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Ñèíòåçîâàíî ³ îõàðàêòåðèçîâàíî íèçêó ïîõ³äíèõ ï³ðàçîëî[1,5-à][1,3,5]òðèàçèíó ³
îêñàçîëî[4,5-d]ï³ðèì³äèíó. Ï³ðàçîëî[1,5-à][1,3,5]òðèàçèíè ç ð³çíîìàí³òíèìè çàì³-
ñíèêàìè â ÷åòâåðòîìó ïîëîæåíí³ òà äèõëîðîìåòèëüíîþ ãðóïîþ â äðóãîìó ïîëî-
æåíí³ îäåðæàí³ øëÿõîì ðåàêö³¿ ãåòåðîöèêë³çàö³¿ äîñòóïíèõ N-(2,2-äèõëîðî-1-ö³à-
íîåòåí³ë)êàðáîêñàì³ä³â òà 5-àì³íîï³ðàçîë³â. Îêñàçîëî[4,5-d]ï³ðèì³äèíè îäåðæàíî
çà ðåàêö³ºþ 2-ôåí³ë-4-äèõëîðîìåòèëåí-1,3-îêñàçîë-5(4H)-îíó ç â³äïîâ³äíèì ã³äðîõ-
ëîðèäîì àðèëàì³äèíó â ïðèñóòíîñò³ òðèåòèëàì³íó. Ïðè öüîìó â³äáóâàºòüñÿ óòâî-
ðåííÿ 4,5-äèã³äðî-1H-³ì³äàçîë-5(4)-îí³â, ÿê³ ïðè íàãð³âàíí³ â ï³ðèäèí³ çàçíàþòü
ðåöèêë³çàö³¿ ç ïîäàëüøîþ öèêëîêîíäåíñàö³ºþ äî â³äïîâ³äíèõ îêñàçîëî[4,5-
d]ï³ðèì³äèí-7-îí³â. Íàãð³âàííÿì îñòàíí³õ â îêñèõëîðèä³ ôîñôîðó(V) ó ïðèñóòíîñò³
N,N-äèìåòèëàí³ë³íó îòðèìàíî îêñàçîëî[4,5-d]ï³ðèì³äèíè ç ëàá³ëüíèì àòîìîì õëî-
ðó â ïîëîæåíí³ 7, çàì³ùåííÿ ÿêîãî ð³çíîìàí³òíèìè àì³íàìè ïðèâîäèòü äî 7-àì³íî-
ïîõ³äíèõ îêñàçîëî[4,5-d]ï³ðèì³äèíó. Âèâ÷åííÿ âïëèâó ñèíòåçîâàíèõ ñïîëóê íà òî-
íóñ ñóäèí ïîêàçàëî, ùî ÷àñòèíà äîñë³äæóâàíèõ çðàçê³â âèÿâëÿëà ð³çíó çà ñèëîþ
âàçîäèëàòàòîðíó àêòèâí³ñòü. Âñòàíîâëåíî, ùî 2-äèõëîðîìåòèë-7-ìåòèë-4-(ôóðàí-
2-³ë)ï³ðàçîëî[1,5-a][1,3,5]òðèàçèí òà 2-äèõëîðîìåòèë-7-ìåòèë-4-(ï³ðèäèí-3-³ë)ï³ðà-
çîëî[1,5-a][1,3,5]òðèàçèí ïðîäåìîíñòðóâàëè ÷³òêî âèðàæåíó äîçî-çàëåæíó ñóäèíî-
ðîçøèðþâàëüíó ä³þ ³ òîìó çà óìîâè ¿õ ïîäàëüøèõ äîñë³äæåíü ìîæóòü ìàòè ïåðñ-
ïåêòèâó äëÿ ðîçðîáêè íà ¿õí³é îñíîâ³ íîâèõ âàçîäèëàòàòîðíèõ ë³êàðñüêèõ çàñîá³â.
Äîñë³äæåííÿ á³îëîã³÷íî¿ àêòèâíîñò³ ïîõ³äíèõ îêñàçîëî[4,5-d]ï³ðèì³äèíó íå âèÿâè-
ëî ïîòåíö³éíèõ âàçîäèëàòàòîðíèõ çàñîá³â ñåðåä íàäàíèõ ñïîëóê, îñê³ëüêè âîíè äå-
ìîíñòðóâàëè íèçüêó ñóäèíîðîçøèðþâàëüíó ä³þ àáî âàçîàêòèâíîñò³ íå ïðîÿâëÿëè.
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Âñòóï

Â³äîìî, ùî ñåðöåâî-ñóäèíí³ çàõâîðþâàííÿ
çàéìàþòü ïðîâ³äíå ì³ñöå â ñòðóêòóð³ çàãàëüíî¿
çàõâîðþâàíîñò³ òà ÿâëÿþòü ñîáîþ îñíîâíèé ôàê-
òîð ñìåðòíîñò³ â óñüîìó ñâ³ò³ [1]. Ôàðìàêîëîã³÷í³
ñóäèíîðîçøèðþâàëüí³ çàñîáè (âàçîäèëàòàòîðè)
âèêîðèñòîâóþòüñÿ äëÿ êîðåêö³¿ ïîðóøåíü â ðî-
áîò³ êðîâîíîñíèõ ñóäèí ³ ñåðöÿ, îïîñåðåäêîâà-
íî âïëèâàþ÷è íà ïåðèôåðè÷íèé òà êîðîíàðíèé
êðîâîîá³ã. Âàçîäèëàòàòîðè çäàòí³ ðîçøèðþâàòè
êðîâîíîñí³ ñóäèíè, çàáåçïå÷óþ÷è á³ëüøèé ïðè-

ïëèâ êðîâ³ äî òêàíèí îðãàí³çìó [2]. Âîíè ìàþòü
âàæëèâå çíà÷åííÿ ó ë³êóâàíí³ òà ïðîô³ëàêòèö³
íàñàìïåðåä àðòåð³àëüíî¿ ã³ïåðòåíç³¿ [3], à òàêîæ
ò³ñíî ïîâ’ÿçàíèõ ³ç íåþ ãîñòðî¿ ñåðöåâî¿ íåäî-
ñòàòíîñò³ [4], öåðåáðîâàñêóëÿðíèõ çàõâîðþâàíü
[5], ñòåíîêàðä³¿ [6] òîùî. Íåçâàæàþ÷è íà ³ñíó-
âàííÿ çíà÷íî¿ ê³ëüêîñò³ âàçîäèëàòàòîð³â ð³çíèõ
êëàñ³â, áàãàòî ç íèõ º íåäîñòàòíüî åôåêòèâíèìè
³ ÷àñòî âèêëèêàþòü íåáàæàí³ ïîá³÷í³ åôåêòè.
Òîìó äîñë³äæåííÿ, ùî ñïðÿìîâàí³ íà ïîøóê
íîâèõ ñóäèíîðîçøèðþâàëüíèõ ôàðìàêîëîã³÷íèõ
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çàñîá³â, çàëèøàþòüñÿ íèí³ àêòóàëüíèìè.
Ï³ðàçîëî[1,5-a][1,3,5]òðèàçèíè – 5-àçà³çî-

ñòåðè ïóðèíó – º ñèëüíîä³þ÷èìè ñïîëóêàìè
ïîòåíö³éíî òåðàïåâòè÷íîãî çíà÷åííÿ. Ïîõ³äí³
äàíî¿ ãåòåðîöèêë³÷íî¿ ñèñòåìè ïðîÿâèëè ÿñêðà-
âî âèðàæåíó á³îëîã³÷íó àêòèâí³ñòü, ñòàâøè îä-
íèì ³ç îñíîâíèõ êàðêàñ³â äëÿ ñòâîðåííÿ íîâèõ
ë³êàðñüêèõ çàñîá³â. Âîíè ïðîäåìîíñòðóâàëè
çíà÷íèé ïîòåíö³àë ïðè âèêîðèñòàíí³ ¿õ ó ðîç-
ðîáö³ ïðîòèïóõëèííèõ òà ïðîòèâ³ðóñíèõ çàñîá³â
[7,8], à òàêîæ ³íã³á³òîð³â ð³çíèõ ê³íàç, àíòàãîí³ñò³â
êàíàá³íî¿äíèõ, àäåíîçèíîâèõ ðåöåïòîð³â ³ ðåöåï-
òîð³â êîðòèêîòðîï³í-ðèë³çèíã-ãîðìîíó [9,10].
Î÷³êóºòüñÿ, ùî óñï³õ ó ðîçðîáö³ íîâèõ á³îàêòèâ-
íèõ ñïîëóê, ñêîíñòðóéîâàíèõ ³ç âèêîðèñòàííÿì
ö³º¿ ãåòåðîöèêë³÷íî¿ ïëàòôîðìè, áóäå ïðîäîâ-
æóâàòè çðîñòàòè. Òîìó âèäàºòüñÿ àêòóàëüíèì
ïîøóê ùå íåäîñë³äæåíèõ ôàðìàêîëîã³÷íèõ âëà-
ñòèâîñòåé äàíèõ ãåòåðîöèêë³â ³ç ìåòîþ âèÿâèòè
ñåðåä íèõ ïîòåíö³éí³ âàçîäèëàòàòîðè.

