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ÑÈÍÒÅÇ ÍÎÂÈÕ 1,2,4-ÒÐÈÀÇÈÍÎ- ÒÀ 1,2,4-ÒÐÈÀÇÎËÎÂÌ²ÑÍÈÕ ÏÎÕ²ÄÍÈÕ
1,4-ÍÀÔÒÎÕ²ÍÎÍÓ ßÊ ÏÅÐÑÏÅÊÒÈÂÍÈÕ Á²ÎËÎÃ²×ÍÎ ÀÊÒÈÂÍÈÕ ÑÏÎËÓÊ

à Íàö³îíàëüíèé óí³âåðñèòåò «Ëüâ³âñüêà ïîë³òåõí³êà», ì. Ëüâ³â, Óêðà¿íà
á Çàïîð³çüêèé ìåäè÷íèé óí³âåðñèòåò, ì. Çàïîð³ææÿ, Óêðà¿íà

Îïèñàíî ñèíòåç íîâèõ 1,2,4-òðèàçèíî- òà 1,2,4-òðèàçîëîâì³ñíèõ ïîõ³äíèõ 1,4-íà-

ôòîõ³íîíó. Âñòàíîâëåíî, ùî äîñë³äæóâàí³ 1,5-á³íóêëåîô³ëè ðåàãóþòü ç 1,4-íàôòî-

õ³íîíîì ëèøå ïî îäíîìó íóêëåîô³ëüíîìó öåíòðó ìîëåêóëè, àí³ë³íîâîìó ôðàãìåí-

òó. Ñèíòåçîâàíî 2-((2-(6-àðèë-5-îêñî-2,5-äèã³äðî-1,2,4-òðèàçèí-3-³ë)ôåí³ë)àì³íî)-

íàôòàëåí-1,4-ä³îíè òà 2-((2-(3-àðèë-1H-1,2,4-òðèàçîë-5-³ë)ôåí³ë)àì³íî)íàôòàëåí-

1,4-ä³îíè øëÿõîì ïðèºäíàííÿ àì³íîãðóïè äî åëåêòðîííîäåô³öèòíîãî ïîäâ³éíîãî

çâ’ÿçêó 1,4-íàôòîõ³íîíó ç ïîäàëüøèì îêèñëåííÿì óòâîðåíîãî 1,4-ä³îëó íàäëèø-

êîì 1,4-íàôòîõ³íîíó. Çä³éñíåíî ïðîãíîç á³îëîã³÷íî¿ àêòèâíîñò³ îäåðæàíèõ

1,2,4-òðèàçèíî- ³ 1,2,4-òðèàçîëîâì³ñíèõ ïîõ³äíèõ 1,4-íàôòîõ³íîíó ³ç çàñòîñóâàí-

íÿì ïðîãðàì PASS Online òà Gusar òà ñïðîãíîçîâàíî ¿õ âèñîêó ïðîòèðàêîâó òà ïðî-

òèì³êðîáíó àêòèâí³ñòü òà íèçüêó òîêñè÷í³ñòü, ùî âêàçóº íà öåé êëàñ îðãàí³÷íèõ

ñïîëóê ÿê íà ïåðñïåêòèâíèé ó ïëàí³ îäåðæàííÿ íîâèõ ë³êàðñüêèõ çàñîá³â.

1,2,4-Òðèàçîëîâì³ñí³ ïîõ³äí³ íàôòîõ³íîíó, éìîâ³ðíî, º ³íã³á³òîðàìè ã³ñòèäèíê³íà-

çè ³ ìîæóòü áóòè ïåðñïåêòèâíèìè ïðîòèì³êðîáíèìè ïðåïàðàòàìè. Ïðîâåäåíèé ïåð-

âèííèé ñêðèí³íã á³îëîã³÷íî¿ àêòèâíîñò³ òà òîêñè÷íîñò³ ñèíòåçîâàíèõ ñïîëóê ñâ³ä÷èòü

ïðî âèñîêó äîö³ëüí³ñòü ïîäàëüøèõ åêñïåðèìåíòàëüíèõ äîñë³äæåíü ïðîòèðàêîâî¿ òà

ïðîòèì³êðîáíî¿ àêòèâíîñò³ ç ìåòîþ ïîøóêó íîâèõ åôåêòèâíèõ ë³êàðñüêèõ ñóáñòàíö³é.

Êëþ÷îâ³ ñëîâà: 1,4-íàôòîõ³íîí, 1,2,4-òðèàçèíè, 1,2,4-òðèàçîëè, àçà-ðåàêö³ÿ Ì³õàå-

ëÿ, PASS Online, GUSAR.

DOI: 10.32434/0321-4095-2020-132-5-73-80

Âñòóï

Çàö³êàâëåí³ñòü ïîõ³äíèìè 1,2,4-òðèàçèíó
çóìîâëåíà ñõîæ³ñòþ ¿õ áóäîâè ç íóêëå¿íîâèìè
îñíîâàìè. Ó çâ’ÿçêó ç ö³ºþ îñîáëèâ³ñòþ äëÿ öèõ
ãåòåðîöèêë³÷íèõ ñïîëóê õàðàêòåðíà ïðîòèâ³ðóñ-
íà, ïðîòèçàïàëüíà, ïðîòèðàêîâà òà ïðîòèñóäîì-
íà ä³¿ [1,2]. Âàæëèâå ì³ñöå â ñó÷àñí³é ìåäèöèí³
òàêîæ çàéìàþòü ïîõ³äí³ 1,2,4-òðèàçîëó, ÿê³ ïðî-
ÿâëÿþòü ôóíã³öèäíó, ïðîòèì³êðîáíó, àíêñ³îë³-
òè÷íó, ã³ïîòåíçèâíó, ñïàçìîë³òè÷íó, ïðîòèâ³ðóñ-
íó ä³þ, òîùî [3,4]. Âîíè º ñêëàäîâîþ òàêèõ âè-
ñîêîåôåêòèâíèõ ë³êàðñüêèõ ïðåïàðàò³â ÿê ôëó-
êîíàçîë, ³òðàêîíàçîë, ÿê³ ìàþòü ôóíã³öèäíó ä³þ,
àíêñ³îë³òèê òðàçîäîí, ïðîòèâ³ðóñíèé ïðåïàðàò
ðèáàâ³ðèí òà ³íø³. Ç îãëÿäó ë³òåðàòóðè â³äîìî,
ùî, òàê³ ë³êàðñüê³ ïðåïàðàòè ÿê âîðîçîë, ëåòðî-
çîë ³ àíàñòðîçîë, ÿê³ ì³ñòÿòü ó ñâî¿é ñòðóêòóð³

1,2,4-òðèàçîëüíå ê³ëüöå, â äàíèé ÷àñ âèêîðèñ-
òîâóþòüñÿ ïðè ë³êóâàíí³ ðàêó ìîëî÷íî¿ çàëîçè
[5]. Â³äîìî, ùî ïîõ³äí³ 1,2,4-òðèàçîëó ³íã³áóþòü
ôåðìåíòè, â³äïîâ³äàëüí³ çà çðîñòàííÿ ïóõëèí,
òàêèõ ÿê àðîìàòàçà òà òóáóë³íîâà ïîë³ìåðàçà [6].
Â ñâîþ ÷åðãó, íàôòîõ³íîíè âîëîä³þòü øèðîêèì
ñïåêòðîì á³îëîã³÷íî¿ àêòèâíîñò³, çîêðåìà, àí-
òèáàêòåð³àëüíîþ, ïðîòèãðèáêîâîþ, ïðîòèðàêî-
âîþ, ïðîòèâ³ðóñíîþ, ïðîòèçàïàëüíîþ òà ðåãå-
íåðóþ÷îþ [7,8].

Ó çâ’ÿçêó ç îñîáëèâîþ ö³íí³ñòþ õ³íîí³â,
1,2,4-òðèàçèíî- òà 1,2,4-òðèàçîëîâì³ñíèõ ñïîëóê
áåçóìîâíèé ³íòåðåñ âèêëèêàþòü äîñë³äæåííÿ
ùîäî ñèíòåçó ñïîëóê, ÿê³ ì³ñòÿòü îäíî÷àñíî
1,2,4-òðèàçèíîâèé àáî 1,2,4-òðèàçîëîâèé ôðàã-
ìåíò òà õ³íî¿äíó ñèñòåìó çâ’ÿçê³â.

