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Ïðîâåäåíî ñèíòåç ³ ïîøóê ìîëåêóëÿðíèõ äåñêðèïòîð³â ôóíã³öèäíî¿ ä³¿ íîâèõ 
ã³áðèä³â 1,2,4-òðèàçîëó(1,3,4-îêñàä³àçîëó) ç ï³ðèì³äèíîâèì ôðàãìåíòîì. Íà ïî- 
÷àòêó äîñë³äæåííÿ ç õ³ì³÷íî¿ áàçè ïîõ³äíèõ àçîëüíèõ ãåòåðîöèêë³â – ï³ðèì³äèí, 
1,2,4-òðèàçîë ³ 1,3,4-îêñàä³àçîëó (óñüîãî 1000 ñïîëóê) áóëî â³ä³áðàíî 12 ñïîëóê ç 
ïîòåíö³éíîþ ôóíã³öèäíîþ àêòèâí³ñòþ çà äîïîìîãîþ á³î³íôîðìàö³éíèõ çàñîá³â, 
ùî âêëþ÷àëè ADME-ô³ëüòðè, ìîëåêóëÿðíèé äîê³íã. Çà äîïîìîãîþ ðåàêö³¿ [3+2] 
ãåòåðîöèêë³çàö³¿ â³äïîâ³äíèõ 2-(ï³ðèì³äèí-2-³ëò³î)àöåãîã³äðàçèä³â ç ôåí³ë³çîò³îö³î-

íàòîì òà âóãëåöü äèñóëüô³äîì â ëóæíîìó ñåðåäîâèù³ áóëî ñèíòåçîâàíî ñèñòåìó ç 
³çîëüîâàíèìè ãåòåðîöèêëàìè, ùî ïîºäíàíà ò³îìåòèëåíîâèì çâ’ÿçêîì. Îäåðæàí³ 
ò³îíè áóëè ï³ääàí³ àëê³ëóâàííþ ç àòîìà ñ³ðêè ç óòâîðåííÿì ð³çíîìàí³òíèõ 
S-ïîõ³äíèõ. Ñòðóêòóðà ñèíòåçîâàíèõ ñïîëóê ï³äòâåðäæåíà çà äîïîìîãîþ åëå-

ìåíòíîãî àíàë³çó, õðîìàòî-ìàñ-ñïåêòðîìåòð³¿ òà 1H ßÌÐ ñïåêòðîñêîï³¿. Äîñë³-

äæåííÿ äîê³íãó çä³éñíþâàëè ç âèêîðèñòàííÿì ðåíòãåí³âñüêî¿ êðèñòàë³÷íî¿ ñòðóê-

òóðè ëàíîñòåðîë 14-α-äåìåòèëàçè ç ïàòîãåííîãî Candida albicans, îòðèìàíîãî ç 
ñåðâåðà Protein Data Bank. Çã³äíî ç ïðàâèëîì ï’ÿòè Ë³ï³íñüêîãî òà ïðàâèëîì Åãàíà, 
÷îòèðè ñïîëóêè â³äïîâ³äàþòü ïðàâèëàì, íå ñïðè÷èíÿþ÷è æîäíîãî ïîðóøåííÿ. Äâ³ 
ñïîëóêè ç â³äïîâ³äíèìè ãåòåðîöèêëàìè ìàëè íàéìåíøó åíåðã³þ çâ’ÿçóâàííÿ

–7,710 ³ –6,424, ùî äîçâîëèëî ââàæàòè ¿õ íàéåôåêòèâí³øèìè ñïîëóêàìè ïðîòè

ãðèáêîâî¿ ³íôåêö³¿ ç ï’ÿòüìà àì³íîêèñëîòàìè (ARG, HID, THR, LYS, SER),

çâ’ÿçàíèìè ç íèì ï³ä ÷àñ ïðîöåñó ñòèêóâàííÿ. Ñë³ä çàçíà÷èòè, ùî îòðèìàí³ äàí³

îêðåñëþþòü ïåðñïåêòèâè âèêîðèñòàííÿ äàíèõ ñïîëóê ç âèñîêîþ ôóíã³öèäíîþ

àêòèâí³ñòþ.

Êëþ÷îâ³ ñëîâà: 1,2,4-òðèàçîë, ï³ðèì³äèí, 1,3,4-îêñàä³àçîë, ìîëåêóëÿðí³ äåñêðèïòî-

ðè, ôóíã³öèäíà ä³ÿ, äîñë³äæåííÿ in silico.
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Âñòóï
Çàñòîñóâàííÿ ïðîòèãðèáêîâèõ ïðåïàðàò³â ó

êë³í³÷í³é ïðàêòèö³ º âàæëèâèì ³ íåîáõ³äíèì
àñïåêòîì ñó÷àñíî¿ ìåäèöèíè, ÿêèé çàáåçïå÷óº øè-

ðîêèé ñïåêòð ìîæëèâîñòåé äëÿ åôåêòèâíî¿ áî-
ðîòüáè ç ð³çíèìè ãðèáêîâèìè çàõâîðþâàííÿìè
[1]. Â ñó÷àñí³é ìåäèöèí³ â³ä÷óâàºòüñÿ äåô³öèò
â³ò÷èçíÿíèõ ë³êàðñüêèõ çàñîá³â ç ïîë³ôàðìàêîëî-
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ã³÷íîþ àêòèâí³ñòþ äëÿ ïîòðåá â³éñüêîâî¿ ìåäè-
öèíè. Â öüîìó àñïåêò³ îñîáëèâó óâàãó ïðèâåðòà-
þòü àêòèâí³ ôàðìàöåâòè÷í³ ³íãðåä³ºíòè ç ö³ëå-
ñïðÿìîâàíîþ àíòèì³êðîáíîþ, ïðîòèâîãðèáêîâîþ,
³ìóííîìîäóëþþ÷îþ, ïðîòèçàïàëüíîþ àêòèâíî-
ñòÿìè. Ñòâîðåííÿ àêòèâíèõ ôàðìàêîëîã³÷íèõ
³íãðåä³ºíò³â ç ïîë³ôàðìàêîëîã³÷íîþ àêòèâí³ñòþ
äëÿ âèð³øåííÿ íàãàëüíèõ ïîòðåá, ùî âèêëèêàí³
â³éñüêîâèìè ä³ÿìè, äîçâîëèòü âèð³øèòè íèçêó
âàæëèâèõ ïèòàíü, ïîâ’ÿçàíèõ ç ïàòîëîã³ÿìè
ñüîãîäåííÿ (ãðèáêîâ³, ì³êðîáí³ ³íôåêö³¿ òà ³í.) ³
äîçâîëèòü ïîïåðåäèòè íèçêó íåãàòèâíèõ íàñë³äê³â,
ç ÿêèìè ïîâ’ÿçàí³ äàí³ çàõâîðþâàííÿ. Çàñòîñó-
âàííÿ íîâèõ á³îëîã³÷íî àêòèâíèõ ìîëåêóë ÿê äæå-
ðåëà íîâèõ ë³êàðñüêèõ çàñîá³â äîçâîëèòü îòðèìà-
òè ïîçèòèâíó äèíàì³êó ó çíèæåíí³ ïîêàçíèê³â
çàõâîðþâàíîñò³.

Óñ³ì êðèòåð³ÿì àêòóàëüíîñò³ òà ïðàêòè÷íî¿
çíà÷èìîñò³ â³äïîâ³äàþòü ïîõ³äí³ 1,2,4-òðèàçîëó òà
1,3,4-îêñàä³àçîëó ÿê ïåðñïåêòèâíèõ êëàñ³â ñïîëóê
äëÿ ñòâîðåííÿ íîâèõ ïîòåíö³éíèõ îðèã³íàëüíèõ
â³ò÷èçíÿíèõ âèñîêîåôåêòèâíèõ ïðåïàðàò³â ìå-
äè÷íîãî ñïðÿìóâàííÿ äëÿ â³éñüêîâèõ ïîòðåá òà
íàäàííÿ äîïîìîãè ïîñòðàæäàëèì â íàñë³äîê
áîéîâèõ ä³é. Ôóíã³öèäíà àêòèâí³ñòü 1,2,4-òðè-
àçîë³â äîáðå äîñë³äæåíà ³ ìàº òåíäåíö³þ äî
çá³ëüøåííÿ ê³ëüêîñò³ àêòèâíèõ ìîëåêóë [2]. Ñå-
ðåä ïîõ³äíèõ 1,2,4-òðèàçîëó çíàéäåíî ñïîëóêè ç
ïîòóæíèìè ïðîòèâîãðèáêîâèìè âëàñòèâîñòÿìè, ÿê³
ïî ïðàâó ìîæóòü ïðåòåíäóâàòè áóòè àêòèâíèìè
ôàðìàöåâòè÷íèìè ³íãðåä³ºíòàìè (ÀÔ²) ïîòåí-
ö³éíèõ ë³ê³â [3].