Íåàáèÿêèé ³íòåðåñ â ãàëóç³ ìåäè÷íî¿ õ³ì³¿
òàêîæ âèêëèêàþòü îêñàçîëî[4,5-d]ï³ðèì³äèíè,
ÿêèì âëàñòèâà ïîä³áíà äî ïóðèíó ñòðóêòóðà.
Ïðîòå îáìåæåíèé äîñòóï äî ö³º¿ ïëàòôîðìè
ïðèçâ³â äî íåäîñòàòíüî¿ ê³ëüêîñò³ á³îëîã³÷íèõ
äîñë³äæåíü ³ òîìó îêñàçîëî[4,5-d]ï³ðèì³äèíè
ÿâëÿþòü ñîáîþ ìàëîâèâ÷åíèé êëàñ ñïîëóê [11].
Ñåðåä îêñàçîëî[4,5-d]ï³ðèì³äèí³â çíàéäåíî âñüî-
ãî ê³ëüêà ïåðñïåêòèâíèõ á³îëîã³÷íî àêòèâíèõ
ñïîëóê: ³íã³á³òîðè àì³äã³äðîëàçè æèðíèõ êèñëîò
òà ìîíîãë³öåðèä ë³ïàçè, äåÿê³ àíòèâ³ðóñí³ òà
ïðîòèïóõëèíí³ çàñîáè [12]. Îñê³ëüêè â ë³òåðà-
òóðíèõ äæåðåëàõ íàðàç³ â³äñóòí³ â³äîìîñò³ ïðî
âïëèâ ïîõ³äíèõ îêñàçîëî[4,5-d]ï³ðèì³äèíó íà
ñóäèííèé òîíóñ, äîñë³äæåííÿ ó öüîìó íàïðÿì³
çàëèøàþòüñÿ ïåðñïåêòèâíèìè.

Òàêèì ÷èíîì, ìåòîþ äàíîãî äîñë³äæåííÿ
ñòàëî îòðèìàííÿ ïîõ³äíèõ ï³ðàçîëî[1,5-à]-
[1,3,5]òðèàçèíó ³ îêñàçîëî[4,5-d]ï³ðèì³äèíó òà
âèâ÷åííÿ ¿õ âàçîàêòèâíèõ âëàñòèâîñòåé äëÿ ïî-
äàëüøî¿ ðîçðîáêè  íîâèõ ôàðìàêîëîã³÷íèõ çà-
ñîá³â.

Ìåòîäèêà åêñïåðèìåíòó

Õ³ì³÷í³ äîñë³äæåííÿ. Ìàòåð³àëè òà ìåòîäè
äîñë³äæåííÿ ñòðóêòóðè ñèíòåçîâàíèõ ðå÷îâèí

Êîìåðö³éíî äîñòóïí³ ðåàãåíòè âèêîðèñòî-
âóâàëè áåç äîäàòêîâîãî î÷èùåííÿ. Ðîç÷èííèêè
î÷èùàëè äèñòèëÿö³ºþ ç âèêîðèñòàííÿì çàçíà-
÷åíèõ ñóøèëüíèõ àãåíò³â: ÒÃÔ (Na/áåíçîôåíîí),
ÄÌÔÀ, MeCN (CaH2), MeOH (Mg). Ìîí³òîðèíã
ðåàêö³é ïðîâîäèëè çà äîïîìîãîþ òîíêîøàðîâî¿
õðîìàòîãðàô³¿ íà ïëàñòèíàõ SiO2 60 F254 ô³ðìè
Merck. Òåìïåðàòóðè ïëàâëåííÿ âèçíà÷àëè íà
ïðèëàä³ Fisher-Johns àáî Stuart SMP40. Ñïåêòðè

ßÌÐ íà ÿäðàõ 1H òà 13C ðåºñòðóâàëè íà ñïåêòðî-
ìåòðàõ Bruker Avance II (296,2 Ê, 400 ³ 101 ÌÃö,
â³äïîâ³äíî) àáî Agilent DD2 500 (353,2 Ê, 500,
376 ³ 125 ÌÃö, â³äïîâ³äíî) ó ÄÌÑÎ-d6, CF3CO2D
àáî CDCl3, âíóòð³øí³é ñòàíäàðò – ñèãíàë çàëèø-
êîâèõ ïðîòîí³â ðîç÷èííèêà. Ìàñ-ñïåêòðè ô³êñó-
âàëè ïðè âèêîðèñòàíí³ ð³äèííî¿ õðîìàòîìàñ-
ñïåêòðîìåòðè÷íî¿ ñèñòåìè íà õðîìàòîãðàô³
Agilent 1200 Series, îñíàùåíîìó ä³îäíîþ ìàòðè-
öåþ ³ç ìàñ-ñåëåêòèâíèì äåòåêòîðîì G6130A (³îí-
³çàö³ÿ ðîçïèëåííÿì â åëåêòðè÷íîìó ïîë³ ïðè
àòìîñôåðíîìó òèñêó). Åëåìåíòíèé àíàë³ç ñïî-
ëóê ïðîâîäèâñÿ â ëàáîðàòîð³¿ àíàë³òè÷íî¿ õ³ì³¿
²íñòèòóòó á³îîðãàí³÷íî¿ õ³ì³¿ òà íàôòîõ³ì³¿
³ì. Â.Ï. Êóõàðÿ ÍÀÍ Óêðà¿íè.

Çàãàëüíà ìåòîäèêà ñèíòåçó ï³ðàçîëî[1,5-a]-
[1,3,5]òðèàçèí³â 1–11

Äî ðîç÷èíó îäíîãî ç 2-àöèëàì³íî-3,3-äèõ-
ëîðîàêðèëîí³òðèë³â ²–V (0,01 ìîëü) â òåòðàã³ä-
ðîôóðàí³ (30 ìë), áóëî äîäàíî åêâ³âàëåíòíó
ê³ëüê³ñòü îäíîãî ç 5-àì³íîï³ðàçîë³â VI-IÕ
(0,01 ìîëü) ³ òðèåòèëàì³íó (0,01 ìîëü), ï³ñëÿ ÷îãî
ðåàêö³éíà ñóì³ø ïåðåì³øóâàëàñü ïðè ê³ìíàòí³é
òåìïåðàòóð³ 24 ãîä, à äàë³ ï³ääàâàëàñü íàãð³âàí-
íþ ïðè 55–600C âïðîäîâæ 2 ãîä. Ï³ñëÿ âèïàðî-
âóâàííÿ ðîç÷èííèêà ó âàêóóì³ òâåðäèé çàëèøîê
ðîçòèðàëè ó âîä³, â³äô³ëüòðîâóâàëè òà ïåðåêðè-
ñòàë³çîâóâàëè [13].

2-Äèõëîðîìåòèë-4,7-äèìåòèëï³ðàçîëî[1,5-a]-
[1,3,5]òðèàçèí (1)

Æîâòà êðèñòàë³÷íà ðå÷îâèíà. Âèõ³ä: 75%. Òïë.

108–1100C (H2O). 1H ßÌÐ (400 ÌÃö, ÄÌÑÎ-d6):
2,49 (ñ, 3H, CH3), 2,91 (ñ, 3H, CH3), 6,69 (ñ, 1H,
C–H ï³ðàçîë), 7,26 (ñ, 1H, CHCl2). 13C ßÌÐ (125
ÌÃö, ÄÌÑÎ-d6): 14,5; 19,2; 70,9; 97,6; 147,5;
157,2; 158,0; 158,8. MS, m/z: 231 [M+H]+.

2-Äèõëîðîìåòèë-7-ìåòèë-4-(4-ìåòèëôåí³ë)-
ï³ðàçîëî[1,5-a][1,3,5]òðèàçèí (2)

Âèõ³ä: 70%. Òåìíî-æîâòà êðèñòàë³÷íà ðå-
÷îâèíà. Òïë. 155–1570C (MeCN). 1H ßÌÐ (400 ÌÃö,
ÄÌÑÎ-d6): 2,43 (ñ, 3H, CH3), 2,52 (ñ, 3H, CH3),
6,75 (ñ, 1H, C–H ï³ðàçîë), 7,33 (ñ, 1H, CHCl2),
7,44 (ä, J=7.8 Ãö, 2H, ArH), 8,67 (ä, J=7,9 Ãö,
2H, ArH). 13C ßÌÐ (101 ÌÃö, ÄÌÑÎ-d6): 14,6;
21,4; 71,0; 97,4; 126,6; 129,0; 131,2; 144,3; 150,0;
153,7; 157,4; 158,6. MS, m/z: 307 [M+H]+. Çíàé-
äåíî, %: C 54,71; H 3,93; Cl 23,16; N 18,16.
C14H12Cl2N4. Ðîçðàõîâàíî, %: C 54,74; H 3,94; Cl
23,08; N 18,24.

