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Abstract
This research aim was to demonstrate the advantages of green methods of synthesizing biological active azaheterocycle-containing 
phosphonates in comparison with classical ones in the one-pot three-component Kabachnik-Fields reaction (boiling of mixture of cyclic 
amine, aromatic aldehyde and dimethylphosphite in benzene for 12-24 h). As it was expect microwave irradiation significantly reduced the 
reaction time. In an ionic liquid (BMIB) 15 min of microwave irradiation is enough to form the target products. The effect of magnesium 
oxide on the reaction using 1-phenylpiperazine was noticeable. It shown the catalytic activity of oxides of magnesium and zinc on the 
preparing of aminophosphonates with an increase of microwave irradiation of reaction mixture up to 25 min. The lower yields of the 
products of benzhydryl derivatives, both under classical and microwave conditions could explained by a steric constraint created by the 
benzhydryl group.
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Introduction
The main scientific area of our research is the synthetic search for 
novel biologically active compounds, related to the azaheterocycles 
family [1-6]. Among the synthesized compounds there had been found 
preparations for analgesia, removing cardiac arrhythmias, immunocor-
rectors, inhibitors of growth pathogens, and others. This azaheterocy-
cles class relates to a rather complex of organic compounds on struc-
ture, synthesis of these is a lot of stage, sometimes with low yields 
and long-lasting in time. Environmental risks from production of these 
substances are big, but the need for them is great. The most import-
ant result of the technological solution of any production, including 
low-tonnage, will be the reduction of the reaction time, which can 

obtained with the use of microwave irradiation instead of the classi-
cal methods of introducing energy. This often suppresses undesirable 
side reactions, and it is

too possible to carry out the process in the absence of traditional 
organic solvents [7]. The research aim was to demonstrate the advan-
tages of green methods of synthesizing biological active azaheterocy-
cle-containing phosphornates in comparison with classical ones in the 
one-pot three-component Kabachnik-Fields reaction [8-10].

Experimental part
The progress of the reaction and the individuality of the compounds 
monitored by TLC on aluminum oxide of the II degree of activity, with 
the appearance of spots by iodine vapor. The IR spectrum recorded on 
a Nicolet 5700 FT-IR spectrometer in a KBr tablet or between plates in 
a thin layer. The 13C NMR spectra in CDCl3 recorded on a JNM-ECA400 
brand spectrometer manufactured by Jeol (Japan) with an operating 
frequency of 100.53 MHz in CD3Cl.
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The general method of obtaining aminophosphonates (6-9) in the clas-
sical reaction conditions Kabachnik-Fields
Synthesis of dimethyl [(4-methoxyphenyl) (4-phenylpiperazin-1-yl) 
methyl] phosphonate (6). 0.015 mol of 1-phenylpiperazine, 0.018 mol 
of p-anisaldehyde and 0.015 mol of dimethyl phosphite in 150 ml of ab-
solute benzene placed in a three-necked conical flask equipped with a 
Dean-Stark trap and a reflux condenser. The mixture stirred for 20 min 
at room temperature. Then, with constant stirring, the reaction mix-
ture heated at 80 °C for 22 h. After the solvent distilled off, the residue 
repeatedly washed with hot hexane. 
The targeted aminophosphonate (6.1 g, 79% of theory) was isolated 
from the hexane fraction (white needle-like crystals). M.p. 115-118 °C, 
Rf 0.32 (Al2O3, eluent hexane: chloroform 1: 3). Anal. calculated for 
C20H27N2O4P, %: C, 61.53; H 6.97.  Found, %: C 61.96; H 6.87. IR spec-
trum, cm-1: 1505 (C=C), 1340 (C-N), 1165 (P=O), 765 (P-C). NMR 13C, 
ppm (CDCI3): 51.2 (C-2, C-6), 49.5 (C-3, C-5), 68.3 ((CH(P)(CH)), 55.8 
((C)OCH3), 52.2-55.0 ((P)OCH3), 130.5-159.5 (C6H4(OCH3)), 116.0-149.1 
(4-Ph2(CHN)).
Synthesis of dimethyl [(3,4-dimethoxyphenyl) (4-phenylpiperazin-1-yl) 
methyl] phosphonate (7). 0.015 mol of 4-phenylpiperazin, 0.018 mol of 
veratraldehyde and 0.015 mol of dimethyl phosphite in 150 ml of abso-
lute benzene placed in a three-necked conical flask equipped with a 
Dean-Stark trap and a reflux condenser. The mixture stirred for 20 min 
at room temperature. Then, with constant stirring, the reaction mix-
ture heated at 80°C for 12 h. After the solvent distilled off, the residue 
repeatedly washed with hot hexane. The targeted aminophosphonate 
(5.7 g, 59% of theory) was isolated from the hexane fraction (white 
needle-like crystals). M.p. 94-96 °C, Rf 0.34 (Al2O3, eluent hexane: 
chloroform 1: 3).
Anal. calculated for С21Н29N2О5P, %: С 59.99; Н 6.95. Found, %: С 59.83; 
Н 6.91. IR spectrum, cm-1: 1516 (C=C), 1337 (C-N), 1144 (P=O), 750 (P-C). 
NMR 13C, ppm (CDCI3): 51.6 (C-2, C-6), 52.9 (C-3, C-5), 67.0 (76.3) ((CH(P)
(CH)), 55.6 ((C)OCH3), 52.9-53.0 ((P)OCH3), 124.5-151.3 (C6H3(OCH3)), 
128.3-154.5 (Ph2(CHN)).
Synthesis of dimethyl [(4-methoxyphenyl) (4-benzidrylpiperazin-1-yl) 
methyl] phosphonate (8). 0.0185 mol of 4-benzidrylpiperazin-1-yl pip-
erazine, 0.037 mol of p-anisaldehyde and 0.0185 mol of dimethyl phos-
phite in 150 ml of absolute benzene placed in a three-necked conical 
flask equipped with a Dean-Stark trap and a reflux condenser. The 
mixture stirred for 20 min at room temperature. Then, with constant 

