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Ââåäåíèå

Àêòóàëüíîñòü ïðîáëåìû. Îäíà èç îñíîâíûõ çàäà÷ îðãàíè÷åñêîé

õèìèè � èññëåäîâàíèå õèìè÷åñêèõ ñâîéñòâ ïðîñòåéøèõ êëàññîâ ãåòå-

ðîöèêëîâ. Ðåçóëüòàòû òàêèõ èññëåäîâàíèé ñîçäàþò îñíîâó äëÿ ðåøåíèÿ

òåîðåòè÷åñêèõ âîïðîñîâ è ïðèêëàäíûõ çàäà÷ ñèíòåòè÷åñêîé îðãàíè÷åñêîé

õèìèè. Ïåðâûå ïðåäñòàâèòåëè êëàññà 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ

áûëè ñèíòåçèðîâàíû â íà÷àëå XX âåêà Ñ. Ðóýìàííîì è Î. Ìóììîì. Ýòî

áûëè 4,5-äèàðèë- è 5-àðèë-2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíû. Òàêèå ñî-

åäèíåíèÿ ïî ñâîèì õèìè÷åñêèì ñâîéñòâàì îêàçàëèñü âåñüìà áëèçêè ê

äîñòàòî÷íî õîðîøî èçó÷åííûì ê òîìó âðåìåíè èõ áåíçîàíàëîãàì � èçà-

òèíàì. Â ñâÿçè ñ ýòèì 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíû íå ïðèâëåêëè

âíèìàíèå èññëåäîâàòåëåé. Òàêàÿ ñèòóàöèÿ ïðîäîëæàëàñü äî òåõ ïîð, ïîêà

â 70-õ ãîäàõ XX âåêà íå áûë îïèñàí óäîáíûé ìåòîä ñèíòåçà 4-àöèë-

2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ, îñíîâàííûé íà âçàèìîäåéñòâèè ñîîò-

âåòñâóþùåãî åíàìèíà ñ îêñàëèëõëîðèäîì (Ý. Öèãëåð ñ ñîòðóäíèêàìè,

1967 ã.), è íå áûëè îáíàðóæåíû ðåàêöèè íå õàðàêòåðíûå äëÿ èçàòèíîâ. Ñ

ýòîãî âðåìåíè õèìèÿ 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ ïåðåæèâàåò ïå-

ðèîä áóðíîãî ðàçâèòèÿ. Ñòàëî ÿñíî, ÷òî ñõîäñòâî â õèìè÷åñêîì ïîâåäå-

íèè ïèððîëäèîíîâ ñ èçàòèíàìè ÿâëÿåòñÿ èñêëþ÷åíèåì, à íå ïðàâèëîì.

Â îòëè÷èå îò èçàòèíîâ 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíû âñòóïàþò â ðå-

àêöèè öèêëîïðèñîåäèíåíèÿ, â îòíîñèòåëüíî ìÿãêèõ óñëîâèÿõ ïðåòåðïå-

âàþò òåðìè÷åêîå äåêàðáîíèëèðîâàíèå ñ îáðàçîâàíèåì èìèäîèëêåòåíîâ è

ïðåòåðïåâàþò íåõàðàêòåðíûå äëÿ èçàòèíîâ ïðåâðàùåíèÿ ïîä äåéñòâèåì

íóêëåîôèëüíûõ ðåàãåíòîâ. Ðåàêöèè öèêëîïðèñîåäèíåíèÿ ñ ó÷àñòèåì 2,3-

äèãèäðî-1H-ïèððîë-2,3-äèîíîâ è èõ òåðìîëèòè÷åñêèå ïðåâðàùåíèÿ äå-

òàëüíî èçó÷åíû. Èìåþùèåñÿ äàííûå ïîçâîëÿþò â áîëüøèíñòâå ñëó÷à-

åâ äîñòàòî÷íî òî÷íî ïðîãíîçèðîâàòü ðåçóëüòàò òàêèõ ðåàêöèé. Íàëè÷èå

íåñêîëüêèõ ýëåêòðîôèëüíûõ öåíòðîâ, îñîáåííî â ñëó÷àå ôóíêöèîíàëüíî

çàìåùåííûõ ïèððîëäèîíîâ, ñîçäàåò áîãàòûå âîçìîæíîñòè äëÿ ðåàëèçà-

öèè ðàçëè÷íûõ íàïðàâëåíèé âçàèìîäåéñòâèÿ ñ íóêëåîôèëüíûìè è îñî-
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áåííî áèíóêëåîôèëüíûìè ðåàãåíòàìè. Èíòåíñèâíî èçó÷àþòñÿ òðàíñôîð-

ìàöèè 5-àðîèë-4-ìåòîêñèêàðáîíèë-1H-ïèððîë-2,3-äèîíîâ ïîä äåéñòâè-

åì íóêëåîôèëüíûõ ðåàãåíòîâ. Îäíàêî ðåàêöèè äðóãèõ äîñòóïíûõ 1H-

ïèððîë-2,3-äèîíîâ ñ íóêëåîôèëàìè îñòàþòñÿ ìàëî èçó÷åííûì.

Ïðîäóêòàìè ðåàêöèé ñ ó÷àñòèåì 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ

îáû÷íî ÿâëÿþòñÿ ðàçíîîáðàçíûå àçàãåòåðîöèêëû � ÷àñòî ýòî àíàëîãè èëè

ôðàãìåíòû àëêàëîèäîâ. Íåîäíîêðàòíî ðåàêöèè ñ ó÷àòèåì 2,3-äèãèäðî-1H-

ïèððîë-2,3-äèîíîâ ïðèìåíÿëèñü â êà÷åñòâå êëþ÷åâûõ ñòàäèé â ñèíòåçå

àëêàëîèäîâ ñåìåéñòâà Erythrina è Amaryllidaceae.

Öåëü ðàáîòû. Ðàñêðûòèå çàêîíîìåðíîñòåé âëèÿíèÿ ñòðóêòóðû çà-

ìåñòèòåëåé â ïîëîæåíèÿõ 4,5 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâîãî öèê-

ëà è ñòðîåíèÿ íóêëåîôèëüíûõ ðåàãåíòîâ íà íàïðàâëåíèÿ èõ âçàèìîäåé-

ñòâèÿ. Ðàçðàáîòêà ìåòîäîâ ñèíòåçà íåäîñòóïíûõ ðàíåå è íîâûõ ìåòîäîâ

ñèíòåçà èçâåñòíûõ àçàãåòåðîöèêëîâ íà îñíîâå òðàíñôîðìàöèé ôóíêöè-

îíàëüíî çàìåùåííûõ 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ ïîä äåéñòâèåì

íóêëåîôèëüíûõ ðåàãåíòîâ.

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè íåîáõîäèìî áûëî ðåøèòü ñëå-

äóþùèå çàäà÷è:

• Cèíòåçèðîâàòü îáúåêòû èññëåäîâàíèÿ � 5-ôåíèë-4-ýòîêñèêàðáîíèë,

4-èçîïðîïîêñàëèë-5-ôåíèë-, 4,5-äè(ìåòîêñèêàðáîíèë)-, 4,5-

äèàðîèë- è 4-(3-àðèëïðîïåíîèë)-5-ìåòîêñèêàðáîíèë-1H-ïèððîë-

2,3-äèîíû.

• Èññëåäîâàòü òåðìè÷åñêóþ óñòîé÷èâîñòü ïîëó÷åííûõ 1H-ïèððîë-

2,3-äèîíîâ.

• Èññëåäîâàòü ðåàêöèé 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ ñ ýëåêòðî-

íîèçáûòî÷íûìè äèåíîôèëàìè.

• Èññëåäîâàòü âçàèìîäåéñòâèå 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ ñ

Î- è N-ìîíîíóêëåîôèëàìè.

• Èññëåäîâàòü âçàèìîäåéñòâèå 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ ñ

1,2-N,N-, 1,3-N,N-, 1,4-N,N- è 1,4-N,O-áèíóêëåîôèëàìè.
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• Èññëåäîâàòü âçàèìîäåéñòâèå 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ ñ

åíàìèíàìè è åíîëàìè ðàçëè÷íîãî ñòðîåíèÿ.

Íàó÷íàÿ íîâèçíà. Âïåðâûå èçó÷åíî òåðìîëèòè÷åñêîå ïîâåäåíèå

4,5-äèàðîèë- è 5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-2,3-äèãèäðî-1H-ïèððîë-

2,3-äèîíîâ, èññëåäîâàíî âçàèìîäåéñòâèå 4-àöèëçàìåùåííûõ 2,3-äèãèäðî-

1H-ïèððîë-2,3-äèîíîâ ñ ýëåêòðîíîèçáûòî÷íûìè äèåíîôèëàìè, ïðîâåäå-

íî êîìïëåêñíîå èññëåäîâàíèå âçàèìîäåéñòâèÿ ìîíî- è äèôóíêöèîíàëü-

íî çàìåùåííûõ 1H-ïèððîë-2,3-äèîíîâ ñ øèðîêèì íàáîðîì íóêëåîôèëü-

íûõ ðåàãåíòîâ. Îáíàðóæåíî 11 íàïðàâëåíèé âçàèìîäåéñòâèÿ 2,3-äèãèäðî-

1H-ïèððîë-2,3-äèîíîâ ñ áèíóêëåîôèëüíûìè ðåàãåíòàìè. Ðàñêðûòû îñ-

íîâíûå çàêîíîìåðíîñòè âëèÿíèÿ ñòðóêòóð çàìåñòèòåëåé â ïîëîæåíèÿõ

4,5 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ è ñòðîåíèÿ ðåàãåíòîâ íà íàïðàâ-

ëåíèÿ ðåàêöèé. Âïåðâûå îáíàðóæåíû ïñåâäî-òðåõêîìïîíåíòíûå êîíäåí-

ñàöèè ñ ó÷àñòèåì ìîíîöèêëè÷åñêèõ 1H-ïèððîäèîíîâ, íåîáû÷íûå êàñêàä-

íûå ðåöèêëèçàöèè 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ ïîä äåéñòâèåì êàð-

áîöèêëè÷åñêèõ åíàìèíîâ è ñïèðî-áèñ-ãåòåðîöèêëèçàöèè 2,3-äèãèäðî-1H-

ïèððîë-2,3-äèîíîâ ïîä äåéñòâèåì N-àðèëçàìåù¼ííûõ êàðáîöèêëè÷åñêèõ

åíàìèíîâ, ó÷àñòâèþùèõ â ðåàêöèè â êà÷åñòâå 1,5-Ñ,Ñ-áèíóêëåîôèëîâ.

Ïðàêòè÷åñêàÿ çíà÷èìîñòü. Ðàçðàáîòàíû ïðåïàðàòèâíûå ìåòîäû

ñèíòåçà íåäîñòóïíûõ ðàíåå èëè òðóäíîäîñòóïíûõ äðóãèìè ìåòîäàìè àçà-

ãåòåðîöèêëîâ, à òàêæå èçâåñòíûõ àçàãåòåðîöèêëîâ ñ íåäîñòóïíûì ðàíåå

ñî÷åòàíèåì ôóíêöèîíàëüíûõ ãðóïï:

• ìîíîöèêëè÷åñêèõ àçàãåòåðîöèêëîâ: 1H-ïèððîë-2,3-äèîíîâ, 2,5-

äèãèäðî-1H-ïèððîë-2-îíîâ, ïèððîëèäèí-2,3-äèîíîâ, ïèðàçîëîâ;

• êîíäåíñèðîâàííûõ ãåòåðîöèêëè÷åñêèõ ñèñòåì: 1,4-äèãèäðîõè-

íîëèí-4-îíîâ, ïèðàíî[3,2-c]õèíîëèíîâ, 1,2,3,6,7,7à-ãåêñàãèäðî-

ïèðàíî[4,3-b]ïèððîëîâ, 2,3,5à,7,8,9,9à,9b-îêòàãèäðî-1H-ïèðàíî-

[3',2':5,6]ïèðàíî[4,3-b]ïèððîëîâ, 1,2,3,3à,4,9,9à-ãåïòàãèäðîïèð-

ðîëî[2,3-b]õèíîëèí-2,3,4-òðèîíîâ, 2-èìèíî-1,2,5,6,7-ïåíòàãèä-

ðîïèððîëî[3,4-d]ïèðèìèäèí-5,7-äèîíîâ, ïèðèäî[2',3':3,4]ïèðà-
çîëî[1,5-a]ïèðèìèäèíîâ, 1,2,3,4-òåòðàãèäðîõèíîêñàëèí-2-îíîâ,

3,4-äèãèäðî-2H-1,4-áåíçîêñàçèí-2-îíîâ, 1,2,3-òðèãèäðîèíäå-
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íî[1,2-b]ïèðèäèí-2,5-äèîíîâ, 1H-ïèðàçîëî[3,4-b]ïèðèäèíîâ è

[1,2]îêñàçîëî[5,4-b]ïèðèäèíîâ;

• ñïèðî-áèñ-ãåòåðîöèêëè÷åñêèõ ñèñòåì: 1,3,6-òðèàçàñïèðî[4.4]íîí-

8-åí-2,4,7-òðèîíîâ, 1,3,6-òðèàçàñïèðî[4.4]íîí-3,8-äèåí-2,7-äèîíîâ,

2-èìèíî-1,3,6-òðèàçàñïèðî[4.4]íîí-8-åí-4,7-äèîíîâ, 1-òèà-3,6-

äèàçàñïèðî[4.4]íîíàí-4,7,8-òðèîíîâ, 1,7-äèàçàñïèðî[4.4]íîí-

3,6,8-òðèåí-2-îíîâ, 1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-2,6-äèîíîâ,

1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-2,4,5'-òðèîíîâ,
1',4,5,5',6,7-ãåêñàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-4,5'-äèîíîâ, 1',2',-
4',5',6',7'-ãåêñàãèäðî-5H-ñïèðî[ôóðàí-2,3'-èíäîë]-2,4'-äèîíîâ, 6',7'-
äèãèäðî-3H-ñïèðî[ôóðàí-2,3'-èíäîë]-2',4,4',5(1'H,5'H)-òåòðàîíîâ è

äð.;

• ìîñòèêîâûõ ñèñòåì: 2,6-äèàçàáèöèêëî[3.2.1]îêò-3-åíîâ è 2,9-äèàçà-

òðèöèêëî[6.3.0.01,5]óíäåê-5,10-äèåíîâ;

• àíñàìáëåé ñîïðÿæåííûõ ãåòåðîöèêëîâ: 4-(4,5-äèãèäðî-1H-ïèðàçîë-

4-èëèäåí)-2,5-äèãèäðî-1H-ïèððîë-2,5-äèîíîâ.

Ñðåäè ïðîäóêòîâ ñèíòåçà îáíàðóæåíû âåùåñòâà, ïðîÿâëÿþùèå

àíàëüãåòè÷åñêóþ àêòèâíîñòü, ïðåâûøàþùóþ àêòèâíîñòü ïðåïàðàòîâ

ñðàâíåíèÿ.

Ìåòîäîëîãèÿ è ìåòîäû èññëåäîâàíèÿ. Îïòèìàëüíûå óñëîâèÿ äëÿ

ïðîòåêàíèÿ èññëåäîâàííûõ ðåàêöèé ïîäáèðàëèñü ïóò¼ì âàðüèðîâàëèñü

ïîëÿðíîñòü ðàñòâîðèòåëÿ, òåìïåðàòóðíîãî ðåæèìà è âðåìåíè ïðîâåäåíèÿ

ñèíòåçà. Äëÿ óñòàíîâëåíèÿ ñòðóêòóðû ïîëó÷åííûõ ñîåäèíåíèé èñïîëüçî-

âàëèñü ñïåêòðàëüíûå ìåòîäû (ßÌÐ è ÈÊ), äàííûå ýëåìåíòíîãî àíàëèçà,

à òàêæå ðåíòãåíîñòðóêòóðíûé àíàëèç.

Ïîëîæåíèÿ, âûíîñèìûå íà çàùèòó:

• Íîâûå ìåòîäû ñèíòåçà øèðîêîãî íàáîðà ôóíêöèîíàëüíî çàìåùåí-

íûõ àçàãåòåðîöèêëîâ îñíîâàííûå íà ïðåâðàùåíèÿõ 1H-ïèððîë-2,3-

äèîíîâ ïîä äåéñòâèåì íóêëåîôèëüíûõ ðåàãåíòîâ.

• Ðåçóëüòàòû èññëåäîâàíèÿ âëèÿíèÿ ñòðóêòóð çàìåñòèòåëåé â ïîëîæå-

íèÿõ 4,5 1H-ïèððîë-2,3-äèîíîâ è ñòðîåíèÿ íóêëåîôèëüíûõ ðåàãåí-

òîâ íà íàïðàâëåíèÿ ðåàêöèé.
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Ëè÷íûé âêëàä àâòîðà ñîñòîÿë â îïðåäåëåíèè öåëè èññëåäîâàíèÿ,

ïîñòàíîâêå çàäà÷ è ðàçðàáîòêå ìåòîäîâ èõ ðåøåíèÿ, íåïîñðåäñòâåííîì

ó÷àñòèè â ïðîâåäåíèè ýêñïåðèìåíòîâ è èíòåðïðåòàöèèè ïîëó÷åííûõ ðå-

çóëüòàòîâ, îïèñàíèè ðåçóëüòàòîâ èññëåäîâàíèÿ, ôîðìóëèðîâêå âûâîäîâ ðà-

áîòû è ïîäãîòîâêå ìàòåðèàëîâ ê çàùèòå.

Àïðîáàöèÿ ðàáîòû. Ìàòåðèàëû äèññåðòàöèîííîé ðàáîòû áûëè

ïðåäñòàâëåíû íà �International symposium on advanced science in organic

chemistry� (Miskhor, 2010), II è III Ìåæäóíàðîäíûõ êîíôåðåöèÿõ �Íîâûå

íàïðàâëåíèÿ â õèìèè ãåòåðîöèêëè÷åñêèõ ñîåäèíåíèé� (Æåëåçíîâîäñê,

2011; Ïÿòèãîðñê, 2013), IV Ìåæäóíàðîäíîé êîíôåðåíöèè �Òåõíè÷åñêàÿ

õèìèèÿ îò òåîðèè ê ïðàêòèêå� (Ïåðìü, 2014), IV Âñåðîññèéñêîé êîíôå-

ðåíöèè �Åíàìèíû â îðãàíè÷åñêîé ñèíòåçå� (Ïåðìü, 2007), XI Âñåðîññèé-

ñêîé êîíôåðåíöèè �Êàðáîíèëüíûå ñîåäèíåíèÿ â ñèíòåçå ãåòåðîöèêëîâ�

(Ñàðàòîâ, 2008), I è III Âñåðîñèéñêèõ êîíôåðåíöèÿõ ñ ìåæäóíàðîäíûì

ó÷àñòèåì �Óñïåõè ñèíòåçà è êîìïëåêñîîáðàçîâàíèÿ� (Ìîñêâà, 2011, 2014),

íà Ìåæäóíàðîäíîì êîíãðåññå ïî õèìèè ãåòåðîöèêëè÷åñêèõ ñîåäèíåíèé,

ïîñâÿùåííûé 100-ëåòèþ ñî äíÿ ðîæäåíèÿ Àëåêñåÿ Íèêîëàåâè÷à Êîñòà

(Ìîñêâà, 2015) �ÊÎÑÒ-2015� è äðóãèõ.

Ïóáëèêàöèè. Îñíîâíîå ñîäåðæàíèå ðàáîòû îïóáëèêîâàíî â 40 ñòà-

òüÿõ â ðåöåíçèðóåìûõ íàó÷íûõ æóðíàëàõ, îïðåäåëåííûõ ÂÀÊ äëÿ ðàç-

ìåùåíèÿ ìàòåðèàëîâ äèññåðòàöèé, 12 òåçèñàõ äîêëàäîâ ìåæäóíàðîäíûõ,

âñåðîññèéñêèõ è ðåãèîíàëüíûõ êîíôåðåíöèé. Ïîëó÷åíî 12 ïàòåíòîâ íà

ìåòîäû ñèíòåçà íåäîñòóïíûõ ðàíåå àçàãåòåðîöèêëîâ è èõ àíàëüãåòè÷å-

ñêóþ àêòèâíîñòü.

Ñòðóêòóðà è îáúåì äèññåðòàöèè. Äèññåðòàöèîííàÿ ðàáîòà ñîñòîèò

èç ââåäåíèÿ, òð¼õ ãëàâ, çàêëþ÷åíèÿ è ñïèñêà ëèòåðàòóðû. Ðàáîòà èçëîæåíà

íà ñòðàíèöàõ ìàøèíîïèñíîãî òåêñòà, ñîäåðæèò ðèñóíêîâ è

ñõåì.

Áëàãîäàðíîñòü. Àâòîð âûðàæàåò áëàãîäàðíîñòü ä.õ.í. Ìàñëèâöó

À.Í. (ÏÃÍÈÓ, ã. Ïåðìü) çà êîíñóëüòàöèîííóþ ïîìîùü, ê.õ.í. Êîäåññó

Ì.È. è �æèêîâîé Ì.À. çà ïðîâåäåíèå èññëåäîâàíèé ñòðóêòóðû ïîëó÷åí-

íûõ ñîåäèíåíèé ìåòîäàìè ßÌÐ ñïåêòðîñêîïèè (ÈÎÑ ÓðÎ ÐÀÍ, ã. Åêàòå-

ðèíáóðã, ÖÊÏ ¾Óðàë-ßÌÐ¿, ã. Åêàòåðèíáóðã), ê.ô.-ì.í. Àëèåâó Ç.Ã. (ÈÏÕÔ



8

ÐÀÍ, ã. ×åðíîãîëîâêà), ê.õ.í. Ñëåïóõèíó Ï.À. (ÈÎÑ ÓðÎ ÐÀÍ, ã. Åêàòå-

ðèíáóðã) è ê.õ.í. Äìèòðèåâó Ì.Â. (ÏÃÍÈÓ, ã. Ïåðìü) çà ïðîâåäåíèå ðåíò-

ãåíîñòðóêòóðíûõ èññëåäîâàíèé, âåäóùåìó èíæåíåðó ÏÃÍÈÓ Øàâðèíîé

Ò.Â. çà çàïèñü ÈÊ ñïåêòðîâ, ê.ôàðì.í. Ìàõìóäîâó Ð.Ð. çà èññëåäîâàíèå

áèîëîãè÷åñêîé àêòèâíîñòè âïåðâûå ñèíòåçèðîâàííûõ ñîåäèíåíèé (ÅÍÈ,

ã. Ïåðìü), à òàêæå àñïèðàíòàì è ñòóäåíòàì ïðèíèìàâøèõ ó÷àñòèå â âû-

ïîëíåíèè ñèíòåòè÷åñêîé ÷àñòè ðàáîòû.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÐÔÔÈ (ïðîåêòû�� 12-03-31157,

14-03-96014) è Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè ÐÔ (ïðîåêò � 965).
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1. Îáçîð ëèòåðàòóðû

1.1. Õèìè÷åñêèå ñâîéñòâà 1Í-ïèððîë-2,3-äèîíîâ

1.1.1. Òåðìîëèòè÷åñêèå ïðåâðàùåíèÿ 1H-ïèððîë-2,3-äèîíîâ

Ïðè íàãðåâàíèè çàìåùåííûõ 1H-ïèððîë-2,3-äèîíîâ äî òåìïåðàòó-

ðû âûøå 160°Ñ ïðîèñõîäèò èõ äåêàðáîíèëèðîâàíèå. Â âèäå îêñèäà óã-

ëåðîäà (II) âûäåëÿåòñÿ ëàêòàìíàÿ êàðáîíèëüíàÿ ãðóïïà ïèððîëäèîíîâî-

ãî öèêëà è îáðàçóåòñÿ çàìåùåííûå èìèäîèëêåòåíû [1�26]. Îáðàçîâàíèå

èìèäîèëêåòåíîâ áûëî ýêñïåðèìåíòàëüíî äîêàçàíî Âåíòðóïîì ñ ñîòðóä-

íèêàìè ñ ïîìîùüþ ÈÊ ñïåêòðîñêîïèè ïî õàðàêòåðíîìó ïîãëîùåíèþ â

îáëàñòè 2113�2140 ñì−1 [3�5, 7, 9] îáðàçöàìè, ïîëó÷åííûìè �íàìîðàæà-

âàíèåì� ïðîäóêòîâ òåðìîëèçà íà îõëàæäåííûå äî 77Ê äèñêè KBr. Ýòà

ïîëîñà èñ÷åçàåò èç ÈÊ ñïåêòðîâ ïðè ïîâûøåíèè òåìïåðàòóðû îáðàçöîâ

äî 170-200K.

Ñõåìà 1.1

R1 = H, Me, COMe, COOEt, NO2; R2 = Me, Ph, NEt2, MeS, MeO; R3 = H, Me, Ph, Ad.

Õèìè÷åñêîå ïîâåäåíèå èìèäîèëêåòåíîâ, ãåíåðèðóåìûõ ïðè òåðìî-

ëèçå ïèððîëäèîíîâ, ñóùåñòâåííûì îáðàçîì çàâèñèò îò õàðàêòåðà çàìåñòè-

òåëÿ ïðè àòîìå àçîòà. N-àðèëçàìåùåííûå èìèäîèëêåòåíû, ãåíåðèðóåìûå

òåðìîëèçîì 1-àðèë-1H-ïèððîë-2,3-äèîíîâ è â ðàñòâîðå [1�3,5�8,11,12,15,

26] è â ãàçîâîé ôàçå [7�10, 14, 16], ïîäâåðãàþùèåñÿ âíóòðèìîëåêóëÿðíîé

öèêëèçàöèè ñ ó÷àñòèåì êåòåíîâîãî ôðàãìåíòà è àðèëüíîãî çàìåñòèòåëÿ

ïðè àòîìå àçîòà è îáðàçîâàíèåì çàìåùåííûõ õèíîëèí-4-îíîâ. Çàìå÷åíî,

÷òî îáðàçîâàíèþ èìèäîèëêåòåíîâ ñïîñîáñòâóåò ââåäåíèå ýëåêòðîíîàêöåï-

òîðíûõ çàìåñòèòåëåé â ïèððîëäèîíîâûé öèêë [5].
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Ñõåìà 1.2

R1 = H, Alk, Ph, CN, COAr, COOAlk, Br; R2 = Ar, COOAlk, MeS, MeO; R3 = H, Me, OMe, F, NO2,

C6H4.

Â íåêîòîðûõ ñëó÷àÿõ íàðÿäó ñ õèíîëèí-4-îíàìè îáðàçóþòñÿ ïðî-

äóêòû áîëåå ãëóáîêèõ òðàíñôîðìàöèé. Òàê, ïðè äåêàðáîíèëèðîâàíèè 4-

àðîèë-1,5-äèôåíèë-2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ â ãàçîâîé ôàçå ïðè

òåìïåðàòóðå 650°C îáðàçóþòñÿ õèíîëèí-4-îíû è 4-àðîèëîêñèõèíîëèíû â

ïðèìåðíîì ñîîòíîøåíèè 1 : 2 [13]. 4-Àðîèëîêñèõèíîëèíû îáðàçóþòñÿ èç

4-õèíîëîíîâ â ðåçóëüòàòå [1, 3]-àöèëîòðîïíîãî ñäâèãà àðîèëüíîé ãðóïïû.

Ñõåìà 1.3

Ñ ïîìîùüþ ìå÷åííîãî èçîòîìàìè óãëåðîäà â ïîëîæåíèÿõ 2 è 3 4-

áåíçîèë-1,5-äèôåíèë-2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíà óäàëîñü çàôèêñè-

ðîâàòü àöèëêåòåí-àöèëêåòåíîâóþ ïåðåãðóïïèðîâêó ïåðâîíà÷àëüíî îáðàçó-

þùåãîñÿ èìèäîèëêåòåíà, ïðîèñõîäÿùóþ ïðè òåìïåðàòóðàõ âûøå 510°C.
Ïðîòåêàíèå òàêîé ïåðåãðóïïèðîâêè ïðèâîäèò ê ðàñïðåäåëåíèþ ìåòîê ïî

äâóì ïîçèöèÿì ïðîäóêòîâ, ÷òî íàáëþäàåòñÿ â ñïåêòðàõ ßÌÐ 13Ñ â âèäå

äâóõ èíòåíñèâíûõ ñèãíàëîâ [13].
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Ñõåìà 1.4

Ïðîâåäåíèå äàííîé ðåàêöèè ïðè 250°C ïðèâîäèò ê ôîðìèðâàíèþ

õèíîëèí-4-îíà â êà÷åñòâå åäèíñòâåííîãî ïðîäóêòà ðåàêöèè. Â óãëåðîäíîì

ñïåêòðå ýòîãî ñîåäèíåíèÿ íàáëþäàåòñÿ òîëüêî îäèé ñèãíàë ìå÷åíîãî àòîìà

óãëåðîäà [13]. Ýòî ñâèäåòåëüñòâóåò î òîì, ÷òî ïðè äàííîé òåìïåðàòóðà

àöèëêåòåí-àöèëêåòåíîâàÿ ïåðåãðóïïèðîâêà íå ïðîèñõîäèò.

Ñõåìà 1.5

Ïðè òåðìîëèçå 5-äèýòèëàìèíî-4-íèòðî-1-ôåíèë-1H-ïèððîë-2,3-

äèîí ïðîèñõîäèò âûäåëåíèå ìîëåêóë ÑÎ è ÑÎ2 ñ îáðàçîâàíèåì 3-

ãèäðîêñèèìèíî-2-äèýòèëàìèíî-3H-èíäîëà [5]. Ñòðóêòóðà ïðîäóêòà ïîä-

òâåðæäåíà ÐÑÀ. Ðåàêöèÿ, ïî-âèäèìîìó, ïðîõîäèò ÷åðåç ñòàäèþ ãåíå-

ðèðîâàíèÿ çàìåùåííîãî íèòðî(èìèäîèë)êåòåíà, öèêëèçóþùåãîñÿ â 3-
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çàìåùåííûé 4-îêñî-1,2-îêñàçåò-2-îêñèä. Äàëåå ïðîèñõîäèò ýëèìèíèðî-

âàíèå ÑÎ2 ñ îáðàçîâàíèåì èìèäîèëíèòðèëîêñèäà. Âíóòðèìîëåêóëÿðíàÿ

öèêëèçàöèÿ ïîñëåäíåãî è ïîñëåäóþùèé ïðîòîòðîïíàÿ ïåðåãðóïïèðîâêà

ïðèâîäÿò ê îáðàçîâàíèþ êîíå÷íîãî ïðîäóêòà ðåàêöèè � çàìåùåííîãî 3Í-

èíäîëà.

Ñõåìà 1.6

Èìèäîèëêåòåíû, îáðàçîâàííûå èç 1-íåçàìåùåííûõ è 1-àëêèë- 1Í-

ïèððîë-2,3-äèîíîâ, íå èìåþò âîçìîæíîñòè öèêëèçîâàòüñÿ ñ îáðàçîâàíèåì

õèíîëèí-4-îíîâ, âñëåäñòâèå ýòîãî ðåàëèçóþòñÿ äðóãèå íàïðàâëåíèÿ èõ

ñòàáèëèçàöèè.

(N-Ìåòèë)èìèäîèëêåòåí, ïîëó÷åííûé ïðè òåðìîëèçå 1-ìåòèë-

5-ìåòèëòèî-1H-ïèððîë-2,3-äèîíà, ïðåòåðïåâàåò èìèäîèëêåòåí-

îêñîêåòåíèìèíîâóþ ïåðåãðóïïèðîâêó. Âñëåäñòâèå [1, 3]-ñèãìàòðîïíîãî

ñäâèãà òèîìåòèëüíîé ãðóïïû îáðàçóåòñÿ óñòîé÷èâûé ïðè òåìïåðàòóðå

íèæå -30°C ìåòèëòèîêàðáîíèë(N-ìåòèë)êåòåíèìèí [3].

