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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 fert.-butoxyl group facilitates
further functionalization through the Arbuzov reaction with a wide range of electrophilic
reagents.

Keywords: phosphonacetic acid (PAA), thiadiazole, aminothiadiazole, fert.-but-
yltetraethyldiamidophosphite, Arbuzov reaction
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AHHoTanus. [eTepOIMKIIIIK KOChUIBICTAP HET131HAC JOPIIIK IpenaparTap xacayra
apHajFaH OacTankbl CyOCTaHIMSIIAP/BI 93Ipiiey ©3CKTI 9pi CYpaHbICKA HE 3epTTey
casacel Oonbin Kanma Oepeni. [erepoumknaepain gochopianFaH TybIHABUIAPBIHBIH
KaTapblHJIa IJIayKOMaHbl €MJIeyI'e KOJJIaHbUIATBIH apMUH MeH ¢ocdakon, COoHuam-
aK icikke kapchl umudoc, Trodochamua, dGochacrpoi, mukinodochan xoHe Oacka
Ja THIMJII opiaik npernaparrap Oenrini. COHbBIMEH Karap, alKbiH (hapMaKOJIOTHSUIBIK
OeJiceHAlTiKKe M€ aMUHOTHaAMa3oiaapibsiH  (GochopKypamasl TYBIHIBLIAPBIH ATy
peaKUUsIapbIH 3€PTTEYre KaThICThl KEHICHJI KOHE MKYHENK e3Kapac >KEeTKUIIKCI3
nerreiige Oonran. ®ocgoncipke KpiukpuibiHa (OCK) jxoHE OHBIH TYBIHIBUIAPHIHA
JISTEH KOFaphl KbI3BIFYIIBUIBIK OJIAPJBIH aWKbIH BHPYCKAa KapChl OEJICCHIIIIK
KOpCeTyIMEH, aTan alTKaH/a KapanaibiM repriec BUPYChIHBIH, IATOMETaJI0BUPYCThIH,
OnireiH—bapp BUPYCHIHBIH, CHbIPIIEIIEr] BUPYCHIHBIH XKoHE 0acKa Ja BUPYCTapIbIH
PEIUIMKALIMACHIH Texkey KaOigerimeH OainmanbicTbl. DCK-ThIH Tarbl Oip MaHBI3/IbI
epeKILeiri — repOuIUATIK, PYHTUIIUATIK, THCEKTUIUITIK )KoHE 0acKa J1a OMOIOTHsUTBIK
Oencenninik Typiepin kepceryi. Conbimen karap, D®CK-tel amamubiy KUTC-
iH eMjeyle KoyijgaHy OoWbIHINIA 3epTTeyiep kyprisiareHi oenrini. ®CK neH oHbIH
TYBIHJIBUIAPBIHA JIET€H KBI3BIFYIIBUIBIK OJapAblH KOJDKETIMJAUIINIMEH JKOHE >KaHa
OHMOJIOTUSIIBIK OCJICEH Il KOCBUIBICTAPbl CUHTE3Cyre MYMKIHIIK OSpeTiH XUMUSUIBIK
Mo (UKaIHsIIAY dJIeyeTIMEeH TYCiHaipuieai. OcbiFan OaiyIaHBICThI 3EPTTEY I H MaKCaThI
ouonorusiiblk Oescenni kKacuerrepre ue ®CK MEeH OHBIH TYBIHIBUIAPBIH aTYIbIH
THIMI 9MIICTEPiH d3ipiey koHe aHbikTay Oonubl. Kobiburan minger ®CK kypambina
THAIUa301 (pparMeHTiH €Hri3y OHE TY3UITeH KOCBUIBICTAp/Abl OJaH 9pi XUMUSIIBIK,
MO (UKAIMSIIAY apPKBLUIBI KY3€Te aChIPbLUIIBL.

Tuanuazon cakuMHACBIHJIAFBI 00C aMHH TOOBIHBIH OOJIYbI pEaKIusiFa KaOUIeTTi
YUIHIIUTIK-0y THI-TeTpas T AMaMUI0POocHUTTI maiiganany apKbUIbl MEpEeMHUIUpICY
PeaKIUACBIHBIH MYMKIHIIKTEPIH €10Y1p KEHEHTE/I1, COHIaii-aK KeNTereH MeKTPO(UIIb i
pearenTTepMeH ApOy30B peakIMsIChIHA TYCE ajlaThlH OCJICEH 1 YIIIHIIUIIK-0yTOKCHII
TOOBI ece0iHeH KeHiHT1 (PyHKIIMOHAIaHABIPYFa JKaFaail Kacau/Ibl.