stirring, the reaction mixture heated at 80 °C for 18 h. After the sol-
vent distilled off, the residue repeatedly washed with hot hexane. 
The targeted aminophosphonate (6.2 g, 67% of theory) was isolated 
from the hexane fraction (white needle-like crystals). M.p. 124-125 °C, 
Rf 0.31 (Al2O3, eluent hexane: chloroform 1: 3). Anal. calculated for 
С27Н33N2О4P, %: С 67.48; Н 6.92. Found, %: С 67.66; Н 6.97. IR spec-
trum, cm-1: 1510 (C=C), 1300 (C-N), 1183 (P=O), 764 (P-C). NMR 13C, 
ppm (CDCI3): 51.8 (C-2, C-6), 52.9 (C-3, C-5), 68.2 ((CH(P)(CH)), 55.7 ((C)
OCH3), 52.4-55.3 ((P)OCH3), 128.7-159.3 (C6H4(OCH3)), 116.1-148.9 (4-
Ph(N)).
Synthesis of dimethyl [(3,4-dimethoxyphenyl) (4-benzidrylpiperazin-1-yl) 
methyl] phosphonate (9). 0.0185 mol of 4-benzidrylpiperazine, 0.037 
mol of veratraldehyde and 0.0185 mol of dimethyl phosphite in 150 ml 
of absolute benzene placed in a three-necked conical flask equipped 
with a Dean-Stark trap and a reflux condenser. The mixture stirred for 
20 min at room temperature. Then, with constant stirring, the reaction 
mixture heated at 80 °C for 24 h. After the solvent distilled off, the 
residue repeatedly washed with hot hexane. The targeted aminophos-
phonate (5.2 g 56% of theory) was isolated from the hexane fraction 
as oil. Rf 0.33 (Al2O3, eluent hexane: chloroform 1: 3). Anal. calculated 
for С28Н35N2О5P, %: С 65.87; Н 6.91. Found, %: С 66.01; Н 6.79. IR spec-
trum, cm-1: 1519 (C=C), 1319 (C-N), 1167 (P=O), 759 (P-C). NMR 13C, ppm 
(CDCI3): 52.1 (C-2, C-6), 54.2 (C-3, C-5), 67.9 (76.4) ((CH(P)(CH)), 56.1 
((C)OCH3), 53.0-53.9 ((P)OCH3), 124.1-157.3 (C6H3(OCH3)), 127.3-142.3 
(Ph2(CHN)).
The general method of obtaining aminophosphonates (6-9) in the 
“dry” Kabachnik-Fields reaction conditions.
A mixture of 0.012 mol of 1-(phenyl- or benzhydryl-)piperazine, 0.012 
mol of aldehyde, 0.012 mol of dimethylphosphite placed and 2 g of 
K2CO3, MgSO4, MgO, TBAB or ZnO triturated in agate mortar and 
placed in a glass tube. The mixture kept at room temperature (25 °C) 
for 24 h (Table 1).
General procedure for the preparation of aminophosphonates (6-9) 
under green conditions of the Kabachnik-Fields reaction. A mixture 
of 1.2.10-3 mol of 1- (phenyl- or benzhydryl-) piperazine, 1.2.10-3 mol of 
aldehyde, 1.2.10-3 mol of dimethylphosphite placed and 2 g of K2CO3, 
MgSO4, MgO, TBAB or ZnO triturated in agate mortar and place in a 
glass test tube. The mixture irradiated in a household microwave for 
15 or 25 min at 40 W. After cooling, the mixture placed on a Schott 
funnel and washed several times with chloroform. After evaporation, 
the targeted aminophosphate (6-9) obtained (Table 1).

