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Abstract. The development of original substances for production of pharmaceuticals 
based on heterocyclic compounds remains an urgent and sought-after area of research. 
Effective drugs have been discovered among phosphorylated derivatives of heterocycles, 
including armin and phosphacol for glaucoma treatment, as well as antitumor agents 
such as imifos, thiophosphamide, fosfestrol, cyclophosphamide. At the same time, 
the study of reactions for obtaining phosphorus derivatives of aminothiadiazoles with 
pronounced pharmacological activity has not received due attention or a comprehensive 
approach from researchers. Significant interest in phosphonoacetic acid (PAA) and 
its derivatives is driven by their high antiviral activity, particularly their ability to 
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inhibit the replication of herpes simplex virus, cytomegalovirus, Epstein-Barr virus, 
and cowpox virus. Another important feature of PAA is its diverse biological activity, 
including herbicidal, fungicidal, and insecticidal properties. Additionally, research 
has explored the potential use of PAA in the treatment of human AIDS. The interest 
in PAA and its derivatives is related to their availability and possibilities of chemical 
modification, which can lead to the synthesis of new biologically active compounds. 
The research aimed to develop and identify effective methods for synthesizing PAA and 
its derivatives with biologically active properties. This goal was pursued by introducing 
thiadiazole fragment into the PAA structure, followed by further chemical modification 
of resulting compounds. The presence of a free amino group in the thiadiazole ring 
significantly enhances the potential for remodeling reactions using reactive tert.-butyl-
tetraethyl diamidophosphite. Additionally, the active tert.-butoxyl group facilitates 
further functionalization through the Arbuzov reaction with a wide range of electrophilic 
reagents.

Keywords: phosphonacetic acid (PAA), thiadiazole, aminothiadiazole, tert.-but-
yltetraethyldiamidophosphite, Arbuzov reaction
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Аннотация. Гетероциклдік қосылыстар негізінде дәрілік препараттар жасауға 
арналған бастапқы субстанцияларды әзірлеу өзекті әрі сұранысқа ие зерттеу 
саласы болып қала береді. Гетероциклдердің фосфорланған туындыларының 
қатарында глаукоманы емдеуге қолданылатын армин мен фосфакол, сондай-
ақ ісікке қарсы имифос, тиофосфамид, фосфэстрол, циклофосфан және басқа 
да тиімді дәрілік препараттар белгілі. Сонымен қатар, айқын фармакологиялық 
белсенділікке ие аминотиадиазолдардың фосфорқұрамды туындыларын алу 
реакцияларын зерттеуге қатысты кешенді және жүйелік өзқарас жеткіліксіз 
деңгейде болған. Фосфонсірке қышқылына (ФСҚ) және оның туындыларына 
деген жоғары қызығушылық олардың айқын вирусқа қарсы белсенділік 
көрсетуімен, атап айтқанда қарапайым герпес вирусының, цитомегаловирустың, 
Эпштейн–Барр вирусының, сиыршешегі вирусының және басқа да вирустардың 
репликациясын тежеу қабілетімен байланысты. ФСҚ-тың тағы бір маңызды 
ерекшелігі – гербицидтік, фунгицидтік, инсектицидтік және басқа да биологиялық 
белсенділік түрлерін көрсетуі. Сонымен қатар, ФСҚ-ты адамның ЖИТС-
ін емдеуде қолдану бойынша зерттеулер жүргізілгені белгілі. ФСҚ пен оның 
туындыларына деген қызығушылық олардың қолжетімділігімен және жаңа 
биологиялық белсенді қосылыстарды синтездеуге мүмкіндік беретін химиялық 
модификациялау әлеуетімен түсіндіріледі. Осыған байланысты зерттеудің мақсаты 
биологиялық белсенді қасиеттерге ие ФСҚ пен оның туындыларын алудың 
тиімді әдістерін әзірлеу және анықтау болды. Қойылған міндет ФСҚ құрамына 
тиадиазол фрагментін енгізу және түзілген қосылыстарды одан әрі химиялық 
модификациялау арқылы жүзеге асырылды.

