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Jocnimkeno B3aemonito S-apwidypbyporie 3 1-Genin(4-Tomin)minepasuHoM Ta CipKOIO
(peakuis Binereponra—Kinmiepa). OnepkaHo psj TioaminiB S-apundypan-2-kapOOHOBUX KHCIIOT, SKi
Mmictate N-apuizamimeri ninepasuHoBi GparMeHTH.
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1. Beryn

Tioamigu — peakuiifHO3JaTHI CIIOJNYKH, SIKI IIMPOKO BHKOPHCTOBYIOTH B
OpPraHIYHOMY CHHTE31, 30KpeMa, s OJEpXKaHHA ME30HOHHUX OeTaiHiB [1], MOXiTHHUX
tiasomy [2], pomaminy [3] Ta iHmmmx rerepommknis [4]. IXx Takox 3acTocoByIOTH K
Tioanuroroui peareHtu [5]. 3aBasku OaraTOMaHITHOCTI BJIACTHBOCTEH TioaMifmiB 1X Iie
BUKOPUCTOBYIOTH Y MEIHIIMHI, SK iHT10ITOPH KOpO3il METaliB, MPUCKOPIOBaYl ByIKaHI3aIil
rymu touio [6].

2. Pe3yabTaTH A0CTiIKEHD Ta X 00roBOpeHHS

Bigomo 6Garato meromiB ojepxkanHs Tioaminmie [6, 7]. BoHu rpyHTYyIOThCS Ha
peaKilisiX HITPWIIIB, aMiIOKCHUMIB, iMiHOECTEpiB, IMiTOIIXJIOPHIIB 3 CIPKOBOIHEM abo
IHIIUMH MOXITHUMU cipku. OJHUM i3 HAHOLIBII MOIIMPEHNX METOJIB CHHTE3Y TiOaMiliB €
peakiist Binbrepoara—Kinmiepa. Bizomi pisui Bapiantu miei peakiii [6, 8, 9].

Sk anpaeriau B peakiii Binsreponra—Kinmnepa S-apuindypdyponu panitie He Oyin
JocikeHi. € iHTepec TakoXk M0 TioaMimiB, sIKi MICTSTh MIMEPa3HMHOBHMA IMKI, OCKUIBKA
Juist 6araThoX MOXIAHUX MiNepa3suHy xapakTepHa Gionoriuna akrusHicts [10, 11].

[pomopxyroun Hami  jgocmipkerHs [12], MM BUBYMIM  B3aEMOJil0  5-
apmwipypdyporie 3 1-penin(4-tomin)minepasuHOM Ta CIpKOIO 3a YMOB peaKIii
Bimerepoara—Kinmnepa. B3aemomis S-apundypdypounis 3 1-deHinminepasuHOM Ta CipKOIO
BiIOYBA€THCS 32 CXEMOIO:

o\ /\ JIM®A, 80-90 °C
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O

© Kapr’sik B., Jlecrok O., 2021



B. Kapn’sk, O. Jleciok
216 ISSN 2078-5615. BicHuk JTbiBCbKOro yHiBepcuteTy. Cepis ximiyHa. 2021. Bunyck 62

8
o /\I@

S
la—)

R =H (a), 4-C1 (6), 2,4-CL, (8), 4-Br (r), 3-NO, (n)

Bzaemogist 5-apundypdypornis 3 1-(4-tomin)minepa3uHoM Ta CipKOIO BiIOyBa€eThCs
MoxioHO:

]\ /\ JIM®A, 80-90 °C
R o” ) +S+ HN NOCH3
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R =4-Cl (a), 2,4-Cl, (6), 4-Br (8), 3-NO, (r)

B o0ox Bumaakax oxepxano psia TioaminiB (1, 2) 5-apundypan-2-kapOoHOBUX
KHACJIOT, fKi MicTATh N-apmisaMimieHi mirmepa3swHOBI (parMeHTH, 3 BHCOKHMH a0o
MOMIPHUMH BHXOJIaMH.

