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ÃÂÓÇ «Óêðàèíñêèé ãîñóäàðñòâåííûé õèìèêî-òåõíîëîãè÷åñêèé óíèâåðñèòåò» ã. Äíåïðîïåòðîâñê
Äíåïðîïåòðîâñêèé íàöèîíàëüíûé óíèâåðñèòåò æåëåçíîäîðîæíîãî òðàíñïîðòà èì. àêàä. Ëàçàðÿíà

Èññëåäîâàíî ïîâåäåíèå 4-(2-öèàíîýòèë)-1,2,3,4,5,6,7,8-îêòàãèäðîàêðèäèí-4-êàðáî-
íèòðèëà â óñëîâèÿõ êèñëîòíîãî è ùåëî÷íîãî ãèäðîëèçà. Ïðè âçàèìîäåéñòâèè ñ
èçáûòêîì ñîëÿíîêèñëîãî ãèäðîêñèëàìèíà ïðîõîäèò âíóòðèìîëåêóëÿðíàÿ öèêëèçà-
öèÿ ñ îáðàçîâàíèåì äèîêñèìà.

Îäíèì èç ñàìûõ èíòåðåñíûõ è áûñòðîðàç-
âèâàþùèõñÿ íàïðàâëåíèé îðãàíè÷åñêîé õèìèè
ÿâëÿåòñÿ õèìèÿ ñîåäèíåíèé íèòðèëîâ. Âåùåñòâà,
ñîäåðæàùèå îäíó èëè íåñêîëüêî öèàíîãðóïï,
îáëàäàþò âûñîêîé ðåàêöèîííîé ñïîñîáíîñòüþ
è ìîãóò áûòü ëåãêî ïðåîáðàçîâàíû âî ìíîãèå
êëàññû ñîåäèíåíèé. Õàðàêòåðíûì ïðèìåðîì
ñëóæàò ïîëó÷èâøèå áîëüøóþ èçâåñòíîñòü 4-îê-
ñîàëêàí-1,1,2,2-òåòðàêàðáîíèòðèëû, îáðàçóþùè-
åñÿ â ðåçóëüòàòå âçàèìîäåéñòâèÿ òåòðàöèàíî-
ýòèëåíà ñ êåòîíàìè [1]. Òàêèå òåòðàöèàíîýòè-
ëèðîâàííûå êåòîíû ïîçâîëÿþò ëåãêî è íàïðàâ-
ëåíî ñèíòåçèðîâàòü ðàçíîîáðàçíûå ãåòåðîöèê-
ëè÷åñêèå ôðàãìåíòû ñ íåîáõîäèìûì îáðàìëå-
íèåì èç ôóíêöèîíàëüíûõ ãðóïï [2] .

Â ïîñëåäíèå ãîäû ïîÿâëÿåòñÿ âñå áîëüøå
ñâåäåíèé î ñèíòåçå, ñòðîåíèè, ôàðìàêîëîãè÷åñ-
êèõ ñâîéñòâàõ è ïðèìåíåíèè â ëå÷åáíîé ïðàê-

òèêå ñîåäèíåíèé, ñîäåðæàùèõ â ñâîåé ñòðóêòó-
ðå àêðèäèíîâûé ôðàãìåíò [3]. Òàêèå ïðîèçâîä-
íûå îáëàäàþò øèðîêèì ñïåêòðîì òåðàïåâòè÷åñ-
êîãî äåéñòâèÿ, ÷òî îáóñëîâëèâàåò ïîâûøåííûé
èíòåðåñ ê ïîäîáíûì ñòðóêòóðàì. Â ñâÿçè ñ ýòèì,
àêòóàëüíîé çàäà÷åé â îáëàñòè õèìèè ãåòåðîöèê-
ëè÷åñêèõ ñîåäèíåíèé ÿâëÿåòñÿ ðàçðàáîòêà ìå-
òîäîâ ñèíòåçà ïîëó÷åíèÿ íîâûõ âåùåñòâ, ñîäåð-
æàùèõ â ñâîåì ñîñòàâå îáà âûøåóêàçàííûõ ôðàã-
ìåíòà (àêðèäèíîâûé öèêë è öèàí ãðóïïó) è ñî-
çäàíèå íà èõ îñíîâå íîâûõ áèîëîãè÷åñêè àêòèâ-
íûõ ñóáñòàíöèé.