Íàÿâí³ñòü âåëèêî¿ ê³ëüêîñò³ äàíèõ ïðî á³-
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îëîã³÷íó ä³þ ïîõ³äíèõ 1,2,4-òðèàçîëó äàº çìîãó
ðîçãëÿäàòè öåé êëàñ îðãàí³÷íèõ ñïîëóê ÿê îäèí
ç íàéïåðñïåêòèâí³øèõ ó ïëàí³ îäåðæàííÿ íîâèõ
ë³êàðñüêèõ çàñîá³â [9,10].

Åêñïåðèìåíòàëüíà ÷àñòèíà

Âèõ³äí³ ðå÷îâèíè [11,12], äîïîì³æí³ ñïî-
ëóêè òà ðîç÷èííèêè, ÿê³ áóëè âèêîðèñòàí³ ó ðî-
áîò³, îäåðæóâàëè òà î÷èùàëè çà ñòàíäàðòíèìè
ìåòîäèêàìè.

²×-ñïåêòðè ðåºñòðóâàëè íà ³íòåðôåðåíö³é-
íîìó Ôóð’º-ñïåêòðîôîòîìåòð³ «Thermo scientific
Nicolet iZ10», ç âèêîðèñòàííÿì àëìàçíèõ â³êî-
íåöü, ç ä³àïàçîíîì ñïåêòðà 4000–525 ñì–1. Ñïåê-
òðè 1Í ßÌÐ (400 MHz) çàïèñàí³ íà ñïåêòðî-
ìåòð³ «Varian-Mercury 400» (DMSO-d6, õ³ì³÷í³
çñóâè 1H âèðàæåí³ ó -øêàë³ ùîäî âíóòð³øíüîãî
ñòàíäàðòó ÒÌÑ, à ³íòåãðàëüí³ ³íòåíñèâíîñò³
â³äïîâ³äàþòü çðîáëåíèì â³äíåñåííÿì). Åëåìåí-
òíèé àíàë³ç âèêîíàíèé íà ñòàíäàðòí³é aïàðàòypi
äëÿ ì³êðîàíàë³çó. Êîíòðîëü çà ïåðåá³ãîì ðåàêö³¿
çä³éñíþâàâñÿ ìåòîäîì òîíêîøàðîâî¿ õðîìàòîã-
ðàô³¿ íà ïëàñòèíêàõ «Silufol UV-254», ÿê åëþåíò
âèêîðèñòîâóâàëè ãåêñàí-àöåòîí (3:2), òà çà äî-
ïîìîãîþ õðîìàòîìàñ-ñïåêòðîñêîï³¿ íà ïðèëàä³
«Agilent 1100 LC/MSD» ç ìîá³ëüíîþ ôàçîþ:
A – H 2Î+0,1%HCOOH; B – MeCN+
+0,1%HCOOH. Ðîçä³ëüíà êîëîíà: Rapid
Resolution HT Cartige 4.6´30 mm, MassQuad
G1956B (MSD1-Pos, MSD2-Neg) 1.8-Micron,
Zorbax SB C-18. Ï³ä ÷àñ âèçíà÷åííÿ òåìïåðàòó-
ðè òîïëåííÿ ñïîëóê ïîïðàâêà íà âèñòóïàþ÷èé
ñòîâï÷èê ðòóò³ íå ïðîâîäèëàñÿ.

Çàãàëüíà ìåòîäèêà ñèíòåçó 2-[2-(6-àðèë)-5-
îêñî-2,5-äèã³äðî-1,2,4-òðèàçèí-3-³ë)ôåí³ë)àì³íî]-
íàôòàëåí-1,4-ä³îí³â (4a-b)

Äî ðîç÷èíó (0,5 ììîëü) â³äïîâ³äíîãî
2-(6-àðèë-5-îêñî-2,5-äèã³äðî-1,2,4-òðèàçèí-3-
³ë)àí³ë³íó (2) â 10 ìë ëüîäÿíî¿ àöåòàòíî¿ êèñëî-
òè ïðè ïîñò³éíîìó ïåðåì³øóâàíí³ äîäàëè 0,16 ã
(1 ììîëü) 1,4-íàôòîõ³íîíó, âèòðèìóâàëè ïðè
òåìïåðàòóð³ 250Ñ ïðîòÿãîì 8 ãîä. Çàâåðøåííÿ
ðåàêö³¿ â³äñòåæóâàëè çà äîïîìîãîþ ÒØÕ-àíàë³-
çó. Ê³ëüê³ñíèé ñêëàä ïðîäóêòó ó ðåàêö³éí³é
ñóì³ø³ àíàë³çóâàëè, âèêîðèñòîâóþ÷è ìåòîä
LC–MS. Ðåàêö³éíó ñóì³ø âèñàäæóâàëè âîäîþ
(30 ìë), ô³ëüòðóâàëè, ïðîìèâàëè âîäîþ òà ñó-
øèëè îäåðæàíèé îñàä. Ï³ñëÿ öüîãî îñàä ñóñïåí-
äóâàëè â 20 ìë áóòèëàöåòàòó, íàãð³âàëè äî êè-
ï³ííÿ, ô³ëüòðóâàëè â³ä äîì³øîê, ô³ëüòðàò îõî-
ëîäæóâàëè äî ê³ìíàòíî¿ òåìïåðàòóðè, îñàäæåí³
êðèñòàëè ô³ëüòðóâàëè, âèñóøóâàëè ó âàêóóì³ ïðè
800Ñ. Îòðèìàëè êðèñòàëè îðàíæåâîãî (ñïîëóêà
4a) ³ æîâòîãî (4b) êîëüîð³â.

2-[(2-(6-(4-Ôòîðîôåí³ë)-5-îêñî-2,5-äèã³äðî-
1,2,4-òðèàçèí-3-³ë)ôåí³ë)àì³íî]íàôòàëåí-1,4-ä³îí
(4à)

Êðèñòàëè îðàíæåâîãî êîëüîðó; âèõ³ä 85%,
Òïë>2500C, ²×, , ñì–1: 3653, 3174, 3069, 2918,
2862, 1750, 1673, 1626, 1601, 1562, 1524, 1455,
1409, 1356, 1279, 1160, 1115, 989, 840, 770, 725,
581; 1H ßÌÐ ÄÌÑÎ d6 (, ì.÷.): 14.35 (óø.ñ, 1H,
NH), 10,30 (óø.ñ, 1H, NH), 8,24 (óø.ñ, 2H), 8,06
(ä, J=7,4 Ãö, 1H), 7,95 (ä, J=7,4 Ãö, 1H), 7,9–
7,83 (ì, 2H), 7,80 (ò, J=7,4 Ãö, 1H), 7,73 (ä, J=3,5
Ãö, 2H), 7,43 (äò, J=7,6, 3,8 Ãö, 1H), 7,34 (ò,
J=8,7 Ãö, 2H), 6,26 (ñ, 1H, CH õ³íîíó); MS (ESI),
m/z (%): 439,0 [M+H]+ (100); C25H15FN4O3. Ðîç-
ðàõîâàíî, %: C 68,49; H 3,45; N 12,78; Çíàéäå-
íî, %: C 68,55; H 3,50; N 12,84. HPLC: tr=0,983
õâ.