Ñõåìà 1.7

Ïðè òåðìîëèçå 4,5-äèôåíèë- è 1-àäàìàíòèë-4-ìåòèë-5-ôåíèë-1H-

ïèððîë-2,3-äèîíîâ ïðè 400�700°Ñ è âûäåëåíèè ïðîäóêòîâ çàìîðàæèâà-

íèåì â àðãîíîâîé ìàòðèöå ïðè 18Ê çàôèêñèðîâàíî îáðàçîâàíèå êåòåíîâ,
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ïðîäóêòîâ èõ ïåðåãðóïïèðîâêè âñëåäñòâèå [1, 3]-ñèãìàòðîïíîãî ñäâèãà ôå-

íèëüíîé ãðóïïû â êåòåíèìèíû è ïðîäóêòîâ ðàçëîæåíèÿ � èçîöèàíàòîâ è

àöåòèëåíîâ. Ïîñëåäíèå îáðàçóþòñÿ ÷åðåç ñòàäèþ îáðàòèìîé öèêëèçàöèè

èìèäîèëêåòåíîâ â 1,2-äèãèäðîàçåò-2-îíû [4,17]. Êåòåíèìèí, îáðàçóþùèé-

ñÿ èç 1-íåçàìåùåííîãî ïèððîëäèîíà, ïðåòåðïåâàåò [1, 3]-ïðîòîòðîïíûé

ñäâèã ñ îáðàçîâàíèåì áîëåå ñòàáèëüíîãî íèòðèëà [17]. N-íåçàìåùåííûå

èìèäîèëêåòåíû, ñòàáèëüíûå ïðè òåìïåðàòóðå íèæå 170Ê, ïðè ïîâûøåíèè

òåìïåðàòóðû âûøå ýòîãî çàíà÷åíèÿ äèìåðèçóþòñÿ â ðåçóëüòàòå [4 + 2]-

öèêëîïðèñîåäèíåíèÿ èìèäîèëêåòåíîâîãî ôðàãìåíòà îäíîé ìîëåêóëû ê

êåòîííîé êàðáîíèëüíîé ãðóïïå êåòåíîâîãî ôðàãìåíòà âòîðîé ìîëåêóëû ñ

îáðàçîâàíèåì 1,3-îêñàçèíà [17].

Ñõåìà 1.8

N-Áåíçèëäèáåíçîèëèìèäîèëêåòåí, îáðàçóþùèéñÿ ïðè òåðìîëèçå

4,5-äèàðîèë-1-áåíçèë-2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ, öèêëèçóåòñÿ ñ

ó÷àñòèåì êàðáîíèëüíîé ãðóïïû àðîèëüíîãî çàìåñòèòåëÿ, íàõîäÿùåãîñÿ

â ïîëîæåíèè 5 èñõîäíîãî ïèððîëäèîíà. Â êà÷åñòâå ïðîäóêòîâ ðåàêöèè

îáðàçóþòñÿ ôóðî[3,2-c]èçîõèíîëèíû ÷åðåç ñòàäèè îáðàçîâàíèÿ èìèäîèë-

êåòåíà, [1, 5]-ïðîòîòðîïíîãî ñäâèãà, àöèëèðîâàíèÿ îêñèãðóïïû êåòåíîâûì

ôðàãìåíòîì, öèêëèçàöèè ñ ó÷àñòèåì àðèëüíîãî çàìåñòèòåëÿ è àçîìåòèíî-

âîé ãðóïïû è ïîñëåäóþùåãî îêèñëåíèÿ [18, 19]. Êðîìå ýòîãî âûäåëåíû

ìèíîðíûå ïðîäóêòû, îáðàçóþùèåñÿ â ðåçóëüòàòå âîññòàíîâëåíèÿ èñõîä-
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íîãî ïèððîëäèîíà è ïðîìåæóòî÷íîãî ôóðàíîíà [18].

Ñõåìà 1.9

Ââåäåíèå çàìåñòèòåëåé â îðòî-ïîëîæåíèÿ àðèëüíîãî çàìåñòèòåëÿ

ïðè àòîìå àçîòà ïèððîëäèîíîâ, òàêæå áëîêèðóåò îñíîâíîå íàïðàâëåíèå

ñòàáèëèçàöèè èìèäîèëêåòåíîâ ñ îáðàçîâàíèåì çàìåùåííûõ õèíîëèí-4-

îíîâ. Â íåêîòîðûõ ñëó÷àÿõ òåðìîëèç òàêèõ ïèððîëäèîíîâ ñîïðîâîæäàþò-

ñÿ ñèëüíûì îñìîëåíèåì, ÷òî äåëàåò êðàéíå çàòðóäíèòåëüíûì âûäåëåíèå

ïðîäóêòîâ ðåàêöèè [1].

Èìèäîèëêåòåí, ïîëó÷åííûé âàêóóìíûì ôëýø-òåðìîëèçîì 5-

ìåòîêñè-1-(2,4,6-òðèìåòèëôåíèë)-2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíà ïðè

òåìïåðàòóðå 600°C, èçîìåðèçóåòñÿ âñëåäñòâèå [1, 3]-ñèãìàòðîïíîãî ñäâèãà

îêñèìåòèëüíîé ãðóïïû â êåòåíèìèí. Ïîñëåäíèé ïðåòåðïåâàåò âíóòðèìî-

ëåêóëÿðíóþ öèêëèçàöèþ ñ ó÷àñòèåì îäíîé èç ìåòèëüíûõ ãðóïï, íàõîäÿ-

ùèõñÿ â îðòî-ïîëîæåíèè ôåíèëüíîãî êîëüöà, ñ îáðàçîâàíèåì äèãèäðîõè-

íîëèíà, êîòîðûé íà âîçäóõå â òå÷åíèå êîðîòêîãî âðåìåíè îêñèëÿåòñÿ äî

ñîîòâåòñòâóþùåãî õèíîëèíà [21].
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Ñõåìà 1.10

Äèèìèäîèëêåòåí, ãåíåðèðîâàííûé òåðìîëèçîì 5-òîëèë-1-(2,4,6-

òèìåòèëôåíèë)-4-(3-òîëèëõèíîêñàëèí-2-èë)-2,3-äèãèäðî-1H-ïèððîë-2,3-

äèîíà, ïðåòåðïåâàåò öèêëèçàöèþ ñ ó÷àñòèåì òîëèëõèíîêñàëèíîâîãî

ôðàãìåíòà, ðàñïîëîæåííîãî áëàãîïðèÿíûì äëÿ ýòîãî îáðàçîì îòíîñè-

òåëüíî êåòåíîâîãî ôðàãìåíòà, è ôîðìèðîâàíèåì áåíçî[a]ôåíàçèíà [20].

Ñõåìà 1.11

Èìèäîèëêåòåíû, ïîëó÷åíûå òåðìîëèçîì 1-ìåòèëåíàìèíî- è 1-

äèìåòèëàìèíîïèððîëäèîíîâ, öèêëèçóþòñÿ ñ ó÷àñòèåì àòîìà àçîòà çà-

ìåñòèòåëÿ, íàõîäÿùåãîñÿ â ïîëîæåíèè 1 ïèððîëäèîíîâ, è îáðàçîâàíè-

åì ïðîèçîäíûõ ïèðàçîëà. Òàê, àðîèë(ãèäðàçîíîèë)êåòåíû, îáðàçóþùèåñÿ

ïðè òåðìîëèçå 1-(äèôåíèëåòèëåíàìèíî)ïèðîëäèîíîâ, öèêëèçóþòñÿ â àçî-

ìåòèí èìèíû [23�25]. Ïîñëåäíèå ëåãêî ãèäðîëèçóþòñÿ ïîä äåéñòâèåì

âëàãè âîçäóõà ñ îáðàçîâàíèåì ïèðàçîëîíîâ [24, 25]. Â îòñóòñòâèå âëàãè
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ïðîèñõîäèò èõ äèìåðèçàöèÿ â òåòðàçèíû [25]. Ââåäåíèå àòîìà Br â îðòî-

ïîëîæåíèå îäíîãî èç ôåíèëüíûõ êîëåö äèôåíèìåòèëåíàìèíî ôðàãìåíòà

ñîçäàåò âîçìîæíîñòü äëÿ âíóòðèìîëåêóëÿðíîé öèêëèçàöèè ïðîìåæóòî÷-

íîãî ñîåäèíåíèÿ ñ îáðàçîâàíèåì ïèðàçîëî[3,2-b][1,3]áåíçîêñàçèíîâ [23].

Ñõåìà 1.12

Òåðìîëèç 1-(äèìåòèëàìèíî)ïèððîëäèîíîâ ïðèâîäèò ê ôîðìèðîâà-

íèþ 1,4-äèìåòèëïèðàçîëîíîâ, âñëåäñòâèå ýëèìèíèðîâàíèÿ ìîëåêóëû ÑÎ

ñ îáðàçîâàíèåì ãèäðàçîíîèëêåòåíà, åãî âíóòðèìîëåêóëÿðíîé öèêëèçàöèè

è [1, 4]-ñèãìàòðîïíîãî ñäâèãà îäíîé èç ìåòèëüíûõ ãðóïï. Ïèðàçîëîí, ïî-

ëó÷åííûé èç 4-íåçàìåùåííîãî ïèððîëäèîíà, ñóùåñòâóåò â âèäå ñìåñè

òàóòîìåðîâ, îáðàçóþùèõñÿ âñëåäñòâèå ìèãðàöèè àòîìà âîäîðîäà [22].

Ñõåìà 1.13

R = H; Me.
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Íåêîòîðûå ïèððîëäèîíû ïðåòåðïåâàþò òåðìè÷åñêè èíèöèèðóåìûå

ïåðåãðóïïèðîâêè ïðè òåìïåðàòóðàõ íèæå òðåáóåìûõ äëÿ ãåíåðèðîâàíèé

èìèäîèëêåòåíîâ. Òàê, 1-ôåíèëàìèíî-1Í-ïèððîë-2,3-äèîíû ïðè òåìïåðà-

òóðå 130-160°Ñ, ðåöèêëèçóþòñÿ â ïèððîëî[2,3-b]èíäîëû [27�31]. Ìåõà-

íèçì ýòîé ðåàêöèè áëèçîê ê ìåõàíèçìó ïåðåãðóïïèðîâêè Ôèøåðà. Â

ðÿäå ñëó÷àåâ ðåàêöèÿ îñëîæíÿåòñÿ îáðàçîâàíèåì çàìåùåííûõ èíäîëîâ

âñëåäñòâèå òåðìè÷åñêèõ ïðîòîòðîïíûõ ñäâèãîâ èëè ñèãìàòðîïíûõ ïåðå-

ãðóïïèðîâîê, ïðîèñõîäÿùèõ â ïåðâîíà÷àëüíî îáðàçóþùèõñÿ ïèððîëî[2,3-

b]èíäîëàõ [27, 29, 31].

Ñõåìà 1.14

Àíàëîãè÷íî âûøå îïèñàííîìó 1,5-äèôåíèë-4-(α-

ôåíèëèìèíî)áåíçèë-1H-ïèððîë-2,3-äèîí ïðè 220°C, âìåñòî ãåíåðè-

ðîâàíèÿ äèèìèäîèëêåòåíà, ïîäâåðãàåòñÿâíóòðèìîëåêóëÿðíîé ïåðå-

ãðóïïèðîâêå. Â êà÷åñòâå åäèíñòâåííîãî ïðîäóêòà îáðàçóåòñÿ 2-(2,4-

äèôåíèëõèíîëèí-3-èë)-2-îêñî-N-ôåíèëàöåòàìèä [32]. Ïðîäóêò ðåàêöèè

îáðàçóåòñÿ âñëåäñòâèå ýëåêòðîöèêëè÷åñêîãî çàìûêàíèÿ äèãèäðîïèðè-

äèíîâîãî öèêëà è ïîñëåäóþùåãî ôîðìèðîâàíèÿ õèíîëèíîâîãî ÿäðà

âñëåäñòâèå β-ýëèìèíèðîâàíèÿ àìèíîãðóïïû è àòîìà âîäîðîäà, êîòîðîå

îáëåã÷àåòñÿ ôîðìèðîâàíèåì àðîìàòè÷åñêîé ñèñòåìû [32].
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Ñõåìà 1.15

1.1.2. 1H-ïèððîë-2,3-äèîíû â ðåàêöèÿõ öèêëîïðèñîåäèíåíèÿ

1H-Ïèððîë-2,3-äèîíû âñòóïàþò â ðåàêöèè òåðìè÷åñêè è ôîòîõèìè-

÷åñêè èíèöèèðóåìîãî öèêëîïðèñîåäèíåíèÿ. Â òåðìè÷åñêè èíèöèèðóåìûõ

ðåàêöèÿõ öèêëîïðèñîåäèíåíèÿ ñ áóòàäèåíàìè îíè âûñòóïàþò â êà÷åñòâå

äèåíîôèëîâ. Ïðè ýòîì âîçìîæíà ðåàëèçàöèÿ äâóõ íàïðàâëåíèé âçàèìî-

äåéñòâèÿ: ñ ó÷àñòèåì ñâÿçè Ñ4=Ñ5 èëè êåòîííîé êàðáîíèëüíîé ãðóïïû

Ñ3=Î. Íàïðàâëåíèå âçàèìîäåéñòâèÿ îïðåäåëÿåòñÿ ñòåðè÷åñêîé äîñòóïíî-

ñòüþ ñâÿçè Ñ4=Ñ5. Èñïîëüçîâàíèå êèñëîò Ëüþèñà â êà÷åñòâå êàòàëèçà-

òîðîâ ìîæåò èçìåíèòü íàïðàâëåíèå ðåàêöèè. 4-Àöèëçàìåùåííûå ïèððîë-

äèîíû îáû÷íî âûñòóïàþò â ðåàêöèè â êà÷åñòâå ãåòåðîäèåíîâ, âñòóïàÿ âî

âçàèìîäåéñòâèå ñèñòåìîé ñîïðÿæåííûõ ñâÿçåé Ñ5=Ñ4-Ñ=Î. Ðåàöèè öèê-

ëîïðèñîåäèíåíèÿ ñ ó÷àñòèåì ïèððîëäèîíîâ íàøëè ïðèìåíåíèå â ñèíòåçå

àëêàëîéäîâ ñåìåéñòâà Erythrina è Amaryllidaceae. Êðîìå ýòîãî íà îñíî-

âå ñèãìàòðîïíûõ ïåðåãðóïïèðîâîê ïðîäóêòîâ [2+2]-öèêëîïðèñîåäèíåíèÿ

ðàçðàáîòàíû ìåòîäû ñèíòåçà íåäîñòóïíûõ èëè òðóäíîäîñòóïíûõ äðóãèìè

ìåòîäàìè ñåìè÷ëåííûõ è êàðêàñíûõ àçàãåòåðîöèêëîâ.

4-Àðèë-1Í-ïèððîë-2,3-äèîíû, ãåíåðèðóåìûå âõîäå ðåàêöèè èç èõ

àääóêòîâ ñ ýòàíîëîì, âçàèìîäåéñòâóþò ñ áóòàäèåíîì ïðè òåìïåðàòóðå

150°C, äàâàÿ 3a-àðèëãåêñàãèäðîèíäîë-2,3-äèîíû ñ âûõîäîì 60-70% [33,

34].

Ñõåìà 1.16

Ar = Ph; C6H3(OCH2O)-3,4.
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5-Àðèë-1Í-ïèððîë-2,3-äèîíû, â îòëè÷èå îò 4-àðèëçàìåùåííûõ,

îêàçàëèñü ñóùåñòâåííî ìåíåå ðåàêöèîíîñïîñîáíû ïî îòíîøåíèþ ê

áóòàäèåíó. Ïðîâåñòè âçàèìîäåéñòâèå óäàëîñü ëèøü â óêñóñíîì àí-

ãèäðèäå ïðè 180°C. Ïðîäóêò áûë âûäåëåí â âèäå 1-àöåòèë-3-

àöåòèëîêñèòåðàãèäîèíäîë-2-îíà ñ âûõîäîì 5% [35].

Ñõåìà 1.17

5-Àðèë-4-ýòîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîíû ïðè âçàèìîäåé-

ñòâèè ñ áóòàäèåíîì äàþò äâà òèïà ïðîäóêòîâ â çàâèñèìîñòè îò òåìïå-

ðàòóðû ïðîâåäåíèÿ ðåàêöèè. Ïðè îòíîñèòåëüíî íèçêèõ òåìïåðàòóðàõ îá-

ðàçóþòñÿ 1,2-àääóêòû, à ïðè âûñîêèõ � 1,4-àääóêòû. 1,2-Àääóêòû ïðè ïî-

âûøåííûõ òåìïåðàòóðàõ ïðåòåðïåâàþò ñèãìàòðîïíóþ ïåðåãðóïïèðîâêó ñ

îáðàçîâàíèåì 1,4-àääóêòîâ. Â ñëó÷àå 1-ôåíèë çàìåùåííîãî ïèððîëäèîíà

âûäåëåíû èñêëþ÷èòåëüíî ïðîäóêòû [2+2]-öèêëîïðèñîåäèíåíèÿ, êîòîðûå

äàæå ïðè òåìïåðàòóðå 200°C íå ïåðåãðóïïèðîâûâàþòñÿ â 1,4-àääóêòû. Ýòî

óêàçûâàåò íà ñèëüíóþ ÷óâñòâèòåëüíîñòü ñèãìàòðîïíîé ïåðåãðóïïèðîâêè

ê ïðèðîäå çàìåñòèòåëÿ ïðè àòîìå àçîòà ïèððîäèîíîâ [35, 36].

Ñõåìà 1.18

Ïðè âçàèìîäåéñòâèè 5-àðèë-4-ýòîêñèêàðáîíèë-1Í-ïèððîë-2,3-

äèîíàìè ñ èçîïðåíîì, ïðîâîäèìîì â óêñóñíîì àíãèäðèäå ïðè 160

°C, ïîëó÷åíî òðè ïðîäóêòà: äâà ðåãèîèçîìåðíûõ 1,4-àääóêòà è 7-

àçàáèöèêëî[4.2.1]íîíàäèåíîí. Áèöèêëè÷åñêèå ñîåäèíåíèÿ îáðàçóþòñÿ â
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ðåçóëüòàòå àöèëèðîâàíèÿ àòîìà êèñëîðîäà ëàêòàìíîé êàðáîíèëüíîé ãðóï-

ïû èñõîäíîãî ïèððîëäèîíà è ïîñëåäóþùåãî [4 + 4]-öèêëîïðèñîåäèíåíèÿ

èçîïðåíà èëè â ðåçóëüòàòå àöèëèðîâàíèÿ ëàêòàìíîé êàðáîíèëüíîé

ãðóïïû ïåðâîíà÷àëüíî îáðàçóþùåãîñÿ 1,2-àääóêòà è ïîñëåäóþùåé

[3, 3]-ñèãìàòðîïíîé ïåðåãðóïïèðîâêè [37].

Ñõåìà 1.19

Âçàìîäåéñòâèå 5-ôåíèë-4-ýòîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîíîâ ñ

àêòèâèðîâàííûì äèåíîì, 1-ìåòîêñè-3-òðèìåòèëñèëèëîêñèáóòàäèåíîì,

ïðîõîäèò â áîëåå ìÿãêèõ óñëîâèÿõ (ïðè 130 °C, 10�30 ìèí) è ñ áîëåå âû-

ñîêèìè âûõîäàìè (42�96%). Ðåàêöèÿ ïðîòåêàåò ïî ñâÿçÿì Ñ4=Ñ5 è Ñ3=Î

ñ îáðàçîâàíèåì ñîîòâåòñòâóþùèõ 1,4-àääóêòîâ. Ñîîòíîøåíèå ïðîäóêòîâ

îïðåäåëÿåòñÿ îáúåìîì çàìåñòèòåëÿ ïðè àòîìå àçîòà ïèððîëäèîíîâ. Óâåëè-

÷åíè îáúåìà çàìåñòèòåëÿ ïðåïÿòñòâóåò ðàñïîëîæåíèþ ôåíèëüíîãî êîëüöà

â ïëîñêîñòè ïèððîëüíîãî öèêëà, ÷òî â ñâîþ î÷åðåäü çàòðóäíÿåò ïîäõîä

äèåíà ê ñâÿçè Ñ4=Ñ5 [35,38,39]. Â ñëó÷àå 1-íåçàìåùåííîãî è 1-ìåòèë çà-

ìåùåííîãî ïèððîëäèîíîâ îáðàçóåòñÿ ñìåñü ïðîäóêòîâ, ñ ïðåîáëàäàíèåì

åí-àääóêòîâ. Â ñëó÷àå ýòèëüíîãî è áîëåå îáúåìíûõ çàìåñòèòåëåé îáðàçó-

þòñÿ òîëüêî îí-àääóêòû.

Ñõåìà 1.20
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Äîáàâëåíèå â ðåàêöèîííóþ ìàññó ZnCl2 íå òîëüêî ñóùåñòâåííî

óñêîðÿåò ðåàêöèþ, íî è íàïðàâëÿåò äèåí íà êåòîííóþ êàðáîíèëüíóþ ãðóï-

ïó íåçàâèñèìî îò îáúåìà çàìåñòèòåëÿ ïðè àòîìå àçîòà ïèððîëäèîíîâ. Òàê,

â ñëó÷àå 1-íåçàìåùåííîãî è 1-ìåòèëçàìåùåííîãî ïèððîëäèîíîâ â êà÷å-

ñòâå ïðîäóêòîâ ðåàêöèè ïîëó÷åíû èñêëþ÷èòåëüíî ïðîäóêòû ïðèñîåäèíå-

íèÿ äèåíà ê êåòîííîé êàðáîíèëüíîé ãðóïïå ïèððîëäèîíîâ [38].

Ñõåìà 1.21

Óäàëåíèå ôåíèëüíîãî çàìåñòèòåëÿ èç ïîëîæåíèÿ 5 5-ôåíèë-4-

àëêîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîíîâ ïðèâîäèò ê òîìó, ÷òî ðåàêöèè ñ

äèåíàìè, â òîì ÷èñëå è àêòèâèðîâàííûìè, ïðîòåêàþò èñêëþ÷èòåëüíî ñ

ó÷àñòèåì ñâÿçè Ñ4=Ñ5. Ðåàêöèè ïðîõîäÿò â ñîîòâåñòâèè ñ ðàñïðåäåëåíè-

åì çàðÿäîâ â èñõîäíûõ ìîëåêóëàõ. Èñêëþ÷åíèå ÿâëÿåòñÿ èçîïðåí, êîòîðûé

äàåò â êà÷åñòâå ïðîäóêòîâ ñìåñü ðåãèîèçîìåðîâ. 6-Òðèìåòèëñèëèëîêñè çà-

ìåùåííûå ïðîäóêòû â óñëîâèÿõ ñèíòåçà ïîäâåðãàþòñÿ ãèäðîëèçó [40].

Ñõåìà 1.22

5-Ìåòîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîí òàêæå äàåò òîëü-

êî åí-àääóêòû, âûäåëÿþùèåñÿ â âèäå òàóòîìåðíûõ åíîëîâ. Â
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îòëè÷èå îò 4-ìåòîêñèêàðáîíèëïèððîëäèîíà âçàèìîäåéñòâèå 5-

ìåòîêñèêàðáîíèëïèððîëäèîíà ñ èçîïðåíîì ïðèâîäèò ê îáðàçîâàíèþ

òîëüêî îäíîãî àääóêòà, à âçàèìîäåéñòâèå ñ 1,3-ïåíòàäèåíîì äàåò

ñìåñü ðåãèîèçîìåðîâ â ñîîòíîøåíèè 1 : 1. 1-Ìåòîêñèáóòàäèåíîì äàåò

íå óñòîé÷èâûé àääóêò, êîòîðûé ïðè âûäåëåíèè ïåðåõîäèò â àìèä

2-àðèë-2-îêñîóêñóñíîé êèñëîòû [40].

Ñõåìà 1.23

Àíàëîãè÷íî, ñ ó÷àñòèåì òîëüêî ñâÿçè Ñ4=Ñ5, ïðîõîäèò âçàèìîäåé-

ñòâèå äèåíîâ ñ 4,5-äèýòîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîíîì. Àääóêò, ïî-

ëó÷åííûé èç 2-òðèìåòèëñèëèëîêñèáóòàäèåíà, ïîäâåðãàåòñÿ â õîäå ðåàê-

öèè äåñèëèëèðîâàíèþ c îáðàçîâàíèåì èíäîëòðèîíà. Àääóêò, ïîëó÷åí-

íûé èç 1-ìåòîêñè-3-òðèìåòèëñèëèëîêñèáóòàäèåíà, êðîìå ýòîãî ïîäâåðãà-

åòñÿ äåöèäåöèêëèçàöèè ïî ñâÿçè Ñ3à�Ñ4 ñ îáðàçîâàíèåì çàìåùåííîãî

3-îêñèïèððîë-2-îíà [41].
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Ñõåìà 1.24

Àääóêòû, îáðàçîâàííûå â ðåçóëüòàòå [3 + 2]-öèêëîïðèñîåäèíåíèÿ

äèàçîìåòàíà ïî ñâÿçè Ñ4=Ñ5 5-ìåòîêñè- è 4-ìåòèëòèî-1Í-ïèððîë-2,3-

äèîíîâ, ÿâëÿþòñÿ íåóñòîé÷èâûìè ñîåäèíåíèÿìè è â óñëîâèÿõ ñèíòåçà

ïðåòåðïåâàþò òàóòîìåðèçàöèþ ñ îáðàçîâàíèåì ïèððîëîïèðàçîëîâ è âû-

äåëåíèå àçîòà ñ îáðàçîâàíèåì 2-àçàáèöèêëî[3.1.0]ãåêñàíîâ. Ïðîäóêòû îá-

ðàçóþòñÿ â ïðèìåðíîì ñîîòíîøåíèè 1 : 1 [42].

Ñõåìà 1.25

X = OMe, SMe; R1 = Me, Ph, C6H4Me-4, C6H4OMe-4.

1,5-Äèôåíèë-, 1-ìåòèë- è 1-èçîïðîïèë-5-ôåíèë-1Í-ïèððîë-2,3-

äèîíû ðåàãèðóþò ñ äâóêðàòíûì èçáûòêîì áåíçèíà ñ îáðàçîâàíèåì 4-

ôåíèëèçîõèíîëîíîâ. Ïèððîëäèîíû, ñîäåðæàùèå â ïîëîæåíèè 4 àë-

êèëüíóþ ãðóïïó èëè àòîì õëîðà, ðåàãèðóþò ñ áåíçèíîì â ñîîòíîøå-
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íèè 1 : 1 ñ îáðàçîâàíèåì ñîîòâåòñòâóþùèõ èçîõèíîëîíîâ. Â ñëó-

÷àå 4-áðîì-1-èçîïðîïèë-5-ôåíèë-1Í-ïèððîë-2,3-äèîíà ðåàêöèÿ ñ áåíçè-

íîì ïðèâîäèò ê îáðàçîâàíèþ ñìåñè ïðîäóêòîâ � 4-áðîìèçîõèíîëîíà, 4-

ôåíèëèçîõèíîëîíà è èíäàí-1,2-äèîíà. Ïîêàçàíî, ÷òî ïîñëåäíåå ñîåäèíå-

íèå ÿâëÿåòñÿ ïðîìåæóòî÷íûì íà ïóòè ê 4-ôåíèëèçîõèíîëîíó. Ââåäåíèå â

ïîëîæåíèå 5 îáúåìíîé òðåò-áóòèëüíîé ãðóïïû äåëàåò ïðîòåêàíèå äàí-

íîé ðåàêöèè íå âîçìîæíûì [43].

Ñõåìà 1.26

4-Áåíçîèë-1Í-ïèððîë-2,3-äèîíû ðåàãèðóþò ñ àêòèâèðîâàííûìè àë-

êåíàìè [2, 11, 44], êåòåíàìè, êåòåíèìèíàìè è äèìåòèêàðáîäèèìèäîì [26]

ïî òèïó [4 + 2]-öèêëîïðèñîåäèíåíèÿ, à ñ ôåíèëèçîöèàíèäîì � ïî òèïó

[4 + 1]-öèêëîïðèñîåäèíåíèÿ [6,45] ñèñòåìîé ñîïðÿæåííûõ ñâÿçåé Ñ5=Ñ4-

Ñ=Î ñ îáðàçîâàíèåì ñîîòâåòñòâóþùèõ êîíäåíñèðîâàííûõ ãåòåðîöèêëè-

÷åñêèõ ñèñòåì.
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Ñõåìà 1.27

Àíàëîãè÷íî ïî òèïó [4 + 2]-öèêëîïðèñîåäèíåíèÿ ïðîòåêàåò âçàèìî-

äåéñòâèå 1-àðèë-4-(α-àðèëèìèíî)áåíçèë-5-ôåíèë-1Í-ïèððîë-2,3-äèîíà ñ

àðèëèçîöèàíàòàìè. Â êà÷åñòâå ïðîäóêòîâ îáðàçóþòñÿ ïèððîëî[2,3-

d]ïèðèìèäèíû [32].

Ñõåìà 1.28

Â îòëè÷èå îò âûøå îïèñàííîãî ðåàêöèè 1-àðèë-4-áåíçîèë-5-

ôåíèë-1Í-ïèððîë-2,3-äèîíîâ ñ äèôåíèëêåòåíîì è äèôåíèëêåòåí-N-(4-

ìåòèëôåíèë)-èìèíîì ïðîòåêàþò ñ ó÷àñòèåì êåòîííîé êàðáîíèëüíîé

ãðóïïû ïèððîëäèîíîâîãî öèêëà è îáðàçîâàíèåì ñîîòâåòñòâóþùèõ 3-

äèôåíèëìåòèëåíïèððîë-2-îíîâ [46].

Ñõåìà 1.29

X = O, N-C6H4Me-4; Ar = Ph, C6H4Me-4.
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Ïðè âçàèìîäåéñòâèè 4-áåíçîèë-5-ýòîêñèêàðáîíèë-1Í-ïèððîë-2,3-

äèîíà ñ α-òðèìåòèëñèëèëîêñèñòèðîëîì, êðîìå ñîîòâåòñòâóþùåãî öèêëî-

àääóêòà, îáðàçóþòñÿ ïðîäóêò ïðèñîåäèíåíèÿ ðåàãåíòà ê àòîìó Ñ5 è ïðî-

äóêò åãî ãèäðîëèçà [11].

Ñõåìà 1.30

Àíàëîãè÷íî ïðîòåêàåò âçàèìîäåéñòâèå 4-áåíçîèë-5-

ýòîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîíà ñ öèêëîïåíòåíîì [11], öèêëî-

ãåêñåíîì [11], äèãèäðîôóðàíîì [11] è äèãèäðîïèðàíîì [2, 11]. Â

ñëó÷àå 1-òðèìåòèëñèëèëîêñèöèêëîïåíòåíà ïåðâîíà÷àëüíî îáðàçóþùèéñÿ

[4 + 2]-öèêëîàääóêò â óñëîâèÿõ ðåàêöèè ïîäâåðãàåòñÿ ãèäðîëèçó ñ

ïîñëåäóþùèì ðàñêðûòèåì ïèðàíîâîãî öèêëà [2, 11]. Â òîæå âðåìÿ

1-òðèìåòèëñèëèëîêñèöèêëîãåêñåí äàåò íîðìàëüíûé àääóêò [11].