Èñõîäíûì ñîåäèíåíèåì ïîñëóæèë ïîëó÷åí-
íûé íàìè ðàíåå 4-(2-öèàíîýòèë)-1,2,3,4,5,6,7,8-
îêòàãèäðîàêðèäèí-4-êàðáîíèòðèë (1) [4].

Äëÿ ñîåäèíåíèÿ 1 áûë ïðîâåäåí êèñëîòíûé
ãèäðîëèç êîíöåíòðèðîâàííîé ñåðíîé êèñëîòîé,
â ðåçóëüòàòå êîòîðîãî áûë ïîëó÷åí äèàìèä (2).
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Ïðè êèïÿ÷åíèè â êîíöåíòðèðîâàííîé ñîëÿíîé
êèñëîòå âûäåëåíà êèñëîòà (3), òðåòè÷íàÿ íèò-
ðèëüíàÿ ãðóïïà â ýòèõ óñëîâèÿõ îñòàåòñÿ íåèç-
ìåííîé. Âñëåäñòâèå ùåëî÷íîãî ãèäðîëèçà âû-
äåëåí àìèä (4) (ñõåìà 1).

Ñòðîåíèå ïîëó÷åííûõ ñîåäèíåíèé ñîãëà-
ñóåòñÿ ñ äàííûìè êîìïëåêñà ôèçèêî-õèìè÷åñ-
êèõ ìåòîäîâ àíàëèçà. Îñîáåííîñòüþ ßÌÐ Í1

ñïåêòðîâ àìèäà 4 è äèàìèäà 2 ÿâëÿåòñÿ íåýêâè-
âàëåíòíîñòü ïðîòîíîâ àìèäíîé ãðóïïû, êîòî-
ðàÿ íàïðÿìóþ ñâÿçàíà ñ öèêëîì. Òàê äëÿ ïðî-
äóêòà 2 ïðîòîíû NH2 ãðóïïû íàáëþäàþòñÿ â âèäå
óøèðåííûõ ñèíãëåòîâ â îáëàñòè ñëàáîãî ïîëÿ
(6,67 è 6,99 ì.ä.), äëÿ àìèäà 4 çíà÷åíèÿ ñîñòàâ-
ëÿþò – 6,9 è 7,06 ì.ä., ÷òî, âåðîÿòíî, îáúÿñíÿ-
åòñÿ îáðàçîâàíèåì âîäîðîäíîé ñâÿçè ïðîòîíîâ
àìèäíîé ãðóïïû ñ ýíäîöèêëè÷åñêèì àòîìîì
àçîòà. Â òîæå âðåìÿ ñèãíàë ïðîòîíîâ êàðáîêñà-
ìèäíîé ãðóïïû äèàìèäà 2 â âèäå óøèðåííîãî
ñèíãëåòà íàõîäèòñÿ â îáëàñòè 7,23 ì.ä. Ñèãíàëû
ïðîòîíîâ öèàíýòèëüíîé ãðóïïû âõîäÿò â ñëîæ-
íûé ìàññèâ ïèêîâ è èõ õèìè÷åñêèé ñäâèã (2,66–
2,7 ì.ä.), êàê è â èñõîäíûì ñîåäèíåíèè, îñòàåò-
ñÿ ïîñòîÿííûì. Äëÿ êèñëîòû 3 õàðàêòåðíûì ÿâ-
ëÿåòñÿ ñèãíàë ïðîòîíà êàðáîêñèëüíîé ãðóïïû â
îáëàñòè ñëàáîãî ïîëÿ â âèäå ñèíãëåòà – 10,69 ì.ä.

Äîïîëíèòåëüíîå ïîäòâåðæäåíèå ïðåäëî-
æåííûõ ñòðóêòóð äàëè äàííûå ìàññ-ñïåêòðîìåò-
ðèè. Îñíîâíàÿ îñîáåííîñòü ìàññ-ñïåêòðîâ ïðî-
äóêòîâ 2 è 4 – íèçêàÿ èíòåíñèâíîñòü ïèêà ìî-
ëåêóëÿðíûõ èîíîâ (4 è 3% ñîîòâåòñòâåííî).
Î÷åâèäíî, ÷òî ñïîñîáíàÿ ê ôðàãìåíòàöèè ãðóï-
ïà, íåïîñðåäñòâåííî ñâÿçàííàÿ ñ öèêëîì, ñíè-
æàåò óñòîé÷èâîñòü ìîëåêóë ê ýëåêòðîííîìó óäà-
ðó. Â ñëó÷àå êèñëîòû 3, íàîáîðîò, íàáëþäàåòñÿ
âûñîêàÿ èíòåíñèâíîñòü ïèêà ìîëåêóëÿðíûõ
èîíîâ (94%), ÷òî ïîçâîëÿåò ïðåäïîëîæèòü íå-
ïîñðåäñòâåííóþ ñâÿçü íèòðèëüíîé ãðóïïû ñ
öèêëîì.