2-[(2-(6-(4-²çîïðîï³ëôåí³ë)-5-îêñî-2,5-äèã³ä-
ðî-1,2,4-òðèàçèí-3-³ë)ôåí³ë)àì³íî]íàôòàëåí-1,4-
ä³îí (4b)

Êðèñòàëè æîâòîãî êîëüîðó. Âèõ³ä 84%
Òïë>2500C, 1H ßÌÐ ÄÌÑÎ d6 (, ì.÷.): 14,29
(óø.ñ, 1H, NH), 10,35 (óø.ñ, 1H, NH), 8,13–8,03
(ì, 3H), 7,95 (ä, J=7,5 Ãö, 1H), 7,89 (ä, J=7,7 Ãö,
1H), 7,86 (ò, J=7,5 Ãö, 1H,), 7,80 (ò, J=7,4 Ãö,
1H), 7,76–7,67 (ì, 2H), 7,46–7,39 (ì, 1H), 7,37
(ä, J=8,0 Ãö, 2H), 6,26 (ñ, 1H, CH õ³íîíó), 2,95
(ãåïò, J=6,7 Ãö, 1H, CH(CH3)2), 1,24 (ä, J=6,8 Ãö,
6H, CH(CH3)2). MS (ESI), m/z (%): 463 [M+H]+

(100). C28H22N4O3. Ðîçðàõîâàíî, %: C 72,71; H
4,79; N 12,11. Çíàéäåíî, %: C 72,75; H 4,83; N
12,14. HPLC: tr=1,086 õâ.

Çàãàëüíà ìåòîäèêà ñèíòåçó 2-[2-(3-àðèë-1H-
1,2,4-òðèàçîë-5-³ë)ôåí³ë)àì³íî]íàôòàëåí-1,4-
ä³îí³â (5à-g)

Äî 0,5 ììîëü â³äïîâ³äíîãî 2-(3-àðèë-1H-
1,2,4-òðèàçîë-5-³ë)àí³ë³íó (3) â 10 ìë ëüîäÿíî¿
àöåòàòíî¿ êèñëîòè ïðè ïîñò³éíîìó ïåðåì³øó-
âàíí³ çà ê³ìíàòíî¿ òåìïåðàòóðè äîäàëè 0,16 ã
(1 ììîëü) 1,4-íàôòîõ³íîíó, âèòðèìóâàëè ïðîòÿ-
ãîì 12 ãîä. Çàâåðøåííÿ ðåàêö³¿ â³äñòåæóâàëè çà
äîïîìîãîþ ÒØÕ-àíàë³çó. Ê³ëüê³ñíèé ñêëàä ðå-
àêö³éíî¿ ñóì³ø³ àíàë³çóâàëè, âèêîðèñòîâóþ÷è
ìåòîä LC-MS. Ðåàêö³éíó ñóì³ø âèñàäæóâàëè
âîäîþ (30 ìë), ô³ëüòðóâàëè, ïðîìèâàëè âîäîþ
òà ñóøèëè îäåðæàíèé îñàä. Ï³ñëÿ öüîãî îñàä
ñóñïåíäóâàëè â 25 ìë áóòèëàöåòàòó, íàãð³âàëè
äî êèï³ííÿ, ô³ëüòðóâàëè â³ä äîì³øîê, ô³ëüòðàò
îõîëîäæóâàëè äî ê³ìíàòíî¿ òåìïåðàòóðè, îñà-
äæåí³ êðèñòàëè ô³ëüòðóâàëè, âèñóøóâàëè ó âà-
êóóì³ ïðè 800Ñ.

2-[(2-(3-(3-Ôòîðîôåí³ë)-1Í-1,2,4-òðèàçîë-
5-³ë)ôåí³ë)àì³íî]íàôòàëåí-1,4-ä³îí (5a)

Êðèñòàëè ô³îëåòîâîãî êîëüîðó. Âèõ³ä 80%.
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Òïë>2500C, 1H ßÌÐ (400 ÌÃö, ÄÌÑÎ-d6) , ì.÷.:
11,46 (óø.ñ, 1H, NH), 8,21–8,08 (ì, 3H), 7,97 (ä,
J=7,3 Ãö, 1H), 7,88 (ò, J=7,3 Ãö, 1H), 7,83 (ò,
J=7,2 Ãö, 1H), 7,75 (ä, J=8,2 Ãö, 1H), 7,68–7,55
(ì, 2H), 7,37 (ò, J=8,5 Ãö, 1H), 7,32 (ò, J=7,7 Ãö,
1H), 6,56 (ñ, 1H, CH õ³íîíó). 19F ßÌÐ ÄÌÑÎ d6

(, ì.÷.): –112.26. MS (ESI), m/z (%): 411 [M+H]+

(100). C24H15FN4O2. Ðîçðàõîâàíî, %: C 70,24; H
3,68; N 13,65. Çíàéäåíî, % C 70,28; H 3,72; N
13,69. HPLC: tr=1,157 õâ.

2-[(2-(3-(2-Ôòîðôåí³ë)-1Í-1,2,4-òðèàçîë-5-
³ë)ôåí³ë)àì³íî]íàôòàëåí-1,4-ä³îí (5b)

Êðèñòàëè ÷åðâîíîãî êîëüîðó. Âèõ³ä 53%,
Òïë>2500C, ²×, , ñì–1: 3654, 3217, 3169, 3109,
3085, 2980, 1677, 1640, 1615, 1586, 1538, 1485,
1428, 1345, 1286, 1246, 1164, 1138, 1104, 990, 815,
736, 686, 540; 1H ßÌÐ ÄÌÑÎ d6 (, ì.÷.): 14,71
(óø.ñ, 1H, NH), 11,12 (óø.ñ, 1H, NH), 8,45 (ä,
J=7,1 Ãö, 1H), 8,29–8,08 (ì, 2H), 8,02–7,68 (ì,
4H), 7,66–7,50 (ì, 3H), 7,46 (ä, J=7,8 Ãö, 1H),
7,33 (ò, J=9,2 Ãö, 1H), 6,52 (ñ, 1H, CH õ³íîíó).
MS (ESI), m/z (%): 411 [M+H]+ (100).
C24H15FN4O2. Ðîçðàõîâàíî, %: C 70,24; H 3,68; N
13,65. Çíàéäåíî, %: C 70,21; H 3,65; N 13,62.
HPLC: tr=1,144 õâ.

2-[(2-(3-(2-Õëîðôåí³ë)-1Í-1,2,4-òðèàçîë-
5-³ë)ôåí³ë)àì³íî]íàôòàëåí-1,4-ä³îí (5c)

Êðèñòàëè ÷åðâîíîãî êîëüîðó. Âèõ³ä 55%.
Òïë>2500C, 1H ßÌÐ ÄÌÑÎ d6 (, ì.÷.): 14,79
(óø.ñ, 1H, NH), 10,89 (óø.ñ, 1H, NH), 8,24–8,02
(ì, 3H), 7,97 (ä, J=7,4 Ãö, 1H), 7,86 (ò, J=7,6 Ãö,
1H), 7,80 (ò, J=7,4 Ãö, 1H), 7,73 (ä, J=7,8 Ãö,
1H), 7,65 (ò, J=7,5 Ãö, 1H), 7,62–7,49 (ì, 3H),
7,34 (ò, J=7,9 Ãö, 1H), 6,48 (ñ, 1H, CH õ³íîíó).
MS (ESI), m/z (%): 427 [M+H]+ (100).
C24H15ClN4O2. Ðîçðàõîâàíî, %: C 67,53; H 3,54;
Cl 8,30, N 13,13. Çíàéäåíî, %: C 67,48; H 3,49;
Cl 8,25, N 13,08. HPLC: tr=1,153 õâ.

2-[(2-(3-(2-Áðîìôåí³ë)-1Í-1,2,4-òðèàçîë-5-
³ë)ôåí³ë)àì³íî]íàôòàëåí-1,4-ä³îí (5d)

Êðèñòàëè ïîìàðàí÷åâîãî êîëüîðó. Âèõ³ä
57%. Òïë>2500C, ²×, , ñì–1: 3656, 3255, 2980, 2889,
1676, 1640, 1586, 1534, 1471, 1381, 1344, 1286,
1138, 1077, 988, 770, 741, 569, 543; 1H ßÌÐ ÄÌÑÎ
d6 (, ì.÷.): 14,81 (óø.ñ, 1H, NH), 10,97 (óø.ñ,
0,4H, NH), 10,79 (óø.ñ, 0,6H, NH), 8,20 (óø.ñ,
1H), 8,08 (ä, J=7,4 Ãö, 1H), 7,97 (ä, J=7,5 Ãö,
1H), 7,91–7,77 (ì, 3H), 7,73 (ä, J=7,4 Ãö, 1H),
7,64–7,42 (ì, 4H), 7,34 (ø.ñ, 1H), 6,47 (ñ, 1H,
CH õ³íîíó). MS (ESI), m/z (%): 472 [M+H]+

(100). C24H15BrN4O2. Ðîçðàõîâàíî, %: C 61,16; H
3,21; N 11,89. Çíàéäåíî, %: C 61,21; H 3,26; N
11,94. HPLC: tr=0,837 õâ.

