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6-Amino-5-nitro-2-propargylsulfanyl-4(3H)-pyrimidinone (1) has been synthesized for the 

first time by the reaction of 6-amino-5-nitroso-2-propargylsulfanyl-4(3H)-pyrimidinone with 
tert-butyl hydroperoxide at equimolar ratio of the reactants leading to selective oxidation of ni-
troso group to a nitro one. The product is a crystalline substance, soluble in aromatic hydrocar-
bons, resistant to air oxygen and moisture. The compound has been characterized by IR and 1H 
NMR spectroscopy and X-ray diffraction analysis. The IR spectrum of 1 contains absorption 
bands at 3290 (NH2, st), 2855 (S–CH2, st), 1684 (C=O, st) and 1595 (NO2, st) cm–1. In the 1H 
NMR spectrum of 1 there are singlets of SCH2 protons at 3.87 ppm and С≡CH at 3.12 ppm. 
Downfield, there are singlets of NH2 group protons at 7.77 ppm and pyrimidine ring NH protons 
at 10.89 ppm.  

According to X-ray diffraction analysis data, in the crystal there are two types of 
crystallographically independent molecules, geometrical parameters of which are slightly 
different. X-ray diffraction data show that the crystal cell contains molecules of the used solvent, 
dimethylformamide. The planes of the nitro and thio groups are parallel to the plane of the 
heterocyclic fragment. C–NO2 and C–NH2 bond lengths are 1.452(2) and 1.317(2) Å, which is 
usual for compounds of these classes. The CAr–S distance is 1.748(2) Å. 

The structural arrangement of molecules in a crystal is due to O···H hydrogen bonding 
(1.91(2)–2.70(1) Å) and intermolecular N···O interactions (2.767(3)–2.984(3) Å). Also, there are 
face-to-face stacking interactions, the distances between centroids of aromatic rings are 4.13–
4.46 Å. 

Keywords: 6-amino-5-nitro-2-propargylsulfanyl-4(3H)-pyrimidinone, oxidation, structure, 
X-ray diffraction analysis, IR spectroscopy, 1H NMR spectroscopy. 

 
 

Introduction  
Pyrimidine derivatives are known to be biologically active, with antiviral [1, 2], antitumor [3–5], 

antimycotic [6–8], HIV-1 [9–11] and anti-COVID-19 [12] activities. 
Nitrosobenzenes can be oxidized to nitro compounds by oxidizing agents such as permanganate, 

chromate, hexacyanoferrate, Caro's acid [13], nitric acid, nitrogen dioxide and nitrogen monoxide [14], 
hypochlorite and hydrogen peroxide in alkaline medium [15], and in a mixture of hydrogen peroxide 
with nitric acid in glacial acetic acid as a solvent [16]. Nitrosobenzene can be oxidised by 
peroxocarboxylic acids. Thus, peroxotrifluoroacetic acid reacts in a solution of methylene chloride when 
boiling with nitrosobenzene to form nitrobenzene [17]. 5-Nitrosopyrimidine is oxidized to 5-
nitropyrimidine by hydrogen peroxide using trifluoroacetic acid as a solvent [18]. 

In the present paper, we continue the discussion of substituted nitrosobenzene oxidation reactions 
on the example of 6-amino-5-nitroso-2-propargylsulfanyl-4(3H)-pyrimidinone interaction with tert-
butyl hydroperoxide.  

 
Experimental 
The starting 6-amino-5-nitroso-2-propargylsulfanyl-4(3H)-pyrimidinone was previously obtained 

by 6-amino-2-propargylsulfanyl-4(3H)-pyrimidinone nitrosation according to the known procedure [19]. 
Synthesis of 6-amino-5-nitro-2-propargylsulfanyl-4(3H)-pyrimidinone (1). 
6-Amino-5-nitroso-2-propargylsulfanyl-4(3H)-pyrimidinone (0.04 g, 0.19 mmol) was dissolved in 

10 ml of dimethylformamide, then 70 % aqueous solution of tert-butyl hydroperoxide (0.017 g, 
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0.19 mmol) was added. The mixture was kept for 24 h at 20 °C. After the solvent evaporation, the oily 
dark green product was recrystallized from benzene. As a result, 0.023 g (40 %) of beige crystals of 1 
with MP > 300 °C, with decomposition, was obtained. 