Ó ñâîþ ÷åðãó, âïëèâ ï³ðèì³äèíîâîãî ê³ëüöÿ
íà ïðîÿâ ïðîòèãðèáêîâî¿ ä³¿ º àêòóàëüíîþ òåìîþ
â äîñë³äæåíí³ ïðîòèãðèáêîâèõ ñïîëóê, çîêðåìà
ñåðåä àçîòâì³ñíèõ ãåòåðîöèêë³â. Íàÿâí³ñòü çà-
ì³ñíèê³â ó ïåâíèõ ïîëîæåííÿõ àáî ââåäåííÿ äî-
äàòêîâèõ ôóíêö³îíàëüíèõ ãðóï â ï³ðèì³äèíîâå
ê³ëüöå, ìîæå ï³äâèùóâàòè àô³íí³ñòü äî ñïåöè-
ô³÷íèõ ôåðìåíò³â àáî á³ëê³â ãðèáê³â, ïîðóøóþ÷è
¿õ æèòòºâ³ ïðîöåñè. Òàêèé ï³äõ³ä äîçâîëÿº ñòâî-
ðþâàòè á³ëüø åôåêòèâí³ ïðîòèãðèáêîâ³ àãåíòè ç
ö³ëüîâîþ ä³ºþ, çíèæóþ÷è éìîâ³ðí³ñòü ïîá³÷íèõ
åôåêò³â. Äîñë³äæåííÿ in silico òà åêñïåðèìåíòàëüí³
äàí³ [4,5] ñâ³ä÷àòü ïðî òå, ùî ñàìå åëåêòðîííà
ñòðóêòóðà ï³ðèì³äèíîâîãî ê³ëüöÿ ³ éîãî çäàòí³ñòü
äî óòâîðåííÿ âîäíåâèõ çâ’ÿçê³â òà ³íøèõ ì³æìî-
ëåêóëÿðíèõ âçàºìîä³é º êëþ÷îâèìè ôàêòîðàìè
éîãî ïðîòèãðèáêîâ³é àêòèâíîñò³.

Îá’ºäíàííÿ â îäí³é ìîëåêóë³ äâîõ ôàðìàêî-
ôîðíèõ ôðàãìåíò³â – ï³ðèì³äèíîâîãî òà àçîëü-
íîãî ãåòåðîöèêëó, ïîâ’ÿçàíèõ ò³îìåòèëåíîâèì
ì³ñòêîì, – ìîæå ïðèâåñòè äî îäåðæàííÿ ñïîëóê,
ùî âèÿâëÿþòü ö³ëåñïðÿìîâàíèé ñïåêòð ôóíã³-

öèäíî¿ àêòèâíîñò³ òà âîëîä³þòü íèçüêîþ òîêñè-
÷í³ñòþ.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Çàãàëüí³ ïîëîæåííÿ
Âèõ³äí³ ðåàãåíòè äëÿ ñèíòåçó áóëè çàêóïëåí³

ó Sigma-Aldrich (Merck). Òåìïåðàòóðè ïëàâëåííÿ
âèçíà÷àëè êàï³ëÿðíèì ìåòîäîì â «Stanford Research
Systems Melting Point Apparatus 100» (SRS, ÑØÀ).
Åëåìåíòíèé ñêëàä íîâèõ ñïîëóê âñòàíîâëåíî íà
åëåìåíòíîìó àíàë³çàòîð³ ELEMENTAR vario
EL cube (ñòàíäàðò – ñóëüôàí³ëàì³ä). 1Í ßÌÐ-
ñïåêòðè çàïèñàíî íà ïðèëàä³ «Bruker AC-500»
(500 ÌÃö) ó ÄÌÑÎ-d6, âíóòð³øí³é ñòàíäàðò –
ÒÌÑ. Õðîìàòî-ìàñ-ñïåêòðè çíÿòî íà âèñîêîåôåê-
òèâíîìó-ð³äèííîìó õðîìàòîãðàô³÷íîìó ìîäóë³
ïðèëàäó Agilent 1260 Infinity HPLC System òà ä³îä-
íî-ìàòðè÷íèìó äåòåêòîðó ç ïðîòîííîþ ³îí³çàö³ºþ.

Ô³çèêî-õ³ì³÷í³ õàðàêòåðèñòèêè 5-((ï³ðèì³äèí-
2-³ëò³î)ìåòèë)-(4-ôåí³ë-4H-1,2,4-òðèàçîë-3-
ò³îíó)1,3,4-îêñàä³àçîë-2-ò³îíó òà S-ïîõ³äíèõ

Ñïîëóêè I, II, III ñèíòåçîâàíî çà â³äîìîþ
ìåòîäèêîþ [6] ç êîíñòàíòàìè, ùî â³äïîâ³äàþòü
ë³òåðàòóðíèì äàíèì.

Îäåðæàííÿ N-ôåí³ë-2-(2-(ï³ðèì³äèí-2-³ë-
ò³î)àöåòèë)ã³äðàçèí-1-êàðáîò³îàì³ä IV (çàãàëüíà ìå-
òîäèêà)

Ñóì³ø 0,01 ìîëü 2-(ï³ðèì³äèí-2-³ëò³î)àöå-
òîã³äðàçèäó ç 0,01 ìîëü ôåí³ë³çîò³îö³îíàòó â
30 ìë ïðîïàí-2îëó êèï’ÿòÿòü 2 ãîä, ï³ñëÿ âèïàðî-
âóþòü ðîç÷èííèê, ïðîìèâàþòü âîäîþ òà ñóøàòü.
Äëÿ àíàë³çó éîãî î÷èùàëè ïåðåêðèñòàë³çàö³ºþ ç
ÄÌÔÀ. Ñâ³òëî-æîâòèé ïîðîøîê, ðîç÷èííèé ó
âîäíèõ ðîç÷èíàõ ëóã³â, ÄÌÔÀ ³ 1,4-ä³îêñàíó.

N-ôåí³ë-2-(2-(ï³ðèì³äèí-2-³ëò³î)àöåòèë)ã³äðà-
çèí-1-êàðáîò³îàì³ä (IV)

Âèõ³ä 85%-âèé, ñâ³òëî-æîâòèé ïîðîøîê, ò.ïë.
2540Ñ (ÄÌÔÀ). Ñïåêòð ßÌÐ 1H, δ, ì.ä. (J, Ãö):
3,88 (2H, ñ, SCH2CO), 7,11 (1H, òð, J=7,0, 1,3 Ãö,
Hôåí³ë), 7,20 (1H, ò, J=3,7 Ãö, Hàðîì), 7,31–7,38
(2H, ì, Hôåí³ë), 7,43–7,48 (2H, ì, Hôåí³ë), 8,61 (2H,
ä, J=3,7 Ãö, Hàðîì), 9,67 (1H, ñ, NH), 9,98 (2H, ä,
J=5,3 Ãö, NH– NH). Ìàñ-ñïåêòð, m/z (Iîòí, %):
320 [M+Í]+ (100). Çíàéäåíî, %: C 48,43; H 4,17;
N 21,84; S 20,38. C13H13N5OS2. Ðîçðàõîâàíî, %:
C 48,89; H 4,10; N 21,93; S 20,08.