2-[(2-(3-(3-Áðîìôåí³ë)-1Í-1,2,4-òðèàçîë-5-
³ë)ôåí³ë)àì³íî]íàôòàëåí-1,4-ä³îí (5e)

Êðèñòàëè áîðäîâîãî êîëüîðó, âèõ³ä 74%.
Òïë>2500C, ²×, , ñì–1: 3655, 3165, 3083, 2980,
2890, 1677, 1610, 1587, 1537, 1456, 1434, 1358,
1282, 1151, 1126, 977, 740, 719, 679, 566; 1H ßÌÐ
ÄÌÑÎ d6 (, ì.÷.): 15,03 (óø.ñ, 0,5H, NH), 14,85
(óø.ñ, 0,5H, NH), 11,65 (óø.ñ, 0,5H, NH), 11,35
(óø.ñ, 0,5H, NH), 8,63 (óø.ñ, 0,5H), 8,56 (óø.ñ,
0,5H), 8,24 (óø.ñ, 1,5H), 8,12 (ä, J=7,1 Ãö, 1H),
8,07 (óø.ñ, 0,5H), 7,95 (ä, J=7,4 Ãö, 1H), 7,86 (ò,
J=7,3 Ãö, 1H), 7,81 (ò, J=7,3 Ãö, 1H), 7,73 (óø.ñ,
2H), 7,55 (óø.ñ, 2H), 7,30 (óø.ñ, 1H), 6,54 (ñ,
1H, CH õ³íîíó). MS (ESI), m/z (%): 472,8 [M+H]+

(100). C24H15BrN4O2. Ðîçðàõîâàíî, %: C 61,16; H
3,21; N 11,89. Çíàéäåíî, %: C 61,21; H 3,26; N
11,94. HPLC: tr=1,220 õâ.

2-[(2-(3-(3-Ìåòîêñèôåí³ë)1Í-1,2,4-òðèàçîë-
5-³ë)ôåí³ë)àì³íî]íàôòàëåí-1,4-ä³îí (5f)

Êðèñòàëè ìàëèíîâîãî êîëüîðó. Âèõ³ä 76%.
Òïë>2500C, ²×, , ñì–1: 3655, 3134, 3051, 2980,
2890, 1675, 1609, 1587, 1540, 1455, 1359, 1284,
1239, 1154, 1124, 978, 852, 743, 716, 685, 575; 1H
ßÌÐ ÄÌÑÎ d6 (, ì.÷.): 11,49 (óø.ñ, 1H, NH),
8,19 (ä, J=7,6 Ãö, 1H), 8,03 (ä, J=7,3 Ãö, 1H),
8,00–7,92 (ì, 2H), 7,91–7,76 (ì, 3H), 7,72 (ä,
J=8,1 Ãö, 1H), 7,56 (ò, J=7,5 Ãö, 1H), 7,47 (ò,
J=7,8 Ãö, 1H), 7,29 (ò, J=7,4 Ãö, 1H), 7,07 (ä,
J=7,7 Ãö, 1H), 6,56 (ñ, 1H, CH õ³íîíó), 3,98 (ñ,
3H, OCH3). MS (ESI), m/z (%): 423 [M+H]+ (100)
C25H18N4O3. Ðîçðàõîâàíî, %: C 71,08; H 4,30; N
13,26. Çíàéäåíî, %: C 71,12; H 4,34; N 13,30.
HPLC: tr=1,129 õâ.

2-[(2-(3-(4-Ìåòîêñèôåí³ë)-1Í-1,2,4-òðèà-
çîë-5-³ë)ôåí³ë)àì³íî]íàôòàëåí-1,4-ä³îí (5g)

Êðèñòàëè áîðäîâîãî êîëüîðó. Âèõ³ä 81%.
Òïë>2500C, 1H ßÌÐ ÄÌÑÎ d6 (, ì.÷.): 14,71
(óø.ñ, 0,65H, NH), 14,59 (óø.ñ, 0,35H, NH), 11,59
(óø.ñ, 0,35H, NH), 11,29 (óø.ñ, 0,65H, NH), 8,35–
8,17 (ì, 3H), 8,14 (ä, J=7,1 Ãö, 1H), 7,98 (ä, J=7,4
Ãö, 1H), 7,88 (ò, J=7,2 Ãö, 1H), 7,82 (ò, J=7,3 Ãö,
1H), 7,76–7,67 (ì, 1H), 7,55 (ø.ñ, 1H), 7,35–7,24
(ì, 1H), 7,22–7,05 (ì, 2H), 6,55 (ñ, 1H, CH õ³íî-
íó), 3,86 (ñ, 3H, OCH3). MS (ESI), m/z (%): 423
[M+H]+ (100). C25H18N4O3. Ðîçðàõîâàíî, %: C
71,08; H 4,30; N 13,26. Çíàéäåíî, %: C 71,04; H
4,26; N 13,22. HPLC: tr=1,120 õâ.

Ðåçóëüòàòè òà îáãîâîðåííÿ

ßê â³äîìî ç ë³òåðàòóðíèõ äæåðåë, 1,4-íà-
ôòîõ³íîíè ñòàíîâëÿòü ñîáîþ öèêë³÷í³ äèêåòî-
íè, êîòð³ ìàþòü ó ñâî¿é ñòðóêòóð³ åëåêòðîíîäå-
ô³öèòíèé íåíàñè÷åíèé çâ’ÿçîê òà äâ³ ñïðÿæåí³
ç íèì êàðáîí³ëüí³ ãðóïè, çàâäÿêè ÷îìó âîíè
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ìîæóòü âñòóïàòè â ðåàêö³þ ïðèºäíàííÿ íóêëå-
îô³ëüíèõ ðåàãåíò³â äî ïîäâ³éíîãî çâ’ÿçêó àáî äî
êàðáîí³ëüíèõ ãðóï, à òàêîæ ïðîÿâëÿþòü îêèñí³
âëàñòèâîñò³, â³äíîâëþþ÷èñü äî ã³äðîõ³íîí³â [8].
Â ñâîþ ÷åðãó, 2-(6-R-5-îêñî-2,5-äèã³äðî-1,2,4-
òðèàçèí-3-³ë)àí³ë³íè º êëàñè÷íèìè 1,5-á³íóêëå-
îô³ëüíèìè ðåàãåíòàìè, ùî ìîæóòü ðåàãóâàòè ç
íóêëåîô³ëüíèìè öåíòðàìè 1,4-íàôòîõ³íîíó ç
óòâîðåííÿì êîíäåíñîâàíèõ àáî íåêîíäåíñîâà-
íèõ ãåòåðîöèêë³÷íèõ ñèñòåì.

