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Â ðîáîò³ íàâåäåíî ñèíòåç ³ äîñë³äæåííÿ ãîñòðî¿ òîêñè÷íîñò³ íîâèõ ã³áðèä³â 1,3,4-

îêñàä³àçîë-2-ò³îíó ç àêðèäèí-9(10H)-îíîì. Çà äîïîìîãîþ ðåàêö³¿ ãåòåðîöèêë³çàö³¿

â³äïîâ³äíèõ 2-(2R-9-îêñîàêðèäèí-10(9H)-³ë)àöåòîã³äðàçèä³â ï³ä ä³ºþ êàðáîí äè-

ñóëüô³äó áóëî ñèíòåçîâàíî ñèñòåìó ç ³çîëüîâàíèìè ãåòåðîöèêëàìè, ùî ïîºäíàíà

ìåòèëåíîâèì çâ’ÿçêîì. Îäåðæàí³ ò³îíè áóëè ï³ääàí³ àëê³ëóâàííþ ç àòîìà Ñóëüôóðó

ç îäåðæàííÿì ð³çíîìàí³òíèõ S-ïîõ³äíèõ 10-((5-ìåðêàïòî-1,3,4-îêñàä³àçîë-2-³ë)ìå-

òèë)-2R-àêðèäèí-9(10H)-îí³â. Ñòðóêòóðà ñèíòåçîâàíèõ ñïîëóê ï³äòâåðäæåíà çà

äîïîìîãîþ åëåìåíòíîãî àíàë³çó, õðîìàòî-ìàñ-ñïåêòðîìåòð³¿, ²×- òà 1H-ñïåêòðî-

ñêîï³¿. Ãîñòðó òîêñè÷í³ñòü S-ïîõ³äíèõ 10-((5-ìåðêàïòî-1,3,4-îêñàä³àçîë-2-³ë)ìåòèë)-

2R-àêðèäèí-9(10H)-îí³â áóëî âèâ÷åíî ïîçàåêñïåðèìåíòàëüíèì ìåòîäîì çà äîïî-

ìîãîþ QSAR-àíàë³çó ç âèêîðèñòàííÿì ðåãðåñ³éíèõ ìîäåëåé êîìï’þòåðíèõ ïðî-

ãðàì PaDEL-Descriptor ³ BuildQSAR, à òàêîæ åêñïåðèìåíòàëüíèì øëÿõîì íà ññàâ-

öÿõ (ùóðàõ). Âñòàíîâëåíî, ùî ñïîëóêè öüîãî êëàñó º ìàëîòîêñè÷íèìè, ïðè÷îìó

ïîêàçíèêè òîêñè÷íîñò³ çìåíøóþòüñÿ ³ç ââåäåííÿì ìåòèëüíîãî çàì³ñíèêà â äðóãå

ïîëîæåííÿ ãåòåðîöèêë³÷íîãî ê³ëüöÿ àêðèäèí-9(10Í)-îíà, à òàêîæ ó ðåçóëüòàò³ îäåð-

æàííÿ â³äïîâ³äíèõ àì³ä³â àöåòàòíèõ êèñëîò. Ñë³ä çàçíà÷èòè, ùî ð³çíèöÿ ì³æ ïîêàç-

íèêàìè ãîñòðî¿ òîêñè÷íîñò³, îäåðæàíèõ ÿê ïîçàåêñïåðèìåíòàëüíèì, òàê ³ åêñïåðè-

ìåíòàëüíèìè ìåòîäàìè, º íåçíà÷íîþ, ùî íàäàº ïåðñïåêòèâè âèêîðèñòàííÿ êîì-

ï’þòåðíîãî ïðîãíîçóâàííÿ ó ïîäàëüøèõ äîñë³äæåííÿõ òà äèçàéí³ íîâèõ á³îàêòèâ-

íèõ ñïîëóê.

Êëþ÷îâ³ ñëîâà: àêðèäèí-9(10H)-îí, 1,3,4-îêñàä³àçîë, 1,3,4-îêñàä³àçîë-2-ò³îí, ãîñ-

òðà òîêñè÷í³ñòü, QSAR-àíàë³ç.

Âñòóï
Îäí³ºþ ç âàæëèâèõ ïðîáëåì ìåäè÷íî¿ òà

îðãàí³÷íî¿ õ³ì³¿ º ñòâîðåííÿ íîâèõ ³ áåçïå÷íèõ
á³îëîã³÷íî àêòèâíèõ ñóáñòàíö³é. Îá´ðóíòóâàííÿ
ïîøóêó îáóìîâëþºòüñÿ òàêîæ íàÿâí³ñòþ â äåÿ-
êèõ âèïàäêàõ â ³ñíóþ÷èõ ïðåïàðàòàõ íåáàæàíèõ
ïîá³÷íèõ åôåêò³â òà âèñîêîþ òîêñè÷í³ñòþ.

Ðåòåëüíèé â³äá³ð ïîòåíö³éíî ïåðñïåêòèâ-
íèõ ñïîëóê íà ðàíí³õ ñòàä³ÿõ äîñë³äæåííÿ, ìîæ-
ëèâ³ñòü øâèäêî ïðîòåñòóâàòè ãðóïó ñïîëóê íà
ïðåäìåò ¿õ àêòèâíîñò³ òà òîêñè÷íèõ âëàñòèâî-
ñòåé çä³éñíþºòüñÿ íà îñíîâ³ âèÿâëåíèõ çàêîíî-
ì³ðíîñòåé «ñòðóêòóðà – àêòèâí³ñòü – òîê-
ñè÷í³ñòü». Ìîäåë³ QSAR º òåîðåòè÷íîþ ïëàò-
ôîðìîþ ðàö³îíàëüíîãî äèçàéíó ìîëåêóë ñïðÿ-
ìîâàíî¿ á³îëîã³÷íî¿ ä³¿ òà ìîæóòü ñïðÿìóâàòè äîñ-

ë³äæåííÿ çà íîâèìè íàïðÿìàìè. Äëÿ ðîçêðèòòÿ
çàêîíîì³ðíîñòåé SAR/QSAR âåëèêå çíà÷åííÿ
ìàº ôîðìóâàííÿ áàçè äàíèõ, ÿêà º íîâîþ òà íå-
îáõ³äíîþ ëàíêîþ ó âèð³øåíí³ ïðîáëåìè ïðîãíî-
çóâàííÿ àêòèâíîñò³ òà òîêñè÷íîñò³ õ³ì³÷íèõ ñïî-
ëóê.

Ïóáë³êàö³¿ îñòàíí³õ ðîê³â [1] ñâ³ä÷àòü ïðî
ïåðñïåêòèâí³ñòü ïîøóêó á³îëîã³÷íî àêòèâíèõ
ðå÷îâèí â ðÿäó N-ïîõ³äíèõ àêðèäèí-9(10Í)-îíó
ç àíòèáàêòåð³àëüíîþ [2], ïðîòèâ³ðóñíîþ [3] òà
ôóíã³öèäíîþ [4] àêòèâí³ñòþ. Ôàðìàêîëîã³÷íèé
àñïåêò ïîä³áíîãî ðîäó ãåòåðîöèêë³÷íèõ ñèñòåì
ñòàíîâèòü ïåâíèé ³íòåðåñ, îñê³ëüêè -åëåêòðî-
íîäåô³öèòí³ ãåòåðîöèêëè, â òîìó ÷èñë³ ³ àêðè-
äèí-9(10Í)-îí, ìàþòü ñâîºð³äíó ìóòàãåííó ä³þ
íà ÄÍÊ, ùî çóìîâëþº ïîøóê ó öîé íèçö³ ïðî-
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òèïóõëèííèõ ïðåïàðàò³â íîâîãî òèïó [5].
Ó ë³òåðàòóð³ º íåäîñòàòíüî ³íôîðìàö³¿ ïðî

ñèíòåç ñïîëóê â ðÿäàõ ïîõ³äíèõ 10-ìåòèëàêðè-
äèí-9(10Í)-îí³â, ùî ì³ñòÿòü ï’ÿòè÷ëåííèé àçî-
òîâì³ñíèé ãåòåðîöèêë³÷íèé ôðàãìåíò, â òîé æå
÷àñ º äîñòàòíÿ ê³ëüê³ñòü ïðèêëàä³â [1,6], ùî äå-
ìîíñòðóþòü ñèíòåòè÷íèé ³ á³îëîã³÷íèé ïîòåíö³-
àë äëÿ ñïîëóê ïîä³áíîãî ðîäó.