Ñõåìà 1.31

Äèåíû ïðèñîåäèíÿþòñÿ ê çàìåùåííûì 4-áåíçîèë-1Í-ïèððîë-2,3-

äèîíàì, êàê àëêåíû, ïî òèïó [4 + 2]-öèêëîïðèñîåäèíåíèÿ. Ïåðâîíà÷àëüíî

îáðàçóþùèåñÿ ïèðàíî[4,3-b]ïèððîäèîíû â óñëîâèÿõ ñèíòåçà â ñëó÷àå áó-

òàäèåíà ÷àñòè÷íî, à â ñëó÷àå ýëåêòðîíîèçáûòî÷íûõ äèåíîâ ïîëíîñòüþ,

ïîäâåðãàþòñÿ [3, 3]-ñèãìàòðîïíîé ïåðåãðóïïåðîâêå ñ îáðàçîâàíèåì ñîîò-

âåòñòâóþùèõ ãåêñàãèäðîèíäîëîâ. Ðåàêöèÿ ñ íîðáîðíåíäèåíîì òàêæå ñî-

ïðîâîæäàåòñÿ [2, 2, 2]-ïåðåãðóïïèðîâêîé ñêåëåòíîãî òèïà [44]. Â îòëè÷èå
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îò ýòîãî öèêëîïåíòàäèåí äàåò óñòîé÷èâûé àääóêò, êîòîðû äàæå ïðè 180°C
íå äàåò ïðîäóêòà ïåðåãðóïïèðîâêè, ÷òî ñâÿçàíî ñ íåâîçìîæíîñòüþ ôîð-

ìèðîâàíèÿ ïåðåõîäíîãî ñîñòîÿíèÿ ñîãëàñîâàííîé ïåðåãðóïïèðîâêè, èç-çà

îãðàíè÷åíèé, íàêëàäûâàåìûõ íà ñèñòåìó ìåòèëåíîâîé ãðóïïîé, ñâÿçûâà-

þùåé êîíöû äèåíîâîé ñèñòåìû.

Ñõåìà 1.32

Ïðè îáëó÷åíèè 1Í-ïèððîë-2,3-äèîíû ðåàãèðóþò ñ åíîëàìè è àê-

òèâèðîâàííûìè àëêåíàìè ïî òèïó [2 + 2]-öèêëîïðèñîåäèíåíèÿ ïî ñâÿçè

Ñ4=Ñ5 ïèððîëäèîíà ñ îáðàçîâàíèåì àçàáèöèêëî[3.2.0]ãåïòàíäèîíîâ. Áè-

öèêëû îáðàçóþòñÿ â âèäå ñìåñè ýíäî- è ýêçî-àääóêòîâ, ñîîòíîøåíèå êî-

òîðûõ îïðåäåëÿåòñÿ ñòðóêòóðîé çàìåñòèòåëÿ ïðè äâîéíîé ñâÿçè àëêåíà.

×àñòî ïåðâîíà÷àëüíî îáðàçóþùèåñÿ àääóêòû, âñëåäñòâèå èõ íàïðÿæåí-

íîñòè ïðåòåðïåâàþò ðàçíîîáðàçíûå ïåðåãðóïïèðîâêè. Ñîîòâåòñòâóþùèå

ïðîäóêòû âûäåëÿþòñÿ ëèáî â âèäå ïðèìåñåé, ëèáî ÿâëÿþòñÿ îñíîâíûìè

ïðîäóêòàìè ðåàêöèè âçàâèñèìîñòè îò óñëîâèé ïðîâåäåíèÿ ñèíòåçà. Ïðè

ýòîì ïóòè òðàíñôîðìàöèè ýêçî- è ýíäî-àääóêòîâ ñóùåñòâåííî ðàçëè÷àþò-

ñÿ.
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5-Ìåòîêñè-1Í-ïèððîë-2,3-äèîí âçàèìîäåéñòâóåò ñ ýëåêòðîíîèçáû-

òî÷íûìè àëêåíàìè ïðè îáëó÷åíèè ñ îáðàçîâàíèåì ñìåñè ýíäî- è ýêçî-

àääóêòîâ. Â ñëó÷àå ñòèðîëà îñíîâíûì ïðîäóêòîì ÿâëÿåòñÿ ýêçî-àääóêò, à

â ñëó÷àå àëêåíîâ àêòèâèðîâàííûõ êèñëîðîäñîäåðæàùèìè ãðóïïàìè ïðå-

îáëàäàåò èëè ÿâëÿåòñÿ åäèíñòâåííûì ýíäî-àääóêò [42].

Ñõåìà 1.33

R1 = Ph, OEt, OPh, OC6H11.

Àíàëîãè÷íûì îáðàçîì âåäóò ñåáÿ 5-ôåíèë-4-ýòîêñèêàðáîíèë- è 4,5-

äèýòîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîíû ïðè ôîòîõèìè÷åñêè èíèöèèðóå-

ìîì âçàèìîäåéñòâèè ñ ýëåêòðîíîèçáûòî÷íûìè àëêåíàìè [47�52]. Îòëè÷è-

åì îò âûøå îïèñàííîãî ÿâëÿåòñÿ îáðàçîâàíèå ñ íåáîëüøèìè âûõîäàìè â

íåêîòîðûõ ñëó÷àÿõ òåòðàãèäðîïèðèäèí-2-îíîâ. Ïîñëåäíèå îáðàçóþòñÿ â

ðåçóëüòàòå ñèãìàòðîïíîé ïåðåãðóïïèðîâêè ïåðâîíà÷àëüíî îáðàçóþùåãîñÿ

åíäî-àääóêòà è ïîñëåäóþùåãî õåëåòðîïíîãî äåêàðáîíèëèðîâàíèÿ.

Ñõåìà 1.34

R1 = Ph, COOEt.
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Âçàèìîäåéñòâèå 5-àðèë-4-ýòîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîíîâ ñ

áóòàäèåíîì ïðèâîäèò ê îáðàçîâàíèþ ñìåñè ýêçî- è ýíäî-àääóêòîâ ñ ïåð-

îáëàäàíèåì ïåðâîãî [36, 47, 49, 53, 54]. Àääóêòû, íå ñîäåðæàùèå çàìåñòè-

òåëåé ïðè àòîìå àçîòà, ëåãêî ïîäâåðãàþòñÿ òåðìè÷åñêèì ïåðåãðóïïêàì.

Ïðè ýòîì ýêçî-àääóêòû ïåðåõîäÿò â ãåêñàãèäðîèíäîëû âñëåäñòâèå [1, 3]-

ñèãìàòðîïíîãî ñäâèãà, à ýíäî-àääóêòû � â 7-àçàáèöèêëî[4.2.1]íîíà-3,7-

äèåíû âñëåäñòâèå [3, 3]-ñèãìàòðîïíîãî ñäâèãà [36, 54, 55].

Ñõåìà 1.35

Àíàëîãè÷íî ïðîòåêàåò ðåàêöèÿ 5-ôåíèë-4-ýòîêñèêàðáîíèë-1Í-

ïèððîë-2,3-äèîí ñ èçîïðåíîì. Â îòëè÷èå îò âûøåîïèñàííîãî òåðìè-

÷åñêèÿ ïåðåãðóïïèðîâêà ýêçî-àääóêòà äàåò, íàðÿäó ñ ãåêñàãèäðîèíäî-

ëîì, íåáîëüøîå êîëè÷åñòâî òåòðàãèäðîïèðèäèí-2-îíà [37]. Â ñëó÷àå

4,5-äèýòîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîíà çàôèêñèðîâàíî îáðàçîâàíèå

òîëüêî ïàðû [2 + 2]-öèêëîàääóêòîâ è ãåêñàãèäðîèíäîëà.

Ñõåìà 1.36
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R = Ar, COOEt.

Áîëåå ñåëåêòèâíî ïðîòåêàåò âçàèìîäåéñòâèå 5-ôåíèë-4-

ýòîêñèêàðáîíèë-1Í-ïèððîëäèîíîâ ñ 2-òðèìåòèëñèëèëîêñèáóòàäèåíàìè.

Â ýòîì ñëó÷àå îáðàçóþòñÿ òîëüêî OTMS-ýíäî-àääóêòû, êîòîðûå ïðè

íàãðåâàíèè ïåðåãðóïïèðîâûâàþòñÿ â ñîîòâåòñòâóþùèå ãåêñàãèäðîèíäî-

ëû [56�59].

Ñõåìà 1.37

Èñïîëüçîâàíèå â ýòîé ðåàêöèè ïÿòè÷ëåííûõ àëêåíîâ (öèêëîïåíòåíà

è èíäåíà) ïðèâîäèò ê îáðàçîâàíèþ ñîîòâåòñòâóþùèõ òåòðàãèäðîïèðèäèí-

2-îíîâ [60, 61].

Ñõåìà 1.38

Ðåàêöèÿ ôîòîöèêëîïðèñîåäèíåíèÿ öèêëè÷åñêèõ äèåíîâ (öèê-

ëîïåíòàäèåíà è öèêëîãåêñàäèåíà) ê 4-àðèë-5-ýòîêñèêàðáîíèë-1Í-

ïèððîë-2,3-äèîíó ïðèâîäèò ê îáðàçîâàíèþ, êðîìå ôîòîàääóêòîâ è

òåòðàãèäðîïèðèäèí-2-îíîâ, ïðîäóêòîâ [4 + 2]-öèêëîïðèñîåäèíåíèÿ [61,

62]. Ïîñëåäíèå, êàê è òåòðàãèäðîïèðèäèí2-îíû, îáðàçóþòñÿ â ðåçóëüòàòå

ñèãìàòðîïíûõ ïåïåãðóïïèðîâîê ïåðâîíà÷àëüíî îáðàçóþùèõñÿ ïðîäóêòîâ

[2 + 2]-öèêëîïðèñîåäèíåíèÿ.
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Ñõåìà 1.39

Ar = Ph, C6H4Me-4.

3-Ìåòèëñèëèëîêñè-1Í-èíäåí è 4-òðèìåòèëñèëèëîêñè-1,2-

äèãèäðîíàôòàëèí ïðè îáëó÷åíèè ïðèñîåäèíÿþòñÿ ê 5-ôåíèë-4-

ýòîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîíó, äàâàÿ ñîîòâåòñòâóþùèå ôîòî-

àääóêòû [63]. Â îòëè÷èå îò ýòîãî ïðè âçàèìîäåéñòâèè òðèìåòèë-

ñèëèëîêñèöèêëîïåíòåíà ñ óêàçàííûì ïèððîëäèîíîì ôîòîàääóêò â

óñëîâèÿõ ðåàêöèè ïîëíîñòüþ ïåðåõîäèò â ïðîäóêòû ïåðåãðóïïèðî-

âîê [63]. Ïðè ýòîì íàðÿäó ñ òåòðàãèäðîïèðèäèí-2-îíîì, îáðàçóþùèìñÿ

â ðåçóëüòàòå ñäâèãà ñèãìà ñâÿçè íà àòîì Ñ2 ïèððîëäèîíîâîãî öèêëà,

âûäåëåíû ïðîäóêò ìèãðàöèè ñèãìà ñâÿçè íà àòîì êèñëîðîäà êåòîííîé

êàðáîíèëüíîé ãðóïïû è åãî ãèäðàòíàÿ ôîðìà. Êðîìå ýòîãî ïîëó÷åí

3-ãèäðîêèïèðîë-2-îí, îáðàçóþùèéñÿ, ïî ìíåíèþ àâòîðîâ, â ðåçóëüòàòå

ðåàêöèè [2 + 2]-öèêëîïðèñîåäèíåíèÿ ðåàãåíòà ê êåòîííîé êàðáîíèëüíîé

ãðóïïå ïèððîëäèîíà, ãèäðîëèçà è ïîñëåäóþùåãî ðàñêðûòèÿ îêñåòàíîâîãî

öèêëà. Àíàëîãè÷íûå ïðîäóêòû îáðàçóþòñÿ ïðè èñïîëüçîâàíèè â êà÷åñòâå

ðåàãåíòà òðèìåòèñèëèëîêñèöèêëîãåñåíà [63]. Îòëè÷èåì ÿâëÿåòñÿ áîëüøàÿ

óñòîé÷èâîñòü ïåðâîíà÷àëüíî îáðàçóþùåãîñÿ ôîòîàääóêòà, êîòîðûé òàêæå

óäàëîñü âûäåëèòü.
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Ñõåìà 1.40

Àíàëîãè÷íûå ïåðåãðóïïèðîâêè ïðåòåðïåâàþò ôîòîàääóêòû 5-

ôåíèë-4-ýòîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîíà ñ äèãèäðîôóðàíàìè è äè-

ãèäðîïèðàíîì [63�65]. Ïðè ýòîì ýíäî-àääóêòû ïåðåãðóïïèðîâûâàþòñÿ â

òåòðàãèäðîïèðèäèí-2-îíû, à ýêçî-àääóêòû ïðåòåðïåâàþò ìèãðàöèþ ñâÿçè

íà àòîì êèñëîðîäà êåòîííîé êàðáîíèëüíîé ãðóïïû [65].

Ñõåìà 1.41

R = H, Me.

Ôåíèëàöåòèëåí ïðè îáëó÷åíèè ó÷àñòâóåò â ðåàêöèè [2 + 2]-

öèêëîïðèñîåäèíåíèÿ ïî ñâÿçè Ñ4=Ñ5 5-àðèë-4-ýòîêñèêàðáîíèë-1Í-

ïèððîë-2,3-äèîíîâ, äàâàÿ ñîîòâåòñòâóþùèå öèêëîáóòåíû â êà÷åñòâå îñ-
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íîâíûõ ïðîäóêòîâ è ïèðèäèí-2-îíû. Íàãðåâàíèå öèêëîáóòåíîâ ïðèâîäèò

ê èõ ïåðåãðóïïèðîâêå â ñîîòâåòñòâóþùèå àçàòðîïîëîíû [66,67].

Ñõåìà 1.42

Ar = Ph, C6H4Br-4.

Äèôåíèëêåòåí ïðè îáëó÷åíèè ïðèñîåäèíÿåòñÿ ê êåòîííîé êàð-

áîíèëüíîé ãðóïïå ïèððîëäèîíîâîãî öèêëà 1-àðèë-4-áåíçîèë-5-ôåíèë-

1Í-ïèððîë-2,3-äèîíîâ. Îáðàçóþùèéñÿ àääóêò â óñëîâèÿõ ðåàêöèè

ðàñïàäàåòñÿ ñ âûäåëåíèåì óãëåêèñëîãî ãàçà è îáðàçîâàíèåì 3-

äèôåíèëìåòèëåíïèððîë-2-îíîâ [46].

Ñõåìà 1.43

Ar = Ph, C6H4Me-4.

Ôîòîõèìè÷åñêè èíèöèèðóåìîå âçàèìîäåéñòâèå ýòèõ ïèððîëäèîíîâ

ñ êåòåíèìèíîì ïðèâîäèò ê îáðàçîâàíèþ, êðîìå äèôåíèëìåòèëåíïèððîë-

2-îíîâ, 1,6-äèàçàñïèðî[3.4]îêò-7-åí-2,5-äèîíîâ [46]. Êðîìå ýòîãî âñëó-

÷àå 1-(4-ìåòèëôåíèë)-çàìåùåííîãî ïèððîëäèîíà óäàëîñü âûäåëèòü 1,6-

äèàçàñïèðî[3.4]îêò-2-åí-5,7-äèîí. Ïîñëåäíåå ñîåäèíåíèå ïðè íàãðåâàíèè

ïåðåõîäèò â äèôåíèëìåòèëåíïèððîë-2-îí [46].
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Ñõåìà 1.44

Ar = Ph, C6H4Me-4; R = C6H4Me-4.

1.1.3. Íóêëåîôèëüíûå ïðåâðàùåíèÿ 1H-ïèððîë-2,3-äèîíîâ

Çàìåùåííûå 1Í-ïèððîë-2,3-äèîíû âåñüìà ñêëîííû ê ðåàêöèÿì ñ

íóêëåîôèëüíûìè ðåàãåíòàìè. Ïðîñòåéøèå ïðåäñòàâèòåëè ðÿäà â ýòîì îò-

íîøåíèè áëèçêè ê èçàòèíàì. Îáðàçîâàíèå òîãî èëè èíîãî òèïà ïðîäóêòîâ,

ïî ìíåíèþ èññëåäîâàòåëåé, èçó÷àâøèõ ýòè ðåàêöèè, îáúÿñíÿåòñÿ ñî÷åòà-

íèåì íåñêîëüêèõ ôàêòîðîâ:

• íåàðîìàòè÷íîñòè ïèððîëäèîíîâîãî öèêëà,

• âëèÿíèÿ ýëåêòðîíîàêöåïòîðíûõ çàìåñòèòåëåé, ïîâûøàþùèõ ÷à-

ñòè÷íûé ïîëîæèòåëüíûé çàðÿä íà îäíîì èç ýëåêòðîíîäåôèöèòíûõ

àòîìîâ óãëåðîäà Ñ2, Ñ3, Ñ5 â öèêëå,

• ñòåðè÷åñêîãî âçàèìîäåéñòâèÿ çàìåñòèòåëåé ìåæäó ñîáîé, ïðåïÿòñò-

âåþùåãî èõ êîïëàíàðíîìó ðàñïîëîæåíèþ è, ñëåäîâàòåëüíî, ñîïðÿ-

æåíèþ ñ ãåòåðîÿäðîì,

• íóêëåîôèëüíîñòè è îñíîâíîñòè íóêëåîôèëüíîãî ðåàãåíòà,

• óñëîâèé ïðîâåäåíèÿ ðåàêöèè.

Êàê ïðàâèëî, NH- è ÎÍ-íóêëåîôèëû âçàèìîäåéñòâóþò ñ ïèððîë-

äèîíàìè â ñðåäå àïðîòîííûõ ðàñòâîðèòåëåé ïðè ñëàáîì íàãðåâàíèè áåç

êàòàëèçàòîðîâ, â ðÿäå ñëó÷àåâ òðåáóåòñÿ ñïëàâëåíèå ðåàãåíòîâ.



35

Ðåàêöèè ñ ÎH-íóêëåîôèëàìè

Åùå â ïåðâûõ ðàáîòàõ ïî ñèíòåçó 1Í-ïèððîë-2,3-äèîíîâ îòìå÷åíà

èõ íåñòàáèëüíîñòü â ñðåäå ïðîòîííûõ ðàñòâîðèòåëåé. Âûñîêàÿ ðåàêöèîí-

íàÿ ñïîñîáíîñòü 1Í-ïèððîë-2,3-äèîíîâ, ïî-âèäèìîìó, ÿâëÿåòñÿ ñëåäñòâè-

åì íåàðîìàòè÷íîñòè ãåòåðîöèêëà. Îáðàçîâàíèå òîãî èëè èíîãî ïðîäóêòà â

ðåàêöèÿõ ñ ÎÍ-íóêëåîôèëàìè çàâèñèò îò ïîëÿðíûõ è ñòåðè÷åñêèõ ñâîéñòâ

çàìåñòèòåëåé â ïîëîæåíÿõ 1,4,5 ïèððîäèîíîâîãî ÿäðà.

5-Ôåíèë-1Í-ïèððîë-2,3-äèîíû ïðè âçàèìîäåéñòâèè ñ âîäîé è ñïèð-

òàìè (ìåòàíîëîì è ýòàíîëîì) äàþò äâà ðÿäà ïðîäóêòîâ âçàâèñèìî-

ñòè îò ñòðîåíèÿ çàìåñòèòåëÿ ïðè àòîìå àçîòà. 1-Ìåòèë-5-ôåíèë-1Í-

ïèððîëäèîíû ðåàãèðóåò ñ âîäîé, äàâàÿ 3,5-äèãèäðîêñèïèððîëîí, âñëåä-

ñòâèå ïðèñîåäèíåíèÿ ðåàãåíòà ê àòîìó Ñ5. Ïðèñîåäèíåíèå âîäû ÿâëÿåòñÿ

îáðàòèìûì. Íàãðåâàíèå àääóêòîâ ïðèâîäèò ê ðåãåíåðàöèè èñõîäíîãî ïèð-

ðîëäèîíà [68].

Ñõåìà 1.45

Â îòëè÷èå îò âûøå îïèñàííîãî ðåàêöèè 1-íåçàìåùåííîãî [68]

è 1-ôåíèëçàìåùåííîãî [69] 5-ôåíèë-1Í-ïèððîë-2,3-äèîíîâ ñ ÎÍ-

íóêëåîôèëàìè ïðîòåêàþò ñ ó÷àñòèåì ëàêòàìíîé êàðáîíèëüíîé ãðóïïû è

ïðèâîäÿò ê îáðàçîâàíèþ ïîñëå ðàñêðûòèÿ öèêëà ïî ñâÿçè N1�C2 ñîîòâåñò-

âåííî 4-àìèíî- è 4-ôåíèëàìèíî-2-îêñî-4-ôåíèëáóò-3-åíîâûõ è èõ ýôè-

ðîâ. Ïðè íàãðåâàíèè ïðîäóêòû ïîäâåðãàþòñÿ âíóòðèìîëåêóëÿðíîé öèê-

ëèçàöèè ñ îáðàçîâàíèåì èñõîäíûõ ïèððîëäèîíîâ.

Ñõåìà 1.46

R1 = H, Ph; R2 = H, Me, Et.
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Èíòåðñíî, ÷òî ââåäåíèå àòîìà áðîìà â ïîëîæåíèå 4 1,5-äèôåíèë-

1Í-ïèððîëäèîíà ìåíÿåò íàïðàâëåíèå ðåàêöèè ñî ñïèðòàìè. Â ýòîì

ñëó÷àå â êà÷åñòâå åäèíñòâåííûõ ïðîäóêòîâ ïîëó÷åíû 3-ãèäðîêñè-5-

ýòîêñèïèððîëîíû [69].

Ñõåìà 1.47

Àíàëîãè÷íî ïîâåäåíèå äåìîñòðèðóåò (4,5-äèîêñî-1,2-äèôåíèë-4,5-

äèãèäðîïèððîë-3-èë)òðèôåíèëôîñôîíèÿ. Åãî ýëþèðîâàíèå ìåòàíîëîì ÷å-

ðåç êîëîíêó ñ ñèëèêàãåëåì ïðèâîäèò ê îáðàçîâàíèþ 5-ìåòîêñè-2-îêñî-1,5-

äèôåíèë-4-òðèôåíèëôîñôèíî-2,5-äèãèäðî-3-ïèððîëîëÿòà [70] âñëåäñòâèå

ïðèñîåäèíåíèÿ ìåòàíîëà ê àòîìó Ñ5 ïèððîëäèîíîâîãî öèêëà è ïîñëåäóþ-

ùåãî îòùåïëåíèÿ õëîðîâîäîðîäà. Ñòðóêòóðà ïðîäóêòà ïîäòâåðæäåíà ÐÑÀ.

Ñõåìà 1.48

Ïåðåíîñ ôåíèëüíîãî çàìåñòèòåëÿ èç ïîëîæåíèÿ 5 â ïîëîæåíèå 4

òàêæå íàïðàâëÿåò àòàêó íóêëåîôèëà íà àòîì Ñ5 ïèððîäèîíîâîãî öèê-

ëà. 4-Ôåíèë-1Í-ïèððîë-2,3-äèîí ïðè íàãðåâàíèè â ýòàíîëå ïåðåõîäèò â

3-ãèäðîêñè-5-ýòîêñèïèððîëîí. Ïðèñîåäèíåíèå ýòàíîëà ÿâëÿåòñÿ îáðàòè-

ìûì, î ÷åì ñâèäåòåëüñòâóåò ïîÿâëåíèÿ ÿðêî-êðàñíîé îêðàñêè ïèððîëäèî-

íà ïðè íàãðåâàíèè àääóêòà â ÄÌÑÎ. Àâòîðàìè çàìå÷åíî, ÷òî äîáàâëåíèå

ï-òîëóîëñóëüôîêèñëîòû èëè òðèýòèëàìèíà ñóùåñòâåííî îáëåã÷àåò ðåãåíå-

ðàöèþ ïèððîëäèîíà. Ïåðåêðèñòàëëèçàöèÿ àääóêòà èç ìåòàíîëà ïðèâîäèò

ê îáðàçîâàíèþ 3-ãèäðîêñè-5-ìåòîêñèïèððîëîíà ÷åðåç ñòàäèè îòùåïëåíèÿ

ýòàíîëà è ïîñëåäóþùåãî ïðèñîåäèíåíèÿ ìåòàíîëà, ÷òî òàêæå ïîäòâåð-

æäàåò îáðàòèìîñòü ðåàêöèè ïðèñîåäèíåíèÿ [33].
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Ñõåìà 1.49

Îïèñàíî ïðèñîåäèíåíèå ìåòàíîëà ê êåòîííîé êàðáîíèëüíîé ãðóïïå

1-àðèë-5-ôåíèë-4-[ôåíèë(àðèëèìèíî)ìåòèë]-1Í-ïèððîë-2,3-äèîíà ñ îá-

ðàçîâàíèåì 3-ãèäðîêñè-3-ìåòîêñèïèððîëîíà. Îáðàáîòêà ýòîãî ïèððîëäè-

îíà âîäîé ïðèâîäèò ê ôîðìèðîâàíèþ 3-àðèëàìèíî-3-ãèäðîêñèïèððîëîíà,

ïî-âèäèìîìó, âñëåäñòâèå ïðèñîåäèíåíèÿ âîäû ê êåòîííîé êàðáîíèëü-

íîé ãðóïïå, ãèäðîëèçà èìèíî ãðóïïû è ïîñëåäóþùåãî çàìåùåíèÿ îä-

íîé èç ãèäðîêñèëüíûõ ãðóïï ôåíèëàìèíîãðóïïîé ïî ñõåìå îòùåïëåíèÿ-

ïèðñîåäèíåíèÿ [71].

Ñõåìà 1.50

Àíàëîãè÷íûå ñòðóêòóðû áûëè ïðèïèñàíû ïðîäóêòàì ïðèñîåäèíåíèÿ

âîäû è ýòàíîëà ñîîòâåòñâåííî ê 4-áåíçîèë- [72] è 4-íèòðèë-1,5-äèôåíèë-

1Í-ïèððîëäèîíàì [73].

Ñõåìà 1.51
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Y = COPh, CN; R = H, Et.

Ïîçæå ýòè äàííûå áûëè ïåðåñìîòðåíû. Íà îñíîâàíèè äåòàëüíî-

ãî àíàëèçà ñïåêòðàëüíûõ äàííûõ è èññëåäîâàíèÿ ïðîäóêòîâ ìåòîäîì

ÐÑÀ áûëî óñòàíîâëåíî, ÷òî ïðè âçàèìîäåéñòâèè 4-áåíçîèëçàìåùåííûõ

ïèððîëäèîíîâ ñ âîäîé è ìåòàíîëîì â ìÿãêèõ óñëîâèÿõ îáðàçóþòñÿ ñî-

îòâåòñòâåííî 3,5-äèãèäðîêñè- è 3-ãèäðîêñè-5-ìåòîêñèïèððîëîíû. Êèïÿ-

÷åíèå 3-ãèäðîêñè-5-ìåòîêñèïèððîëîíà â ìåòàíîëå â òå÷åíèå íåñêîëü-

êèõ ÷àñîâ ïðèâîäèò ê îáðàçîâàíèþ ìåòèëîâîãî ýôèð 3-áåíçîèë-4-[(4-

ìåòèëôåíèë)àìèíî]-2-îêñî-4-ôåíèëáóò-3-åíîâîé êèñëîòû, âñëåäñòâèå îò-

ùåïëåíèÿ ìåòàíîëà, ïîñëåäóþùåãî åãî ïðèñîåäèíåíèÿ ê ëàêòàìíîé êàð-

áîíèëüíîé ãðóïïå è ðàñêðûòèÿ ïèððîëüíîãî öèêëà ïî ñâÿçè N1�Ñ2 [69].

Ñõåìà 1.52

4-Íèòðèë-1,5-äèôåíèë-1Í-ïèððîë-2,3-äèîí ïðè çàèìîäåéñòâèè ñ

ýòàíîëîì äàæå â ìÿãêèõ óñëîâèÿõ äàåò èñêëþ÷èòåëüíî ïðîäóêò äåöèê-

ëèçàöèè ïî ñâÿçè N1�C2 [69].

Ñõåìà 1.53
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Îïèñàíî âçàèìîäåéñòâèå 4-òðèôòîðàöåòèë-5-ìåòèë-1-ôåíèë-1H-

ïèððîë-2,3-äèîíà ñ âîäîé. Ðåàêöèÿ ïðîòåêàåò ñ ó÷àñòèåì àòîìà Ñ5 è îáðà-

çîâàíèåì ñîîòâåòñòâóþùåãî 3,5-äèãèäðîêñèäèãèäðîïèððîëîíà. Èíòåðåñ-

íî, ÷òî ââåäåíèå â ïîëîæåíèå 5 ïèððîëäèîíà âìåñòî ìåòèëüíîé ãðóïïû

áîëåå îáúåìíîãî òðåò-áóòèëüíîãî çàìåñòèòåëÿ è çàìåíà ôåíèëüíîãî çà-

ìåñòèòåëÿ â ïîëîæåíèè 1 àòîìîì âîäîðîäà äåëàåò íå âîñïðèèì÷èâûì ê

íóêëåîôèëüíîé àòàêå íå òîëüêî àòîì Ñ5, íî è ëàêòàìíóþ êàðáîíèëüíóþ

ãðóïïó [74].

Ñõåìà 1.54

R1 = CF3, (CF2)4H.

5-Ôåíèë-4-ýòîêñèêàðáîíèë-1H-ïèððîë-2,3-äèîíû ïðè âçàèìîäåé-

ñòâèè ñ ÎH-íóêëåîôèëàìè äàþò äâà òèïà ïðîäóêòîâ â çàâèñèìîñòè îò íà-

ëè÷èÿ èëè îòñóòñòâèÿ çàìåñòèòåëÿ ïðè àòîìå àçîòà. 1-Àëêèëçàìåùåííûå

ïèððîëäèîíû ó÷àñòâóþò â ðåàêöèè àòîìîì Ñ5 ñ îáðàçîâàíèåì ñîîòâåò-

ñòâóþùèõ äèãèäðîïèððîëîíîâ [75, 76]. Ñ äðóãîé ñòîðîíû ïèððîëäèîí,

íåñîäåðæàùèé çàìåñòèòåëÿ ïðè àòîìå àçîòà, ðåàãèðóåò ñ ó÷àñòèåì ëàê-

òàìíîé êàðáîíèëüíîé ãðóïïîé è îáðàçîâàíèåì â êà÷åñòâå ïðîäóêòîâ çà-

ìåùåííîé áóò-3-åíîâîé êèñëîòû è åå ýôèðîâ [75].
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Ñõåìà 1.55

Îòìå÷åíàÿ çàâèñèìîñòü íàïðàâëåíèÿ ðåàêöèè îò çàìåñòèòåëÿ ïðè

àòîìå àçîòà èñ÷åçàåò ïðè ïðîâåäåíèè âçàèìîäåéñòâèÿ â ïðèñóòñòâèè ãèä-

ðîêñèäà êàëèÿ. Àâòîðàìè íàéëåíî, ÷òî â ýòîì ñëó÷àå íàïðàâëåíèå ðåàêöèè

îïðåäåëÿåòñÿ óëîâèÿìè ïðîâåäåíèÿ ñèíòåçà, à èìåííî ïðèðîäîé èñïîëü-

çóåìîãî ðàñòâîðèòåëÿ. Ïðîâåäåíèå ðåàêöèè â ìåòàíîëå ïðèâîäèò ê îáðà-

çîâàíèþ ïðîäóêòîâ ïðèñîåäèíåíèÿ ìåòèëàòà êàëèÿ ê àòîìó Ñ5. Ñ äðóãîé

ñòîðîíû ïðè äîáàâëåíèè âîäíîãî ðàñòâîðà ãèäðîêñèäà êàëèÿ ê ñóñïåíçèè

ïèððîëäèîíîâ â äèõëîðýòàíå ïðèâîäèò ê îáðàçîâàíèþ ïðîäóêòîâ äåöèê-

ëèçàöèè ïððîëäèîíîâ ïî ñâÿçè N1�C2 [75].