2-Äèõëîðîìåòèë-7-ìåòèë-4-(ôóðàí-2-³ë)-
ï³ðàçîëî[1,5-a][1,3,5]òðèàçèí (3)

Âèõ³ä: 66%. Æîâòà êðèñòàë³÷íà ðå÷îâèíà.
Òïë. 187–1890C (MeCN). 1H ßÌÐ (400 ÌÃö,
ÄÌÑÎ-d6): 2,55 (ñ, 3H, CH3), 6,79 (ñ, 1H, C–H
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ï³ðàçîë), 6,98–6,99 (ì, 1H, ôóðàí), 7,38 (ñ, 1H,
CHCl2), 8.33 (ñ, 1H, C–H ôóðàí), 8,44 (ä, J=2,9 Ãö,
1H, C–H ôóðàí). 13C ßÌÐ (125 ÌÃö, ÄÌÑÎ-
d6): 15,2; 71,5; 98,1; 114,4; 125,9; 142,9; 144,8;
149,7; 150,4; 157,9; 159,2. MS, m/z: 285 [M+H]+.
Çíàéäåíî, %: C 46,65; H 2,82; Cl 25,12; N 19,70.
C11H8Cl2N4O. Ðîçðàõîâàíî, %: C 46,67; H 2,85;
Cl 25,04; N 19,79.

2-Äèõëîðîìåòèë-7-ôåí³ë-4-(ôóðàí-2-³ë)ï³ðà-
çîëî[1,5-a][1,3,5]òðèàçèí (4)

Âèõ³ä: 75%. Êðèñòàë³÷íà ðå÷îâèíà êîðè÷-
íåâîãî êîëüîðó. Òïë. 203–2050C (MeCN+ÄÌÔÀ,
4:1). 1H ßÌÐ (400 ÌÃö, ÄÌÑÎ-d6): 7,03 (ñ, 1H,
C–H ï³ðàçîë), 7,41 (ä, J=1,5 Ãö, 1H, CH ôó-
ðàí), 7,50–7,57 (ì, 4H, CHCl2, H-3,4,5 Ph), 8,20
(ä, J=7,8 Ãö, 2H, H-2,6 Ph), 8,36 (ñ, 1H, C–H
ôóðàí), 8,63 (ä, J=3,9 Ãö, 1H, C–H ôóðàí). 13C
ßÌÐ (125 ÌÃö, ÄÌÑÎ-d6): 71,5; 95,3; 114,6;
126,4; 127,4; 129,5; 130,7; 131,7; 142,9; 145,2; 150,5;
150,6; 158,1; 159,0. MS, m/z: 345 [M+H]+. Çíàé-
äåíî, %: C 55,65; H 2,88; Cl 20,60; N 16,30.
C16H10Cl2N4O. Ðîçðàõîâàíî, %: C 55,67; H 2,92;
Cl 20,54; N 16,23.

2-Äèõëîðîìåòèë-7-(4-ìåòèëôåí³ë)-4-(ôóðàí-
2-³ë)ï³ðàçîëî[1,5-a][1,3,5]òðèàçèí (5)

Âèõ³ä: 73%. Êðèñòàë³÷íà ðå÷îâèíà êîðè÷-
íåâîãî êîëüîðó. Òïë. 209–2110C (MeCN+ÄÌÔÀ,
4:1). 1H ßÌÐ (400 ÌÃö, ÄÌÑÎ-d6): 2,39 (ñ, 3H,
CH3, ArH), 7,02–7,04 (ì, 1H, C–H ôóðàí), 7,35
(ä, J=8,3 Ãö, 2H, H-3,5 ArH), 7,41 (ñ, 1H, CHCl2
àáî C–H ï³ðàçîë), 7,45 (ñ, 1H,CHCl2 àáî C–H
ï³ðàçîë), 8,09 (ä, J=8,3 Ãö, 2H, H-2,6 Ar), 8,36
(ñ, 1H, C–H ôóðàí), 8,63 (ä, J=3,4 Ãö, 1H, C–H
ôóðàí). 13C ßÌÐ (125 ÌÃö, ÄÌÑÎ-d6): 21,5; 71,5;
95,0; 114,6; 126,3; 127,3; 128,9; 130,1; 140,5; 142,9;
145,1; 150,5; 150,5; 158,1; 159,1. MS, m/z: 359
[M+H]+. Çíàéäåíî, %: C 56,80; H 3,35; Cl 19,80;
N 15,55. C17H12Cl2N4O. Ðîçðàõîâàíî, %: C 56,84;
H 3,37; Cl 19,74; N 15,60.

2-Äèõëîðîìåòèë-7-(4-ôëóîðîôåí³ë)-4-(ôó-
ðàí-2-³ë)ï³ðàçîëî[1,5-a][1,3,5]òðèàçèí (6)

Âèõ³ä: 66%. Êðèñòàë³÷íà ðå÷îâèíà êîðè÷-
íåâîãî êîëüîðó. Òïë. 191–1930C (MeCN+ÄÌÔÀ,
4:1). 1H ßÌÐ (400 ÌÃö, ÄÌÑÎ-d6): 7,02–7,03
(ì, 1H, ôóðàí), 7,36–7,42 (ì, 3H, C–H ï³ðàçîë,
H-3,5 ArH), 7,50 (ñ, 1H, CHCl2), 8,24–8,28 (ì,
2H, H-2,6 ArH), 8,36 (ñ, 1H, C–H, ôóðàí), 8,62
(ä, J=3,4 Ãö, 1H, ôóðàí). 13C ßÌÐ (125 ÌÃö,
ÄÌÑÎ-d6): 71,5; 95,3; 114,6; 116,6 (ä, J=21,4 Ãö),
126,5; 128,3 (ä, J=3,0 Ãö) 129,7 (J=8,5 Ãö), 142,8; 145,2;
150,5; 150,6; 158,0; 158,2; 163,8 (ä, J=247,3 Ãö). MS,
m/z: 363 [M+H]+. Çíàéäåíî, %: C 52,96; H 2,53;
Cl 19,58; N 15,50. C16H9Cl2FN4O. Ðîçðàõîâàíî,
%: C 52,92; H 2,50; Cl 19,52; N 15,43.

2-Äèõëîðîìåòèë-7-ìåòèë-4-(ò³ºí-2-³ë)ï³ðà-
çîëî[1,5-a][1,3,5]òðèàçèí (7)

Âèõ³ä: 68%. Ñâ³òëî-æîâòà êðèñòàë³÷íà ðå-
÷îâèíà. Òïë. 168–1700C (EtOH+MeCN, 4:1). 1H
ßÌÐ (400 ÌÃö, ÄÌÑÎ-d6): 2,57 (c, 3H, CH3),
6,80 (c, 1H, CH ï³ðàçîë), 7,38 (c, 1H, CHCl2),
7,45–7,47 (ì, 1H, C–H ò³îôåí), 8,28–8,30 (ì,
1H, C–H ò³îôåí), 8,92–8,93 (ì, 1H, C–H ò³î-
ôåí). 13C ßÌÐ (125 ÌÃö, ÄÌÑÎ-d6): 15,2; 71,4;
97,9; 129,6; 131,9; 138,0; 138,5; 149,0; 150,0; 157,8;
159,3. MS, m/z: 299 [M+H]+. Çíàéäåíî, %: C
44,20; H 2,68; Cl 23,80; N 18,77; S 10,68.
C11H8Cl2N4S. Ðîçðàõîâàíî, %: C 44,16; H 2,70;
Cl 23,70; N 18,73; S 10,72.

2-Äèõëîðîìåòèë-7-ìåòèë-4-(ï³ðèäèí-3-³ë)-
ï³ðàçîëî[1,5-a][1,3,5]òðèàçèí (8)

Âèõ³ä: 78%. Êðèñòàë³÷íà ðå÷îâèíà êîðè÷-
íåâîãî êîëüîðó. Ò.ïë. 119–1210C (EtOH). 1H ßÌÐ
(400 ÌÃö, ÄÌÑÎ-d6): 2,53 (ñ, 3H, CH3), 6,85 (c,
1H, CH ï³ðàçîë), 7,43 (c, 1H, CHCl2), 7,69–7,75
(ì, 1H, ï³ðèäèí), 8,86–8,90 (ì, 1H, ï³ðèäèí),
8,95–9,00 (ì, 1H, ï³ðèäèí), 9,75 (ñ, 1H, ï³ðè-
äèí). 13C ßÌÐ (125 ÌÃö, ÄÌÑÎ-d6): 15,2; 71,3;
98,2; 123,9; 124,0; 138,9; 150,2; 151,8; 153,9; 154,0;
157,9; 159,0. MS, m/z: 296 [M+H]+.