Îäåðæàííÿ 4-ôåí³ë-5-((ï³ðèì³äèí-2-³ëò³î)ìå-
òèë)-4H-1,2,4-òðèàçîë-3-ò³îë V (çàãàëüíà ìåòî-
äèêà)

Ñóì³ø 0,01 ìîëü N-ôåí³ë-2-(2-(ï³ðèì³äèí-
2-³ëò³î)àöåòèë)ã³äðàçèí-1-êàðáîò³îàì³ä ³ 20% ðîç-
÷èí 20 ìë êàë³é ã³äðîêñèäó êèï’ÿòÿòü 4 ãîä, ï³ñëÿ
ïîâíîãî îõîëîäæåííÿ äî ô³ëüòðàòó äîäàþòü
10 ìë êîíöåíòðîâàíî¿ åòàíîâî¿ êèñëîòè. Îäåðæà-
íèé îñàä ô³ëüòðóþòü, ïðîìèâàþòü î÷èùåíîþ âî-
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äîþ. Äëÿ àíàë³çó éîãî î÷èùàëè ïåðåêðèñòàë³çà-
ö³ºþ ç ÄÌÔÀ. Ñâ³òëî-æîâòèé ïîðîøîê, ðîç÷èí-
íèé ó âîäíèõ ðîç÷èíàõ ëóã³â, ÄÌÔÀ ³ 1,4-ä³îê-
ñàíó.

Îäåðæàííÿ 5-((ï³ðèì³äèí-2-³ëò³î)ìåòèë)-
1,3,4-îêñàä³àçîë-2-ò³îë VI (çàãàëüíà ìåòîäèêà)

Ñóì³ø 0,01 ìîëü 2-(ï³ðèì³äèí-2-³ëò³î)àöå-
òîã³äðàçèäó, 0,01 ìîëü âóãëåöü äèñóëüô³äó ³
0,02 ìîëü êàë³é ã³äðîêñèäó â 50 ìë åòàíîëó
êèï’ÿòÿòü 8 ãîä, ï³ñëÿ ïîâíîãî îõîëîäæåííÿ,
ô³ëüòðóþòü ³ äî ô³ëüòðàòó äîäàþòü 5 ìë êîíöåí-
òðîâàíî¿ åòàíîâî¿ êèñëîòè. Îäåðæàíèé îñàä
ô³ëüòðóþòü, ïðîìèâàþòü î÷èùåíîþ âîäîþ. Äëÿ
àíàë³çó éîãî î÷èùàëè ïåðåêðèñòàë³çàö³ºþ ç
ÄÌÔÀ. Ñâ³òëî-æîâòèé ïîðîøîê, ðîç÷èííèé ó
âîäíèõ ðîç÷èíàõ ëóã³â, ÄÌÔÀ ³ 1,4-ä³îêñàíó.

4-ôåí³ë-5-((ï³ðèì³äèí-2-³ëò³î)ìåòèë)-4H-
1,2,4-òðèàçîë-3-ò³îë V

Âèõ³ä 91%-âèé, ñâ³òëî-æîâòèé ïîðîøîê, ò.ïë.
2120Ñ (ÄÌÔÀ). Ñïåêòð ßÌÐ 1H, δ, ì.ä. (J, Ãö):
4,67 (2H, ñ, SCH2CO), 7,20 (1H, ò, J=3,7 Ãö, Hàðîì),
7,37–7,56 (5H, ì, Hàðîì), 7,96 (1H, ñ, SH),
8,52 (2H, ä, J=3,7 Ãö, Hàðîì). Ìàñ-ñïåêòð,
m/z (Iîòí, %): 302 [M+Í]+ (100). Çíàéäåíî, %:
C 51,36; H 3,67; N 23,29; S 21,19. C13H11N5S2.
Ðîçðàõîâàíî, %: C 51,81; H 3,68; N 23,24; S 21,28.

5-((ï³ðèì³äèí-2-³ëò³î)ìåòèë)-1,3,4-îêñà-
ä³àçîë-2-ò³îë VI

Âèõ³ä 63%-âèé, ñâ³òëî-æîâòèé ïîðîøîê, ò.ïë.
1950Ñ (ÄÌÔÀ). Ñïåêòð ßÌÐ 1H, δ, ì.ä. (J, Ãö):
4,51 (2H, ñ, SCH2CO), 4,95 (1H, ñ, SH), 7,21 (1H,
ò, J=3,7 Ãö, Hàðîì), 8,51 (2H, ä, J=3,7 Ãö, Hàðîì).
Ìàñ-ñïåêòð, m/z (Iîòí, %): 227 [M+Í]+ (100).
Çíàéäåíî, %: C 37,18; H 2,62; N 24,82; S 28,25.
C7H6N4OS2. Ðîçðàõîâàíî, %: C 37,16; H 2,67;
N 24,76; S 28,34.

Çàãàëüíà ìåòîäèêà îòðèìàííÿ 2-((5-((ï³ðè-
ì³äèí-2-³ëò³î)ìåòèë)-(4-ôåí³ë-4H-1,2,4-òðèàçîë-
3-³ë)ò³î)1,3,4-îêñàä³àçîë-2-³ë)ò³î)åòàíîâèõ êèñëîò
Va, Via

Äî ðîç÷èíó 0,01 ìîëü ò³îíó V, VI ³ 0,01 ìîëü
NaOH â 30 ìë ìåòàíîëó äîäàþòü 0,01 ìîëü ìîíî-
õëîðîöòîâî¿ êèñëîòè. Ðåàêö³éíó ñóì³ø êèï’ÿòÿòü
ïðîòÿãîì 0,5–2 ãîä., îõîëîäæóþòü, ï³äêèñëþþòü
ðîç÷èíîì åòàíîâî¿ êèñëîòè, îñàä â³äô³ëüòðîâóþòü.
Äëÿ àíàë³çó éîãî î÷èùàëè ïåðåêðèñòàë³çàö³ºþ
ç ÄÌÔÀ. Ïîìàðàí÷åâ³ ïîðîøêè, ðîç÷èíí³ ó
âîäíèõ ðîç÷èíàõ ëóã³â, ÄÌÔÀ.

2-((4-ôåí³ë-5-((ï³ðèì³äèí-2-³ëò³î)ìåòèë)-4H-
1,2,4-òðèàçîë-3-³ë)ò³î)åòàíîâà êèñëîòà Va

Âèõ³ä 78%-âèé, òåìíî ïîìàðàí÷åâèé ïîðî-
øîê, ò.ïë. 2820Ñ (ÄÌÔÀ). Ñïåêòð ßÌÐ 1H, δ,
ì.ä. (J, Ãö): 4,04 (2H, ñ, SCH2COOH), 4,64 (2H,
ñ, Pyr–SCH2CO), 7,20 (1H, ò, J=3,7 Ãö, Hàðîì),

7,36–7,54 (5H, ì, Hàðîì), 8,52 (2H, ä, J=3,7 Ãö,
Hàðîì). Ìàñ-ñïåêòð, m/z (Iîòí, %): 360 [M+Í]+

(100). Çíàéäåíî, %: C 50,31; H 3,58; N 19,51;
S 17,81. C15H13N5O2S2. Ðîçðàõîâàíî, %: C 50,13;
H 3,65; N 19,49; S 17,84.

2-((5-((ï³ðèì³äèí-2-³ëò³î)ìåòèë)-1,3,4-îêñà-
ä³àçîë-2-³ë)ò³î)åòàíîâà êèñëîòà Via

Âèõ³ä 74%-âèé, ïîìàðàí÷åâèé ïîðîøîê, ò.ïë.
2760Ñ (ÄÌÔÀ). Ñïåêòð ßÌÐ 1H, δ, ì.ä. (J, Ãö):
3,99 (2H, ñ, SCH 2COOH), 4,51 (2H, ñ,
Pyr–SCH2CO), 7,20 (1H, ò, J=3,7 Ãö, Hàðîì),
8,52 (2H, ä, J=3,7 Ãö, Hàðîì). Ìàñ-ñïåêòð,
m/z (Iîòí, %): 285 [M+Í]+ (100). Çíàéäåíî, %:
C 38,21; H 2,78; N 19,77; S 22,61. C9H8N4O3S2.
Ðîçðàõîâàíî, %: C 38,02; H 2,84; N 19,71; S 22,55.