Àêòóàëüí³ñòü äîñë³äæåííÿ âçàºìîçâ’ÿçêó
«ñòðóêòóðà – ãîñòðà òîêñè÷í³ñòü» ó ðÿäàõ íîâî-
ñèíòåçîâàíèõ ïîõ³äíèõ 1,3,4-îêñàä³àçîë-2-ò³îíó
ç àêðèäèí-9(10H)-îíîì îáóìîâëåíà ñèíòåçîì
ïîòåíö³éíèõ íèçüêîìîëåêóëÿðíèõ ³íäóêòîð³â
³íòåðôåðîíó òà ïðîòèïóõëèííèõ àãåíò³â, ïîøó-
êîì ìîëåêóëÿðíèõ äåñêðèïòîð³â ¿õ ñòðóêòóðè,
âàæëèâèõ äëÿ âñòàíîâëåííÿ çàêîíîì³ðíîñòåé
«ñòðóêòóðà – ãîñòðà òîêñè÷í³ñòü», ÿê ñèñòåìè
îö³íþâàííÿ á³îëîã³÷íèõ åôåêò³â ñïîëóê. Òîìó
ñòðàòåã³÷íî òà åêîíîì³÷íî îá´ðóíòîâàíèì º
ïåðøî÷åðãîâå çä³éñíåííÿ äîñë³äæåííÿ ñàìå
ãîñòðî¿ òîêñè÷íîñò³ ñèíòåçîâàíèõ ñïîëóê.

Åêñïåðèìåíòàëüíà ÷àñòèíà
Çàãàëüí³ ïîëîæåííÿ
Âèõ³äí³ ðåàãåíòè äëÿ ñèíòåçó áóëè çàêóï-

ëåí³ ó Sigma- Aldrich (Merck). Òî÷êè ïëàâëåííÿ
âèçíà÷àëè ìåòîäîì ïëàâëåííÿ ó êàï³ëÿð³. Åëå-
ìåíòíèé ñêëàä íîâèõ ñïîëóê âñòàíîâëåíî íà
åëåìåíòíîìó àíàë³çàòîð³ ELEMENTAR vario EL
cube (ñòàíäàðò – ñóëüôàí³ëàì³ä). ²×-ñïåêòðè
çí³ìàëèñü íà ñïåêòðîôîòîìåòð³ Bruker Alpha íà
ä³ëÿíö³ 7500–400 ñì–1 ³ç âèêîðèñòàííÿì ïðèñòàâ-
êè ATR (ïðÿìå ââåäåííÿ ðå÷îâèíè). Ñïåêòðè
1Í çàïèñàíî íà ïðèëàä³ «Bruker AC-400» (400 ÌÃö)
ó ÄÌÑÎ-d6, âíóòð³øí³é ñòàíäàðò – ÒÌÑ. Õðî-
ìàòî-ìàñ-ñïåêòðè çíÿòî íà âèñîêîåôåêòèâíîìó-
ð³äèííîìó õðîìàòîãðàô³÷íîìó ìîäóë³ ïðèëàäó
Agilent 1260 Infinity HPLC System òà ä³îäíî-ìàò-
ðè÷íèìó äåòåêòîðó ç ïðîòîííîþ ³îí³çàö³ºþ.

Ô³çèêî-õ³ì³÷í³ õàðàêòåðèñòèêè 10-((5-ìåð-
êàïòî-1,3,4-îêñàä³àçîë-2-³ë)ìåòèë)-2R-àêðèäèí-
9(10H)-îí³â òà S-ïîõ³äíèõ

Çàãàëüíà ìåòîäèêà îäåðæàííÿ êàë³é 5-((2R-
9-îêñîàêðèäèí-10(9H)-³ë)ìåòèë)-1,3,4-îêñàä³àçîë-
2-ò³îëàò³â II, IIa

Äî 0,01 ìîëü ã³äðàçèäó I,Ià ³ 2,41 ìë (0,04 ìîëü)
êàðáîí äèñóëüô³äó äîäàºìî 0,56 ã (0,01 ìîëü)
êàë³é ã³äðîêñèäó â 30 ìë åòàíîëó. Îäåðæàíó ñóñ-
ïåíç³þ íàãð³âàºìî âïðîäîâæ 24 ãîä íà ìàãí³òí³é
ì³øàëö³ ç³ çâîðîòíèì õîëîäèëüíèêîì äî òåìíî-
ïîìàðàí÷åâîãî çàáàðâëåííÿ. Çàëèøàºìî äëÿ êðè-
ñòàë³çàö³¿ íà 10 ãîä ³ îäåðæàí³ êðèñòàëè ñóøèìî
íà ïîâ³òð³.

Êàë³é 5-((9-îêñîàêðèäèí-10(9H)-³ë)ìåòèë)-
1,3,4-îêñàä³àçîë-2-ò³îëàò (II, KP-0134)

Âèõ³ä 3,13 ã (90%), ïîðîøîê æîâòîãî êîëüî-
ðó, Òïë. 238–2400Ñ (MeOH). ²×-ñïåêòð, , ñì–1:
1352; 1590; 3211. Ìàñ-ñïåêòð, m/z (Iîòí, %): 348
[M+Í]+ (100). Çíàéäåíî, %: C 55,34; H 2,92;
N 12,03; S 9,26. C16H10KN3O2S. Ðîçðàõîâàíî, %:
C 55,31; H 2,90; N 12,09; S 9,23.

Êàë³é 5-((2-ìåòèë-9-îêñîàêðèäèí-10(9H)-
³ë)ìåòèë)-1,3,4-îêñàä³àçîë-2-ò³îëàò (IIa, KP-
0135)

Âèõ³ä 3,32 ã (92%), ïîðîøîê æîâòîãî êîëü-
îðó, Òïë. 248–2500Ñ (MeOH). ²×-ñïåêòð, , ñì–1:
751,29; 1180,98; 1264; 1408; 1494; 1555; 3212. Ìàñ-
ñïåêòð, m/z (Iîòí, %): 362 [M+Í]+ (100). Çíàéäå-
íî, %: C 56,46; H 3,41; N 11,61; S 8,89.
C17H12KN3O2S. Ðîçðàõîâàíî, %: C 56,42; H 3,44;
N 11,63; S 8,87.

Çàãàëüíà ìåòîäèêà îäåðæàííÿ 2-((5-((2R-9-
îêñîàêðèäèí-10(9H)-³ë)ìåòèë)-1,3,4-îêñàä³àçîë-
2-³ë)ò³î)àöåòàòíèõ êèñëîò III, IIIa

Äî ðîç÷èíó 0,01 ìîëü â³äïîâ³äíîãî ò³îëó
II,IIà â 30 ìë åòàíîëó äîäàþòü 0,945 ã (0,01 ìîëü)
ìîíîõëîðîöòîâî¿ êèñëîòè. Ðåàêö³éíó ñóì³ø êè-
ï’ÿòÿòü ïðîòÿãîì 3 ãîä, îõîëîäæóþòü, îñàä
â³äô³ëüòðîâóþòü, ïðîìèâàþòü âîäîþ, ñóøàòü íà
ïîâ³òð³.

2-((5-((9-îêñîàêðèäèí-10(9H)-³ë)ìåòèë)-
1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöåòàòíà êèñëîòà (III)

Âèõ³ä 65%, á³ëèé ïîðîøîê, Òïë. 2340Ñ
(EtOH). Ñïåêòð ßÌÐ 1H, , ì. ä. (J, Ãö): 3,97
(2Í, ñ, SCH2CO); 6,00 (2Í, c, ÑÍ2); 7,34 (2H,
óø. ò, J=6,0, Hàðîì); 7,76–7,84 (4H, ì, Hàðîì); 8,32
(2H, ä, J=7,6, Hàðîì); 11,89 (1H, óø. c, COOH).
Ìàñ-ñïåêòð, m/z (Iîòí, %): 368 [M+Í]+ (100).
Çíàéäåíî, %: C 58,85; H 3,57; N 11,44; S 8,73.
C18H13N3O4S. Ðîçðàõîâàíî, %: C 58,89; H 3,6;
N 11,43; S 8,71.