Âçàèìîäåéñòâèå äèíèòðèëà 1 ñ èçáûòêîì
ñîëÿíîêèñëîãî ãèäðîêñèëàìèíà âìåñòî îæèäàå-
ìîãî ïðîèçâîäíîãî àìèäîêñèìà, ïðèâîäèò ê

âíóòðèìîëåêóëÿðíîé öèêëèçàöèè ñ îáðàçîâàíè-
åì äèîêñèìà (5) (ñõåìà 2).
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Ñòðîåíèå äèîêñèìà 5 óñòàíîâëåíî ïî äàí-
íûì ßÌÐ Í1 è ìàññ-ñïåêòðîâ. Â îáëàñòè ñëàáî-
ãî ïîëÿ âèäíû ñèãíàëû â âèäû ñèíãëåòîâ ïðî-
òîíîâ îêñèìíûõ ãðóïï – 9,84 è 10,05 ì.ä., à òàêæå
ñèãíàë ñèíãëåòà NH-ãðóïïû ñìåùåí åùå ñèëü-
íåå â ñòîðîíó îáëàñòè ñëàáîãî ïîëÿ èç-çà ýëåê-
òðîííî-àêöåïòîðíîãî âëèÿíèÿ äâóõ îêñèìíûõ
ãðóïï – 8,39 ì.ä. Ñèíãëåò àðîìàòè÷åñêîãî ïðî-
òîíà ÑÍ íàõîäèòñÿ â îáëàñòè 7,08 ì.ä.

Äëÿ èññëåäîâàíèÿ ñèíòåòè÷åñêîãî ïîòåí-
öèàëà àíàëîãè÷íûõ ïðåâðàùåíèé áûëè ïîëó÷å-
íû íîâûå èñõîäíûå. Íàïðèìåð, òàêèå êàê ïðî-
äóêò (6), ïîëó÷åííûé â ðåçóëüòàòå âçàèìîäåé-
ñòâèÿ ñïèðàíà (7) ñ èçáûòêîì àêðèëîíèòðèëà
(ñõåìà 3).

Òàêèì îáðàçîì, â íàñòîÿùåé ðàáîòå ïîêà-
çàíû ìåòîäû ñèíòåçà íîâûõ ïðîèçâîäíûõ íà
îñíîâå 4-(2-öèàíîýòèë)-1,2,3,4,5,6,7,8-îêòàãèä-
ðîàêðèäèí-4-êàðáîíèòðèëà, êîòîðûå îòêðûâàþò
âîçìîæíîñòü äëÿ èññëåäîâàíèÿ íîâûõ ïðåîáðà-
çîâàíèé.
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Ýêñïåðèìåíòàëüíàÿ ÷àñòü
Ñïåêòðû ßÌÐ 1Í çàïèñàíû íà ïðèáîðå

Bruker Avance II 400 (400,13 ÌÃö) â ðàñòâîðå
ÄÌÑÎ-d6, âíóòðåííèé ñòàíäàðò ÒÌÑ. Ìàññ-
ñïåêòðû ïîëó÷åíû íà ïðèáîðå ÌÕ1321 ñ èñïîëü-
çîâàíèåì ñèñòåìû ïðÿìîãî ââîäà îáðàçöà ïðè
òåìïåðàòóðå êàìåðû èîíèçàöèè 2000Ñ è ýíåð-
ãèè èîíèçèðóþùèõ ýëåêòðîíîâ 70 ýÂ. Êîíòðîëü
çà õîäîì ðåàêöèè è ÷èñòîòîé ïîëó÷åííûõ ñî-
åäèíåíèé ïðîâîäèëè ìåòîäîì ÒÑÕ íà ïëàñòèí-
êàõ Silicagel 60 F254 (Merck), ýëþåíò õëîðîôîðì-
èçîïðîïèëîâûé ñïèðò, 10:1, ïðîÿâëåíèå â ïà-
ðàõ éîäà. Ñîåäèíåíèå 7 ïîëó÷åíî ïî ìåòîäèêå
[5].