Tyiin ce3mep: ¢ocdoncipke Kpimkpuibl (PCK), THamuazon, aMHHOTHAIUA30I,
TpeT-OyTrnTeTpadTHiAnaMuIopochut, ApOy30B peaKIusChl
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AnHoTauus. Pa3paboTka OpUTHHAIBHBIX CYOCTAHIIMMA IJIs1 CO3MAHUS JICKApCTBEH-
HBIX INIPENapaTroB HaA OCHOBE IETEPOLMKINYECKUX COCIUHEHUN OCTAETCSl aKTyaJIbHbIM
W BOCTpeOOBaHHBIM HarmpaBlieHHeM uccienoBanuii. Cpeman (ochoprmupoBaHHBIX
MIPOM3BOAHBIX TETEPOLUKIIOB BBISBICHBI J((QEKTUBHBIC JIEKAPCTBEHHBIE CPEACTBA,
Takne Kak apMuH M (ocdaxos, TpUMEHseMble sl JICUCHHUs IIayKOMBI, a TaKKe
MIPOTUBOOIYXO0JIEBhIC MpenapaTsl uMudoc, Tuodochamu, Gochactpoi, iukiodhochan
u apyrue. B To ke Bpems MCClleOBaHUIO peakiuil momydeHus: Gpochopcomeprammx
MPOM3BOAHBIX aMHHOTHAINA30JIOB, 00JaJaroIluX BBIPAKEHHON (apMaKoIorndecKom
AKTUBHOCTBIO, JIO HACTOSILIET0 BPEMEHU HE YIEISIOCHh JOCTATOUHOTO BHHUMAHHUS, a
KOMIUIEKCHBIM TIOAXOJ K WX HW3YYCHHUIO OCTAETCs HENOCTATOYHO pPa3paboTaHHBIM.
3HaunTenbHBI HHTEpec K (ochonykcycHoit kucnore (OYK) u ee mpou3BoaHbIM
0OYCIIOBJIEH MX BBICOKOW aHTHBHPYCHOW aKTHBHOCTBIO, B YaCTHOCTH CIIOCOOHOCTBIO
MOJIABJIATh PEIUIMKALIMIO BUpPyCa MPOCTOrO repreca, LUTOMEraloBHpyca, BHpyca
Onreitna-bapp, BUpyca KOpoBbeil ocmbl B Apyrux. Jpyroil BaKHOH 0COOEHHOCTBIO
OVYK sBnseTcs MposiBIeHUE PAa3TUYHbIX BHIOB OMOJIOTUYECKON aKTUBHOCTH, BKIIIOYAs
repOuIHIHY0, (QYHTUIUIHYI0O W WHCEKTUIHMIHYIO. MMeroTcss Tarkke CBeIeHHS
o Bo3MoxxkHOCTsX mnpumeHeHns @OYK mpu newennn ClIIM[la. Uutepec x OYK nu
€€ TIPOM3BOJHBIM CBSI3aH HE TONBKO C MX OHOJOTMYECKOW aKTUBHOCTBIO, HO H C
JIOCTYITHOCTBIO HCXOIHBIX COCAVNHEHUM U IUPOKUMH BO3MOXKHOCTAMH UX XUMHUECKON
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Mo (UKAIIH, CIIOCOOCTBYIOLIMMHU CHHTE3Y HOBBIX OMOJIOrMYECKH aKTUBHBIX BEILIECTB.
B cBs131 ¢ 3TUM 1IeTbI0 UCCIIeIOBaHMSI IBUIIACH pa3padoTKa U BhIABICHUE dPPEKTUBHBIX
MetonoB mnonyueHus DOYK u ee npous3BomHBIX, 007agaromiux OHOIOTHYECKH
AaKTHMBHBIMHM CBOWCTBaMHU. PelleHHWe TOCTaBICHHOM 3aJaudl  OCYLIECTBISLIOCH
MyTeM BBEACHUS THaauasonbHOro (parmenta B crpykrypy OVK c mocnenmyromeit
XUMu4eckod Moaupukanuend oOpasyromuxcs coenuHeHuil. Hamuume cBoOOaHOM
AMHUHOTPYMIIBI B THAAWA30JbHOM KOJIBIE CYIIECTBEHHO PACHIMPSIET BO3MOXKHOCTU
peakuuii MepeaMUIMpPOBAHUSI C HCIOJIB30BAHUEM PEaKUHOHHOCIOCOOHOTO TpeT-
OytunrerpastunguaMuagopocdura, a TakKe MOcCiHenyromer (QyHKUMOHAIU3ANH 32
CUeT aKTUBHOH TpeT-Oy TOKCHIIBHOM IPyIIbL, CIIOCOOHOM BCTYNaTh B peakiuio ApOy30Ba
C IIMPOKHUM KPYTOM 3J1€KTPOQUIBHBIX PEareHTOB.
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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 'H and *C NMR spectra were
recorded on JEOL 500 MHz FT-NMR Spectrometer in CDCI,, 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 n*’; 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 H,SO,and 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, v,
cm™): 3255 (NH,), 3181 (NH), 1254 (P=0), P-O-C (1035), 1540 (C=N). Mass spectrum,
m/z: 252 [M+H]" (calculated for C_H, N O.PS: 251). *'P NMR spectrum (CD,0D): §,
22 ppm. 'H NMR spectrum, 6, ppm (J, Hz): 1.36 t (6H, OCH,CH,, 3JHNH =17.1 Hz), 3.03
d (2H, PCH,, *J . = 21.0 Hz), 4.19 d.q (4H, OCH,CH,, °J ,,, = 7.3, °J ., = 12.3 Hz),
6.86 s (2H). 8, ppm: 15.36 d (CH,CH,, *J,. 5.4 Hz), 27.61 d (PCH,, 'J,. = 142.3 Hz),
63.06 d (CH,CH,OP, *J, .= 6.8 Hz), 149.84 d (CH,C=N, ], .= 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 H,SO,
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 x 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 n*’ 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 aresult, 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 (VIlle)

