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Abstract 9 

Several multicomponent synthetic approaches were elaborated for plenty of novel nitrogen or 10 

oxygen heterocycles containing a phosphonate or a phosphine oxide moiety. All 11 

multicomponent reactions were optimized through a model reaction in respect of the heating 12 

mode, molar ratio of the starting materials, atmosphere, catalyst, temperature, reaction time and 13 

solvent applied, and then, the extended preparation of small libraries of structurally-related 14 

compounds was performed. Most of the reactions could be considered as “green syntheses”, as 15 

they were carried out in the absence of any catalyst and/or solvent using microwave (MW) 16 

irradiation or even at ambient temperature. The scaling-up of a MW-assisted synthesis was also 17 

elaborated in a continuous flow MW system. Altogether more than 150 heterocyclic 18 

organophosphorus compounds were synthesized, among them several derivatives showed 19 

moderate or promising activity against the HL-60 cell line and Bacillus subtilis bacteria. 20 
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1. Introduction  25 

In modern synthetic chemistry, the application of efficient and simple reaction routes for 26 

the preparation of organic compounds has become more and more important. Therefore, 27 

multicomponent reactions (MCRs) attract growing interest. In MCRs, the components react 28 

with each other in a “one-pot” manner without isolation of any intermediates, which may save 29 

time and energy.[1,2] They can be considered as ideal synthetic methods due to their features, 30 

such as the quick and simple procedure, as well as energy saving and high atom efficiency.[3–5] 31 

In general, complex structures can be easily formed from inexpensive and simple starting 32 

materials by these transformations.[6–9] In addition, these properties make them suitable to create 33 



large libraries of structurally-related compounds.[10–12] MCRs especially show their importance 34 

in the synthesis of heterocycles. 35 

Heterocycles are present in human and animal organisms, as well as in plants as 36 

components of nucleic acids, sugars, enzymes, hormones, vitamins, pigments and 37 

hemoglobin.[13–17] In addition, their importance is further enhanced by many synthetic 38 

members, such as drugs, pesticides, fine chemicals and cosmetics.[18–22] In the last few decades, 39 

the multicomponent synthesis of heterocycles containing phosphonate moieties have become 40 

more and more important, due to their promising biological properties.[23,24]  41 

The aim of our research work was to synthesize potentially biologically active nitrogen 42 

heterocycles bearing a phosphonate or a phosphine oxide moiety, such as 43 

oxoisoindolinyl)phosphonates and -phosphine oxides (1), 44 

(1,2-dihydroisoquinolinyl)phosphonates and -phosphine oxides (2), 45 

(dihydropyrimidinone)phosphonates (3), (1,2,3-triazol-5-yl)phosphonates (4), as well as 46 

((1,2,3-triazol-4-yl)methyl)phosphinates and -phosphates (5) (Figure 1.). In addition, oxygen 47 

heterocycles containing a phosphonate or a phosphine oxide moiety, such as 48 

(aminochromenyl)phosphonates and -phosphine oxides (6), as well as 1-alkyl- and 1-alkoxy-49 

1H-phoshindole-1-oxides (7) were also aimed to be investigated. 50 

 51 

Figure 1: Target molecules 52 

Several derivatives containing the above-mentioned target backbones have biological 53 

effects in a wide variety of indications (Figure 2.). Some oxoisoindoline carboxylic acid (8) or 54 

carboxylic amide derivatives (9) can be found in the literature, which are anticancer or analgesic 55 



agents.[25,26] Dihydroisoquinolines are effective in a variety of indications, such as 56 

antidepressants, sedatives, antitumor (e.g., Crispine A (10) or as antibacterial drugs.[27–30] 57 

Several 3,4-dihydropyrimidin-2(1H)-one carboxylates are applied as antitumor (e.g., Monastrol 58 

(11) or Piperastrol (12)), antihypertensive, anti-inflammatory, antibacterial, antiviral or 59 

antifungal agents.[31–33] The 1,2,3-triazole derivatives (13) may have antibacterial, antiviral, 60 

antifungal, anticancer or anti-inflammatory effect.[34–36] From among O-heterocycles, 61 

4H-chromenes have various utilizations, especially in pharmaceutical industry, such as the 62 

antiallergic and antiasthmatic sodium chromoglycate (14), or in the cosmetic and dye industry, 63 

as well as in the agriculture.[37–39] 64 

 65 

Figure 2: Biological active N- and O-heterocyclic derivatives 66 

The biological activity of the phosphorylated heterocyclic compounds is less investigated; 67 

however, a few important examples can also be found (Figure 3.). For example, 3,4-68 

dihydropyrimidin-2(1H)-one phosphonates (15) have anti-inflammatory effect.[40] The 16 69 

1,2,3-triazolyl phosphonate derivative showed anti-HIV effect.[41] Some 2-amino-4H-70 

chromenylphosphonate derivatives (17) have antioxidant and anticancer activity,[42,43] and a few 71 

(chromonylaminomethyl)phosphonates (18) also showed antitumor effect.[44] While benzo[b] 72 

phospholoxide 19 is used in the optoelectronic industry, e.g. in OLEDs.[45] 73 



 74 

Figure 3: Biological active phosphorylated heterocyclic compounds 75 

Our main aim was to develop effective and simple methods for the preparation of 76 

phosphorylated N- and O-heterocyclic derivatives via multicomponent reactions, as far as 77 

possible, in the absence of any solvent and/or catalyst. We aimed at a providing comprehensive 78 

study on the reactions, and the formation of diverse molecular libraries. We also investigated the 79 

in vitro cytotoxicity and antibacterial activity of the compounds synthesized. Furthermore, a 80 

phosphine oxide derivative was aimed to be utilized as a precursor of a phosphine ligand in the 81 

synthesis of a transition metal complex. 82 

2. Multicomponent synthesis of N-heterocycles 83 

2. 1. Synthesis of (oxoisoindolin-1-yl)phosphonates 84 

A solvent- and catalyst-free MW-assisted method was developed for the for the synthesis of 85 

(oxoisoindolinyl)phosphonates by the Kabachnik−Fields reaction followed by intramolecular 86 

cyclization of 2-formylbenzoic acid, aliphatic primary amines and dialkyl phosphites. In the 87 

literature, only a few examples can be found for the condensation of 2-formylbenzoic acid, aromatic 88 

amines, amino alcohols or phenylethylamine derivatives and dialkyl phosphites. The reactions 89 

were carried out under thermal heating or under MW conditions usually for long reaction times (1-90 

5 h) and in a solvent (methanol, ethyl acetate).[46–49] In a few cases, the transformations were 91 

performed in the presence of a catalyst or an additive, such as NaH,[50] T3P
®[51] or OSU-6[52].  92 

In the first step, the reaction of 2-formylbenzoic acid, butyl-, cyclohexyl- or benzylamine 93 

and diethyl phosphite was studied and optimized in respect of the heating mode, the molar ratio of 94 

starting materials, the temperature and the reaction time.[53] After the optimization, the model 95 

reaction was extended for the preparation of further (oxoisoindolinyl)phosphonate derivatives 96 

(20−22) (Scheme 1.). Carrying out the catalyst- and solvent-free MW-assisted condensation of 97 

2-formylbenzoic acid, butylamine and dimethyl-, diethyl-, diisopropyl-, dibutyl or dibenzyl 98 



phosphite at 60 °C for 10 min, the corresponding dialkyl (2-butyl-3-oxo-2,3-dihydro-2H-99 

isoindol-1-yl)phosphonates (20a−e) were synthesized in high yields (81-94%). Starting from 100 

cyclohexylamine and various dialkyl phosphites (dimethyl-, diethyl-, diisopropyl-, dibutyl or 101 

dibenzyl phosphite), under the optimized conditions (60 °C, 30 min) five new 102 

(oxoisoindolinyl)phosphonates (21a−e) were formed in yields of 70-84%. After that, the reaction 103 

was also performed applying benzylamine as the amine component, and five (oxoisoindolin-1-104 

yl)phosphonates (22a−e) were synthesized with high yields (80-90%) at 60 °C for 20 min.  105 

Finally, the three-component reaction of 2-formylbenzoic acid, butylamine and 106 

ethyl phenyl-H-phosphinate as the P-reagent was also performed at 60 °C, for 10 min. 107 

