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Íàö³îíàëüíèé óí³âåðñèòåò «Ëüâ³âñüêà ïîë³òåõí³êà», ì. Ëüâ³â, Óêðà¿íà

Îïèñàíî ñèíòåç ³ì³äàçîëüíèõ ñèñòåì íà îñíîâ³ ïîõ³äíèõ 6,7-çàì³ùåíîãî 1,4-íà-
ôòîõ³íîíó, ÿê êîíäåíñîâàíèõ ç íàôòîõ³íî¿äíèì öèêëîì, òàê ³ ïîõ³äíèõ, â ÿêèõ
ãåòåðîöèêë³÷íà ñêëàäîâà ââåäåíà â õ³íî¿äíó ìîëåêóëó îêðåìèì ôðàãìåíòîì, ç ìå-
òîþ ðîçøèðèòè ñïåêòð á³îëîã³÷íî àêòèâíèõ ñïîëóê òà ïîñèëèòè ¿õ ä³þ çà ðàõóíîê
ïîºäíàííÿ â ìîëåêóë³ ³ì³äàçîëüíîãî òà íàôòîõ³íî¿äíîãî ôðàãìåíòó. Áóëî îäåðæàíî
ðÿä 6[(5-àì³íî-2,3-äèã³äðî-1Í-1,2,4-òðèàçîë-3-³ë)-àì³íî]-3-õëîðî-2-çàì³ùåíèõ-4-
³ë-7-í³òðîíàôòîõ³íîí³â, 2,7-äèõëîðî-6-(2,5-äèìåòèë-1Í-ï³ðîë-1-³ë)-3-R-4-³ë-í³òðî-
íàôòîõ³íîí³â ³ õ³íîêñàë³íò³îíîâ³ ïîõ³äí³ çàì³ùåíîãî 1,4-íàôòîõ³íîíó. Íà ï³äñòàâ³
äîñë³äæåíü àíòèì³êðîáíî¿ òà ôóíã³öèäíî¿ àêòèâíîñò³ âñòàíîâëåíî, ùî ââåäåííÿ â
ìîëåêóëó 1,4-íàôòîõ³íîíó äîäàòêîâîãî àì³íîòðèàçîëüíîãî çàì³ñíèêà ó ïîëîæåíí³
6 çìåíøóº ä³þ ÿê íà ãðàìïîçèòèâí³, òàê ³ íà ãðàìíåãàòèâí³ áàêòåð³¿. Íàÿâí³ñòü
ï³ðîëüíîãî öèêëó ó ïîëîæåíí³ 7 1,4-íàôòîõ³íîíó ï³äâèùóº àêòèâí³ñòü ïðîòè ãðàì-
ïîçèòèâíèõ ³ ãðàìíåãàòèâíèõ ì³êðîîðãàí³çì³â. Ïðèñóòí³ñòü ò³îîêñîàì³äíîãî öèêëó
ó ïîëîæåíí³ 7 1,4-íàôòîõ³íîíó ñóòòºâî ï³äâèùóº àêòèâí³ñòü ïðîòè ãðàìïîçèòèâíèõ
³ ãðàìíåãàòèâíèõ ì³êðîîðãàí³çì³â. Öå ñëóãóº ï³ä´ðóíòÿì äëÿ ïîäàëüøîãî ïîøóêó
àíòèáàêòåð³àëüíèõ ³ ïðîòèãðèáêîâèõ õ³ì³îòåðàïåâòè÷íèõ çacoáiâ ó ðÿäàõ ñèíòåçî-
âàíèõ ñïîëóê.
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ã³öèäíà àêòèâí³ñòü.
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Âñòóï

²íòåíñèâíèé ðîçâèòîê õ³ì³¿ ãåòåðîöèêë³-
÷íèõ îðãàí³÷íèõ ñïîëóê çóìîâëåíèé ¿õ âàæëè-
âèì òåîðåòè÷íèì ³ ïðàêòè÷íèì çíà÷åííÿì. Ñå-
ðåä íèõ â³äîìî áàãàòî åôåêòèâíèõ ãåðá³öèä³â,
ôóíã³öèä³â òà ³íñåêòèöèä³â ç íèçüêîþ òîêñè-
÷í³ñòþ [1]. Â³äîì³ ñïîëóêè ç âèðàæåíîþ àíòè-
ã³ñòàì³ííîþ, ïðîòèñóäîìíîþ, æàðîçíèæóâàëü-
íîþ, àíåñòåçóþ÷îþ, ïðîòèïóõëèííîþ àêòèâíî-
ñòÿìè [2]. Áóëî âèÿâëåíî, ùî ³ñíóþòü ïîõ³äí³
1,4-íàôòîõ³íîíó, ÿê³ ïðîÿâëÿþòü ïðîòèâ³ðóñíó,
ïðîòèòóáåðêóëüîçíó, àíòèá³îòè÷íó, àíòèìàëÿ-
ð³éíó ä³¿ òà ìîæóòü çàñòîñîâóâàòèñü ÿê ë³êàðñüê³
ïðåïàðàòè äëÿ ë³êóâàííÿ ðåñï³ðàòîðíèõ çàõâî-
ðþâàíü [3]. Öå çíà÷íî ðîçøèðþº ìîæëèâ³ñòü âè-
êîðèñòàííÿ ñèíòåçó ãåòåðîöèêë³â ó ð³çíîìàí³ò-
íèõ õ³ì³÷íèõ ïåðåòâîðåííÿõ, à òàêîæ äàº ìîæ-
ëèâ³ñòü ïåðåäáà÷èòè íàÿâí³ñòü âèíÿòêîâèõ ô³çè-
êî-õ³ì³÷íèõ âëàñòèâîñòåé òà á³îëîã³÷íî¿ àêòèâ-

íîñò³ øèðîêîãî ñïåêòðà ä³¿, ùî âèçíà÷àº àêòó-
àëüí³ñòü ñèíòåçó òà äîñë³äæåííÿ ñïîëóê öüîãî
êëàñó.