In a reaction flask, 2.48 g (0.01 mol) of tetraethyl diamidozerz.-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 HCI 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 (C,H,) NHxXHCI 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 (VIlle).

Oil. IR spectrum (v, cm™): 1254, 1278 (P=0), P-O-C (1045), 1545 (C=N). *'P NMR
spectrum (CD,0D): 6, 5.5ppm, P(O)H; 40.15 ppm P(O)CH,,. 'H NMR spectrum, 6, ppm
(J, Hz): 1.38 t (6H, OCH,CH,, *J ,, = 7.1 Hz), 4.2 d.q (4H, OCH,CH,, ], = 7.0,2.61 d
(2H, PCH,, ], , = 14.3 Hz), ., ppm: 16.3 d (CH,CH,, *J,. 9.1 Hz), 34.2d (PCH,, 'J,. =
142.3 Hz), 61.9 d (CH,CH,OP, *J,.= 9.1 Hz), 148.2 d (CH,C=N, *J .= 10.1 Hz), 154.7
s (SC=N). Mass spectrum, m/z: 296 [M+H]" (calculated for C_H ,N,O,P,S: 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:

OEt

OEt

(Et0),PONa cl (Et0)2P

I - NaCl H

i
11
OH

H,0,KOH  (EtO)P
11 . H

v
)SL H,80,PPA NN
_—
NH, -2 H,0 1l>| A\
NH
v 4 NH NH” (EtO)2 / S 2
v VI

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).

OH  phy » OH
) n Cl/\ﬂ/ = (EtO)zg/\ﬂ/
v

S
st04, PPA
1\
+ )L /NH2 - 2 H,0 |
NH, NH (EtO)
\Y%

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 ZnCl[], is also an equally efficient method for forming the
thiadiazole ring (Figure 3).

NN N—N

/ \ (CHzO)n, HCI \/< )\ (EtO)zPONa
/43 )\NH ZnCl, NH, TNl
0 N—N
b )
(EtO)2 S
\%

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.

PhH
A) (EtO)2P(0)Cl 4+  NaCH(COOEt) NalT (EtO)2P(O)CH(COOEt)2 _>KOH

S

)k .
NH; NH/

(EtO)2P(0)CH(COOH):2 A» (EtORP(O)CH,COOH
- CO,, H,0 H,SO,, PPA
N—N
EtO/ /\4 )\
(VD)

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

PhH KOH
B) (E0RPONa | BrCH(COOEty —g——= (EtO2P(O)CH(COOE), —=
S
)k NH,
JAN NH NH/
(Et0)2P(O)CH(COOH), ——— (Et0)2P(0)CH2,COOH
- CO,, H,0 H,SO,, PPA
N—N
EtO/ /\4 )\
side reaction (VD
e EtOOC COOEt

(Et0)2P-O-Na + Br-CH(COOEt)z —> (Et0)PHO + >_<
- NaBr —
\_/ EtOOC COOFEt

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=0 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 tetracthyl
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,
(Vla) 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.

Et,N

——OBu-t
0 N—NH (EtzN)zPOBu -t

(Eto)2}u\/LS%NH - Et,NH \/{\ /\QNH
VIb (EtO)2

VIIId

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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The evolved isobutylene was collected, and its volume was measured by the water
displacement method.
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Evidently, the reaction proceeds due to the high lability of the zert.-butoxy group,
which under the reaction conditions at the boiling point of ethyl acetate readily
undergoes elimination of a stable fert.-butyl cation, leading to the formation of a stable
phosphoryl group (P=0) and, consequently, to the formation of compound (VIlle).
The reaction progress was monitored by TLC and by recording the *'P NMR spectrum
after 10—15 minutes. The formation of structure VIlla was observed, manifested by a
signal at 181.55 ppm, corresponding to a trivalent P(IlI) 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 fert.-butoxy group and ultimately converts into the final
product VIlle. It should also be noted, in support of the proposed reaction pathway, that
the mass spectrum of (VIlle) exhibits a peak at m/z 369, corresponding to the structure
(VIlle)’ 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 fert.-butyl tetracthyldiamidophosphite, 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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