Ñïèðàþ÷èñü íà äàí³ îòðèìàí³ ï³ä ÷àñ ë³òå-
ðàòóðíîãî ïîøóêó [9], ìè î÷³êóâàëè, ùî 1,4-íàô-
òîõ³íîí áóäå âçàºìîä³ÿòè ç â³äïîâ³äíèìè
2-(6-R-5-îêñî-2,5-äèã³äðî-1,2,4-òðèàçèí-3-³ë)-
àí³ë³íàìè (2) øëÿõîì ãåòåðîöèêë³çàö³¿. Ïðîòå, â
óñ³õ äîñë³äæåíèõ óìîâàõ ïðîäóêòè öèêë³çàö³¿
îäåðæàí³ íå áóëè. Ìè âèä³ëèëè ëèøå õ³íî¿äí³
ïðîäóêòè ë³í³éíî¿ áóäîâè, óòâîðåí³ àçà-ðåàêö³ºþ
Ì³õàåëÿ ïî îäíîìó íóêëåîô³ëüíîìó öåíòðó ç
íàñòóïíèì îêèñëåííÿì ïðîì³æíîãî 1,4-ä³îëó.
²ìîâ³ðíî, öå çóìîâëåíî òèì, ùî â ïåðøó ÷åðãó ó
ðåàêö³þ ç Ñ=Ñ çâ’ÿçêîì íàôòîõ³íîíó âñòóïàº
NH2-ãðóïà, à íå NH-ãðóïà 1,2,4-òðèàçèíîâîãî
öèêëó, ùî óíåìîæëèâëþº (ïðîñòîðîâà íåäî-
ñòóïí³ñòü) íàñòóïíó öèêë³çàö³þ ïðîäóêòó çà ó÷à-
ñòþ õ³íî¿äíî¿ êåòî-ãðóïè ç â³äùåïëåííÿì âîäè.
Íå äèâëÿ÷èñü íà òå, ùî ï³ñëÿ îêèñëåííÿ ïðî-
ì³æíîãî 1,4-ä³îëó çíîâó óòâîðþºòüñÿ 1,4-íàôòî-
õ³íî¿äíà ñèñòåìà, ¿¿ ïîäâ³éíèé çâ’ÿçîê äåçàêòè-
âîâàíèé åëåêòðîíîäîíîðíîþ àì³íîãðóïîþ, ùî
óíåìîæëèâëþº íàñòóïíå ïðèºäíàííÿ çà àçà-ðå-
àêö³ºþ Ì³õàåëÿ, òîìó öèêë³çàö³ÿ ïðîäóêò³â çà
òàêèì ìåõàí³çìîì òàêîæ íå â³äáóâàºòüñÿ. Îòæå,
âçàºìîä³ºþ 1,4-íàôòîõ³íîíó (1) ç ïîõ³äíèìè
1,2,4-òðèàçèíó (2) çà ìåõàí³çìîì àçà-ðåàêö³¿
Ì³õàåëÿ áóëî îòðèìàíî ðÿä 2-(6-ôåí³ë)-5-îêñî-
2,5-äèã³äðî-1,2,4-òðèàçèí-3-³ë)ôåí³ë)àì³íî)íàô-
òàëåí-1,4-ä³îí³â (4à-b) (ñõåìà 1).

Ñèíòåç âèêîíóâàëè â ð³çíèõ óìîâàõ: ïðè
ê³ìíàòí³é òåìïåðàòóð³ òà íàãð³âàíí³ äî 65–900Ñ,
â ðîç÷èííèêàõ (AcOH, ÄÌÑÎ, àöåòîí³òðèë,

ÄÌÔÀ). Ïðè âçàºìîä³¿ åêâ³ìîëÿðíèõ ê³ëüêîñ-
òåé 1,4-íàôòîõ³íîíó òà â³äïîâ³äíîãî ïîõ³äíîãî
1,2,4-òðèàçèíó ïðè ê³ìíàòí³é òåìïåðàòóð³, íàâ³òü
ï³ñëÿ 20 ãîä ïåðåì³øóâàííÿ, â ðåàêö³éí³é ñóì³ø³
îêð³ì ïðîäóêòó çàëèøàºòüñÿ 30% â³äïîâ³äíîãî
âèõ³äíîãî 1,2,4-òðèàçèíó, íàòîì³ñòü 1,4-íàôòî-
õ³íîí ïîâí³ñòþ âè÷åðïàâñÿ. Öå ïîÿñíþºòüñÿ òèì,
ùî äðóãèé åêâ³âàëåíò âèõ³äíîãî íàôòîõ³íîíó âèò-
ðà÷àºòüñÿ íà îêèñëåííÿ çàì³ùåíîãî ã³äðîõ³íî-
íó, óòâîðåíîãî ïðè ïðèºäíàíí³ íóêëåîô³ëó äî
Ñ=Ñ çâ’ÿçêó òà â³äíîâëåíí³ àðîìàòè÷íîñò³. Áàð-
áîòóâàííÿ ïîâ³òðÿ êð³çü ðåàêö³éíó ñóì³ø íåçíà-
÷íî ïîêðàùèëî êîíâåðñ³þ, íàòîì³ñòü íàéåôåê-
òèâí³øèì âèÿâèëîñü âèêîðèñòàííÿ íàäëèøêó
1,4-íàôòîõ³íîíó. Óòâîðåíèé ïðè éîãî â³äíîâ-
ëåíí³ íàôòàëåí-1,4-ä³îë äîáðå â³ää³ëÿºòüñÿ â³ä
ïðîäóêòó ïðè ïðîìèâö³ âåëèêîþ ê³ëüê³ñòþ âîäè
òà ïîäàëüø³é ïåðåêðèñòàë³çàö³¿. Òàê, ïðè âçà-
ºìîä³¿ äâîêðàòíîãî íàäëèøêó (1 ììîëü) 1,4-íà-
ôòîõ³íîíó ç (0,5 ììîëü) ïîõ³äíîãî 1,2,4-òðèàçè-
íó (2) â ðåàêö³éí³é ñóì³ø³, çà ðåçóëüòàòàìè
LC-MS, ñïîñòåð³ãàºìî ïîâíó êîíâåðñ³þ âèõ³ä-
íî¿ ñïîëóêè.

Òàêèì ÷èíîì, îïòèìàëüíèìè óìîâàìè âè-
ÿâèëîñü ïðîò³êàííÿ ðåàêö³¿ ó ñåðåäîâèù³ ëüîäÿ-
íî¿ àöåòàòíî¿ êèñëîòè ïðè òåìïåðàòóð³ 250Ñ òà
ïðèñóòíîñò³ äâîêðàòíîãî íàäëèøêó 1,4-íàôòî-
õ³íîíó ÿê îêèñíèêà. Ï³ñëÿ îñàäæåííÿ âîäîþ òà
ïåðåêðèñòàë³çàö³¿ ç áóòèëàöåòàòó âèä³ëåí³ êðèñ-
òàë³÷í³ ïðîäóêòè (4a-b), íåðîç÷èíí³ ó âîä³ òà
ïîãàíî ðîç÷èíí³ â îðãàí³÷íèõ ðîç÷èííèêàõ, ðîç-
÷èíí³ ó ÄÌÔÀ ³ ÄÌÑÎ.

Âçàºìîä³ÿ 1,4-íàôòîõ³íîíó (1) ç (3-R-1H-
1,2,4-òð³àçîë-5-³ë)àí³ë³íàìè (3à-g) òàêîæ â³äáó-
âàºòüñÿ ëèøå ïî îäíîìó íóêëåîô³ëüíîìó öåí-
òðó çà ìåõàí³çìîì àçà-ðåàêö³¿ Ì³õàåëÿ ç íàñòóï-
íèì îêèñëåííÿì 1,4-ä³îëüíîãî ³íòåðìåä³àòó (ñõå-
ìà 2).

Ðåàêö³þ ïðîâîäèëè â ð³çíèõ ðîç÷èííèêàõ
(AcOH, ÄÌÑÎ, àöåòîí³òðèë, ÄÌÔÀ) òà òåìïå-
ðàòóðíèõ óìîâàõ (25–900Ñ). Íàéâèù³ âèõîäè
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áóëè îäåðæàí³ â ëüîäÿí³é àöåòàòí³é êèñëîò³ ïðè
ê³ìíàòí³é òåìïåðàòóð³ ó ïðèñóòíîñò³ äâîêðàòíî-
ãî íàäëèøêó 1,4-íàôòîõ³íîíó ÿê îêèñíèêà. Ï³ñëÿ
îñàäæåííÿ òà ïðîìèâàííÿ âîäîþ îäåðæàí³ ïðî-
äóêòè êðèñòàë³çóâàëè ç àöåòàòíî¿ êèñëîòè àáî
áóòèëàöåòàòó. Êðèñòàë³çàö³ÿ ç áóòèëàöåòàòó äàº
çìîãó îäåðæàòè çíà÷íî ÷èñò³ø³ (äî 99% çà ðå-
çóëüòàòàìè LC-MS) ïðîäóêòè.

