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2-Propargylthio-6-methyl-5-ethyl-4(3H)-pyrimidinone has been synthesized by
alkylation of S-sodium salt of 6-methyl-5-ethyl-2-thiouracil with propargyl bromide. It has
been found by X-ray method that S-derivatives of 2-thiouracil are in the tautomeric form with
the proton at the nitrogen atom N°. The substitute at the sulfur atom is within the plane of
pyrimidine ring at the angle 59-84°. The 2-alkylthio-4(3H)-pyrimidinones molecules are
combined in dimers with formation of two intermolecular hydrogen bonds.
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Introduction

It is known that alkylation of 6-methyl-2-thiouracil and 6-trifluoromethyl-2-thiouracil occurs at the
sulfur atom [1]. At the same time information about alkylation of 6-methyl-5-ethyl-2-thiouracil by
propargyl bromide has not been discussed in literature. The aim of the present study is the synthesis of
2-propargylthio-6-methyl-5-ethyl-4(3 H)-pyrimidinone and the investigation of its structure and other 2-
thiouracil S-derivatives by X-ray analysis.

Experimental

Synthesis of 2-propargylthio-6-methyl-5-ethyl-4(3H)-pyrimidinone (1)

Propargyl bromide (0.9 mL, 0.001 mol) and NaOH (0.04 g, 0.001 mol) were added to the S-sodium
salt of 6-methyl-5-ethyl-2-thiouracil solution (0.912 g, 0.001 mol) in 20 mL of water. The reaction
mixture was stirred with a magnetic stirrer for 2 h. Mixture was neutralized by the addition of acetic
acid, the obtained precipitate was filtered off, washed with water, dried and recrystallized from hexane.
The product yield: 0.154 g (55%), T,=162°C, R=0.55(ethyl acetate:hexane 1:3). Crystals for X-ray
analysis were obtained from the isooctane—acetone (3:1) solution.

Compounds 2—4 were obtained by the interaction between S-sodium salt of 6-methyl- and 6-
trifluoromethyl-2-thiouracil with allyl bromide, prenyl chloride and 1,3-dichloropropene by the method [2].

The X-ray analysis of the crystals of compounds 1-4 was performed on the automatic four-circle
Bruker D8 Quest diffractometer (Mo K ,-radiation, L. = 0.71073 A, graphite monochromator).

The data collection and editing, as well as the refinement of unit cell parameters and the absorption
accounting were carried out using SMART and SAINT Plus program packages [3]. All calculations for
the structure determination and refinement were carried out using the SHELXTL/PC [4] program
packages. The structures of compounds 1-4 were determined by the direct method and refined by least-
squares method calculations in anisotropic approximation for non-hydrogen atoms. Selected
crystallographic data and structure refinement results are given in Table 1.

The full tables of atomic coordinates, bond lengths, and bond angles were deposited with the
Cambridge Crystallographic Data Centre (Ne 998573, 1061098, 1061104, 1028131;
deposit@ccdc.cam.ac.uk; http://www.ccdc.cam.ac.uk).
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Table 1
Crystallographic data and the experimental and structure refinement parameters for compounds 1-4
Value
Parameter 1 ) 3 4
Empirical formula Cl()leNzOS Cg Hl()NzosH]() C]()H] 1N28F3O C8H6N208C1F3
Formula weight 208.28 182.24 264.27 270.66
T,K 273.15 273.15 295.0(2) 295.0(2)
Crystal system Monoclinic Triclinic Monoclinic Monoclinic
Space group P2,/c P-1 P2,/n P2,/n
a, A 9.8551(18) 4.6742(2) 12.675(17) 12.080(11)
b, A 21.875(3) 9.5013(4) 7.156(9) 7.43(2)
c, A 4.8936(8) 11.4968(5) 13.644(17) 12.650(16)
a, deg 90.00 113.905(2) 90.00 90.00
B, deg 93.569(4) 99.243(2) 95.10(6) 91.56(9)
vy, deg 90.00 92.850(2) 90.00 90.00
7N 1052.9(3) 456.98(3) 1233(3) 1134(4)
Z 4 2 4 4
p(caled.), g/em’ 1.314 1.324 1.424 1.585
u, mm ' 0.276 0.307 0.286 0.540
F(000) 440.0 192.0 544.0 544.0
. 0.24 x 0.09 x
Crystal size, mm 0.025 0.53 x0.25 x 0.13 0.61 x 0.2 x0.12 0.6 x0.27 x0.25
9 Range of data 6.96 to 52.78° 7.32 to 52.84° 4.6 t0 57.04° 4.6 10 42.9°
collection, deg
. -12<h<12, —5<h<5, -8 <h<16, -12<h<12,
Ra“geigcfﬁr:iacuon —27<k<27, —11<k<11, —9<k<9, —7<k<7,
—-6<1<6 -14<1<14 -18<1<18 -9<1<13
Measured reflections 14398 10518 11916 3767
Independent reflections 2138 1868 3107 1248
R, 0.1804 0.0233 0.0362 0.0328
GOOF 0.996 0.984 1.017 1.088
2 2 =0.0613, R;=0.0347, R, =0.0764, R, =0.0726,
Rfactors for F> 20(F)| . —0.1025 WR, = 0.1123 WR, = 0.2049 WR, = 0.2012
R factors for all R, =0.1481, R, =0.0458, R, =0.1189, R, =0.0987,
reflections wR, = 0.1283 wR, =0.1233 wR, =0.2376 wR, = 0.2425
Residual electron
density 0.22/-0.21 0.21/~0.20 0.93/-0.24 0.72/-0.25
(min/max), /A’