4-(3-àìèíî-3-îêñîïðîïèë)-1,2,3,4,5,6,7,8-îê-
òàãèäðîàêðèäèí-4-êàðáîêñàìèä (2)

2,65 ã ñîåäèíåíèÿ 1 ðàñòâîðÿþò â êîíöåíò-
ðèðîâàííîé ñåðíîé êèñëîòå è îñòàâëÿþò ïðè
êîìíàòíîé òåìïåðàòóðå íà 5 äíåé. Ðåàêöèîí-
íóþ ìàññó âûëèâàþò íà èçìåëü÷åííûé ëåä, çà-
òåì ïðè îõëàæäåíèè è ïåðåìåøèâàíèè íåéòðà-
ëèçóþò âîäíûì àììèàêîì äî ðÍ 9–10. Îñàäîê
ôèëüòðóþò è î÷èùàþò ïåðåêðèñòàëëèçàöèåé èç
ÄÌÔÀ. Òïë. 264–2650Ñ, âûõîä 2,2 ã (72%).

ßÌÐ 1Í, δ, ì. ä.: 7,23 (2Í, óø.ñ., NH2),
7,15 (1Í, ñ., ÑÍ), 6,67 (1Í, óø.ñ., NH2), 6,99
(1Í, óø.ñ., NH2), 2,78 (2Í, ì., ÑÍ2), 2,63–2,66
(4Í, ì., 2ÑÍ2), 2,28–2,34 (2Í, ì., ÑÍ2), 1,74–
1,92 (8Í, ì., 4ÑÍ2); Ìàññ-ñïåêòð, m/z (I, %):
265 (4%) [M]+.

3-(4-öèàí-1,2,3,4,5,6,7,8-îêòàãèäðîàêðèäèí-
4-èë) ïðîïàíîâàÿ êèñëîòà (3)

Cîåäèíåíèå 1 ìàññîé 3 ã êèïÿòÿò â êîí-
öåíòðèðîâàííîé ñîëÿíîé êèñëîòå â òå÷åíèå 4 ÷.
Îõëàæäåííûé ðàñòâîð ïîäùåëà÷èâàþò âîäíûì
àììèàêîì äî íåéòðàëüíîé ñðåäû, âûïàäàåò áå-
ëûé îñàäîê. Ôèëüòðóþò, ôèëüòðàò ýêñòðàãèðó-
þò õëîðîôîðìîì (3⋅10 ìë), õëîðîôîðìíóþ âû-
òÿæêó ñóøàò MgSO4, è ðàñòâîðèòåëü óïàðèâàþò
íà ðîòîðíîì èñïàðèòåëè äî ìàëîãî îáúåìà. Ê
îñòàòêó äîáàâëÿþò í-ãåêñàí äî âûïàäåíèÿ îñàä-
êà, êîòîðûé ôèëüòðóþò è êðèñòàëëèçóþò.
Òïë. 175–1770Ñ (i-PrOH), âûõîä 2 ã (63%).

ßÌÐ 1Í, δ, ì. ä.: 10,69 (1Í, óø.ñ., ÑÎ2Í),
7,16 (1Í, óø.ñ., ÑÍ), 2,65–2,70 (8Í, ì. 4ÑÍ2),
2,22 (2Í, ì., ÑÍ2), 1,73–1,80 (8Í, ì., 4ÑÍ2);
Ìàññ-ñïåêòð, m/z (I,%): 284 (94%) [M]+.

4-(2-öèàíîýòèë)-1,2,3,4,5,6,7,8-îêòàãèäðîàê-
ðèäèí-4-êàðáîêñàìèä (4)

1 ã èñõîäíîãî ñîåäèíåíèÿ 1, 0,5 ìë ìîðôî-
ëèíà êèïÿòÿò â ýòèëöåëëîçîëüâå 5 ÷. Ðàñòâîð
âûëèâàþò â âîäó è îñòàâëÿþò íà 12 ÷. Âûäåëèâ-
øèéñÿ îñàäîê ôèëüòðóþò è î÷èùàþò. Òïë. 152–
1540Ñ (MeOH), âûõîä 0,65 ã (61%).

ßÌÐ 1Í, δ, ì. ä.: 7,16 (1Í, ñ., ÑÍ), 7,06
(1Í, ñ., NH2), 6,9 (1Í, ñ., NH2), 2,76 (2Í, ì.,
ÑÍ2), 2,63–2,66 (4Í, ì., 2ÑÍ2), 2,26–2,31 (4Í,
ì., 2ÑÍ2), 1,74–1,90 (8Í, ì., 4ÑÍ2); Ìàññ-ñïåêòð,
m/z (I,%): 283 (3%) [M]+.