Ñõåìà 1.56

R = H, Me.

4-Àðîèë-5-(ìåòèëñóëüôàíèë)-1Í-ïèððîäèîíû ïîä äåéñòâèåì âîäû

ïåðåõîäÿò â 4-àðîèë-5-ãèäðîêñè-1Í-ïèððîäèîíû, ïî-âèäèìîìó, ÷åðåç ñòà-

äèè ïðèñîåäèíåíèÿ âîäû ê àòîìó Ñ5 è ïîñëåäóþùåãî îòùåïëåíèÿ ìåòàí-

òèîëà [77].
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Ñõåìà 1.57

Ââåäåíèå ìåòîêñèêàðáîíèëüíîé ãðóïïû â ïîëîæåíèå 5 4-àöèë-

1Í-ïèððîë-2,3-äèîíîâ ñòàáèëèçèðóåò ïðîäóêòû ïðèñîåäèíåíèÿ ÎÍ-

íóêëåîôèëîâ ê àòîìó Ñ5 ïèððîëäèîíîâîãî öèêëà [23, 25, 78�81].

Ñõåìà 1.58

R1 = -N=C(Ph)2, N=C(Ph)C6H4Br-2; R2 = Ph, t-Bu; R3 = H, Me.

Êèñëîòíûé ãèäðîëèç 5-ôåíèë- è 4-àðîèë-5-ìåòîêñèêàðáîíèë ïðè-

âîäèò ê ôîðìèðîâàíèþ àðîèëïèðîâèíîãðàäíûõ êèñëîò. Â ñëó÷àå 4,5-

äèôåíèë-1Í-ïèððîëäèîíà îáðàçóþòñÿ ôåíèëáåíçèëêåòîí è ùàâåëåâàÿ

êèñëîòà [78, 82, 83].

Ñõåìà 1.59
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Â îòëè÷èå îò êèñëîòíîãî ãèäðîëèçà ïîä äåéñòâèåì ùåëî÷åé ïèð-

ðîäèîíû ðàñêðûâàþòñÿ ïî ñâÿçè N1�C2 ñ îáðàçîâàíèåì ñîîòâåòñâóþùèõ

ñîëåé 4-àìèíî-2-îêñîáóò-3-åíîâûõ êèñëîò. Ïîñëåäíèå ïðè ïîäêèñëåíèè

ïåðåõîäÿò â ñîîòâåòñâóþùèå êèñëîòû, êîòîðûå ïðè íàãðåâàíèè öèêëèçó-

þòñÿ ñ îáðàçîâàíèåì èñõîäíûõ ïèððîëäèîíîâ [75, 82�85].

Ñõåìà 1.60

Ðåàêöèè ñ SH-íóêëåîôèëàìè

Ôåíèëìåðêàïòàí ïðèñîåäèíÿåòñÿ àòîìîì ñåðû ê êåòîííîé êàðáî-

íèëüíîé ãðóïïå 4,5-äèôåíèë-1Í-ïèððîë-2,3-äèîíà. Îáðàçóþùèéñÿ àä-

äóêò íå ñòîåê è ëåãêî ðàñïàäàåòñÿ íà èñõîäíûå ñîåäèíåíèÿ ïðè íàãðå-

âàíèè [86].

Ñõåìà 1.61

Ðåàêöèè ñ àìèíàìè

Ðåàêöèè ñ àìèíàìè ïðîòåêàþò, êàê è â ñëó÷àå ÎÍ-íóêëåîôèëîâ, ïî

â äâóì îñíîâíûì íàïðàâëåíèÿì: ñ ó÷àñòèåì àòîìà Ñ5 èëè ëàêòàìíîé êàð-

áîíèëüíîé ãðóïïû ïèððîëäèîíîâîãî öèêëà. Íà íàïðàâëåíèå ðåàêöèè îêà-

çûâàþò âëèÿíèå êàê ýëåêòðîôèëüíîñòü ïèððîëäèîíîâîãî öèêëà (íàëè÷èÿ

èëè îòñóòñòâèÿ ýëåêòðîíîàêöåïòîðíûõ çàìåñòèòåëåé), òàê è îò íóêëåî-

ôèëüíîñòü èñïîëüçóåìîãî àìèíà. Êðîìå ýòîãî åñòü ïðèìåðû ïðîòåêàíèÿ
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ðåàêöèè ñ ó÷àñòèåì êåòîííîé êàðáîíèëüíîé ãðóïïû. Â íåêîòîðûõ ñëó÷à-

ÿõ èçìåíåíèÿ ñòðóêòóðû êîíå÷íîãî ïðîäóêòà ìîæíî äîáèòüñÿ èçìåíåíèåì

óñëîâèé ïðîâåäåíèÿ ñèíòåçà.

Âçàèìîäåéñòâèå 5-(4-ìåòèëôåíèë)-1Í-ïèððîëäèîíà ñ àíèëèíîì

ïðîòåêàåò ñ ó÷àòèåì êåòîííîé êàðáîíèëüíîé ãðóïïû è ïðèâîäèò ê îðà-

çîâàíèé ñîîòâåòñòâóþùåãî 3-ôåíèëèìèíîïèððîëîíà [84].

Ñõåìà 1.62

Ar = C6H4Me-4.

Ïðè âçàèìîäåéñòâèè 5-àðèë-1Í-ïèððîë-2,3-äèîíîâ ñ àììèàêîì è

ìåòèëàìèíîì ðåàêöèÿ ïðîòåêàåò ñ ó÷àñòèåì ëàêòàìíîé êàðáîíèëüíîé

ãðóïïû. Ïåðâîíà÷àëüíî îáðàçóþùèåñÿ àääóêòû ðàñêðûâàþòñÿ ïî ñâÿ-

çè N1�C2 c îáðàçîâàíèåì ñîîòâåòñòâóþùèõ àìèäîâ 4-àìèíî-4-àðèë-2-

îêñîáóò-3-åíîâîé êèñëîòû [84].

Ñõåìà 1.63

Ar = C6H4Me-4; R = H, Me.

Êîëåíöîì ñ ñîòðóäíèêàìè áûëî îïèñàíî îáðàòèìîå ïðèñîåäèíå-

íèå àíàëèíà ê êåòîííîé êàðáîíèëüíîé ãðóïïå 4-áåíçîèë-1Í-ïèððîë-2,3-

äèîíîâ [87].

Ñõåìà 1.64
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Ar = Ph, C6H4Me-4.

Ïîçæå ñòðóêòóðà ýòèõ ïðîäóêòîâ áûëà ïåðåñìîòðåíà. Íà îñíîâà-

íèè àíàëèçà óãëåðîäíîãî ñïåêòðà àääóêòà, ïîëó÷åííîãî âçàèìîäåéñòâèåì

ìå÷åííîãî èçîòîïàìè óãëåðîäà â ïîëîæåíèÿõ 2 è 3 ïèððîëäèîíà ñ àíèëè-

íîì, åìó áûëà ïðèïèñàíà ñòðóêòóðà 4-[ãèäðîêñè(ôåíèë)ìåòèëèäåí]-1,5-

äèôåíèë-5-(ôåíèëàìèíî)ïèððîëèäèí-2,3-äèîíà [69].

Ñõåìà 1.65

Ïðîäóêò ïðèñîåäèíåíèÿ àðèëàìèíà ê 1-áåíçèë-4-áåíçîèë-5-

ôåíèë-1Í-ïèððîë-2,3-äèîíó, ïðè äëèòåëüíîì âûäåðæèâàíèå â ðàñ-

òâîðå, ðåöèêëèçóåòñÿ ñ îáðàçîâàíèåì 1-áåíçèë-5-ãèäðîêñè-5-ôåíèë-4-

[ôåíèë(ôåíèëàìèíî)ìåòèëåí]ïèððîëèäèí-2,3-äèîíà âñëåäñòâèå ðàñêðû-

òèÿ öèêëà ïî ñâÿçè N1�C5 è ïðèñîåäèíåíèÿ àìèäíîé ãðóïïû NH ê êå-

òîííîé ãðóïïå áåíçîèëüíîãî ôðàãìåíòà [88].

Ñõåìà 1.66

Ar = C6H4Me-4.

5-(Ìåòèëñóëüôàíèë)-1Í-ïèððîëäèîíû, ñîäåðæàùèå â ïîëîæåíèè 4

àðîèëüíóþ èëè íèòðîãðóïïó, ðåàãèðóþò ñ àðèëàìèíàìè àòîìîì Ñ5. Â

óñëîâèÿõ ñèíòåçà îáðàçóþùèåñÿ àääóêòû íåóñòîé÷èâû è ïðåòåðïåâàþò

îòùåïëåíèå ìåòàíòèîëà ñ îáðàçîâàíèåì ñîîòâåòñâóþùèõ 5-àðèëàìèíî-

1Í-ïèððîëäèîíîâ [69, 77]. Â îòëè÷èå îò ýòîãî 4-íåçàìåùåííûé 5-

(ìåòèëñóëüôàíèë)-1Í-ïèððîëäèîíû ïîä äåéñòâèåì àíèëèíà äàåò àíèëèä
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3-ôåíèëàìèíî-2-îêñîáóò-3-åíîâîé êèñëîòû [69], îáðàçóþùèéñÿ âñëåä-

ñòâèå ïðèñîåäèíåíèÿ ðåàãåíòà ê ëàêòàìíîé êàðáîíèëüíîé ãðóïïå è ïî-

ñëåäóþùåãî ðàñêðûòèÿ öèêëà ïî ñâÿçè N1�C2.

Ñõåìà 1.67

4-Àðîèë-5-ìåòîêñèêàðáîíèë-1Í-ïèððîëäèîíàìè ïðèñîåäèíÿþò

àðèëàìèíû â ìÿãêèõ óñëîâèÿõ ê àòîìó Ñ5. Âñëó÷àå 1-ìåçèòèëçàìåùåííîãî

ïèððîëäèîíà îáðàçóþùèéñÿ àääóêò ðàñêðûâàåòñÿ ïî ñâÿçè N1�C5 ñ îá-

ðàçîâàíèåì ñîîòâåòñâóþùåãî àìèäà 4-àðèëàìèíî-2-îêñîáóò-3-åíîâîé

êèñëîòû. Ïðîâåäåíèå ðåàêöèè â ñðåäå êèïÿùåãî áåíçîëà c äâóêðàòíûì

èçáûòêîì àðèëàìèíà ïðèâîäèò ê ðàçðóøåíèþ ïèððîëäèîíîâîãî öèêëà

ïî ñâÿçÿì N1�C5 è C3�C4 ñ îáðàçîâàíèåì àìèäîâ ùàâåëåâîé êèñëîòû è

ýôèðîâ 2-àðèëàìèíî-4-àðèë-4-îêñîáóò-2-åíîâûõ êèñëîò [79].

Ñõåìà 1.68



46

Âòîðè÷íûå àìèíû ïðè âçàèìîäåéñòâèè ñ 1H-ïèððîë-2,3-äèîíàìè

îáû÷íî ïðèñîåäèíÿþòñÿ ê ëàêòàìíîé êàðáîíèëüíî ãðóïïå ñ ïîñëåäóþ-

ùèì ðàñêðûòèåì ïèððîëäèîíîâîãî öèêëà ïî ñâÿçè N1�C2 è îáðàçîâàíèåì

ñîîòâåòñâóþùèõ àìèäîâ 4-àìèíî-2-îêñî-áóò-3-åíîâûõ êèñëîò [69, 84].

Ñõåìà 1.69

4-Àðîèë-5-ìåòîêñèêàðáîíèë- è 4-íèòðî-5-(ìåòèëñóëüôàíèë)-1Í-

ïèððîë-2,3-äèîíû ïðè âçàèìîäåéñòâèè ñ âòîðè÷íûìè àìèíàìè äàþò ñìå-

ñè ïðîäóêòîâ. Â ïåðâîì ñëó÷àå, êðîìå ïðîèçâîäíûõ 4-àìèíîáóò-3-åíîâûõ

êèñëîò, îáðàçóþòñÿ ïðîäóêòû ïðèñîåäèíåíèÿ àìèíà ê àòîìó Ñ5 [89], à

âî âòîðîì � ïðîäóêò çàìåùåíèÿ ìåòèëñóëüôàíèëüíîé ãðóïïû àìèíîãðóï-

ïîé. Âûäåëÿþùèéñÿ âî âòîðîì ñëó÷àå ìåòàíòèîë ïðèñîåäèíÿåòñÿ ê äâîé-

íîé óãëåðîä-óãëåðîäíîé ñâÿçè àìèäà 4-àìèíî-2-îêñîáóò-3-åíîâîé êèñëî-

òû [69].
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Ñõåìà 1.70

Ðåàêöèè ñ ÑÍ-íóêëåîôèëàìè

4,5-Äèôåíèë-1Í-ïèððîë-2,3-äèîí â ïðèñóòñòâèè êîíöåíòðèðîâàí-

íîé ñåðíîé êèñëîòû âñòóïàåò â ðåàêöèþ êîíäåíñàöèè ñ ôåíîëîì. Ðåàêöèÿ

ïðîõîäèò ñ ó÷àñòèåì êåòîííîé êàðáîíèëüíîé ãðóïïû ïèððîëäèîíà è ïðè-

âîäèò ê îáðàçîâàíèþ 3,3-äè(4-ãèäðîêñèôåíèë)-4,5-äèôåíèë-1H-ïèððîë-2-

îíà [86].

Ñõåìà 1.71

Äèíèòðèë ìàëîíîâîé êèñëîòû â ìÿãêèõ óñëîâèÿõ âçàèìîäåéñòâóåò ñ

5-(4-ìåòèëôåíèë)- [84] è 5-ìåòîêñè- [90] 1Í-ïèððîë-2,3-äèîíàìè. Ðåàêöèÿ

ïðîòåêàåò ñ ó÷àñòèåì ìåòèëåíîâîé ãðóïïû äèíèòðèëà ìàëîíîâîé êèñëîòû

è êåòîííîé êàðáîíèëüíîé ãðóïïû 1Í-ïèððîë-2,3-äèîíîâ ñ îáðàçîâàíèåì

ñîîòâåòñòâóþùèõ ïðîäóêòîâ êðîòîíîâîé êîíäåíñàöèè [84, 90].
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Ñõåìà 1.72

Ar = C6H4Me-4.

Ôîñôîðèëäèàçîìåòàíû â ïðèñóòñòâèè òðèàëêèëàìèíîâ âåäóò ñå-

áÿ ïî îòíîøåíèþ ê 4-ìåòèë-1,5-äèôåíèë-1Í-ïèððîë-2,3-äèîíó êàê ÑÍ-

íóêëåîôèëû. Ðåàêöèÿ ïðîòåêàåò ñ ó÷àñòèåì êåòîííîé êàðáîíèëüíîé

ãðóïïû ïèððîëäèîíà è ïðèâîäèò ê îáðàçîâàíèþ ñîîòâåòñòâóþùèõ 3-

ãèäðîêñèïèððîë-2-îíîâ. Àääóêòû â êèñëîé ñðåäå âûäåëÿþò àçîò è ïå-

ðåãðóïïèðîâûâàþòñÿ â ñîîòâåñòâóþùèå ïèðèäèí-2-îíû [91].

Ñõåìà 1.73

R = Ph, OMe.

Âçàèìîäåéñòâèå 1-áåíçèë-4-áåíçîèë-5-ôåíèë-1Í-ïèððîë-2,3-äèîíà

ñ äèýòîêñèýòèëåíîì ïðèâîäèò ê îáðàçîâàíèþ 1-áåíçèë-4-áåíçîèë-3-

ãèäðîêñè-5-ôåíèë-4-ýòîêñèêàðáîíèëìåòèë-2,5-äèãèäðîïèððîë-2-îíà [92].

Ïî ìíåíèþ àâòîðîâ ïðîäóêò îáðàçóåòñÿ â ðåçóëüòàòå ïðèñîåäèíåíèÿ ýëåê-

òðîíîèçáûòî÷íîãî àòîìà óãëåðîäà ê àòîìó Ñ5 ïèððîëäèîíà è ïîñëåäóþ-

ùåãî ãèäðîëèçà â óñëîâèÿõ ñèíòåçà îáðàçóþùåãîñÿ àääóêòà.
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Ñõåìà 1.74

Íåäàâíî áûë ðàçðàáîòàí ìåòîäà ýíàíòèîñåëåêòèâíîãî ïðèñîåäèíå-

íèÿ àöèêëè÷åñêèõ è êàðáîöèêëè÷åñêèõ êåòîíîâ ê 4-àëêîêñèêàðáîíèë-5-

àðèë-1Í-ïèððîë-2,3-äèîíàì. Ðåàêöèÿ ïðîõîäèò â ïðèñóòñòâèè îïòè÷åñêè

àêòèâíûõ îðãàíè÷åñêèõ êàòàëèçàòîðîâ è ïðèâîäèò ê ñîîòâåòñòâóþùèì

àëüäîëÿì [93].

Ñõåìà 1.75

Ðåàêöèè ñ ãèäðàçèíàìè

Ïèððîëäèîíû, íå ñîäåðæàùèå ôóíêöèîíàëüíûõ ãðóïï â ïîëîæåíèÿ

4,5, ðåàãèðóþò ñ ãèäðàçèíàìè êåòîííîé êàðáîíèëüíîé ãðóïïîé ñ îáðà-

çîâàíèåì ñîîòâåòñòâóþùèõ ãèäðàçîíîâ [27, 82, 83, 94�96]. 3-Ãèäðàçîíû

ïèððîëäèîíîâ, îáðàçîâàííûå ìîíîçàìåùåííûìè ãèäðàçèíàìè, ñóùåñòâó-

þò â ôîðìå ñ âíóòðåìîëåêóëÿðíîé âîäîðîäíîé ñâÿçüþ Í-õåëàòíîãî òèïà

ìåæäó àìèíîãðóïïîé ãèäðàçîíîâîãî îñòàòêà è êàðáîíèëüíîé ãðóïïîé â

ïîëîæåíèè 2 öèêëà, ò.å. â âèäå Z-èçîìåðîâ.

Ñõåìà 1.76

4-Àðîèë-1Í-ïèððîë-2,3-äèîíû ïîä äåéñòâèåì ãèäðàçèíîâ ïðåòåðïå-

âàþò ðåöèêëèçàöèè ñ îáðàçîâàíèåì ïèðàçîëîâ. Íà ïåðâîé ñòàäèè ðåàêöèè
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ïðîèñõîäèò ïðèñîåäèíåíèå ãèäðàçèíà ê àòîìó Ñ5 ïèððîëäèîíîâ, àíàëî-

ãè÷íî èõ âçàèìîäåéñòâèþ ñ ïåðâè÷íûìè àìèíàìè. Äàëåå â çàâèñèìîñòè

îò ñòðóêðû çàìåñòèòåëÿ â ïîëîæåíèè 5 ïèððîëäèîíîâîãî öèêëà ïðîèñõî-

äèò ëèáî ðàñêðûòèå ïèððîëüíîãî öèêëà ïî ñâÿçè N1�C5 è ïîñëåäóþùàÿ

öèêëèçàöèÿ c ó÷àñòèåì áîëåå ýëåêòðîôèëüíîé êåòîííîé êàðáîíèëüíîé

ãðóïïû îêñàìîèëüíîãî ôðàãìåíòà, ëèáî öèêëèçàöèÿ ñ ó÷àñòèåì êåòîííîé

êàðáîíèëüíîé ãðóïïû àðîèëüíîãî çàìåñòèòåëÿ è ïîñëåäóþùåå ðàñêðû-

òèå ïèððîëüíîãî öèêëà ïî ñâÿçè N1�C5. Ïåðâîå èç óêàçàííûõ íàïðàâ-

ëåíèé ðåàëèçóåòñÿ â ñëó÷àå âçàèìîäåéñòâèÿ 4-àðîèë-5-ôåíèë-1Í-ïèððîë-

2,3-äèîíîâ ñ ãèäðàçèíîì, ïðèâîäÿùåãî ê îáðàçîâàíèþ 3-àðèë-4-àðîèë-1Í-

ïèðàçîë-5-êàðáîêñàìèäîâ [97].

Ñõåìà 1.77

Ðåàëèçàöèÿ âòîðîãî íàïðàâëåíèÿ íàáëþäàåòñÿ â ñëó÷àå 4-

àðîèë-5-ìåòîêñèêàðáîíèë-1Í-ïèððîëäèîíîâ, âçàèìîäåéñòâèå êî-

òîðûõ ñ ãèäðàçèíàìè ïðèâîäèò ê îáðàçîâàíèþ ìåòèë 5-àðèë-4-

[(àðèëêàðáàìîèë)êàðáîíèë]-1H-ïèðàçîë-3-êàðáîêñèëàòîâ. Ïî-âèäèìîìó,

òàêîå èçìåíåíèå íàïðàâëåíèÿ ðåàêöèè ñâÿçàíî ñ áîëåå ýëåêòðîíîàê-

öåïòîðíûìè ñâîéñòâàìè ìåòîêñèêàðáîíèëüíîé ãðóïïû ïî ñðàâíåíèþ ñ

àðèëüíîé, ÷òî çàòðóäíÿåò ðàñêðûòèå ïèððîëäèîíîâîãî öèêëà, ïðîèñõîäÿ-

ùåå òåïåðü òîëüêî ïîñëå çàìûêàíèÿ ïèðàçîëüíîãî öèêëà [98].
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Ñõåìà 1.78

Ðåàêöèè ñ ãèäðîêñèëàìèíîì

5-Àðèë- è 4,5-äèàðèë-1Í-ïèððîë-2,3-äèîíû ðåàãèðóþò ñ ãèäðîõëî-

ðèäîì ãèäðîêñèëàìèíà, ïîäîáíî èõ âçàèìîäåéñòâèþ ñ ïåðâè÷íûìè àìè-

íàìè è ãèäðàçèíàìè, êåòîííîé êàðáîíèëüíîé ãðóïïîé ñ îáðàçîâàíèåì

ñîîòâåòñòâóþùèõ îêñèìîâ [82, 94].

Ñõåìà 1.79

Ðåàêöèè ñ ãèäðàçèäàìè è ñåìèêàðáàçèäàìè

Êàïóàíî è Ì¼ðñäîðô îïèñàëè âçàèìîäåéñòâèå 4,5-äèôåíèë-1Í-

ïèððîëäèîíà ñ ãèäðàçèäîì áåíçîéíîé êèñëîòû [96], à Êîëåíö � âçàè-

ìîäåéñòâèå 4-ìåòèë-5-ôåíèë-1Í-ïèððîëäèîíîâ ñ ãèäðîõëîðèäàìè ñåìè-

êàðáàçèäà è òèîñåìèêàðáàçèäà [27]. Â ýòèõ ñëó÷àÿõ ðåàãåíòû âåäóò ñåáÿ

êàê ìîíîíóêëåîôèëû, àòàêóÿ íàèáîëåå íóêëåîôèëüíîé àìèíîãðóïïîé êå-

òîííóþ êàðáîíèëüíóþ ãðóïïó ïèððîëäèîíîâ.
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Ñõåìà 1.80

Ïîÿâëåíèå èçîïðîïîêñàëèëüíîãî çàìåñòèòåëÿ â ïîëîæåíèè 4 ìåíÿåò

êàê íàïðàâëåíèå ïåðâîíà÷àëüíîé àòàêè, òàê è ïîâåäåíèå òèîñåìèêàðáàçè-

äîì, êîòîðûé â ýòîì ñëó÷àå âåäåò ñåáÿ êàê 1,2-NH,NH-áèíóêëåîôèë. Â êà-

÷åñòâå ïðîäóêòà ðåàêöèè îáðàçóåòñÿ 1,3a,4,5,6,6a-ãåêñàãèäðîïèððîëî[3,4-

c]ïèðàçîë âñëåäñòâèå ïðèñîåäèíåíèÿ íàèáîëåå íóêëåîôèëüíîé àìèíî-

ãðóïïû ðåàãåíòà ê àòîìó Ñ5, ðàñêðûòèÿ öèêëà ïî ñâÿçè N1�C5, âíóòðè-

ìîëåêóëÿðíîé öèêëèçàöèè ñ ó÷àñòèåì âòîðè÷íîé àìèíîãðóïïû ðåàãåíòà è

êåòîííîé êàðáîíèëüíîé ãðóïïû îêñàìîèëüíîãî ôðàãìåíòà è ïîñëåäóþùå-

ãî ïðèñîåäèíåíèÿ àìèäíîé ãðóïïû NH è êåòîííîé êàðáîíèëüíîé ãðóïïû

èçîïðîïîêñàëèëüíîãî ôðàãìåíòà [99].

Ñõåìà 1.81
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Ðåàêöèè ñ 1,3-NH,NH-áèíóêëåîôèëàìè

Äèôåíèëãóàíèäèí íà ïåðâîé ñòàäèè ðåàêöèè ïðèñîåäèíÿåòñÿ âòî-

ðè÷íîé àìèíîãðóïïîé, êàê è äðóãèå NH-íóêëåîôèëû, ê àòîìó Ñ5 4-

àðîèë-5-ìåòîêñèêàðáîíèë-2,3-äèãèäðî-1H-ïèððîë-2,3-äèîí-íîâ. Ïîñëåäó-

þùàÿ âíóòðèìîëåêóëÿðíàÿ öèêëèçàöèÿ ñ ó÷àñòèåì âòîðè÷íîé àìèíî-

ãðóïïû è ìåòîêñèêàðáîíèëüíîãî ôðàãìåíòà ïðèâîäèò ê ôîðìèðîâàíèþ

òðèàçàñïèðî[4.4]íîí-3-åíîâ [100,101].

Ñõåìà 1.82

Ïî-äðóãîìó ïðîòåêàåò âçàèìîäåéñòâèå ýòèõ ïèððîëäèîíîâ ñ àìè-

íîïèðàçîëîì. Â êà÷åñòâå ïðîäóêòîâ ðåàêöèè îáðàçóþòñÿ ïèðàçîëî[1,5-

a]ïèðèìèäèíû âñëåäñòâèå ïðèñîåäèíåíèÿ ïåðâè÷íîé àìèíîãðóïïû ðåà-

ãåíòà ê àòîìó Ñ5, ïîñëåäóþùåé äåöèêëèçàöèè ïèððîëüíîãî öèêëà ïî ñâÿçè

N1�C5 è ïîñëåäóþùåãî çàìûêàíèÿ ïèðèìèäèíîâîãî öèêëà â ðåçóëüòàòå

âçàèìîäåéñòâèÿ ýíäîöèêëè÷åñêîé àìèíîãðóïïû ðåàãåíòà ñ êåòîííîé êàð-

áîíèëüíîé ãðóïïîé îêñàìîèëüíîãî ôðàãìåíòà [102, 103].
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Ñõåìà 1.83

Ðåàêöèè ñ åíàìèíàìè

Ïîñëåäíèå ïÿòíàäöàòü ëåò ïðîâîäèëîñü èíòåíñèâíîå èçó÷åíèå

âçàèìîäåéñòâèÿ 4-àðîèë-5-ìåòîêñèêàðáîíèë-2,3-äèãèäðî-1H-ïèððîë-2,3-

äèîíîâ ñ åíàìèíàìè ðàçëè÷íîãî ñòðîåíèÿ. Ïîêàçàíî, ÷òî îñíîâ-

íûì íàïðàâëåíèåì ðåàêöèè ÿâëÿåòñÿ ôîðìèðîâàíèå ñïèðîñîåäèíå-

íèÿ âñëåäñòâèè ïðèñîåäèíåíèÿ íóêëåîôèëüíûõ öåíòðîâ åíàìèíà ê

àòîìó Ñ5 ïèððîëäèîíà è ìåòîêñèêàðáîíèëüíîé ãðóïï ñ ïîñëåäó-

þùèì îòùåïëåíèåì ìåòàíîëà. Ïî ýòîé ñõåìå ïðîòåêàåò âçàèìî-

äåéñòâèå óêàçàííûõ ïèððîëäèîíîâ ñ 3-àðèëàìèíî-1Í-èíäåí-1-îíàìè

[104, 105], 3-àìèíî-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíàìè [106�109], 6-

àìèíî-1,2,3,4-òåòðàãèäðîïèðèìèäèí-2,4-äèîíàìè [110] è 1-ìåòèë-3,4-

äèãèäðîèçîõèíîëèíàìè [111, 112], à òàêæå àöèêëè÷åñêèìè åíàìèíîêåòî-

íàìè [113] è åíàìèíîýôèðàìè [114,115].
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Ñõåìà 1.84

3-Àìèíî-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îí [109, 116] è 6-àìèíî-1,3-

äèìåòèë-1,2,3,4-òåòðàãèäðîïèðèìèäèí-2,4-äèîí [110, 117], ñîäåðæàùèå â

ñâîåì ñîñòàâå ïåðâè÷íóþ àìèíîãðóïïó, â ìÿãêèõ óñëîâèÿõ ïðèñîåäèíÿ-

þòñÿ àòîìàìè óãëåðîäà è àçîòà åíàìèíîôðàãìåíòà ñîîòâåòñòâåííî ê àòî-

ìàì Ñ5 è Ñ3 ñ îáðàçîâàíèåì ñîîòâåòñòâóþùèõ ìîñòèêîâûõ ñòðóêòóð,

êîòîðûå ïðè ïîâûøåííîé òåìïåðàòóðå ðåöèêëèçóþòñÿ â ñïèðîñîåäèíå-

íèÿ [109,110].
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Ñõåìà 1.85

Â íåêîòîðûõ ñëó÷àÿõ ïðè âçàèìîäåéñòâèè 4-àðîèë-5-

ìåòîêñèêàðáîíèë-1H-ïèððîë-2,3-äèîíîâ ñ 3-àìèíîöèêëîãåêñ-2-åí-1-

îíàìè íàáëþäàåòñÿ îáðàçîâàíèå ñïèðî[ôóðàí-2,3'-èíäîëîâ], îáû÷íî â

êà÷åñòâå ìèíîðíûõ ïðîäóêòîâ, âñëåäñòâèå êàñêàäíîé ðåöèêëèçàöèè ñ

ó÷àñòèåì àòîìîâ Ñ2, Ñ3 è ìåòîêñèêàðáîíèëüíîé ãðóïïû ïèððîëäèî-

íîâ [108,109,118].

Ñõåìà 1.86

Ðåàêöèè ñ î-ôåíèëåíäèàìèíîì

Ðóýìàíîì â îäíîé èç ïåðâûõ ðàáîò ïî õèìèè ïèððîëäèîíîâ áû-

ëî îïèñàíî âçàèìîäåéñòâèå 5-àðèë-4-ôåíèë-1Í-ïèððîë-2,3-äèîíîâ ñ î-

ôåíèëåíäèàìèíîì. Ðåàêöèÿ ïðîòåêàåò â ñðåäå ðàçáàâëåííîé óêñóñíîé êèñ-

ëîòû ñ îáðàçîâàíèåì ïèððîëîõèíîêñàëèíîâ [119].
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Ñõåìà 1.87

Ïîçæå Êîëëåíöîì áûëî èññëåäîâàíî âçàèìîäåéñòâèå î-

ôåíèëåíäèàìèíà ñ 5-ôåíèë- è 4-àëêèë-5-ôåíèë-1Í-ïèððîë-2,3-äèîíàìè.