2-Äèõëîðîìåòèë-4-(ï³ðèäèí-3-³ë)-7-ôåí³ëï³-
ðàçîëî[1,5-a][1,3,5]òðèàçèí (9)

Âèõ³ä: 73%. Êðèñòàë³÷íà ðå÷îâèíà êîðè÷-
íåâîãî êîëüîðó. Òïë. 165–1670C (MeCN). 1H ßÌÐ
(400 ÌÃö, ÄÌÑÎ-d6): 7,41 (c, 1H, CH ï³ðàçîë),
7,50–7,54 (ì, 4H, CHCl2, H-3,4,5 ArH), 7,76 (ò,
J=8,0 Ãö, 1H, ï³ðèäèí), 8,12 (ñ, 1H), 8,13 (ñ,
1H), 8,91–8,92 (1H, ì, ï³ðèäèí), 9,13 (ä, J=7,2
Ãö, 1H, ï³ðèäèí), 9,89 (ì, 1H, ï³ðèäèí). 13C ßÌÐ
(125 ÌÃö, ÄÌÑÎ-d6): 71,3; 95,5; 124,0; 126,4;
127,2; 129,5; 130,7; 131,5; 139,0; 150,9; 151,8; 153,4;
153,9; 158,0; 159,0. MS, m/z: 358 [M+H]+. Çíàé-
äåíî, %: C 57,29; H 3,10; Cl 19,99; N 19,78.
C17H11Cl2N5. Ðîçðàõîâàíî, %: C 57,32; H 3,11; Cl
19,91; N 19,66.

2-Äèõëîðîìåòèë-7-(4-ìåòèëôåí³ë)-4-(ï³ðè-
äèí-3-³ë)ï³ðàçîëî[1,5-a][1,3,5]òðèàçèí (10)

Âèõ³ä: 78%. Êðèñòàë³÷íà ðå÷îâèíà êîðè÷-
íåâîãî êîëüîðó. Ò.ïë. 184–1860C (MeCN). 1H
ßÌÐ (400 ÌÃö, ÄÌÑÎ-d6): 2,39 (ñ, 3H, CH3),
7,39–7,46 (ì, 4H, ArH), 7,76 (ò, J=5,4 Ãö, 1H,
ï³ðèäèí), 8,01 (ñ, 1H, CHCl2 àáî C–H ï³ðàçîë),
8,02 (ñ, 1H, CHCl2 àáî C–H ï³ðàçîë), 8,91–8,92
(ì, 1H, ï³ðèäèí), 9,11–9,13 (ì, 1H, ï³ðèäèí),
9,88 (ñ, 1H, ï³ðèäèí). 13C ßÌÐ (125 ÌÃö, ÄÌÑÎ-d6):
21,5; 71,3; 95,2; 124,1; 124,3; 127,2; 129,8; 130,1;
130,7; 139,1; 150,9; 151,8; 153,3; 153,9; 159,2; 159,3.
MS, m/z: 372 [M+H]+. Çíàéäåíî, %: C 58,35; H
3,55; Cl 19,36; N 18,99. C18H13Cl2N5. Ðîçðàõîâà-
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íî, %: C 58,39; H 3,54; Cl 19,15; N 18,92.
2-Äèõëîðîìåòèë-4-(ï³ðèäèí-3-³ë)-7-(4-ôëóî-

ðîôåí³ë)ï³ðàçîëî[1,5-a][1,3,5]òðèàçèí (11)
Âèõ³ä: 78%. Êðèñòàë³÷íà ðå÷îâèíà êîðè÷-

íåâîãî êîëüîðó. Òïë. 185–1870C (MeCN). 1H ßÌÐ
(400 ÌÃö, ÄÌÑÎ-d6): 7,32–7,48 (ì, 4H, ArH),
7,74 (ò, J=5,6 Ãö, 1H, ï³ðèäèí), 8,16 (ñ, 1H, CHCl2
àáî C–H ï³ðàçîë), 8,18 (ñ, 1H, CHCl2 àáî C–H
ï³ðàçîë), 8,90–8,91 (ì, 1H, ï³ðèäèí), 9,10–9,12
(ì, 1H, ï³ðèäèí), 9,87 (ñ, 1H, ï³ðèäèí). 13C ßÌÐ
(125 ÌÃö, ÄÌÑÎ-d6): 71,3; 95,4; 116,4; 116,6;
124,0; 126,3; 128,0; 129,5; 129,6; 139,0; 150,9; 151,8;
153,4; 153,9; 158,0. MS, m/z: 374 [M+H]+. Çíàé-
äåíî, %: C 54,59; H 2,66; Cl 18,88; N 18,79.
C17H10Cl2FN5. Ðîçðàõîâàíî, %: C 54,57; H 2,69;
Cl 18,95; N 18,72.

Çàãàëüíà ìåòîäèêà ñèíòåçó îêñàçîëî[4,5-d]-
ï³ðèì³äèí-7(6Í)îí³â XV, XVI [14]

Ñóì³ø îêñàçîë-5(4H)-îíó X (0,05 ìîëü),
àì³äèíó XI, XII (0,002 ìîëü) òà òðèåòèëàì³íó
(0,05 ìîëü) â 50 ìë áåçâîäíîãî ÒÃÔ ïåðåì³øó-
âàëè çà ê³ìíàòíî¿ òåìïåðàòóðè (20–250C) âïðî-
äîâæ 72 ãîäèí. Ï³ñëÿ âèäàëåííÿ ðîç÷èííèêà
òâåðäèé çàëèøîê ðîçòèðàëè ó âîä³, â³äô³ëüòðî-
âóâàëè ³ ñóøèëè. Íåî÷èùåíèé ïðîäóêò äàë³ ïóñ-
êàëè â ðåàêö³þ ðåöèêë³çàö³¿: ðîç÷èí 0,03 ìîëü
îäíîãî ç îäåðæàíèõ 4,5-äèã³äðî-1H-³ì³äàçîë-
5(4)-îí³â XIII, XIV â 30 ìë ï³ðèäèíó êèï’ÿòèëè
âïðîäîâæ 10 ãîäèí. Äàë³ ï³ðèäèí âèäàëÿëè ó
âàêóóì³, çàëèøîê îáðîáëÿëè âîäîþ. Îñàä, ùî
óòâîðèâñÿ, ô³ëüòðóâàëè, ñóøèëè òà êðèñòàë³çó-
âàëè ç ñóì³ø³ ÄÌÔÀ/MeCN (3:1).

Çàãàëüíà ìåòîäèêà ñèíòåçó 7-õëîðîîêñàçî-
ëî[4,5-d]ï³ðèì³äèí³â XVII, XVIII

Ñóì³ø îäí³º¿ ç³ ñïîëóê XV, XVI (0,03 ìîëü),
10 ìë POCl3 òà Me2NPh (0,03 ìîëü) êèï’ÿòèëè
âïðîäîâæ 5 ãîä. Ï³ñëÿ îõîëîäæåííÿ äî ê³ìíàò-
íî¿ òåìïåðàòóðè ðîç÷èí âèëèëè ó âèñîêèé ñòà-
êàí ç ëüîäîì. Îäåðæàíèé îñàä ï³ñëÿ òàíåííÿ
ëüîäó â³äô³ëüòðóâàëè ³ ïåðåêðèñòàë³çóâàëè ç 1,4-
ä³îêñàíó [14].

Çàãàëüíà ìåòîäèêà ñèíòåçó 7-àì³íîîêñàçî-
ëî[4,5-d]ï³ðèì³äèí³â 12–14

Ñóì³ø îäíîãî ç 7-õëîðîîêñàçîëî[4,5-d]-
ï³ðèì³äèí³â XVII, XVIII (0,002 ìîëü), â³äïîâ³ä-
íîãî àì³íó (0,002 ìîëü) òà òðèåòèëàì³íó (0,002 ìîëü)
â 15 ìë ä³îêñàíó êèï’ÿòèëè âïðîäîâæ 6 ãîäèí.
Ï³ñëÿ âèäàëåííÿ ðîç÷èííèêà çàëèøîê îáðîáëÿ-
ëè âîäîþ, â³äô³ëüòðîâóâàëè, ñóøèëè òà ïåðåêðè-
ñòàë³çîâóâàëè ç ñóì³ø³ ÄÌÔÀ/MeCN (1:3) [14].

2,5-Äèôåí³ë-7-(ï³ïåðèäèí-1-³ë)îêñàçîëî-
[4,5-d]ï³ðèì³äèí (12)

Âèõ³ä: 76%. Á³ëà êðèñòàë³÷íà ðå÷îâèíà. Òïë.