Table 1: The yields of aminophosphonates (6-9) in the classical and green conditions of the reaction Kabachnik-Fields
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Results and discussion
To obtain aminophosphonates was used three-component “one-pot” 
reaction Kabachnik-Fields [11-14]. 1-Phenylpiperazine (1) and 1-benzhy-
drylpiperazine (2) used as the starting amine. p-Anisaldehyde (3) and 
veratraldehyde (4) were taken as the aldehyde components. The in-
teraction of piperazines (1,2) with aldehydes (3,4) and dimethyl phos-
phate ester (5) was carried out in benzene at 80°C with simultaneous 
distillation of the resulting water as an azeotropic mixture with ben-
zene to form the targeted aminophosphonates (6-9) in 56-79% yield.  
It turned out that when using the MW-promotion technology, it was 
possible to reduce the reaction time to 15-25 min, increased the yield 
by 17% and abandon the use of benzene. In an ionic liquid (BMIB) 15 
min of microwave irradiation is enough to form the target products. 
For carrying out the microwave reaction in “dry” conditions, zinc and 
magnesium oxides took as the optimal substrates with 25 min irradi-
ation of the reaction mixture. dictated, firstly, by their availability and 
wide application in microwave reactions. In the IR spectra of 6-9, the 
bands at 1505–1519 cm -1 were related to the C = C absorption of the 
aromatic ring, 1300-1340 cm -1 – C-N, 1144–1183 cm – 1 – P = O, and 750-
765 cm- 1 - Р-С.
13С NMR spectra was the most informative method for proving a 
molecule structure of targeted aminophosphonates. The carbon com-
position was fully consistent with the intended structure of amino-
phosphonates 6-9. The highest field signals with double-intensity at 
51.2-52.1 ppm. were belonged to the carbon atoms of the C-2 and C-6 
piperazine cycle. Carbons C-3 and C-5 resonate at (49.5-54.2) ppm. The 
methoxyl group carbon observes in a region of 52.2-56.1 ppm. Slow-
field from 116.0 to 159.5 ppm was “inhabited” by aromatic carbon at-
oms. Methine carbon CH (P) resonates at 67.0-68.3 ppm. Due to the 
“proximity” to the electronegative nitrogen atom, the signal of 
the methine carbon of the benzhydryl group shifts to a weaker field 
(76.3-76.4 ppm).
The “weak” places in the procedure for the synthesis of aminophos-
phonates based on 1-phenylpiperazine and 1- benzhydrylpiperidine 
were the reaction time up to 24 h and the use of benzene. Therefore, 
the MW-promotion technology was used to intensify the synthesis, 
both in “dry” conditions (potash, magnesium sulfate, magnesium ox-
ide and zinc oxide), and in an ionic liquid medium- 1-butyl-3-methyl- im-
idazolium bromide (BMIB) (Table 1). The choice of “dry” substrates for 
the reaction 
In addition, the absorbing capacity of potash and magnesium sul-
phate emitted in the reaction water served as an additional stimulus. 
It should note that magnesium oxide and zinc oxide often use for ca-
talysis of the Kabachnik-Fields reaction [6–8]. A control experiment car-
ried out in parallel with the microwave reactions - the mixtures kept at 
room temperature for 24 h.
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