2-((5-((2-ìåòèë-9-îêñîàêðèäèí-10(9H)-³ë)ìå-
òèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöåòàòíà êèñëîòà
(IIIà)

Âèõ³ä 68%, á³ëèé ïîðîøîê, Òïë. 2540Ñ
(EtOH). Ñïåêòð ßÌÐ 1H, , ì. ä. (J, Ãö): 2,37
(3Í, ñ, CH3); 3,71 (2Í, ñ, SCH2CO); 5,97 (2Í, c,
ÑÍ2); 7,32 (1H, óø. ò, J=6,8, Hàðîì); 7,62 (1H,
óø. ä, J=8,8, Hàðîì); 7,72–7,82 (3H, ì, Hàðîì); 8,11
(1H, ñ, Hàðîì); 8,32 (1H, óø. ä, J=8,1, Hàðîì). Ìàñ-
ñïåêòð, m/z (Iîòí, %): 382 [M+Í]+ (100). Çíàéäå-
íî, %: C 59,83; H 3,96; N 11,02; S 8,41.
C19H15N3O4S. Ðîçðàõîâàíî, %: C 59,86; H 3,93;
N 11,05; S 8,42.

Çàãàëüíà ìåòîäèêà îäåðæàííÿ ñîëåé 2-((5-
((2R-9-îêñîàêðèäèí-10(9H)-³ë)ìåòèë)-1,3,4-îêñà-
ä³àçîë-2-³ë)ò³î)àöåòàòíèõ êèñëîò VII, VIII, VIIa,
VIIIa

Ñóì³ø 0,01 ìîëü â³äïîâ³äíî¿ êèñëîòè III,
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IIIa ³ 0,01 ìîëü êàë³é àáî íàòð³é ã³äðîêñèäó â 30
ìë ìåòàíîëó âèïàðîâóþòü íà âîäÿí³é áàí³. Ñó-
õèé çàëèøîê ïåðåêðèñòàë³çîâóþòü ³ç ìåòàíîëó.
Â óñ³õ âèïàäêàõ ê³ëüê³ñíèé âèõ³ä.

Íàòð³é 2-((5-((9-îêñîàêðèäèí-10(9H)-³ë)ìå-
òèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöåòàò (VII, ÊÐ-
0195)

Æîâòà êðèñòàë³÷íà ðå÷îâèíà, Òïë. 250–2520Ñ
(MeOH). Ìàñ-ñïåêòð, m/z (Iîòí, %): 390 [M+Í]+

(100). Çíàéäåíî, %: C 55,50; H 3,15; N 10,77;
S 8,24. C18H12N3NaO4S. Ðîçðàõîâàíî, %: C 55,53;
H 3,11; N 10,79; S 8,23.

Êàë³é 2-((5-((9-îêñîàêðèäèí-10(9H)-³ë)ìå-
òèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöåòàò (VIII, ÊÐ-
0199)

Æîâòà êðèñòàë³÷íà ðå÷îâèíà, Òïë. 256–2580Ñ
(MeOH). Ìàñ-ñïåêòð, m/z (Iîòí, %): 406 [M+Í]+

(100). Çíàéäåíî, %: C 53,35; H 3,02; N 10,33;
S 7,93. C18H12KN3O4S. Ðîçðàõîâàíî, %: C 53,32;
H 2,98; N 10,36; S 7,91.

Íàòð³é 2-((5-((2-ìåòèë-9-îêñîàêðèäèí-
10(9H)-³ë)ìåòèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöå-
òàò (VIIa, ÊÐ-0200)

Æîâòà êðèñòàë³÷íà ðå÷îâèíà, Òïë. 272–2740Ñ
(MeOH). Ìàñ-ñïåêòð, m/z (Iîòí, %): 404 [M+Í]+

(100). Çíàéäåíî, %: C 56,50; H 3,56; N 10,39;
S 8,00. C19H14N3NaO4S. Ðîçðàõîâàíî, %: C 56,57;
H 3,50; N 10,42; S 7,95.

Êàë³é 2-((5-((2-ìåòèë-9-îêñîàêðèäèí-
10(9H)-³ë)ìåòèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöå-
òàò (VIIIa, ÊÐ-0196)

Æîâòà êðèñòàë³÷íà ðå÷îâèíà, Òïë. 276–2780Ñ
(MeOH). Ìàñ-ñïåêòð, m/z (Iîòí, %): 420 [M+Í]+

(100). Çíàéäåíî, %: C 54,37; H 3,40; N 10,00;
S 7,61. C19H14KN3O4S. Ðîçðàõîâàíî, %: C 54,40;
H 3,36; N 10,02; S 7,64.

Çàãàëüíà ìåòîäèêà îäåðæàííÿ 2-((5-((2R-9-
îêñîàêðèäèí-10(9H)-³ë)ìåòèë)-1,3,4-îêñàä³àçîë-2-
³ë)ò³î)ïðîï³îíîâèõ êèñëîò IV, IVa

Äî ðîç÷èíó 0,01 ìîëü â³äïîâ³äíîãî ò³îëó
II,IIà â 30 ìë åòàíîëó äîäàþòü 1,085 ã (0,01 ìîëü)
3-õëîðîïðîï³îíîâî¿ êèñëîòè. Ðåàêö³éíó ñóì³ø
êèï’ÿòÿòü ïðîòÿãîì 3 ãîä, îõîëîäæóþòü, îñàä
â³äô³ëüòðîâóþòü, ïðîìèâàþòü âîäîþ, ñóøàòü íà
ïîâ³òð³.

2-((5-((9-îêñîàêðèäèí-10(9H)-³ë)ìåòèë)-
1,3,4-îêñàä³àçîë-2-³ë)ò³î)ïðîï³îíîâà êèñëîòà (IV)

Âèõ³ä 58%, á³ëèé ïîðîøîê, Òïë. 202–2040Ñ
(EtOH). Ñïåêòð ßÌÐ 1H, , ì. ä. (J, Ãö): 2,71
(2Í, ò, J=7,5, SCH2CH2CO); 3,31 (2Í, ò, J=7,5,
SCH2CH2CO); 6,00 (2Í, c, ÑÍ2); 7,34 (2H, óø. ò,
J=6,0, Hàðîì); 7,76–7,84 (4H, ì, Hàðîì); 8,32 (2H,
ä, J=7,6, Hàðîì). Ìàñ-ñïåêòð, m/z (Iîòí, %): 382
[M+Í]+ (100). Çíàéäåíî, %: C 59,81; H 4,00;

N 11,02; S 8,45. C19H15N3O4S. Ðîçðàõîâàíî, %:
C 59,83; H 3,96; N 11,02; S 8,41.

2-((5-((2-ìåòèë-9-îêñîàêðèäèí-10(9H)-³ë)ìå-
òèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)ïðîï³îíîâà êèñëî-
òà (IVa)

Âèõ³ä 62%, á³ëèé ïîðîøîê, Ò ïë. 224–2260Ñ
(EtOH). Ñïåêòð ßÌÐ 1H, , ì. ä. (J, Ãö): 2,37
(3Í, ñ, CH3); 2,68 (2Í, ò, J=7,4, SCH2CH2CO);
3,31 (2Í, ò, J=7,3, SCH2CH2CO); 5,97 (2Í, c,
ÑÍ2); 7,32 (1H, óø. ò, J=6,8, Hàðîì); 7,62 (1H,
óø. ä, J=8,8, Hàðîì); 7,72–7,82 (3H, ì, Hàðîì); 8,11
(1H, ñ, Hàðîì); 8,32 (1H, óø. ä, J=8,1, Hàðîì). Ìàñ-
ñïåêòð, m/z (Iîòí, %): 396 [M+Í]+ (100). Çíàéäå-
íî, %: C 60,81; H 4,43; N 10,56; S 8,07.
C20H17N3O4S. Ðîçðàõîâàíî, %: C 60,75; H 4,33;
N 10,63; S 8,11.