241–2430C. 1H ßÌÐ (400 ÌÃö, ÄÌÑÎ-d6): 1,77

(óø. ñ, 6H, ï³ïåðèäèí), 4,04 (óø. ñ, 4H, ï³ïåðè-
äèí), 7,44–7,42 (ì, 3H, ArH), 7,65–7,58 (ì, 3H,
ArH), 8,20 (ä, J=6,6 Ãö, 2H, ArH), 8,35 (ä, J=6,2 Ãö,
2H, ArH). 13C ßÌÐ (125 ÌÃö, CDCl3): 24,3; 25,5;
45,0; 126,0; 127,5; 127,6; 127,7; 127,8; 128,5; 129,4;
131,8; 137,8; 147,6; 160,1; 161,8; 164,0. ÌS, m/z:
357 [M+1]+. Çíàéäåíî, %: C 74,16; H 5,65; N
15,77. C22H20N4O. Ðîçðàõîâàíî, %: C 74,14; H 5,66;
N 15,72.

7-(4-Ìåòèë-1,4-ä³àçåïàí-1-³ë)-2,5-äèôåí³-
ëîêñàçîëî[4,5-d]ï³ðèì³äèí (13)

Âèõ³ä: 74%. Á³ëà êðèñòàë³÷íà ðå÷îâèíà. Òïë.

1710C. 1H ßÌÐ (400 ÌÃö, CF3CO2D): 3,18–3,02
(ì, 2H, 1,4-ä³àçåïàí), 3,57 (ñ, 3H, CH3), 4,05–
3,94 (ì, 2H, 1,4-ä³àçåïàí), 4,60–4,35 (ì, 1H, 1,4-
ä³àçåïàí), 4,81–4,70 (ì, 1H, 1,4-ä³àçåïàí), 5,18–
5,02 (ì, 3H, 1,4-ä³àçåïàí), 5,53–5,29 (ì, 1H, 1,4-
ä³àçåïàí), 8,08 (ñ, 4H, ArH), 8,23–8,17 (ì, 2H,
ArH), 8,62–8,60 (ì, 4H, ArH). 13C ßÌÐ (125 ÌÃö,
CF3CO2D): 24,2; 43,1; 45,0; 48,9; 56,9; 122,3; 128,0;
128,2; 128,6; 129,0; 130,0; 130,1; 135,3; 135,4; 150,0;
152,0; 155,7; 170,9. ÌS, m/z: 386 [M+1]+. Çíàé-
äåíî, %: C 71,65; H 5,99; N 18,24. C23H23N5O.
Ðîçðàõîâàíî, %: C 71,67; H 6,01; N 18,17.

2-Ôåí³ë-5-(4-ôëóîðîôåí³ë)-7-(4-ìåòèë-1,4-
ä³àçåïàí-1-³ë)îêñàçîëî[4,5-d]ï³ðèì³äèí (14)

Âèõ³ä: 85%. Á³ëà êðèñòàë³÷íà ðå÷îâèíà. Òïë.

190–1920C. 1H ßÌÐ (400 ÌÃö, ÄÌÑÎ-d6): 2,05
(ñ, 2H, 1,4-ä³àçåïàí), 2,33 (óø. ñ, 3H, CH3), 2,60
(óø. ñ, 2H, ìîðôîë³í), 2,84 (óø. ñ, 2H, 1,4-ä³à-
çåïàí), 3,11 (óø. ñ, 1H, NH), 4,11–4,09 (ì, 4H,
1,4-ä³àçåïàí), 7,28–7,26 (ì, 3H, ArH), 7,67–7,64
(ì, 3H, ArH), 8,21 (ä, J=6,8 Ãö, 2H, ArH), 8,41
(ä, J=6,2 Ãö, 2H, ArH). 13C ßÌÐ (125 ÌÃö,
CDCl3): 26,3; 43,8; 46,2; 46,9; 58,1; 126,3; 127,9;
129,0; 130,3; 130,4; 132,4; 134,3; 134,4; 148,3; 159,7;
162,0; 163,4; 165,0. ÌS, m/z: 404 [M+1]+. Çíàé-
äåíî, %: C 68,49; H 5,54; N 17,40. C23H22FN5O.
Ðîçðàõîâàíî, %: C 68,47; H 5,50; N 17,36.

Á³îëîã³÷í³ äîñë³äæåííÿ. Ìàòåð³àëè òà ìåòîäè
Äîñë³äæåííÿ áóëî âèêîíàíî íà ³çîëüîâàíèõ

ê³ëüöåâèõ ñåãìåíòàõ àîðòè ùóð³â. Óñ³ ìàí³ïóëÿö³¿
çä³éñíáâàëèñü ó â³äïîâ³äíîñò³ äî ªâðîïåéñüêî¿
Êîíâåíö³¿ ùîäî çàõèñòó õðåáåòíèõ òâàðèí [15].
Ðåºñòðàö³ÿ ñêîðîòëèâî¿ àêòèâíîñò³ ñóäèí, ùî
ïåðôóçóâàëèñü ðîç÷èíîì Êðåáñà, çä³éñíþâàëàñü
â ³çîìåòðè÷íîìó ðåæèì³. Äîñë³äæóâàí³ ñïîëóêè
ïîïåðåäíüî ðîç÷èíÿëè â ðîç÷èííèêó íèçüêî¿
òîêñè÷íîñò³ äèìåòèëñóëüôîêñèä³ (ÄÌÑÎ) [16].
Çà äîäàâàííÿ ó ðîç÷èí Êðåáñà â³äïîâ³äíèõ àë³ê-
âîò òåñò-çðàçê³â îá’ºì ÄÌÑÎ íå ïåðåâèùóâàâ
0,01%, ùî ñóòòºâî íå âïëèâàº íà òîíóñ ñóäèí
àîðòè [17], ÿê ³ áóëî ï³äòâåðäæåíî ó êîíòðîëüíèõ
åêñïåðèìåíòàõ. Êóìóëÿòèâíà àïë³êàö³ÿ óñ³õ äîñ-
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ë³äæóâàíèõ ñïîëóê (10–8–10–5 ìîëü/ë) ðåºñòðó-
âàëàñü íà ôîí³ ïîïåðåäíüîãî ñêîðî÷åííÿ, âèê-
ëèêàíîãî ä³ºþ ôåí³ëåôðèíó ÔÅ (10–6 ìîëü/ë).
Îòðèìàí³ ðåçóëüòàòè îáðîáëÿëèñü ìàòåìàòè÷íî
ìåòîäîì âàð³àö³éíî¿ ñòàòèñòèêè çà äîïîìîãîþ
êîìï’þòåðíî¿ ïðîãðàìè OriginPro 2021 (OriginLab
Corporation, Northampton, MA, USA) ç³ çíàõîä-
æåííÿì ñåðåäíüîãî àðèôìåòè÷íîãî òà ñòàíäàð-
òíî¿ ïîìèëêè ñåðåäíüîãî çíà÷åííÿ (M±m). Çíà-
÷åííÿ íàï³âìàêñèìàëüíî¿ åôåêòèâíî¿ êîíöåíò-
ðàö³¿ (EC50) âèðàæàëè ÿê –log EC50.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Õ³ì³÷í³ äîñë³äæåííÿ
²ñíóº âåëèêå ð³çíîìàí³òòÿ ñèíòåòè÷íèõ

ï³äõîä³â äî îäåðæàííÿ ï³ðàçîëî[1,5-à][1,3,5]-òðè-
àçèíîâîãî ñêàôôîëäó, íàéïîïóëÿðí³øèé ç ÿêèõ
ÿâëÿºòüñÿ ñòðàòåã³ÿ àíåëþâàííÿ 1,3,5-òðè-àçè-
íîâîãî ê³ëüöÿ äî ï³ðàçîëüíîãî öèêëó [18,19]. Â
ðàìêàõ äàíîãî ï³äõîäó íàìè âïåðøå ðîçðîáëåíî
îðèã³íàëüíèé ìåòîä ñèíòåçó íîâèõ ðàí³øå íå-
â³äîìèõ 2-äèõëîðîìåòèëçàì³ùåíèõ ïîõ³äíèõ
ï³ðàçîëî[1,5-a][1,3,5]òðèàçèíó 1–11 [13]. Òàê, ï³ä
÷àñ âçàºìîä³¿ äèõëîðîàêðèëîí³òðèë³â ²–V ç 5-
àì³íîï³ðàçîëàìè VI–IX, éìîâ³ðíî, â³äáóâàºòüñÿ
ïðèºäíàííÿ ïåðâèííî¿ àì³íîãðóïè ï³ðàçîë³â äî
-àòîìó âóãëåöþ åíàì³ä³â ç íàñòóïíèì â³äùåï-
ëåííÿ ìîëåêóëè ö³àíîâîäíþ ï³ä âïëèâîì òðèå-
òèëàì³íó, òà âíóòð³øíüîìîëåêóëÿðíî¿ öèêëîêîí-
äåíñàö³¿ ç óòâîðåííÿ ê³íöåâèõ ñïîëóê 1–11 (ñõå-
ìà 1).