Тиадиазол сақинасындағы бос амин тобының болуы реакцияға қабілетті 
үшіншілік-бутил-тетраэтилдиамидофосфитті пайдалану арқылы перемидирлеу 
реакциясының мүмкіндіктерін едәуір кеңейтеді, сондай-ақ көптеген электрофильді 
реагенттермен Арбузов реакциясына түсе алатын белсенді үшіншілік-бутоксил 
тобы есебінен кейінгі функционалдандыруға жағдай жасайды.

Түйін сөздер: фосфонсірке қышқылы (ФСҚ), тиадиазол, аминотиадиазол, 
трет-бутилтетраэтилдиамидофосфит, Арбузов реакциясы
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Аннотация. Разработка оригинальных субстанций для создания лекарствен
ных препаратов на основе гетероциклических соединений остается актуальным 
и востребованным направлением исследований. Среди фосфорилированных 
производных гетероциклов выявлены эффективные лекарственные средства, 
такие как армин и фосфакол, применяемые для лечения глаукомы, а также 
противоопухолевые препараты имифос, тиофосфамид, фосфэстрол, циклофосфан 
и другие. В то же время исследованию реакций получения фосфорсодержащих 
производных аминотиадиазолов, обладающих выраженной фармакологической 
активностью, до настоящего времени не уделялось достаточного внимания, а 
комплексный подход к их изучению остается недостаточно разработанным. 
Значительный интерес к фосфонуксусной кислоте (ФУК) и ее производным 
обусловлен их высокой антивирусной активностью, в частности способностью 
подавлять репликацию вируса простого герпеса, цитомегаловируса, вируса 
Эпштейна-Барр, вируса коровьей оспы и других. Другой важной особенностью 
ФУК является проявление различных видов биологической активности, включая 
гербицидную, фунгицидную и инсектицидную. Имеются также сведения 
о возможностях применения ФУК при лечении СПИДа. Интерес к ФУК и 
ее производным связан не только с их биологической активностью, но и с 
доступностью исходных соединений и широкими возможностями их химической 



466

ISSN 2224-5227                                                                                                    1. 2026

модификации, способствующими синтезу новых биологически активных веществ. 
В связи с этим целью исследования явилась разработка и выявление эффективных 
методов получения ФУК и ее производных, обладающих биологически 
активными свойствами. Решение поставленной задачи осуществлялось 
путем введения тиадиазольного фрагмента в структуру ФУК с последующей 
химической модификацией образующихся соединений. Наличие свободной 
аминогруппы в тиадиазольном кольце существенно расширяет возможности 
реакций переамидирования с использованием реакционноспособного трет-
бутилтетраэтилдиамидофосфита, а также последующей функционализации за 
счет активной трет-бутоксильной группы, способной вступать в реакцию Арбузова 
с широким кругом электрофильных реагентов.

Ключевые слова: фосфонуксусная кислота (ФУК), тиадиазол, аминотиадиазол, 
трет.-бутилтетраэтилдиамидофосфит, реакция Арбузова

Introduction. Thiadiazole and its functional derivatives play a crucial role in the de-
velopment of potent medicines, which are an integral part of modern pharmacotherapy 
(Hu et al., 2014). The incorporation of the thiadiazole ring as an effective pharmacoph-
ore into organic molecules can significantly enhance or modify their biological activity 
(Asadullina et al., 2016). Consequently, numerous compounds containing the thiadi-
azole ring with diverse biological properties have been widely reported in the literature 
(Hemanth et al., 2022).

On the other hand, organic phosphorus compounds continue to attract significant 
scientific interest, particularly in the incorporation of various phosphorus derivatives 
into drug molecules, which can lead to the development of new pharmacophore 
groups (Yao et al., 2019). In this context, organic phosphorus compounds, especially 
phosphonoacetic acid (PAA) and its derivatives, have recently regained prominence. 
Notably, PAA esters are well known as pyrophosphate antimetabolites with broad 
inhibitory activity against various viral infections (Rodriguez et al., 2019).

