arkivoc 2013, 2013, 98-106. 
11 Essid, I.; Lahbib, K.; Kaminsky, W.; Ben Nasr, C.; Touil, S. J. Mol. Struct. 2017, 1142, 130-138. 
12 Deshmukh, S. U.; Sangshetti, J. N.; Bhosale, S. V.; Pawar, R. P. ChemistrySelect, 2021, 6, 617-629. 
13 Lang, S. Y.; Wang, D. Z.; Cao, L. H. Phosphorus, Sulfur, Silicon Relat. Elem. 2009, 184, 2560-2568. 
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4. New scientific results 

4.1. Special Kabachnik−Fields reaction of 2-formylbenzoic acid, primary amines and 

dialkyl phosphites[1] 

First, the solvent-free MW-assisted Kabachnik−Fields reaction followed by intramolecular 

cyclization of 2-formylbenzoic acid, primary amines and dialkyl phosphites was studied and optimized 

for the synthesis of (oxoisoindolinyl)phosphonates (7) (Scheme 1.). In all, 

16 (oxoisoindolinyl)phosphonate derivatives (7) were obtained in good to high yields (70-94%). 

The mechanism of the condensation was also investigated by in situ Fourier transform infrared (FT-IR) 

spectroscopy. Furthermore, the synthesis of some (oxoisoindolinyl)phosphonates (7) was elaborated in 

a continuous flow MW system.  

 

Scheme 1: Kabachnik−Fields reaction followed by cyclization of 2-formylbenzoic acid, primary amines and dialkyl phosphites 

4.2. Special Kabachnik−Fields reaction of 2-formylbenzoic acid, primary amines and 

secondary phosphine oxides[2] 

The special Kabachnik−Fields reaction of 2-formylbenzoic acid, primary amines and secondary 

phosphine oxides was first developed by us (Scheme 2.). The condensations were complete at room 

temperature, after short reaction times. Altogether, 18 new (oxoisoindolinyl)phosphine oxides (8) 

were isolated in excellent yields (94-99%). In the biological activity investigations, 

(oxoisoindolinyl)phosphine oxides (8) containing p-tolyl, 3,5-dimethylphenyl, or 2-naphthyl groups 

on the phosphorus atom, showed promising antibacterial effect and in vitro cytotoxicity. In addition, 

an (oxoisoindolinyl)phosphine was formed by the deoxygenation of an (oxoisoindolinyl)phosphine 

oxide (8), and was utilized as a ligand in the synthesis of a platinum(II) complex. 

 

Scheme 2: Special Kabachnik−Fields reaction of 2-formylbenzoic acid, primary amines and secondary phosphine oxides 
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4.3. Kabachnik−Fields reaction of 2-alkynylbenzaldehydes, aniline and dialkyl phosphites[3] 

After that, the Kabachnik−Fields reaction of 2-alkynylbenzaldehydes, aniline and dialkyl 

phosphites was studied and optimized (Scheme 3.). Depending on the conditions, α-amino-(2-

alkynylphenyl)-methylphosphonates (9) or (1,2-dihydroisoquinolin-1-yl)phosphonates (10) can be 

selectively synthesized. An efficient procedure was developed for the preparation of α-amino-(2-

alkynylphenyl)-methylphosphonates (9) by the T3P
® (propylphosphonic anhydride)-catalyzed 

reaction under milder conditions for shorter reaction time as compared to the literature data. In all, 

7 new derivatives (9) were prepared in good yields. Applying a small excess (1.2 equivalents) of 

2-alkynylbenzaldehyde, aniline, in the presence of 5 mol% of CuCl at 60 °C after 1 h, 

(1,2-dihydroisoquinolin-1-yl)phosphonates (10) were synthesized. In contrast to the literature, we 

applied cheaper catalyst and shorter time.  

 

Scheme 3: Kabachnik−Fields reaction of 2-alkynylbenzaldehydes, aniline and dialkyl phosphites 

4.4. Reissert-type reaction of isoquinoline, dialkyl acetylenedicarboxylates and >P(O)H 

reagents 

Next, the Reissert-type reaction of isoquinoline, dialkyl acetylenedicarboxylates and secondary 

phosphine oxides or ethyl phenyl-H-phosphinate was carried out (Scheme 4.). Complete conversion 

was obtained, under milder conditions, after shorter reaction times, as compared to the literature data, 

in most cases, using equivalent quantity of reagents. Altogether, 12 (1,2-dihydroisoquinolin-1-

yl)phosphine oxide derivatives (11) were synthesized in yields of 65-85%. It was found, that 

the (1,2-dihydroisoquinolin-1-yl)phosphine oxides (11) containing large groups on the phosphorus 

atom, showed modest anticancer activity. 
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Scheme 4: Reissert-type reaction of isoquinoline, dialkyl acetylenedicarboxylates and >P(O)H reagents 