Îòðèìàíî âèñîêîïëàâê³ (Òïë>2500C) êðèñ-
òàë³÷í³ ñïîëóêè (4a-b, 5a-g) ÿñêðàâèõ, íàñè÷å-
íèõ êîëüîð³â, íåðîç÷èíí³ ó âîä³, ìàëîðîç÷èíí³
ó á³ëüøîñò³ îðãàí³÷íèõ ðîç÷èííèêàõ, ðîç÷èíí³ ó
ÄÌÔÀ òà ÄÌÑÎ.

Áóäîâà îäåðæàíèõ ñïîëóê ï³äòâåðäæåíà 1H
ßÌÐ, ²× òà õðîìàòî-ìàñ-ñïåêòðîñêîï³ºþ. Äâ³
NH-ãðóïè ñïîëóê 4 òà 5 ó 1H ßÌÐ ñïåêòðàõ ñïî-
ñòåð³ãàþòüñÿ ó ä³àïàçîí³ 15,0–14,3 òà 11,7–
10,3 ì.÷. Ó ñïåêòðàõ ñïîëóê 5d, 5e, 5g â³äáóâàºòüñÿ
ðîçùåïëåííÿ ñèãíàë³â îáîõ NH-ãðóï íà äâà
óøèðåí³ ñèíãëåòè ð³çíèõ ³íòåãðàëüíèõ ³íòåíñèâ-
íîñòåé ç ñóìîþ ð³âíîþ îäèíèö³, ùî ñâ³ä÷èòü ïðî
³ñíóâàííÿ ìîëåêóë ó ðîç÷èí³ ó âèãëÿä³ äâîõ òà-
óòîìåð³â. Ïðè öüîìó ñèãíàëè ABCD ñèñòåìè
àðîìàòè÷íîãî ÿäðà 1,4-íàôòîõ³íîíó ó ä³àïàçîí³
8,1–7,8 ì.÷. òà ñèíãëåò CH õ³íî¿äíîãî öèêëó ïðè
6,3–6,6 ì.÷. çàëèøàþòüñÿ ÷³òêèìè, à ñèãíàëè
ïðîòîí³â àðîìàòè÷íèõ öèêë³â ãåòåðîöèêë³÷íî¿
÷àñòèíè ñèëüíî óøèðþþòüñÿ. Ó ßÌÐ ñïåêòðàõ
ñïîëóê 5à òà 5f âèÿâëÿºòüñÿ ëèøå ñèãíàë NH-
ãðóïè 2-àì³íî-1,4-íàôòîõ³íî¿äíîãî ôðàãìåíòó
ïîáëèçó 11,5 ì.÷., ùî ³ìîâ³ðíî òàêîæ ïîÿñíþºòü-
ñÿ òàóòîìåðíèìè ïåðåõîäàìè òðèàçîëó. Òàê³ òà-
óòîìåðí³ ïåðåòâîðåííÿ â³äîì³ ³ îïèñàí³ äëÿ âè-
õ³äíèõ ñïîëóê [12], àâòîðàìè ïðîâåäåíî DFT ìî-
äåëþâàííÿ òà ïîð³âíÿííÿ ïåðåäáà÷åíèõ òà îäåð-
æàíèõ ñïåêòðàëüíèõ õàðàêòåðèñòèê.

Ó ²× ñïåêòðàõ ïðîäóêò³â ñïîñòåð³ãàþòüñÿ
ñìóãè ïîãëèíàííÿ âàëåíòíèõ êîëèâàíü NH-ãðóï
ïðè 3649–3656 ñì–1 òà ðÿä ñìóã CH ïðè 3000–

3100 ñì–1. Íàÿâí³ñòü êàðáîí³ëüíèõ ãðóï ï³äòâåð-
äæóº ñìóãà ïîãëèíàííÿ ïðè 1673–1683 ñì–1.
Ïðèñóòí³ òàêîæ ÷èñëåíí³ ñìóãè ïîãëèíàíü, ùî
â³äïîâ³äàþòü âàëåíòíèì òà äåôîðìàö³éíèì êî-
ëèâàííÿì àðîìàòè÷íèõ öèêë³â.

Â õðîìàòî-ìàñ-ñïåêòðàõ ñèíòåçîâàíèõ ñïî-
ëóê 4à-b òà 5a-g ðåºñòðóþòüñÿ âèñîêî³íòåíñèâí³
ï³êè ìîëåêóëÿðíîãî ³îíó [M+1], ÿê³ â³äïîâ³äà-
þòü çàïðîïîíîâàí³é ðîçðàõóíêîâ³é ìîëåêóëÿðí³é
ìàñ³, îäíîçíà÷íî äîâîäÿòü ¿õ áóäîâó òà ³íäèâ³-
äóàëüí³ñòü.

Äëÿ ïðîãíîçóâàííÿ á³îëîã³÷íî¿ àêòèâíîñò³
ñèíòåçîâàíèõ ñïîëóê ó õîä³ ðîáîòè âèêîðèñòî-
âóâàëè ìåòîäè in silico, ïîïåðåäíüîãî êîìï’þ-
òåðíîãî ïðîãíîçó çà ïðîãðàìîþ PASS (Predition
of Activity Spectra for Substances), ùî º âàæëè-
âèì êðîêîì íà ïî÷àòêîâîìó åòàï³ ïîøóêó á³î-
ëîã³÷íî àêòèâíèõ ñïîëóê [13]. Ðåçóëüòàòè ïðî-
ãíîçó ïîäàíî â òàáë. 1.

Îñíîâí³ îòðèìàí³ ðåçóëüòàòè ïðîãíîçóâàí-
íÿ á³îëîã³÷íî¿ àêòèâíîñò³ (Ðà>0,5) äëÿ ñèíòåçî-
âàíèõ íàâåäåíî ó òàáë. 1.

Ïðîàíàë³çóâàâøè îòðèìàí³ ðåçóëüòàòè ïðî-
ãíîçîâàíî¿ àêòèâíîñò³ äîñë³äæóâàíèõ ñïîëóê,
ìîæíà çðîáèòè âèñíîâîê, ùî óñ³ ðå÷îâèíè, îêð³ì
4b, ç ³ìîâ³ðí³ñòþ Pà>0,7 âîëîä³þòü ïðîòèðàêî-
âîþ àêòèâí³ñòþ. 1,2,4-Òðèàçîëîâì³ñí³ ïîõ³äí³
íàôòîõ³íîíó (5à-g) ç ³ìîâ³ðí³ñòþ Pà>0,8 º
³íã³á³òîðàìè ã³ñòèäèíê³íàçè ³ ìîæóòü áóòè ïåð-
ñïåêòèâíèìè ïðîòèì³êðîáíèìè ïðåïàðàòàìè.
Òàêîæ º ïåðñïåêòèâà äîñë³äæåííÿ ñèíòåçîâàíèõ
ñïîëóê ÿê ³íã³á³òîð³â ïðîòå¿íê³íàçè ó êîì-
ïëåêñí³é òåðàï³¿ ðàêó. Îòæå, çðîáëåí³ íàìè äîñ-
ë³äæåííÿ âêàçóþòü íà ïåðñïåêòèâí³ñòü åêñïåðè-
ìåíòàëüíèõ á³îëîã³÷íèõ äîñë³äæåíü ïðîòèðàêî-
âî¿ àêòèâíîñò³ ñèíòåçîâàíèõ ñïîëóê.

Äëÿ ñèíòåçîâàíèõ ñïîëóê áóëî çä³éñíåíî
îö³íêó ãîñòðî¿ òîêñè÷íîñò³, ùî º íàäçâè÷àéíî
âàæëèâîþ õàðàêòåðèñòèêîþ ï³ä ÷àñ ðîçðîáëåí-

Ñõåìà 2
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íÿ íîâèõ ë³êàðñüêèõ ïðåïàðàò³â. Ïðîòå, çâàæà-
þ÷è íà äîâîë³ âèñîêó ö³íó òàêèõ åêñïåðèìåí-
òàëüíèõ äîñë³äæåíü, à òàêîæ ç åòè÷íèõ ì³ðêó-
âàíü, ìè ïðîâåëè ïðîãíîçóâàííÿ ãîñòðî¿ òîêñè-
÷íîñò³ 1,2,4-òðèàçèí- òà 1,2,4-òðèàçîëîâì³ñíèõ
ïîõ³äíèõ 1,4-íàôòîõ³íîíó äëÿ ùóð³â çà ð³çíèõ
øëÿõ³â ââåäåííÿ ñóáñòàíö³é (âíóòð³øíüî÷åðåâ-
íèé, âíóòð³øíüîâåííèé, îðàëüíèé òà
ï³äøê³ðíèé) ó ïðîãðàì³ GUSAR ç âèêîðèñòàí-
íÿì ìîäåëåé QSAR [14,15]. Öåé ïàðàìåòð º îä-
íèì ³ç íàéâàæëèâ³øèõ ïðè ðîçðîáö³ ë³êàðñüêèõ
çàñîá³â.