Various methods for synthesizing PAA and its derivatives, particularly those based 
on phosphoric acid derivatives such as dialkyl and trialkylphosphites, have been well 
documented in the literature. For instance, studies describe the synthesis of PAA via 
acid hydrolysis of the trimethyl ester of phosphonoacetic acid in an acidic medium. 
This reaction, traditionally performed by boiling in concentrated hydrochloric acid, 
requires more than three days to complete. Building upon this work, further research 
was carried out to optimize the process, leading to the successful application of 
microwave irradiation. This advancement significantly reduced the reaction time while 
simultaneously increasing the yield of the desired product (Sokruta et al., 2017).

Continuing the research towards improving the synthesis of PAA and its derivatives 
and their further use in the synthesis of phosphorylated thiadiazole derivatives, the 
purpose of the work was to carry out a series of syntheses of PAA and its derivatives 
and analyzed their efficiency in further chemical modification.

A method for synthesizing phosphorylated thiadiazoles based on chloroethy
nylphosphonates and thiosemicarbazide has been reported in the literature (Egorova 
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et al., 2019), noted for its simplicity and mild reaction conditions. However, in this 
study, we propose a broader range of experimental approaches to efficiently obtain 
phosphorylated thiadiazoles via different synthetic routes using readily available 
starting materials.

Materials and methods. All chemicals were of analytical grade and purchased from 
Sigma-Aldrich without requiring further purification. Reaction progress was monitored 
using TLC on Merck F254 silica gel-coated plates. The 1H and 13C NMR spectra were 
recorded on JEOL 500 MHz FT-NMR Spectrometer in CDCl3, with TMS as the internal 
standard. 

Mass spectra were recorded using a Shimadzu mass spectrometer, while IR spectra 
were obtained using a Thermo Scientific Nicolet 6700 FTIR spectrometer (Madison, 
WI, USA). The melting point was determined using a Buchi Melting point M-560 
instrument. 

Diethyl ((5-amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate (VI) (Figure 1).
Sodium diethyl phosphite was prepared by reacting 6.9 g (0.05 mol) of diethyl 

phosphite with 1.15 g (0.05 mol) of metallic sodium in dry benzene. The resulting 
mixture was placed in a reaction flask, and with constant stirring, 6.13 g (0.05 mol) 
of ethyl monochloroacetate was added at room temperature following the procedure 
described in (Kormachev and Fedoseev, 1992). The precipitated NaCl was filtered off, 
and the solvent was evaporated. The residue was then distilled under reduced pressure, 
yielding 7.3 g (65%) of phosphonoacetic acid ester (III) with a boiling point of 141-
143°C (10 mmHg) and a refractive index of n20

D 1.4320. The obtained compound 
(III) was subsequently subjected to alkaline hydrolysis, resulting in the formation of 
PAA as a light-yellow oil. The crude PAA was then reacted with 4.6 g (0.05 mol) of 
thiosemicarbazide in the presence of concentrated H2SO4and PPA at 60-70°C. This 
resulted in the isolation of 9.04 g (72%) of diethyl((5-amino-1,3,4-thiadiazol-2-yl) 
methyl) phosphonate (VI), which is white crystals with mp of 128-130 °C, IR (KBr, ν, 
cm-1): 3255 (NH2), 3181 (NH), 1254 (P=O), P-O-C (1035), 1540 (C=N). Mass spectrum, 
m/z: 252 [M+H]+ (calculated for C7H14N3O3PS: 251). 31P NMR spectrum (CD3OD): δP 
22 ppm. 1H NMR spectrum, δ, ppm (J, Hz): 1.36 t (6H, OCH2CH3, 

3JHNH = 7.1 Hz), 3.03 
d (2H, PCH2, 

2JHNR = 21.0 Hz), 4.19 d.q (4H, OCH2CH3, 
3JHNH = 7.3, 3JHNR = 12.3 Hz), 

6.86 s (2H). δC, ppm: 15.36 d (CH3CH2, 
3JPC 5.4 Hz), 27.61 d (PCH2, 

1JPC = 142.3 Hz), 
63.06 d (CH3CH2OP, 2JPC = 6.8 Hz), 149.84 d (CH2C=N, 2JPC = 10.1 Hz). The results are 
in agreement with the literature data [16].