SIK pO3YMHHHMK BUKOPUCTOBYBAJIM TaKOX OEH3EH, OJHAK HalWKpallli pe3ysibTaTti 0yJio
oTpuMaHo B pasi mpoBeneHHs peakuii B JIM®PA. OnrtuManbHe CHiBBIAHOLICHHS 5-
apwidypdypo : cipka : amin 6yao 1:1:1,3. Tlpupona 3amicHHKa B apOMaTHYHOMY SIIpi
5-apwidypdyposiB CyTTEBO HE BIUIMBAE Ha IXHIO pEaKlidHy 3aaTHiCTh. HasBHICTH
apWIBHOTO 3aMIiCHMKAa B MOJIEKyJaX 3aMil[EHUX IINEepa3uHiB, W0 IOHMXKYE I[XHIO
OCHOBHICTB, IIOTPEOYE JOCUTH TPUBAIOTO MPOBEACHHS peakiii (6—8 roxn).

KonTtpons 3a mepebirom peakmii mpoBommin MerogoMm TIHIX (emroeHT — rekcaH—
areToH, 00’eMHe CHiBBiAHOMIEHHS 4 : 1), a TakOX SKICHUMH PEakKlisMH Ha KapOOHUIbHY
rpymy i HaS.

By/l0By oJlepKaHUX CIOJYK MiaTBEpKyBanu crekrtpamu SIMP H Ta enemenTHuM
aHATI30M.