Ðåçóëüòàòè äîñë³äæåíü íàâåäåíî â òàáë. 2.
Îòðèìàí³ ðåçóëüòàòè ïðîãíîçó ãîñòðî¿ òîêñè-
÷íîñò³ äàþòü ï³äñòàâè ñòâåðäæóâàòè, ùî ñèíòå-

çîâàí³ 1,2,4-òðèàçèíî- òà 1,2,4-òðèàçîëâì³ñí³
ïîõ³äí³ 1,4-íàôòîõ³íîíó, éìîâ³ðíî, ìîæíà çà-
ðàõóâàòè äî ìàëîòîêñè÷íèõ ïðåïàðàò³â (4, 5 êëàñè
òîêñè÷íîñò³). Òàêîæ îòðèìàí³ ïðîãíîçîâàí³ äàí³
âêàçóþòü íà òå, ùî ñïîëóêè 5d òà 5å ïðè âíóò-
ð³øíüî÷åðåâíîìó øëÿõó ââåäåííÿ, éìîâ³ðíî, º
íåòîêñè÷íèìè (òàáë. 2).

Âèñíîâêè

Âèâ÷åíî ðåàêö³þ 1,4-íàôòîõ³íîíó ç ðÿäîì
àì³íîâì³ñíèõ ïîõ³äíèõ 1,2,4-òðèàçèíó òà
1,2,4-òðèàçîëó. Âñòàíîâëåíî, ùî äîñë³äæåí³
1,5-á³íóêëåîô³ëè ðåàãóþòü ç 1,4-íàôòîõ³íîíîì
ëèøå ïî îäíîìó íóêëåîô³ëüíîìó öåíòðó ìîëå-
êóëè. Ðåàêö³ÿ â³äáóâàºòüñÿ øëÿõîì ïðèºäíàííÿ
àì³íîãðóïè äî åëåêòðîíîäåô³öèòíîãî ïîäâ³éíî-

Òàáëèöÿ 1

PASS-ïðîãíîç á³îëîã³÷íî¿ àêòèâíîñò³ äëÿ íîâèõ 1,2,4-òðèàçèíî- òà 1,2,4-òðèàçîëîâì³ñíèõ

ïîõ³äíèõ 1,4-íàôòîõ³íîíó

Сполука 
Активність 

4a 4b 5a 5b 5c 5d 5e 5f 5g 

Протипухлинна 0,716 0,668 0,763 0,763 0,721 0,811 0,796 0,801 0,799

Інгібітор гістидинкінази 0,625 0,585 0,867 0,862 0,875 0,858 0,863 0,865 0,865

Інгібітор протеїнкінази 0,548 – 0,650 0,654 0,652 0,662 0,649 0,547 0,549

Інгібітор передачі сигналу 

трансдукції 
0,552 – 0,566 0,637 0,528 0,606 0,660 0,497 0,507

Блокатор хлоридних каналів 0,453 – 0,480 0,478 0,472 0,534 0,594 0,462 0,461

Інгібітор альдегідоксидази – 0,451 – 0,431 0,689 0,431 – 0,798 0,777

Регулятор метаболізму нуклеотидів – – 0,615 0,522 0,545 0,447 0,462 0,672 0,661

Інгібітор глюконат-2-дегідрогенази 

(акцептор) 
– – – – – – – 0,677 0,636

Інгібітор ангіогенезу – – 0,447 0,423 – 0,408 0,507 0,463 0,462

 

Òàáëèöÿ 2

Ïðîãíîçîâàíà ãîñòðà òîêñè÷í³ñòü ñèíòåçîâàíèõ 1,2,4-òðèàçèí- òà 1,2,4-òðèàçîëâì³ñíèõ

ïîõ³äíèõ 1,4-íàôòîõ³íîíó äëÿ ùóð³â

Ïðèì³òêà: * Êëàñèô³êàö³ÿ ãîñòðî¿ òîêñè÷íîñò³ äëÿ ãðèçóí³â çà ïðîåêòîì ÎÅÑÐ (Îðãàí³çàö³¿ åêîíîì³÷íîãî ñï³âðîá³òíèöòâà

òà ðîçâèòêó).

Внутрішньочеревний шлях 

введення 

Внутрішньовенний шлях 

введення 

Оральний шлях 

введення 

Підшкірний шлях 

введення 

С
п

о
л
у

к
а 

LD50 

(мг/кг) 

Класифікація 

токсичності 

речовини* 

LD50 

(мг/кг) 

Класифікація 

токсичності 

речовини* 

LD50 

(мг/кг) 

Класифікація 

токсичності 

речовини* 

LD50 

(мг/кг) 

Класифікація 

токсичності 

речовини* 

4a 727,200 Class 5 215,600 Class 4 1879,000 Class 4 1024,000 Class 5 

4b 712,000 Class 5 126,900 Class 4 1268,000 Class 4 892,300 Class 4 

5a 861,600 Class 5 159,900 Class 4 2320,000 Class 5 1102,000 Class 5 

5b 857,100 Class 5 132,700 Class 4 2653,000 Class 5 1374,000 Class 5 

5c 985,300 Class 5 118,900 Class 4 2579,000 Class 5 1200,000 Class 5 

5d 1536,000 Non Toxic 120,400 Class 4 3213,000 Class 5 1909,000 Class 5 

5e 1579,000 Non Toxic 131,000 Class 4 2783,000 Class 5 2263,000 Class 5 

5f 861,700 Class 5 115,300 Class 4 1664,000 Class 4 1821,000 Class 5 

5g 811,100 Class 5 145,500 Class 4 3306,000 Class 5 1691,000 Class 5 
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ãî çâ’ÿçêó 1,4-íàôòîõ³íîíó ç ïîäàëüøèì îêèñ-
ëåííÿì óòâîðåíîãî 1,4-ä³îëó íàäëèøêîì 1,4-íà-
ôòîõ³íîíó. Ïðîäóêò³â ãåòåðîöèêë³çàö³¿ ó äîñë³-
äæåíèõ óìîâàõ íå îäåðæàíî. Ñêëàä òà áóäîâà
ñèíòåçîâàíèõ ñïîëóê ï³äòâåðäæåíà ðåçóëüòàòà-
ìè õðîìàòî-ìàñ-, ²×- òà 1Í ßÌÐ-ñïåêòðîñêîï³¿
òà åëåìåíòíèì àíàë³çîì. 1Í ßÌÐ ñïåêòðè
ñâ³ä÷àòü, ùî îòðèìàí³ ïðîäóêòè, ïîä³áíî äî âè-
õ³äíèõ ñïîëóê, õàðàêòåðèçóþòüñÿ ³ì³í-³ì³ííîþ
òàóòîìåð³ºþ ãåòåðîöèêë³÷íèõ ÿäåð. Ïðîâåäåíèé
ïåðâèííèé ñêðèí³íã á³îëîã³÷íî¿ àêòèâíîñò³ òà
òîêñè÷íîñò³ ñèíòåçîâàíèõ ñïîëóê ñâ³ä÷èòü ïðî
âèñîêó äîö³ëüí³ñòü ïîäàëüøèõ åêñïåðèìåíòàëü-
íèõ äîñë³äæåíü ïðîòèðàêîâî¿ òà ïðîòèì³êðîá-
íî¿ àêòèâíîñò³ ç ìåòîþ ïîøóêó íîâèõ åôåêòèâ-
íèõ ë³êàðñüêèõ ñóáñòàíö³é.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. One pot synthesis and SAR of some novel 3-substituted

5,6-diphenyl-1,2,4-triazines as antifungal agents / Sangshetti J.N.,

Jaiprakash N., Shinde D.B., Devanand B. // Bioorg. Med. Chem.