Diethyl((5-amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate (VI) (Figure 2).
Sodium diethyl phosphite, prepared from 6.9 g (0.05 mol) of diethyl phosphite 

and 1.15 g (0.05 mol) of sodium metal in a dry benzene medium, was placed in a 
reaction flask. With constant stirring, 4.7 g (0.05 mol) of monochloroacetic acid was 
added at room temperature. The precipitated NaCl was filtered off, and the resulting 
phosphonoacetic acid (PAA) was obtained as a light-yellow oil.The crude PAA was then 
reacted with 4.6 g (0.05 mol) of thiosemicarbazide in the presence of concentrated H2SO4 
and polyphosphoric acid (PPA) at 60-70°C. As a result, 10.3 g (82%) of diethyl((5-
amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate (VI) was isolated, with a melting 
point of 128-130°C.
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Diethyl((5-amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate (VI) (Figure 3).
A solution of 4.3 g of 2-amino-5-methyl-1,3,4-thiadiazole, synthesized from 3.0 g 

(0.05 mol) of acetic acid and 4.6 g (0.05 mol) of thiosemicarbazide in dichloroethane, 
was prepared. To this solution, 1.12 g of paraformaldehyde and 1.3 g of freshly calcined 
zinc chloride were added with vigorous stirring. Hydrogen chloride gas was then 
bubbled through the reaction mixture, leading to an exothermic reaction that increased 
the temperature from 15°C to 30°C.Once the heat evolution ceased, the reaction mixture 
was further heated to 55°C and maintained at this temperature for 2 hours, with a weak 
stream of hydrogen chloride continuously passed through to ensure solution saturation. 
The resulting mixture was washed with water (2 × 15 mL) and dried over calcium 
chloride. Dichloroethane was removed under reduced pressure, and the residue was 
recrystallized from alcohol, yielding 6.8 g (68%) of diethyl((5-amino-1,3,4-thiadiazol-
2-yl) methyl) phosphonate (VI) with a melting point of 128-130°C.

Diethyl((5-amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate (VI) (Figure 4) – 
Method A.

To the sodium salt prepared from 8.0 g (0.05 mol) of malonic ester and 1.2 g (0.05 
mol) of sodium in a dry benzene medium, 8.6 g (0.05 mol) of diethyl chlorophosphate 
was added at room temperature. The precipitated NaCl was filtered off, and the residue 
was distilled under vacuum, yielding 12.9 g (87%) of phosphonmalonic ester with 
a boiling point of 159-160°C at 10 mmHg and a refractive index of n20

D 1.4458.The 
obtained phosphonmalonic ester was treated with a saturated KOH solution, and the 
resulting phosphonmalonic acid was heated to 80°C. Dehydration and decarboxylation 
yielded phosphonoacetic acid (PAA), which was then reacted with 4.6 g (0.05 mol) 
of thiosemicarbazide, following the previously described procedure. This resulted 
in the formation of 8.2 g (65%) of diethyl((5-amino-1,3,4-thiadiazol-2-yl) methyl) 
phosphonate (VI) with a melting point of 129-130°C.

Diethyl((5-amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate (VI) (Figure 5) – 
Method B

A solution of sodium diethylphosphite was prepared by reacting 6.9 g (0.05 mol) of 
diethyl phosphite with 1.15 g (0.05 g atom) of metallic sodium in a dry benzene medium. 
Simultaneously, 8.0 g (0.05 mol) of malonic ester and 8.0 g (0.05 mol) of bromine 
were dissolved in dry benzene. The solution of sodium diethylphosphite was then added 
gradually while maintaining the temperature between 20-25°C.The precipitated NaBr 
was filtered off, and the solvent was removed under reduced pressure. The obtained 
residue was treated with a saturated KOH solution to yield phosphonmalonic acid, 
which was further heated to 80°C, leading to dehydration and decarboxylation to 
obtainphosphonoacetic acid (PAA). The resulting PAA was subsequently reacted with 
4.6 g (0.05 mol) of thiosemicarbazide, following the previously described procedure.
As a result, 7.5 g (60%) of diethyl((5-amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate 
(VI) was obtained, with a melting point of 129-130°C.