Çàãàëüíà ìåòîäèêà îäåðæàííÿ ìåòèëîâîãî,
³çîïðîï³ëîâîãî, áóòèëîâîãî åñòåðó 2-((5-((ï³ðèì³-
äèí-2-³ëò³î)ìåòèë)-(4-ôåí³ë-4H-1,2,4-òðèàçîë-
3-³ë)ò³î)1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöåòàòíî¿
êèñëîòè Vb-d, VIb-d

Äî ðîç÷èíó 0,01 ìîëü ò³îíó V, VI ³ 0,01 ìîëü
NaOH â 30 ìë åòàíîëó äîäàþòü 0,01 ìîëü â³äïî-
â³äíîãî åñòåðó ìîíîõëîðîöòîâî¿ êèñëîòè. Ðåàê-
ö³éíó ñóì³ø êèï’ÿòÿòü ïðîòÿãîì 0,5–2 ãîä, îõî-
ëîäæóþòü, îñàä â³äô³ëüòðîâóþòü, ðîç÷èííèê âè-
ïàðîâóþòü, ñóõèé çàëèøîê êðèñòàë³çóþòü ç ìåòà-
íîëó.

Ìåòèë 2-((4-ôåí³ë-5-((ï³ðèì³äèí-2-³ëò³î)ìå-
òèë)-4H-1,2,4-òðèàçîë-3-³ë)ò³î)àöåòàò (Vb)

Âèõ³ä 75%-âèé, æîâòèé ïîðîøîê, ò.ïë. 1740Ñ
(MeOH). Ñïåêòð ßÌÐ 1H, δ, ì.ä. (J, Ãö):
3,72 (3H, c, CH3), 4,09 (2H, ñ, SCH2CO), 4,64
(2H, ñ, Pyr–SCH2CO), 7,20 (1H, ò, J=3,7 Ãö, Hàðîì),
7,36–7,54 (5H, ì, Hàðîì), 8,52 (2H, ä, J=3,7 Ãö,
Hàðîì). Ìàñ-ñïåêòð, m/z (Iîòí, %): 374 [M+Í]+

(100). Çíàéäåíî, %: C 51,56; H 4,11; N 18,73;
S 17,19. C16H15N5O2S2. Ðîçðàõîâàíî, %: C 51,46;
H 4,05; N 18,75; S 17,17.

²çîïðîï³ë 2-((4-ôåí³ë-5-((ï³ðèì³äèí-2-³ëò³î)-
ìåòèë)-4H-1,2,4-òðèàçîë-3-³ë)ò³î)àöåòàò (Vc)

Âèõ³ä 93%-âèé, òåìíî æîâòèé ïîðîøîê, ò.ïë.
1860Ñ (MeOH). Ñïåêòð ßÌÐ 1H, δ, ì.ä. (J, Ãö):
1,21 (6H, ä, J=5.9 Ãö, CH3), 4,09 (2H, ñ, SCH2CO),
4,64 (2H, ñ, Pyr–SCH2CO), 4,93–4,95 (1H, ì,
–CH–), 7,20 (1H, ò, J=3,7 Ãö, Hàðîì), 7,36–7,54
(5H, ì, Hàðîì), 8,52 (2H, ä, J=3,7 Ãö, Hàðîì). Ìàñ-
ñïåêòð, m/z (Iîòí, %): 402 [M+Í]+ (100). Çíàéäå-
íî, %: C 53,81; H 4,79; N 17,51; S 15,88.
C18H19N5O2S2. Ðîçðàõîâàíî, %: C 53,85; H 4,77;
N 17,44; S 15,97.

Áóòèë 2-((4-ôåí³ë-5-((ï³ðèì³äèí-2-³ëò³î)ìå-
òèë)-4H-1,2,4-òðèàçîë-3-³ë)ò³î)àöåòàò (Vd)

Âèõ³ä 89%-âèé, êîðè÷íåâèé ïîðîøîê, ò.ïë. 
1900Ñ (MeOH). Ñïåêòð ßÌÐ 1H, δ, ì.ä. (J, Ãö):
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0,92 (3H, ò, J=7.0 Ãö, CH3), 1,34–1,36 (2H, ì,
CH2), 1,58–1,60 (2H, ì, CH2), 4,05–4,11 (4H, ì,
CH2, SCH2CO), 4,64 (2H, ñ, Pyr–SCH2CO), 7,20
(t, J=3.7 Ãö, 1H), 7,36–7,54 (5H, ì, Hàðîì), 8,52
(2H, ä, J=3,7 Ãö, Hàðîì). Ìàñ-ñïåêòð, m/z (Iîòí,
%):   416 [M+Í]+ (100). Çíàéäåíî, %: C 54,89; H
5,13; N 16,81; S 15,53. C19H21N5O2S2. Ðîçðàõîâàíî,
%: C 54,92; H 5,09; N 16,85; S 15,43.

Ìåòèë 2-((5-((ï³ðèì³äèí-2-³ëò³î)ìåòèë)-
1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöåòàò VIb

Âèõ³ä 63%-âèé, ñâ³òëî-æîâòèé ïîðîøîê, ò.ïë.
1650Ñ (MeOH). Ñïåêòð ßÌÐ 1H, δ, ì.ä. (J, Ãö):
3,72 (3H, c, CH3), 4,03 (2H, ñ, SCH2CO), 4,51
(2H, ñ, Pyr–SCH2CO), 7,21 (1H, ò, J=3,7 Ãö, Hàðîì),
8,51 (2H, ä, J=3,7 Ãö, Hàðîì). Ìàñ-ñïåêòð,
m/z (Iîòí, %): 299 [M+Í]+ (100). Çíàéäåíî,
%: C 40,33; H 3,41; N 18,72; S 21,37. C10H10N4O3S2.
Ðîçðàõîâàíî, %: C 40,26; H 3,38;   N 18,78; S
21,49.

²çîïðîï³ë 2-((5-((ï³ðèì³äèí-2-³ëò³î)ìåòèë)-
1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöåòàò Vic

Âèõ³ä 83%-âèé, æîâòèé ïîðîøîê, ò.ïë. 1620Ñ
(MeOH). Ñïåêòð ßÌÐ 1H, δ, ì.ä. (J, Ãö): 1,21
(6H, ä, J=5,9 Ãö, CH3), 4,02 (2H, ñ, SCH2CO),
4,51 (2H, ñ, Pyr–SCH2CO), 4,93–4,95 (1H, ì,
–CH–), 7,21 (1H, ò, J=3,7 Ãö, Hàðîì), 8,51 (2H, ä,
J=3,7 Ãö, Hàðîì). Ìàñ-ñïåêòð, m/z (Iîòí, %):
327 [M+Í]+ (100). Çíàéäåíî, %: C 44,21; H 4,27;
N 17,11; S 19,57. C12H14N4O3S2. Ðîçðàõîâàíî,
%: C 44,16; H 4,32; N 17,17; S 19,65.

Áóòèë 2-((5-((ï³ðèì³äèí-2-³ëò³î)ìåòèë)-1,3,4-
îêñàä³àçîë-2-³ë)ò³î)àöåòàò Vid

Âèõ³ä 77%-âèé, ïîðîøîê ò³ëåñíîãî êîëüîðó,
ò.ïë. 1680Ñ (MeOH). Ñïåêòð ßÌÐ 1H, δ, ì.ä. (J,
Ãö): 0,92 (3H, ò, J=7,0 Ãö, CH3), 1,34–1,36 (2H,
ì, CH2), 1,58–1,60 (2H, ì, CH2), 4,03 (2H, ñ,
SCH2CO), 4.08 (2H, ò, J=6.5 Ãö, CH2), 4,51 (2H,
ñ, Pyr-SCH2CO), 7,20 (1H, ò, J=3,7 Ãö, Hàðîì),
8,51 (2H, ä, J=3,7 Ãö, Hàðîì). Ìàñ-ñïåêòð,
m/z (Iîòí, %): 341 [M+Í]+ (100). Çíàéäåíî,
%: C 45,81; H 4,79; N 16,41; S 18,82. C13H16N4O3S2.
Ðîçðàõîâàíî, %: C 45,87; H 4,74; N 16,46; S 18,84.

Çàãàëüíà ìåòîäèêà îòðèìàííÿ 2-((5-((ï³ðè-
ì³äèí-2-³ëò³î)ìåòèë)-(4-ôåí³ë-4H-1,2,4-òðèàçîë-
3-³ë)1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöåòàì³äó Ve, VIe

Äî ðîç÷èíó 0,01 ò³îíó V, VI ³ 0,01 ìîëü NaOH
â 30 ìë åòàíîëó äîäàþòü 0,01 ìîëü 2-õëîðîàöåòà-
ì³äó. Ðåàêö³éíó ñóì³ø êèï’ÿòÿòü ïðîòÿãîì 3 ãîä,
îõîëîäæóþòü, îñàä â³äô³ëüòðîâóþòü, ñóøàòü íà
ïîâ³òð³.