The desired (oxoisoindolin-1-yl)phosphinate (20f) was obtained in a yield of 78%, as a mixture 108 

of diastereomers in a ratio of almost 1:1.  109 

 110 

Scheme 1: The reaction of 2-formylbenzoic acid, alkyl amines and dialkyl phosphites or 111 

ethyl phenyl-H-phosphinate 112 

The mechanism of the condensation was also investigated by in situ Fourier transform 113 

infrared (FT-IR) spectroscopy by the model rection of 2-formylbenzoic acid (FBA), butylamine 114 

(BA) and diethyl phosphite (DEP) in ethanol. At first, the signal of the solvent (ethanol) was 115 

recorded, then the starting materials were added in ten-minute intervals. In the next step, the 116 

mixture was heated to 60 °C with an oil bath, and the IR spectrum of the mixture was measured 117 

continuously. In the time-dependent IR spectrum, the characteristic absorptions of the reaction 118 

components (FBA, DEP, BA and 20b) can be seen (Figure 4.). The lactone form of FBA had 119 

a strong absorption band at νC=O = 1756 cm−1. In case of DEP, signals at 964 cm−1 (νP–O–C) and 120 

1254 cm−1 (νP=O) could be seen. Butylamine was identified by the δC-H (1381 cm−1) and δN-H 121 

(1605 cm−1) absorptions. Diethyl (2-butyl-3-oxo-2,3-dihydro-2H-isoindol-1-yl)phosphonate 122 

(20b) had a νC=O characteristic absorption at 1690 cm−1.  123 

During the measurement, the signals of the starting materials decreased, while the signal 124 

of product 20b increased, as it was expected. The signal of FBA decreased after the addition of 125 

BA, however, any signal of an intermediate, for instance an imine, did not appear. The reason 126 



for the decrease of the signal of FBA is the change of IR properties of FBA in the reaction 127 

mixture.  128 

 129 

Figure 4: The time-dependent IR spectrum of the reaction of 2-formylbenzoic acid, 130 

butylamine and diethyl phosphite in ethanol 131 

Furthermore, to increase the productivity, the synthesis of some 132 

(oxoisoindolinyl)phosphonates (20b, 21b, 22b) was elaborated in a continuous flow MW system. 133 

The equipment contained a dual HPLC pump and CEM® MW reactor with a commercially 134 

available CEM® continuous flow cell. The 2-formylbenzoic acid in ethanol (pump A) and the 135 

mixture of amines and diethyl phosphite in ethanol (pump B) were fed separately. The temperature 136 

was monitored and controlled by the IR sensor of the MW reactor. The leaving mixture was cooled 137 

down to 25 °C and was passed through a back-pressure regulator operating at 250 psi (17 bar).  138 

At first, the continuous flow reaction of 2-formylbenzoic acid, butylamine and diethyl 139 

phosphite was carried out, and it was complete with 1.5 equivalents of both amine and dialkyl 140 

phospite, at 60 °C under a residence time of 30 min (at a flow rate of 0.25 mL/min) 141 

(Table 1/Entry 1). Starting from cyclohexylamine, a longer residence time of 45 min (at a flow rate 142 

of 0.15 mL/min) was needed to obtain a complete conversion (Table 1/Entry 2). While in case of 143 

benzylamine, a residence time of 40 min (a flow rate of 0.18 mL/min) was applied, and the ratio of 144 

the (oxoisoindolinyl)phosphonate derivative (22b) was 100% (Table 1/Entry 3).  145 

The productivity of the flow method was 2.3 g/h, 1.4 g/h and 1.8 g/h in case of compounds 146 

20b, 21b, 22b, which were 1.5-2 times higher as compared to the batch method (1.8 g/h, 0.6 g/h 147 

and 1.0 g/h, respectively).  148 

 149 



 150 

Table 1: Condensation of 2-formylbenzoic acid, primary amines and diethyl phosphite under 151 

continuous flow MW conditions 152 

 153 

Entry R 
Flow rate 

[mL/min] 

 

[min] 

Conversiona 

[%] 

Yieldb 

[%] 

Productivity 

[g/h] 

Batch 

method 

Flow 

method 

1 nBu 0.25 30 100 95 (20b) 1.8 2.3 

2 cHex 0.15 45 100 86 (21b) 0.6 1.4 

3 Bn 0.18 40 100 91 (22b) 1.0 1.8 
aBased on GC. bIsolated yield. 154 

In all, 16 (oxoisoindolin-1-yl)phosphonate derivatives (20−22) were synthesized, among 155 

them, 14 were new compounds. By the catalyst- and solvent-free MW-assisted method, good 156 

results were obtained at a lower temperature for shorter reaction times compared with the 157 

literature procedures. The mechanism of the condensation was studied by in situ FT-IR 158 

spectroscopy, and experiments were successfully performed in a continuous flow MW system 159 

to increase the productivity. 160 

2. 2. Synthesis of (oxoisoindolin-1-yl)phosphine oxides 161 

Our aim was to carry out the special Kabachnik−Fields reaction of 2-formylbenzoic acid, 162 

primary amines and secondary phosphine oxides, which is a new method for the synthesis of 163 

(oxoisoindolinyl)phosphine oxides. In the literature examples, the desired compounds were 164 

formed by multistep reactions, applying special reagents and conditions and in most cases, low 165 

yields were obtained.[54–61]  166 

In our research work, the three-component condensation of 2-formylbenzoic acid, butyl-, 167 

cyclohexyl-, benzylamine or aniline and diphenylphosphine oxide was studied.[62] An efficient 168 

method was elaborated by us, where complete conversion was obtained in the absence of any 169 



catalyst, at room temperature, after short reaction times (10-20 min) in acetonitrile. 170 

The condensation was extended to various secondary phosphine oxides, such as bis(p-tolyl)-, 171 

bis(3,5-dimethylphenyl)- bis(2-naphthyl)- or dibenzylphosphine oxides (Scheme 2.). In case of 172 

dibenzylphosphine oxide, a longer reaction time of 25 min was necessary to obtain full 173 

conversion. Altogether, 18 new (oxoisoindolinyl)phosphine oxides (23−26) were isolated in 174 

excellent yields (94-99%).  175 

 176 

Scheme 2: The reaction of 2-formylbenzoic acid, primary amines and secondary phosphine oxides 177 

After that, the Kabachnik−Fields reaction of 2-formylbenzoic acid, butylamine and various 178 

P-stereogenic phosphine oxides (t-butyl(phenyl)phosphine oxide, 2-methylphenyl(phenyl)-179 

phosphine oxide, 2-methoxyphenyl(phenyl)phosphine oxide, 2-, 3- or 4-180 

trifluoromethylphenyl(phenyl)-phosphine oxide, biphenyl(phenyl)phosphine oxide or 181 

1-naphthyl(phenyl)phosphine oxide) was carried out (Scheme 3.). Applying the optimized 182 

conditions (no catalyst, at 25 °C, for 10-20 min in acetonitrile), eight (3-oxoisoindolin-1-183 

yl)phosphine oxides (27−34) were synthesized in high yields (94–98%). Due to the P-stereogenic 184 

centre on the phosphorus atom, the products (27−34) were formed as a mixture of two 185 

diastereomers. The diastereomeric ratio (dr) was close to 50:50 for most of the of the compounds 186 

(27−34) synthesized. 2-Trifluormethylphenyl-(phenyl)phosphine oxide as the P-reagent was an 187 

exception, in that case, the diastereomeric ratio was 35:65. It should be noted that the diastereomers 188 

of 1-naphthyl(phenyl) (2-butyl-3-oxo-2,3-dihydro-2H-isoindol-1-yl)phosphine oxide (34)  could be 189 

separated by column chromatography because of the bigger difference of the functional groups. 190 

 191 

Scheme 3: The reaction of 2-formylbenzoic acid, butylamine and P-stereogenic secondary 192 

phosphine oxides 193 



One of the (oxoisoindolinyl)phosphine oxide (23a) was reduced to an 194 

(oxoisoindolinyl)phosphine (35), which was utilized as a phosphine ligand in the synthesis of 195 

a platinum(II) complex (36) (Scheme 4.). In the first step, the deoxygenation of diphenyl 196 