IR spectrum, ν, сm–1: 3290 (NH2), 2923, 2855 (S–H), 1684 (C=O), 1653, 1595 (NO2), 1517, 1507, 
1419, 1457, 1448, 1437, 1395, 1388, 1363, 1283, 1247, 1223, 1180, 1122, 1066, 1015, 976, 804, 486, 
444, 419. 

1H NMR (500 MHz, DMSO-d6) δ 10.89 (s, 1H, NH), 7.77 (s, 2H, NH2), 3.87 (s, 2H, SCH2), 3.12 
(s, 1H, С≡CH). 

Found, %: С 40.10, Н 4.25. For C20H26N10O8S2 calculated, %: С 40.13, Н 4.38. 
IR spectrum of compound 1 was recorded on a Shimadzu IRAffinity-1S FTIR-spectrometer; 

sample was prepared by pelletting with KBr (absorption region 4000–400 cm–1). 
1H NMR spectrum was recorded on a Bruker DRX-500 spectrometer (500 MHz) in DMSO, the 

internal standard was TMS. 
X-ray diffraction analysis of crystalline substance 1 was performed on a Bruker D8 QUEST 

automatic four-circle diffractometer (Mo K-emission,  0.71073 Å, graphite monochromator).  
Data collection and editing, unit-cell parameters refinement, and correction for absorption were 

carried out in SMART and SAINT-Plus software [20]. All calculations aimed at solving and refining the 
structure of compound 1 were performed in SHELXL/PC [21] and OLEX2 software [22]. Structure 1 was 
determined by direct methods and refined with the least squares method in the anisotropic 
approximation for non-hydrogen atoms.  

Crystal Data for C20H26N10O8S2 (M 598.63 g/mol): triclinic, space group Pī, a 7.267(7) Å, 
b 12.857(12) Å, c 15.417(15) Å, α 85.89(7)°, β 88.33(4)°, γ 75.16(4)°, V 1389(2) Å3, Z 2, μMo 0.254 mm–1, 
Dcalc 1.432 g/cm3, 31188 reflections measured, 5646 unique reflections (Rint 0.0410), the number of 
refinement variables 386, GOOF 1.029, R factors for F2 > 2(F2): R1 0.0364, wR2 0.0894, R factors 
for all reflections R1 0.0553, wR2 0.0991.  

The full tables of atomic coordinates, bond lengths, and bond angles were deposited with the 
Cambridge Crystallographic Data Centre (CCDC 2050940 for compound 1; deposit@ccdc.cam.ac.uk; 
http://www.ccdc.cam.ac.uk).  

 
Results and Discussion  
In the present work, the synthesis of 6-amino-5-nitro-2-propargylsulfanyl-4(3H)-pyrimidinone has 

been carried out by the reaction of 6-amino-5-nitroso-2-propargylsulfanyl-4(3H)-pyrimidinone with tert-
butyl hydroperoxide at room temperature at an equimolar ratio of reactants: 
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H2N SN

NH t-BuOOH

O
O2N

H2N SN

NH
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Compound 1 is a crystalline substance, soluble in aromatic hydrocarbons, resistant to moisture and 

air oxygen. 
Structure 1 has been determined by X-ray diffraction analysis and confirmed by IR and NMR 1H 

spectroscopy. Suitable for X-ray diffraction analysis crystals were obtained after recrystallization of the 
reaction product from benzene.  

In the IR spectrum of compound 1, there are absorption bands at 3290 cm–1 (NH2, st), 2855 cm–1 
(S–CH2, st), 1684 cm–1 (C=O, st) [23]. The broad absorption band of the N=O group with a maximum at 
1559 cm–1, characteristic for the starting compound [19], is absent in 1. Instead, there is an intensive 
band at 1595 cm–1 due to NO2-group stretching vibrations [23]. 