Ç ³íøîãî áîêó, ãåòåðîöèêë³÷í³ ñïîëóêè íà
îñíîâ³ ïîõ³äíèõ 1,4-íàôòîõ³íîíó, ñèíòåçîâàí³ ç³
ñòîðîíè õ³íî¿äíîãî öèêëó, ìàþòü íèçêó ö³ííèõ
âëàñòèâîñòåé ³ çíàéøëè ñâîº çàñòîñóâàííÿ ÿê
ïðîòèïóõëèíí³, àíòèì³êðîáí³ ñóáñòàíö³¿, áàð-
âíèêè, êàòàë³çàòîðè, ë³êàðñüê³ çàñîáè òîùî [4].

Ïîºäíàííÿ â îäí³é ìîëåêóëÿðí³é ñòðóêòóð³
õ³íî¿äíîãî ³ ãåòåðîöèêë³÷íîãî ôðàãìåíò³â, íà
íàøó äóìêó, ïîâèííî ïðèçâåñòè äî îäåðæàííÿ
íîâèõ á³îëîã³÷íî àêòèâíèõ ñïîëóê ç âèñîêîþ
ô³ç³îëîã³÷íîþ ä³ºþ. Ìîæëèâ³ äâà âàð³àíòè ³ñíó-
âàííÿ ìîëåêóë ãåòåðîöèêë³÷íèõ õ³íîí³â: ãåòåðî-
öèêë³÷íà ñêëàäîâà, ââåäåíà â õ³íî¿äíó ÷àñòèíó
îêðåìèì ôðàãìåíòîì, ³ ãåòåðîöèêë³÷íà ñêëàäî-
âà, êîíäåíñîâàíà ç áåíçåíîâèì öèêëîì.

Ñïðÿìîâàíèé ñèíòåç ðå÷îâèí ³ç çàäàíîþ
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áóäîâîþ äîçâîëÿº îäíî÷àñíî âèð³øèòè äåê³ëüêà
ïðîáëåì. Ðåàë³çàö³ÿ òàêîãî ï³äõîäó äàº çìîãó
çä³éñíèòè íàéêîðîòøèì øëÿõîì ñèíòåç áàæà-
íî¿ íîâî¿ ñïîëóêè ç ïåðåäáà÷åíèìè ïðàêòè÷íî
êîðèñíèìè âëàñòèâîñòÿìè. Ïðè âèêîíàíí³ òà-
êèõ íîâèõ äîñë³äæåíü ìàéæå çàâæäè âèíèêàþòü
òðóäíîù³, ïîâ’ÿçàí³ ç ïðîáëåìàìè ÿê òåîðåòè-
÷íîãî, òàê ³ åêñïåðèìåíòàëüíîãî õàðàêòåðó, âè-
ð³øåííÿ ÿêèõ, â ñâîþ ÷åðãó, âíîñèòü ïåâíèé âíå-
ñîê â çàãàëüíèé ðîçâèòîê ñó÷àñíî¿ îðãàí³÷íî¿
õ³ì³¿.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Çàãàëüíà ìåòîäèêà ñèíòåçó 6[(5-àì³íî-2,3-
äèã³äðî-1Í-1,2,4-òðèàçîë-3-³ë)-àì³íî]-3-õëîðî-2-
N-çàì³ùåíèé-4-³ë-7-í³òðîíàôòîõ³íîí³â (2 a-â)

Äî ñóñïåíç³¿ (0,005 ìîëü) 2-N-çàì³ùåíîãî-
3,6-äèõëîðî-7-àì³íî-1,4-íàôòîõ³íîíó (1 à–â) â
30 ìë DMF äîäàëè 0,54 ã (0,005 ìîëü) äèö³àí-
ä³àì³äó, âèòðèìóâàëè ïðè òåìïåðàòóð³ 800Ñ ïðî-
òÿãîì 4–5 ãîä. Ðåàêö³éíó ñóì³ø îõîëîäèëè äî
ê³ìíàòíî¿ òåìïåðàòóðè òà ô³ëüòðóâàëè ÿñêðàâî-
÷åðâîíèé îñàä, êðèñòàë³çóâàëè ç òîëóåíó.

6[(5-Àì³íî-2,3-äèã³äðî-1Í-1,2,4-òðèàçîë-3-
³ë)-àì³íî]-3-õëîðî-2-N-ìîðôîë³íî-4-³ë-7-í³òðî-
íàôòîõ³íîí (2à):

âèõ³ä 83%, Òïë.=172–1780Ñ, I×,  cì–1: 3437,
3350, 3260 (NÍ2, NH); 1674, 1656(Ñ=Î);
1627(Ñ=N); 1350(NÎ2). 1H ßÌÐ DMSO d6 (,
ì.÷.): 10,03 (5H, ñ, NH2, NH); 9,25 (1H, c, CHàðîì);
6,99 (1H, c, CHàðîì); 6,67 (1H, ñ, CH); 3,70–3,62
(8H, ì, CH2). C16H16ClN7O5. Ðîçðàõîâàíî, %: C
45,56, H 3,82, Cl 8,41, N 23,24. Çíàéäåíî, %: C
45,56, H 3,79, Cl 8,42, N 23,23.