Diethyl ((7-oxido-4-thia-1,2,6-triazo-7-phosphobicyclo [3.2.0] hepta-2,5-dien-3yl) 
methyl) phosphonate (VIIIe)

In a reaction flask, 2.48 g (0.01 mol) of tetraethyl diamidotert.-butyl phosphite (VII) 
and 2.51 g (0.01 mol) of diethyl((5-amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate 
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(VI) were mixed in ethyl acetate medium and heated to the boiling point of the solvent, 
at which time it was observed that diethylamine was distilled off in the solvent mixture. 
The amount of diethylamine released was determined by passing dry HCl through 
the distillate of the mixture with the solvent and measuring the mass of the resulting 
hydrochloride, which corresponds to the stoichiometry of the reaction (1:1), and 
amounted to 2.0 g (92%). The melting point of (С2Н5)2NHхHCl corresponds to the 
literature value of 221 °C. Isobutylene gas was simultaneously observed and collected 
by the water displacement method. The completion of the reaction was monitored by 
measuring the amount of diethylamine hydrochloride formed. The reaction yielded 2.23 
g (75%) of diethyl ((7-oxido-4-thia-1,2,6-triazo-7-phosphobicyclo [3.2.0] hepta-2,5-
dien-3-yl) methyl) phosphonate (VIIIe).

Oil. IR spectrum (ν, cm-1): 1254, 1278 (P=O), P-O-C (1045), 1545 (C=N). 31P NMR 
spectrum (CD3OD): δP 5.5ppm, P(O)Н; 40.15 ppm P(O)CH2. 

1H NMR spectrum, δ, ppm 
(J, Hz): 1.38 t (6H, OСН2CH3, 

3JНН = 7.1 Hz), 4.2 d.q (4Н, OСН2CH3, 
3JНН = 7.0, 2.61 d 

(2H, РCH2, 
2JНР = 14.3 Hz), δC, ppm: 16.3 d (CH3СН2, 

3JPС 9.1 Hz), 34.2 d (РCH2, 
1JPC = 

142.3 Hz), 61.9 d (CH3СН2OP, 2JPC = 9.1 Hz), 148.2 d (СН2C=N, 2JPC = 10.1 Hz), 154.7 
s (SC=N). Mass spectrum, m/z: 296 [M+H]+ (calculated for C7H13N3O4P2S: 297).

Results and discussion. We carried out the classical synthesis of diethyl 
phosphonoacetate (III) from sodium diethyl phosphite (I) and ethyl chloroacetate (II). 
The alkaline hydrolysis of this intermediate yields diethyl phosphonoacetic acid (IV), 
which, upon further functionalization with thiosemicarbazide, leads to the formation of 
phosphono-substituted thiadiazole (VI). Obviously, the reaction proceeds according to 
the scheme presented in Figure 1:
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Figure 1 - Synthesis of diethyl((5-amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate (VI) from ethyl 
chloroacetate

The obtained ester (III) underwent alkaline hydrolysis, yielding PAA as an oily 
product (IV), which was subsequently reacted with thiosemicarbazide without prior 
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purification. This reaction efficiently produced diethyl((5-amino-1,3,4-thiadiazol-2-yl) 
methyl) phosphonate (VI) in good yield.

Another method for synthesizing PAA involves the direct reaction of sodium diethyl 
phosphite with monochloroacetic acid. This approach demonstrated high efficiency, 
leading to a significant increase in the yield of the target product (Figure 2).