The 1H NMR spectrum of 1 contains singlets of the SCH2 protons at 3.87 ppm and С≡CH at 3.12 
ppm. Downfield, there are signals of NH2 group protons at 7.77 ppm. In an even farther downfield 
region, there is a singlet of pyrimidine ring NH protons at 10.89 ppm. 

According to X-ray diffraction data, in crystal 1 there are two types of crystallographically 
independent molecules a and b, the geometric parameters of which are equal within the error limits, 
therefore, in the following, we discuss the structural data of molecule 1 a. The substance crystallizes in 
the form of a solvate with dimethylformamide (Fig. 1). 
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Fig. 1. Structure 1 (
Hydrogen atoms have been omitted for clarity. Selected bond lengths (Å) and angles (°):

C(5)–N(1) 1.317(2), C(6)
C(3)–N(3) 1.303(3),

C(3)N(3)C(8) 117.7(1), O(1)N(2)O(2) 122.3(2), C(2)S(1)C(3) 100.3(1)

The compound has a structure similar to the structure of 2
4-methylthio-5-nitro-2-phenylpyrimidine 
plane of the heterocyclic fragment. The lengths of the exocyclic C
1.317(2) Å, which is usual for compounds of these classes. The C

The structural organization of molecules in a crystal is due to hydrogen bonds O···H (1.91(2)
2.70(1) Å) (Fig. 2) and intermolecular interactions between nitrogen and oxygen atoms N···O 
(2.767(3)–2.984(3) Å) (Fig. 3). The distances between nitrogen and oxy
the sum of Van der Waals radii of N and O atoms (3.15 Å) 
interactions, the distances between centroids of aromatic rings are 4.13

Fig. 2. Hydrogen bonds O···H in 1. Selected bond lengths (Å):
 1.91(2), 1.97(2), 2.55(2), 2.5

 

Fig. 3. The intermolecular interactions in 1. Selected bond lengths (Å):
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Fig. 1. Structure 1 (a and b) showing thermal ellipsoids at 30% probability. 

Hydrogen atoms have been omitted for clarity. Selected bond lengths (Å) and angles (°):
N(1) 1.317(2), C(6)–N(2) 1.452(2), C(3)–S(1) 1.748(2), C(3)–N(4) 1.352(2), 

N(3) 1.303(3), N(2)–O(1) 1.223(2), N(2)–O(2) 1.209(2); S(1)C(3)N(3) 120.4(1),
C(3)N(3)C(8) 117.7(1), O(1)N(2)O(2) 122.3(2), C(2)S(1)C(3) 100.3(1) 

 
cture similar to the structure of 2-amino-5-nitropyrimidine and 6

phenylpyrimidine [24, 25]. The nitro- and thio- group planes are coplanar with the 
plane of the heterocyclic fragment. The lengths of the exocyclic C–NO2 and C–NH2
1.317(2) Å, which is usual for compounds of these classes. The CAr–S distance is 1.748(2) Å.

The structural organization of molecules in a crystal is due to hydrogen bonds O···H (1.91(2)
2.70(1) Å) (Fig. 2) and intermolecular interactions between nitrogen and oxygen atoms N···O 

2.984(3) Å) (Fig. 3). The distances between nitrogen and oxygen atoms are slightly less than 
the sum of Van der Waals radii of N and O atoms (3.15 Å) [26]. There are also face
interactions, the distances between centroids of aromatic rings are 4.13–4.46 Å. 

Fig. 2. Hydrogen bonds O···H in 1. Selected bond lengths (Å): 
1.91(2), 1.97(2), 2.55(2), 2.59(3), 2.60(2), 2.66(2), 2.70(1) 

Fig. 3. The intermolecular interactions in 1. Selected bond lengths (Å):
 N···O (2.767(3), 2,788(3), 2.924(3), 2.984(3)) 
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) showing thermal ellipsoids at 30% probability.  