6[(5-Àì³íî-2,3-äèã³äðî-1Í-1,2,4-òðèàçîë-3-
³ë)-àì³íî]-3-õëîðî-2-N-ï³ðèäèíî-4-³ë-7-í³òðîíàô-
òîõ³íîí (2á):

âèõ³ä 85%, Òïë.=182–1850Ñ, I×,  cì–1: 3440,
3365, 3272 (NÍ2, NH); 1676, 1650(Ñ=Î);
1634(Ñ=N); 1348(NÎ2). 1H ßÌÐ DMSO d6 (,
ì.÷.): 10,02 (5H, ñ, NH2, NH); 9,24 (1H, c, CHàðîì);
6,99 (1H, c, CHàðîì); 6,67 (1H, ñ, CH); 3,41–3,32
(4H, ì, CH2); 1,59–1,51 (6H, ì, CH2).
C17H18ClN7O4. Ðîçðàõîâàíî, %: C 48,64, H 4,32,
Cl 8,44, N 23,35. Çíàéäåíî, %: C 48,68, H 4,33,
Cl 8,45, N 23,33.

6[(5-Àì³íî-2,3-äèã³äðî-1Í-1,2,4-òðèàçîë-3-
³ë)-àì³íî]-3-õëîðî-2-N-äèáóòèëàì³íî-4-³ë-7-
í³òðîíàôòîõ³íîí(2â):

âèõ³ä 85%, Òïë.=180–1810Ñ, I×,  cì–1: 3445,
3355, 3256 (NÍ2, NH); 1670, 1660(Ñ=Î);
1630(Ñ=N); 1355(NÎ2). 1H ßÌÐ DMSO d6 (,
ì.÷.): 10,04 (5H, ñ, NH2, NH); 9,29 (1H, c, CHàðîì);
6,99 (1H, c, CHàðîì); 6,67 (1H, ñ, CH); 3,63 (4H,
ò, CH2); 1,93–1,86 (4H, ì, CH2); 1,44–1,35 (4H,

ì, CH2); 0,94 (6H, ò, CH3). C20H26ClN7O4. Ðîçðà-
õîâàíî, %: C 51,78, H 5,65, Cl 7,64, N 21,13.
Çíàéäåíî, %: C 51,79, H 5,66, Cl 7,65, N 21,11.

Çàãàëüíà ìåòîäèêà ñèíòåçó 2,7-äèõëîðî-6-
(2,5-äèìåòèë-1Í-ï³ðîë-1-³ë)-3-R-4-³ë-í³òðîíàô-
òîõ³íîí³â (4 a–â)

Äî ñóñïåíç³¿ (0,005 ìîëü) 2-N-çàì³ùåíîãî-
3,6-äèõëîðî-7-àì³íî-1,4-íàôòîõ³íîíó (3 à–â) â
30 ìë ñóì³ø³ òîëóåíó ç åòèëàöåòàòîì (5:1) äîäà-
ëè 0,57 ã (0,005 ìîëü) ãåïòàí-2,6-ä³îíó òà êàòàë³-
òè÷íó ê³ëüê³ñòü ï-òîëóåíñóëüôîêèñëîòè, âèòðè-
ìóâàëè ïðè 60–650Ñ ïðîòÿãîì 4–5 ãîä. Ðåàêö³é-
íó ñóì³ø îõîëîäèëè äî ê³ìíàòíî¿ òåìïåðàòóðè
òà ô³ëüòðóâàëè ÿñêðàâî-÷åðâîíèé îñàä, êðèñòà-
ë³çóâàëè ç òîëóåíó.

2,7-Äèõëîðî-6-(2,5-äèìåòèë-1Í-ï³ðîë-1-³ë)-
3-ìîðôîë³í-4-³ë-í³òðîíàôòîõ³íîí (4 a):

 âèõ³ä 85%, Òïë.=208–2100Ñ, I×,  cì–1: 1684,
1660(Ñ=Î). 1H ßÌÐ DMSO d6 (, ì.÷.): 8,47 (1H,
c, CHàðîì); 8,42 (1H, c, CHàðîì); 5,99 (2H, c, CH);
3,70–3,62 (8H, ì, CH2); 1,93 (6H, ñ, CH3).
C20H18Cl2N2O3. Ðîçðàõîâàíî, %: C 59,27, H 4,48,
Cl 17,50, N 6,91. Çíàéäåíî, %: C 59,25, H 4,50,
Cl 17,52, N 6,92.

2,7-Äèõëîðî-6-(2,5-äèìåòèë-1Í-ï³ðîë-1-³ë)-
3-ï³ðèäèí-4-³ë-í³òðîíàôòîõ³íîí (4 á):

âèõ³ä 84%, Òïë.=192–1960Ñ, I×,  cì–1: 1680,
1658(Ñ=Î). 1H ßÌÐ DMSO d6 (, ì.÷.): 8,45 (1H,
c, CHàðîì); 8,42 (1H, c, CHàðîì); 5,98 (2H, c, CH);
3,40–3,32 (4H, ì, CH2); 1,93 (6H, ñ, CH3); 1,59–
1,51 (6H, ì, CH2). C21H20Cl2N2O2. Ðîçðàõîâàíî,
%: C 62,54, H 5,00, Cl 17,58, N 6,95. Çíàéäåíî,
%: C 62,55, H 5,05, Cl 17,62, N 7,01.

2,7-Äèõëîðî-6-(2,5-äèìåòèë-1Í-ï³ðîë-1-³ë)-
3-äèáóòèëàì³íî-4-³ë-í³òðîíàôòîõ³íîí (4 â):

âèõ³ä 83%, Òïë.=178–1800Ñ, I×,  cì–1: 1678,
1662(Ñ=Î). 1H ßÌÐ DMSO d6 (, ì.÷.): 8,50 (1H,
c, CHàðîì); 8,42 (1H, c, CHàðîì); 5,98 (2H, c, CH);
3,63 (4H, ò, CH2); 1,94 (6H, ñ, CH3); 1,91–1,86
(4H, ì, CH2); 1,44–1,35 (4H, ì, CH2); 0,94 (6H,
ò, CH3). C24H28Cl2N2O2. Ðîçðàõîâàíî, %: C 64,43,
H 6,31, Cl 15,85, N 6,26. Çíàéäåíî, %: C 64,44,
H 6,33, Cl 15,88, N 6,30.