Çàãàëüíà ìåòîäèêà îäåðæàííÿ ñîëåé 2-((5-
((2R-9-îêñîàêðèäèí-10(9H)-³ë)ìåòèë)-1,3,4-îêñà-
ä³àçîë-2-³ë)ò³î)ïðîï³îíîâèõ êèñëîò IV, IVa

Ñóì³ø 0,01 ìîëü â³äïîâ³äíî¿ êèñëîòè IV,
IVa ³ 0,01 ìîëü êàë³é àáî íàòð³é ã³äðîêñèäó â
30 ìë ìåòàíîëó âèïàðîâóþòü íà âîäÿí³é áàí³.
Ñóõèé çàëèøîê ïåðåêðèñòàë³çîâóþòü ³ç ìåòàíî-
ëó. Â óñ³õ âèïàäêàõ ê³ëüê³ñíèé âèõ³ä.

Íàòð³é 2-((5-((9-îêñîàêðèäèí-10(9H)-³ë)ìå-
òèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)ïðîï³îíàò (V, ÊÐ-
0220)

Æîâòèé ïîðîøîê, Òïë. 228–2300Ñ (MeOH).
Ìàñ-ñïåêòð, m/z (Iîòí, %): 404 [M+Í]+ (100).
Çíàéäåíî, %: C 56,85; H 3,57; N 10,40; S 7,73.
C19H14N3NaO4S. Ðîçðàõîâàíî, %: C 56,57; H 3,50;
N 10,42; S 7,95.

Êàë³é 2-((5-((9-îêñîàêðèäèí-10(9H)-³ë)ìå-
òèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)ïðîï³îíàò (VI, ÊÐ-
0221)

Æîâòèé ïîðîøîê, Òïë. 236–2380Ñ (MeOH).
Ìàñ-ñïåêòð, m/z (Iîòí, %): 420 [M+Í]+ (100).
Çíàéäåíî, %: C 54,50; H 3,47; N 10,14; S 7,73.
C19H14KN3O4S. Ðîçðàõîâàíî, %: C 54,40; H 3,36;
N 10,02; S 7,64.

Íàòð³é 2-((5-((2-ìåòèë-9-îêñîàêðèäèí-
10(9H)-³ë)ìåòèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)ïðîï-
³îíàò (Va, ÊÐ-0223)

Æîâòèé ïîðîøîê, Òïë. 252–2540Ñ (MeOH).
Ìàñ-ñïåêòð, m/z (Iîòí, %) 418 [M+Í]+ (100).
Çíàéäåíî, %: C 57,61; H 3,96; N 10,02; S 7,71.
C19H15N3O4S. Ðîçðàõîâàíî, %: C 57,55; H 3,86;
N 10,07; S 7,68.

Êàë³é 2-((5-((2-ìåòèë-9-îêñîàêðèäèí-
10(9H)-³ë)ìåòèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)ïðîï-
³îíàò (VIIIa, ÊÐ-0222)

Æîâòèé ïîðîøîê, Òïë. 260–2620Ñ (MeOH).
Ìàñ-ñïåêòð, m/z (Iîòí, %): 434 [M+Í]+ (100).
Çíàéäåíî, %: C 55,43; H 3,86; N 9,62; S 7,41.
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C20H16KN3O4S. Ðîçðàõîâàíî, %: C 55,41; H 3,72;
N 9,69; S 7,40.

Çàãàëüíà ìåòîäèêà îäåðæàííÿ ìåòèëîâîãî
åñòåðó 2-((5-((2R-9-îêñîàêðèäèí-10(9H)-³ë)ìå-
òèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöåòàòíî¿ êèñëî-
òè IX, IXa

Äî ðîç÷èíó 0,01 ìîëü ò³îëó II, IIà â 30 ìë
åòàíîëó äîäàþòü 0,01 ìîëü ìåòèëîâîãî åñòåðó
ìîíîõëîðîöòîâî¿ êèñëîòè. Ðåàêö³éíó ñóì³ø êè-
ï’ÿòÿòü ïðîòÿãîì 3 ãîä, îõîëîäæóþòü, îñàä
â³äô³ëüòðîâóþòü, ðîç÷èííèê âèïàðîâóþòü, ñóõèé
çàëèøîê êðèñòàë³çóþòü ç ìåòàíîëó.

Ìåòèë 2-((5-((9-îêñîàêðèäèí-10(9H)-³ë)ìå-
òèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöåòàò (IX, ÊÐ-
0140)

Âèõ³ä 78%, áåæåâèé ïîðîøîê, Òïë. 2500Ñ
(MeOH–H2O, 1:1). Ñïåêòð ßÌÐ 1H, , ì. ä. (J,
Ãö): 3,54 (3Í, ñ, OCH3); 4,18 (2Í, ñ, SCH2CO);
6,00 (2Í, c, ÑÍ2); 7,34 (2H, óø. ò, J=6,0, Hàðîì);
7,76–7,84 (4H, ì, Hàðîì); 8,32 (2H, ä, J=7,6, Hàðîì).
Ìàñ-ñïåêòð, m/z (Iîòí, %): 382 [M+Í]+ (100).
Çíàéäåíî, %: C 59,80; H 3,99; N 11,02; S 8,41.
C19H15N3O4S. Ðîçðàõîâàíî, %: C 59,83; H 3,96; N
11,00; S 8,45.

Ìåòèë 2-((5-((2-ìåòèë-9-îêñîàêðèäèí-
10(9H)-³ë)ìåòèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöå-
òàò (IXa, ÊÐ-0141)

Âèõ³ä 74%, áåæåâèé ïîðîøîê, Òïë. 2360Ñ
(MeOH–H2O, 1:1). Ñïåêòð ßÌÐ 1H, , ì. ä. (J,
Ãö): 2,37 (3Í, ñ, CH3); 3,67 (3Í, ñ, OCH3); 4,17
(2Í, ñ, SCH2CO); 5,97 (2Í, c, ÑÍ2); 7,32 (1H,
óø. ò, J=6,8, Hàðîì); 7,62 (1H, óø. ä, J=8,8, Hàðîì);
7,72–7,82 (3H, ì, Hàðîì); 8,11 (1H, ñ, Hàðîì); 8,32
(1H, óø. ä, J=8,1, Hàðîì). Ìàñ-ñïåêòð, m/z (Iîòí,
%): 396 [M+Í]+ (100). Çíàéäåíî, %: C 60,76; H
4,35; N 10,62; S 8,09. C20H17N3O4S. Ðîçðàõîâàíî,
%: C 60,75; H 4,33; N 10,63; S 8,11.

Çàãàëüíà ìåòîäèêà îäåðæàííÿ 2-((5-((2R-9-
îêñîàêðèäèí-10(9H)-³ë)ìåòèë)-1,3,4-îêñàä³àçîë-2-
³ë)ò³î)àöåòàì³äó X, Xa

Äî ðîç÷èíó 0,01 ìîëü ò³îëó II, IIà â 30 ìë
åòàíîëó äîäàþòü 0,01 ìîëü 2-õëîðîàöåòàì³äó.
Ðåàêö³éíó ñóì³ø êèï’ÿòÿòü ïðîòÿãîì 3 ãîä, îõî-
ëîäæóþòü, îñàä â³äô³ëüòðîâóþòü, ñóøàòü íà
ïîâ³òð³.

2-((5-((9-îêñîàêðèäèí-10(9H)-³ë)ìåòèë)-
1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöåòàì³ä (X, ÊÐ 0154)

Âèõ³ä 76%, á³ëèé ïîðîøîê, Òïë. 2480Ñ
(EtOH). Ñïåêòð ßÌÐ 1H, , ì. ä. (J, Ãö): 4,00
(2Í, c, SCH2CO); 6,01 (2H, óø. ñ, ÑÍ2); 7,30
(2H, óø. c, Hàðîì); 7,35 (2H, óø. c, Hàðîì); 7,63
(2H, óø. c, CONH2); 7,70 (2H, óø. c, Hàðîì); 8,33
(2H, óø. ä, J=7,9, Hàðîì). Ìàñ-ñïåêòð, m/z (Iîòí,
%): 367 [M+Í]+ (100). Çíàéäåíî, %: C 58,99;

H 3,87; N 15,26; S 8,73. C18H14N4O3S. Ðîçðàõîâà-
íî, %: C 59,01; H 3,85; N 15,29; S 8,75.