(2-butyl-3-oxo-2,3-dihydro-2H-isoindol-1-yl)phosphine oxide (23a) was performed with 197 

phenyl silane (PhSiH3) as the reducing agent. The reaction was carried out under inert 198 

atmosphere, applying MW irradiation at 140 °C for 6 h. The phosphine derivative (35) was 199 

not isolated, but it was further reacted with 0.5 equiv. of dichlorodibenzonitrile platinum(II) 200 

(Pt(PhCN)2Cl2) precursor at 25 °C in dichloromethane. The monodentate platinum(II) 201 

complex (36) was isolated by column chromatography in a yield of 80%. 202 

The complex (36) was formed in a relative configuration of trans, based on platinum-203 

phosphorus coupling constant (1JPt-P) in the 31P NMR spectra. It is known in the literature that 204 

the 1JPt-P between 3400 to 3600 Hz suggests cis complexes, while the 1JPt-P coupling constant 205 

is 2500-3000 Hz in case of trans arrangements.[63] In our case, the 1JPt-P coupling constant was 206 

2519 Hz. The relative orientation of the trans-36 platinum(II) complex was also confirmed 207 

by X-ray diffraction measurements. 208 

In addition, it was observed in the 31P NMR spectrum that the central signal consisted 209 

of two very close peaks in a ratio of nearly 1:1. This can be explained by the chirality centre 210 

on the oxoisoindoline ring, which caused the formation of the complex (trans-36) as a mixture 211 

of homo- and heterochiral diastereomers.  212 

 213 

Scheme 4: Deoxygenation of (oxoisoindolinyl)phosphine oxide (23a) and formation of 214 

platinum(II) complex ((trans)-36) 215 

To conclude, an efficient, simple, one-pot method was developed for the synthesis of 216 

(oxoisoindolinyl)phosphine oxides by the Kabachnik−Fields reaction followed by intramolecular 217 

cyclization of 2-formylbenzoic acid, primary amines and secondary phosphine oxides. 218 

The condensation was extended to P-stereogenic secondary phosphine oxides, as well. In all, 219 

26 (3-oxoisoindolin-1-yl)phosphine oxide derivatives (23−34) could be synthesized in excellent 220 



yields at room temperature after short reaction times (10-60 min). After deoxygenation, 221 

diphenyl (2-butyl-3-oxo-2,3-dihydro-2H-isoindol-1-yl)phosphine oxide (23a) was utilized in 222 

the synthesis of a platinum(II) complex ((trans)-36).  223 

2. 3. Synthesis of (dihydroisoquinolin-1-yl)phosphonates and α-amino-(2-alkynylphenyl)-224 

methylphosphonates 225 

In the literature, the Kabachnik−Fields reaction of 2-alkynylbenzaldehydes, primary 226 

amines and dialkyl phosphites was carried out in the presence of various catalysts. α-Amino-227 

(2-alkynylphenyl)-methylphosphonates were prepared at room temperature or at 60 °C after 4 h 228 

in 1,2-dichloroethane, using magnesium perchlorate (Mg(OCl4)2) or Lewis acids (FeCl3, 229 

In(OTf)3, Bi(OTf)3, Yb(OTf)3) as catalysts.[64,65] However, (1,2-dihydroisoquinolin-1-230 

yl)phosphonates were obtained in the presence of a silver or a copper salt (AgOTf or CuI) in 231 

ethanol or in 1,2-dichloroethane at 60 °C for 4-6 h.[64,65] Under ultrasonic conditions, a 232 

surfactant-type copper catalyst (C12H25SO3Na and CuSO4) was used in water.[66] In another 233 

example, the condensation was performed applying a chiral spirocyclic phosphonic acid as a 234 

chiral additive, and the optically active (dihydroisoquinolinyl)phosphonates were obtained 235 

at −10 °C after 3 days.[67] (Dihydroisoquinolinyl)phosphonates were also synthesized by a ring-236 

closure method, starting from α-amino-(2-alkynylphenyl)-methylphosphonates in the presence 237 

of silver triflate (AgOTf).[68] 238 

In our research work, the Kabachnik−Fields reaction of 2-alkynylbenzaldehydes, aniline 239 

and dialkyl phosphites was studied and optimized in respect of the molar ratio of the starting 240 

materials, the temperature, the reaction time, the additive or catalyst and the solvent.[69] Based 241 

on our results, depending on the conditions, α-amino-(2-alkynylphenyl)-methylphosphonates 242 

(37−43) or (1,2-dihydroisoquinolin-1-yl)phosphonates (44−50) could be synthesized 243 

selectively. An efficient procedure was developed for the preparation of α-amino-(2-244 

alkynylphenyl)-methylphosphonates (37−43) at room temperature for 1 h in the presence of 245 

T3P
® (propylphosphonic anhydride) as an additive (Scheme 5.). Then, the model reaction was 246 

extended to different alkinylbenzaldehydes (2-(phenylethynyl)-, (2-(p-tolylethynyl)-, 4-fluoro-247 

2-(p-tolylethynyl)-, 2-((4-methoxyphenyl)ethynyl)- and 2-((4-chlorophenyl)ethynyl)-248 

benzaldehyde), as well as dialkyl phosphites (diethyl-, dibutyl- and dibenzyl phosphite), and 249 

seven new derivatives (37−43) were prepared in yields of 87-98%.  250 



 251 

Scheme 5: T3P
®-mediated Kabachnik−Fields reaction of 2-alkynylbenzaldehydes, aniline and  252 

dialkyl phosphites 253 

The condensation may take place through an imine intermediate, which may form by the 254 

reaction of 2-alkinylbenzaldehyde and aniline. The role of the T3P
® is promoting dehydration. 255 

After the addition of the phosphorus reagent to the double bond of the intermediate, the 256 

α-amino-(2-alkynylphenyl)-methylphosphonates (37−43) are formed. 257 

Performing the three-component reaction at 60 °C for 1 h, in the presence of 5 mol% of 258 

copper chloride (CuCl) as a catalyst, and measuring 2-alkynylbenzaldehyde and aniline in a 259 

small excess (1.2 equiv.), (1,2-dihydroisoquinolin-1-yl)phosphonates (44−50) were synthesized 260 

selectively (Scheme 6.). After the optimization, by changing the 2-alkynylbenzaldehydes and 261 

dialkyl phosphites, seven new (dihydroisoquinolin-1-yl)phosphonates (44−50) were prepared 262 

in good to high yields (79-86%). In contrast to the literature, in our method, we applied a 263 

cheaper catalyst and shorter reaction time.  264 

 265 

Scheme 6: CuCl-catalyzed Kabachnik−Fields reaction of 2-alkynylbenzaldehydes, aniline and 266 

dialkyl phosphites 267 



The first step of the formation of (1,2-dihydroisoquinoline)phosphonates (44−50) is the 268 

CuCl-catalyzed Kabachnik−Fields reaction of 2-alkynylbenzaldehydes, aniline and dialkyl 269 

phosphites. After that, the catalyst interacts with the triple bond of the α-amino-(2-270 

alkynylphenyl)-methylphosphonates (37−43), which makes the intramolecular nucleophile 271 

attack possible by the amino group, causing the ring closure step. 272 

Altogether seven new α-amino-(2-alkynylphenyl)-methylphosphonates (37−43) were 273 

prepared in a shorter reaction time (1 h) under milder conditions (25 °C) by the T3P
®-mediated 274 

process developed by us as compared to the literature methods, which were carried out in the 275 

presence of Mg(OCl4)2 or Lewis acids for long reaction times. Furthermore, seven new (1,2-276 

dihydroisoquinolin-1-yl)phosphonates (44−50) were also synthesized using a small excess 277 

(1.2 equiv.) of alkynylbenzaldehyde and amine, in acetonitrile instead of a halogenated solvent 278 

(1,2-dichloroethane) in a shorter reaction time (1 h instead of 4-6 hours) using a cheaper catalyst 279 