2,3,5,6,7,8-ãåêñàãèäðî-1Í,2’Í,6’Í-ñïèðî[àê-
ðèäèí-4,3’-ïèïåðèäèí]-2’,6’-äèîí äèîêñèì (5)

2,65 ã ñîåäèíåíèÿ 1 ðàñòâîðÿþò â èçîïðî-
ïèëîâîì ñïèðòå. Ïðè ïåðåìåøèâàíèè ïðèáàâ-
ëÿþò ðàñòâîð 1,6 ã ñîëÿíîêèñëîãî ãèäðîêñèëà-
ìèíà â 10 ìë 2 Í ùåëî÷è. Ñìåñü êèïÿòÿò 2 ÷,
ïðîäóêò âûïàäàåò èç ðåàêöèîííîé ñìåñè.
Òïë. 268–2700Ñ (ÄÌÔÀ), âûõîä 2,5 ã (79%).

ßÌÐ 1Í, δ, ì. ä.: 10,05 (1Í, ñ., ÎÍ), 9,84
(1Í, ñ., ÎÍ), 8,39 (1Í, ñ., NH), 7,08 (1Í, ñ.,
ÑÍ), 2,66–2,70 (8Í, ì., 4ÑÍ2), 2,26 (2Í, ì., ÑÍ2),
1,68–1,90 (8Í, ì., 4ÑÍ2); Ìàññ-ñïåêòð, m/z (I,%):
314 (55%) [M]+.

3,3-(2-ìåòèë-4-îêñî-1,5-äèàçàñïèðî[5,5]óí-
äåê-1-åí-3,3-äèèë)-äèïðîïàííèòðèë (6)

Cïèðàí 7 (2 ã) ðàñòâîðÿþò â 25 ìë èçîïðî-
ïèëîâîãî ñïèðòà, äîáàâëÿþò 2 ìë àêðèëîíèòðè-
ëà, è ïàðó êàïåëü 2 Í ìåòèëàòà íàòðèÿ. Ðåàêöè-
îííóþ ñìåñü êèïÿòÿò 4 ÷. Ïðè îõëàæäåíèè âû-
ïàäàåò îñàäîê. Òïë. 149–1500Ñ (MeOH), âûõîä
0,95 ã (30%).

ßÌÐ 1Í, δ, ì. ä.: 8,71 (1Í, ñ., NH), 1,99
(3Í, ñ, ÑÍ3), 2,00–2,18 (8Í, ì., 4ÑÍ2), 1,52–
1,67 (10Í, ì., 5ÑÍ2); Ìàññ-ñïåêòð, m/z (I,%):
286 (97%) [M]+
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4-(2-CYANOETHYL)-1,2,3,4,5,6,7,8-
OCTAHYDROACRIDINE’S REACTIONS

S.A. Varenichenko, O.K. Farat, Ya.A. Chertihina, I.V. Markova,
V.I. Markov

Ukrainian State University of Chemical Technology, Dnepro-
petrovsk, Ukraine

One of the most interesting and fast developing fields of or-
ganic chemistry is the chemistry of cyano group. In recent years
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Ðåàêöèè 4-(2-öèàíîýòèë)-1,2,3,4,5,6,7,8-îêòàãèäðîàêðèäèí-4-êàðáîíèòðèëà

there has been more information on synthesis, structures, pharma-
cological properties and use in medicine compounds containing acri-
dine cycle. Therefore, an actual task in the field of heterocyclic
chemistry is the development of methods for the synthesis of new
substances containing in its composition both aforenamed fragment
(acridine cycle and cyano group) and creation of new biologically
active substances on their basis. The hydrolysis of 4-(2-cyanoeth-
yl)-1,2,3,4,5,6,7,8-octahydroacridine in either acidic or alkaline
media has been studied. Interaction with excess of hydroxylamine
hydrochloride occurs as intramolecular to dioxime. Thus, this paper
has shown methods for the synthesis of new derivatives on the basis
of 4-(2-cyanoethyl)-1,2,3,4,5,6,7,8-octahydroacridine, which offer
the opportunity to explore new transformations.

Keywords: octahydroacridines; hydrolysis; intramolecular
cyclization; dioxime.
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