Çàãàëüíà ìåòîäèêà ñèíòåçó 7-õëîðî-8-R-2-
ò ³ î ê ñ î - 3 - ( p - ò î ë ³ ë à ì ³ í î ) - 1 , 2 , 3 , 4 -
òåòðàã³äðîáåíçî[g]õ³íîêñàë³í-6,9-ä³îí³â (6 à-â) òà
7-R-8-õëîðî-2-ò³îêñî-3-(p-òîë³ëàì³íî)-1,2,3,4-
òåòðàã³äðîáåíçî[g]õ³íîêñàë³í-6,9-ä³îí³â (6' à–â)

Äî ñóñïåíç³¿ (0,005 ìîëü) 2-N-çàì³ùåíîãî-
3-õëîðî-6,7-ä³àì³íî-1,4-íàôòîõ³íîíó (5 a–â) â
20 ìë DÌSÎ äîäàâàëè 1,96 ã (0,005 ìîëü) N,N’-
á³ñ(4-ìåòèëôåí³ë)äèò³îîêñàì³äó, âèòðèìóâàëè
ïðè 70–800Ñ ïðîòÿãîì 4 ãîä. Ðåàêö³éíó ñóì³ø
îõîëîäæóâàëè äî ê³ìíàòíî¿ òåìïåðàòóðè òà
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ô³ëüòðóâàëè òåìíî ÷åðâîíèé îñàä, êðèñòàë³çó-
âàëè ç òîëóåíó.

7(8)-Õëîðî-8(7)-ìîðôîë³íî-2-ò³îêñî-3-(p-
òîë³ëàì³íî)-1,2,3,4-òåòðàã³äðîáåíçî[g]õ³íîêñàë³í-
6,9-ä³îí (6 à, 6' à):

 âèõ³ä 68%, Òïë.=224–2260Ñ, I×,  cì–1: 3441,
3380 (NÍ2); 3322(NÍ); 1678–1549 (Ñ=Î). 1H ßÌÐ
DMSO d6 (, ì.÷.): 8,26 (3H, ñ, NH); 6,93 (1H, c,
CHàðîì); 6,78 (1H, c, CHàðîì); 4,81 (1H, c, CH);
3,70–3,62 (8H, ì, CH2); 2,64 (4H, ñ, CH2).
C17H17ClN4O3S. Ðîçðàõîâàíî, %: C 51,97, H 4,36,
Cl 9,02, N 14,26, S 8,17. Çíàéäåíî, %: C 51,99, H
4,35, Cl 9,01, N 14,23, S 8,20.

7(8)-Õëîðî-8(7)-ï³ðèäèíî-2-ò³îêñî-3-(p-òîë-
³ëàì³íî)-1,2,3,4-òåòðàã³äðîáåíçî[g]õ³íîêñàë³í-6,9-
ä³îí (6 á, 6' á):

 âèõ³ä 70%, Òïë.=214–2160Ñ, I×,  cì–1: 3445,
3372(NÍ2); 3322 (NÍ); 1685, 1545(Ñ=Î). 1H ßÌÐ
DMSO d6 (, ì.÷.): 8,27 (3H, ñ, NH); 6,91(1H, c,
CHàðîì); 6,78 (1H, c, CHàðîì); 4,81 (1H, c, CH);
3,40–3,32 (4H, ì, CH2); 2,63 (3H, ñ, CH3); 1,59–
1,51 (6H, ì, CH2). C18H19ClN4O2S. Ðîçðàõîâàíî,
%: C 55,37, H 4,90, Cl 9,07, N 14,33, S 8,20. Çíàé-
äåíî, %: C 55,32, H 4,92, Cl 9,05, N 14,35, S 8,21.

7(8)-Õëîðî-8(7)-äæèáóòèëàì³íî-2-ò³îêñî-3-
(p-òîë³ëàì³íî)-1,2,3,4-òåòðàã³äðîáåíçî[g]-
õ³íîêñàë³í-6,9-ä³îí (6 à, 6' à):

 âèõ³ä 65%, Òïë.=218–2200Ñ, I×,  cì–1: 3450,
3364 (NÍ2); 3325(NÍ); 1683, 1550(Ñ=Î). 1H ßÌÐ
DMSO d6 (, ì.÷.): 8,26 (3H, ñ, NH); 6,96 (1H, c,
CHàðîì); 6,78 (1H, c, CHàðîì); 4,81 (1H, c, CH);
3,63 (4H, ò, CH2); 2,65 (3H, ñ, CH3); 1,93–1,86
(4H, ì, CH2); 0,94 (6H, ò, CH3). C21H27ClN4O2S.
Ðîçðàõîâàíî, %: C 57,99, H 6,26, Cl 8,15, N 12,88,
S 7,36. Çíàéäåíî, %: C 58,01, H 6,30, Cl 8,21, N
12,92, S 7,40.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Äî öüîãî ÷àñó ñèíòåçè ãåòåðîöèêë³â íà îñ-
íîâ³ 1,4-íàôòîõ³íîíó âèêîíóâàëèñü ç³ ñòîðîíè
áåíçîëüíîãî öèêëó [5–7]. Ââåäåííÿ NÍ2-ãðóïè
â 7- ÷è 6- ïîëîæåííÿ íàôòîõ³íîíó äàëî ìîæ-
ëèâ³ñòü ñèíòåçó ð³çíîìàí³òíèõ ãåòåðîöèêë³â ç³
ñòîðîíè áåíçîëüíîãî öèêëó [8]. Ñèíòåçîâàíî
³ì³äàçîëüí³ ñèñòåìè íà îñíîâ³ ïîõ³äíèõ 6,7-çàì³-
ùåíîãî 1,4-íàôòîõ³íîíó êîíäåíñîâàí³ ç íàôòî-
õ³íî¿äíèì öèêëîì ³ ïîõ³äí³, â ÿêèõ ãåòåðîöèê-
ë³÷íà ñêëàäîâà ââåäåíà â õ³íî¿äíó ìîëåêóëó îê-
ðåìèì ôðàãìåíòîì ç ìåòîþ ðîçøèðèòè ñïåêòð
á³îëîã³÷íî àêòèâíèõ ñïîëóê òà ïîñèëèòè ¿õ ä³þ
çà ðàõóíîê ïîºäíàííÿ â ìîëåêóë³ ³ì³äàçîëüíîãî
òà íàôòîõ³íî¿äíîãî ôðàãìåíòó.