2-((5-((2-ìåòèë-9-îêñîàêðèäèí-10(9H)-³ë)ìå-
òèë)-1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöåòàì³ä (Xa, ÊÐ-
0155)

Âèõ³ä 84%, á³ëèé ïîðîøîê, Òïë. 2420Ñ
(EtOH). Ñïåêòð ßÌÐ 1H, , ì. ä. (J, Ãö): 2,37
(3Í, ñ, CH3); 4,02 (2Í, c, SCH2CO); 6,01 (2H,
óø. ñ, ÑÍ2); 7,32 (1H, óø. ò, J=6,8, Hàðîì); 7,62
(1H, óø. ä, J=8,8, Hàðîì); 7,65 (2H, óø. c, CONH2);
7,72–7,82 (3H, ì, Hàðîì); 8,11 (1H, ñ, Hàðîì); 8,32
(1H, óø. ä, J=8,1, Hàðîì). Ìàñ-ñïåêòð, m/z (Iîòí,
%) 381 [M+Í]+ (100). Çíàéäåíî, %: C 59,99;
H 4,24; N 14,73; S 8,43. C19H16N4O3S. Ðîçðàõîâà-
íî, %: C 59,96; H 4,22; N 14,75; S 8,45.

Êîìï’þòåðí³ ìåòîäè äîñë³äæåííÿ ãîñòðî¿
òîêñè÷íîñò³ òà ïîáóäîâà QSAR-ìîäåëåé

Â³ðòóàëüíå îö³íþâàííÿ âèêîíóâàëè êîì-
ï’þòåðíèì QSAR-àíàë³çîì çà ìåòîäîëîã³ºþ ðåã-
ðåñ³éíîãî àíàë³çó. Äëÿ âèêîíàííÿ îêðåìèõ åòàï³â
QSAR-àíàë³çó áóëî âèêîðèñòàíî íèçêó ïðîãðàì-
íèõ çàñîá³â, òàêèõ ÿê: PaDEL-Descriptor [7] (ïðî-
ãðàìíå çàáåçïå÷åííÿ äëÿ ðîçðàõóíêó 1875 ìîëå-
êóëÿðíèõ äåñêðèïòîð³â; ãåîìåòð³¿ 3D-ñòàíó áóëè
ïîâí³ñòþ îïòèì³çîâàí³, âèêîðèñòîâóþ÷è íà-
ï³âåìïåð³÷íèé êâàíòîâî-õ³ì³÷íèé ìåòîä MM2)
òà BuildQSAR [8] (ïîáóäîâà ðåãðåñ³éíèõ QSAR-
ìîäåëåé íà îñíîâ³ ðîçðàõîâàíèõ äåñêðèïòîð³â
òà åêñïåðèìåíòàëüíèõ äàíèõ). Ó QSAR-ìîäåëÿõ
âèêîðèñòîâóâàëîñü 195 äåñêðèïòîð³â, ùî ìàëè
íå íóëüîâ³ çíà÷åííÿ òà áóëè âçàºìíî êîðåëüîâà-
íèìè.

Òàêîæ áóëî âèêîðèñòàíî ñòîðîíí³ ïðî-
ãðàìí³ ð³øåííÿ äëÿ ïîáóäîâè ìîäåëåé «ñòðóê-
òóðà – òîêñè÷í³ñòü» òà ïðîãíîçóâàííÿ LD50 çà
äîïîìîãîþ âæå ñòâîðåíèõ ìîäåëåé GUSAR (Ðî-
ñ³ÿ). GUSAR äîçâîëÿº ñòâîðþâàòè QSAR ìîäåë³,
çàñíîâàí³ íà ïðîãíîçîâàíèõ á³îëîã³÷íèõ ïðîô-
³ëÿõ àêòèâíîñò³ õ³ì³÷íèõ ñïîëóê. Êîæíà õ³ì³÷íà
ñïîëóêà íàäàíà ó âèãëÿä³ ñïèñêà äåñêðèïòîð³â
MNA, ùî âèêîðèñòîâóþòüñÿ â ÿêîñò³ âõ³äíèõ ïà-
ðàìåòð³â [9] äëÿ ïðîãíîçóâàííÿ á³îëîã³÷íîãî
ïðîô³ëþ ä³ÿëüíîñò³.

Äîñë³äæåííÿ ãîñòðî¿ òîêñè÷íîñò³ ñïîëóê
Âèâ÷åííÿ ãîñòðî¿ òîêñè÷íîñò³ çä³éñíþâàëè

çà åêñïðåñ-ìåòîäîì Ïðîçîðîâñüêîãî [10] íà á³ëèõ
íåë³í³éíèõ ùóðàõ îáîõ ñòàòåé âàãîþ 175–235 ã.
Âèêîðèñòîâóâàëè 4 ãðóïè òâàðèí, ïî 2 ñïîñòå-
ðåæåííÿ â êîæí³é, ç äîäàòêîâèì âèêîðèñòàí-
íÿì îäí³º¿ ïîïåðåäíüî¿ òà íàñòóïíî¿ äîçè. Ñïî-
ëóêè ââîäèëè ëàáîðàòîðíèì òâàðèíàì ó âèãëÿä³
òîíêî-äèñïåðñíî¿ âîäíî¿ ñóñïåíç³¿, ç äîòðèìàí-
íÿì ïðàâèë àñåïòèêè òà àíòèñåïòèêè, çà äîïî-
ìîãîþ øïðèöà âíóòð³øíüî÷åðåâíî, ÿêèé ãîòó-
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âàëè â äèñòèëüîâàí³é âîä³ ç ðîçðàõóíêó 1 ìë ñóñ-
ïåíç³¿ íà 100 ã âàãè òâàðèíè. Ñïîñòåðåæåííÿ
âèêîíóâàëèñü ÷åðåç 24 ãîä. Ñòàòèñòè÷íó îáðîá-
êó äàíèõ âèêîíóâàëè ç âèêîðèñòàííÿì ïàðàìåò-
ðè÷íîãî êðèòåð³þ t-Ñòüþäåíòà. Äîñòîâ³ðíèìè
ââàæàëè â³äì³ííîñò³ ç ð³âíåì çíà÷óùîñò³ ïîíàä
95% (p<0,05). Óòðèìàííÿ òà ðîáîòà ç òâàðèíàìè
çä³éñíþâàëàñü â³äïîâ³äíî äî íàö³îíàëüíèõ «Çà-
ãàëüíèõ åòè÷íèõ ïðèíöèï³â åêñïåðèìåíò³â íà
òâàðèíàõ» (Óêðà¿íà, 2001), ÿê³ óçãîäæóþòüñÿ ç
ïîëîæåííÿìè «ªâðîïåéñüêî¿ êîíâåíö³¿ ç çàõèñòó
õðåáåòíèõ òâàðèí, ùî âèêîðèñòîâóþòüñÿ â åêñ-
ïåðèìåíòàëüíèõ òà ³íøèõ äîñë³äíèõ ö³ëÿõ»
(Ñòðàñáóðã, Ôðàíö³ÿ, 1985) [11].

Ðåçóëüòàòè òà îáãîâîðåííÿ
Îäèí ç äîáðå â³äîìèõ ñïîñîá³â ñèíòåçó

5-çàì³ùåíèõ-1,3,4-îêñàä³àçîë-2-ò³îí³â ïîëÿãàº â
öèêë³çàö³¿ ã³äðàçèä³â êàðáîíîâèõ êèñëîò ï³ä ä³ºþ
êàðáîí äèñóëüô³äó [12,13]. Òîìó ðàí³øå îäåð-
æàí³ ã³äðàçèäè (I, IIà) ï³ääàëè öèêë³çàö³¿ ï³ä ä³ºþ
êàðáîí äèñóëüô³äó ç êàë³é ã³äðîêñèäîì â ñåðå-
äîâèù³ åòàíîëó âïðîäîâæ 24 ãîä ïðè ïåðåì³øó-
âàíí³ íà ìàãí³òí³é ì³øàëö³ (ñõåìà).

Â³äîìî, ùî íàÿâí³ñòü àëê³ëüíèõ çàì³ñíèê³â
ïðè àòîì³ Ñóëüôóðó â 1,3,4-îêñàä³àçîë-2-ò³îíàõ

ï³äâèùóº ¿õ á³îëîã³÷íó àêòèâí³ñòü. Ç ö³º¿ ïðè÷è-
íè áóëî äîö³ëüíèì îäåðæàòè S-ïîõ³äí³ 10-((5-
ìåðêàïòî-1,3,4-îêñàä³àçîë-2-³ë)ìåòèë)-2R-àêðè-
äèí-9(10H)-îí³â.