Results and Discussion
We are the first to find that alkylation of S-sodium salt of 6-methyl-5-ethyl-2-thiouracil by
propargyl bromide is carried out with the synthesis of 2-propargylthio-6-methyl-5-ethyl-4(3H)-

pyrimidinone (1).
(I === ﬁﬁ P

2-Allylthio-6-methyl-4(3 H)-pyrimidinone (2), 2-prenylthio-6-trifluoromethyl-4(3 H)-pyrimidinone
(3) and cis-2-(3-chloroallyl)thio-6-trifluoromethyl-4(3H)-pyrimidinone (4) are synthesized by the
method [2]. Note that alkylation of 6-trifluoromethyl-2-thiouracil by 1,3-dichloropropene is carried out
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with the formation of mixture of cis- and trans-isomers. The monocrystal of cis-isomer has been isolated
mechanically after recrystallization from hexane.

(@] O
| NH /f}\NH /f‘\NH Cl
A AL ML
2 3 4

It has been found by X-ray method that derivatives at the sulfur atom in sulfides 1-4 (Fig. 1-4) are
almost in the perpendicular plane to pyrimidine ring at the angle 72—-84°. Exception is chloroallylsulfide
4, in which the chloroallyl fragment is at the angle that equals 59° for pyrimidine ring.

Fig. 1. The structure of compound 1 Fig. 2. The structure of compound 2

Fig. 3. The structure of compound 3 Fig. 4. The structure of compound 4

Sulfides 1-4 have standard geometry. Particularly there is noticeable asymmetry of the C—S bond
lengths, which is the result of heterocycle effect (C(2)-S(1)= 1.727-1.759 A, C(7)-S(1)= 1.802-1.822 A).
The bond lengths of heterocycles in all analyzed compounds are in the range 1.299-1.384 A. Exception
is the bond length C(5)-C(4) 1.420-1.442 A. It is the result of the influence of the electron acceptor
oxygen atom at C(4).
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Three tautomeric forms for sulfides 1-4 can be presented:
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Table 2
Selected bond lengths in the structures of compounds 1-4
Compound
Bond length, A
1 2 3 4
C4-01 1.242(3) 1.238(2) 1.224(4) 1.229(8)
C2-S1 1.750(3) 1.759(2) 1.741(4) 1.759(7)
C7-S1 1.811(3) 1.807(2) 1.822(5) 1.818(9)
C2-N3 1.353(4) 1.353(2) 1.353(4) 1.347(9)
C6-N1 1.380(4) 1.379(2) 1.364(4) 1.379(9)
C4-N3 1.377(4) 1.381(2) 1.384(4) 1.397(8)
C2-N1 1.292(4) 1.300(2) 1.295(4) 1.313(9)
C5-C6 1.357(4) 1.358(2) 1.347(5) 1.356(10)
C4-C5 1.441(4) 1.421(2) 1.420(5) 1.442(10)

The C-O bond length of sulfides 1-4 corresponds to the carbonyl group (1.224-1.242 A) which is
absent in tautomeric form C. The C(2)-N(1) bond length in compounds 1-4 is 1.299-1.313 A. It is the
result of double bond C=N formation in sulfides, which opposes structure B. Thus, compounds 1-4 are
in tautomeric form A. It corresponds to the various quantum-chemical calculations and analysis of

vibrational spectra in the works [5, 6].

The molecules of sulfides 1-4 are combined in dimers due to formation of hydrogen bonds, these
dimers are oriented in the following way: the oxygen atom of the first molecule is bonded with the NH
group of the second molecule, and the NH group of the first molecule is bonded with the oxygen atom of
the second molecule (Fig. 5). The length of hydrogen bonds in compounds 2 and 4 is 1.889 and 1.896 A.
This length in compounds 1 and 3 is equal to 1.921 and 1.923 A. The dimers are almost in the same
plane, and the deviation is not more than 1-2°. The dimers of sulfides 1-4 are packed in parallel planes
due to short contacts (Fig. 6).