Ñèíòåç 6[(5-àì³íî-2,3-äèã³äðî-1Í-1,2,4-òðè-
àçîë-3-³ë)-àì³íî]-3-õëîðî-2-N-çàì³ùåíèõ-4-³ë-7-
í³òðîíàôòîõ³íîí³â

Âçàºìîä³ºþ 2-N-çàì³ùåíîãî-3,6-äèõëîðî-7-
àì³íî-1,4-íàôòîõ³íîíó (1) ç äèö³àíä³àì³äîì áóëî
îòðèìàíî ðÿä 6[(5-àì³íî-2,3-äèã³äðî-1Í-1,2,4-
òðèàçîë-3-³ë)-àì³íî]-3-õëîðî-2-çàì³ùåíèõ-4-³ë-
7-í³òðîíàôòîõ³íîí³â (2 à–â). Éìîâ³ðíî, ôîðìó-
âàííÿ òðèàçîëüíîãî öèêëó ñïîëóê (2 à-â) â³äáó-
âàºòüñÿ ÷åðåç ïðîì³æíèé 2-ö³àíîã³äðàçíèí-1-
êàðáîêñ³ì³äàì³ä (ñõåìà 1).

O2N

Cl

R

Cl

O

O

O2N

HN

R

Cl

O

O

HN

H

N

HN
N

O2N

HN

R

Cl

O

O

HN

H

N

N
H2N

R= N O (a); N (б); N (в).

1(а-в)

2(а-в)

NC NH NH

NH

NH2

Ñõåìà 1

Ïðè àíàë³ç³ ²× ñïåêòð³â îäåðæàíèõ ñïîëóê
(2 à–â) ñïîñòåð³ãàþòüñÿ ñìóãè ïîãëèíàííÿ NÍ2

òà NH ãðóï òðèàçîëüíîãî öèêëó â ä³àïàçîí³ 3537–
3350 ñì–1, êð³ì öüîãî â ä³àïàçîí³ 1674–1656 ñì–1

ñìóãè ïîãëèíàííÿ, âëàñòèâ³ äëÿ ï-õ³íî¿äíèõ Ñ=Î
ãðóï, íà ä³ëÿíö³ 1640–1627 ñì–1 – ï³êè, õàðàê-
òåðí³ äëÿ Ñ=N ãðóï òðèàçîëüíîãî öèêëó. Ñìóãà
ïðè 1350 ñì–1 â³äïîâ³äàº NÎ2 ãðóï³.

Ñèíòåç 2,7-äèõëîðî-6-(2,5-äèìåòèë-1Í-
ï³ðîë-1-³ë)-3-R-4-³ë-í³òðîíàôòîõ³íîí³â

Âçàºìîä³ºþ 2-çàì³ùåíèõ-3,6-äèõëîðî-7-
àì³íî-1,4-íàôòîõ³íîí³â (3 à–â) ç ãåïòàí-2,6-ä³î-
íîì â ñóì³ø³ òîëóåíó ç åòèëàöåòàòîì, â ïðèñóò-
íîñò³ ï-òîëóåíñóëüôîêèñëîòè îäåðæàíî 2,7-äèõ-
ëîðî-6-(2,5-äèìåòèë-1Í-ï³ðîë-1-³ë)-3-R-4-³ë-
í³òðîíàôòîõ³íîíè (4 à–â) (ñõåìà 2).
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H2N

Cl

R

Cl

O

O

N

Cl

R

Cl

O

O

R= N O (a); N (б); N (в).

3(а-в)

CH3

CH3

4(а-в)

CH3COCH2COCH3

Ñõåìà 2

Ó ñïåêòð³ 1Í ßÌÐ ñïîëóê (4 à–â) ïðèñóòí³
ñèíãëåòè ïðîòîí³â ïðè 8,47 ³ 8,42 ì.÷., ùî õà-
ðàêòåðí³ äëÿ ïðîòîí³â áåíçåíîâîãî ôðàãìåíòó, à
òàêîæ ñèãíàëè ïðè 5,98 ì.÷., ÿê³ â³äïîâ³äàþòü
ïðîòîíàì ï³ðàíîâîãî öèêëó. Ïðè 1,94 ì.÷. ñïî-
ñòåð³ãàºòüñÿ ñèãíàë ïðîòîí³â îáîõ ÑÍ3-ãðóï ï³ðà-
íîâîãî öèêëó.

Ñèíòåç 7(8)-õëîðî-8(7)-R-2-ò³îêñî-3-(p-òî-
ë³ëàì³íî)-1,2,3,4-òåòðàã³äðîáåíçî[g]õ³íîêñàë³í-6,9-
ä³îí³â

Âçàºìîä³ºþ ä³àì³í³â (5 à–â) ç N,N’-á³ñ(4-
ìåòèëôåí³ë)äèò³îîêñàì³äîì çà âäîñêîíàëåíîþ
ìåòîäèêîþ â DMSÎ ïðè 70–800Ñ ç âèñîêèìè âè-
õîäàìè (70–80%) áóëî îäåðæàíî õ³íîêñàë³íò³îíîâ³
ïîõ³äí³ çàì³ùåíîãî 1,4-íàôòîõ³íîíó (ñõåìà 3).