2-((4-ôåí³ë-5-((ï³ðèì³äèí-2-³ëò³î)ìåòèë)-
4H-1,2,4-òðèàçîë-3-³ë)ò³î)àöåòàòàì³ä (Ve)

Âèõ³ä 81%-âèé, á³ëèé ïîðîøîê, ò.ïë. >3000Ñ
(ÄÌÔÀ). Ñïåêòð ßÌÐ 1H, δ, ì.ä. (J, Ãö): 4,03

(2H, ñ, SCH2CO), 4,64 (2H, ñ, Pyr–SCH2CO),
7,05 (2H, ñ, NH2), 7,20 (1H, ò, J=3,7 Ãö, Hàðîì),
7,36–7,54 (5H, ì, Hàðîì), 8,52 (2H, ä, J=3,7 Ãö,
Hàðîì). Ìàñ-ñïåêòð, m/z (Iîòí, %): 359 [M+Í]+

(100). Çíàéäåíî, %: C 50,35; H 3,87; N 23,41;
S 17,82. C15H14N6OS2. Ðîçðàõîâàíî, %: C 50,26;
H 3,94; N 23,45; S 17,89.

2-((5-((ï³ðèì³äèí-2-³ëò³î)ìåòèë)-1,3,4-îêñà-
ä³àçîë-2-³ë)ò³î)àöåòàòàì³ä Vie

Âèõ³ä 88%-âèé, á³ëèé ïîðîøîê, ò.ïë. >3000Ñ
(ÄÌÔÀ). Ñïåêòð ßÌÐ 1H, δ, ì.ä. (J, Ãö):
4,01 (2H, ñ, SCH2CO), 4,51 (2H, ñ, Pyr–SCH2CO),
7,01 (2H, ñ, NH2), 7,20 (1H, ò, J=3,7 Ãö, Hàðîì),
8,52 (2H, ä, J=3,7 Ãö, Hàðîì). Ìàñ-ñïåêòð,
m/z (Iîòí, %): 284 [M+Í]+ (100). Çíàéäåíî,
%: C 38,15; H 3,20; N 24,72; S 24,72. C9H9N5O2S2.
Ðîçðàõîâàíî, %: C 38,15; H 3,20; N 24,72; S 24,72.

Êîìï’þòåðí³ ìåòîäè äîñë³äæåííÿ ôóíã³-
äèöíî¿ àêòèâíîñò³ òà ïîøóê ìîëêóëÿðíèõ
äåñêðèïòîð³â

Íà ïî÷àòêó äîñë³äæåííÿ ç õ³ì³÷íîþ áàçè
ïîõ³äíèõ àçîëüíèõ ãåòåðîöèêë³â – ï³ðèì³äèí,
1,2,4-òðèàçîë ³ 1,3,4-îêñàä³àçîëó (1000 ñïîëóê) –
áóëî â³ä³áðàíî 12 ñïîëóê ç ïîòåíö³éíîþ ôóíã³-
öèäíîþ àêòèâí³ñòþ çà äîïîìîãîþ á³î³íôîðìà-
ö³éíèõ çàñîá³â, ùî âêëþ÷àëî ADME-ô³ëüòðè, ìî-
ëåêóëÿðíèé äîê³íã (ðèñ. 1).

Òåîðåòè÷íèé ðîçðàõóíîê ïàðàìåòð³â ADME
Äîñë³äæåííÿ ADME áóëî çä³éñíåíî çà äî-

ïîìîãîþ áåçêîøòîâíîãî ñåðâ³ñó SwissADME [7],
ÿêèé âèêîðèñòîâóºòüñÿ äëÿ îö³íþâàííÿ ôàðìà-
êîê³íåòèêè, á³îäîñòóïíîñò³ òà âçàºìîä³¿ ìàëèõ ìî-
ëåêóë ç ôåðìåíòàìè ó ìåäè÷í³é õ³ì³¿. Ó öüîìó
³íñòðóìåíò³ âðàõîâóþòüñÿ ø³ñòü ô³çèêî-õ³ì³÷íèõ
âëàñòèâîñòåé: ë³ïîô³ëüí³ñòü, ðîçì³ð, ïîëÿðí³ñòü,
ðîç÷èíí³ñòü, ãíó÷ê³ñòü ³ íàñè÷åí³ñòü. Êîæíà ç öèõ
âëàñòèâîñòåé ìàº âèçíà÷åíèé ô³çèêî-õ³ì³÷íèé
ä³àïàçîí, ÿêèé â³äîáðàæåíèé íà â³çóàë³çàö³¿ ÿê
ðîæåâà çîíà. Äëÿ òîãî, ùîá ââàæàòè ìîëåêóëó
ïîä³áíîþ äî ë³êàðñüêèõ ðå÷îâèí, ¿¿ ðàä³îëîêà-
ö³éíà ä³ëÿíêà ïîâèííà çíàõîäèòèñÿ ïîâí³ñòþ
âñåðåäèí³ ö³º¿ çîíè.

Ìîëåêóëÿðíèé äîê³íã
Îïòèì³çîâàí³ ñïîëóêè áóëè ï³ääàí³ ³íñòðó-

ìåíòàëüíîìó ïðîãðàìíîìó çàáåçïå÷åííþ Autodock
[8] ç ìåòîþ ïåðåòâîðåííÿ â .pdbqt ïåðåä ðîçðà-
õóíêîì äîê³íãó çà äîïîìîãîþ ïðîãðàìíîãî çà-
áåçïå÷åííÿ Autodock vina [9]. Äîñë³äæåííÿ äî-
ê³íãó çä³éñíþâàëè ç âèêîðèñòàííÿì ðåíòãåí³â-
ñüêî¿ êðèñòàë³÷íî¿ ñòðóêòóðè ëàíîñòåðîë 14-α-äå-
ìåòèëàçè ç ïàòîãåííîãî Candida albicans
(PDB ID: 5V5Z) [10], îòðèìàíîãî ç ñåðâåðà Protein
Data Bank (https://www.rcsb.org/structure/5v5z).
Àêòèâí³ öåíòðè â îáðîáëåíèõ ðåöåïòîðàõ áóëè
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Ðèñ. 1. Ñòðóêòóðíà ñõåìà äîñë³äæåííÿ íîâèõ ã³áðèä³â ï’ÿòè÷ëåííèõ àçîãåòðîöèêë³â ç ï³ðèì³äèíîâèì îñòîâîì

âèçíà÷åí³ çà äîïîìîãîþ ïðîãðàìíîãî çàáåçïå÷åí-
íÿ Autodock ïåðåä äîê³íãîì. Ïðîãíîçîâàíà ñ³òêà
äëÿ ôåðìåíòó áóëà âñòàíîâëåíà òàêèì ÷èíîì:
öåíòð (X=–43, Y=–17 ³ Z=23 Å), ðîçì³ð ñ³òêè
(30×30×30 Å), à ³íòåðâàë, âñòàíîâëåíèé ð³âíèì
0,10 Å . Ï³äãîòîâëåí³ ë³ãàíäè òà ðåöåïòîðè äîêó-
âàëè çà äîïîìîãîþ Autodock Vina, ùîá ðîçðàõó-
âàòè àô³íí³ñòü çâ’ÿçóâàííÿ òà ñïîñòåð³ãàòè òèïè
íåçâ’ÿçóâàëüíèõ âçàºìîä³é ì³æ äîñë³äæóâàíèìè
êîìïëåêñàìè.