Â³äîìà îáìåæåíà ê³ëüê³ñòü ñèíòåòè÷íèõ
øëÿõ³â äî îäåðæàííÿ ïîõ³äíèõ îêñàçîëî[4,5-d]-
ï³ðèì³äèíó, ³ âñ³ âîíè çàçâè÷àé ñóïðîâîäæóþòüñÿ

íèçüêèì âèõîäîì ïðîäóêò³â (10–50%) [11,12].
Çðó÷íèé ïðåïàðàòèâíèé ìåòîä ¿õ ñèíòåçó áóâ
ðîçðîáëåíèé â ²íñòèòóò³ á³îîðãàí³÷íî¿ õ³ì³¿ òà
íàôòîõ³ì³¿ ³ì. Â.Ï. Êóõàðÿ ÍÀÍ Óêðà¿íè íà îñ-
íîâ³ 1,3-îêñàçîë-5(4Í)-îí³â [14]. Òàê, ïðè âçà-
ºìîä³¿ îêñàçîëîíó X ç àì³äèíàìè XI, XII â ïðè-
ñóòíîñò³ òðèåòèëàì³íó â³äáóâàºòüñÿ óòâîðåííÿ
4,5-äèã³äðî-1H-³ì³äàçîë-5(4)-îí³â XIII, XIV, ÿê³
ïðè íàãð³âàíí³ â ï³ðèäèí³ çàçíàþòü ðåöèêë³çàö³¿
ç ïîäàëüøîþ öèêëîêîíäåíñàö³ºþ äî â³äïîâ³ä-
íèõ îêñàçîëî[4,5-d]ï³ðèì³äèí-7-îí³â XV, XVI ç
âèõîäîì 65–81%. Îáðîáêà îñòàíí³õ êèïëÿ÷èì
îêñèõëîðèäîì ôîñôîðó(V) ó ïðèñóòíîñò³ N,N-
äèìåòèëàí³ë³íó äàº îêñàçîëî[4,5-d]ï³ðèì³äèíè
ÕVII, XVIII ç ëàá³ëüíèì àòîìîì õëîðó ïðè Ñ(7),
çàì³ùåííÿ ÿêîãî ð³çíîìàí³òíèìè àì³íàìè ïðè-
âîäèòü äî íîâèõ ïîõ³äíèõ 12–14 (ñõåìà 2).

Äëÿ âñòàíîâëåííÿ áóäîâè ñèíòåçîâàíèõ
ñïîëóê âèêîðèñòîâóâàëè åëåìåíòíèé àíàë³ç, ð³çí³
ô³çèêî-õ³ì³÷í³ ìåòîäè äîñë³äæåíü, çîêðåìà, ßÌÐ
1Í, 13Ñ ñïåêòðîñêîï³þ, à òàêîæ ìàñ-ñïåêòðîìåò-
ð³þ. Çã³äíî ç³ ñïåêòðàìè ßÌÐ 1Í íàÿâí³ âñ³ íå-
îáõ³äí³ ñèãíàëè ïðîòîí³â ï³ðàçîëîòðèàçèí³â 1–
11 òà îêñàçîëîï³ðèì³äèí³â 12–14. Ïðîòîí äèõ-
ëîðîìåòèëüíî¿ ãðóïè â ñïîëóêàõ 1–11 ïðîÿâ-
ëÿºòüñÿ ÿê ñèíãëåò ïðè 7,26–8,18 ì.÷., ïðîòîíè
ìåòèëüíî¿ ãðóïè äëÿ ñïîëóê 1-3,7,8, ÿê³ ïðîÿâ-
ëÿþòüñÿ ïðè 2,52–2,91 ì.÷., ñâ³ä÷àòü, ùî îñòàí-
íÿ çâ’ÿçàíà ç åëåêòðîíîàêöåïòîðíèì çàì³ñíèêîì.
Òàêîæ äëÿ äàíèõ ñïîëóê õàðàêòåðíèì º íàÿâí³ñòü
ñèíãëåòó äëÿ ïðîòîíà ï³ðàçîëüíîãî ê³ëüöÿ íà
ä³ëÿíö³ 6,69–8,16 ì.÷. Äî òîãî æ, óòâîðåííÿ ï³ðà-
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çîëî[1,5-a][1,3,5]òðèàçèíîâî¿ òà îêñàçîëî[4,5-d]-
ï³ðèì³äèíîâî¿ ñèñòåì â ëàíöþç³ ïåðåòâîðåíü
äîáðå óçãîäæóºòüñÿ òàêîæ ç äàíèìè ìàñ-ñïåêò-
ðîìåòð³¿.

Á³îëîã³÷í³ äîñë³äæåííÿ
Ó ðîáîò³ äîñë³äæóâàëèñü ñèíòåçîâàí³ çðàç-

êè ïîõ³äíèõ ï³ðàçîëî[1,5-à][1,3,5]òðèàçèíó,
ñòðóêòóðí³ ôîðìóëè ÿêèõ íàâåäåí³ íà ñõåì³ 1.
Àíàë³ç ðåçóëüòàò³â äîñë³äæåíü ïîêàçàâ, ùî ÷àñ-
òèíà íàäàíèõ çðàçê³â äåìîíñòðóâàëà ð³çíó çà ñè-
ëîþ âàçîäèëàòàòîðíó àêòèâí³ñòü, à ÷àñòèíà ñïî-
ëóê íå âèÿâëÿëà âàçîàêòèâíîñò³ (òàáë. 1). Òàê,
2-äèõëîðîìåòèëï³ðàçîëî-[1,5-à][1,3,5]òðèàçèí 1
ç äâîìà ìåòèëüíèìè ãðóïàìè â ïîëîæåííÿõ 4 ³ 7
ïðîÿâèâ íåçíà÷íó ä³þ ó ìàêñèìàëüí³é êîíöåíò-
ðàö³¿ 10–5 ìîëü/ë (12,3±4,3)%. Ó âèïàäêó ïîõ³äíî¿
2 ç òîë³ëüíèì çàì³ñíèêîì ïðè Ñ(4) àêòèâí³ñòü
íå ñïîñòåð³ãàëàñü, ìîæëèâî, ÷åðåç ñëàáêó ðîç-
÷èíí³ñòü äàíîãî çðàçêà. Ââåäåííÿ â ïîëîæåííÿ
4 2-ôóðàí³ëüíî¿ ãðóïè ïðèâåëî äî çðîñòàííÿ âà-
çîäèëàòàòîðíî¿ àêòèâíîñò³ ñïîëóêè 3 ïîð³âíÿíî
ç³ ñïîëóêîþ 1. ßê âèäíî ç òàáë. 1, âèðàæåíå äî-
çîçàëåæíå ðîçñëàáëåííÿ ïðè ä³¿ äàíîãî çðàçêà
íà ñóäèíè ñïîñòåð³ãàëîñü, ïî÷èíàþ÷è ³ç êîíöåí-

òðàö³¿ 10–7 ìîëü/ë. Ìàêñèìàëüíà àìïë³òóäà ðîç-
ñëàáëåííÿ ó êîíöåíòðàö³¿ 10–5 ìîëü/ë äëÿ ñïî-
ëóêè 3 ñêëàäàëà 61,0±3,5%. Ââåäåííÿ àðèëüíèõ
çàì³ñíèê³â (ôåí³ë, 4-ìåòèëôåí³ë, 4-ôëóîðîôåí³ë)
â ïîëîæåííÿ 7 ïðèçâåëî äî çíèæåííÿ ðîç÷èí-
íîñò³ ñïîëóê 4–6. Ñåðåä îñòàíí³õ ëèøå ï³ðàçî-
ëîòðèàçèí 5 âèÿâèâ íåçíà÷íó ñóäèíîðîçøèðþ-
âàëüíó ä³þ, ðåøòà ñïîëóê âèÿâèëèñü íåàêòèâ-
íèìè. Ïîõ³äíà ï³ðàçîëî[1,5-à][1,3,5]òðèàçèíó 7
ç 2-ò³ºí³ëüíèì çàì³ñíèêîì ïðè Ñ(4) òàêîæ ïðî-
äåìîíñòðóâàëà âàçîàêòèâí³ñòü, ïðîòå ìåíøó ïî-
ð³âíÿíî ç ïîõ³äíîþ 3. 4-(Ï³ðèäèí-3-³ë)çàì³ùå-
íèé ï³ðàçîëî[1,5-à][1,3,5]òðèàçèí 8 âèÿâèâñÿ
äîñèòü àêòèâíèì ç ìàêñèìàëüíîþ àìïë³òóäîþ
ðîçñëàáëåííÿ (52,2±3,7)% çà êîíöåíòðàö³¿ 10–5

ìîëü/ë. Çàì³íà ìåòèëüíî¿ ãðóïè àðèëüíèìè çà-
ì³ñíèêàìè â ïîëîæåíí³ 7 ïðèçâåëà äî çíèæåííÿ
ðîç÷èííîñò³ ïîõ³äíèõ 9–11 òà âòðàòè ¿õ àêòèâ-
íîñò³.