3. Marepia/ii Ta METOIHKA €KCIIEPUMEHTY

Cnextpu SIMP 'H szanmcysamu na mpumani Bruker Avance 500 3 po6ouoro
yactororo 500 MI'n, posumnauku — JIMCO-ds ta cymim JIMCO-ds 3 CCls. Ximiuni
3MIIIEHHS HaBEJIEHO CTOCOBHO curHairy po3unaHuKa (IMCO, 2,50 M. 1.).
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5-Apundypdyporn omepKyBald 3a METOIAWKAMH, omucaHumu y mpari [13].
1-®eHin- Ta 1-(4-romin)minepasuH CHHTE3yBAIM 38 MeToAnKaMu [ 14].
3aranpHa MeToguka onep:xanHa TioamimiBe (1, 2). Cymim 0,01 momp 5-
apundypdypory, 0,013 monp 1-penin- un 1-(4-romin)minepasuny i 0,32 r (0,01 mosb)
npibHoguciepeHoi cipku y 20 mi IM®A nHarpianu 3a temnepatypu 80-90 °C, mocriitHO
MEPEMINIYIOUH, IO 3aBEpIICHHS BHIUICHHS cipkoBomHio (6—8 rom). Jlo oxosomxkeHol
peakuiiinoi  cymimi  gomaBanm 100 mu Bomm, ocax  BindineTpoByBamM i
MEPEKPHUCTANI30BYBAIH 3 cymimli eTaHoa— MDA,
(5-®enin-2-pypun)-(4-peninninepasun-1-in)meranrtion (1a). Buxig 52 %, T. .
88-89 °C (eranon—JIM®A, 10 : 1). Cnekrp SIMP H (5, m. u., IMCO-de): 3,42 m.c [4H,
(CH2)2NPh]; 4,31 ur.c [4H, (CH2):NC=S]; 6,97 n (1H, dypan); 7,17 n (1H, dypan); 6,81 T
(1H, 4-H, PhN); 6,95 1 (2H, 3-H, PhN); 7,23 T (2H, 2-H, PhN); 7,36 T (1H, 4-H, Ph); 7,45 T
(2H, 3-H, Ph); 7,76 n (2H, 2-H, Ph). 3uaiineno, %: C 72,23; H 5,91; N 8,17; S 9,08.
C21H20N20S. O6umcneno, %: C 72,38; H 5,79; N 8,04; S 9,20.
[5-(4-Xaopodenin)-2-¢pypui]-(4-peniininepazun-1-i1)meranrion (16). Buxin
74 %, 1. 1. 158-159 °C (eranon—JIM®A, 10 : 1). Cuexrp SIMP H (3, m. 1., AMCO-dg):
3,40 m.c [4H, (CH2)2NPh]; 4,27 m.c [4H, (CH)2NC=S]; 7,04 x (1H, dypan); 7,13 n (1H,
¢ypan); 6,80 t (1H, 4-H, Ph); 6,93 n (2H, 3-H, Ph); 7,22 v (2H, 2-H, Ph); 7,44 1 (2H,
CsHa); 7,76 o (2H, CeHa). 3naiineno, %: C 66,02; H 5,13; N 7,45; S 8,26. C1H1sCIN,OS.
O6uucneno, %: C 65,87; H 5,00; N 7,32; S 8,37.
[5-(2,4-Auxaopodenin)-2-pypui]-(4-peninninepasun-1-in)merantion (1B).
Buxin 70 %, T. mn. 155-156 °C (eranon—JIM®A, 5 : 1). Cniekrp IMP H (5, m. u., IMCO-
ds + CCls): 3,40 wur.c [4H, (CH2)2NPh]; 4,30 ur.c [4H, (CH2).NC=S]; 7,13 n (1H, dypan);
7,22 1 (1H, dypan); 6,81 1 (1H, 4-H, Ph); 6,92 1 (2H, 3-H, Ph); 7,22 T (2H, 2-H, Ph);
7,42 n.n (1H, CsHs); 7,53 o (1H, CsHs); 7,89 n (1H, CsHs). 3naiineno, %: C 60,30; H 4,42;
N 6,87; S 7,80. C21H1sCI2N20S. O6uucineno, %: C 60,44; H 4,35; N 6,71; S 7,68.
[5-(4-Bpomodenin)-2-pypui]-(4-peninninepasun-1-in)merantion (Ir). Buxig
64 %, 1. 1. 156-157 °C (etanon—JAM®A, 10 : 1). Cuexrp SIMP H (3, m. 1., IMCO-dg):
3,40 mr.c [4H, (CH2):NPh]; 4,28 m.c [4H, (CH2):NC=S]; 7,07 n (1H, ¢ypan); 7,14 n (1H,
¢bypan); 6,80 T (1H, 4-H, Ph); 6,94 n (2H, 3-H, Ph); 7,23 t (2H, 2-H, Ph); 7,59 1 (2H,
CsHa); 7,71 n (2H, CeHa). 3naitneno, %: C 59,19; H 4,33; N 6,37; S 7,66. Co:H19BrN2OS.
O6uucneno, %: C 59,02; H 4,48; N 6,55; S 7,50.
[5-(3-Hirpodenin)-2-pypual-(4-peninninepazun-1-im)merantion (1x). Buxin
63 %, 1. mn. 154-155 °C (etanonr-AM®A, 5 : 1). Cuekrp SIMP H (5, m. u., IMCO-dg +
CCls): 3,43 m.c [4H, (CH2)2NPh]; 4,31 mr.c [4H, (CH2):NC=S]; 7,15 a1 (1H, dypan); 7,22 1
(1H, dypan); 6,81 T (1H, 4-H, Ph); 6,94 1 (2H, 3-H, Ph); 7,24 T (2H, 2-H, Ph); 7,71 v (1H,
CeHa); 8,07 1 (2H, CeHay), 8,55 ¢ (1H, CsHa). 3Haiineno, %: C 63,94; H 4,73; N 10,59; S
8,05. C21H19N303S. O6uncneno, %: C 64,11; H 4,87; N 10,68; S 8,15.
[5-(4-Xaopodenin)-2-pypui]-[4-(4-mernndenin)ninepazuu-1-ii|Mmeranrion
(2a). Buxin 75 %, 1. . 175-176 °C (eranon—JIM®A, 4 : 1). Crnektp SIMP H (8, m. u.,
IMCO-ds + CCly): 2,27 ¢ (3H, CHas); 3,33 T [4H, (CH2):NAr]; 4,29 mc [4H,
(CH2).NC=S]; 6,96 n (1H, ¢ypan); 7,12 n (1H, dypan); 6,82 1 (2H, CsHaN); 7,03 x (2H,
CsHuN); 7,41 1 (2H, CeH4Cl); 7,73 m (2H, CsH4Cl). 3uaiineno, %: C 66,41; H 5,45; N 7,20;
S 8,24. CHxCIN20OS. O6uuncneno, %: C 66,57; H 5,33; N 7,06; S 8,08.
[5-(2,4-DTuxaopodenin)-2-pypui]-[4-(4-mernindenin)ninepasun-1-iijmerantion
(26). Buxin 65 %, 1. 1. 156-157 °C (etanon—JIM®A, 4 : 1). Cnextp IMP H (3, m. u.,
IMCO-ds + CCls): 2,26 ¢ (3H, CH3); 3,32 mr.c [4H, (CH2).NAr]; 4,28 ui.c [4H,
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(CH2):NC=S]; 7,12 n (1H, ¢ypan); 7,19 n (1H, dypan); 6,82 1 (2H, Ce¢Ha); 7,02 1 (2H,
CeHa); 7,42 0.1 (1H, CeHs); 7,53 ¢ (1H, CeHs); 7,88 m (1H, CsHs). 3naiineno, %: C 61,38;
H 4,80; N 6,32; S 7,61. C22H20CI2N,0S. O6umcneno, %: C 61,25; H 4,67; N 6,49; S 7,43.