H2N

H2N

R

Cl

O

O

O

O

R= N O (a); N (б); N (в).

5(а-в)

6(а-в), 6'(а-в)

NH

NH

S

HN

S NH

NHS

+

R

Cl

CH3

CH3

H3C

Ñõåìà 3

Ó ñïåêòðàõ 1Í ßÌÐ ñèíòåçîâàíèõ ñïîëóê
ñïîñòåð³ãàºòüñÿ ïîäâîºííÿ ñèãíàë³â ÑÍ-ïðîòîí³â
íàôòîõ³íî¿äíîãî ôðàãìåíòó òà ñèãíàë³â ïðîòîí³â
àðèëüíîãî ôðàãìåíòó, ùî ñâ³ä÷èòü ïðî óòâîðåí-
íÿ äâîõ ðåã³î³çîìåðíèõ ïðîäóêò³â: 7-õëîðî-8-R-
2-ò³îêñî-3-(p-òîë³ëàì³íî)-1,2,3,4-òåòðàã³äðîáåí-
çî[g]õ³íîêñàë³í-6,9-ä³îí³â (6 à–â) òà 7-R-8-õëî-
ðî-2-ò³îêñî-3-(p-òîë³ëàì³íî)-1,2,3,4-òåòðà-
ã³äðîáåíçî[g]õ³íîêñàë³í-6,9-ä³îí³â (6' à–â).

Â ²× ñïåêòð³ äàíèõ ñïîëóê ñïîñòåð³ãàºòüñÿ
³íòåíñèâíà ñìóãà ïîãëèíàííÿ â ä³àïàçîí³ 1678–
1548 ñì–1, ÿêà õàðàêòåðíà äëÿ ï-õ³íî¿äíèõ Ñ=Î
ãðóï, à òàêîæ íà ä³ëÿíö³ 3280 ñì–1, ùî â³äïîâ³-
äàº -NÍ-ãðóïàì. Ó ñïåêòð³ 1Í ßÌÐ ñïîëóê
(6 à–â), (6' à–â) ïðèñóòí³ ñèãíàëè ïðîòîíà ïðè
10,03 ì.÷., õàðàêòåðí³ äëÿ ïðîòîíà NÍ, òà ïðè
9,25–6,99 ì.÷. – ñèãíàë, õàðàêòåðíèé äëÿ äâîõ
ïðîòîí³â ÑÍ áåíçåíîâîãî öèêëó.

Äëÿ ñèíòåçîâàíèõ ðå÷îâèí áóëî çä³éñíåíî
â³ðòóàëüíèé á³îëîã³÷íèé ñêðèí³íã çà äîïîìîãîþ
ïðîãðàìè PASS Înline [9]. Àíàë³ç îòðèìàíèõ
äàíèõ ïîêàçàâ, ùî äëÿ á³ëüøîñò³ ñèíòåçîâàíèõ
ñïîëóê ïðîãíîçóºòüñÿ âèñîêà àíòèáàêòåð³àëüíà,
ïðîòèâ³ðóñíà, ñåäàòèâíà, ôóíã³öèäíà, ïðîòèä³-
àáåòè÷íà, ïðoòèâèðàçêîâà, ïðîòèðàêîâà, ïðîòè-
àñìàòè÷íà, àíòèïàðê³íñîíàëüía, ³ìóíîñòèìóëþ-
þ÷à, íåéðîïðîòåêòîðíà, ãåïàòîïðîòåêòîðíà, ïðî-
òèàðòðèòíà àêòèâíîñò³. Äëÿ ðå÷îâèí, â³ä³áðàíèõ
çà ïðîãðàìîþ PASS ç âèñîêîþ ïðîãíîçîâàíîþ
àêòèâí³ñòþ, çä³éñíåíî åêñïåðèìåíòàëüí³ äîñë³-
äæåííÿ àíòèì³êðîáíî¿ ä³¿.

Àíòèì³êðîáíó òà ïðîòèãðèáêîâó àêòèâí³ñòü
âèâ÷àëè ìåòîäîì ëóíîê, âèêîðèñòîâóþ÷è íà-
ñòóïí³ øòàìè ì³êðîîðãàí³çì³â: ãðàìïîçèòèâí³
(Staphylococcus aureus), ãðàìíåãàòèâí³ (Escherichia
coli) áàêòåð³¿ òà äð³æäæîâ³ ãðèáè (Ñandida tenuis).
Áàêòåð³àëüíó ñóñïåíç³þ â ê³ëüêîñò³ 0,1 ìë ð³âíî-
ì³ðíî ðîçïîä³ëÿëè ïî ïîâåðõí³ ì’ÿñî-ïåïòîííîãî
àãàðó â ÷àøêàõ Ïåòð³ [10]. ×àøêè ï³äñóøóâàëè
ïðè ê³ìíàòí³é òåìïåðàòóð³ ïðîòÿãîì 20–30 õâ,
ï³ñëÿ ÷îãî ðîáèëè ëóíêè, ó ÿê³ âíîñèëè ðîç÷èí
äîñë³äæóâàíî¿ ðå÷îâèíè â³äïîâ³äíî¿ êîíöåíòðàö³¿
(20 ìêë ðîáî÷îãî ðîç÷èíó íà ëóíêó). ×àøêè âèò-
ðèìóâàëè ïðè òåìïåðàòóð³ 10–150Ñ äëÿ äèôóç³¿
ðå÷îâèíè â ñåðåäîâèùå, à ïîò³ì ïîì³ùàëè â òåð-
ìîñòàò ïðè 370Ñ. ßê êîíòðîëü âèêîðèñòîâóâàëè
ñòàíäàðòè 2,3-äèõëîð-1,4-íàôòîõ³íîíó (ÄÕÍÕ)
òà îêñàöèë³í. ×åðåç 18–20 ãîä âèêîíóâàëè âèì³-
ðþâàííÿ çîí ïðèãí³÷åííÿ ðîñòó íàâêîëî ëóíîê.
Ôóíã³ñòàòè÷íó ä³þ äîñë³äæóâàíèõ ïðåïàðàò³â
ñïîñòåð³ãàëè ó êîíöåíòðàö³ÿõ 0,01% ïðîòÿãîì
ïåðøèõ 48 ãîä. Ï³ñëÿ 6 ä³á ³íêóáàö³¿ ðîçâèòîê
òåñò-ì³êðîôëîðè ñïîñòåð³ãàâñÿ ó âñ³õ âèïàäêàõ.