Ðåàêöèÿ ïðîâîäèëàñü â ýòàíîëå â ïðèñóòñòâèè êàòàëèòè÷åñêèõ êîëè÷åñòâ

ï-òîëóîëñóëüôîêèñëîòû. Â ýòîì ñëó÷àå êðîìå ïèððîëîõèíîêñàëèíîâ

áûëè ïîëó÷åíû õèíîêñàëèí-2-îíû è ïèððîëèíîíû, êîòîðûå ìîæíî

ðàññìàòðèâàòü êàê ïîëóïðîäóêòû íà ïóòè ê ïèððîëîõèíîêñàëèíó. Êðîìå

ýòîãî â ñëó÷àå 4-ìåòèë-5-ôåíèë-1Í-ïèððîëäèîíà áûëî çàôèêñèðîâàíî

îáðàçîâàíèå ñ âûõîäîì 14% áåíçèìèäîçîëèäèíà, êîòîðûé ôîðìèðóåòñÿ

â ðåçóëüòàòå àòàêè îáåèìè àìèíîãðóïïàìè ðåàãåíòà êåòîííîé êàðáîíèëü-

íîé ãðóïïû ïèððîëäèîíà è ïîñëåäóþùåãî ãèäðîëèòè÷åñêîãî îòùåïëåíèÿ

1-ôåíèëïðîïàí-1-îíà [85].

Ñõåìà 1.88
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Íàïðàâëåíèå ðåàêöèè î-ôåíèëåíäèàìèíà ñ 4-àðîèë-1Í-ïèððîë-2,3-

äèîíàìè çàâèñèò êàê îò ïðèðîäû çàìåñòèòåëåé â ïîëîæåíèÿõ 1 è 5 ïèð-

ðîëäèîíîâîãî öèêëà, òàê è îò óñëîâèé ïðîâåäåíèÿ ðåàêöèè.

5-Ãèäðîêñè- è 5-àðèëàìèíî-4-àðîèë-2,3-äèãèäðî-1H-ïèððîë-2,3-

äèîíû âçàèìîäåéñòâóþò ñ î-ôåíèëåíäèàìèíàìè ïî îáùåé ñõåìå ñ ó÷à-

ñòåì êåòîííîé è ëàêòàìíîé êàðáîíèëüíûõ ãðóïï ïèððîëäèîíîâîãî öèêëà

è îáðàçîâàíèåì ñîîòâåòñòâóþùèõ ïèððîëî[2,3-b]õèíîêñàëèíîâ [77].

Ñõåìà 1.89

Ïðè âçàèìîäåéñòâèè 4-êàðáàìîèë-1Í-ïèððîëäèîíîâ ñ î-

ôåíèëåíäèàìèíîâ, ïðîâîäèìîì â ñðåäå êèïÿùåãî áóòàíîëà â

ïðèñóòñòâèè óêñóñíîé êèñëîòû, êðîìå ñîîòâåòñòâóþùèõ ïèððî-

ëî[2,3-b]õèíîêñàëèíîâ ñ âûõîäîì 3.7�6.5% âûäåëåíû ïðîäóêòû èõ

äèìåðèçàöèè � ïèðàíî[2'',3'':4,5:4'',5'':5',4']äèïèððîëî[2,3-b:2',3'-
b']äèõèíîêñàëèíû [120].

Ñõåìà 1.90

R = Me, öèêëî-C6H11, Bn, -CH2CH2Ph.

Íàïðàâëåíèå âçàèìîäåéñòâèÿ 1,5-äèàðèë-4-àðîèë-1H-ïèððîë-2,3-

äèîíîâ ñ î-ôåíèëåíäèàìèíîì çàâèñèò îò òåìïåðàòóðû. Ïðè ïðîâåäåíèè
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âçàèìîäåéñòâèÿ â êèïÿùåì áåíçîëå îáçàçóþòñÿ ïèððîëîíû â ðåçóëüòàòå

ïðèñîåäèíåíèÿ àìèíîãðóïïû ðåàãåíòà ê àòîìó Ñ5 ïèððîëäèîíà. Ðåàêöèÿ,

ïðîâîäèìàÿ ïðè êîìíàòíîé òåìïåðàòóðå, ïðèâîäèò ê ôîðìèðîâàíèþ õè-

íîêñàëîíîâ âñëåäñòâèå âçàèìîäåéñòâèÿ àìèíîãðóïï ðåàãåíòà ñ êåòîííîé

è ëàêòàìíîé êàðáîíèëüíûìè ãðóïïàìè ïèððîëäèîíîâîãî öèêëà ñ ïîñëå-

äóþùåé äåöèêëèçàöèåé ïèððîëüíîãî öèêëà ïî ñâÿçè N1�C2 [97]. Õèíîê-

ñàëèíû â ñðåäå êèïÿùåãî áóòàíîëà ïðåòåðïåâàþò âíóòðèìîëåêóëÿðíóþ

öèêëèçàöèþ ñ îáðàçîâàíèåì ñîîòâåòñòâóþùèõ ôóðî[2,3-b]õèíîêñàëèíîâ.

Ñõåìà 1.91

Ar = C6H4OMe-4; R1 = Ph, C6H4Me-2, C6H4Me-4, α-C10H7.

1-Àëêèë-çàìåùåííûå 4-áåíçîèë-5-ôåíèë-1H-ïèððîë-2,3-äèîíû

ïîä äåéñòâèåì î-ôåíèëåíäèàìèíà ïåðåõîäÿò â ïèððîëèäèíî[2,3-

b][1,5]áåíçîäèàçåïèíû. Ïðîäóêòû ðåàêöèè îáðàçóþòñÿ â ðåçóëüòàòå

ïðèñîåäèíåíèÿ ðåàãåíòà ê àòîìó Ñ5 è ïîñëåäóþùåé âíóòðèìîëåêóëÿð-

íîé öèêëèçàöèè ñ ó÷àñòèåì âòîðîé àìèíîãðóïïû ðåàãåíòà è êåòîííîé

êàðáîíèëüíîé ãðóïïû áåíçîèëüíîãî çàìåñòèòåëÿ ïèððîëäèîíà [121].

Ñõåìà 1.92
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R = Me, n-Bu.

Àíàëîãè÷íî ñ îáðàçîâàíèåì ïèððîëèäèíî[2,3-

b][1,5]áåíçîäèàçåïèíîâ ïðîòåêàåò âçàèìîäåéñòâèå î-ôåíèëåíäèàìèíà ñ

4-èçîïðîïîêñàëèë-1Í-ïèððîë-2,3-äèîíàìè [122].

Ñõåìà 1.93

R1 = Ph, C6H4Me-4, C6H4OMe-4.

Ïðîäóêòàì âçàèìîäåéñòâèÿ 4-àðîèë-5-ìåòîêñèêàðáîíèë-1Í-

ïèððîëäèîíîâ ñ î-ôåíèëåíäèàìèíîì âíà÷àëå áûëà ïðèïèñàíà ñòðóêòóðà

áåíçàçåïèíîâ [79, 123], îáðàçóþùèõñÿ âñëåäñòâèå ó÷àñòèÿ â ðåàêöèè

àòîìîâ Ñ5 è Ñ3 ïèððîëäèîíîâîãî öèêëà ñ åãî ðàñêðûòèåì ïî ñâÿçè

N1�C5. Ïîçæå áûëî ïîêàçàíî, ÷òî ðåàêöèÿ ïðîòåêàåò ñ ó÷àñòèåì àòîìà

Ñ5 è êåòîííîé êàðáîíèëüíîé ãðóïïû àðîèëüíîãî çàìåñòèòåëÿ ñ îáðà-

çîâàíèåì ïèððîëèäèíî[2,3-b][1,5]áåíçîäèàçåïèíîâ àíàëîãè÷íî âûøå

îïèñàííîìó [122,124].

Ñõåìà 1.94
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N-Ôåíèë-î-ôåíèëåíäèàìèí ïðè âçàèìîäåéñòâèè ñ 4-àðîèë-5-

ìåòîêñèêàðáîíèë-1H-ïèððîë-2,3-äèîíàìè àòàêóåò ïåðâè÷íîé è âòîðè÷íîé

àìèíîãðóïïàìè ñîîòâåòñòâåííî àòîì Ñ5 è ìåòîêñèêàðáîíèëüíóþ ãðóïïó.

Ðåàêöèÿ ñîïðîâîæäàåòñÿ ðàñêðûòèåì ïèððîëüíîãî öèêëà ïî ñâÿçè N1�

C5. Ïðè ïðîâåäåíèè âçàèìîäåéñòâèÿ â ìÿãêèõ óñëîâèÿõ ïîëó÷åíû ïåð-

âîíà÷àëüíî îáðàçóþùèåñÿ ïèððîëîíû. Óæåñòî÷åíèå óñëîâèé ñèíòåçà è

èñïîëüçîâàíèå èçáûòêà ðåàãåíòà ïðèâîäèò ê îòùåïëåíèþ àðèëîêñàìîèëü-

íîãî ôðàãìåíòà [125].

Ñõåìà 1.95

Ðåàêöèè ñ î-àìèíîòèîôåíîëîì

Ïðè âçàèìîäåéñòâèè 4-áåíçèë-5-ôåíèë- è 4-àðîèë-5-

ìåòîêñèêàðáîíèë-1Í-ïèððîëäèîíîâ ñ î-àìèíîòèîôåíîëîì îáðàçóþòñÿ

ïèððîëáåíçòèàçåïèíû âñëåäñòâèè ïðèñîåäèíåíèÿ àòîìà ñåðû ðåàãåíòà

ê àòîìó Ñ5 ïèððîëäèîíîâ è ïîñëåäóþùåé öèêëèçàöèè ñ ó÷àñòèåì

ïðâè÷íîé àìèíîãðóïïû è êåòîííîé êàðáîíèëüíîé ãðóïïû àðîèëüíîãî

çàìåñòèòåëÿ [124].
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Ñõåìà 1.96

Y = Ph, COOMe; R = Bn, Ph, C6H4OEt-4; Ar = Ph, C6H4Cl-4, C6H4Br-4.

Ðåàêöèè ñ î-àìèíîôåíîëîì

î-Àìèíîôåíîë â ìÿãêèõ óñëîâèÿõ ïðèñîåäèíÿåòñÿ àìèíî ãðóï-

ïîé ê àòîìó Ñ5 4-àðîèë-5-ìåòîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîíîâ.

Àääóêòû ïðè èõ ïåðåêðèñòàëëèçàöèè ðåöèêëèçóþòñÿ â àìèäû 3-(2-

îêñî-3,4-äèãèäðî-2Í-1,4-áåíçîêñàçèí-3-èëèäåí)àðîèëïèðîâèíîãðàäíûõ

êèñëîò âñëåäñòâèå âçàèìîäåéñòâèÿ îêñèãðóïïû î-àìèíîôåíîëà ñ ìå-

òîêñèêàðáîíèëüíîé ãðóïïîé è ðàñêðûòèÿ ïèððîëüíîãî öèêëà ïî ñâÿçè

N1�C5. Ïðîäóêòû ðåöèêëèçàöèè ïîä äåéñòâèåì èçáûòêà íóêëåîôèëà

ïîäâåðãàþòñÿ àìèíîëèçó ñ îáðàçîâàíèåì äèàìèäîâ ùàâåëåâîé êèñëîòû è

3-àðèë-3,4-äèãèäðî-2Í-1,4-áåíçîêñàçèí-2-îíîâ [125,126].

Ñõåìà 1.97
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1.1.4. Äðóãèå ðåàêöèè 1Í-ïèððîë-2,3-äèîíîâ

Âçàèìîäåéñòâèå ñ äèàçîñîåäèíåíèÿìè

Êàðáåíû, ãåíåðèðóåìûå ðàçëîæåíèåì äèàçîñîåäèíåíèé, âíåäðÿ-

þòñÿ ïî ñâÿçÿì Ñ2-Ñ3 è C3-C4 1,5-äèôåíèë-, 4-ìåòèë-1,5-äèôåíèë-

è 1,4,5-òðèôåíèë-1Í-ïèððîë-2,3-äèîíîâ ñ îáðàçîâàíèåì ñîîòâåòñòâóþ-

ùèõ 3-ãèäðîêñè- èëè 4-ãèäðîêñèïèðèäèí-2-îíîâ. Â ñëó÷àå äèàçîìåòà-

íà ðåàêöèÿ îñëîæíÿåòñÿ îáðàçîâàíèåì 4-ìåòîêñèïèðèäèí-2-îíîâ è 2-

àçàáèöèêëî[3.1.0]ãåêñàí-3,4-äèîíîâ. Ðåàêöèÿ ñ äèàçîìåòàíîì ïðîòåêàåò

áîëåå ñåëåêòèâíî. Â ýòîì ñëó÷àå êðîìå îñíîâíûõ ïðîäóêòîâ îáðàçóþòñÿ

òîëüêî 4-ýòîêñèïèðèäèí-2-îíû ñ âûõîäîì íå áîëåå 6% . Â ñëó÷àå ôåíèë-

äèàçîìåòàíà è äèàçîóêñóñíîãî ýôèðà îáðàçîâàíèå ïîáî÷íûõ ïðîäóêòîâ íå

çàôèêñèðîâàíî [127].

Ñõåìà 1.98

Âîññòàíîâëåíèå

Ïðè ãèäðèðîâàíèè çàìåùåííûõ 5-(4-ìåòèëôåíèë)-1Í-ïèððîë-2,3-

äèîíà â ïðèñóòñòâèè PtO2 [84] ïðîèñõîäèò âîññòàíîâëåíèå êåòîííîé êàð-
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áîíèëüíîé ãðóïïû. Ïðîäóêò âîññòàíîâëåíèÿ íà âîçäóõå îêèñëÿåòñÿ ñ îá-

ðàçîâàíèåì èñõîäíîãî ïèððîëäèîíà. Ïðè âîññòàíîâëåíèè 4,5-äèôåíèë-

1Í-ïèððîë-2,3-äèîíà öèíêîì â óêñóñíîé êèñëîòå ïðîèñõîäèò âîññòàíîâ-

ëåíèå äâîéíîé ñâÿçè Ñ4=Ñ5 [83].

Ñõåìà 1.99

Îïèñàíî âîññòàíîâëåíèå 4-áåíçîèë-5-ôåíèë-1Í-ïèððîë-2,3-äèîíà

àìèäîì ìóðàâüèíîé êèñëîòû [128]. Ðåàêöèÿ ïðîòåêàåò ÷åðåç ñòàäèþ îá-

ðàçîâàíèÿ ïðîäóêòà ïðèñîåäèíåíèÿ ôîðìàìèäà àòîìîì àçîòà ê àòîìó Ñ5

ïèððîëäèîíà, êîòîðûé ïðè ïîâûøåííîé òåìïåðàòóðå ðàçëàãàåòñÿ ñ âûäå-

ëåíèåì èçîöèàíîâîé êèñëîòû.

Ñõåìà 1.100

Ñàíî è Öóäà ñ ñîòðóäíèêàìè ðàçðàáîòàëè ìåòîä âîññòàíîâ-

ëåíèÿ 5-ôåíèë-4-ýòîêñèêàðáîíèë-, 4-áåíçîèë-5-ôåíèë- è 4-áåíçîèë-5-

ýòîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîíîâ ãèäðîñóëüôèòîì íàòðèÿ. Ðåàêöèÿ

ïðîòåêàåò, êàê è â ïðåäûäóùåì ñëó÷àå, ïî ñâÿçè Ñ4=Ñ5 ñ îáðàçîâàíèåì

ñîîòâåòñòâóþùèõ 3-ãèäðîêñèïèððîë-2-îíîâ [76].

Ñõåìà 1.101
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R1 = H, Me, Ph, Bn; R2 = Ph, COOEt; R3 = OEt, Ph.

Îêèñëåíèå

4-Áåíçîèë- è 4-ýòîêñèêàðáîíèë-5-ôåíèë-1Í-ïèððîë-2,3-äèîíû îêèñ-

ëÿþòñÿ ì-õëîðïåðáåíçîéíîé êèñëîòîé ñ îáðàçîâàíèåì 2,3-äèîêñî-1,4-

îêñàçèíîâ [129]. Ïðîäóêòû îáðàçóþòñÿ â ðåçóëüòàòå ïðèñîåäèíåíèÿ ðå-

àãåíòà ê êåòîííîé êàðáîíèëüíîé ãðóïïå ïèððîëäèîíîâîãî öèêëà è ïîñëå-

äóþùåãî ðàñøèðåíèÿ öèêëà âñëåäñòâèè ìèãðàöèè ñâÿçè Ñ3-Ñ4 íà àòîì

êèñëîðîäà.

Ñõåìà 1.102

Ãàëîãåíèðîâàíèå

4,5-Äèôåíèë-1Í-ïèððîë-2,3-äèîí â ìÿãêèõ óñëîâèÿõ ïðèñîåäèíÿåò

áðîì ïî äâîéíîé ñâÿçè Ñ4=Ñ5 [94].

Ñõåìà 1.103

Â îòëè÷èå îò ýòîãî ïðè âçàèìîäåéñòâèè áðîìà ñ 1-èçîïðîïèë-5-

ôåíèë-1Í-ïèððîë-2,3-äèîíà ïðîèñõîäèò çàìåùåíèå àòîìà âîäîðîäà â ïî-

ëîæåíèè 4 ïèððîëäèîíîâîãî öèêëà íà àòîì áðîìà [43], ïî-âèäèìîìó, ÷åðåç

ñòàäèè ïðèñîåäèíåíèÿ áðîìà ê ñâÿçè Ñ4=Ñ5 è ïîñëåäóþùåãî îòùåïëåíèÿ

áðîìîâîäîðîäà. Âçàèìîäåéñòâèå ýòîãî ïèððîëäèîíà ñ ãèïîõëîðèäîì íà-

òðèÿ â ïðèñóòñòâèè ñîëÿíîé êèñëîòû ïðèâîäèò ê 4-õëîðïèððîëäèîíó [43].
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Ñõåìà 1.104

Âçàèìîäåéñòâèå ñ ðåàêòèâîì Âèòòèãà

4,5-Äèôåíèë-1Í-ïèððîë-2,3-äèîí âçàèìîäåéñòâóåò ñ ðåàêòèâîì

Âèòòèãà ëàêòàìíîé êàðáîíèëüíîé ãðóïïîé ñ îáðàçîâàíèåì ñîîòâåòñòâóþ-

ùåãî 2-ìåòèëåí-çàìåùåííîãî ïèððîë-3-îíà â âèäå Z-èçîìåðà [130]. Òàêîå

íàïðàâëåíèå ðåàêöèè àâòîðû îáúÿñíÿþò îáðàçîâàíèåì âíóòðèìîëåêóëÿð-

íîé âîäîðîäíîé ñâÿçè, ñòàáèëèçèðóþùåé èíòåðìåäèàò, ÷òî íå âîçìîæíî

ïðè ïðîòåêàíèè ðåàêöèè ïî êåòîííîé êàðáîíèëüíîé ãðóïïå ïèððîëäèîíà.

Ñõåìà 1.105

Çàêëþ÷åíèå

Â îáçîðå ëèòåðàòóðíûõ äàííûõ ïî ïðåâðàùåíèÿì ìîíîöèêëè÷åñêèõ

1Í-ïèððîë-2,3-äèîíîâ ïîêàçàíû ïðèìåðû ðàçíîîáðàçíûõ ðåàêöèé ñ îá-

ðàçîâàíèåì òðóäíîäîñòóïíûõ äðóãèìè ìåòîäàìè ñîåäèíåíèé, ìíîãèå èç

êîòîðûõ îòíîñÿòñÿ ê ðàçëè÷íûì ãåòåðîöèêëè÷åñêèì ñèñòåìàì, ñðåäè íèõ

ìîíîöèêëè÷åñêèå, ñïèðî-áèñ-ãåòåðîöèêëè÷åñêèå, ìîñòèêîâûå è êîäåíñè-

ðîâàíûå ãåòåðîñèñòåìû. 1Í-Ïèððîë-2,3-äèîíû, îñîáåííî ôóíêöèîíàëü-

íî çàìåùåííûå, ÿâëÿþòñÿ èíòåðåñíûìè ñîåäèíåíèÿìè è ïåðñïåêòèâíû-

ìè îáúåêòèìè èññëåäîâàíèÿ êàê ñ òåîðåòè÷åñêîé, òàê è ñ ïðàêòè÷åñêîé, â

òîì ÷èñëå ïðåïàðàòèâíîé òî÷åê çðåíèÿ. Áîëüøèíñòâî ñèíòåçîâ îïèñàííûõ
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ïðåâðàùåíèé ïðîñòû ïî èñïîëíåíèþ è íå òðåáóþò ñëîæíîãî îáîðóäîâà-

íèÿ, ïðè÷åì âûõîäû êîíå÷íûõ ïðîäóêòîâ, êàê ïðàâèëî, õîðîøèå.
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2. Îáñóæäåíèå ðåçóëüòàòîâ

Èç ëèòåðàòóðíîãî îáçîðà ñëåäóåò, ÷òî ê íà÷àëó ðàáîòû íàä äèññåð-

òàöèåé áûëè äåòàëüíî èçó÷åíû ðåàêöèè öèêëîïðèñîåäèíåíèÿ ñ ó÷àñòèåì

ìîíîöèêëè÷åñêèõ 1Í-ïèððîë-2,3-äèîíîâ è èõ òåðìîëèòè÷åñêèå ïðåâðà-

ùåíèÿ. Èìåþùèåñÿ äàííûå ïîçâîëÿþò íàäåæíî ïðåäñêàçûâàòü íàïðàâëå-

íèÿ òàêèõ ïðåâðàùåíèé è ñîîòâåòñòâåííî ñòðóêòóðû ïðîäóêòîâ. Ñëîæ-

íåå îáñòîèò ñèòóàöèÿ ñ ïðåâðàùåíèÿìè ïèððîë-2,3-äèîíîâ ïîä äåéñòâè-

åì íóêëåîôèëüíûõ è îñîáåííî áèíóêëåîôèëüíûõ ðåàãåíòîâ. Áîëüøåå êî-

ëè÷åñòâî âîçìîæíûõ íàïðàâëåíèé ïðîòåêàíèÿ ðåêöèé, îñîáåííî â ñëó-

÷àå âçàèìîäåéñòâèÿ áèíóêëåîôèëüíûõ ðåàãåíòîâ ñ ôóíêöèîíàëüíî çàìå-

ùåííûìè 1Í-ïèððîë-2,3-äèîíîâ, è îòñóòñòâèå ñèñòåìàòè÷åñêîãî èññëå-

äîâàíèÿ òàêèõ ïðåâðàùåíèé äåëàåò ïðåäñêàçàíèå çàòðóäíèòåëüíûì, ÷òî

ïðåïÿòñòâóåò èñïîëüçîâàíèþ äàííûõ ðåàêöèé â íàïðàâëåííîì ñèíòåçå.

Áîãàòûé ïîòåíöèàë òàêèõ ïðåâðàùåíèé ïðîäåìîíñòðèðîâàí íà ïðèìåðå

1-àðèë-4-àðîèë-5-ìåòîêñèêàðáîíèë-1Í-ïèððîë-2,3-äèîíîâ. Èññëåäîâàíèå

íóêëåîôèëüíûõ ïðåâðàùåíèé ñ ó÷àñòèåì äðóãèõ ôóíêöèîíàëüíî çàìå-

ùåííûõ 1Í-ïèððîë-2,3-äèîíîâ íîñÿò îòðûâî÷íûé õàðàêòåð. Â ñâÿçè ñ

ýòèì ïðåäñòàâëÿëîñü àêòóàëüíûì ïðîâåñòè ñèñòåìàòè÷åñêîãî èçó÷åíèå òà-

êèõ ïðåâðàùåíèé.

2.1. Ñèíòåç èñõîäíûõ ñîåäèíåíèé

Ïèððîëäèîíû, íå ñîäåðæàùèå â ïîëîæåíèÿõ 4,5 ïèððîëäèîíîâîãî

öèêëà ôóíêöèîíàëüíûõ çàìåñòèòåëåé, ïî ñâîèì õèìè÷åñêèì ñâîéñòâàì

âåñüìà áëèçêè ê äîñòàòî÷íî õîðîøî èçó÷åííûì èçàòèíàì. Ââåäåíèå îäíîé

èëè äâóõ ôóíêöèîíàëüíûõ ãðóïï ñóùåñòâåííî èçìåíÿåò èõ õèìè÷åñêîå

ïîâåäåíèå. Â ñâÿçè ñ ýòèì, â êà÷åñòâå îáúåêòîâ èññëåäîâàíèÿ áûëè âûáðà-

íû 1H-ïèððîë-2,3-äèîíû, ñîäåðæàùèå â óêàçàííûõ ïîëîæåíèÿõ îäíó èëè

äâå ôóíêöèîíàëüíûå ãðóïïû: 4-ýòîêñèêàðáîíèë-, 4-èçîïðîïîêñàëèë-, 4,5-

äèìåòîêñèêàðáîíèë-, 4,5-äèàðîèë- è 5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-H-
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ïèððîë-2,3-äèîíû. Óäîáíûì ìåòîäîì ñèíòåçà òàêèõ ñîåäèíåíèé ÿâëÿåòñÿ

âçàèìîäåéñòâèå ñîîòâåòñòâóþùèõ åíàìèíîâ ñ îêñàëèëõëîðèäîì.

1H-Ïèððîë-2,3-äèîíû I-V ïîëó÷åíû âçàèìîäåéñòâèåì åíàìèíîâ I'-
V' ñ îêñàëèëõëîðèäîì [12,68,122,131,132], ïðîâîäèìûì ïóò¼ì âûäåðæè-

âàíèÿ ðåàãåíòîâ â ñðåäå êèïÿùåãî àáñîëþòíîãî áåíçîëà (I,III-V) èëè õëî-

ðîôîðìà (II) â òå÷åíèè 15�150 ìèí (cõåìà 2.1) äî ïðåêðàùåíèÿ âûäåëåíèÿ

õëîðîâîäîðîäà. Ïèððîëäèîíû I-V îáðàçóþòñÿ âñëåäñòâèå ïîñëåäîâàòåëè-

íîãî àöèëèðîâàíèÿ ãðóïï β-ÑÍ è NH åíàìèíî-ôðàãìåíòîâ ñîåäèíåíèé

I'-V' îêñàëèëõëîðèäîì, ïðîõîäÿùåãî ÷åðåç ñòàäèþ èçîìåðèçàöèè.

Ñõåìà 2.1

Ia: R2 = Ph, R3 = OEt, R1 = Bn; Ib: R2 = Ph, R3 = OEt, R1 = öèêëî-Ñ6H11; Ic: R2 = Ph, R3 = OEt, R1

= Ph; Id: R2 = Ph, R3 = OEt, R1 = C6H4Me-4; Ie: R2 = Ph, R3 = OEt, R1 = C6H4OMe-4; IIa: R2 = Ph,

R3 = COOCH(CH3)2, R1 = Ph; IIb: R2 = Ph, R3 = COOCH(CH3)2, R1 = C6H4Me-4; IIc: R2 = Ph, R3

= COOCH(CH3)2, R1 = C6H4OMe-4; IId: R2 = Ph, R3 = COOCH(CH3)2, R1 = C6H4Br-4; IIe: R2 =

Ph, R3 = COOCH(CH3)2, R1 = C6H2(Me)3-2,4,6; IIIa: R2 = COOMe, R3 = OMe, R1 = Bn; IIIb: R2

= COOMe, R3 = OMe, R1 = Ph; IIIc: R2 = COOMe, R3 = OMe, R1 = C6H4Me-4; IIId: R2 = COOMe,

R3 = OMe, R1 = C6H4OMe-4; IIIe: R2 = COOMe, R3 = OMe, R1 = C6H4Cl-4; IIIf: R2 = COOMe,

R3 = OMe, R1 = C6H4Br-4; IVa: R2 = COPh, R3 = Ph, R1 = Ph; IVb: R2 = COPh, R3 = Ph, R1 =

C6H4Me-4; IVc: R2 = COPh, R3 = Ph, R1 = C6H4OMe-4; IVd: R2 = COPh, R3 = Ph, R1 = C6H4Br-4;

IVe: R2 = COC6H4Me-4, R3 = C6H4Me-4, R1 = Ph; IVf: R2 = COC6H4Me-4, R3 = C6H4Me-4, R1 =

C6H4Me-4; IVg: R2 = COC6H4Me-4, R3 = C6H4Me-4, R1 = C6H4OMe-4; IVh: R2 = COC6H4Me-4,

R3 = C6H4Me-4, R1 = C6H4Br-4; IVi: R2 = COC6H3(Me)2-2,5, R3 = C6H3(Me)2-2,5, R1 = Ph; IVj:

R2 = COC6H3(Me)2-2,5, R3 = C6H3(Me)2-2,5, R1 = C6H4Me-4; IVk: R2 = COC6H3(Me)2-2,5, R3

= C6H3(Me)2-2,5, R1 = C6H4OMe-4; IVl: R2 = COC6H4Cl-4, R3 = C6H4Cl-4, R1 = C6H4OMe-4;

Va: R2 = COOMe, R3 = -CH=CHCOPh, R1 = Ph; Vb: R2 = COOMe, R3 = -CH=CHCOPh, R1 =

C6H4Me-4; Vc: R2 = COOMe, R3 = -CH=CHCOPh, R1 = C6H4OMe-4; Vd: R2 = COOMe, R3 =

-CH=CHCOPh, R1 = C6H4Br-4; Ve: R2 = COOMe, R3 = -CH=CHCOC6H4OMe-4, R1 = C6H4Me-4;

Vf: R2 = COOMe, R3 = -CH=CHCOC6H4OMe-4, R1 = C6H4OMe-4.
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1H-Ïèððîë-2,3-äèîíû I-V � ýòî ÿðêî-îðàíæåâûå èëè êðàñíûå êðè-

ñòàëëè÷åñêèå âåùåñòâà, ðàçëàãàþùèåñÿ ïðè ïëàâëåíèè è îáåñöâå÷èâà-

þùèåñÿ ïðè õðàíåíèè íà âîçäóõå âñëåäñòâèå âçàèìîäåéñòâèÿ ñ âîäîé,

ïðèñóòñòâóþùåé â àòìîñôåðå.

2.2. Ðåàêöèè 1Í-ïèððîë-2,3-äèîíîâ

2.2.1. Òåðìîëèç

Ðàíåå áûëî ïîêàçàíî, ÷òî òåðìîëèç 1-àðèë-4,5-

äè(ìåòîêñèêàðáîíèë)-1H-ïèððîë-2,3-äèîíîâ ïðèâîäèò ê îáðàçîâàíèþ

2,3-äè(ìåòîêñèêàðáîíèë)õèíîëèí-4-îíîâ [12]. Îäíàêî ñðåäè îïèñàííûõ

ñîåäèíåíèé îòñóòñòâîâàëè ïèððîëäèîíû, ñîäåðæàùèå àòîìû ãàëîãåíà

â àðèëüíîì çàìåñòèòåëå. Ñ öåëüþ èññëåäîâàíèÿ âîçìîæíîñòè ñèíòåçà

6-ãàëîãåí-çàìåùåííûõ 2,3-äè(ìåòîêñèêàðáîíèë)õèíîëèí-4-îíîâ ýòèì

ìåòîäîì íàìè áûëî ïðîâåäåíî èçó÷åíèå òåðìîëèòè÷åñêîãî ïîâåäåíèÿ

4,5-äè(ìåòîêñèêàðáîíèë)-[1-(4-áðîìôåíèë-) è 1-(4-õëîðôåíèë)]-1H-

ïèððîë-2,3-äèîíîâ â îòñóòñòâèè ïàðòíåðîâ ïî ðåàêöèè.

Âûäåðæèâàíèå ðàñòâîðà 4,5-äè(ìåòîêñèêàðáîíèë)-1H-ïèððîë-2,3-

äèîíîâ IIIe,f â ñðåäå âûñîêîêèïÿùåãî èíåðòíîãî àïðîòîííîãî ðàñòâîðè-

òåëÿ (äàóòåðì À) ïðè 200�210°Ñ â òå÷åíèå 15�20 ìèí (äî ïðåêðàùåíèÿ

âûäåëåíèÿ ïóçûðüêîâ ÑÎ) ïðèâîäèò ê îáðàçîâàíèþ îæèäàåìûõ 6-áðîì-

è 6-õëîð-çàìåùåííûõ 2,3-äè(ìåòîêñèêàðáîíèë)õèíîëèí-4-îíîâ 1a,b ñ õî-

ðîøèìè âûõîäàìè [133].