Fig. 5. The structure of compound 2 dimer

Fig. 6. The packing of molecules in crystal 4
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The oxygen of one molecule and the proton of the prenyl fragment methyl group of another
molecule form this contact in prenyl sulfide 3 (Fig. 7). The oxygen of one molecule and the proton at the
B-carbon atom in the allyl fragment of another molecule form this contact in chloroallyl sulfide 4

(Fig. 8).
W ,
. \/, ,’IK;_H

[

Fig. 7. The packing of molecules in crystal 3 Fig. 8. The packing of molecules in crystal 4

Dimers in propargyl sulfide 1 and allyl sulfide 2 are packed through short contacts between
carbonyl carbon atoms O=C ... C=0. These lengths are 3.309 and 3.398 A, respectively (Fig. 9, 10).

Fig. 9. The short contact in compound 1 Fig. 10. The short contact in compound 2

In contrast to sulfides 3 and 4, compounds 1 and 2 have short contacts between sulfur atoms, 3.321
and 3.409 A, respectively (Fig. 11). It makes the packing of dimers by stacks possible (Fig. 12).

Fig. 11. The short contact in compound 1
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Fig. 12. The packing of molecules in crystal compound 2

In spite of the differences, the packing of compounds 2—4 is similar; it is presented on figures 13
and 14. Only in the case of allyl sulfide 1 the packing has two perpendicular directions (Fig. 13), while
there is only one direction in compounds 3 and 4 (Fig. 14).

Fig. 13. The packing of molecules in crystal 2 Fig. 14. The packing of molecules in crystal 3

In contrast with crystals 2—4, the stack packing of dimers in the crystal of propargyl sulfide 1 is in
perpendicular plane (Fig. 15).

Fig. 15. The packing of molecules in crystal 1
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Conclusion

We have found that S-sodium salt of 6-methyl-5-ethyl-2-thiouracil reacts with propargyl bromide to
produce 2-propargylthio-6-methyl-5-ethyl-4(3 H)-pyrimidinone. By X-ray method it has been found that
S-derivatives of 2-thiouracil are in the tautomeric form with the proton at the nitrogen atom N° The
substitute group at the sulfur atom is placed at the angle 59-84° with the plane of pyrimidine ring. The
2-alkylthio-4(3 H)-pyrimidinone molecules are combined in dimers with formation of two intermolecular
hydrogen bonds.
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MCCINEQOBAHUE METOAOM PEHTITEHOCTPYKTYPHOIO AHAJTU3A
NMPON3BOOHbLIX 2-TUOYPALUIIA

T.B. ®ponoea, 4.I. Kum, B.B. lllapymuH, K.FO. Oweko
HOxHo-Ypanbckul eocydapcmeeHHblil yHUsepcumem, 2. YensabuHck

ANKWIHpOBaHWEM S-HATPUEBOH CONH  6-METHII-5-3THII-2-THOYpAIiiia OpOMHUCTHIM
MPONapruioM CHUHTE3MPOBaH  2-TIPOMAPTHITHO-6-MeTHI-5-3Tin-4(3 H)-MHpUMUAHHOH.
MeTogoM  pEHTTEHOCTPYKTYPHOTO aHalW3a YCTaHOBICHO, 4YTO S-MPOU3BOIHBIC  2-
THOYPALMIOB HAXOIATCA B TAyTOMEpPHOiH (opMe ¢ NpoToHOM y atoma asota N°, a
3aMECTHTEIb MPH aTOME Cepbl HAXOAUTCS MOJ yriioM 59—84° K IIOCKOCTH MUPUMHUINHOBOTO
KoubIa. Moutekyisl 2-ankuntro-4(3 H)-MupUMHIAHOHOB O0bEAMHEHBI B TUMEPHI, B KOTOPBIX
00pazyroTcst IBE MEKMOJIEKYJISIPHBIE BOJIOPOAHBIE CBS3H.

Kniouesvie cnosa: 2-npenunmuo-6-mpugmopmemun-4(3H)-nupumuounon, yuc-2-(3-
xnopannun)muo-6-mpugpmopmemun-4(3H)-nupumuounon, 2-annunmuo-6-memun-4(3H)-
NUPUMUOUHOH,  2-nponapeurmuo-6-memun-3-smun-4(3H)-nupumudunon. anxunuposanue,
NponapaunopoMuod, maymomepus, MOJEKYIAPHble CMPYKMYPbl, DPEHM2eHOCMPYKMYPHbIl
aHanu3.
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