4.5. Biginelli reaction of β-ketophosphonates, aldehydes and urea derivatives[4] 

A MW-assisted new method was accomplished for the synthesis of 

(dihydropyrimidinone)phosphonates (12) by the Zn(OTf)2-catalyzed, solvent-free Biginelli reaction of 

β-ketophosphonates, substituted benzaldehydes and urea derivatives (Scheme 5.). In all, 

22 (dihydropyrimidinone)phosphonates (12) were obtained in yields of 53-81%, among them 16 are new 

compounds. In contrast with the literature procedures, our method was also suitable using aliphatic 

aldehydes in the Biginelli reaction of β-ketophosphonates, and further four new compounds (12) were 

isolated in yields of 41-43%.  

 

Scheme 5: Biginelli reaction of β-ketophosphonates, aromatic or aliphatic aldehydes and urea derivatives  

4.6. Reaction of salicylaldehyde, malononitrile and secondary phosphine oxides[5] 

The PMDTA (pentamethyldiethylenetriamine)-catalyzed condensation of salicylaldehydes, 

malononitrile and secondary phosphine oxides was accomplished, where (2-amino-3-cyano-4H-

chromen-4-yl)phosphine oxides (13) were formed at 60 °C for 15 min (Scheme 6.). In our work, 

20 (aminochromenyl)phosphine oxides (13), which form a new family of compounds, were 

synthesized in excellent (86-95%) yields. Some [bis(3,5-dimethylphenyl)](2-amino-3-cyano-4H-

chromen-4-yl)phosphine oxide derivatives (13) showed promising antibacterial activity against 

Gram positive bacteria and against HL60 cell line. 
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Scheme 6: The reaction of salicylaldehyde, malononitrile and secondary phosphine oxides 

4.7. Kabachnik−Fields reaction of 3-formyl-6-methylchromone, primary amines and 

secondary phosphine oxides 

Finally, the catalyst-free Kabachnik−Fields reaction of 3-formyl-6-methylchromone, primary 

amines and secondary phosphine oxides was studied (Scheme 7.). Based on our results, 

3-((amino)(diarylphosphoryl)methyl)-6-methyl-4H-chromen-4-ones (14) can be synthesized at 

room temperature starting from aliphatic or aromatic amines, while 3-((amino)methylene)-2-

(diarylphosphoryl)-6-methylchroman-4-one derivatives (15) were obtained ‒ as a new family of 

compounds – from aliphatic amines at higher temperature (under MW conditions, at 80 °C). Starting 

from aromatic amines, the latter derivatives (15) cannot be synthesized. In all, 7 new 

3-((amino)(diarylphosphoryl)methyl)-6-methyl-4H-chromen-4-ones (14) and 15 new 

3-((amino)methylene)-2-(diarylphosphoryl)-6-methylchroman-4-ones (15) were obtained in good or 

excellent yields. Furthermore, some 3-((amino)methylene)-2-(diarylphosphoryl)-6-methylchroman-

4-on derivatives (15) were found to be active during the in vitro cytotoxicity investigations. 

 

Scheme 7: Kabachnik−Fields reaction of 3-formyl-6-methylchromone, primary amines and secondary 

phosphine oxides 

 

To sum up, the synthesis of the target N- and O-heterocycles containing phosphonate or 

phosphine oxide moiety was elaborated successfully. During my research work, nearly 

130 derivatives were prepared and fully characterized, most of them are new compounds. According 
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to the biological activity investigations, it was found, that phosphine oxide derivatives containing 

large groups on the phosphorus atom, especially (oxoisoindolyl)phosphine oxides, 

(1,2-dihydroisoquinolinyl)phosphine oxides, (aminochromenyl)phosphine oxides and 

3-((amino)methylene)-2-(diarylphosphoryl)-6-methylchroman-4-on showed promising antibacterial 

and anticancer effects. 