Àíòèáàêòåð³àëüíó òà ïðîòèãðèáêîâó àêòèâ-
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íîñò³ îö³íþâàëè çà âåëè÷èíîþ ä³àìåòðà çîí çàò-
ðèìêè ðîcòó ì³êðîîãðàí³çì³â.

Ó ðåçóëüòàò³ çä³éñíåíîãî ñêðèí³íãó áóëî
âñòàíîâëåíî, ùî ÷àñòèíà ñïîëóê ïðîÿâèëà ïî-
ì³ðíî âèðàæåíó àíòèáàêòåð³àëüíó àêòèâí³ñòü.
Ïðîòå áóëè â³äçíà÷åí³ ðå÷îâèíè ç ÿñêðàâî âèðà-
æåíîþ àêòèâí³ñòþ, ïðî ùî ñâ³ä÷àòü äàí³ (òàáë. 1).

Òàáëèöÿ 1
Àíòèì³êðîáíà àêòèâí³ñòü ñèíòåçîâàíèõ ðå÷îâèí

Діаметр зон 

затримки росту 

культур, мм 

Діаметр зон 

затримки росту 

культур, мм 

№ 

речовини 

E. coli St. aureus 

№ 

речовини 

E. coli St. aureus 

Контроль 15(0) 18(24) 2а 13–15 15–16 

2б 13–14 16–17 2в 13–14 15–16 

4a 20–23 28–29 4б 20–22 25–27 

4в 19–21 25–26 6а 23–25 25–26 

6б 22–23 28–30 6в 22–24 27–29 

 

ßê åòàëîíè ïîð³âíÿííÿ áóëè âçÿò³ ÄÕÍÕ
òà îêñàöèë³í, äëÿ ÿêèõ ä³àìåòðè çîí çàòðèìêè
ðîñòó ñòàíîâëÿòü äëÿ St. aureus – 18 òà 24 ìì,
E. coli – 15 òà 0 ìì, â³äïîâ³äíî.

St. aureus º âèñîêî÷óòëèâèì äî äîñë³äæóâà-
íî¿ êîíöåíòðàö³¿ ñïîëóê (4 a–â), (6 a–â) òà (9 à–
â), ïîð³âíÿíî ç îêñàöèë³íîì òà ÄÕÍÕ, ÿê³ â ñâîþ
÷åðãó ïðîÿâëÿþòü âèá³ðêîâó ä³þ íà ãðàìïîçè-
òèâí³ áàêòåð³¿. Á³ëüø³ñòü äîñë³äæåíèõ ñïîëóê çà
àíòèì³êðîáíîþ ä³ºþ íà ãðàìïîçèòèâí³ ì³êðîîð-
ãàí³çìè ïðîÿâèëè âèùó àêòèâí³ñòü í³æ ÄÕÍÕ
òà îêñàöèë³í. E. coli âèÿâèëàñÿ ÷óòëèâîþ äî ñïî-
ëóê (2 a–â), (4 a–â), (6 a–â), (8 a–â) òà (9 à–â),
òîä³ ÿê îêñàöèë³í íå ïðîÿâëÿº àíòèì³êðîáíó
àêòèâí³ñòü ñòîñîâíî öüîãî øòàìó. Ñïîëóêè
(6 a–â) òà (9 à–â), ìàþòü âèù³ ïîêàçíèêè, í³æ
ÄÕÍÕ ïî ä³¿ íà ãðàìíåãàòèâí³ áàêòåð³¿.

Âèõîäÿ÷è ç äàíèõ òàáë. 1, ìîæíà âèâåñòè
íàñòóïíó çàëåæí³ñòü ì³æ áóäîâîþ òà àíòèì³êðîá-
íîþ ä³ºþ äîñë³äæåíèõ ñïîëóê:

– ââåäåííÿ â ìîëåêóëó 1,4-íàôòîõ³íîíó
äîäàòêîâîãî àì³íîòðèàçîëüíîãî çàì³ñíèêà ó ïî-
ëîæåíí³ 6 çìåíøóº ä³þ ÿê íà ãðàìïîçèòèâí³, òàê
³ íà ãðàìíåãàòèâí³ áàêòåð³¿;

– íàÿâí³ñòü ï³ðîëüíîãî öèêëó ó ïîëîæåíí³
7 1,4-íàôòîõ³íîíó ï³äâèùóº àêòèâí³ñòü ïðîòè
ãðàìïîçèòèâíèõ ³ ãðàìíåãàòèâíèõ ì³êðîîðãà-
í³çì³â;

– íàÿâí³ñòü ò³îîêñîàì³äíîãî öèêëó ó ïîëî-
æåíí³ 7 1,4-íàôòîõ³íîíó ñóòòºâî ï³äâèùóº àê-
òèâí³ñòü ïðîòè ãðàìïîçèòèâíèõ ³ ãðàìíåãàòèâ-

íèõ ì³êðîîðãàí³çì³â.
Ôóíã³öèäíó ä³þ äîñë³äæóâàíèõ ïðåïàðàò³â

ñïîñòåð³ãàëè ó êîíöåíòðàö³ÿõ 0,01% ïðîòÿãîì
ïåðøèõ 48 ãîä. Ï³ñëÿ 6 ä³á ³íêóáàö³¿ ðîçâèòîê
òåñò-ì³êðîôëîðè ñïîñòåð³ãàâñÿ ó âñ³õ âàð³àíòàõ.