Ñõåìà 2.2

1a: R1 = Cl; 1b: R1 = Br.
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Ñîåäèíåíèÿ 1a,b � áåñöâåòíûå (R1 = Cl) èëè ñâåòëî-æåëòûå (R1

= Br) êðèñòàëëè÷åñêèå âåùåñòâà ñ âûñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ,

òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðè-

ìûå â âîäå è àëêàíàõ. Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 1a,b èìåþòñÿ ïîëîñû

âàëåíòíûõ êîëåáàíèé ãðóïïû NH â îáëàñòè 3160�3200 ñì−1, äâóõ ñëîæíî-

ýôèðíûõ êàðáîíèëüíûõ ãðóïï â îáëàñòè 1734�1770 ñì−1, êåòîííîé êàðáî-

íèëüíîé ãðóïïû õèíîëîíîâîãî öèêëà â îáëàñòè 1614�1647 ñì−1. Â ñïåê-

òðàõ ßÌÐ 1Í ðàñòâîðîâ ñîåäèíåíèé 1a,b â ÄÌÑÎ-d6, êðîìå ñèãíàëîâ

ïðîòîíîâ àðîìàòè÷åñêèõ ôðàãìåíòîâ, èìåþòñÿ äâà ñèíãëåòíûõ ñèãíàëà

ïðîòîíîâ äâóõ ìåòîêñèêàðáîíèëüíûõ ãðóïï â îáëàñòè 3.78�3.97 ì.ä. è

óøèðåííûé ñèãíàë ïðîòîíà àìèíîãðóïïû õèíîëîíîâîãî öèêëà â îáëàñòè

12.36�12.57 ì.ä. Ñïåêòðàëüíûå õàðàêòåðèñòèêè õèíîëèí-4-îíîâ 1a,b âåñü-

ìà áëèçêè ê òàêîâûì ìîäåëüíûõ çàìåùåííûõ õèíîëèí-4-îíîâ [12, 134].

Ïðîäóêòû ðåàêöèè îáðàçóþòñÿ, ïî-âèäèìîìó, âñëåäñòâèå ýëåêòðîöèêëè-

÷åñêîé öèêëèçàöèè èìèäîèëêåòåíîâ, ïðîòåêàþùåé ñ ó÷àñòèåì êåòåíîâî-

ãî è èìèíîàðèëüíîãî ôðàãìåíòîâ, è ïîñëåäóþùåãî [1, 3]-ïðîòîòðîïíîãî

ñäâèãà.

Ñõåìà 2.3

Òàêèì îáðàçîì ââåäåíèå àòîìîâ ãàëîãåíà â àðîìàòè÷åñêèé çàìåñòè-

òåëü ïèððîëäèîíîâ IIIe,f íå ïðåïÿòñòâóåò âíóòðèìîëåêóëÿðíîé öèêëèçà-

öèè ïåðâîíà÷àëüíî îáðàçóþùèõñÿ èìèäîèëêåòåíîâ.

Ñòðóêòóðíûå îñîáåííîñòè èìèäîèëêåòåíîâ, ãåíåðèðóåìûõ òåðìî-

ëèçîì 4,5-äèàðîèë-1H-ïèððîëäèîíîâ, ïîçâîëÿþò ïðåäïîëîæèòü âîçìîæ-
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íîñòü ðåàëèçàöèè ïóòåé âíóòðèìîëåêóëÿðíîé öèêëèçàöèè, îòëè÷íûõ îò

âûøå îïèñàííîãî. Íàïðèìåð, âîçìîæíî ïðîòåêàíèå âíóòðèìîëåêóëÿðíîé

öèêëèçàöèè ñ ó÷àñòèåì îðòî-ïîëîæåíèÿ àðèëüíîãî çàìåñòèòåëÿ îäíîãî èç

àðîèëüíûõ ôðàãìåíòîâ ïî ñõåìå, ïîäîáíîé ñõåìå ñòàáèëèçàöèè çàìåùåí-

íûõ áèñ(èìèäîèë)êåòåíîâ [20]. Ñ äðóãîé ñòîðîíû âîçìîæíà èõ öèêëèçà-

öèÿ ñ ó÷àñòèåì àòîìà êèñëîðîäà àðîèëüíîãî çàìåñòèòåëÿ â ïîëîæåíèè 5

èñõîäíîãî ïèððîëäèîíà.

Âûäåðæèâàíèå 1-àðèë-4,5-äèàðîèë-1H-ïèððîë-2,3-äèîíîâ IV â ñðå-

äå èíåðòíîãî àïðîòîííîãî ðàñòâîðèòåëÿ (äàóòåðì À) ïðè 210�220°Ñ â òå-

÷åíèå 15�20 ìèí (äî ïðåêðàùåíèÿ âûäåëåíèÿ ïóçûðüêîâ CO) ïðèâîäèò ê

îáðàçîâàíèþ ñ õîðîøèìè âûõîäàìè 2,3-äèàðîèëõèíîëèí-4(1H)-îíîâ 2a�

f [131, 135]. Îáðàçîâàíèå ïðîäóêòîâ ðåàëèçàöèè äðóãèõ íàïðàâëåíèé ðå-

àêöèè çàôèêñèðîâàíî íå áûëî.

Ñõåìà 2.4

2a: Ar = Ph, R1 = H; 2b: Ar = Ph, R1 = OMe; 2c: Ar = C6H4Me-4, R1 = H; 2d: Ar = C6H3Me2-2,5,

R1 = H; 2e: Ar = C6H3Me2-2,5, R1 = OMe; 2f: Ar = C6H3Cl-4, R1 = OMe.

Ñîåäèíåíèÿ 2a�f � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âûñî-

êèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñòâî-

ðèìûå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ

ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â âîäå è àëêàíàõ. Â ÈÊ ñïåêòðàõ õèíîëè-

íîíîâ 2a�f èìåþòñÿ ïîëîñû âàëåíòíûõ êîëåáàíèé ãðóïïû NH â âèäå øè-

ðîêîé ïîëîñû â îáëàñòè 3200�3265 ñì−1, êåòîííûõ êàðáîíèëüíûõ ãðóïï

àðîèëüíûõ çàìåñòèòåëåé è êàðáîíèëüíîé ãðóïïû õèíîëîíîâîãî öèêëà â

âèäå îäíîé èëè äâóõ ïîëîñ â îáëàñòè 1635�1682 ñì−1. Â ñïåêòðàõ ßÌÐ

1Í õèíîëèíîíîâ 2a�f êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ ôðàãìåí-

òîâ è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóåò ñèãíàë ïðîòîíà ãðóïïû NH
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â âèäå óøèðåííîãî ñèíãëåòà â îáëàñòè 12.77�12.86 ì.ä. Ñïåêòðàëüíûå õà-

ðàêòåðèñòèêè õèíîëèí-4-îíîâ 2a�f âåñüìà áëèçêè ê òàêîâûì ìîäåëüíûõ

çàìåùåííûõ õèíîëèí-4-îíîâ [134].

Òåðìîëèç 1-àðèë-5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-1H-ïèððîë-2,3-

äèîíîâ V â àíàëîãè÷íûõ óñëîâèÿõ ïðèâîäèò ê îáðàçîâàíèþ ñ õîðîøèìè

âûõîäàìè ìåòèë 4-îêñî-2-ôåíèë-3,4-äèãèäðî-2H-ïèðàíî[3,2-c]õèíîëèí-

5-êàðáîêñèëàòîâ 3a,b [136]. Ïðîäóêòû ðåàêöèè îáðàçóþòñÿ, ïî-âèäèìîìó,

âñëåäñòâèè îáðàçîâàíèÿ õèíîëèí-4-îíîâ ïî ñõåìå àíàëîãè÷íîé âûøå îïè-

ñàííîìó, êîòîðûå â óñëîâèÿõ ðåàêöèè ïîäâåðãàþòñÿ äîïîëíèòåëüíîé ãå-

òåðîöèêëèçàöèè â ðåçóëüòàòå ïðèñîåäèíåíèÿ îêñè-ãðóïïû èõ òàóòîìåðíîé

ôîðìû ê àêòèâèðîâàííîé äâîéíîé óãëåðîä-óãëåðîäíîé ñâÿçè öèííàìîèëü-

íîãî ôðàãìåíòà.

Ñõåìà 2.5

3a: R1 = Me; 3b: R1 = OMe.

Ñîåäèíåíèÿ 3a,b � áåñöâåòíûå âûñîêîïëàâêèå êðèñòàëëè÷åñêèå âå-

ùåñòâà, ïëîõî ðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ. Â

ÈÊ ñïåêòðàõ ñîåäèíåíèé 3a,b ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ êîëåáà-

íèé ìåòîêñèêàðáîíèëüíîé (1745�1750 ñì−1), êåòîííîé (1651�1654 ñì−1)

êàðáîíèëüíûõ ãðóïï. Â ßÌÐ 1Í ñïåêòðàõ ñîåäèíåíèé 3a,b, êðîìå ñèã-

íàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ çàìåñòèòåëåé è ñâÿçàííûõ ñ íèìè ãðóïï,

ïðèñóòñòâóþò ìóëüòèïëåòû ïðîòîíîâ ìåòèëåíîé ãðóïïû (2.64�2.79 ì.ä.),



74

ñèíãëåò ïðîòîíîâ ìåòîêñèêàðáîíèëüíîãî ôðàãìåíòà (3.78�3.82 ì.ä.) è äóá-

ëåò äóáëåòîâ ïðîòîíà ìåòèíîâîé ãðóïïû (5.48�5.50 ì.ä.). Ñòðóêòóðà ñî-

åäèíåíèé 3a,b ïîäòâåðæäåíà ÐÑÀ ñîåäèíåíèÿ 3a, îáùèé âèä ìîëåêóëû

êîòîðîãî ïðåäñòàâëåí íà ðèñóíêå (ðèñ. 2.1). Ñîãëàñíî äàííûì ÐÑÀ, ìîëå-

êóëà õàðàêòåðèçóåòñÿ áëèçêèìè ê ñòàíäàðòíûì âåëè÷èíàì äëèíàìè ñâÿçåé

è âàëåíòíûìè óãëàìè. Ãåòåðîöèêëè÷åñêàÿ ñèñòåìà ïëîñêàÿ, êðîìå àòîìà

Ñ5, êîòîðûé âûõîäèò èç ïëîñêîñòè íà 0.441 �A.

Ðèñ. 2.1. Ñòðóêòóðà ñîåäèíåíèÿ 3a, ïî äàííûì ÐÑÀ.

Òàêèì îáðàçîì îñíîâíûì íàïðàâëåíèåì ñòàáèëèçàöèè èìèäîèëêåòå-

íîâ, ãåíåðèðóåìûõ òåðìîëèçîì 1-àðèë-4,5-äèàöèë-1H-ïèððîëäèîíîâ, ÿâ-

ëÿåòñÿ èõ âíóòðèìîëåêóëÿðíàÿ öèêëèçàöèè ñ ó÷àñòèåì àðèëüíîãî çàìåñòè-

òåëÿ ïðè àòîìå àçîòà ñ îáðàçîâàíèåì 2,3-äèàöèëõèíîëèí-4-îíîâ. Â ñëó-

÷àå 4-öèííàìîèë çàìåùåííûõ ïèððîëäèîíîâ ïðîèñõîäèò áîëåå ãëóáîêàÿ

òðàíñôîðìàöèÿ, íî íàïðàâëåíèå ðåàêöèè ïðè ýòîì îñòàåòñÿ òåì æå.

2.2.2. Ðåàêöèè [4+2]-öèêëîïðèñîåäèíåíèÿ

Ðàíåå áûëî ïîêàçàíî, ÷òî 1H-ïèððîë-2,3-äèîíû ëåãêî âñòóïàþò â

ðåàêöèè öèêëîïðèñîåäèíåíèÿ ñ ñîåäèíåíèÿìè, ñîäåðæàùèìè â ñâîåì ñî-

ñòàâå äâîéíûå, òðîéíûå ñâÿçè è ñèñòåìû ñîïðÿæåííûõ äâîéíûõ ñâÿçåé.

Ýòè ðåàêöèè îáû÷íî ïðîõîäÿò ñ ó÷àñòèåì ñâÿçåé Ñ4=Ñ5, Ñ3=Î èëè ñè-

ñòåìû ñîïðÿæåííûõ ñâÿçåé Ñ5=Ñ4�Ñ=Î 1H-ïèððîë-2,3-äèîíîâ. Â íåêîòî-

ðûõ ñëó÷àÿõ ïåðâîíà÷àëüíî îáðàçóþùèåñÿ öèêëîàääóêòû ïðåòåðïåâàþò

ðàçíîîáðàçíûå âíóòðèìîëåêóëÿðíûå ïåðåãðóïïèðîâêè. Ðåàêöèè [4 + 2]-
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öèêëîïðèñîåäèíèÿ ñ ó÷àñòèåì 1H-ïèððîë-2,3-äèîíîâ II,IV,V ðàíåå íå

èçó÷àëèñü. Íàìè èññëåäîâàíà êàê ñàìà âîçìîæíîñòü ïðîòåêàíèÿ òàêèõ

ðåàêöèé, òàê è èõ íàïðàâëåíèå íà ïðèìåðå âçàèìîäåéñòâèÿ óêàçàííûõ

ïèððîëäèîíîâ ñî ñòèðîëîì, àëêèëâèíèëîâûìè ýôèðàìè è èõ ãåòåðîöèê-

ëè÷åñêèì àíàëîãîì � 3,4-äèãèäðî-2H-ïèðàíîì.

Ïðè âçàèìîäåéñòâèè 4-èçîïðîïîêñàëèë-1H-ïèððîë-2,3-äèîíîâ II ñî

ñòèðîëîì (P1), ïðîâîäèìîì ïóòåì âûäåðæèâàíèÿ ðåàãåíòîâ â ñðåäå êèïÿ-

ùåãî àáñîëþòíîãî ì-êñèëîëà â òå÷åíèå 15�16 ÷, îáðàçóþòñÿ ïèðàíî[4,3-

b]ïèððîëäèîíû 4a,b [137]. Cîåäèíåíèÿ 4a,b îáðàçóþòñÿ, ïî-âèäèìîìó,

âñëåäñòâèå ó÷àñòèÿ ïèððîëäèîíîâ ñèñòåìîé ñîïðÿæåííûõ ñâÿçåé Î=Ñ-

Ñ4=Ñ5 â òåðìè÷åñêè èíèöèèðóåìîé ðåàêöèè [4 + 2]-öèêëîïðèñîåäèíåíèÿ

ñ ïîëÿðèçîâàííîé Ñ=Ñ ñâÿçüþ ñòèðîëà.

Ñõåìà 2.6

4a: R1 = Ph; 4b: R1 = C6H4OMe-4.

Ñîåäèíåíèÿ 4a,b � áåñöâåòíûå âûñîêîïëàâêèå êðèñòàëëè÷åñêèå âå-

ùåñòâà, ëåãêîðàñòâîðèìûå â ÄÌÑÎ, ÄÌÔÀ è îáû÷íûõ îðãàíè÷åñêèõ ðàñ-

òâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå. Â ñïåêòðàõ ßÌÐ 1Í ñîåäè-

íåíèé 4a,b, êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ

íèìè ãðóïï, ïðèñóòñòâóþò äâà äóáëåò äóáëåòíûõ ñèãíàëà ïðîòîíîâ ìåòè-

ëåíîâîé ãðóïïû Ñ7Í2 â îáëàñòè 2.61�2.73 ì.ä., äóáëåò äóáëåòíûé ñèãíàë

ïðîòîíà ìåòèíîâîé ãðóïïû Ñ6Í â îáëàñòè 5.63�5.69 ì.ä., à òàêæå îäèí

èëè äâà äóáëåòíûõ ñèãíàëà â îáëàñòè 1.14�1.17 ì.ä. è ìóëüòèïëåòíûé

ñèãíàë â îáëàñòè 5.06�5.07 ì.ä. ïðîòîíîâ 2-ïðîïèëüíîãî ôðàãìåíòà.

Àíàëîãè÷íî, íî â áîëåå ìÿãêèõ óñëîâèÿõ (êèïÿùèé òîëóîë), ïðîòå-

êàåò âçàèìîäåéñòâèå ýòèõ ïèððîëäèîíîâ ñ 3,4-äèãèäðî-2H-ïèðàíîì (P2).
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Â êà÷åñòâå ïðîäóêòîâ ðåàêöèè îáðàçóþòñÿ ïèðàíî[3',2':5,6]ïèðàíî[4,3-
b]ïèððîëäèîíû 5a,b.

Ñõåìà 2.7

5a: R1 = Ph; 5b: R1 = C6H4OMe-4.

Ñîåäèíåíèÿ 5a,b � ñâåòëî-æ¼ëòûå èëè áåñöâåòíûå êðèñòàëëè÷å-

ñêèå âåùåñòâà ñ âûñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå

â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 5a,b, êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè-

÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò ãðóïïà ñèãíàëîâ

ìåòèëåíîâûõ ïðîòîíîâ Ñ8Í2 è Ñ9Í2 â îáëàñòè 1.20�1.67 ì.ä., ìóëüòèïëåò

ìåòèíîâîãî ïðîòîíà Ñ9àÍ â îáëàñòè 2.83�2.93 ì.ä., ìóëüòèïëåò ìåòèëåíî-

âûõ ïðîòîíîâ Ñ7Í2 â îáëàñòè 3.83�3.85 ì.ä., äóáëåò ìåòèíîâîãî ïðîòîíà

Ñ5àÍ â îáëàñòè 6.08�6.15 ì.ä., à òàêæå îäèí èëè äâà äóáëåòíûõ ñèãíàëà

â îáëàñòè 1.14�1.17 ì.ä. è ìóëüòèïëåòíûé ñèãíàë â îáëàñòè 5.05�5.07 ì.ä.

ïðîòîíîâ 2-ïðîïèëüíîãî ôðàãìåíòà.

Â ñëó÷àå 4,5-äèàðîèë-1H-ïèððîë-2,3-äèîíîâ IV âîçìîæíà ðåàëèçà-

öèÿ àëüòåðíàòèâíîãî íàïðàâëåíèÿ ðåàêöèè � ñ ó÷àñòèåì ñèñòåìû ñîïðÿ-

æåííûõ ñâÿçåé Ñ4=Ñ5�Ñ=Î. Îäíàêî êèïÿ÷åíèå ðàñòâîðà ýòèõ ïèððîëäè-

îíîâ è ñòèðîëà (P1) â ñðåäå ì-êñèëîëà â òå÷åíèå 8�9 ÷ ïðèâîäèò ê îá-

ðàçîâàíèþ ïèðàíî[4,3-b]ïèððîë 6a�g [135, 138] â êà÷åñòâå åäèíñòâåííûõ

ïðäóêòîâ ðåàêöèè.
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Ñõåìà 2.8

6a: R1 = Ar = Ph; 6b: R1 = C6H4Me-4, Ar = Ph; 6c: R1 = C6H4OMe-4, Ar = Ph; 6d: R1 = Ph, Ar =

C6H4Me-4; 6e: R1 = Ar = C6H4Me-4; 6f: R1 = Ph, Ar = C6H3Me2-2,5; 6g: R1 = C6H4OMe-4, Ar =

C6H3Me2-2,5.

Ñîåäèíåíèÿ 6a�g � ñâåòëî-æ¼ëòûå èëè áåñöâåòíûå êðèñòàëëè÷å-

ñêèå âåùåñòâà ñ âûñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå

â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âî-

äå. Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 6a�g ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ëàêòàìíîé Ñ2=O è êåòîíîé Ñ3=O êàðáîíèëüíûõ ãðóïï â âè-

äå îäíîé øèðîêîé èëè äâóõ óçêèõ ïîëîñ â îáëàñòè 1698�1725 ñì−1 è

àðîèëüíîé êàðáîíèëüíîé ãðóïïû â îáëàñòè 1684�1688 ñì−1. Â ñïåêòðàõ

ßÌÐ 1Í ñîåäèíåíèé 6a�g êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ êîëåö

è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóþò ìóëüòèïëåòû ïðîòîíà ìåòèíî-

âîé ãðóïïû â îáëàñòè 5.36�5.67 ì.ä. è ïðîòîíîâ ìåòèëåíîâîé ãðóïïû â

îáëàñòè 2.63�2.98 ì.ä., îáðàçóþùèõ òèïè÷íóþ ñèñòåìó ÀÂÕ. Â ñïåêòðàõ

ßÌÐ 13Ñ ñîåäèíåíèé 6a è 6e êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìà-

òè÷åñêèõ çàìåñòèòåëåé è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóþò ñèãíàëû

àòîìîâ óãëåðîäà àðîèëüíîé êàðáîíèëüíîé ãðóïïû â îáëàñòè 197.52�198.60

ì.ä., êåòîííîé è ëàêòàìíîé êàðáîíèëüíûõ ãðóïï ïèððîëäèîíîâîãî öèêëà

â îáëàñòè 177.64�177.67 ì.ä. è 162.05�162.17 ì.ä. ñîîòâåòñòâåííî, à òàêæå

ñèãíàëû àòîìîâ óãëåðîäà â ïîëîæåíèÿõ 6, 7 è 7à ïèðàíî[4,3-b]ïèððîë-2,3-

äèîíîâîãî öèêëà ïðè 79.48�79.51, 34.62�35.09 è 66.05�66.10 ì.ä. ñîîòâåò-

ñòâåííî. Êðîìå ýòîãî ñòðóêòóðà ñîåäèíåíèÿ 6g ïîäòâåðæäåíà äàííûìè

ÐÑÀ (ðèñ. 2.2).

Ïî äàííûì ÐÑÀ ïèðàíîâûé öèêë ìîëåêóëû ñîåäèíåíèÿ 6g èìå-

åò êîíôîðìàöèþ êîíâåðò. Ïåðåãèá ïî ëèíèè Ñ1· · ·Ñ6 ñîñòàâëÿåò 49.6°, à
îòêëîíåíèå àòîìà Ñ7 îò ïëîñêîñòè ïÿòè àòîìîâ 0.67 �A. Âñå ñâÿçè è âà-

ëåíòíûå óãëû â ìîëåêóëå èìåþò îáû÷íûå äëÿ ñîîòâåòñòâóþùèõ àòîìîâ
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Ðèñ. 2.2. Ñòðóêòóðà ñîåäèíåíèÿ 6g, ïî äàííûì ÐÑÀ.

çíà÷åíèÿ. Ñâÿçü Ñ2=Ñ5 ëîêàëèçîâàííàÿ äâîéíàÿ, 1.354(5) �A. Ïèððîëüíûé

öèêë â ïðåäåëàõ 0.01 �A ïëîñêèé è îáðàçóåò ñ ïëîñêîñòüþ ïÿòè àòîìîâ ïè-

ðàíîâîãî êîëüöà äèýäðàëüíûé óãîë 153.4°. Â êðèñòàëëå íåò íè âîäîðîäíûõ

ñâÿçåé, íè óêîðî÷åííûõ ìåæìîëåêóëÿðíûõ êîíòàêòîâ.

Ïðè âçàèìîäåéñòâèè ïèððîëäèîíîâ IV ñ 3,4-äèãèäðî-2H-ïèðàíîì

(P2), ïðîâîäèìîì ïóòåì êèïÿ÷åíèÿ ðåàãåíòîâ â ñîîòíîøåíèè 1:1.5

â ñðåäå òîëóîëà â òå÷åíèå 40�60 ìèí, ïîëó÷åíû ïðîäóêòû [4 + 2]-

öèêëîïðèñîåäèíåíèÿ ïîëÿðèçîâàííîé Ñ=Ñ ñâÿçè 3,4-äèãèäðî-2Í-ïèðàíà

ê ñîïðÿæåííîé ñèñòåìå ñâÿçåé Î=Ñ-Ñ4=Ñ5 èñõîäíûõ ïèððîëäèîíîâ �

ïèðàíî[3',2':5,6]-ïèðàíî[4,3-b]ïèððîë-2,3-äèîíû 7a�e [135, 139].

Ñõåìà 2.9

7a: R1 = C6H4Me-4, Ar = Ph; 7b: R1 = C6H4Me-4, Ar = C6H4Me-4; 7c: R1 = C6H4OMe-4, Ar =

C6H4Me-4; 7d: R1 = Ph, Ar = C6H3Me2-2,5; 7e: R1 = C6H4Me-4, Ar = C6H3Me2-2,5.

Ñîåäèíåíèÿ 7a�e � ñâåòëî-æ¼ëòûå èëè áåñöâåòíûå êðèñòàëëè÷å-

ñêèå âåùåñòâà ñ âûñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå

â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âî-
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äå. Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 7a�e ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ êî-

ëåáàíèé ëàêòàìíîé Ñ2=O è êåòîíîé Ñ3=O êàðáîíèëüíûõ ãðóïï â âèäå

îäíîé øèðîêîé èëè äâóõ óçêèõ ïîëîñ â îáëàñòè 1703�1728 ñì−1, àðîèëü-

íîé êàðáîíèëüíîé ãðóïïû â îáëàñòè 1680�1692 ñì−1. Â ñïåêòðàõ ßÌÐ 1Í

ñîåäèíåíèé 7a�e êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ êîëåö è ñâÿçàí-

íûõ ñ íèìè ãðóïï ïðèñóòñòâóþò ãðóïïà ñèãíàëîâ ìåòèëåíîâûõ ïðîòîíîâ

C8Í2 è C9Í2 â îáëàñòè 1.14�1.80 ì.ä., ìóëüòèïëåò ìåòèíîâîãî ïðîòîíà

C9aH â îáëàñòè 3.14�3.21 ì.ä., ìóëüòèïëåò ìåòèëåíîâûõ ïðîòîíîâ C7Í2

â îáëàñòè 3.81�3.86 ì.ä. è äóáëåò ìåòèíîâîãî ïðîòîíà C5aÍ â îáëàñòè

5.94�6.10 ì.ä. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 7d êðîìå ñèãíàëîâ àòî-

ìîâ óãëåðîäà àðîìàòè÷åñêèõ çàìåñòèòåëåé, ìåòèëüíûõ è ìåòèëåíîâûõ

ãðóïï ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà àðîèëüíîé êàðáîíèëüíîé

ãðóïïû ïðè 202.80 ì.ä., êåòîííîé (Ñ3=Î) è ëàêòàìíîé (Ñ2=Î) êàðáî-

íèëüíûõ ãðóïï ïèððîëäèîíîâîãî öèêëà ïðè 177.20 è 161.94 ì.ä. ñîîò-

âåòñòâåííî, à òàêæå ñèãíàëû àòîìîâ óãëåðîäà â ïîëîæåíèÿõ 5a, 9a è 9b

ïèðàíî[3',2':5,6]ïèðàíî[4,3-b]ïèððîë-2,3-äèîíîâîãî ôðàãìåíòà ïðè 98.20,
32.01 è 68.89 ì.ä. ñîîòâåòñòâåííî.

Ïðè âçàèìîäåéñòâèè ïèððîëäèîíîâ IV ñ àëêèëâèíèëîâûìè ýôèðàìè

(P3), ïðîâîäèìîì ïóòåì âûäåðæèâàíèÿ ðåàãåíòîâ â ñîîòíîøåíèè 1 : 1.5

â ñðåäå áåíçîëà ïðè òåìïåðàòóðå 60�70°C â òå÷åíèå 20�30 ìèí, ïîëó-

÷åíû ïðîäóêòû [4 + 2]-öèêëîïðèñîåäèíåíèÿ ïîëÿðèçîâàííîé Ñ=Ñ ñâÿçè

àëêèëâèíèëîâûõ ýôèðîâ P3 ê ñîïðÿæåííîé ñèñòåìå ñâÿçåé Î=Ñ-Ñ4=Ñ5

ïèððîëäèîíîâ IV � ïèðàíî[4,3-b]ïèððîë-2,3-äèîíû 8a�d [135, 140].

Ñõåìà 2.10

8a: R1 = Ph, Ar = C6H4Me-4, R2 = Et; 8b: R1 = C6H4Me-4, Ar = C6H4Me-4, R2 = Et; 8c: R1 =

C6H4OMe-4, Ar = C6H3Me2-2,5, R2 = Et; 8d: R1 = C6H4Me-4, Ar = C6H4Me-4, R2 = Bu.

Ñîåäèíåíèÿ 8a�d � ñâåòëî-æ¼ëòûå èëè áåñöâåòíûå êðèñòàëëè÷å-

ñêèå âåùåñòâà ñ âûñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå
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â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 8a�d ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ êîëåáà-

íèé ëàêòàìíîé Ñ2=O è êåòîíîé Ñ3=O êàðáîíèëüíûõ ãðóïï â âèäå îäíîé

øèðîêîé èëè äâóõ óçêèõ ïîëîñ â îáëàñòè 1720�1736 ñì−1, àðîèëüíîé êàð-

áîíèëüíîé ãðóïïû â îáëàñòè 1674�1686 ñì−1. Â ñïåêòðàõ ßÌÐ 1Í ñîåäè-

íåíèé 8a�d êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ êîëåö, ìåòèëüíûõ è

àëêîêñèëüíûõ ãðóïï, ïðèñóòñòâóþò äóáëåò-äóáëåòíûé ñèãíàë ìåòèíîâîãî

ïðîòîíà C6Í â îáëàñòè 5.64�5.83 ì.ä., à òàêæå äóáëåò-äóáëåòíûå ñèãíà-

ëû ìåòèëåíîâûõ ïðîòîíîâ C7Í2 â îáëàñòè 2.37�3.34 ì.ä., îáðàçóþùèõ

òèïè÷íóþ ÀÂÕ-ñèñòåìó.

Â ñëó÷àå 4-öèííàìîèë-1H-ïèððîë-2,3-äèîíîâ V èìååòñÿ âîçìîæ-

íîñòü ðåàëèçàöèè äîïîëíèòåëüíîé ãåòåðîöèêëèçàöèè ñ ó÷àñòèåì äâîé-

íîé óãëåðîä-óãëåðîäíîé ñâÿçè öèííàìîèëüíîãî ôðàãìåíòà è îáðàçîâàíè-

åì 5,9-äèîêñà-2-àçàòðèöèêëî[6.3.1.04,12]äîäåêåíîâ A. Îäíàêî â êà÷åñòâå

åäèíñòâåííûõ ïðîäóêòîâ âçàèìîäåéñòâèÿ ýòèõ ïèððîëäèîíîâ ñî ñòèðîëîì

(P1), ïðîâîäèìîì â ñðåäå êèïÿùåãî òîëóîëà, áûëè âûäåëåíû ñîîòâåòñòâó-

þùèå ïèðàíî[4,3-b]ïèððîëäèîíû 9a,b [136].

Ñõåìà 2.11

9a: R1 = C6H4Me-4; 9b: R1 = C6H4OMe-4.