Ðåçóëüòàòè äîñë³äæåíü
Õ³ì³÷í³ ïåðåòâîðåííÿ
Îäèí ç äîáðå â³äîìèõ ñïîñîá³â ñèíòåçó

5-çàì³ùåíèõ-1,3,4-îêñàä³àçîë-2-ò³îí³â ïîëÿãàº â
öèêë³çàö³¿ ã³äðàçèä³â êàðáîíîâèõ êèñëîò ï³ä ä³ºþ
âóãëåöü äèñóëüô³äó [11]. Çà äîïîìîãîþ ðåàêö³¿
[3+2] ãåòåðîöèêë³çàö³¿ [12] â³äïîâ³äíèõ 2-(ï³ðè-
ì³äèí-2-³ëò³î)àöåãîã³äðàçèä³â III ç ôåí³ë³çî-
ò³îö³îíàòîì â ëóæíîìó ñåðåäîâèù³ òà ï³ä ä³ºþ
âóãëåöü äèñóëüô³äó ç êàë³é ã³äðîêñèäîì â ñåðåäî-
âèù³ åòàíîëó áóëî ñèíòåçîâàíî ã³áðèäíó ñèñòåìó
ç ³çîëüîâàíèìè ãåòåðîöèêëàìè, ùî ïîºäíàíà
ò³îìåòèëåíîâèì çâ’ÿçêîì. Îäåðæàí³ ò³îíè (V, VI)
áóëè ï³ääàí³ àëê³ëóâàííþ ïî àòîìó ñ³ðêè ç      îäåð-
æàííÿì ð³çíîìàí³òíèõ S-ïîõ³äíèõ.

Â³äîìî, ùî íàÿâí³ñòü àëê³ëüíèõ çàì³ñíèê³â
ïðè àòîì³ ñ³ðêè â 1,2,4-òðèàçîë-3-ò³îíàõ
(1,3,4-îêñàä³àçîë-2-ò³îíàõ) ï³äâèùóº ¿õ á³îëî-
ã³÷íó àêòèâí³ñòü [13]. Ç ö³º¿ ïðè÷èíè áóëî äî-
ö³ëüíèì îäåðæàòè S-ïîõ³äí³.

Êèñëîòè (Và, VIà) áóëè îäåðæàí³ øëÿõîì 
âçàºìîä³¿ ïîïåðåäíüî ñèíòåçîâàíèõ êàë³ºâèõ ñî-
ëåé ñïîëóê (V, VI) ç ìîíîõëîðîîöòîâîþ êèñëî-

òîþ â ñåðåäîâèù³ ïîëÿðíîãî ðîç÷èííèêà –
åòàíîëó. Ñïåêòðè ßÌÐ 1H ñïîëóê V òà VI õà-
ðàêòåðèçóþòüñÿ ñèíãëåòíèì ñèãíàëîì ïðîòîí³â
–S–CH2CO-ãðóïè ïðè 4,67 òà 4,51 ì.÷., à ó âè-
ïàäêó ñïîëóê Va, VIà ñèãíàë –S–CH2CO-ãðóïè,
ùî ç’ºäíàíà ç ï³ðèì³äèíîâèì îñòîâîì, òðîõè
çì³ùóºòüñÿ â ñëàáêå ïîëå ïðè 4,64 òà 4,51 ì.÷. òà
ç’ÿâëÿºòüñÿ ñèãíàëè ñèíãëåò³â çàëèøê³â åòàíîâî¿
êèñëîòè ïðè 4,04 òà 3,99 ì.÷. ó á³ëüø ñëàáêîìó
ïîë³. Î÷åâèäíî, ùî ï³ðèì³äèíîâèé îñòîâ ïðîÿâ-
ëÿº äîíîðíèé åôåêò. Íàÿâí³ñòü äàíèõ ï³ê³â
ï³äòâåðäæóº ïðîõîäæåííÿ ðåàêö³¿ àëê³ëóâàííÿ ñàìå
ïî àòîìó ñ³ðêè.

Ìåòèëîâ³, ³çîïðîï³ëîâ³, áóòèëîâ³ åñòåðè 
(Vb-d, VIb-d) áóëè îäåðæàí³ øëÿõîì àëê³ëóâàííÿ 
â³äïîâ³äíèìè åñòåðàìè ìîíîõëîðîöòîâî¿ êèñëîòè, 
à àì³äè (Ve, VIe) çà äîïîìîãîþ 2-õëîðîàöåòàì³äó 
(ñõåìà 1). Äëÿ âñ³õ S-ïîõ³äíèõ 5-((ï³ðèì³äèí- 
2-³ëò³î)ìåòèë)-(4-ôåí³ë-4H-1,2,4-òðèàçîë- 
3-ò³îí³â)1,3,4-îêñàä³àçîë-2-ò³îí³â õàðàêòåðíèé çñóâ 
ñèãíàëó ìåòèëåíîâîãî çâ’ÿçêó â ñïåêòðàõ ßÌÐ 1Í 
â á³ëüø ñëàáêå ïîëå, çà ðàõóíîê çá³ëüøåííÿ àê-
öåïòîðíîãî âïëèâó.

Òåîðåòè÷íèé ðîçðàõóíîê ïàðàìåòð³â ADME
Âèñîêà á³îëîã³÷íà àêòèâí³ñòü ³ íèçüê³ òîêñè-

êîëîã³÷í³ åôåêòè íåäîñòàòí³ äëÿ òîãî, ùîá ñïîëó-
êà ñòàëà êàíäèäàòîì íà àêòèâíèé ôàðìàöåâòè-
÷íèé ³íãðåä³ºíò. Õîðîøèé ôàðìàêîê³íåòè÷íèé
ïðîô³ëü òàêîæ äóæå âàæëèâèé äëÿ íîâèõ ïðåïà-
ðàò³â-êàíäèäàò³â, ÿê³ ñë³ä îö³íþâàòè â ïðîöåñ³
ðîçðîáëåííÿ ë³êàðñüêèõ çàñîá³â. Êð³ì òîãî, in silico
ïåðåäáà÷åííÿ ADME ìîæíà âèêîðèñòîâóâàòè äëÿ
³äåíòèô³êàö³¿ îêðåìèõ ìîëåêóë àáî õ³ì³÷íèõ á³á-
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Ñõåìà 1

ë³îòåê øëÿõîì îö³íþâàííÿ ¿õ ïðèäàòíîñò³ ÿê ïî-
òåíö³éíèõ ìîëåêóë. Áóëî çàñòîñîâàíî ïðàâèëî ï’ÿ-
òè Ë³ï³íñüêîãî [14] ³ ïðàâèëà Åãàíà [15], ÿê³ îö³-
íþþòü âëàñòèâîñò³ ADME íîâèõ ïðåïàðàò³â-êàí-
äèäàò³â ³ º âàæëèâèìè äëÿ îïòèì³çàö³¿ á³îëîã³÷íî
àêòèâíî¿ ñïîëóêè. Ìîëåêóëÿðíà ìàñà (MW), òî-
ïîëîã³÷íà ïîëÿðíà ïëîùà ïîâåðõí³ (TPSA),
ê³ëüê³ñòü äîíîð³â âîäíþ (DHB), ê³ëüê³ñòü àê-
öåïòîð³â âîäíþ (AHB), êîåô³ö³ºíò ðîçïîä³ëó îê-
òàíîë/âîäà (logP), ðîç÷èíí³ñòü ó âîä³ (logS), øëóí-
êîâî-êèøêîâà àáñîðáö³ÿ (Gi) ïðåäñòàâëåí³ â
òàáë. 1 ðàçîì ³ç ïîðóøåííÿ ïðàâèë Åãàíà (VE) ³
Ë³ï³íñüêîãî (VRF). Çã³äíî ç ïðàâèëîì ï’ÿòè
Ë³ï³íñüêîãî òà ïðàâèëîì Åãàíà, ñïîëóêè V, V, Vc,
VIc â³äïîâ³äàþòü ïðàâèëó, íå ñïðè÷èíÿþ÷è æîä-
íîãî ïîðóøåííÿ. Òàêèì ÷èíîì, ìîæíà ïðèïóñòè-
òè, ùî íàéá³ëüø àêòèâí³ ïðîòèêàíäèäîçí³ ñïîëó-
êè Vc, VIc ìîæóòü ìàòè õîðîøèé ôàðìàêîê³íå-

òè÷íèé ïðîô³ëü çà ðàõóíîê âèñîêî¿ øëóíêîâî-
êèøêîâî¿ àáñîðáö³¿, ùî ï³äâèùóº ¿õíþ ôàðìàêî-
ëîã³÷íó âàæëèâ³ñòü.