[5-(4-Bpomodenin)-2-pypui]-[4-(4-mernndenin)ninepasun-1-ii]meranrion
(2B). Buxin 80 %, T. mn. 185-186 °C (eranon—M®A, 5 : 1). Cnextp SIMP H (5, m. u.,
IMCO-ds + CCls): 2,27 ¢ (3H, CH3); 3,33 m.c [4H, (CH2):NAr]; 4,29 wm.c [4H,
(CH2)NC=S]; 6,97 1 (1H, dypan); 7,11 n (1H, dypan); 6,82 n (2H, CeHsN); 7,03 n (2H,
CgH4N); 7,56 1 (2H, Ce¢H4Br); 7,68 1 (2H, CsH4Br). 3naiineno, %: C 59,74; H 4,93; N 6,23;
S 7,13. C3oH21BrN20OS. O6uncneno, %: C 59,87; H 4,80; N 6,35; S 7,26.

[5-(3-HiTpodenin)-2-pypui]-[4-(4-meTuindenis)ninepasun-1-isijmeranrion (2r).
Buxin 62 %, 1. 1. 163-164 °C (etanon—AM®A, 4 : 1). Crextp SIMP H (3, m. 1., IMCO-
ds + CCls): 2,28 ¢ (3H, CHs3); 3,36 m.c [4H, (CH2)2NAr]; 4,30 mr.c [4H, (CH2),NC=S]; 7,13
1o (1H, dypan); 7,22 x (1H, dypan); 6,83 1 (2H, CsHaN); 7,03 1 (2H, CeHsN); 7,71 T (1H,
CsHa); 8,15 1 (2H, CsH4NO>), 8,53 1 (1H, CeHaNO>). 3uaiineno, %: C 64,76; H 5,30; N
10,22; S 7,99. C2H21N303S. O6uncneno, %: C 64,85; H 5,19; N 10,31; S 7,87.
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INTERACTION OF 5-ARYLFURFURALS
WITH 1-PHENYL(4-TOLYL)PIPERAZINE AND SULFUR
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Continuing our research, we investigated the interaction of 5-arylfurfurals with 1-phenyl- or
1-(4-tolyl)piperazine and sulfur under the conditions of the Wilgerodt—Kindler reaction.

In both cases, a number of thioamides of 5-arylfuran-2-carboxylic acids containing N-aryl-
substituted piperazine moieties were obtained, with high or moderate yields.

Benzene was also used as a solvent, but the best results were obtained in the case of the
reaction in DMF. The optimal ratio of 5-arylfurfural : sulfur : amine was 1 : 1: 1,3. The nature of the
substituent in the aromatic ring of 5-arylfurfurals does not significantly affect their reactivity. The
presence of an aryl substituent in the molecules of substituted piperazines, which reduces their
basicity, requires a fairly long reaction (6-8 hours).

The reaction was monitored by TLC (eluent — hexane—acetone, 4:1 by volume), as well as by
qualitative reactions on the carbonyl group and H2S.

The structure of the obtained compounds was confirmed by H NMR spectra and elemental
analysis.

'H NMR spectra were recorded on a Bruker Avance 500 instrument with an operating
frequency of 500 MHz, solvents — DMSO-ds and a mixture of DMSO-ds with CCls. Chemical shifts
are given relative to the solvent signal (DMSO, 2,50 ppm).

General procedure of obtaining thioamides. A mixture of 0,01 mol of 5-arylfurfural, 0,013
mol of 1-phenyl- or 1-(4-tolyl)piperazine and 0,32 g (0,01 mol) of powdery sulfur in 20 ml of DMF
was heated at a temperature of 80-90 °C and constantly stirring, until the release of hydrogen sulfide
stops (6-8 hours). To the cooled reaction mixture was added 100 ml of water, the precipitate was
filtered off and recrystallized from ethanol-DMF.

Keywords: 5-arylfurfurals, 1-phenylpiperazine, 1-(4-tolyl)piperazine, sulfur, thioamides,
Wilgerodt—Kindler reaction.
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