Ñîåäèíåíèÿ 9a,b � æåëòûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âûñîêè-

ìè òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñòâî-

ðèìûå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ

ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå. Â ÈÊ ñïåêòðàõ ñîåäèíå-

íèé 9a,b ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ êîëåáàíèé ìåòîêñèêàðáîíèëü-

íîé (1741�1742 ñì−1), ëàêòàìíîé (1728�1729 ñì−1), êåòîííîé (1694�1697
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ñì−1) êàðáîíèëüíûõ ãðóïï, à òàêæå äâîéíîé ñâÿçè ñòèðèëüíîãî ôðàãìåí-

òà (1622 ñì−1). Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 9a,b, êðîìå ñèãíàëîâ

ïðîòîíîâ àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâó-

þò ìóëüòèïëåòíûå ñèãíàëû ïðîòîíîâ ìåòèëåíîé ãðóïïû ïðè 2.47�2.62

ì.ä., ñèíãëåòíûé ñèãíàë ïðîòîíîâ ìåòîêñèêàðáîíèëüíîãî ôðàãìåíòà ïðè

3.79�3.80 ì.ä., äóáëåò äóáëåòíûé ñèãíàë ïðîòîíà ìåòèíîâîé ãðóïïû ïðè

5.56�5.58 ì.ä., äóáëåòíûå ñèãíàëû ïðîòîíîâ äâîéíîé ñâÿçè öèííàìîèëü-

íîãî çàìåñòèòåëÿ â îáëàñòè 7.54�7.88 ì.ä. ñ êîíñòàíòàìè ñïèí-ñïèíîâîãî

âçàèìîäåéñòâèÿ J = 16.1 Ãö, ÷òî õàðàêòåðíî äëÿ òðàíñ-çàìåùåííûõ àë-

êåíîâ [141]. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 9b, êðîìå ñèãíàëîâ àòîìîâ

óãëåðîäà àðîìàòè÷åñêèõ, àëèôàòè÷åñêèõ ôðàãìåíòîâ è ñòèðèëüíîãî çàìå-

ñòèòåëÿ, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà êåòîííîé, ñëîæíîýôèð-

íîé, ëàêòàìíîé êàðáîíèëüíûõ ãðóïï ïðè 181.0 ì.ä., 159.7 ì.ä. è 162.3 ì.ä.

ñîîòâåòñâåííî, à òàêæå ñèãíàëû àòîìîâ óãëåðîäà â ïîëîæåíèÿõ 4, 3à, 6,

7à ïèðàíî[4,3-b]ïèððîëüíîãî öèêëà ïðè 170.2, 106.3, 78.1, 62.5 ñîîòâåò-

ñòâåííî.

Ñòðóêòóðà ñîåäèíåíèé ïîäòâåðæäåíà ÐÑÀ ñîåäèíåíèÿ 9a (ðèñ. 2.3).

Ðèñ. 2.3. Ñòðóêòóðà ñîåäèíåíèÿ 9a, ïî äàííûì ÐÑÀ.

Îïèñàííûå ðåàêöèè öèêëîïðèñîåäèíåíèÿ ïðîòåêàþò äèàñòåðåîñå-

ëåêòèâíî. Ïàðà îáðàçóþùèõñÿ ýíàíòèîìåðîâ õàðàêòåðèçóåòñÿ òðàíñ-

ðàñïîëîæåíèåì çàìåñòèòåëåé â ïîëîæåíèÿõ 6 è 7à îòíîñèòåëüíî "ïëîñêî-

ñòè" öèêëà, ÷òî ïîäòâåðæäåíî äàííûìè ÐÑÀ äëÿ êðèñòàëëîâ ñîåäèíåíèé

6g è 9a è àíàëèçîì êîíñòàíò ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ ñèãíàëîâ

ïðîòîíîâ â ïîëîæåíèÿ 6 è 7 îáðàçóþùèõñÿ ãåòåðîöèêëîâ äëÿ îñòàëüíûõ
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ïðîäóêòîâ.

2.2.3. Ðåàêöèè ñ íóêëåîôèëüíûìè ðåàãåíòàìè

Íàëè÷èå íåñêîëüêèõ ýëåêòðîôèëüíûõ öåíòðîâ â ìîëåêóëàõ ïèððîë-

äèîíîâ â ñî÷åòàíèè ñ íàïðÿæåííîñòüþ ïÿòè÷ëåííîãî äèîêñîãåòåðîöèê-

ëà äåëàåò èõ ÷ðåçâû÷àéíî ðåàêöèîíîñïîñîáíûìè ïî îòíîøåíèþ ê íóê-

ëåîôèëüíûì ðåàãåíòàì. Íà íàïðàâëåíèå ðåàêöèè îêàçûâàþò âëèÿíèå êàê

ñòðîåíèå çàìåñòèòåëåé â ïîëîæåíèÿõ 4,5 ïèððîëäèîíîâîãî öèêëà, òàê è

ñòðîåíèå ðåàãåíòà: êîëè÷åñòâî íóêëåîôèëüíûõ öåíòðîâ, èõ âçàèìíîå ðàñ-

ïîëîæåíèå è èõ ïðèðîäà. Â íåêîòîðûõ ñëó÷àÿõ íàïðàâëåíèå âçàèìîäåé-

ñòâèÿ çàâèñèò îò óñëîâèé ïðîâåäåíèÿ ðåàêöèè.

Âçàèìîäåéñòâèå ñ ìîíîíóêëåîôèëüíûìè ðåàãåíòàìè

Ïèððîëäèîíû III âçàèìîäåéñòâóþò ñ ÎÍ-íóêëåîôèëàìè � âîäîé

(P4) è ìåòàíîëîì (P5) � ñ îáðàçîâàíèåì ïðîäóêòîâ ïðèñîåäèíåíèÿ ê

àòîìó Ñ5 � äèãèäðîïèððîëîíîâ 10a�f è 11a,b [133]. Ðåàêöèè ïðîõîäÿò

ïðè êîìíàòíîé òåìïåðàòóðå â òå÷åíèå íåñêîëüêèõ ñåêóíä, ÷òî çàìåòíî ïî

áûñòðîìó èñ÷åçíîâåíèþ ÿðêî-êðàñíîé îêðàñêè ïèððîëäèîíîâ. Ïðèñîåäè-

íåíèå âîäû è ìåòàíîëà ÿâëÿåòñÿ îáðàòèìûì. Ðàñòâîðû àääóêòîâ 10 è 11

ïðè èõ íàãðåâàíèè ïðèîáðåòàþò ÿðêî-êðàñíóþ îêðàñêó, ñâèäåòåëüñòâóþ-

ùóþ î ðåãåíåðàöèè ïèððîëäèîíîâ III. 5-Ãèäðîêñèïèððîëîíû 10a,c ïîä

äåéñòâèåì èçáûòêà ìåòàíîëà P5 ïåðåõîäÿò â 5-ìåòîêñèïèððîëîíû 11a,b

è, íàîáîðîò, ñîåäèíåíèÿ 11a,b ïåðåõîäÿò â ñîåäèíåíèÿ 10a,c ïîä äåé-

ñòâèåì èçáûòêà âîäû (P4). Ýòè ïåðåõîäû îñóùåñòâëÿþòñÿ ÷åðåç ñòàäèè

îòùåïëåíèÿ è ïðèñîåäèíåíèÿ.

Ñõåìà 2.12
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10a: R1 = Bn; 10b: R1 = Ph; 10c: R1 = C6H4Me-4; 10d: R1 = C6H4OMe-4; 10e: R1 = C6H4Cl-4;

10f: R1 = C6H4Br-4; 11a: R1 = Bn; 11b: R1 = C6H4Me-4.

Ñîåäèíåíèÿ 10a�f è 11a,b � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùå-

ñòâà, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñòâîðèìûå â îáû÷íûõ îðãàíè-

÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå. Ïðîäóêòû 10a�f

è 11a,b äàþò ïîëîæèòåëüíóþ ðåàêöèþ (âèøíåâîå îêðàøèâàíèå) íà íàëè-

÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà æåëåçà (III).

Ñïåêòðàëüíûå õàðàêòåðèñòèêè ñîåäèíåíèé ñâèäåòåëüñòâóþò î ñóùåñòâî-

âàíèè èõ â êðèñòàëëè÷åñêîì ñîñòîÿíèè è â ðàñòâîðàõ â ïîëíîñòüþ åíîëè-

çîâàííîì âèäå, ÷òî õàðàêòåðíî äëÿ ìîíîöèêëè÷åñêèõ 4-àöèë-3-ãèäðîêñè-

2,5-äèãèäðîïèððîë-2-îíîâ.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 10a�f ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé äâóõ ãèäðîêñèëüíûõ ãðóïï â âèäå øèðîêîé ïîëîñû â îáëàñòè

3121�3200 ñì−1, äâóõ ìåòîêñèêàðáîíèëüíûõ ãðóïï â îáëàñòè 1732�1767

ñì−1 è ëàêòàìíîé êàðáîíèëüíîé ãðóïïû 1678�1711 ñì−1. Â ñïåêòðàõ ßÌÐ

1Í ñîåäèíåíèé 10a�f êðîìå ñèãíàëîâ àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ

ñ íèìè ãðóïï, ïðèñóòñòâóþò äâà ñèíãëåòà ïðîòîíîâ äâóõ ìåòîêñèêàðáî-

íèëüíûõ ãðóïï â îáëàñòè 3.10�3.70 ì.ä., óøèðåííûé ñèãíàë ïðîòîíà ãèä-

ðîêñèëüíîé ãðóïïû ïðè àòîìå Ñ5 â îáëàñòè 7.10�7.17 ì.ä., óøèðåííûé

ñèãíàë ïðîòîíà åíîëüíîé ãèäðîêñèëüíîé ãðóïïû â îáëàñòè 12.34�12.56

ì.ä..

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 11a,b ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû â îáëàñòè 3158�3193 ñì−1,

äâóõ ìåòîêñèêàðáîíèëüíûõ ãðóïï è ëàêòàìíîé êàðáîíèëüíîé ãðóïïû â

îáëàñòè 1730�1779 ñì−1 è â îáëàñòè 1682�1707 ñì−1 ñîîòâåòñòâåííî. Â

ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 11a,b êðîìå ñèãíàëîâ àðîìàòè÷åñêèõ êîëåö

è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóþò òðåõïðîòîííûé ñèíãëåò ïðîòîíîâ

ìåòîêñèãðóïïû â ïîëîæåíèè 5 â îáëàñòè 2.90�3.15 ì. ä., äâà òðåõïðîòîí-

íûõ ñèíãëåòà ïðîòîíîâ äâóõ ìåòîêñèêàðáîíèëüíûõ ãðóïï â îáëàñòè 3.57�

3.68 ì.ä. è óøèðåííûé ñèãíàë ïðîòîíà åíîëüíîé ãèäðîêñèëüíîé ãðóïïû

â îáëàñòè 12.44�12.96 ì.ä..

Ïðè âçàèìîäåéñòâèè 4,5-äèàðîèë-1H-ïèððîë-2,3-äèîíîâ IV ñ àðèë-

àìèíàìè P6 è àëêèëàìèíàìè P7, ïðîâîäèìîì ïóòåì âûäåðæèâà-
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íèÿ ðàñòâîðà ðåàãåíòîâ â àáñîëþòíîì õëîðîôîðìå ïðè êîìíàò-

íîé òåìïåðàòóðå â òå÷åíèå 8�10 ÷ ñ õîðîøèìè âûõîäàìè ïî-

ëó÷åíû çàìåùåííûå (Z)-5-àðèë-5-ãèäðîêñè-4-[2-àðèë-1-(4-àðèëàìèíî)-2-

îêñîýòèëèäåí]ïèððîëèäèí-2,3-äèîíû 12a�e [135,142], îáðàçóþùèåñÿ, ïî-

âèäèìîìó, âñëåäñòâèå ïðèñîåäèíåíèÿ àðèëàìèíà ê àòîìó Ñ2, ðàñêðûòèÿ

öèêëà ïî ñâÿçè N1�C2 è çàìûêàíèÿ �íîâîãî�, â ðåçóëüòàòå âçàèìîäåé-

ñòâèÿ àìèäíîé ãðóïïû NH è àðîèëüíîé ãðóïïû â ïîëîæåíèè 4 èñõîäíîãî

ïèððîëäèîíà.

Ñõåìà 2.13

12a: R1 = C6H4OMe-4, Ar = Ph, R2 = C6H4OMe-4; 12b: R1 = C6H4OMe-4, Ar = C6H4Cl-4, R2 =

C6H4OMe-4; 12c: R1 = C6H4Me-4, Ar = Ph, R2 = Bn; 12d: R1 = Ph, Ar = C6H4Me-4, R2 = Bn; 12e:

R1 = C6H4OMe-4, Ar = C6H4Me-4, R2 = Bn.

Ñîåäèíåíèÿ 12a�e � ÿðêî-æåëòûå âûñîêîïëàâêèå êðèñòàëëè÷åñêèå

âåùåñòâà, ëåãêîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ,

íåðàñòâîðèìûå â àëêàíàõ è âîäå. Ñòðóêòóðà ñîåäèíåíèé 12a�e ïîäòâåð-

æäåíà ÐÑÀ êðèñòàëëà ñîåäèíåíèÿ 12a, âûðàùåííîãî èç ðàçáàâëåííîãî

ðàñòâîðà â ìåòàíîëå (ðèñ. 2.4).

Ðèñ. 2.4. Ñòðóêòóðà ñîåäèíåíèÿ 12a, ïî äàííûì ÐÑÀ.
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Ïðè âçàèìîäåéñòâèå 4,5-äèìåòîêñèêàðáîíèë-1H-ïèððîë-2,3-

äèîíîâ III ñ àðèëàìèíàìè P6, ïðîâîäèìîì ïóò¼ì ñìåøåíèÿ ðàñòâîðîâ

ðåàãåíòîâ â áåçâîäíîì èíåðòíîì ðàñòâîðèòåëå ïðè êîìíàòíîé òåìïåðà-

òóðå, â òå÷åíèå íåñêîëüêèõ ñåêóíä îáðàçóþòñÿ äèìåòèë 2-àðèëàìèíî-4-

ãèäðîêñè-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2,3-äèêàðáêñèëàòû 13a�f [133]

ïðàêòè÷åñêè ñ êîëè÷åñòâåííûì âûõîäîì. Ðåàêöèÿ â îòëè÷èåò îò âû-

øå îïèñàííûõ ñëó÷àåâ îñòàíàâëèâàåòñÿ íà ñòàäèè ïðèñîåäèíåíèÿ,

ïî-âèäèìîìó, âñëåäñòâèå ïîíèæåííîé ýëåêòðîôèëüíîñòè ìåòîêñèêàðáî-

íèëüíîé ãðóïïû, êîòîðàÿ îêàçûâàåòñÿ íå äîñòàòî÷íîé äëÿ âçàèìîäåéñòâèÿ

ñ àìèäíîé ãðóïïîé NH.

Ñõåìà 2.14

13a: R1 = Bn, R2 = C6H4Cl-4; 13b: R1 = Bn, R2 = C6H4Br-4; 13c: R1 = C6H4Me-4, R2 = C6H4Cl-4;

13d: R1 = C6H4Me-4, R2 = C6H4Br-4; 13e: R1 = C6H4OMe-4, R2 = C6H4Cl-4; 13f: R1 = C6H4OMe-4,

R2 = C6H4Br-4.

Ñîåäèíåíèÿ 13a�f � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà, ïëàâÿ-

ùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâî-

ðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ ïðîáó

íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà æåëå-

çà (III). Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 13a�f ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ãðóïïû NH è åíîëüíîé ãèäðîêñèëüíîé ãðóïïû â âèäå øèðîêèõ

ïîëîñ â îáëàñòè 3164�3310 ñì−1 è â îáëàñòè 3370�3399 ñì−1 ñîîòâåòñòâåí-

íî, äâóõ ìåòîêñèêàðáîíèëüíûõ ãðóïï è ëàêòàìíîé êàðáîíèëüíîé ãðóïïû

â îáëàñòè 1727�1757 ñì−1 è â îáëàñòè 1682�1692 ñì−1 ñîîòâåòñòâåííî.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 13a�f ïðèñóòñòâóþò äâà òðåõïðîòîííûõ

ñèíãëåòà äâóõ ìåòîêñèêàðáîíèëüíûõ ãðóïï â îáëàñòè 3.11�3.75 ì.ä., ñèí-

ãëåò ïðîòîíà ãðóïïû NH â îáëàñòè 6.25�6.29 ì.ä. è óøèðåííûé ñèãíàë

ïðîòîíà åíîëüíîé ãèäðîêñèëüíîé ãðóïïû â îáëàñòè 10.17�12.17 ì.ä. Â

ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 13a ïðèñóòñòâóþò ñèãíàëû ÷åòâåðòè÷íîãî
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àòîìà óãëåðîäà ïðè 76.02 ì.ä., àòîìîâ óãëåðîäà ëàêòàìíîé êàðáîíèëüíîé

ãðóïïû è äâóõ ìåòîêñèêàðáîíèëüíûõ ãðóïï ïðè 161.35, 164.43 è 167.68

ì.ä. ñîîòâåòñòâåííî, à òàêæå ñèãíàëû α- è β-àòîìîâ óãëåðîäà åíîëüíîãî

ôðàãìåíòà ïðè 167.68 è 108.22 ì.ä. ñîîòâåòñòâåííî.

Ñòðóêòóðà ñîåäèíåíèé 13a�f ïîäòâåðæäåíà ÐÑÀ ñîåäèíåíèÿ 13a,

îáùèé âèä ìîëåêóëû êîòîðîãî ïðåäñòàâëåíà íà ðèñóíêå (ðèñ. 2.5).

Ðèñ. 2.5. Ñòðóêòóðà ñîåäèíåíèÿ 13a, ïî äàííûì ÐÑÀ.

Êèïÿ÷åíèå ñîåäèíåíèé 13 â òîëóîëå â òå÷åíèå 4 ÷àñîâ ïðèâîäèò ê

ôîðìèðîâàíèþ 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ 14, âìåñòî îæèäàåìûõ

ïðîäóêòîâ ðåöèêëèçàöèè � ïèððîëèäèí-2,3,5-òðèîíîâ B. 1H-Ïèððîë-2,3-

äèîíû 14 ëåãêî ïðèñîåäèíÿþò âîäó è ïåðâè÷íûå àìèíû ñ îáðàçîâàíèåì

ñîîòâåòñòâóþùèõ àääóêòîâ 15 è 16.
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Ñõåìà 2.15

14a: R1 = Bn, R2 = C6H4Cl-4; 14b: R1 = Bn, R2 = C6H4Br-4; 15a: R1 = Bn, R2 = Ph; 15b: R1 =

Bn, R2 = C6H4Me-4; 15c: R1 = Bn, R2 = C6H4Cl-4; 15d: R1 = Bn, R2 = C6H4Br-4; 15e: R1 = R2 =

Ph; 15f: R1 = R2 = C6H4Me-4; 15g: R1 = R2 = C6H4Cl-4; 16a: R1 = Bn, R2 = C6H4Cl-4.

Ñîåäèíåíèÿ 14a,b � ÿðêî-êðàñíûå âûñîêîïëàâêèå âåùåñòâà, îáåñ-

öâå÷èâàþùèåñÿ íà âîçäóõå. Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 14a,b ïðèñóòñòâó-

þò ïîëîñû ïîãëîùåíèÿ ãðóïïû NH 3327�3327 ñì−1 è ïîëîñû ÷åòûðåõ

êàðáîíèëüíûõ ãðóïï â îáëàñòè 1670�1772 ñì−1. Â ñïåêòðàõ ßÌÐ 1Í ñî-

åäèíåíèé 14a,b ïðèñóòñòâóþò ñèãíàëû ïðîòîíîâ ìåòîêñèêàðáîíèëüíîé

ãðóïïû ïðè 3.83 ì.ä., ìåòèëåíîâîé ãðóïïû áåíçèëüíîãî ôðàãìåíòà ïðè

4.79 ì.ä., àðîìàòè÷åñêèõ ôðàãìåíòîâ â îáëàñòè 7.23�7.52 è ãðóïïû NH

ïðè 8.72 ì.ä.

Ñîåäèíåíèÿ 15a�g è 16a � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà,

ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ

ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ

ïðîáó íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà

æåëåçà (III).

Ñòðóêòóðà ñîåäèíåíèé 15a�g è 16a ïîäòâåðæäåíà ÐÑÀ ñîåäèíåíèÿ

16a, îáùèé âèä êîòîðîãî ïðåäñòàâëåí íà ðèñóíêå (ðèñ. 2.6).

Ïðèñîåäèíåíèå âîäû ÿâëÿåòñÿ îáðàòèìûì, î ÷åì ñâèòåòåëüñòâó-

åò ïîÿâëåíèå èíòåíñèâíîé ÿðêî-êðàñíîé îêðàñêè ó ðàñòâîðîâ ñîåäèíå-
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Ðèñ. 2.6. Ñòðóêòóðà ñîåäèíåíèÿ 16a, ïî äàííûì ÐÑÀ.

íèé 15a�g â òîëóîëå ïðè èõ êèïÿ÷åíèè. Ñëåäóåò îòìåòèòü, ÷òî ïðåä-

ñòàâëåííàÿ ðåàêöèÿ ÿâëÿåòñÿ ïîäõîäîì ê ñèíòåçó íåäîñòóïíûõ ðàíåå 4-

àðèëêàðáàìîèë-5-ìåòîêñèêàðáîíèë-1H-ïèððîë-2,3-äèîíîâ.

Õîðîøèå âûõîäû ïðîäóêòîâ ïðèñîåäèíåíèÿ àìèíîâ ê 4,5-

äèìåòîêñèêàðáîíèë-1H-ïèððîë-2,3-äèîíàì è îòíîñèòåëüíàÿ óñòîé÷è-

âîñòü 1-àðèë-çàìåù¼ííûõ äèìåòèë 2-àðèëàìèíî-4-ãèäðîêñè-5-îêñî-2,5-

äèãèäðî-1H-ïèððîë-2,3-äèêàðáêñèëàòîâ ïîçâîëèëè ðàçðàáîòàòü ïðåïà-

ðàòèâíûé ìåòîä ñèíòåçà 3a,9a-äèìåòèë 2,3,4-òðèîêñî-1,2,3,3à,4,9,9à-

ãåïòàãèäðîïèððîëî[2,3-b]õèíîëèí-3à,9à-äèêàðáîêñèëàòîâ. Êàê îêàçàëîñü,

àíòðàíèëîâàÿ êèñëîòà (P8), íåñìîòðÿ íà ïîíèæåííóþ íóêëåîôèëüíîñòü, ñ

êîëè÷åñòâåííûì âûõîäîì ïðèñîåäèíÿåòñÿ ê 4,5-äèìåòîêñèêàðáîíèë-1H-

ïèððîë-2,3-äèîíàì III ïðè êîìíàòíîé òåìïåðàòóðå â òå÷åíèå íåñêîëüêèõ

ñåêóíä ñ îáðàçîâàíèåì ñîîòâåòñòâóþùèõ àääóêòîâ i-4. Ñîåäèíåíèÿ i-4,

îáðàçîâàíèå êîòîðûõ ôèêñèðîâàëîñü ñ ïîìîùüþ ÒÑÕ, èñðîëüçîâàëèñü

íàìè â äàëüíåéøèõ ïðåâðàùåíèÿõ áåç âûäåëåíèÿ è î÷èñòêè. Êàê îêàçà-

ëîñü àääóêòû i-4 ïîä äåéñòâèåì öèêëîãåêñèëêàðáîäèèìèäîì (P9) â ñðåäå

êèïÿùåãî òîëóîëà â òå÷åíèå 7�8 ÷ ïðåòåðïåâàþò âíóòðèìîëåêóëÿðíóþ

öèêëèçàöèþ ñ îáðàçîâàíèåì öåëåâûõ ïèððîëî[2,3-b]õèíîëèíîâ 17a,b.
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Ñõåìà 2.16

17a: R1 = Ph; 17b: R1 = C6H4Me-4.

Ñîåäèíåíèÿ 17a,b � áëåäíî-æåëòûå âûñîêîïëàâêèå êðèñòàëëè÷å-

ñêèå âåùåñòâà, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, òðóäíîðàñòâîðèìûå â îáû÷-

íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, íå

äàþùèå ïîëîæèòåëüíóþ ïðîáó íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèð-

òîâûì ðàñòâîðîì õëîðèäà æåëåçà (III).

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 17a,b ïðèñóòñòâóþò äâà òðåõïðî-

òîííûõ ñèíãëåòà â îáëàñòè 3.74�3.91 ì.ä., ïðèíàäëåæàùèå ïðîòîíàì ìå-

òîêñèêàðáîíèëüíûõ ãðóïï, è îäíîïðîòîííûå ñèíãëåòû â îáëàñòè 8.54�

8.60, ïðèíàäëåæàùèå ïðîòîíàì âòîðè÷íîé àìèíîãðóïïû. Â îáëàñòè 158.1�

182.1 ì.ä. ñïåêòðà ßÌÐ 13Ñ ñîåäèíåíèÿ 17a ïðèñóòñòâóåò ïÿòü ñèãíàëîâ

ïðè 182.09, 177.23, 166.78, 161.21, 158.11 ì.ä., ïðèíàäëåæàùèõ àòîìàì

óãëåðîäà êàðáîíèëüíûõ ãðóïï, è äâà ñèãíàëà ïðè 71.1 è 78.5 ì.ä., ïðèíàä-

ëåæàùèå ÷åòâåðòè÷íûì àòîìàì óãëåðîäà.

Âçàèìîäåéñòâèå 4-èçîïðîïîêñàëèë-1H-ïèððîë-2,3-äèîíîâ II ñ ïåð-

âè÷íûìè àìèíàìè (P6 è P7), ïðîâîäèìîå ïóò¼ì âûäåðæèâàíèÿ ðàñòâîðà

ðåàãåíòîâ â àáñîëþòíîì õëîðîôîðìå â òå÷åíèå 8�10 ÷, ïðèâîäèò ê îá-

ðàçîâàíèþ (Z)-èçîïðîïèë 1-àðèë-2-ãèäðîêñè-4,5-äèîêñî-3-[ôåíèë(àëêèë-

è àðèëàìèíî)ìåòèëåí]ïèððîëèäèí-2-êàðáîêñèëàòîâ 18a�j è 19a�h [143�

146].
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Ñõåìà 2.17

18a: R1 = Ar = Ph; 18b: R1 = Ph, Ar = C6H4Me-4; 18c: R1 = Ph, Ar = C6H4OMe-4; 18d: R1 =

Ph, Ar = C6H4Br-4; 18e: R1 = C6H4Me-4, Ar = Ph; 18f: R1 = C6H4Me-4, Ar = C6H4OMe-4; 18g:

R1 = C6H4Me-4, Ar = C6H4Br-4; 18h: R1 = C6H4OMe-4, Ar = Ph; 18i: R1 = C6H4OMe-4, Ar =

C6H4OMe-4; 18j: R1 = C6H4OMe-4, Ar = C6H4Br-4; 19a: R1 = Ph, R2 = CH2-CH=CH2; 19b: R1 =

Ph, R2 = Bn; 19c: R1 = Ph, R2 = öèêëî-C6H11; 19d: R1 = Ph, R2 = èçî-C5H11; 19e: R1 = C6H4OMe-4,

R2 = CH2-CH=CH2; 19f: R1 = C6H4Br-4, R2 = öèêëî-C6H11; 19g: R1 = C6H4Br-4, R2 = èçî-C5H11;

19h: R1 = C6H2Me3-2,4,6, R2 = Bn.

Ñîåäèíåíèÿ 18a�j è 19a�h � ÿðêî-æåëòûå èëè îðàíæåâûå âûñîêî-

ïëàâêèå êðèñòàëëè÷åñêèå âåùåñòâà, ëåãêîðàñòâîðèìûå â îáû÷íûõ îðãà-

íè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå. Ñïåêòðàëüíûå

õàðàêòåðèñòèêè ñîåäèíåíèé ñâèäåòåëüñòâóþò î ñóùåñòâîâàíèè èõ ïîëíî-

ñòüþ â åíàìèíîêåòîííîé ôîðìå ñ ïðî÷íîé âíóòðèìîëåêóëÿðíîé âîäîðîä-

íîé ñâÿçüþ Í-õåëàòíîãî òèïà. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ ïðèñóò-

ñòâóþò ñèãíàëû òðåõ êàðáîíèëüíûõ ãðóïï â îáëàñòè 164.0�176.8, à òàêæå

õàðàêòåðíûé ñèãíàë ÷åòâåðòè÷íîãî àòîìà óãëåðîäà ïðè 87.71 ì.ä.

Ñòðîåíèå ñîåäèíåíèé 18a�j è 19a�h ïîäòâåðæåíî ÐÑÀ êðèñòàëëà

ñîåäèíåíèÿ 18a, âûðàùåííîãî èç ðàçáàâëåííîãî ðàñòâîðà â ýòèëàöåòàòå

(ðèñ. 2.7a).

Ñîåäèíåíèå 18a êðèñòàëëèçóåòñÿ â ýêâèìîëÿðíîì îòíîøåíèè ñ ìî-

ëåêóëîé âîäû. Ìîëåêóëà ñòàáèëèçèðîâàíà âíóòðèìîëåêóëÿðíîé âîäîðîä-

íîé ñâÿçüþ N2H2· · ·O2 2.756(4) �A, ÷òî ïðèâîäèò ê îáðàçîâàíèþ ïëîñêîé

ïñåâäîáèöèêëè÷åñêîé ñèñòåìû. Â êðèñòàëëå ìîëåêóëû ñîåäèíåíèÿ ñâÿ-

çàíû ÷åðåç ìîëåêóëû âîäû âîäîðîäíûìè ñâÿçÿìè â äèìåðíûå àññîöèàòû

(ñì. 2.7b). Äèìåðíûå àññîöèàòû, ðàçìíîæåííûå ïëîñêîñòüþ ñêîëüçÿùåãî

îòðàæåíèÿ, ñâÿçàíû áîëåå ñëàáîé âîäîðîäíîé ñâÿçüþ Î6Í· · ·Î1, îáðàçóÿ
áåñêîíå÷íóþ öåïî÷êó.



91

(a) Ìîëåêóëà (b) Äèìåðíûé àññîöèàò

Ðèñ. 2.7. Ñòðóêòóðà èçîïðîïèëîâîãî ýôèðà 2-ãèäðîêñè-4,5-äèîêñî-1-ôåíèë-3-

[ôåíèë(ôåíèëàìèíî)ìåòèëåí]ïèððîëèäèí-2-êàðáîíîâîé êèñëîòû 18a, ïî äàí-

íûì ÐÑÀ.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 19a�h îáðàùàåò íà ñåáÿ âíèìà-

íèå ñèãíàë ãðóïïû NH, êîòîðûé íàáëþäàåòñÿ â îáëàñòè 11.12�12.35 ì.ä.

â âèäå äóáëåòà èëè òðèïëåòà, ÷òî ñâèäåòåëüñòâóåò î ñâÿçè ýòîé ãðóïïû

ñ àëêèëüíûì çàìåñòèòåëåì. Ñèãíàëû ìåòèëüíîé è îêñèìåòèëüíîé ãðóïï

àðèëüíûõ çàìåñòèòåëåé ïðè ýêçî-öèêëè÷åñêîì àòîìå àçîòà íàáëþäàþòñÿ

â áîëåå ñëàáîì ïîëå ïî ñðàâíåíèþ ñ ñèãíàëàìè ýòèõ ãðóïï â àðèëàìèíî-

ìåòèëåíîâîì ôðàãìåíòå. Ýòî ïîçâîëèëî, â ñëó÷àå íàëè÷èÿ õîòÿ áû îäíîé

òàêîé ãðóïïû, ñäåëàòü çàêëþ÷åíèå î ïîëîæåíèè çàìåòèòåëåé R1 è Ar â

ïðîäóêòàõ è ïóòè îáðàçîâàíèÿ ýòèõ ñîåäèíåíèé.