(CuCl), than in the literature.  280 

2. 4. Synthesis of (dihydroisoquinolin-1-yl)phosphine oxides 281 

The Reissert-type reaction of isoquinoline, different acetylenes and secondary phosphine 282 

oxides or phosphine sulfides for the synthesis of (1,2-dihydroisoquinolin-1-yl)phosphine oxide 283 

derivatives was studied in the literature, however, only in two cases.[70,71] The condensations were 284 

performed at high temperature (70-72 °C) for long reaction times (1.5-12 h), applying 1.1-1.5 285 

equiv. excess of isoquinoline and acetylenes. However, starting from acylphenylacetylenes, 286 

longer reaction times (45-72 h) were used.[71] 287 

In two other examples, the Reissert-type reaction was performed with dialkyl phosphites in 288 

the absence of any catalyst and solvent at room temperature for 2-4 h.[72,73] The 289 

(1,2-dihydroisoquinolin-1-yl)phosphonates were obtained in yields of 52-90%. 290 

The Reissert-type reaction of isoquinoline, diethyl acetylenedicarboxylate and 291 

diphenylphosphine oxide was investigated, and the effect of the solvent, catalyst, temperature and 292 

reaction time was investigated.[74] A complete conversion was obtained using equivalent amount 293 

of the starting materials in acetonitrile, at room temperature after 10 min. Under the optimized 294 

conditions, the condensation of isoquinoline, dimethyl or diethyl acetylenedicarboxylate and 295 

diphenyl-, bis(p-tolyl)-, bis(3,5-dimethylphenyl)phosphine oxide or ethyl phenyl-H-phosphinate 296 

was performed, and eight (1,2-dihydroisoquinolin-1-yl)phosphine oxide derivatives (51 and 52) 297 

were formed in yields of 65-85% (Scheme 7.). In case of ethyl phenyl-H-phosphinate, the desired 298 

dialkyl (E)-2-[1-(ethoxy(phenyl)phosphoryl)isoquinolin-2(1H)-yl]maleate derivatives (51f and 299 

52f) were obtained as a mixture of diastereomers in a ratio of 60:40. 300 



Starting from dibenzyl-, or di(2-naphthyl)phosphine oxides as the P-reagent, a small excess 301 

(1.2 equiv.) of isoquinoline and dialkyl acetylenedicarboxylate, as well as somewhat longer 302 

reaction time (1 h) were applied to obtain complete conversion. Thus, further four new 303 

(1,2-dihydroisoquinolin-1-yl)phosphine oxides (51d,e and 52d,e) were synthesized in yields of 304 

70-73%.  305 

 306 

Scheme 7: Reissert-type reaction of isoquinoline, dilakyl acetylenedicarboxylates, and 307 

secondary phosphine oxides or ethyl phenyl-H-phosphinate 308 

The mechanism of the formation of (1,2-dihydroisoquinolin-1-yl)phosphine oxides (51 and 309 

52) can be explained by the nucleophile addition of isoquinoline to dilakyl 310 

acetylenedicarboxylates, forming a zwitterion intermediate. Then the products (51 and 52) are 311 

formed after the reaction of the intermediate with the P-reagent. 312 

In summary, an efficient, rapid process was developed for the synthesis of 313 

(dihydroisoquinoline)phosphine oxides (51 and 52) by the Reissert-type reaction of 314 

isoquinoline, dilakyl acetylenedicarboxylates and secondary phosphine oxides or ethyl phenyl-315 

H-phosphinate. As compared to the literature, a complete conversion was obtained in shorter 316 

reaction time (10 min instead of 1.5-72 h) and in most cases, without the excess (1.1-1.5 317 

equivalents) of isoquinoline and acetylene. In all 12 dialkyl (E)-2-[1-(phosphoryl)isoquinolin-318 

2(1H)-yl]maleate derivatives (51 and 52) were synthesized, among them 11 compounds were 319 

new. 320 

2. 5. Synthesis of (dihydropyrimidinone)phosphonates 321 

Only a few examples can be found in the literature for the Biginelli reaction of 322 

β-ketophosphonates, aldehydes and urea. In one example, the condensation was performed in the 323 

presence of 15 mol% of zinc triflate (Zn(OTf)2) in toluene, at high temperature (110 °C) for 3 h.[40] 324 

In another case, 50 mol% of p-toluenesulfonic acid (PTSA) was used as a catalyst in boiling 325 

acetonitrile for longer reaction time (24 h).[75] Finally, the condensation was performed with 326 

ytterbium triflate (Yb(OTf)3) in toluene, at reflux temperature for 12 h.[76]
 In all cases, urea was 327 



used in excess. Based on the literature data, the Biginelli reaction of β-ketophosphonates does not take 328 

place starting from aliphatic aldehydes.  329 

The Biginelli reaction of diethyl (2-oxopropyl)phosphonate, benzaldehyde and urea was 330 

studied by us.[77] The conditions (heating mode, temperature, reaction time, molar ratio of the starting 331 

materials, catalyst and solvent) were changed to maximize the conversion. Based on our results, a new 332 

solvent-free MW-assisted method was developed for the synthesis of 333 

(dihydropyrimidinone)phosphonates (53−57) by the Zn(OTf)2-catalyzed Biginelli reaction. During 334 

optimization, it was found that besides starting materials and the desired 335 

(dihydropyrimidinone)phosphonate (53a), a by-product containing a styryl group at position of 336 

six was also in the reaction mixture, which could be formed by the aldol condensation of the product 337 

(53a) and benzaldehyde. Using 1.5 equiv. of benzaldehyde and 2 equiv. of urea for the MW-assisted 338 

Biginelli reaction of diethyl (2-oxopropyl)phosphonate in the presence of 15 mol% of  Zn(OTf)2 at 339 

100 °C for 2 h were found to be the optimal parameters. After that, the condensation was carried out 340 

with different β-ketophosphonates (dimethyl or diethyl (2-oxopropyl)phosphonate), substituted 341 

benzaldehydes (benzaldehyde, 2-chlorobenzaldehyde, 3-chlorobenzaldehyde, 342 

4-chlorobenzaldehyde, 4-fluorobenzaldehyde, 2-fluoro-4-iodobenzaldehyde, 343 

3-methylbenzaldehyde, 4-hydroxyben-zaldehyde, 4-nitrobenzaldehyde, 344 

3,4,5-trimethoxybenzaldehyde) and urea derivatives (urea or N-methylurea) (Scheme 8.). In all 345 

20 (dihydropyrimidinone)phosphonates (53 and 54) were obtained in yields of 53-81% after column 346 

chromatography, and among them, 14 were new derivatives in the literature.  347 

 348 

Scheme 8: Biginelli reaction of β-ketophosphonates, substituted benzaldehydes and urea  349 

Starting from N-methylurea, dimethyl or diethyl (2-oxopropyl)phosphonate and 350 

benzaldehyde, further two new compounds were prepared in a slightly lower yields (Scheme 9.). 351 



 352 

Scheme 9: Biginelli reaction of β-ketophosphonates, benzaldehyde and N-methylurea  353 

In contrast with the literature procedures, our method was also suitable using aliphatic 354 

aldehydes in the Biginelli reaction of β-ketophosphonates (Scheme 10.). The condensation of 355 

dimethyl or diethyl (2-oxopropyl)phosphonate, butyraldehyde or isovaleraldehyde and urea was 356 

accomplished successfully, and further four new compounds (56, 57) were isolated in yields of 357 

41-43%.  358 

 359 

Scheme 10: Biginelli reaction of β-ketophosphonates, aliphatic aldehydes and urea 360 

In counclusion, a new solvent-free MW-assisted process was elaborated for the preparation of 361 

(3,4-dihydropyrimidin-2-(1H)-one)phosphonates (53−57) by the Biginelli reaction of 362 

β-ketophosphonates, substituted benzaldehydes and urea derivatives. As compared to the literature 363 

examples, the desired compounds (53−57) could be obtained in shorter reaction time (2 hours instead 364 

of 3-24 hours) without solvent. The condensation was also successfully performed starting from 365 

aliphatic aldehydes. In our research work, a molecular library of 366 

26 (dihydropyrimidinone)phosphonate derivatives (53−57) were created, from which 20 compounds 367 

were new. 368 

2. 6. Synthesis of (1,2,3-triazol-5-yl)phosphonates 369 

In the literature, the 1,3-dipolar cycloaddition of azides and alkynyl phosphonates is the 370 

most common way for the synthesis of (1,2,3-triazol-5-yl)phosphonates, however, in most 371 

cases, the reaction was not selective, since (1,2,3-triazol-4-yl)phosphonates were also obtained 372 

besides (1,2,3-triazol-5-yl)phosphonates.  373 



In three cases, the reactions were carried out in the absence of any catalyst, in different 374 

solvents, such as toluene,[78] diethyl ether[79] or water[80]. In refluxing toluene, the cycloaddition 375 

of ethyl (diethoxyphosphinyl)propynoate and methyl azidoacetate was performed.[78] 376 

