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6-Amino-5-nitro-2-propargylsulfanyl-4(3 H)-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 'H
NMR spectroscopy and X-ray diffraction analysis. The IR spectrum of 1 contains absorption
bands at 3290 (NH,, sf), 2855 (S—CH,, st), 1684 (C=0, st) and 1595 (NO,, sf) cm™. In the 'H
NMR spectrum of 1 there are singlets of SCH, protons at 3.87 ppm and C=CH at 3.12 ppm.
Downfield, there are singlets of NH, 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-NO, and C-NH, bond lengths are 1.452(2) and 1.317(2) A, which is
usual for compounds of these classes. The C~S distance is 1.748(2) A.

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

Keywords: 6-amino-5-nitro-2-propargylsulfanyl-4(3H)-pyrimidinone, oxidation, structure,
X-ray diffraction analysis, IR spectroscopy, 'H 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 fert-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, v, cm ': 3290 (NH,), 2923, 2855 (S-H), 1684 (C=0), 1653, 1595 (NO,), 1517, 1507,
1419, 1457, 1448, 1437, 1395, 1388, 1363, 1283, 1247, 1223, 1180, 1122, 1066, 1015, 976, 804, 486,
444, 419.

'H NMR (500 MHz, DMSO-d) & 10.89 (s, 1H, NH), 7.77 (s, 2H, NH,), 3.87 (s, 2H, SCH,), 3.12
(s, IH, C=CH).

Found, %: C 40.10, H 4.25. For C,H,4N00sS, calculated, %: C 40.13, H 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 4000400 cm ).

"H 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, A 0.71073 A, 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 C,oH,oN,(OsS, (M 598.63 g/mol): triclinic, space group Pi, a 7.267(7) A,
b 12.857(12) A, ¢ 15.417(15) A, o 85.89(7)°, B 88.33(4)°, v 75.16(4)°, V 1389(2) A®, Z 2, o 0.254 mm ',
D, 1.432 g/cm3, 31188 reflections measured, 5646 unique reflections (R, 0.0410), the number of
refinement variables 386, GOOF 1.029, R factors for F* > 20'(F2)2 R, 0.0364, wR, 0.0894, R factors
for all reflections R; 0.0553, wR, 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:

o

ON O,N
— — — — + t-BuOH
H,N* N S H,N N S

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 'H
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™' (NH,, s7), 2855 cm'
(S—CH,, s1), 1684 cm ™' (C=0, sf) [23]. The broad absorption band of the N=0O group with a maximum at
1559 cm', characteristic for the starting compound [19], is absent in 1. Instead, there is an intensive
band at 1595 cm ' due to NO,-group stretching vibrations [23].

The 'H NMR spectrum of 1 contains singlets of the SCH, protons at 3.87 ppm and C=CH at 3.12
ppm. Downfield, there are signals of NH, 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 (a and b) showing thermal ellipsoids at 30% probability.
Hydrogen atoms have been omitted for clarity. Selected bond lengths (A) and angles (°):
C(5)-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),
C(3)-N(3) 1.303(3), N(2)—0O(1) 1.223(2), N(2)-0(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)0(2) 122.3(2), C(2)S(1)C(3) 100.3(1)

The compound has a structure similar to the structure of 2-amino-5-nitropyrimidine and 6-methylamino-
4-methylthio-5-nitro-2-phenylpyrimidine [24, 25]. The nitro- and thio- group planes are coplanar with the
plane of the heterocyclic fragment. The lengths of the exocyclic C-NO, and C—NH, bonds are 1.452(2) and
1.317(2) A, which is usual for compounds of these classes. The Ca—S distance is 1.748(2) A.

The structural organization of molecules in a crystal is due to hydrogen bonds O---H (1.91(2)-
2.70(1) A) (Fig. 2) and intermolecular interactions between nitrogen and oxygen atoms N---O
(2.767(3)-2.984(3) A) (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 A) [26]. There are also face-to-face stacking
interactions, the distances between centroids of aromatic rings are 4.13-4.46 A.

e
Fig. 2. Hydrogen bonds O---H in 1. Selected bond lengths (A):
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 (A):
N---O (2.767(3), 2,788(3), 2.924(3), 2.984(3))
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Conclusion