Hydrogen atoms have been omitted for clarity. Selected bond lengths (Å) and angles (°): 
N(4) 1.352(2),  

O(2) 1.209(2); S(1)C(3)N(3) 120.4(1), 

nitropyrimidine and 6-methylamino-
group planes are coplanar with the 

2 bonds are 1.452(2) and 
S distance is 1.748(2) Å. 

The structural organization of molecules in a crystal is due to hydrogen bonds O···H (1.91(2)–
2.70(1) Å) (Fig. 2) and intermolecular interactions between nitrogen and oxygen atoms N···O 

gen atoms are slightly less than 
. There are also face-to-face stacking 

 

 
Fig. 3. The intermolecular interactions in 1. Selected bond lengths (Å): 
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Conclusion 
The oxidation reaction of 6-amino-5-nitroso-2-propargylsulfanyl-4(3H)-pyrimidinone with tert-

butyl hydroperoxide at equimolar ratio in dimethylformamide leads to formation of 6-amino-5-nitro-2-
propargylsulfanyl-4(3H)-pyrimidinone, the structural organization of which is due to hydrogen bonds 
and other short contacts as well as stacking interactions. 
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СИНТЕЗ И СТРОЕНИЕ 6-АМИНО-5-НИТРО-2-
ПРОПАРГИЛСУЛЬФАНИЛ-4(3Н)-ПИРИМИДИНОНА 
 
Е.В. Артемьева, К.Ю. Петрова 
Южно-Уральский государственный университет, г. Челябинск, Россия 
 

По реакции окисления 6-амино-5-нитрозо-2-пропаргилсульфанил-4(3Н)-пиримидинона 
с трет-бутилгидропероксидом при эквимолярном соотношении реагентов, приводящей к 
селективному окислению нитрозогруппы до нитрогруппы, впервые синтезирован 6-амино-
5-нитро-2-пропаргилсульфанил-4(3Н)-пиримидинон (1). Продукт представляет собой кри-
сталлическое вещество, растворимое в ароматических углеводородах, устойчивое к кисло-
роду воздуха и влаге. Соединение охарактеризовано методами ИК-спектроскопии, спек-
троскопии ЯМР 1H и рентгеноструктурного анализа. ИК-спектр 1 содержит полосы по-
глощения при 3290 (NH2, st), 2855 (S–CH2, st), 1684 (C=O, st) и 1595 см–1 (NO2, st). В спек-
тре ЯМР 1H 1 наблюдаются синглеты, соответствующие протонам SCH2 при 3,87 м.д. и 
С≡CH при 3,12 м. д. В более слабом поле наблюдаются сигналы протонов групп NH2 при 
7,77 м. д. и протонов NH пиримидинового кольца при 10,89 м. д.  

Согласно данным рентгеноструктурного анализа (РСА), в кристалле находятся два 
типа кристаллографически независимых молекул, геометрические параметры которых 
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незначительно отличаются. Данные РСА показывают, что в кристаллической ячейке 
присутствуют молекулы используемого растворителя – диметилформамида. Плоскости, в 
которых находятся нитро- и тиогруппы, параллельны плоскости гетероциклического 
фрагмента. Длины связей C–NO2 и C–NH2 составляют 1,452(2) и 1,317 (2) Å, что является 
обычным для соединений этих классов. Расстояние CAr–S составляет 1,748 (2) Å.  

Структурная организация молекул в кристалле обусловлена водородными связями 
O···H (1,91(2)–2,70(1) Å) и межмолекулярными взаимодействиями N···O (2,767(3)–2,984 
(3) Å). Также присутствуют стэкинг-взаимодействия типа плоскость к плоскости, 
расстояния между центроидами ароматических колец составляют 4,13–4,46 Å. 

Ключевые слова: 6-амино-5-нитрозо-2-пропаргилсульфанил-4(3Н)-пиримидинон, окис-
ление, строение, рентгеноструктурный анализ, ИК-спектроскопия, 1H ЯМР-спектро-
скопия. 
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