Äàí³ äîñë³äæåíü ôóíã³öèäíî¿ àêòèâíîñò³
ñèíòåçîâàíèõ ñïîëóê íàâåäåí³ ó òàáë. 2.

Òàáëèöÿ 2
Ôóíã³öèäíà àêòèâí³ñòü ñèíòåçîâàíèõ ðå÷îâèí

Діаметр зон 

затр. росту 

культур, мм 

Діаметр зон 

затр. росту 

культур, мм 

№ 

сполуки 

C. tenuis 

№ 

сполуки 

C. tenuis 

контроль 21–23 2а 25–26 

2б 26–27 2в 27–30 

4a 22–24 4б 24–25 

4в 23–24 6а 28–29 

6б 28–30 6в 27–29 

 
Ó ðåçóëüòàò³ çä³éñíåíèõ äîñë³äæåíü áóëî

âñòàíîâëåíî, ùî äåÿê³ ç ñèíòåçîâàíèõ ñïîëóê
ïðîÿâëÿþòü ôóíã³öèäíó àêòèâí³ñòü âèùó çà
ÄÕÍÕ.

Îòæå, çä³éñíåí³ äîñë³äæåííÿ äîçâîëèëè âè-
ÿâèòè íèçêó ïîõ³äíèõ ç³ çíà÷íîþ àêòèâí³ñòþ çà
â³äíîøåííÿì äî øòàì³â St. Aureus, E. Coli òà
C. tenuis. Öå ìîæå áóòè åêñïåðèìåíòàëüíèì îá-
´ðóíòóâàííÿì äëÿ ïîäàëüøîãî ïîøóêó õ³ì³î-
òåðàïåâòè÷íèõ çacoáiâ ó äàíèõ ðÿäàõ ñïîëóê.

Âèñíîâêè

Ó ðåçóëüòàò³ çä³éñíåíèõ äîñë³äæåíü íàìè
áóëî ñèíòåçîâàíî íèçêó íîâèõ 5-òè, 6-òè òà
7-÷ëåííèõ í³òðîãåíîâì³ñíèõ ãåòåðîöèêë³â çàì³-
ùåíîãî 1,4-íàôòîõ³íîíó, ÿê êîíäåíñîâàíèõ ç
íàôòîõ³íî¿äíèì öèêëîì, òàê ³ ïîõ³äíèõ â ÿêèõ
ãåòåðîöèêë³÷íà ñêëàäîâà ââåäåíà â õ³íî¿äíó ìî-
ëåêóëó îêðåìèì ôðàãìåíòîì.

Çä³éñíåí³ äîñë³äæåííÿ àíòèì³êðîáíî¿ òà
ôóíã³öèäíî¿ àêòèâíîñò³ äîçâîëèëè âèÿâèòè íèçêó
çàì³ñíèê³â äëÿ ïîõ³äíèõ 1,4-íàôòîõ³íîíó, ÿê³
ïåâíèì ÷èíîì âïëèâàþòü íà àêòèâí³ñòü â³äïî-
â³äíèõ ñïîëóê çà â³äíîøåííÿì äî øòàì³â
Staphylococcus aureus, Escherichia coli òà Ñandida
tenuis. Öå ñëóãóº ï³äãðóíòÿì äëÿ ïîäàëüøîãî ïî-
øóêó àíòèáàêòåð³àëüíèõ ³ ïðîòèãðèáêîâèõ
õ³ì³îòåðàïåâòè÷íèõ çacoáiâ ó ðÿäàõ ñèíòåçîâà-
íèõ ñïîëóê.
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SYNTHESIS OF CONDENSED NITROGEN-CONTAINING
HETEROCYCLES OF SUBSTITUTED 1,4-
NAPHTHOQUINONE

I.R. Buchkevych, M.S. Kurka, V.G. Chervetsova, A.S. Krvavych,
N.Ya. Monka, V.I. Lubenets, V.P. Novikov *

Lviv Polytechnic National University, Lviv, Ukraine
* e-mail: volodymyr.p.novikov@lpnu.ua

The paper reports the synthesis of imidazole systems based on
derivatives of 6,7-substituted 1,4-naphthoquinone, both those
condensed with the naphthoquinonic cycle and the derivatives in
which the heterocyclic component was introduced into the quinoid
molecule as a separate fragment. The work was done in order to
extend the spectrum of the biology action of the synthesized compounds
due to the combination of imidazole and naphthoquinoid fragment
in a single molecule. A series of 6[(5-amino-2,3-dihydro-1H-1,2,4-
tr iazo l -3-yl )-amino ]-3-ch l o ro-2- subs t i t u t ed-4-y l- 7-
nitronaptoquinones, 2,7-dichloro-6-(2,5-dimethyl-1H-pyrrol-1-yl)-
3-R-4-yl-nitronaptoquinones and thioxoquinoxalinic derivatives of
substituted 1,4-naphthoquinone was synthesized. The conducted
studies of antimicrobial and fungicidal activities showed that the
introduction of an additional aminotriazole substituent at the position
6 into the molecule of 1,4-naphthoquinone reduces the effect on
both gram-positive and gram-negative bacteria. The presence of a
pyrrole cycle at the position 7 of 1,4-naphthoquinone increases the
activity against gram-positive and gram-negative bacteria. The
presence of a thioxoamide cycle at the position 7 of 1,4-
naphthoquinone significantly increases the activity against gram-
positive and gram-negative microorganisms. Thus, the obtained results
may be used for further development of effective antibacterial and
antifungal chemotherapeutic remedies.

Keywords: 1,4-naphthoquinone; heterocycles; imidazole;
antibacterial activity; antifungal activity.
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