The oxidation reaction of 6-amino-5-nitroso-2-propargylsulfanyl-4(3H)-pyrimidinone with fert-
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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CUHTE3 U CTPOEHUE 6-AMUHO-5-HUTPO-2-
NMPONAPIUNCYNb®AHUN-4(3H)-MUPUMNONHOHA

E.B. Apmembesga, K.FO. [lempoea
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHusepcumem, 2. YensbuHck, Poccus

Ilo peakuum OKHCICHHS 6-aMHUHO-5-HUTPO30-2-niponaprivicyabdanmi-4(3 H)-mupuMuInHOHA
¢ mpem-0yTUITUAPONIEPOKCUIOM TIPH SKBHUMOJISIPHOM COOTHOLIEHHH PEareHTOoB, MPHUBOISIICH K
CEJICKTUBHOMY OKHCIICHHIO HUTPO3OTPYIIHI 0 HUTPOTPYIIIEI, BIEPBbIE CHHTE3UPOBAaH 6-aMHHO-
5-uutpo-2-nponapruicyibdanmnn-4(3 H)-nupumuaunon (1). [Ipoaykr npeacrasisier coboi Kpu-
CTAJUIMYECKOE BEIIECTBO, PACTBOPHUMOE B apOMATHUECKUX YTTIEBOJOPOJaX, YCTOHIMBOE K KUCIIO-
pony Bo3myxa u Biare. CoenquHEHHE oxapakTepu3oBaHO meronamu MK-crmekrpockomnuu, crek-
Tpockonuu SIMP 'H u peHTreHoCTpyKTypHOTO aHanmu3a. MK-ciektp 1 coaepkuT moJoChl To-
riomernst pu 3290 (NH,, st), 2855 (S—CH,, s1), 1684 (C=0, sf) u 1595 cm™' (NO,, s7). B criek-
tpe SIMP 'H 1 HabmomaloTcs CHHITIETHI, COOTBETCTBYIomME npotonam SCH, mpu 3,87 m.a. u
C=CH npwu 3,12 M. 1. B Gosee cmraboM 1more HaOIIOIAIOTCS CUTHANBI MPOTOHOB rpymm NH, mpu
7,77 M. a. u npotoHoB NH nupumuannosoro konsua npu 10,89 m. 1.

CorylacHO JTaHHBIM peHTreHoCTpyKTypHOro aHaimmza (PCA), B kpucramie HaxonsTcs ABa
TUINA KpHCTAJUIOTpaMUECKH HE3aBHCHUMBIX MOJIEKYJ, T'€OMETPHUYCCKHE MapaMeTphl KOTOPBIX
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He3HauuTeNnbHo oTinyarorcs. JanHele PCA mokas3piBalOT, YTO B KPUCTAJUIMYECKOH suerke
MPUCYTCTBYIOT MOJIEKYJIBI HCITOB3yEMOT0 pacTBOpUTENs — auMeTmidopmamuna. [Inockocty, B
KOTOPBIX HAaXOIATCS HHUTPO- W THOTPYIIIBL, MapalieNbHBI IUIOCKOCTH T'eTEPONUKINIECKOTO
dparmenta. Jmunsl cszeit C-NO, u C-NH, cocrasusror 1,452(2) u 1,317 (2) A, uto asnsercs
OOBIYHBIM JIJIS COSAMHEHMI 3THX KiaccoB. Paccrostaue Cp—S coctaBiseT 1,748 (2) A.

CTpyKkTypHas OpraHu3alys MOJCKYJ B KpHUCTauie OOyCIOBICHa BOJOPOIHBIMH CBSI3IMHU
O---H (1,91(2)-2,70(1) A) u mexmonexynspabIMU B3aumoseiicTeuamMu N---O (2,767(3)-2,984
(3) A). Taxke NPUCYTICTBYIOT CT3KHHT-B3aMMOJEHCTBHSA THIIA IUIOCKOCTH K IIIOCKOCTH,
PACCTOSHHSA MEXIy IIEHTPOHAAMH apOMAaTHUECKUX KOJIEI] COCTABIAIOT 4,13-4,46 A.

Knioueswvie cnosa: 6-amuno-5-numposzo-2-nponapauicyivpanun-4(3H)-nupumuounon, oxuc-
JleHue, cmpoeHue, peHmeenocmpykmypusiii anaius, HK-cnexmpockonus, "H AMP-cnexmpo-
cKonus.
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