Òàêèì ÷èíîì, ÿê âèäíî ç òàáë. 1, íàéá³ëü-
øó åôåêòèâí³ñòü â ðÿäó ïðåäñòàâëåíèõ â äîñë³-
äæåíí³ çðàçê³â âèÿâèëè ñïîëóêè 3 òà 8. Íà ðè-
ñóíêó çîáðàæåíà äîçî-çàëåæíà âàçîäèëàòàòîðíà
àêòèâí³ñòü äàíèõ çðàçê³â. Ïîêàçàíî, ùî âèðà-
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æåíå äîçî-çàëåæíå ðîçñëàáëåííÿ ïðè ä³¿ ñïîëóê
3 ³ 8 íà ñóäèíè ñïîñòåð³ãàëîñü, ïî÷èíàþ÷è ³ç
êîíöåíòðàö³¿ 10–7 ìîëü/ë. Ìàêñèìàëüí³ àìïë³-
òóäè ðîçñëàáëåííÿ ó êîíöåíòðàö³¿ 10–5 ìîëü/ë
äëÿ çðàçê³â 3 ³ 8 ñêëàäàëè 61,0±3,5% ³ 52,2±3,7%,
â³äïîâ³äíî, òà ñòàòèñòè÷íî ì³æ ñîáîþ íå
â³äð³çíÿëèñü (n=12, p>0,05). Ñåðåäíÿ åôåêòèâ-
íà êîíöåíòðàö³ÿ (ÅÑ50), ùî âèðàæåíà ÿê ëîãà-
ðèôì êîíöåíòðàö³¿ (log M), ïðè öüîìó ñòàíîâè-
ëà –7.0±0,2 äëÿ ñïîëóêè 3 òà –6.74±0,09 äëÿ

ñïîëóêè 8 (n=12, p>0,05, ðèñóíîê).
Îòæå, ñóäèíîðîçøèðþâàëüíà ä³ÿ 2-äèõëî-

ðîìåòèëçàì³ùåíèõ ï³ðàçîëî[1,5-à]-[1,3,5]òðèà-
çèí³â ñóòòºâî çàëåæèòü â³ä ïðèðîäè çàì³ñíèê³â
ãåòåðîöèêë³÷íî¿ ñèñòåìè. Òàê, íàÿâí³ñòü ìåòèëü-
íî¿ ãðóïè ïðè Ñ(7) º êðèòè÷íèì äëÿ ïðîÿâó âà-
çîäèëàòàòîðíî¿ àêòèâíîñò³ ïîõ³äíèõ ï³ðàçîëî-
[1,5-à][1,3,5]òðèàçèíó. ¯¿ çàì³íà àðèëüíèìè ãðó-
ïàìè ïðèçâîäèòü äî âòðàòè á³îëîã³÷íîãî åôåêòó.
Íå ìåíø âàæëèâó ðîëü â³ä³ãðàº ïðèðîäà çàì³ñ-
íèêà â ïîëîæåíí³ 4 ãåòåðîöèêë³÷íî¿ ñèñòåìè –
íàÿâí³ñòü ãåòåðèëüíèõ çàì³ñíèê³â âåäå äî çðîñ-
òàííÿ âàçîàêòèâíîñò³ öèõ ñïîëóê, òîä³ ÿê ââå-
äåííÿ àëê³ëüíîãî àáî àðèëüíîãî çàì³ñíèêà ïðè-
çâîäèòü äî çíèæåííÿ àáî âòðàòè àêòèâíîñò³.

Òàêèì ÷èíîì, áóëî âñòàíîâëåíî, ùî â íàçö³
äîñë³äæåíèõ çðàçê³â ïîõ³äíèõ ï³ðàçîëî-[1,5-à]-
[1,3,5]òðèàçèí³â ñïîëóêè 3 (2-äèõëîðîìåòèë-7-
ìåòèë-4-(ôóðàí-2-³ë)ï³ðàçîëî[1,5-a]-[1,3,5]òðèà-
çèí) òà 8 (2-äèõëîðîìåòèë-7-ìåòèë-4-(ï³ðèäèí-
3-³ë)ï³ðàçîëî[1,5-a][1,3,5]òðèàçèí) ìàþòü ÷³òêî
âèðàæåíó äîçî-çàëåæíó ñóäèíîðîçøèðþâàëüíó
ä³þ. Äàí³ çðàçêè âèÿâèëè ³äåíòè÷íó á³îëîã³÷íó
àêòèâí³ñòü, îñê³ëüêè â³ðîã³äíî íå â³äð³çíÿëèñü
ì³æ ñîáîþ çà âåëè÷èíàìè ìàêñèìàëüíî¿ âàçî-
äèëàòàö³¿ òà ñåðåäíüî¿ åôåêòèâíî¿ êîíöåíòðàö³¿
(ðèñóíîê). Çà ïîäàëüøîãî äîñë³äæåííÿ ¿õ á³îëî-
ã³÷íî¿ àêòèâíîñò³ òà âñòàíîâëåííÿ ìåõàí³çì³â
äèëàòóþ÷îãî âïëèâó íà òîíóñ ñóäèí âîíè ìî-
æóòü ìàòè ïåðñïåêòèâó äëÿ ðîçðîáêè íà ¿õ îñ-
íîâ³ íîâèõ âàçîäèëàòàòîðíèõ ë³êàðñüêèõ çàñîá³â.

Â åêñïåðèìåíòàõ ùîäî âèÿâëåííÿ âàçîäè-
ëàòàòîðíî¿ àêòèâíîñò³ âèâ÷àëèñü òàêîæ õ³ì³÷í³
çðàçêè ïîõ³äíèõ îêñàçîëî[4,5-d]ï³ðèì³äèíó. Ðå-
çóëüòàòè åêñïåðèìåíò³â ñâ³ä÷àòü, ùî äâà ³ç òðüîõ
äîñë³äæóâàíèõ çðàçê³â äåìîíñòðóâàëè äîâîë³
íèçüêó âàçîäèëàòàòîðíó ä³þ, à ñïîëóêà 13 íå
ïðîÿâëÿëà áóäü-ÿêî¿ âàçîàêòèâíîñò³ (òàáë. 2). 2,5-
Äèôåí³ëçàì³ùåíà ïîõ³äíà 12 ç 1-ï³ïåðèäèí³ëü-
íèì çàì³ñíèêîì ïðè Ñ(7) ïðîÿâèëà íåçíà÷íó
àêòèâí³ñòü ïðè êîíöåíòðàö³ÿõ 10–6 ³ 10–5 ìîëü/ë
³ç çíà÷åííÿìè àìïë³òóäè ðîçñëàáëåííÿ 4,2±0,7%
³ 10,6±2,5%, â³äïîâ³äíî. Ââåäåííÿ 4-ìåòèë-1,4-
ä³àçåïàí³ëüíî¿ ãðóïè â ïîëîæåííÿ 7 äèôåí³ëçà-
ì³ùåíî¿ ïîõ³äíî¿ 13 íå äàëî ïîçèòèâíîãî åôåê-
òó, â òîé ÷àñ ÿê ä³ÿ 7-(4-ìåòèë-1,4-ä³àçåïàí-1-
³ë)-2-ôåí³ëîêñàçîëî[4,5-d]ï³ðèì³äèíó ç 4-ôëóî-
ðîôåí³ëüíèì çàì³ñíèêîì ïðè Ñ(5) ïðîäåìîíñò-
ðóâàëà âàçîäèëàòàòîðíèé åôåêò ó äîçàõ 10–6 òà
10–5 ìîëü/ë. Ìàêñèìàëüíà àìïë³òóäà ðîçñëàáëåí-
íÿ ñóäèí çà ä³¿ ö³º¿ ñïîëóêè ñêëàëà 14,4±1,8%
(òàáë. 2).