5. Theses 

1. A catalyst- and solvent-free MW-assisted method was developed for the synthesis 

of (oxoisoindolyl)phosphonates by the special Kabachnik−Fields reaction of 2-formylbenzoic 

acid, primary amines and dialkyl phosphites. The condensation was also studied by in situ FT-IR 

spectroscopy. The scaling-up of the reaction was accomplished in a continuous flow MW system, 

as well.[1] 

2. The synthesis of (oxoisoindolinyl)phosphine oxides was first accomplished by the three-

component reaction of 2-formylbenzoic acid, primary amines and secondary phosphine oxides at 

room temperature for short reaction time. Altogether, 18 new derivatives were obtained in 

excellent yields. Some (oxoisoindolinyl)phosphine oxides containing p-tolyl-, 

3,5-dimethylphenyl- or naphthyl groups on the phosphorus atom showed promising 

antibacterial and anticancer activity. An (oxoisoindolinyl)phosphine was also formed by 

the deoxygenation of an (oxoisoindolinyl)phosphine oxide, and was utilized in the synthesis 

of a platinum(II) complex.[2] 

3. It was proved, that the Kabachnik−Fields reaction of 2-alkynylbenzaldehydes, aniline and 

dialkyl phosphites depended on the catalyst. Carrying out the reaction at room temperature 

in the presence of T3P
®, resulted the α-amino-(2-alkynylphenyl)-methylphosphonates, while 

(1,2-dihydroisoquinoline-1-yl)phosphonates were formed applying copper chloride as 

the catalyst under mild conditions.[3] 

4. A new and effective method was developed for the preparation of 

(1,2-dihydroisoquinolinyl)phosphine oxide derivatives by the Reissert-type reaction of 

isoquinoline, dialkyl acetylenedicarboxylates and secondary phosphine oxides or ethyl phenyl-

H-phosphinate. According to the biological activity investigations of 12 derivatives 

synthesized, it was found, that the molecules containing large groups on the phosphorus atom 

showed promising activity against the cancer cell lines. 

5. A MW-assisted solvent-free method was carried out for the synthesis of 

(dihydropyrimidinone)phosphonates by the Biginelli reaction of β-ketophosphonates, substituted 

benzaldehydes and urea derivatives. It was found, that in the Biginelli reaction of 
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β-ketophosphonates, a (dihydropyrimidinone)phosphonate derivative containing a styryl group at 

the position of six was also formed as a by-product by the aldol reaction of the product and 

the aldehyde. In contrast to the literature data, our method was also suitable for aliphatic 

aldehydes.[4] 

6. The PMDTA (pentamethyldiethylenetriamine)-catalyzed reaction of salicylaldehydes, 

malononitrile and secondary phosphine oxides was first accomplished by me. The biological 

activity of the 20 (2-amino-3-cyano-4H-chromen-4-yl)phosphine oxides synthesized was 

investigated, and derivatives containing 3,5-dimethylphenyl groups showed promising 

antibacterial and cytotoxic activity.[5] 

7. It was proved, that two different products can be formed in the catalyst-free Kabachnik−Fields 

reaction of 3-formyl-6-methylchromone, primary amines and secondary phosphine oxides. 

Carrying out the condensation at room temperature, with aliphatic or aromatic amines, 

3-((amino)(diarylphosphoryl)methyl)-6-methyl-4H-chromen-4-ones can be synthesized. 

However, applying aliphatic amines at higher temperature (80 °C), new family of compounds, 

(Z)-3-((amino)methylene)-2-(diarylphosphoryl)-6-methylchroman-4-one derivatives were 

formed. 

6. Application possibilities 

During my PhD work, I have developed generally applicable, simple, efficient methods for 

the synthesis of (oxoisoindolinyl)phosphonates and (1,2-dihydroisoquinolinyl)phosphonates 

and -phosphine oxides, (dihydropyrimidinone)phosphonates, as well as (chromonyl-

aminomethyl)phosphine oxides. New synthetic routes were developed for the preparation of 

(oxoisoindolinyl)phosphine oxides, (aminochromenyl)phosphine oxides and 

3-((amino)methylene)-2-(diarylphosphoryl)-6-methylchroman-4-ones. Moreover, the synthesis of 

(oxoisoindolinyl)phosphonates was accomplished in a continuous flow MW system. Thus, new 

family of compounds among N- and O-heterocycles containing phosphonate or phosphine oxide 

moiety were made available.  

During the biological activity investigations, we found that (oxoisoindolinyl)phosphine 

oxides, (1,2-dihydroisoquinolinyl)phosphine oxides, (aminochromenyl)phosphine oxides and 

3-((amino)methylene)-2-(diarylphosphoryl)-6-methylchroman-4-on showed promising 

antibacterial activity and in vitro cytotoxicity as compared to the commercially available drugs. 
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