Ìîëåêóëÿðíèé äîê³íã
Ó íàøîìó äîñë³äæåí³ ìè ïðèä³ëèëè óâàãó

ðîçóì³ííþ ñïîñîáó çâ’ÿçóâàííÿ ñïîëóê ç ëàíîñòå-
ðîë-14-α-äåìåòèëàçîþ. Â³äîì³ ïðîòèâîãðèáêîâ³
ïðåïàðàòè âçàºìîä³þòü ç ôåðìåíòîì 14-α-äåìå-
òèëàçîþ, ÿêèé â³äïîâ³äàº çà ïåðåòâîðåííÿ ëà-
íîñòåðîëó íà åðãîñòåðîë, ùî º âàæëèâèì êîìïî-
íåíòîì êë³òèííî¿ ìåìáðàíè. Ïðèãí³÷åííÿ ñèíòå-
çó åðãîñòåðîëó ï³äâèùóº ïðîíèêí³ñòü êë³òèí.

Ðåçóëüòàòè äîê³íãó, íàâåäåí³ â òàáë. 2, ïî-
êàçóþòü, ùî ñïîëóêè V, Va-e ç åíåðã³ÿìè çâ’ÿçó-
âàííÿ –7,195…–7,710 êêàë/ìîëü çâ’ÿçóþòüñÿ
ç ï’ÿòüìà àì³íîêèñëîòàìè (LYS, GLU, LYS,
THR, ARG) ³ á³ëüø åôåêòèâíî, í³æ ñïîëóêè
VI, VIa-e, ç ïîêàçíèêàìè çâ’ÿçóâàííÿ

Сполука MW TPSA DHB AHB logP logS Gi VE VRF 

V 301,39 120,59 0 4 2,49 –4,94 low 0 0 

Va 359,43 144,39 1 6 2,37 –4,68 low 1 0 

Vb 373,45 133,39 0 6 2,46 –5,38 high 1 0 

Vc 401,51 133,39 0 6 3,24 –5,79 high 0 0 

Vd 415,53 133,39 0 6 3,63 –6,56 low 1 0 

Ve 358,44 150,18 1 5 1,78 –4,90 low 1 0 

VI 226,28 128,80 0 5 1,29 –3,27 low 0 0 

VIa 284,31 152,60 1 7 1,18 –3,04 low 1 0 

VIb 298,34 141,60 0 7 1,27 –3,74 high 1 0 

VIc 326,39 141,60 0 7 2,04 –4,16 high 0 0 

VId 340,42 141,60 0 7 2,44 –4,93 low 1 0 

Vie 283,33 158,39 1 6 0,58 –3,26 low 1 0 

Òàáëèöÿ 1

Ðîçðàõîâàí³ ïàðàìåòðè ADME ñïîëóê
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–5,276…–6,424 êêàë/ìîëü çâ’ÿçóºòüñÿ ç òðüîìà
àì³íîêèñëîòàìè (SER, HID, THR). Ñïîëóêè Vc
òà VIc ç â³äïîâ³äíèìè ãåòåðîöèêëàìè ìàëè íàé-
ìåíøó åíåðã³þ çâ’ÿçóâàííÿ –7,710 ³ –6,424, ùî
äîçâîëÿº ââàæàòè ¿õ íàéåôåêòèâí³øèìè ñïîëóêà-
ìè ïðîòè ãðèáêîâî¿ ³íôåêö³¿ ç ï’ÿòüìà àì³íî-
êèñëîòàìè (ARG, HID, THR, LYS, SER), çâ’ÿçà-
íèìè ç íèì ï³ä ÷àñ ïðîöåñó ñòèêóâàííÿ.

Âñòàíîâëåíî, ùî àòîìè àëê³ëüíîãî çàì³ñíè-
êà â 4-îìó ïîëîæåíí³ 1,2,4-òðèàçîëüíîãî ÿäðà 
ñïîëóêè Vc áåðóòü ó÷àñòü ó âçàºìîä³¿ çà äî-
ïîìîãîþ ã³äðîôîáíèõ âçàºìîä³é ç àì³íîêèñëî-
òíèìè çàëèøêàìè LEU139, TYR132, ILE131, 
LEU300, ILE304, LEU276, LEU150, LEU204,

Òàáëèöÿ 2

Ðîçðàõóíêîâà îö³íêà, àì³íîêèñëîòí³ çàëèøêè ³ òèïè âçàºìîä³é áåç çâ’ÿçóâàííÿ 5V5Z

Сполука 

Енергія 

зв’язування 

з 5V5Z 

(ккал/моль) 

Амінокислотні залишки та незв’язувальні взаємодії 

V –7,490

Гідрофобні: LEU87, LEU88, PRO330, PHE233, TYR118, LEU376, ILE379, 

PHE380, MET508, TYR505, TYR64, ALA61; полярні: HID377, SER378, SER507; 

іонізовані: позитивно – LYS90 

Va –7,272

Гідрофобні: LEU150, ALA476, PHE475, ILE471, CYS470, LEU204, ILE304, 

ILE131, LEU300, LEU139; полярні: GLN479, SER312, THR311, GLN309; 

іонізовані: позитивно – LYS143; негативно – GLU 473 

Vb –7,467

Гідрофобні: PHE58, LEU88, TYR118, TYR505, TYR64, PRO230, LEU87, ALA61, 

PHE380, ILE379, PHE233, MYT508; полярні: SER378, HID377, SER507, SER506; 

іонізовані: позитивно – LYS90 

Vc –7,710

Гідрофобні: LEU139, TYR132, ILE131, LEU300, ILE304, LEU276, LEU150, 

LEU204, ALA146, PHE475, ILE471, CYS470; полярні: HID468, THR311; 

іонізовані: позитивно – ARG467, ARG469, LYS143 

Vd –7,600

Гідрофобні: LEU276, LEU150, LEU204, ALA146, CYS470, ILE471, PHE475, 

ALA476, PHE126, ILE304, ILE131, TYR132, LEU300, TYR118, MET508, LEU121, 

PHE228; полярні: THR311, THR122; іонізовані: позитивно – LYS143. 

Ve –7,195

Гідрофобні: LEU150, ALA476, PHE475, ILE471, CYS470, LEU204, ILE304, 

ILE131, LEU300, LEU139; полярні: GLN479, SER312, THR311, GLN309; 

іонізовані: позитивно – LYS143; негативно – GLU 473 

VI –5,276
Гідрофобні: TYR64, PHE233, PRO230, LEU87, TYR505, MET508, LEU376, 

PHE380, TYR118; полярні: SER507, HID377, SER378 

VIa –5,888

Гідрофобні: TYR64, PHE233, PRO230, LEU87, TYR505, MET508, LEU376, 

PHE380, TYR118, VAL509, TYR132, LEU121; полярні: SER378, SER506, SER507, 

HID377, THR122 

VIb –5,784
Гідрофобні: ALA61, TYR64, PHE233, PRO230, LEU87, TYR505, MET508, 

LEU376, PHE380, TYR118, VAL234; полярні: SER378, SER507, HID377 

VIc –6,424

Гідрофобні: ALA61, TYR64, PHE233, PRO230, LEU87, LEU88, TYR505, MET508, 

LEU121, LEU376, ILE379, PHE380, TYR118, TYR132; полярні: SER378, SER507, 

HID377, THR122 

VId –6,354

Гідрофобні: TYR64, PHE233, PRO230, ILE231, LEU87, LEU88, TYR505, MET508, 

LEU121, LEU376, PHE380, TYR118, TYR132; полярні: SER378, SER506, SER507, 

HID377, THR122 

VIe –6,057
Гідрофобні: TYR64, PHE233, PRO230, ILE231, LEU87, LEU88, TYR505, MET508, 

LEU376, PRO375, ILE379, PHE380; полярні: SER378, SER506, SER507, HID377 

ALA146, PHE475, ILE471, CYS470. Àðîìàòè÷í³
çàì³ñíèêè òà 1,2,4-òðèàçîë â îñíîâíîìó çâ’ÿçóâà-
ëèñü ã³äðîôîáíèìè âçàºìîä³ÿìè, à çàëèøêè åòà-
íîâî¿ êèñëîòè ïîëÿðíèìè çâ’ÿçêàìè (ðèñ. 2).