Trifluoromethylated triazolylphosphonates were synthesized in diethyl ether by the reaction of 377 

t-butyl azidoacetate to diisopropyl (3,3,3-trifluoroprop-1-ynyl)phosphonate at room 378 

temperature for long reaction time (20 h).[79] When the click reaction of a phosphorylalkyl azide 379 

and tetramethoxy acetylenediphosphonate was performed at room temperature for 36 h in 380 

water, the desired product was obtained in a high yield.[80] The reaction time could be reduced 381 

to 2 h at a higher temperature of 60 °C with the same yield. Next, the cycloaddition of benzyl 382 

azide and diethyl ethynylphosphonate derivatives was performed applying copper(II) sulfate 383 

pentahydrate (CuSO4*5H2O) and sodium ascorbate as a catalyst in DMF at 170 °C for 12 h.[81] 384 

The desired 1,2,3-triazol-5-yl-phosphonates were formed selectively, and were obtained in 385 

good to high yields (83-92%). Finally, a MW-assisted solvent- and catalyst-free method was 386 

also published, where the ratio of the (1,2,3-triazol-4-yl)phosphonate and the (1,2,3-triazol-5-387 

yl)phosphonate derivative was 34:66.[82] 388 

In the literature, there is only one example regarding the domino synthesis of 389 

(1,2,3-triazol-5-yl)phosphonates.[83] The condensation of azides, terminal alkynes, and various 390 

dialkyl phosphites was performed using copper chloride (CuCl) as a catalyst in acetonitrile at 391 

room temperature for 20 h under air atmosphere.  392 

In our work, the synthesis of (1,2,3-triazol-5-yl)phosphonates (58−65) was optimized 393 

through the three-component reaction of phenylacetylene, benzyl azide and dibutyl phosphite 394 

in respect of the catalyst, base, solvent, molar ratio of the starting materials, atmosphere, 395 

temperature, as well as the reaction time.[84] The best result was obtained using 1.1 equiv. of 396 

the azide derivative, 2 equiv. of dialkyl phosphite in the presence of 10 mol% of CuCl and 397 

2 equiv. of triethylamine (TEA) in acetonitrile at room temperature after 8 h, using continuous 398 

air bubbling. During the optimization, the reaction mixtures contained two triazole derivatives. 399 

One of them was the desired (1,2,3-triazol-5-yl)phosphonate and the other compound was the 400 

product of the click reaction of phenylacetylene and benzyl azide. 401 

After the optimization, the CuCl-catalyzed domino reaction of phenylacetylene, benzyl 402 

azide and dibutyl phosphite was extended to various benzyl azides (benzyl-, 4-methylbenzyl, 403 

2-fluorobenzyl, 3-fluorobenzyl-, 4-fluorobenzyl- or 4-(trifluoromethyl)benzyl azide) and 404 

dialkyl phosphites (dimethyl-, diethyl-, dipropyl-, diisopropyl-, dibutyl- or dipentyl phosphite) 405 

(Scheme 11.). After column chromatography, 13 (1,2,3-triazol-5-yl)phosphonate derivatives 406 

(58−63) were obtained in yields of 30-62%, from which 11 were new compounds.  407 



Next, the domino reaction was also carried out starting from aliphatic azides (octyl or 408 

i-octyl azide), phenylacetylene and different dialkyl phosphites (dimethyl-, diethyl- or dibutyl 409 

phosphite) under the optimized conditions (with 10 mol% of CuCl and 2 equiv. of TEA at room 410 

temperature for 8 h, in acetonitrile). Further four new (1,2,3-triazol-5-yl)phosphonates (64 and 411 

65) were synthesized in yields of 58% and 28%, respectively. 412 

 413 

Scheme 11: Synthesis of (1,2,3-triazolyl)phosphonates (58−65) by CuCl-catalyzed domino 414 

reaction 415 

The synthesis of (1,2,3-triazol-5-yl)phosphonates (58−65) was efficiently performed by 416 

the three-component domino reaction of phenylacetylene, various azides and dialkyl phosphites 417 

in the presence of CuCl and TEA. In all, 17 (1,2,3-triazol-5-yl)phosphonate (58−65) derivatives 418 

were synthesized in good yields, among them 15 were new compounds. 419 

2. 7. Synthesis of [(1,2,3-triazol-4-yl)methyl]phosphinates and [(1,2,3-triazol-4-420 

yl)methyl]phosphates 421 

The synthesis of (1,2,3-triazol-4-yl)phosphonates can be performed by the 422 

Cu(I)-catalyzed 1,3-dipolar (Huisgen) cycloaddition - also known as the click reaction - of 423 

azides and phosphorylated alkynes.[85,86] 424 

By the click reaction of benzyl azide and ethyl ethynylphosphonate, 1,2,3-triazolyl-4-425 

phosphonate and 1,2,3-triazolyl-5-phosphonate were synthesized without catalyst in toluene at 426 

reflux temperature.[87] In two cases, triazoles containing bisphosphonate unit were obtained by 427 

the 1,3-dipolar cycloaddition of organic azides and propargyl-substituted bisphosphonates at 428 

room temperature after long reaction times (24-68 h).[88,89] In one case, the reaction was carried 429 

out in the presence of copper iodide (CuI) as a catalyst and N,N-diisopropylethylamine (DIPEA) 430 

as a base, in THF.[88] In another example, copper(II) sulfate pentahydrate (CuSO4*5 H2O) and 431 

sodium ascorbate was used as a catalyst, and the solvent was the mixture of t-butyl alcohol and 432 

water.[89] The click reaction of azides and ethynyl or propargyl-substituted phosphonates was 433 

carried out with CuSO4*5 H2O and sodium ascorbate and α-CF3-α-aminophosphonates 434 



containing triazole unit were formed in yields of 38-92%.[90] A triazole-functionalized 435 

phosphate flame-retardant monomer was synthesized by the cycloaddition of 2-azidoethanol 436 

and triprop-2-ynyl phosphate at 85 °C for 12 h in toluene.[91] 437 

In our research work, we aimed at the study of the Cu(I)-catalyzed click reaction of 438 

propynyl phosphinates, propynyl phosphates – which were prepared by esterification of 439 

the corresponding phosphinic acid – and organic azides.[92] At first, the parameters (heating 440 

mode, temperature, reaction time and load of the catalyst) of the click reaction of benzyl azide 441 

and prop-2-ynyl diphenylphosphinate were investigated in the presence of copper(II) sulfate 442 

pentahydrate (CuSO4*5 H2O) and sodium ascorbate in the mixture of t-butyl alcohol and water 443 

(4:1). The optimal conditions were 3 mol% of CuSO4*5H2O, 5 mol% of sodium ascorbate and 444 

60 °C for 10 min. In the next step, the cycloaddition of benzyl-, 4-methylbenzyl, 445 

2-fluorobenzyl, 3-fluorobenzyl-, 4-fluorobenzyl or 4-(trifluoromethyl)benzyl, octyl-, i-octyl-, 446 

cyclohexyl- or phenyl azide and prop-2-ynyl diphenylphosphinate were performed, and 10 new 447 

(1,2,3-triazol-4-yl)methyl diphenylphosphinate derivatives (66a−j) were isolated in yields of 448 

63-91% (Scheme 12.). 449 

 450 

Scheme 12: Synthesis of (1,2,3-triazol-4-yl)methyl diphenylphosphinates (66a−j)  451 

by click reaction 452 

Carrying out the click reaction of azides mentioned above with diethyl prop-2-ynyl 453 

phosphate, the conversion was not complete under the optimized conditions found earlier 454 

(60 °C, after 10 min) (Scheme 13.). In this case, a slightly longer reaction time (30 min) had to 455 

be used. In all, 10 new (1H-1,2,3-triazol-4-yl)methyl diethyl phosphates (67a−j) were 456 

synthesized in yields of 51-75%.  457 

 458 



Scheme 13: Synthesis of (1,2,3-triazol-4-yl)methyl diethyl phosphates (67a−j)  459 

by click reaction 460 

To sum up, a simple, fast and efficient method was developed for the synthesis of (1H-461 