Êèñëîòè (III, IV, IIIà, IVà) áóëè îäåðæàí³
øëÿõîì âçàºìîä³¿, ïîïåðåäíüî ñèíòåçîâàíèõ,
êàë³ºâèõ ñîëåé ñïîëóê (II, IIà) ç ìîíîõëîðîîö-
òîâîþ òà 3-õëîðîïðîï³îíîâîþ êèñëîòîþ â ñåðå-
äîâèù³ ïîëÿðíîãî ðîç÷èííèêà – åòàíîëó. Ñïåê-
òðè ßÌÐ 1H ñïîëóê III òà IIIà õàðàêòåðèçóþòüñÿ
ñèíãëåòíèì ñèãíàëîì ïðîòîí³â –S–CH2CO-ãðó-
ïè ïðè 3,97 òà 3,71 ì.÷., à ó âèïàäêó ñïîëóê IV,
IVà ñèãíàë –S–CH2CH2CO-ãðóïè ïðîÿâëÿºòüñÿ
ó âèãëÿä³ äâîõ òðèïëåò³â ïðè 2,71 òà 3,31 ì.÷.
Íàÿâí³ñòü äàíèõ ï³ê³â ï³äòâåðäæóº ïðîõîäæåí-
íÿ ðåàêö³¿ àëê³ëóâàííÿ ñàìå ç àòîìà Ñóëüôóðó.
Ñèãíàë ïðîòîíó êàðáîêñèëüíî¿ ãðóïè áóâ çàðå-
ºñòðîâàíèé ëèøå íà ñïåêòð³ ñïîëóêè III, ùî â³ðî-
ã³äíî ìîæíà ïîÿñíèòè îáì³ííèìè âëàñòèâîñòÿ-
ìè äàíî¿ ãðóïè ç ðîç÷èííèêîì â õîä³ ðåºñòðàö³¿
ñïåêòð³â. Ç ìåòîþ îòðèìàííÿ âîäîðîç÷èííèõ
ñïîëóê, ùî º äóæå âàæëèâèì ôàêòîðîì äëÿ ïî-
õ³äíèõ àêðèäèí-9(10Í)-îíó òà îáóìîâëþº âåëè-
êèé ³íòåðåñ äëÿ á³îëîã³÷íèõ äîñë³äæåíü, áóâ
çä³éñíåíèé ñèíòåç ñîëåé. Íàòð³ºâ³ òà êàë³ºâ³ ñîë³
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â³äïîâ³äíèõ êèñëîò îäåðæóâàëè ðåàêö³ºþ íåéò-
ðàë³çàö³¿ â ìåòàíîë³.

Ìåòèëîâ³ åñòåðè (IX, IXà) áóëè îäåðæàí³
øëÿõîì àëê³ëóâàííÿ ìåòèëîâèì åñòåðîì ìîíî-
õëîðîöòîâî¿ êèñëîòè, à àì³äè (X, Xà) çà äîïîìî-
ãîþ 2-õëîðîàöåòàì³äó (ñõåìà 1). Äëÿ âñ³õ S-ïî-
õ³äíèõ 10-((5-ìåðêàïòî-1,3,4-îêñàä³àçîë-2-³ë)ìå-
òèë)-2R-àêðèäèí-9(10H)-îí³â õàðàêòåðíèé çñóâ
ñèãíàëó ìåòèëåíîâîãî çâ’ÿçêó â ñïåêòðàõ ßÌÐ
1Í â á³ëüø ñëàáêå ïîëå, çà ðàõóíîê çá³ëüøåííÿ
àêöåïòîðíîãî âïëèâó àêðèäèí-9(10H)-îíîâîãî
ÿäðà.

Â³äîìî, ùî ïîðÿä ç ïîêàçíèêàìè á³îëîã³-
÷íî¿ àêòèâíîñò³ ìîëåêóëè ÁÀÐ, âàðòî âðàõîâó-
âàòè ³ êëàñ ¿¿ òîêñè÷íîñò³. Ö³ äàí³ ÷àñòî ïîâ’ÿ-
çàí³ ì³æ ñîáîþ ³, ÿê ïðàâèëî, ïðÿìî ïðîïîðö³éí³.
Òîìó, ïåðåä òèì ÿê çä³éñíþâàòè áóäü-ÿê³
äîêë³í³÷í³ äîñë³äæåííÿ íîâèõ ïîòåíö³éíèõ
ë³êàðñüêèõ çàñîá³â, äîö³ëüíî ïî÷èíàòè åêñïåðè-
ìåíò ç³ âñòàíîâëåííÿ ïîêàçíèê³â ãîñòðî¿ òîêñè÷-
íîñò³. Ç ïðàêòè÷íî¿ òî÷êè çîðó äîö³ëüí³ñòü âè-
ùåçàçíà÷åíîãî øëÿõó ïîëÿãàº ó ïîäàëüøîìó âè-
êîðèñòàíí³ çíà÷åíü LD50 çàäëÿ ðîçðàõóíêó äîç
äîñë³äæóâàíèõ ðå÷îâèí ïðè ââåäåíí³ ó íàñòóï-
íèõ åêñïåðèìåíòàõ ç âèçíà÷åííþ á³îëîã³÷íî¿ àê-
òèâíîñò³.

Ïðè äîñë³äæåíí³ ãîñòðî¿ òîêñè÷íîñò³ S-ïî-
õ³äíèõ íîâèõ ã³áðèä³â 1,3,4-îêñàä³àçîë-2-ò³îí³â
ç àêðèäèí-9(10H)-îíîì áóëî âñòàíîâëåíî, ùî
âñ³ äîñë³äæóâàí³ ñïîëóêè â³äíîñÿòüñÿ äî IV-ãî
êëàñó òîêñè÷íîñò³ çà êëàñèô³êàö³ºþ Ñèäîðîâà
[14]. Òàê, ïðîâ³âøè àíàë³ç äàíèõ LD50 (òàáë. 1),
ìè âñòàíîâèëè, ùî íàéìåíø òîêñè÷íîþ ñåðåä
äîñë³äæóâàíèõ ñïîëóê º 2-((5-((2-ìåòèë-9-îêñî-

àêðèäèí-10(9H)-³ë)ìåòèë)-1,3,4-îêñàä³àçîë-
2-³ë)ò³î)àöåòàì³ä (Xa, ÊÐ 0155) ç³ çíà÷åííÿì ãîñ-
òðî¿ òîêñè÷íîñò³ 720±35 ìã/êã. Íàéòîêñè÷í³øîþ
ñïîëóêîþ º êàë³é 5-((9-îêñîàêðèäèí-10(9H)-
³ë)ìåòèë)-1,3,4-îêñàä³àçîë-2-ò³îëàò (II, KP-0134).
ç³ çíà÷åííÿì LD50=268±25 ìã/êã.