Lett. – 2010. – Vol.20. – No. 2. – P.742-745.

2. Voskoboynik O.Yu., Shishkina S.V., Kovalenko S.I.

[1,2,4]Triazino[2,3-ñ] quinazolines 3*. Structure and anticancer

activity of products obtained from reaction of 3-(2-aminophenyl)-

6-R-1,2,4-triazin-5(2H)-ones with aryl iso(thio)cyanates // Chem.

Heterocycl. Compd. – 2018. – Vol.54. – No. 7. – P.717-728.

3. Design, synthesis and biological evaluation of Schiff bases

of 4-amino-1,2,4-triazole derivatives as potent angiotensin

converting enzyme inhibitors and antioxidant activities / Saadaoui I.,

Krichen F., Salah B.B., Mansour R.B., Miled N., Bougatef A.,

Kossentini M. // J. Mol. Struct. – 2019. – Vol.1180. – P.344-

354.

4. Synthesis and insecticidal activity of 1, 2, 4-triazole

derivatives / Chai B., Qian X., Cao S., Liu H., Song G. // Arkivoc.

– 2003. – Vol.2003. – No. 2. – P.141-145.

5. Novel 1,2,4-triazole derivatives as potential anticancer

agents: design, synthesis, molecular docking and mechanistic

studies / El-Sherief H.A.M., Youssif B.G.M., Bukhari S.N.A.,

Abdel-Aziz M., Abdel-Rahman H.M. // Bioorg. Chem. – 2018.

– Vol.76. – P.314-325.

6. Synthesis, characterization and preliminary anticonvulsant

evaluation of some 4-alkyl-1,2,4-triazoles / Plech T., Luszczki J.J.,

Wujec M., Flieger J., Pizon M. // Eur. J. Med. Chem. – 2013. –

Vol.60. – P.208-215.

7. Ñèíòåç òà ïðîãíîçóâàííÿ á³îëîã³÷íî¿ àêòèâíîñò³

íîâèõ ãåòåðîöèêë³÷íèõ N-ïîõ³äíèõ íàôòîõ³íîíó / Ïîë³ø Í.,

Ìàð³íöîâà Í., Æóðàõ³âñüêà Ë., Íîâ³êîâ Â., Âîâê Ì. // Õ³ì³ÿ,

òåõíîëîã³ÿ ðå÷îâèí òà ¿õ çàñòîñóâàííÿ. – 2019. – Vol.2. –

¹ 1. – Ñ.69-75.

8. Nucleophilic substitution reactions of 1,4-naphthoquinone

and biologic properties of novel S-, S,S-, N-, and N,S-substituted

1,4-naphthoquinone derivatives / Ibis C., Tuyun A.F., Bahar H.,

Ayla S.S., Stasevych M.V., Musyanovych R.Ya., Komarovska-

Porokhnyavets O., Novikov V. // Med. Chem. Res. – 2014. –

Vol.23. – No. 4. – Ð.2140-2149.

9. [1,2,4]Triazino[2,3-ñ]quinazolines 1. Methods for the

preparation and spectral characteristics of substituted 3-R1-6-R3-

6,7-dihydro-2H-[1,2,4]triazino[2,3-ñ]quinazolin-2-ones /

Voskoboynik O.Yu., Kolomoets O.S., Kovalenko S.I.,

Shishkina S.V. // Chem. Heterocycl. Compd. – 2017. – Vol.53.

– P.892-904.

10. Ñèíòåç òà íóêëåîô³ëüíå ðîçùåïëåííÿ 2-R-[1,2,4]-

òðèàçîëî[1,5-c]õ³íàçîë³í³â / Êîâàëåíêî Ñ.²., Âîëîøèíà Â.Î.,

Êàðïåíêî Î.Â. // Æóðí. îðã. ôàðì. õ³ì. – 2010. – Ò.8. –

¹ 2. – Ñ.48-56.

11. The structural optimization of [(2-R-quinazolin-4-

ylidene) hydrazono] carboxylic acids and esters–approach for

creating a new class of compounds with the anticancer activity /

Voskoboynik O.Y., Karpenko O.V., Kovalenko S.I., Berest G.G.,

Ivchuk V.V., Shvets V.M. // Æóðí. îðã. ôàðì. õ³ì. – 2014. –

Vol.12. – No. 4(48). – Ð.3-20.

12. Origin of substituent effect on tautomeric behavior of

1,2,4-triazole derivatives: combined spectroscopic and theoretical

study / Sergeieva T., Bilichenko M., Holodnyak S., Monaykina Y.V.,

Okovytyy S.I., Kovalenko S.I., Voronkov E., Leszczynski J. // J.

Phys. Chem. A. – 2016. – Vol.120. – No. 51. – P.10116-10122.

13. Prediction of the biological activity spectra of organic

compounds using the PASS online web resource / Filimonov D.A.,

Lagunin A.A., Gloriozova T.A., Rudik A.V., Druzhilovskii D.S.,

Pogodin P.V., Poroikov V.V. // Chem. Heterocycl. Compd. –

2014. – Vol.50. – No. 3. – P.444-457.

14. QSAR modelling of rat acute toxicity on the basis of

PASS prediction / Lagunin A., Zakharov A., Filimonov D.,

Poroikov V. // Mol. Inform. – 2011. – Vol.30. – No. 2-3. –

P.241-250.

15. Design, synthesis and 3D-QSAR studies of new

diphenylamine containing 1,2,4-triazoles as potential

antitubercular agents / Krishna K.M., Inturi B., Pujar G.V.,

Purohit M.N., Vijaykumar G.S. // Eur. J. Med. Chem. – 2014.

– Vol.84. – P.516-529.

Íàä³éøëà äî ðåäàêö³¿ 26.05.2020



80

N.V. Polish, N.G. Marintsova, A.I. Karkhut, L.R. Zhurakhivska, R.T. Konechna, O.Y. Voskoboynik,
S.I. Kovalenko, V.P. Novikov

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2020, No. 5, pp. 73-80

SYNTHESIS OF NEW 1,2,4-TRIAZINE- AND
1,2,4-TRIAZOLE-CONTAINING 1,4-NAPHTHOQUINONE
DERIVATIVES AND THE STUDY OF THEIR BIOLOGICAL
ACTIVITY
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This work describes the synthesis and a convenient method
for obtaining new 1,2,4-triazine- and 1,2,4-triazole-containing
1,4-naphthoquinone derivatives. The studied 1,5-binucleophiles
react with 1,4-naphthoquinone via only one nucleophilic center
of the molecule, the aniline fragment. 2-(2-(6-aryl-5-oxo-2,5-
dihydro-1,2,4-triazin-3-yl)phenyl) amino) naphthalene-1,4-dione
and 2-((2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyl) amino)
naphthalene-1,4-diones were prepared by bonding of an amino
group to the electron-deficient double bond of
1,4-naphthoquinone followed by oxidation of formed 1,4-diol
with an excess of 1,4-naphthoquinone. The biological activity of
the synthesized 1,2,4-triazine- and 1,2,4-triazole-containing
1,4-naphthoquinone derivatives was evaluated by using PASS
Online and Gusar software. High anticancer and antimicrobial
activity and low toxicity of the obtained substances were predicted,
which allows considering this class of organic compounds as a
promising one in terms of preparation of new drugs.
1,2,4-Triazole-containing naphthoquinone derivatives are likely
to be histidine kinase inhibitors and may be promising
antimicrobials. The conducted primary screening of biological
activity and toxicity of the synthesized compounds testified to
high expediency of further experimental studies of anticancer
and antimicrobial activity in order to find new effective drug
substances.

Keywords : 1,4-naphthoquinone; 1,2,4-triazine;
1,2,4-triazole; aza-Michael reaction; PASS Online; GUSAR.
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