1,2,3-triazol-4-yl)methyl phosphinates (66a−j) and (1H-1,2,3-triazol-4-yl)methyl diethyl 462 

phosphates (67a−j) by the cycloaddition of azides and prop-2-ynyl phosphinate or diethyl prop-463 

2-ynyl phosphate. The target compounds were prepared in the presence of CuSO4*5H2O and 464 

sodium ascorbate under mild conditions (60 °C) after short reaction times (10-30 min). In all, 465 

20 novel derivatives (66 and 67) were synthesized. 466 

3. Synthesis of O-heterocycles 467 

3. 1. Synthesis of (2-amino-3-cyano-4H-chromen-4-yl)phosphonates and -phosphine oxides 468 

A few publications can be found for the three-component synthesis of (2-amino-3-cyano-469 

4H-chromen-4-yl)phosphonates starting from salicylaldehydes, malononitrile and dialkyl 470 

phosphites or trialkyl phosphites. In most cases, the reactions were performed in the presence of 471 

a basic catalyst and solvent. The condensations were carried out with diethylamine,[93] 472 

dibutylamine,[43] triethylamine,[94] dimethylaminopyridine,[95] imidazole,[96] ethylenediamine 473 

diacetate,[97] lithium hydroxide,[96] potassium phosphate,[98] magnesium oxide[99] or indium 474 

chloride[100] in ethanol, or with iron oxide,[101] iodine[42] or β-cyclodextrin[102] in water. A few 475 

examples can be found for the use of special solvents, such as polyethylene glycol,[103] ionic 476 

liquids[104] or the mixture of urea and choline chloride[105]. In four cases, the reactions were carried 477 

out without solvents, however, special catalysts (silica-bonded 2-HEAA-3 catalyst,[106] ZnO 478 

nano-rods,[107] iodine[108]) or a simple catalyst in a large excess (3.5 equiv. of 479 

tetramethylguanidine)[109] was needed. In the literature, there is no example for the condensation 480 

of salicylaldehydes, malononitrile and secondary phosphine oxides. 481 

The condensation of salicylaldehydes, malononitrile and dialkyl phosphites was studied 482 

through a model reaction.[110] The effect of various basic catalysts, solvent, temperature and 483 

reaction time was investigated. Based on our results, pentamethyldiethylenetriamine (PMDTA) 484 

was the most effective among the bases. A complete conversion was achieved with 10 mol% 485 

PMDTA in the absence of any solvent at 60-80 °C after 15-30 min (Scheme 14.). A total of 18 486 

(2-amino-3-cyano-4H-chromen-4-yl)phosphonate derivatives (68−73) were synthesized in yields 487 

of 70-96%, of which 13 were new compounds. The products were isolated from the reaction 488 

mixture by a simple filtration. Starting from ethyl phenyl-H-phosphinate as the phosphorus 489 



reagent, the desired (aminochromenyl)phosphinate (68f) was obtained in a yield of 86%, as a 490 

mixture of diastereomers in a ratio of 1:1.  491 

 492 

Scheme 14: PMDTA-catalyzed reaction of salicylaldehydes, malononitrile and dialkyl 493 

phosphites 494 

The crystal structures of dibutyl (2-amino-3-cyano-4H-chromen-4-yl)phosphonate (68d) 495 

and dibenzyl (2-amino-3-cyano-8-ethoxy-4H-chromen-4-yl)phosphonate (72e) were 496 

determined by X-ray diffraction (XRD), as well (Figure 5.). In both derivatives (68d and 72e), 497 

an intermolecular N–H···O=P hydrogen bonding between the amino group and the phosphonate 498 

oxygen atom was found. However, the amino group as a hydrogen bond donor was observed to 499 

be involved in the formation of two interactions in case of the butyl ester (68d). The other 500 

interaction was a centrosymmetric N–H···N hydrogen bond with the cyano group. Due to these 501 

interactions, hydrogen-bonded layers were formed. In the benzyl ester (72e), besides the 502 

centrosymmetric N–H···O=P interactions, centrosymmetric C–H···N interactions between the 503 

chromenyl ring and the cyano group of two adjacent molecules are present, resulting in the 504 

hydrogen-bonded chain. 505 

 

 

 
 



Figure 5: The crystal structure of 68d and 72e (2-amino-3-cyano-4H-chromen-4-506 

yl)phosphonates 507 

According to the proposed mechanism of the formation of (2-amino-3-cyano-4H-chromen-508 

4-yl)phosphonates (68−73), at first, the Knoevenagel condensation of the salicylaldehyde and 509 

malononitrile takes place. Next, iminocoumarine is formed by the intramolecular Pinner-like 510 

reaction from the 2-(2-hydroxybenzylidene)malononitrile intermediate. Finally, the phospha-511 

Michael addition of dialkyl phosphites leads to (2-amino-3-cyano-4H-chromen-4-512 

yl)phosphonates (68−73). 513 

The PMDTA-catalyzed condensation of salicylaldehydes (salicylaldehyde or 5-fluoro-, 514 

2-chloro-, 3-bromo-, or 3-ethoxysalicylaldehyde), malononitrile and P-reagents was extended to 515 

secondary phosphine oxides (such as diphenyl-, bis(p-tolyl)-, bis(3,5-dimethylphenyl)- or 516 

bis(2-naphthyl)phosphine oxides), as well. A new family of compounds, (2-amino-3-cyano-4H-517 

chromen-4-yl)phosphine oxides (74−78) were formed with 5 mol% PMDTA at 60 °C after 518 

15 min, in acetonitrile (Scheme 15.). In our work, 20 new (aminochromenyl)phosphine oxides 519 

(74−78) were synthesized in excellent (86-95%) yields.  520 

 521 

Scheme 15: PMDTA-catalyzed reaction of salicylaldehydes, malononitrile and secondary 522 

phosphine oxides 523 

Single crystals were also grown from three derivatives (74a−c) in acetonitrile and their 524 

structures were investigated by XRD. Based on our results, an intermolecular N - H ··· O = P 525 

hydrogen bond is formed between the amino group and the phosphine oxide side chain. 526 

Furthermore, the amino group is involved in a centrosymmetric N–H···N interaction with the 527 

cyano group of the adjacent molecule. In case of (diphenyl)(2-amino-3-cyano-4H-chromen-4-528 

yl)phosphine oxide (74a) and [bis(3,5-dimethylphenyl)](2-amino-3-cyano-4H-chromen-4-529 

yl)phosphine oxide (74c), N - H ··· O = P interactions lead to the formation of layers. A 530 

difference can be observed in the crystal structure of [bis(p-tolyl)](2-amino-3-cyano-4H-531 

chromen-4-yl)phosphine oxide (74b), while hydrogen-bonded chains are formed by the N - H 532 

··· O = P interactions. 533 



 

 

 

 

 

 

 

Figure 6: The crystal structure of 74a−c (2-amino-3-cyano-4H-chromen-4-yl)phosphine oxides 534 

Summarizing our results, the model reaction of salicylaldehyde, malononitrile and dialkyl 535 

phosphites was studied and optimized. By our solvent-free PMDTA-catalyzed method, 536 

18 (2-amino-3-cyano-4H-chromen-4-yl)phosphonate derivatives (68−73) were prepared in good 537 

to high yields (70-96%). Our method was also suitable for the domino Knoevenagel-phospha-538 

Michael reaction of secondary phosphine oxides, and 20 new (2-amino-3-cyano-4H-chromen-4-539 

yl)phosphine oxides (74−78) were synthesized, which are members of a new family of 540 

compounds in the literature. 541 

4. Synthesis of P-heterocycles 542 

4. 1. Synthesis of 1-alkyl-1H-phoshindole-1-oxides and 1-alkoxy-1H-phoshindole-1-oxides 543 

In the literature, phoshindole-1-oxide derivatives were prepared by the intermolecular 544 

radical cycloaddition of secondary phosphine oxides or phosphinates and internal alkynes[111]. 545 