Ï³ñëÿ ïðîâåäåííÿ àíàë³çó çàëåæíîñò³ ãîñ-
òðî¿ òîêñè÷íîñò³ â³ä áóäîâè äîñë³äæóâàíèõ ðå-
÷îâèí áóëî âèÿâëåíî ðÿä çàêîíîì³ðíîñòåé. Òàê,
ââåäåííÿ ìåòèëüíîãî çàì³ñíèêà â äðóãå ïîëî-
æåííÿ ãåòåðîöèêë³÷íîãî ê³ëüöÿ àêðèäèí-9(10Í)-
îíà â óñ³õ âèïàäêàõ çìåíøóº ïîêàçíèê ãîñòðî¿
òîêñè÷íîñò³. Äàíà òåíäåíö³ÿ ñïîñòåð³ãàºòüñÿ ³ ó
ñèíòåç³, ùî ïðîÿâëÿºòüñÿ ó âèãëÿä³ âèõîäó
á³ëüøî¿ ê³ëüêîñò³ ïðîäóêòó, öå ìîæíà ïîÿñíèòè
ôàêòîì åíåðãåòè÷íî¿ ñòàá³ë³çàö³¿ «ðîç³ðâàíî¿»
àðîìàòè÷íî¿ ñèñòåìè àêðèäèí-9(10Í)-îíà. Ïî-
äàëüøèé àíàë³ç ðåçóëüòàò³â ïîêàçàâ, ùî êàë³ºâ³
ñîë³ ó âèïàäêó àöåòàòíèõ êèñëîò (VIII, VIIIa)
ìåíø òîêñè÷í³, í³æ â³äïîâ³äí³ íàòð³ºâ³ ñîë³, à ó
âèïàäêó ïðîïàíîâèõ êèñëîò çíà÷åííÿ ãîñòðî¿
òîêñè÷íîñò³ êàë³ºâèõ ñîëåé âèùå í³æ ó íàòð³ºâèõ.
Ïåðåõ³ä äî ìåòèëîâèõ åñòåð³â ï³äâèùóº ãîñòðó
òîêñè÷í³ñòü ó 1,2–2 ðàçè. Ö³êàâî â³äçíà÷èòè, ùî
îäåðæàííÿ àì³ä³â àöåòàòíèõ êèñëîò íàâïàêè çíè-
æóº çíà÷åííÿ LD50 äî íàéìåíø òîêñè÷íèõ ñïî-
ëóê. Ââåäåííÿ àëê³ëüíèõ çàì³ñíèê³â ïðè àòîì³
Ñóëüôóðó â 1,3,4-îêñàä³àçîë-2-ò³îí³ ï³äâèùóº ¿õ
á³îëîã³÷íó àêòèâí³ñòü òà çíèæóº ãîñòðó òîê-
ñè÷í³ñòü.

Â ïîäàëüøîìó áóëî âèêîíàíî QSAR-àíàë³ç
ãîñòðî¿ òîêñè÷íîñò³ ñïîëóê â³äïîâ³äíèõ ïîõ³äíèõ
çà äîïîìîãîþ ðåãðåñ³éíî¿ ìîäåë³. Ìàòåìàòè÷í³
òðè-, ÷îòèðè- òà ï’ÿòèïàðàìåòðè÷í³ QSAR-ìî-

Òàáëèöÿ 1

Çíà÷åííÿ ãîñòðî¿ òîêñè÷íîñò³ LD50 íîâîñèíòåçîâàíèõ ñïîëóê

Прогнозована токсичність (LD50(мг/кг)) 

QSAR № п/п 
Шифр 

сполуки 

Експериментальні 
дані: в/о введення, 

LD50(мг/кг) 
В/о введення 

(GUSAR) Модель 1 Модель 2 Модель 3 

1 KP-0134 268±25 428,2 227,028 257,984 248,972 

2 KP-0135 290±25 298,6 349,272 286,546 306,585 

3 KP-0140 320±20 585,5 288,295 287,536 329,253 

4 KP-0141 410±60 873,6 423,274 479,115 400,835 

5 KP-0154 450±40 619,5 495,402 505,733 448,448 

6 KP-0155 720±35 1073 634,680 679,162 719,104 

7 KP-0195 310±35 377,2 301,073 286,947 274,706 

8 KP-0196 605±45 420,5 478,217 522,520 576,306 

9 KP-0199 370±20 235,4 421,291 416,777 419,800 

10 KP-0200 390±20 616,6 454,403 462,890 410,236 

11 KP-0220 630±55 561 598,164 509,893 621,301 

12 KP-0221 450±30 482,3 509,533 485,524 457,620 

13 KP-0222 570±60 314,5 558,310 595,880 563,975 

14 KP-0223 670±57 433,4 714,059 676,496 675,859 
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äåë³ áóëî ïîáóäîâàíî çà ìåòîäèêîþ ñèñòåìàòè-
÷íîãî ïîøóêó ç âèêîðèñòàííÿì ïðîãðàìè
BuildQSAR. Â³äïîâ³äí³ ïàðàìåòðè÷í³ QSAR-ìî-
äåë³ äëÿ ãîñòðî¿ òîêñè÷íîñò³, ùî ìàþòü íàé-
êðàù³ ñòàòèñòè÷í³ ïîêàçíèêè, íàâåäåíî íèæ÷å:

Ìîäåëü 1

LD50=+46,4750(±34,2812)AATSC6m–
–6279,8419(±2940,9969)MATS3m–
–147,9845(±145,2464)ETA_Eta_R_L+
+2573,5558(±1978,5437)

Ìîäåëü 2

LD50=–891,2766(±353,0516)ALogP+
+31,0505(±13,7836)AATSC0m+
+3713,8806(±1475,9457)GATS6m –
–758,9968(±254,5196)ETA_dBeta–
–181,6711(±733,9692)

Ìîäåëü 3

LD50=–360,0423(±60,4776)ALogp2+
+86,8054(±1 9,9709)AATSC4m+
+213,7320(±33,0720)nBondsS2–
–3369,5840(±565,7746)MAXDN2–
–24531,9503(±20583,4854)ETA_EtaP_B_RC+
+4242,0806(±858,9927)

Âèêîíàíèé áàãàòîôàêòîðíèé ë³í³éíèé ðåã-
ðåñ³éíèé àíàë³ç ïîêàçàâ, ùî îïèñ ãîñòðî¿ òîê-
ñè÷íîñò³ ïîõ³äíèõ çä³éñíþºòüñÿ êîìá³íàö³ºþ 2D-
äåñêðèïòîð³â, ùî õàðàêòåðèçóþòü êîãåðåíòíèé
êîåô³ö³ºíò ïî ìàñ³ (MATS3m, GATS6m),
ë³ïîô³ëüí³ñòü ìîëåêóë (ALogP, ALogp2), ïðîñòî-
ðîâèõ àâòîêîðåëÿö³éíèõ ïàðàìåòð³â (AATSC6m,
AATSC0m, AATSC4m), åëåêòðîòîïîëîã³÷íîãî ñòà-
íó (ETA_Eta_R_L, ETA_dBeta, ETA_EtaP_B_RC)
òà ïåâíèõ óãðóïîâàíü àòîì³â (nBondsS2,
MAXDN2). Âî÷åâèäü äàí³ ïàðàìåòðè âèçíà÷àëüí³
çà ðàõóíîê äîâîë³ âèñîêî¿ ìîëåêóëÿðíî¿ ìàñè òà

ïëîñêîãî òðèöèêë³÷íîãî àêðèäîíîâîãî ÿäðà.
Ïðîãíîçóþ÷ó çäàòí³ñòü ðåãðåñ³éíèõ QSAR-

ìîäåëåé îö³íþâàëè çà äîïîìîãîþ êîåô³ö³ºíòà
ïåðåõðåñíîãî îö³íþâàííÿ q2. Êð³ì öüîãî, äëÿ
êîæíî¿ ìîäåë³ ðîçðàõîâóâàëè ñåðåäíüîêâàäðàòè-
÷íó ïîìèëêó ïðîãíîçó (SPress), ïîõèáêó ñòàí-
äàðòíîãî â³äõèëåííÿ â ïðîãíîçóâàíí³ (SDEP) ³
êâàäðàò êîåô³ö³ºíòà êîðåëÿö³¿ (R2). QSAR-ìî-
äåëü ââàæàëè åôåêòèâíîþ ³ ç âèñîêîþ ïðîãíî-
çóþ÷îþ çäàòí³ñòþ ïðè çíà÷åíí³ R2>0,6 òà q2>0,5
äëÿ ïðîãíîçóâàííÿ ãîñòðî¿ òîêñè÷íîñò³ íîâèõ
ñïîëóê [15].

Òàêèì ÷èíîì, íà îñíîâ³ ïàðàìåòð³â, íàäà-
íèõ íàìè äëÿ ³íäèâ³äóàëüíèõ ïðîãíîçóþ÷èõ
QSAR-ìîäåëåé ó òàáë. 1 òà 2, ìîæíà çðîáèòè
âèñíîâîê ïðî ¿õ åôåêòèâí³ñòü, ñòàá³ëüí³ñòü òà
äîö³ëüí³ñòü âèêîðèñòàííÿ äëÿ âèçíà÷åííÿ
ãîñòðî¿ òîêñè÷íîñò³ ïîòåíö³éíî íîâèõ ïîõ³äíèõ
â ðÿäó 5-((2R-9-îêñîàêðèäèí-10(9H)-³ë)ìåòèë)-
1,3,4-îêñàä³àçîë-2-ò³îëàò³â ÿê ïåðñïåêòèâíèõ á³î-
ëîã³÷íî àêòèâíèõ ñïîëóê. Ïðî öå ñâ³ä÷èòü âèñî-
êèé ïîêàçíèê êîåô³ö³ºíòà ïåðåõðåñíîãî îö³íþ-
âàííÿ q2, âèçíà÷åíèé äëÿ âñ³õ ìîäåëåé ó ìåæàõ
0,705–0,949 òà âèñîêèé êîåô³ö³ºíò ñòàòèñòè-
÷íî¿ çíà÷óùîñò³ îòðèìàíèõ ìîäåëåé.