NH2

S

NH
NH2

NN

S
NH2(EtO)2P

O

VI

H2SO4, PPA

V

Cl
OH

O

(EtO)2P

O O

OH
- NaCl

IV

IV
- 2 H2O

(I)
PhH

Figure 2 – Synthesis of diethyl ((5-amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate (VI) from 
monochloroacetic acid

This reaction proved to be significantly more efficient than using ester (II), as it 
eliminated the need for hydrolysis of the obtained product. In all cases, the reactions 
were monitored using thin-layer chromatography (TLC).

The classical reaction of the previously synthesized 2-amino-5-methylthiadiazole, 
followed by chloromethylation using hydrochloric acid and paraformaldehyde in the 
presence of anhydrous ZnCl₂, is also an equally efficient method for forming the 
thiadiazole ring (Figure 3).

NN

S
NH2(EtO)2P

O

VI

(EtO)2PONaNN

S NH2

(CH2O)n, HCl

ZnCl2

NN

S NH2
Cl - NaCl

Figure 3 - Synthesis of diethyl ((5-amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate (VI) via the 
chloromethylation of 2-amino-5-methyl-1,3,4-thiadiazole

Another synthetically valuable approach to obtaining the target product (VI) involves 
the reaction of sodium malonic ester with chlorophosphate, as well as the reaction of 
the sodium ester of diethylphosphoric acid (I) with bromomalonic ester. The reaction is 
expected to proceed according to the proposed scheme (Method A and B), as shown in 
Figures 4 and 5.
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Both methods (A) and (B) proceed under relatively mild conditions and result in a 
high yield of the desired product (VI). However, Method A offers certain advantages, 
including a shorter synthetic route that eliminates the need for isolating the intermediate 
PAA allowing for its direct use in subsequent reactions.In the reaction between the 
sodium salt of diethyl phosphite and bromomalonic ester, a significant side elimination 
reaction occurs due to the relatively high basicity of the diethyl phosphonate anion. This 
leads to the formation of the tetraethyl ester of ethylenetetracarboxylic acid, which has a 
melting point of 53-54°C.A substantial reduction in the formation of this byproduct was 
achieved by employing a reverse addition technique, where the reagents were mixed 
in the opposite order. This approach effectively lowered the concentration of sodium 
diethyl phosphite, thereby minimizing unwanted side reactions.

(EtO)2P(O)Cl NaCH(COOEt)2 (EtO)2P(O)CH(COOEt)2- NaCl
KOH

(EtO)2P(O)CH(COOH)2
- CO2, H2O

(EtO)2P(O)CH2COOH
NH2

S

NH

NH2

H2SO4, PPA

P

O

NN

S
NH2

EtO

EtO

A)

(VI)

PhH

Figure 4 - Synthesis of diethyl ((5-amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate (VI) using bromo- 
and sodium malonic esters. Method A
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COOEt
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Figure 5 – Synthesis of diethyl ((5-amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate (VI) using 
bromo- and sodium malonic esters. Method B

Analysis of the synthesis results for the preparation of (VI) revealed that the 
most efficient method, in preparative terms, is the approach based on compound 
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(IV), as outlined in Figure 2. This method allows for the direct reaction of (IV) with 
thiosemicarbazide without the need for its isolation in free form. The process is 
characterized by its simplicity, high yield, and excellent purity of the final product.

The structure of diethyl ((5-amino-1,3,4-thiadiazol-2-yl) methyl) phosphonate 
(VI) implies significant reactivity associated with the presence of a free amino group, 
which exists in the amino–imine tautomeric forms of the thiadiazole ring (Danilova et 
al., 2010). These structural features are particularly relevant in the study of chemical 
modification reactions, notably phosphorylation with amidophosphoric acid esters, 
which readily undergo transamidation with the more nucleophilic diethylamino group.

A considerable number of phosphorylation reactions involving a wide range of 
amino and oxy compounds using full and partial esters of amidophosphoric acid have 
been reported in the literature. In particular, we have previously explored the efficiency 
of tetraethyl diamido-tert.-butyl phosphite (VII), which features a highly nucleophilic 
P(III) atom capable of readily phosphorylating various amino compounds (Sal’keeva et 
al., 2014). Another advantage of (VII) is the presence of a tert.-butyl group, which can be 
easily eliminated, facilitating the formation of a stable P=O bond. These characteristics 
make (VII) an attractive reagent for the design of new structures incorporating effective 
pharmacophore groups.