In the examples, several oxidizing agents were used, and in general, a long reaction time (8-24 546 

h) was applied to obtain complete conversion (for example: Ag2O − 8-10 h,[112,113] AgOAc − 4-547 

18 h,[114–116] Mn(OAc)2/MnO2 − 4 h,[117] K2S2O8 − 24 h[118] or N-etoxy-2-methylpyridinium 548 

tetrafluoroborate − 48 h[119]). In one case, a shorter reaction time of 30 min was enough, 549 

however, beside the oxidant (t-butyl hydroperoxide), a catalyst (CuSO4) and a base (NH3) were 550 

necessary.[120] Our aim was to find a fast and simple method for the synthesis of phoshindole-551 

1-oxides.  552 

The first step of our work was the study and optimization the MW-assisted cycloaddition of 553 

diphenylphosphine oxide and ethyl phenylpropiolate in respect of the oxidant, temperature and 554 

reaction time in acetonitrile as the solvent.[121] It was found that complete conversion could be 555 

obtained under MW conditions, applying 1.5 equivalents of diphenylphosphine oxide, 556 

2 equivalents of Ag2O as the oxidizing agent, at 100 °C for 2 h in acetonitrile (Scheme 16.). Using 557 

the optimal conditions, the reaction of diphenyl acetylene and diphenylphosphine oxide or 558 

t-butyl(phenyl)phosphine oxide was performed. The three benzophosphole oxide derivatives 559 

(79a, 79b and 80b) were obtained after column chromatography, in yields of 80-93%.  560 

 561 

Scheme 16: Cycloaddition of secondary phosphine oxides and ethyl phenylpropiolate or 562 

diphenylacetylene 563 

In the next series of experiments, the cycloaddition was extended to alkyl phenyl-H-564 

phosphinates and different acetylenes in the presence of Ag2O (Scheme 17.). The MW-assisted 565 

reaction of ethyl phenyl-H-phosphinate and ethyl phenylpropiolate was optimized in respect of 566 

temperature and reaction time. Based on our results, the reaction was complete after a slightly 567 

longer (3 h) reaction time as compared to the reactions carried out with secondary phosphine 568 

oxides. Then, the cycloaddition was performed starting from further alkyl phenyl-H-569 

phosphinates (n-propyl-, isopropyl-, n-butyl-, isobutyl-, n-pentyl-, n-octyl- and adamantyl 570 

phenyl-H-phosphinate) and ethyl phenylpropiolate or diphenyl acetylene. In all, 13 1-alkoxy-571 

1H-phoshindole-1-oxides were synthesized in yields of 56-98%. A slightly lower yields 572 



(56-68%) were obtained starting from n-pentyl-, n-octyl- and adamantyl phenyl-H-phosphinate, 573 

due to the steric hindrance.  574 

 575 

Scheme 17: Condensation of alkyl phenyl-H-phosphinate and ethyl phenylpropiolate or 576 

diphenylacetylene 577 

A single crystal was grown from 1-isopropoxy-2,3-diphenylphosphindole 1-oxide (83b), 578 

and the structure was analyzed by X-Ray diffraction (Figure 8.). The analysis showed the formation 579 

hydrogen-bonded wavy layer through two intermolecular C–H···O=P hydrogen bonding between 580 

two phenyl rings and the O=P group. The layers formed a 3D network via C–H···π interactions 581 

between the phenyl groups of adjacent molecules. 582 

            

 
 

Figure 8: The crystal structure of 1-isopropoxy-2,3-diphenylphosphindole 1-oxide (83b) 583 

In order to investigate the efficiency of our MW-assisted method, two scaled-up reactions 584 

were also performed at a “gram-scale”. The condensation of diphenylphosphine oxide or ethyl 585 

phenyl-H-phosphinate and diphenyl acetylene was carried out in a 25-times-bigger scale. 586 

The desired 1,2,3-triphenylphosphindole 1-oxide (79b) and 1-ethoxy-2,3-diphenylphosphindole 1-587 

oxide (81b) were obtained in yields of 94% and 70%.  588 

To sum up, a MW-assisted, fast (2-3 h instead of 8-24 h) and efficient approach for the 589 

synthesis of benzo[b]phosphole oxides (79−88) by the oxidative cycloaddition of secondary 590 

phosphine oxides or alkyl phenyl-H-phosphinates with acetylenes (diphenylacetylene or ethyl 591 

phenylpropiolate) was developed. Altogether 16 derivatives (79−88) were prepared, among 592 

them 12 were new. 593 



5. Biological activity investigations 594 

The in vitro cytotoxicity and antibacterial activity of all compounds synthesized was also 595 

investigated. In Table 2., only the most active derivatives are shown.  596 

The cytotoxicity evaluations were performed on three different cell lines, such as human 597 

lung adenocarcinoma (A549), mouse fibroblast (NIH/3T3) as healthy cell line and human 598 

promyelocytic leukemia (HL-60) using the fluorescent Resazurin assay as described 599 

previously.[122] Positive controls were doxorubicin for A549 and NIH/3T3 (IC50 = 0.31±0.24 600 

µM and 5.65±0.81 µM, respectively) and bortezomib for HL60 (IC50 = 7.42±2.60 nM). The 601 

antibacterial activity of the compounds was tested on green fluorescent protein (GFP) producing 602 

Bacillus subtilis (Gram‐positive) and Escherichia coli (Gram‐negative) bacterial cells. The GFP 603 

producing bacteria are effective tools for screening for the antibacterial activity, since the GFP 604 

signal measured by fluorimetry is proportional to the number of the bacterial cells. Active 605 

compounds kill bacterial cells, which results in the decrease in the GFP fluorescence signal, 606 

therefore it is suitable for evaluating the antimicrobial effect of different agents. Positive 607 

controls were doxycycline and gentamicin for Bacillus subtilis (IC50 = 0.04±0.01 µM and 608 

0.49±0.14 µM) and for Escherichia coli (IC50 = 0.10±0.02 µM and 4.23±0.99 µM) bacterial 609 

cells. The IC50 values (50% inhibiting concentration) determined are shown in Table 2. 610 

Among (3-oxo-2,3-dihydro-2H-isoindol-1-yl)phosphine oxides (23−34), derivatives 611 

containing 3,5-dimethylphenyl- or naphthyl groups on the phosphorus atom showed activity.[62] 612 

The N-butyl and N-benzyl bis(3,5-dimethylphenyl) (3-oxo-2,3-dihydro-2H-isoindol-1-613 

yl)phosphine oxides (23c and 25c) were slightly active in HL-60 cell line. However, against 614 

Gram‐positive bacteria (B. subtilis), the same derivatives (23c and 25c) showed promising 615 

activity, as their IC50 values (4.60 ± 1.13 µM and 3.61 ± 1.25 µM) were close to the reference 616 

value. In case of bis(2-naphthyl) (2-butyl-3-oxo-2,3-dihydro-2H-isoindol-1-yl)-phosphine 617 

oxide (23d), no antibacterial activity was shown, but against all the three investigated cell lines 618 

(A549, NIH/3T3 and HL-60) modest cytotoxicity was observed. The IC50 value was the 619 

smallest against HL-60 cells (12.26 ± 1.02 µM). 620 

The biological activity of the α-amino-(2-alkynylphenyl)-methylphosphonates (37−43) 621 

was investigated, as well. According to our results, some butyl esters showed modest activity 622 

against HL-60 cells. The IC50 value of the chloro (41) or the unsubstituted derivatives (42) 623 

were in the range of 13-15 µM. 624 

The results of the bioactivity tests of the (1,2-dihydroisoquinoline)phosphonates (44−50) 625 

also showed that the butyl esters were more active as compared to the other derivatives. 626 



Compounds containing methyl (47), methoxy (48), or chloro group (49) on the para position of 627 

the phenyl group, showed in vitro cytotoxicity. The 47 (1,2-dihydroisoquinoline)phosphonate 628 

was effective in A549, NIH/3T3 and HL-60 cell lines. In addition, the IC50 value was close to 629 

the reference against human promyelocytic leukemia cells (4.36±1.31 µM). 630 

The (1,2-dihydroisoquinoline)phosphine oxides containing 3,5-dimethylphenyl- (51c and 631 