Öåé âèñíîâîê ï³äòâåðäæóº ³ ãðàô³÷íèé ðå-
çóëüòàò (ðèñóíîê) âñòàíîâëåíîãî ñï³ââ³äíîøåí-
íÿ åêñïåðèìåíòàëüíèõ çíà÷åíü LD50(ìã/êã) òà
ïåðåäáà÷åíèõ çíà÷åíü LD50(ìã/êã) ãîñòðî¿ òîê-
ñè÷íîñò³ â QSAR-ìîäåë³ ¹ 3, çíà÷åííÿ ÿêîãî
äëÿ á³ëüøîñò³ ñïîëóê (95%) çíàõîäèòüñÿ â ìå-
æàõ ë³í³¿ òðåíäó.

Ñë³ä çàçíà÷èòè, ùî ð³çíèöÿ ì³æ ïîêàçíè-
êàìè ãîñòðî¿ òîêñè÷íîñò³, ÿê³ îäåðæàíî ÿê ïî-
çàåêñïåðèìåíòàëüíèì, òàê ³ åêñïåðèìåíòàëüíèì
ìåòîäàìè, áóëà íåçíà÷íîþ. Öå íàäàº ïåðñïåê-
òèâè âèêîðèñòàííÿ êîìï’þòåðíîãî ìåòîäó
QSAR-àíàë³çó ïðè ïîäàëüøèõ äîñë³äæåííÿõ ³
äèçàéí³ íîâèõ á³îëîã³÷íî àêòèâíèõ ñïîëóê.

Âèñíîâêè
1. Çà äîïîìîãîþ ðåàêö³¿ ãåòåðîöèêë³çàö³¿

îäåðæàí³ íîâ³ ã³áðèäè 1,3,4-îêñàä³àçîë-2-ò³îíó ç

Òàáëèöÿ 2

Ñòàòèñòè÷í³ ïîêàçíèêè ìîäåëåé ãîñòðî¿ òîêñè÷íîñò³ LD50 ñïîëóê

Ïðèì³òêè: 1q2 – êîåô³ö³ºíò ïåðåõðåñíîãî îö³íþâàííÿ; 2R2 – êâàäðàò êîåô³ö³ºíòà êîðåëÿö³¿; 3SPress – ñåðåäíüîêâàäðàòè÷íà

ïîìèëêà ïðîãíîçó; 4SDEP – ïîõèáêà ñòàíäàðòíîãî â³äõèëåííÿ â ïðîãíîçóâàíí³; 5p – ñòàòèñòè÷íà çíà÷óù³ñòü; 6F – êðèòåð³é

Ô³øåðà.

Статистичні показники 
Моделі 1

q
2
 

2
R

2
 

3
SPress 

4
SDEP 

5
p 

6
F 

Модель 1 0,705 0,921 93,637 82,125 0,0002 18,550 

Модель 2 0,723 0,927 95,646 79,582 0,0007 13,694 

Модель 3 0,949 0,990 43,537 34,153 < 0,0001 78,034 
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àêðèäèí-9(10H)-îíîì. Äëÿ çíèæåííÿ ïîêàçíèê³â
ãîñòðî¿ òîêñè÷íîñò³ òà ï³äâèùåííÿ ¿õ á³îëîã³÷-
íî¿ àêòèâíîñò³ ñèíòåçîâàí³ ð³çíîìàí³òí³ S-ïîõ³äí³
äàíîãî ðÿäó.

2. Âñòàíîâëåíî, ùî S-ïîõ³äí³ 10-((5-ìåð-
êàïòî-1,3,4-îêñàä³àçîë-2-³ë)ìåòèë)-2R-àêðèäèí-
9(10H)-îí³â â³äíîñÿòüñÿ äî IV-ãî êëàñó òîêñè÷-
íîñò³ çà êëàñèô³êàö³ºþ Ê.Ê. Ñèäîðîâà. Íàéìåíø
òîêñè÷íîþ ñåðåä äîñë³äæóâàíèõ ñïîëóê º 2-((5-
((2-ìåòèë-9-îêñîàêðèäèí-10(9H)-³ë)ìåòèë)-
1,3,4-îêñàä³àçîë-2-³ë)ò³î)àöåòàì³ä ç³ çíà÷åííÿì
LD50=720±35 ìã/êã. Ââåäåííÿ ìåòèëüíîãî çàì³-
ñíèêà â 2å-ïîëîæåííÿ ãåòåðîöèêë³÷íîãî ê³ëüöÿ
àêðèäèí-9(10Í)-îíà â óñ³õ âèïàäêàõ çìåíøóº
ïîêàçíèê ãîñòðî¿ òîêñè÷íîñò³.

3. Âèêîíàíî áàãàòîôàêòîðíèé ë³í³éíèé
ðåãðåñ³éíèé àíàë³ç òà ïîáóäîâàí³ QSAR ìîäåë³
äëÿ ðîçðàõóíêó ãîñòðî¿ òîêñè÷íîñò³ ç âèñîêèìè
êîåô³ö³ºíòàìè ïåðåõðåñíî¿ îö³íêè òà êîðåëÿö³¿,
ùî ïðè ïîäàëüøèõ äîñë³äæåííÿõ ñïîëóê öüîãî
ðÿäó äîçâîëèòü ïðîãíîçóâàòè íàéìåíø òîêñè÷í³
ñåðåä íèõ.
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SYNTHESIS AND STUDY OF THE «ACUTE TOXICITY
VS. STRUCTURE» DEPENDENCE OF NEW HYBRID
1,3,4-OXADIAZOLE-2-THIONE WITH ACRIDINE-9(10H)-
ONE

Y.V. Karpenko a, L.O. Omelyanchik a, Ò.À. Samura b, V.N.
Omelyanchik b

a Zaporizhzhia National University, Zaporizhzhia, Ukraine
b Zaporozhye State Medical University, Zaporizhzhia, Ukraine

The synthesis and research of acute toxicity of new 1,3,4-
oxadiazole-2-thione hybrids with acridine-9(10H)-one are given in
the work. By means of heterocyclization reaction of the appropriate
2-(2R-9-oxoacridine-10(9H)-yl)acetohydrazides under the action
of a carbon disulfide, a system was synthesized with isolated
heterocycles which is coupled by a methylene bond. The obtained
thiones were subjected to alkylation at the sulfur atom to prepare
various S-derivatives of 10-((5-mercapto-1,3,4-oxadiazole-2-
yl)methyl)-2R-acridine-9(10H)-ones. The structure of the synthesized
compounds was confirmed by elemental analysis, LC–MS, IR and
1H NMR spectroscopies. The acute toxicity of S-derivatives of 10-
((5-mercapto-1,3,4-oxadiazole-2-yl)methyl)-2R-acridine-9(10H)-
ones was studied in a non-experimental way with the help of QSAR-
analysis using the regression models of computer programs PaDEL-
Descriptor and BuildQSAR, it was also studied experimentally on
mammals (rats). It has been found that compounds of this class are
low-toxic; moreover, the toxicity decreases when inserting a methyl
substituent in the second position of the heterocyclic ring of acridine-
9(10H)-one, and also when obtaining the appropriate amides of
acetate acids. It should be noted that the difference between the
acute toxicity indicators, which were obtained both by non-
experimental methods and experimental ones, is negligible which
gives the opportunity for using computer prediction in further research
and design of new bioactive compounds.

Keywords: acridine-9(10H)-one; 1,3,4-oxadiazole; 1,3,4-
oxadiazole-2-thione; acute toxicity; QSAR-analysis.
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