Êð³ì òîãî, âðàõîâóþ÷è 3D ñòðóêòóðè ñòèêó-
âàííÿ (ðèñ. 3), 1,2,4-òðèàçîë çàáåçïå÷óº çâ’ÿçó-
âàííÿ ç àêòèâíèì öåíòðîì øëÿõîì óòâîðåííÿ
âîäíåâèõ çâ’ÿçê³â. Àòîìè àçîòó 1,2,4-òðèàçîëó (ó
ïåðøîìó òà äðóãîìó ïîëîæåíí³) âñòàíîâëþþòü
äâà ð³çí³ âîäíåâ³ çâ’ÿçêè ç äâîìà ñóñ³äí³ìè àòî-
ìàìè àçîòó â ãë³öèíîâîìó ôðàãìåíò³ GLY472,
GLY303. Êð³ì òîãî, ôåí³ëüíå ê³ëüöå òèðîçèíó
çàëèøêó íà ê³íö³ ñòðóêòóðè âçàºìîä³º ç ï³ðèì³-
äèíîâèì ê³ëüöåì øëÿõîì π–π âçàºìîä³¿.
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Ðèñ. 3. Ìåðåæà 3D âçàºìîä³¿ ì³æ ôåðìåíòîì ëàíîñòåðîë 14-α-äåìåòèëàçè ç ïàòîãåííîãî Candida albicans (PDB ID: 

5V5Z) òà ñïîëóêàìè Vc (à) ³ VIc (á)

à

á

Íà ðèñ. 4 äëÿ ñïîëóê Vc òà VIc ïîêàçàíà 
ïîâåðõíÿ, íàðèñîâàíà íàâêîëî àêòèâíîãî öåíòðó 
ç ÷åðãóâàííÿì ã³äðîôîáíèõ òà ïîëÿðíèõ 
âçàºìîä³é. ßê âèäíî, ñòðóêòóðà íàéá³ëüø 
àêòèâíîãî ³íã³á³òîðó ó ñâî¿é íàéá³ëüø â³ðîã³äí³é

äîêîâàí³é êîíôîðìàö³¿ º êîìïëåìåíòàðíîþ àê-
öåïòîðíî¿/äîíîðíî¿ ä³ëÿíêè ïîëÿðíîãî çâ’ÿçêó àê-
òèâíîãî ñàéòó, òàêèì ÷èíîì, ùî îñíîâíèì
ñòðóêòóðíèì åëåìåíòîì º åñòåðíèé çàëèøîê
êàðáîêñèëüíî¿ êèñëîòè òà ôåí³ë â 4 ïîëîæåíí³
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1,2,4-òðèàçîëó. Òàêèì ÷èíîì, ìîæíà ïðèïóñòèòè,
ùî ïîëÿðíèé çàëèøîê ³çîïðîï³ëüíîãî ôðàãìåíòó
åòàíîâî¿ êèñëîòè º äóæå âàæëèâèì ç òî÷êè çîðó
çâ’ÿçóâàííÿ ç àêòèâíèì öåíòðîì ôåðìåíòó òà àí-
òèêàíäèäîçíî¿ àêòèâíîñò³. Ó ðåçóëüòàò³ ââàæàºòü-
ñÿ, ùî öÿ äîäàòêîâà âçàºìîä³ÿ ìîæå ïîÿñíèòè
á³ëüøó çäàòí³ñòü äî çâ’ÿçóâàííÿ òà ñèëüí³øó àê-
òèâí³ñòü ñïîëóê Vc òà VIc, í³æ ³íø³ ñïîëóêè.

Ïðè àíàë³ç³ çàëåæíîñò³ «ñòðóêòóðà–ôóíã³-
öèäíà àêòèâí³ñòü» äîçâîëèëî âñòàíîâèòè ôàêòî-
ðè, ùî ïðåäñòàâëåí³ íà ðèñ. 4.

Âèñíîâêè

Çà äîïîìîãîþ ðåàêö³¿ [3+2] ãåòåðîöèêë³çàö³¿
â³äïîâ³äíèõ 2-(ï³ðèì³äèí-2-³ëò³î)àöåãîã³äðàçèä³â
ç ôåí³ë³çîò³îö³îíàòîì òà âóãëåöü äèñóëüô³äîì â
ëóæíîìó ñåðåäîâèù³ áóëî ñèíòåçîâàíî ñèñòåìó ç
³çîëüîâàíèìè ãåòåðîöèêëàìè, ùî ïîºäíàíà ò³îìå-
òèëåíîâèì çâ’ÿçêîì. Îòðèìàí³ ò³îíè áóëè ï³ääàí³
àëê³ëóâàííþ ïî àòîìó ñ³ðêè ç îäåðæàííÿì ð³çíî-
ìàí³òíèõ S-ïîõ³äíèõ.

Äîñë³äæåíî, ùî ñïîëóêè V, V, Vc, VIc â³äïî-
â³äàþòü ïðàâèëó ï’ÿòè Ë³ï³íñüêîãî òà ïðàâèëó
Åãàíà. Íàéá³ëüø àêòèâí³ ïðîòèêàíäèäîçí³ ñïîëó-
êè Vc, VIc ìîæóòü ìàòè õîðîøèé ôàðìàêîê³íå-
òè÷íèé ïðîô³ëü çà ðàõóíîê âèñîêî¿ øëóíêîâî-
êèøêîâî¿ àáñîðáö³¿, ùî ï³äâèùóº ¿õíþ ôàðìàêî-
ëîã³÷íó âàæëèâ³ñòü.

Ç ðåçóëüòàò³â ìîëåêóëÿðíîãî äîê³íãó âñòà-
íîâëåíî, ùî ñïîëóêè Vc òà VIc ç â³äïîâ³äíèìè
ãåòåðîöèêëàìè ìàëè íàéìåíøó åíåðã³þ çâ’ÿçóâàí-
íÿ –7,710 ³ –6,424, ùî äîçâîëÿº ââàæàòè ¿õ
íàéåôåêòèâí³øèìè ñïîëóêàìè ïðîòè ãðèáêîâî¿
³íôåêö³¿ ç ï’ÿòüìà àì³íîêèñëîòàìè (ARG, HID,

Ðèñ. 4. Àíàë³ç çàëåæíîñò³ «ñòðóêòóðà–ôóíã³öèäíà àêòèâí³ñòü»

THR, LYS, SER), çâ’ÿçàíèìè ç íèì ï³ä ÷àñ ïðî-
öåñó ñòèêóâàííÿ.
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SYNTHESIS, CHEMICAL PROPERTIES AND SEARCH 
FOR MOLECULAR DESCRIPTORS OF THE 
FUNGICIDAL ACTIVITY OF NEW HYBRIDS OF   
1,2,4-TRIAZOLE(1,3,4-OXADIAZOLE) BEARING        
A PYRIMIDINE FRAGMENT
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This paper reports the synthesis and identification of
molecular descriptors of the fungicidal action of novel hybrid
compounds combining 1,2,4-triazole and 1,3,4-oxadiazole with
a pyrimidine fragment. Initially, 12 compounds with predicted
fungicidal potential were selected from a virtual library of 1,000
azole-containing heterocycles – pyrimidine, 1,2,4-triazole, and
1,3,4-oxadiazole – using bioinformatic tools, including ADME
filtering and molecular docking. The target compounds were
synthesized via the [3+2] heterocyclization reaction, involving
2-(pyrimidin-2-ylthio)acetohydrazides with phenylisothiocyanate
and carbon disulfide in an alkaline medium, resulting in a
thiomethylene-linked heterocyclic system. The synthesized thiones
were subsequently alkylated at the sulfur atom to yield a series of
S-derivatives. The structures of the synthesized compounds were
confirmed by elemental analysis, chromatography-mass
spectrometry, and 1H NMR spectroscopy. Docking simulations
were performed using the X-ray crystallographic structure of
lanosterol 14-α-demethylase from Candida albicans, retrieved
from the Protein Data Bank. Lipinski’s Rule of Five and Egan’s
rule were applied, showing that four compounds fully conformed
to these guidelines. Among them, two compounds exhibited the
lowest binding energies (–7.710 and –6.424 kcal/mol), indicating
strong potential as antifungal agents. These compounds interacted
with five key amino acids (ARG, HID, THR, LYS, and SER)
during docking, indicating potential efficacy against fungal
infections. The findings suggest promising applications for these
compounds, given their strong fungicidal properties.

Keywords: 1,2,4-triazole; pyrimidine; 1,3,4-oxadiazole;
molecular descriptors; fungicidal activity; in silico study.
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