The obtained product (VI) presents an interesting opportunity for further 
functionalization, particularly involving its free amino group. We propose that a 
transamidation reaction can be achieved using a highly effective reagent tetraethyl 
diamido-tert.-butyl phosphite (VII). This reaction serves a dual purpose: firstly, it 
introduces a reactive phosphorus (III) atom, enabling further chemical modifications; 
secondly, it facilitates the substitution of the amino group’s nitrogen in the thiadiazole 
ring with the more basic diethylamino group from (VII). The reaction is carried out 
by prolonged heating of (VI) and (VII) in an ethyl acetate medium, with continuous 
distillation of the solvent mixture and the concurrent release of diethylamine. Completion 
of the reaction was confirmed by isolating diethylamine as diethylamine hydrochloride 
and determining its mass. The final product was precipitated from the reaction mixture, 
separated via filtration, and purified through recrystallization from alcohol.
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The structure of compound (VI) suggests the existence of two tautomeric forms, 
(VIa) and (VIb), in which the nitrogen atoms exhibit different basicities, implying 
different pathways for transamidation reactions. This observation aligns with literature 
data, which indicate that the nitrogen atoms in 2-amino-1,3,4-thiadiazoles exist in 
resonance equilibrium, as demonstrated by X-ray diffraction analysis (Asadullina et al., 
2016). In this context, another plausible reaction pathway involves phosphorylation at 
the nitrogen atom of the thiadiazole ring. A similar approach was adopted by Danilova 
et al. (Danilova et al., 2010) in the case of the alkylation reaction of thiadiazoles.
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We believe that the formed product (VIIId) can readily release the diethylamine 
molecule due to its spatial arrangement and the high nucleophilicity of the nitrogen atom 
in the diethylamino group. This transformation subsequently leads to the formation of 
product (VIIIc).
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Evidently, the reaction proceeds due to the high lability of the tert.-butoxy group, 
which under the reaction conditions at the boiling point of ethyl acetate readily 
undergoes elimination of a stable tert.-butyl cation, leading to the formation of a stable 
phosphoryl group (P=O) and, consequently, to the formation of compound (VIIIe). 
The reaction progress was monitored by TLC and by recording the 31P NMR spectrum 
after 10–15 minutes. The formation of structure VIIIa was observed, manifested by a 
signal at 181.55 ppm, corresponding to a trivalent P(III) species; additionally, a signal 
of a tetracoordinated phosphorus atom, presumably an acidic species, appeared at 
40.15 ppm. The initially formed trivalent phosphorus compound is unstable due to the 
presence of an easily eliminable tert.-butoxy group and ultimately converts into the final 
product VIIIe. It should also be noted, in support of the proposed reaction pathway, that 
the mass spectrum of (VIIIe) exhibits a peak at m/z 369, corresponding to the structure 
(VIIIe)’ with a molecular weight of 368, which is evidently formed as a result of attack 
by diethylamine present in the reaction medium followed by substitution with a proton.

Conclusions. In conclusion, it should be emphasized that we carried out an 
experimental evaluation of various methods for the synthesis of phosphonoacetic acid, 
which was subsequently employed in the preparation of amino-thiadiazole derivatives. 
These compounds are of particular interest for the generation of new derivatives via 
functionalization at the free amino group. In this context, the phosphorylation of the 
obtained phosphono-substituted thiadiazoleswas accomplished through transamidation 
reaction with tert.-butyl tetraethyldiamidophosphite, which readily undergoes 
substitution of the diethylamino group and enables further modification according to 
the Arbuzov reaction scheme. The synthesized compounds demonstrate the feasibility 
of facile phosphorylation of substituted amino-thiadiazoles, representing an efficient 
approach to the generation of new potential synthons for the synthesis of pharmaceutically 
active substances.
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