Активність сполук, % від 

фенілефрін-індукованого скорочення 
№ 

сполуки 
10–7 моль/л 10–6 моль/л 10–5 моль/л 

1 – – 12,34,3 

2 – – – 

3 30,52,2 50,12,3 61,03,5 

4 – – – 

5 1,70,2 8,01,2 8,21,3 

6 – – – 

7 2,11,3 16,41,4 21,93,1 

8 19,42,2 45,53,6 52,23,7 

9 – – – 

10 – – – 

11 – – – 

 

Òàáëèöÿ 1
Âàçîäèëàòàòîðíà àêòèâí³ñòü ï³ðàçîëî[1,5-à][1,3,5]-

òðèàçèí³â (1–11) çà ¿õíüîãî âïëèâó íà ñåãìåíòè
ãðóäíî¿ àîðòè ùóð³â, ïîïåðåäíüî àêòèâîâàíèõ

ôåí³ëåôðèíîì (10–6 ìîëü/ë)*

* – Ïðèì³òêà: «–» îçíà÷àº, ùî ñïîëóêè ó çàçíà÷åíèõ êîí-

öåíòðàö³ÿõ íå ïðîÿâëÿëè àêòèâíîñò³.

Äîçî-çàëåæíà âàçîäèëàòàòîðíà àêòèâí³ñòü õ³ì³÷íèõ ñïîëóê

3 òà 8 çà ¿õíüî¿ ä³¿ íà ñåãìåíòè ãðóäíî¿ àîðòè ùóð³â,

ïîïåðåäíüî àêòèâîâàíèõ ôåí³ëåôðèíîì (10–6 ìîëü/ë),

n=12, p>0,05



58

Y.S. Velihina, S.G. Pilyo, I.V. Ivanova, V.S. Brovarets

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2023, No. 2, pp. 51-60

Òàáëèöÿ 2
Âàçîäèëàòàòîðíà àêòèâí³ñòü

îêñàçîëî[4,5-d]ï³ðèì³äèí³â (12–15) çà ¿õíüîãî
âïëèâó íà ñåãìåíòè ãðóäíî¿ àîðòè ùóð³â, ïîïåðåäíüî

àêòèâîâàíèõ ôåí³ëåôðèíîì (10–6 ìîëü/ë)*

Активність сполук, % від фенілефрін-
індукованого скорочення 

№ 
сполуки 

10–7 моль/л 10–6 моль/л 10–5 моль/л 

12 – 4,20,7 10,62,5 

13 – – – 

14  7,71,4 14,41,8 

 
* – Ïðèì³òêà: «–» îçíà÷àº, ùî ñïîëóêè ó çàçíà÷åíèõ

êîíöåíòðàö³ÿõ íå ïðîÿâëÿëè àêòèâíîñò³.

Òàêèì ÷èíîì, äîñë³äæåííÿ á³îëîã³÷íî¿ àê-
òèâíîñò³ ïîõ³äíèõ îêñàçîëî[4,5-d]-ï³ðèì³äèíó, íà
â³äì³íó â³ä ï³ðàçîëî[1,5-à][1,3,5]òðèàçèí³â, íå
âèÿâèëî âàçîäèëàòàòîðíèõ çàñîá³â ñåðåä ïðîòå-
ñòîâàíèõ çðàçê³â. Òîìó çà óìîâ ïîäàëüøîãî ïî-
øóêó ìîæëèâèõ âàçîäèëàòàòîð³â ó äàíîìó êëàñ³
ãåòåðîöèêë³÷íèõ îñíîâ ñë³ä çâåðíóòè óâàãó íà
äîñë³äæåííÿ âàçîàêòèâíîñò³ ñïîëóê ïîä³áíèõ 7-
(4-ìåòèë-1,4-ä³àçåïàí-1-³ë)-2-ôåí³ëîêñàçîëî[4,5-d]-
ï³ðèì³äèíó (ñïîëóêà 14), îñê³ëüêè äàíèé çðàçîê
âèÿâèâ íàéá³ëüøó âàçîàêòèâí³ñòü â ðÿä³ äîñë³-
äæäóâàíèõ ñïîëóê (òàáë. 2).

Âèñíîâêè

Ñèíòåçîâàíî ³ îõàðàêòåðèçîâàíî ðÿä íîâèõ
ñòðóêòóð ï³ðàçîëî[1,5-à][1,3,5]òðèàçèíó ³ îêñà-
çîëî[4,5-d]ï³ðèì³äèíó. Âèâ÷åííÿ âïëèâó ïî-
õ³äíèõ ï³ðàçîëî[1,5-à][1,3,5]òðèàçèíó íà òîíóñ
ñóäèí ïîêàçàëî, ùî ÷àñòèíà äîñë³äæóâàíèõ
çðàçê³â âèÿâëÿëà ð³çíó çà ñèëîþ âàçîäèëàòàòîð-
íó àêòèâí³ñòü. Âñòàíîâëåíî, ùî ñïîëóêè 3 (2-
äèõëîðîìåòèë-7-ìåòèë-4-(ôóðàí-2-³ë)ï³ðàçî-
ëî[1,5-a][1,3,5]òðèàçèí) òà 8 (2-äèõëîðîìåòèë-
7-ìåòèë-4-(ï³ðèäèí-3-³ë)-ï³ðàçîëî[1,5-a]-
[1,3,5]òðèàçèí) äåìîíñòðóâàëè ÷³òêî âèðàæåíó
äîçî-çàëåæíó ñóäèíîðîçøèðþâàëüíó ä³þ ³ òîìó
çà óìîâè ¿õ ïîäàëüøèõ äîñë³äæåíü ìîæóòü ìàòè
ïåðñïåêòèâó äëÿ ðîçðîáêè íà ¿õ îñíîâ³ íîâèõ
âàçîäèëàòàòîðíèõ ë³êàðñüêèõ çàñîá³â. Äîñë³äæåí-
íÿ á³îëîã³÷íî¿ àêòèâíîñò³ ïîõ³äíèõ îêñàçîëî-
[4,5-d]ï³ðèì³äèíó íå âèÿâèëî ïîòåíö³éíèõ âà-
çîäèëàòàòîðíèõ çàñîá³â ñåðåä íàäàíèõ ñïîëóê,
îñê³ëüêè âîíè äåìîíñòðóâàëè íèçüêó ñóäèíîðîç-
øèðþâàëüíó ä³þ àáî âàçîàêòèâíîñò³ íå ïðîÿâ-
ëÿëè.
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SYNTHESIS OF PYRAZOLO[1,5-a][1,3,5]TRIAZINE AND
OXAZOLO[4,5-d]PYRIMIDINE DERIVATIVES AND
STUDY OF THEIR VASODILATOR ACTIVITY

Y.S. Velihina a, S.G. Pilyo a, I.V. Ivanova a, b, V.S. Brovarets a, *

a V.P. Kukhar Institute of Bioorganic Chemistry and Petrochem-
istry of the National Academy of Sciences of Ukraine, Kyiv,
Ukraine

b Institute of Pharmacology and Toxicology of the National
Academy of Medical Sciences of Ukraine, Kyiv, Ukraine

* e-mail: brovarets@bpci.kiev.ua

A number of pyrazolo[1,5-a][1,3,5]triazine and
oxazolo[4,5-d]pyrimidine derivatives were synthesized and
characterized. Pyrazolo[1,5-a][1,3,5]triazines with various
substituents in the fourth position and a dichloromethyl group in
the second position were obtained by the heterocyclization reaction
of available N-(2,2-dichloro-1-cyanoethenyl)carboxamides and
5-aminopyrazoles. Oxazolo[4,5-d]pyrimidines were obtained by
treating 2-phenyl-4-dichloromethylene-1,3-oxazol-5(4H)-one
with the corresponding arylamidine hydrochloride in the presence
of triethylamine. The resulting 4,5-dihydro-1H-imidazol-5(4)-
ones undergo recyclization with subsequent cyclocondensation
to the corresponding oxazolo[4,5-d]pyrimidin-7-ones when heated
in pyridine. Oxazolo[4,5-d]pyrimidines with a labile chlorine atom
in position 7, whose substitution with various amines leads to

7-aminoderivatives of oxazolo[4,5-d]pyrimidine, were obtained
by heating the latter in phosphorus (V) oxychloride in the presence
of N,N-dimethylaniline. The study of the effect of the synthesized
compounds on vascular tone showed that some of the studied
samples exhibited vasodilator activity of varying strength. It was
established that 2-dichloromethyl-7-methyl-4-(furan-2-
yl)pyrazolo[1,5-a][1,3,5]triazine and 2-dichloromethyl-7-methyl-
4-(pyridin-3-yl)pyrazolo[1,5-a][1,3,5]triazine showed a
pronounced dose-dependent vasodilator effect and therefore,
subject to their further research, may be promising for the
development of new vasodilator drugs. The study of the biological
activity of oxazolo[4,5-d]pyrimidine derivatives did not reveal
potential vasodilator agents among the presented compounds, as
they demonstrated a low vasodilator effect or did not show
vasoactivity.

Keywords: pyrazolo[1,5-a][1,3,5]triazine; oxazolo[4,5-d]-
pyrimidine; vasodilator; vasodilator effect; synthesis.
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