52c) or naphthyl groups (51e) on the phosphorus atom showed in vitro cytotoxicity and 632 

antibacterial activity.[74] Dimethyl and diethyl (E)-2-{1-[bis(3,5-633 

dimethylphenyl)phosphoryl]isoquinolin-2(1H)-yl}maleates (51c and 52c) were slightly active 634 

in HL-60 cell line, however the IC50 value was closer to the reference in case of the methyl 635 

ester (51c) (IC50 = 4.58 ± 1.08 µM vs 12.59±1.18 µM). Compound 52c also showed modest 636 

activity against B. subtilis (IC50 = 9.06±1.01 µM). Among the (1,2-637 

dihydroisoquinoline)phosphine oxides, dimethyl (E)-2-{1-[di(naphthalen-2-638 

yl)phosphoryl]isoquinolin-2(1H)-yl}maleate (51e) had the most significant in vitro cytotoxicity 639 

against HL-60 cells (IC50 = 3.58 ± 1.16 mM).  640 

Based on the IC50 values of (1,2,3-triazolyl)phosphonates, some derivatives were active 641 

against HL-60 cells.[84] The dimethyl [1-(4-methylbenzyl)-4-phenyl-1,2,3-triazol-5-642 

yl]phosphonate (59a), dipropyl (1-benzyl-4-phenyl-1,2,3-triazol-5-yl)phosphonate (58c), 643 

dibutyl [1-(2-fluorobenzyl)-4-phenyl-1,2,3-triazol-5-yl]phosphonate (60e) and dibutyl [1-(4-644 

trifluoromethyl)-4-phenyl-1,2,3-triazol-5-yl]phosphonate (62e) showed activity in the range of 645 

9-13 µM. 646 

Among chromenylphosphonates, the dibenzyl (2-amino-3-cyano-4H-chromen-4-647 

yl)phosphonates (68e, 69e, 70e, 71e and 72e) were the best candidates.[110] The anti-cancer 648 

activity in NIH/3T3 cell line was close to the reference in case of the unsubstituted (68e) or the 649 

8-bromo derivatives (71e) (IC50 = 8.73±1.17 µM or 9.33±1.18 µM, respectively). In addition, 650 

all benzyl esters synthesized (68e, 69e, 70e, 71e and 72e) showed good or moderate activities 651 

against HL-60 cells. The IC50 value obtained was the smallest in case of the 6-flouro (69e) or 652 

8-bromo (71e) substituted (2-amino-3-cyano-4H-chromen-4-yl)phosphonates (IC50 = 653 

3.62±1.38 µM or 4.79±1.08 µM, respectively).  654 

The biological activity investigations showed, the [bis(3,5-dimethylphenyl)](2-amino-3-655 

cyano-4H-chromen-4-yl)phosphine oxides were effective against human promyelocytic 656 

leukemia cells and Gram-positive bacteria.[110] The IC50 values of the 6-fluoro (69e) and 8-657 

bromo derivatives (71e) were in the rage of 10 µM in HL-60 cell line. The growth of B. subtilis 658 

was reduced the most by the unsubstituted, 6-fluoro and 5-chloro [bis(3,5-dimethylphenyl)](2-659 



amino-3-cyano-4H-chromen-4-yl)phosphine oxides (74c, 75c and 76c) (IC50 = 8.92±1.21 µM, 660 

5.03±1.28 µM and 5.29±1.38 µM, respectively).  661 

Summarizing the results of the biological activity investigations, heterocyclic 662 

phosphonates (butyl, benzyl) or phosphine oxides (3,5-dimethylphenyl, naphthyl) containing 663 

larger groups on the phosphorus atom showed promising activity against human promyelocytic 664 

leukemia (HL-60) cells and B. subtilis Gram-positive bacteria. 665 

  666 



Table 2: In vitro cytotoxicity and antibacterial activity of the compounds synthesized.a 667 

Compound R1 R2 In vitro Cytotoxicity [IC50, µM] 
Antibacterial Activity 

[IC50, μM] 

A549 NIH/3T3 HL-60 B. subtilis E. coli 

 
3,5-

diMeC6H3 
nBu (23c) >30 >30 17.55±1.70 4.60±1.13 >10 

3,5-

diMeC6H3 
Bn (25c) >30 >30 18.31±1.33 3.61±1.25 >10 

2-naphthyl nBu (23d) 28.2±1.05 25.94±1.06 12.26±1.02 >10 >10 

 

Bu Cl (41) >30 >30 13.66±1.08 >10 >10 

Bu H (42) >30 >30 15.09±1.17 >10 >10 

 

F Me (47) 11.64±1.11 14.17±1.38 4.36±1.31 >10 >10 

H OMe (48) >30 >30 13.16±1.22 >10 >10 

H Cl (49) >30 13.58±1.09 13.33±1.14 >10 >10 

 

3,5-

diMeC6H3 
Me (51c) >30 >30 4.58±1.08 >10 >10 

3,5-

diMeC6H3 
Et (52c) >30 >30 12.59±1.18 9.06±1.01 >10 

2-naphthyl Me (51e) >30 >30 3.58±1.16 >10 >10 

 

Me 

4-

MeC6H4CH2 

(59a) 

>30 19.8±1.2 11.0±1.2 >10 >10 

nPr Bn (58c) >30 >30 12.6±1.7 >10 >10 

nBu 
2-FC6H4CH2 

(60e) 
>30 27.5±1.1 11.7±1.2 >10 >10 

nBu 

4-

CF3C6H4CH2 

(62e) 

>30 23.1±1.2 9.7±1.1 >10 >10 

 

OBn H (68e) 
26.46±1.0

2 
8.73±1.17 6.25±1.06 >10 >10 

OBn 6-F (69e) >30 21.2±1.71 3.62±1.38 >10 >10 

OBn 5-Cl (70e) >30 23.49±1.09 7.51±1.02 >10 >10 

OBn 8-Br (71e) 28.65±1.22 9.33±1.18 4.79±1.08 >10 >10 

OBn 8-OEt (72e) >30 27.99±1.06 14.37±1.24 >10 >10 

3,5-

diMeC6H3 
H (74c) >30 >30 >30 8.92±1.21 >10 

3,5-

diMeC6H3 
6-F (75c) >30 >30 10.06±1.25 5.03±1.28 >10 

3,5-

diMeC6H3 
5-Cl (76c) >30 >30 >30 5.29±1.38 >10 

3,5-

diMeC6H3 
8-Br (77c) >30 >30 9.80±1.33 >10 >10 

Doxorubicin 0.31±0.24 5.65±0.81 − − − 

Bortezomib − − 
7.42×10-3± 

2.60×10-3 
− − 

Doxycycline − − − 0.126±0.029 0.10±0.02 

Gentamicin − − − 0.115±0.001 4.23±0.99 
aData were expressed as mean ± standard deviation. 668 

 669 

 670 



6. Conclusions 671 

In conclusion, the multicomponent synthesis of the target N- and O-heterocycles containing 672 

a phosphonate or a phosphine oxide moiety and the synthesis of P-heterocyclic derivatives was 673 

elaborated successfully. The procedures developed are more effective and acceptable according 674 

to the principles of “green chemistry” as compared to the literature data. Altogether more than 675 

150 derivatives were synthesized and fully characterized, and most of them were new compounds. 676 

According to the biological activity investigations, it was found that in case of phosphonates 677 

butyl- and benzyl esters of α-amino-(2-alkynylphenyl)-methylphosphonates, 678 

(1,2-dihydroisoquinolinyl)phosphonates, (1,2,3-triazol-5-yl)phosphonates and 679 

(aminochromenyl)-phosphonates were effective, however, from among phosphine oxides, those 680 

derivatives showed promising antibacterial and/or anticancer effects, which contained large 681 

groups (3,5-dimethylphenyl or 2-naphtyl) on the phosphorus atom, especially 682 

(oxoisoindolyl)phosphine oxides, (1,2-dihydroisoquinolinyl)phosphine oxides, and 683 

(aminochromenyl)phosphine oxides. 684 

The development of highly convergent syntheses is an ongoing evergreen of heterocyclic 685 

chemistry. Multicomponent reactions are significant for this diversity-oriented chemistry, they 686 

are an excellent tool for exploring the chemical molecular space. Multicomponent chemistry is 687 

now more active than ever, and new approaches are being developed every day to address the 688 

challenges of contemporary organic chemistry. 689 
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