Ïðîäóêòû 18a�j è 19a�h îáðàçóþòñÿ, ïî-âèäèìîìó, âñëåäñòâèå ïåð-

âîíà÷àëüíîãî ïðèñîåäèíåíèå àìèíîãðóïïû ðåàãåíòà ê àòîìó Ñ5 èëè ëàê-

òàìíîé êàðáîíèëüíîé ãðóïïå ïèððîëäèîíà C2=O, ðàñêðûòèÿ ïèððîëüíîãî

öèêëà ñîîòâåòñòâåííî ïî ñâÿçè N1�C5 èëè N1�C2 è ïîñëåäóþùåé âíóò-

ðèìîëåêóëÿðíîé öèêëèçàöèè ñ ó÷àñòèåì àìèäíîé ãðóïïû NH è êåòîííîé

êàðáîíèëüíîé ãðóïïû èçîïðîïîêñàëèëüíîãî ôðàãìåíòà. Êàê îêàçàëîñü

âçàèìîäåéñòâèå ñ àìèíàìè ïðîòåêàåò ðåãèîñåëåêòèâíî, à íàïðàâëåíèå ðå-

àêöèè çàâèñèò îò ïðèðîäû çàìåñòèòåëÿ ïðè àòîìå àçîòà ðåàãåíòà. Ïåðâîå

íàïðàâëåíèå ðåàêöèè íàáëþäàåòñÿ â ñëó÷àå âçàèìîäåéñòâèÿ 1H-ïèððîë-

2,3-äèîíîâ II ñ àëêèëàìèíàìè, à âòîðîå � â ñëó÷àå èõ âçàèìîäåéñòâèÿ ñ

àðèëàìèíàìè.
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Ñõåìà 2.18

Íåïîñðåäñòâåííîå âçàèìîäåéñòâèå 1H-ïèððî-2,3-äèîíîâ II

ñ ïåðâè÷íûìè àìèíàìè íå ïîçâîëÿåò ñèíòåçèðîâàòü 1-àëêèë-2-

[(àðèëàìèíî)ìåòèëåí]ïèððîëèäèí-2,3-äèîíû. Íàìè íàéäåíî, ÷òî òàêèå

ñîåäèíåíèÿ ìîãóò áûòü ïîëó÷åíû ïðè âçàèìîäåéñòâèè 1H-ïèððîë-2,3-

äèîíîâ II ñ îñíîâàíèÿìè Øèôôà (P10), ïðîâîäèìîì ïóòåì êèïÿ÷åíèÿ

ñìåñè ðåàãåíòîâ â ñðåäå òîëóîëà â òå÷åíèå 2�3 ÷. Â ýòîì ñëó÷àå ïåðâîíà-

÷àëüíàÿ àòàêà íàïðàâëåíà íà àòîì Ñ2 ïèððîëäèîíîâîãî öèêëà, íåçàâèñèìî

îò òîãî àëêèëüíûé èëè àðèëüíûé çàìåñòèòåëü ñâÿçàí ñ àòîìîì àçîòà

ðåàãåíòà. Ïðîäóêòû îáðàçóþòñÿ, ïî-âèäèìîìó, âñëåäñòâèå âíåäðåíèÿ

èìèíîâ P10 ïî ñâÿçè N1�C2 1H-ïèððîë-2,3-äèîíîâ II ñ îáðàçîâàíèåì

1,3-äèàçåïèíîâ i-1, êîòîðûå â óñëîâèÿõ ïðîâåäåíèÿ ðåàêöèè ãèäðîëè-

çóþòñÿ ñ îáðàçîâàíèåì ïðîìåæóòî÷íûõ ñîåäèíåíèé i-2. Ïîñëåäíèå,

êàê è â âûøå îïèñàííûõ ñëó÷àÿõ, ïðåòåðïåâàþò âíóòðèìîëåêóëÿðíóþ

öèêëèçàöèþ âñëåäñòâèå ïðèñîåäèíåíèÿ àìèäíîé ãðóïïû NH ê êåòîííîé

êàðáîíèëüíîé ãðóïïå èçîïðîïîêñàëèëíîãî ôðàãìåíòà.
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Ñõåìà 2.19

18c: R1 = Ph, R2 = C6H4OMe-4; 20a: R1 = C6H4OMe-4, R2 = Bn.

Âçàèìîäåéñòâèå ñ áèíóêëåîôèëüíûìè ðåàãåíòàìè

Ââåäåíèå â ìîëåêóëó ðåàãåíòà äîïîëíèòåëüíîãî íóêëåîôèëüíîãî

öåíòðà ñîçäàåò âîçìîæíîñòü äëÿ ïðîòåêàíèÿ ðåöèêëèçàöèé ñ åãî ó÷àñòèåì.

Ñ öåëüþ îöåíêè âëèÿíèÿ íà íàïðàâëåíèå ðåàêöèè âçàèìíîãî ðàñïîëîæå-

íèÿ íóêëåîôèëüíûõ öåíòðîâ â êà÷åñòâå ðåàãåíòîâ áûëè èñïîëüçîâàíû 1,2-

1,3- è 1,4-áèíóêëåîôèëû.

Âçàèìîäåéñòâèå 1-àðèë-4,5-äèàðîèë-1Í-ïèððîë-2,3-äèîíîâ IV ñ ìî-

íîçàìåùåííûìè ãèäðàçèíàìè P11 â ñîîòíîøåíèè 1 : 1, ïðîâîäèìîå ïó-

ò¼ì êèïÿ÷åíèÿ ðåàãåíòîâ â ñðåäå áåíçîëà è 1,4-äèîêñàí (1 : 1) â òå÷åíèå

15�20 ìèí ïðèâîäèò ê îáðàçîâàíèþ N-àðèëàìèäîâ 2-(5-àðèë-3-àðîèë-1Í-

ïèðàçîë-4-èë)-2-îêñîóêñóñíûõ êèñëîò (21a�m) [135, 147, 148].

Ñõåìà 2.20
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21a: Ar = Ph, R1 = Ph, R2 = Bn; 21b: Ar = Ph, R1 = C6H4Me-4, R2 = Bn; 21c: Ar = Ph, R1

= C6H4OMe-4, R2 = Bn; 21d: Ar = C6H4Me-4, R1 = Ph, R2 = Bn; 21e: Ar = C6H4Me-4, R1 =

C6H4Me-4, R2 = Bn; 21f: Ar = C6H4Me-4, R1 = C6H4OMe-4, R2 = Bn; 21g: Ar = Ph, R1 = Ph, R2

= Ph; 21h: Ar = Ph, R1 = C6H4Me-4, R2 = Ph; 21i: Ar = Ph, R1 = C6H4OMe-4, R2 = Ph; 21j: Ar =

C6H4Me-4, R1 = Ph, R2 = Ph; 21k: Ar = C6H4Me-4, R1 = C6H4Me-4, R2 = Ph; 21l: Ar = C6H4Me-4,

R1 = C6H4OMe-4, R2 = Ph; 21m: Ar = C6H4Cl-4, R1 = C6H4OMe-4, R2 = Ph.

Ïèðàçîëû 21a�m� ñâåòëî-æåëòûå è áåñöâåòíûå âûñîêîïëàâêèå êðè-

ñòàëëè÷åñêèå âåùåñòâà, ëåãêîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñ-

òâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 21a�m ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ãðóïïû NH â âèäå óøèðåííîãî ïèêà â îáëàñòè 3248�3380 ñì−1,

êåòîííîé è àìèäíîé êàðáîíèëüíûõ ãðóïï îêñàìîèëüíîãî ôðàãìåíòà â îá-

ëàñòè 1660�1690 ñì−1 è êåòîííîé êàðáîíèëüíîé ãðóïïû àðîèëüíîãî çàìå-

ñòèòåëÿ â îáëàñòè 1640�1664 ñì−1. Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 21a�m

ïðèñóòñòâóþò ñèãíàëû ïðîòîíîâ àðîìàòè÷åñêèõ àðîìàòè÷åñêèõ çàìåñòè-

òåëåé è îäíîïðîòîííûé ñèíãëåò ãðóïïû NH â îáëàñòè 10.52�10.76 ì.ä..

Êðîìå ýòîãî â ñïåêòðàõ ñîåäèíåíèé 21a�f ïðèñóòñòâóåò äâóïðîòîííûé

ñèíãëåò ìåòèëåíîâîé ãðóïïû áåíçèëüíîãî çàìåñòèòåëÿ â îáëàñòè 5.38�5.41

ì.ä. Â ñïåêòðàõ ßÌÐ 13Ñ ñîåäèíåíèé 21a è 21g ïðèñóòñòâóþò ñèãíàëû

àòîìîâ óãëåðîäà êåòîííûõ êàðáîíèëüíûõ ãðóïï àðîèëüíîãî è îêñàìîèëü-

íîãî ôðàãìåíòîâ ïðè 187.39�187.40 è 184.86�185.10 ì.ä. ñîîòâåòñâåííî, à

òàêæå ñèãíàë óãëåðîäà àìèäíîé êàðáîíèëüíîé ãðóïïû â îáëàñòè 160.18�

160.40 ì.ä.

Îêîí÷àòåëüíûé âûâîä î ñòðóêòóðå ïðîäóêòîâ ñäåëàí íà îñíîâàíèè

äàííûõ ÐÑÀ êðèñòàëëà ñîåäèíåíèÿ 21c, âûðàùåííîãî èç ðàçáàâëåííîãî

ðàñòâîðà â ýòàíîëå, îáùèé âèä ìîëåêóëû êîòîðîãî ïðåäñòàâëåí íà ðèñóíêå

(ðèñ. 2.8a).

Ìîëåêóëà õàðàêòåðèçóåòñÿ îáû÷íûìè çíà÷åíèÿìè äëèí ñâÿçåé è âà-

ëåíòíûõ óãëîâ. Ñòåðè÷åñêàÿ ïåðåãðóæåííîñòü îáúåìíûìè çàìåñòèòåëÿìè

ïðè ïèðàçîëüíîì öèêëå ïðåäîïðåäåëÿåò îòñóòñòâèå π-ñîïðÿæåíèÿ ìåæ-

äó êàðáîíèëüíûìè ãðóïïàìè áåíçîèëüíîãî çàìåñòèòåëÿ è îêñàìîèëüíîãî

ôðàãìåíòîâ. Â êðèñòàëëå ìîëåêóëû ñâÿçàíû â öåíòðîñèììåòðè÷íûå äè-

ìåðíûå àññîöèàòû ìåæìîëåêóëÿðíûìè âîäîðîäíûìè ñâÿçèìè N3H3· · ·O2
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(a) Ìîëåêóëà (b) Äèìåðíûé àññîöèàò

Ðèñ. 2.8. Ñòðóêòóðà N-(4-ìåòîêñèôåíèë)àìèäà 2-(1-áåíçèë-3-áåíçîèë-5-ôåíèë-1Í-

ïèðàçîë-4-èë)-2-îêñîóêñóñíîé êèñëîòû (21c), ïî äàííûì ÐÑÀ.

(ñì. ðèñ. 2.8b). Èíûõ óêîðî÷åííûõ êîíòàêòîâ â êðèñòàëëå íå îáíàðóæåíî.

Ïðîäóêòû ðåàêöèè 21a�m îáðàçóþòñÿ, ïî-âèäèìîìó, âñëåäñòâèå

ïðèñîåäèíåíèÿ ïåðâè÷íîé àìèíîãðóïïû ãèäðàçèíà ê àòîìó Ñ5, öèêëè-

çàöèè ñ ó÷àñòèåì âòîðîé ãðóïïû NH ãèäðàçèíà è àðîèëüíîãî çàìåñòèòåëÿ

â ïîëîæåíèè 4 äèãèäðîïèððîëîíîâîãî öèêëà, ïîñëåäóþùåãî ðàñêðûòèÿ

äèãèäðîïèððîëîíîâîãî öèêëà è îòùåïëåíèÿ âîäû.

Ñõåìà 2.21

Ïðè âçàèìîäåéñòâèè 4,5-äè(ìåòîêñèêàðáîíèë)-1H-ïèððîëäèîíîâ III

ñ ãèäðàçèíàìè P11, ïðîâîäèìîì ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåí-

òîâ â ñìåñè áåíçîëà è 1,4-äèîêñàíà (2 : 1) â òå÷åíèå 20�30 ìèí, ñ

õîðîøèìè âûõîäàìè îáðàçóþòñÿ äèìåòèë 5-êàðáàìîèë�1H-ïèðàçîë-3,4-

äèêàðáîêñèëàòû 22a�g [133, 149, 150].
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Ñõåìà 2.22

22a: R1 = C6H4Me-4, R2 = Bn; 22b: R1 = C6H4OMe-4, R2 = Bn; 22c: R1 = Bn, R2 = Ph; 22d: R1 =

Ph, R2 = Ph; 22e: R1 = C6H4Me-4, R2 = Ph; 22f: R1 = C6H4OMe-4, R2 = Ph; 22g: R1 = C6H4Cl-4,

R2 = Ph.

Ñîåäèíåíèÿ 22a�g � áåñöâåòíûå èëè ñâåòëî-æåëòûå êðèñòàëëè÷å-

ñêèå âåùåñòâà, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòå-

ëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå. Ðàñòâîðèìîñòü N-ôåíèëüíûõ ïðîèç-

âîäíûõ ñîåäèíåíèé 22c�g çàìåòíî õóæå ðàñòâîðèìîñòè ñîîòâåòñòâóþùèõ

N-áåíçèëüíûõ ïðîèçâîäíûõ ñîåäèíåíèé 22a,b.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 22a�g ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ãðóïïû NH â îáëàñòè 3248�3380 ñì−1, ¾ñâîáîäíîé¿ ìåòîêñè-

êàðáîíèëüíîé ãðóïïû â îáëàñòè 1736�1752 ñì−1 è ìåòîêñèêàðáîíèëüíîé

ãðóïïû, ó÷àñòâóþùåé â îáðàçîâàíèè âíóòðèìîëåêóëÿðíîé âîäîðîäíîé

ñâÿçè (ÂÂÑ), â îáëàñòè 1698�1712 ñì−1, ñîîòâåòñòâåííî, àìèäíîé êàð-

áîíèëüíîé ãðóïïû â îáëàñòè 1661�1680 ñì−1, ïîëîñà ¾àìèä II¿ â îáëàñòè

1557�1568 ñì−1. Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 22a�g êðîìå ñèãíàëîâ

ïðîòîíîâ àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóþò

äâà ñèíãëåòà ïðîòîíîâ äâóõ ìåòîêñèëüíûõ ãðóïï ìåòîêñèêàðáîíèëüíûõ

ôðàãìåíòîâ â îáëàñòè 3.70�3.91 ì.ä. è ñèíãëåò ïðîòîíà ãðóïïû NH â îá-

ëàñòè 10.73�11.03 ì.ä. Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 22a,b êðîìå âûøå-

îïèñàííûõ ñèãíàëîâ ïðèñóòñòâóåò ñèíãëåò ìåòèëåíîâîé ãðóïïû áåíçèëü-

íîãî çàìåñòèòåëÿ â îáëàñòè 5.48�5.49 ì.ä. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ

22e êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà ïèðàçîëüíîãî öèêëà, àðîìàòè÷åñêèõ

çàìåñòèòåëåé è ìåòèëüíûõ ãðóïï ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà

ñëîæíîýôèðíûõ êàðáîíèëüíûõ ãðóïï ïðè 156.30 ì.ä. è ïðè 161.79 ì.ä.,

àìèäíîé êàðáîíèëüíîé ãðóïïû ïðè 160.92 ì.ä.
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Äëÿ ïîäòâåðæäåíèÿ ñòðóêòóðû ïîëó÷åííûõ ñîåäèíåíèé 22a�g è

óñòàíîâëåíèÿ îñîáåííîñòåé èõ ïðîñòðàíñòâåííîãî ñòðîåíèÿ áûëî ïðåä-

ïðèíÿòî ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 22a, îáùèé âèä

ìîëåêóëû êîòîðîãî ïîêàçàí íà ðèñóíêå (ðèñ. 2.9).

Ðèñ. 2.9. Ñòðóêòóðà ñîåäèíåíèÿ 22a, ïî äàííûì ÐÑÀ.

Ñîãëàñíî äàííûì ÐÑÀ, ñîåäèíåíèå 22a êðèñòàëëèçóåòñÿ â öåíòðî-

ñèììåòðè÷íîé ïðîñòðàíñòâåííîé ãðóïïå ìîíîêëèííîé ñèíãîíèè. Äëèíû

ñâÿçåé ìîëåêóëû áëèçêè ê ñòàíäàðòíûì. Êîíôîðìàöèÿ îïðåäåëÿåòñÿ íàëè-

÷èåì âíóòðèìîëåêóëÿðíîé âîäîðîäíîé ñâÿçè N3H· · ·O1 äëèíîé 2.731(2)
�A. Ïîëÿðíûå ìåòîêñèêàðáîíèëüíûå è àìèäíàÿ ãðóïïû ðàçâ¼ðíóòû îò-

íîñèòåëüíî ïëîñêîñòè ïèðàçîëüíîãî öèêëà [òîðñèîííûå óãëû C4C5C6N3

25.3(2), O1C7C4C5 -30.4(2), C4C3C1O3 -35.9(2)°]. Ñòåðåîìåòðèÿ ìîëå-

êóëÿðíîé óêëàäêè îïðåäåëÿåòñÿ êîíòàêòàìè Âàí-äåð-Âààëüñà áåç ñóùå-

ñòâåííîãî âêëàäà ñïåöèôè÷åñêèõ êîíòàêòîâ (π-π âçàèìîäåéñòâèé, ìåæ-

ìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿçåé è ò.ï.).

Îáðàçîâàíèå ñîåäèíåíèé 22a�g ïðîèñõîäèò, ïî-âèäèìîìó, âñëåä-

ñòâèå ïðèñîåäèíåíèÿ ïåðâè÷íîé àìèíîãðóïïû ãèäðàçèíà ê àòîìó Ñ5, ðàñ-

êðûòèÿ ïèððîëüíîãî öèêëà ïî ñâÿçè N1�C5 è ïîñëåäóþùåé öèêëèçàöèè ñ

ó÷àñòèåì âòîðîé ãðóïïû NH ãèäðàçèíà è êåòîííîé êàðáîíèëüíîé ãðóïïû

îêñàìîèëüíîãî ôðàãìåíòà.
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Ñõåìà 2.23

Ïðè âçàèìîäåéñòâèè ãèäðàçèíîâ ñ 5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-

1H-ïèððîë-2,3-äèîíàìè ìîæíî áûëî îæèäàòü ïðîòåêàíèÿ ðåàêöèè êàê ïî

âûøå îïèñàííûì ñõåìàì ñ îáðàçîâàíèåì ïèðàçîëîâ òèïà À è Â, òàê è

ðåàëèçàöèè ñõåì íå âîçìîæíûõ â ñëó÷àå äðóãèõ ïèððîëäèîíîâ � ðåàêöèè

ïðîòåêàþùèõ ñ ó÷àñòèåì äâîéíîé óãëåðîä-óãëåðîäíîé ñâÿçè öèííàìî-

èëüíîãî ôðàãìåíòà è ïðèâîäÿùèõ ê îáðàçîâàíèþ 1,2-äèàçåïèíîâ Ñ èëè

ïèððîëî[2,3-c][1,2]äèàçåïèíîâ D.

Ïðè âçàèìîäåéñòâèè 1-àðèë-5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-1H-

ïèððîë-2,3-äèîíîâ V ñ ôåíèëãèäðàçèíîì P11a è áåíçèëãèäðàçèíîì P11b

â ñîîòíîøåíèè 1 : 1, ïðîâîäèìîì ïóò¼ì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ

àáñîëþòíîì 1,4-äèîêñàíå, â òå÷åíèå 20�30 ìèí ñ õîðîøèìè âûõîäàìè îá-

ðàçóþòñÿ ìåòèë 5-(àðèëêàðáàìîèë)-1-(ôåíèë è áåíçèë)-4-öèííàìîèë-1H-

ïèðàçîë-3-êàðáîêñèëàòû 23a�f [136, 151, 152]. Âîçìîæíûå ïðîäóêòû ðå-

öèêëèçàöèè ñ ó÷àñòèåì êåòîííîé êàðáîíèëüíîé ãðóïïû ïèððîëäèîíîâîãî

öèêëà èëè äâîéíîé óãëåðîä-óãëåðîäíîé ñâÿçè öèííàìîèëüíîãî ôðàãìåíòà

íå îáðàçóþòñÿ.
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Ñõåìà 2.24

23a: R3 = CH=CHPh, R1 = Ph, R2 = Bn; 23b: R3 = CH=CHPh, R1 = C6H4Me-4, R2 = Bn; 23c:

R3 = CH=CHPh, R1 = C6H4OMe-4, R2 = Bn; 23d: R3 = CH=CHPh, R1 = Ph, R2 = Ph; 23e: R3 =

CH=CHPh, R1 = C6H4Me-4, R2 = Ph; 23f: R3 = CH=CHPh, R1 = C6H4OMe-4, R2 = Ph.

Ñîåäèíåíèÿ 23a�f � áåñöâåòíûå èëè ñâåòëî-æåëòûå êðèñòàëëè÷å-

ñêèå âåùåñòâà, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðè-

òåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå. Äàííûå îäíîìåðíûõ ßÌÐ ýêñ-

ïåðèìåíòîâ íà ÿäðàõ 1Í è 13Ñ ïîçâîëÿþò èñêëþ÷èòü èç ðàññìîòðåíèÿ

ñòðóêòóðû C è D îäíàêî íå äàþò âîçìîæíîñòè ïðîâåñòè îäíîçíà÷íûé

âûáîð ìåæäó ñòðóêòóðàìè A è B.

Âûáîð â ïîëüçó ñòðóêòóðû ïèðàçîëîâ òèïà B ñäåëàí íà îñíîâàíèè

àíàëèçà äàííûõ 2D ßÌÐ ýêñïåðèìåíòîâ íà ïðèìåðå ñîåäèíåíèé 23f è

23b. Ñàìûé ñëàáîïîëüíûé ñäâèã â ñïåêòðàõ 13Ñ ñîîòâåòñòâóåò êàðáî-

íèëüíîìó óãëåðîäó öèííàìîèëüíîãî ôðàãìåíòà (δC 185.77 è 185.87 ì.ä.,

ñîîòâåòñòâåííî), ÷òî ïîäòâåðæäàåòñÿ êîððåëÿöèÿìè â ñïåêòðå 2D 1Í-13Ñ

HMBC ýòèõ óãëåðîäîâ ñ ïðîòîíàìè ïðè äâîéíîé ñâÿçè H2', H3'. Â ñïåê-

òðå 2D HMBC ñîåäèíåíèÿ 23b íàáëþäàþòñÿ êðîññ-ïèêè ìåæäó ïðîòîíàìè

NCH2-ãðóïïû è óãëåðîäàìè Ci, Co è C5 (δC5 140.22 ì.ä.). Õèìè÷åñêèé

ñäâèã ïèðàçîëüíîãî óãëåðîäà C5 â ñîåäèíåíèè 23f èìååò áëèçêîå çíà÷åíèå

(δC5 140.11 ì.ä.). Äëÿ îáîèõ ñîåäèíåíèé 23f è 23b õàðàêòåðíî íàëè÷èå

â ñïåêòðàõ HMBC ñëàáîèíòåíñèâíîãî êðîññ-ïèêà ìåæäó ïðîòîíàìè H2'è
óãëåðîäàìè C4, èìåþùèìè ñäâèãè δC4 122.80 è 123.34 ì.ä., ñîîòâåòñòâåí-

íî.

Ïðåäëîæåííàÿ ñòðóêòóðà òèïà B òàêæå ïîäòâåðæäàåòñÿ äàííûìè

ýêñïåðèìåíòîâ 2D 1Í-1Í NOESY, ðåçóëüòàòû êîòîðûõ ñâèäåòåëüñòâóþò

î ïðîñòðàíñòâåííîé ñáëèæåííîñòè çàìåñòèòåëåé ïðè N1 è C5 ïèðàçîëà.

Â ÷àñòíîñòè, NH-ïðîòîí àðèëêàðáîìîèëüíîãî çàìåñòèòåëÿ ïðè C5 â ñî-

åäèíåíèè 23b äàåò êðîññ-ïèê ñ ìåòèëåíîâûìè ïðîòîíàìè áåíçèëüíîãî
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çàìåñòèòåëÿ ïðè N1, à â ñîåäèíåíèè 23f � ñ îðòî-ïðîòîíàìè ôåíèëüíîãî

çàìåñòèòåëÿ ïðè N1.

Îáðàçîâàíèå ñîåäèíåíèé 23a�f ïðîèñõîäèò, ïî-âèäèìîìó, âñëåä-

ñòâèå ïðèñîåäèíåíèÿ ïåðâè÷íîé àìèíîãðóïïû ìîíîçàìåùåííîãî ãèäðà-

çèíà ê àòîìó Ñ5 ïèððîëäèîíîâ V, ðàñùåïëåíèÿ äèãèäðîïèððîëîíîâîãî

öèêëà ïî ñâÿçè N1�C5 è ïîñëåäóþùåãî çàìûêàíèÿ ïèðàçîëüíîãî öèêëà

â ðåçóëüòàòå âçàèìîäåéñòâèÿ âòîðè÷íîé àìèíîãðóïïîé ãèäðàçèíà ñ êå-

òîííîé êàðáîíèëüíîé ãðóïïîé îêñàìîèëüíîãî ôðàãìåíòà ïî ñõåìå àíàëî-

ãè÷íîé ñõåìå âçàèìîäåéñòâèÿ ãèäðàçèíîâ ñ 4,5-äè(ìåòîêñèêàðáîíèë)-1H-

ïèððîë-2,3-äèîíàìè III.

Ñõåìà 2.25

Ïðè âçàèìîäåéñòâèè ïèððîëäèîíîâ III ñ ôåíèëãèäðàçèíîì (P11a)

â ìÿãêèõ óñëîâèÿõ (ïðè êîìíàòíîé òåìïåðàòóðå), íàì óäàëîñü ïîëó÷èòü

ïðîäóêòû ïðèñîåäèíåíèÿ ïåðâè÷íîé àìèíîãðóïïû ðåàãåíòà ê àòîìó óã-

ëåðîäà â ïîëîæåíèè 5 ïèððîëäèîíîâ � 2,3-äèìåòèë 4-ãèäðîêñè-5-îêñî-

2-(2-ôåíèëãèäðàçèíèë)-2,5-äèãèäðî-1H-ïèððîë-2,3-äèêàðáîêñèëàòû 24a�

c. Âûäåðæèâàíèå àääóêòîâ 24a�c â ñðåäå êèïÿùåãî ýòàíîëà ïðèâîäèò ê èõ

ðåöèêëèçàöèè â ïèðàçîëû 22c,e,f.

Ñõåìà 2.26
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22c: R1 = Bn; 22e: R1 = C6H4Me-4; 22f: R1 = C6H4OMe-4; 24a: R1 = Bn; 24b: R1 = C6H4Me-4;

24c: R1 = C6H4OMe-4.

Óâåëè÷åíèå ðàñòîÿíèÿ ìåæäó íóêëåîôèëüíûìè öåíòðàìè ðåàãåíòà

ñîçäàåò âîçìîæíîñòü ðåàëèçàöèè äðóãèõ, ïî ñðàâíåíèþ ñ âûøå îïèñàí-

íûìè, íàïðàâëåíèé âçàèìîäåéñòâèÿ ïèððîëäèîíîâ ñ áèíóêëåîôèëàìè.

Ïðè ñïëàâëåíèå 4,5-äèìåòîêñèêàðáîíèë-1H-ïèððîë-2,3-äèîíîâ III

ñ ìî÷åâèíîé (P12) ïðè òåìïåðàòóðå 125�130°C â òå÷åíèå 30�40 ìèí ïî-

ëó÷åíû äèìåòèë 2-(êàðáàìîèëàìèíî)-4-ãèäðîêñè-5-îêñî-2,5-äèãèäðî-1H-

ïèððîë-2,3-äèêàðáîêñèëàòû 25a�e [133], îáðàçóþùèåñÿ âñëåäñòâèå ïðè-

ñîåäèíåíèÿ àìèíîãðóïïû ìî÷åâèíû ê àòîìó Ñ5 èñõîäíîãî ïèððîëäèîíà.

Ñõåìà 2.27

25a: R1 = Ph; 25b: R1 = C6H4Me-4; 25c: R1 = C6H4OMe-4; 25d: R1 = C6H4Cl-4; 25e: R1 =

C6H4Br-4.

Ñîåäèíåíèÿ 25a�e � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âû-

ñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå â ÄÌÔÀ è ÄÌÑÎ,

òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðè-

ìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ ïðîáó (âèøíåâîå îêðàøè-

âàíèå) íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà

æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 25a�e ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ãðóïï NH è NH2 îáëàñòè 3337�3472 ñì−1, åíîëüíîé ãðóïïû

ÎÍ â âèäå øèðîêîé ïîëîñû â îáëàñòè 3160�3169 ñì−1, äâóõ ìåòîêñè-

êàðáîíèëüíûõ ãðóïï â îáëàñòè 1757�1762 ñì−1, ëàêòàìíîé êàðáîíèëüíîé

ãðóïïû C2=O â îáëàñòè 1694�1703 ñì−1, êàðáîíèëüíîé ãðóïïû ìî÷åâèíû

â îáëàñòè 1624�1657 ñì−1.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 25a�e êðîìå ñèãíàëîâ àðîìàòè÷å-

ñêîãî çàìåñòèòåëÿ ïðèñóòñòâóþò äâà òðåõïðîòîííûõ ñèíãëåòíûõ ñèãíàëà â
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îáëàñòè 3.68�3.77 ì.ä., ïðèíàäëåæàùèõ ïðîòîíàì äâóõ ìåòîêñèêàðáîíèëü-

íûõ ãðóïï, äâóõïðîòîííûé ñèíãëåòíûé ñèãíàë â îáëàñòè 5.96�5.98 ì.ä. è

îäíîïðîòîííûé ñèíãëåòíûé ñèãíàë â îáëàñòè 6.81�6.86 ì.ä., ïðèíàäëå-

æàùèå ñîîòâåòñòâåííî ïðîòîíàì ïåðâè÷íîé è âòîðè÷íîé àìèíîãðóïï, à

òàêæå óøèðåííûé îäíîïðîòîííûé ñèíãëåòíûé ñèãíàë â îáëàñòè 12.08�

12.14 ì.ä., ïðèíàäëåæàùèé ïðîòîíó åíîëüíîé ãèäðîêñèëüíîé ãðóïïû.

Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 25b êðîìå ñèãíàëîâ àòîìîâ óãëåðî-

äà àðîìàòè÷åñêîãîôðàãìåíòà è àëèôàòè÷åñêèõ çàìåñòèòåëåé ïðèñóòñòâó-

þò ñèãíàëû àòîìîâ ëàêòàìíîé êàðáîíèëüíîé ãðóïïû (Ñ2=Î) ïðè 154.58

ì.ä., êàðáîíèëüíîé ãðóïïû àìèäíîãî ôðàãìåíòà ïðè 155.85 ì.ä., äâóõ

ñëîæíîýôèðíîé êàðáîíèëüíûõ ãðóïï ïðè 164.79 è 168.23 ì.ä.

Ñïåêòðàëüíûå õàðàêòåðèñòèêè ïèððîëîíîâ 25a�e áëèçêè ê òàêîâûì

ïðîäóêòîâ ïðèñîåäèíåíèÿ àðèëàìèíîâ ê ïèððîëäèîíàì III è ñâèäåòåëü-

ñòâóþò î ñóùåñòâîâàíèè ïèððîëîíîâ 25 â êðèñòàëëè÷åñêîì ñîñòîÿíèè è â

ðàñòâîðàõ ïîëíîñòüþ â åíîëèçîâàííîé ôîðìå, ÷òî õàðàêòåðíî äëÿ 4-àöèë-

3-ãèäðîêñè-2,5-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ.

Äëÿ ïîäòâåðæäåíèÿ ñòðóêòóðû ïîëó÷åííûõ ñîåäèíåíèé 25a�e è

óñòàíîâëåíèÿ îñîáåííîñòåé èõ ïðîñòðàíñòâåííîãî ñòðîåíèÿ áûëî ïðî-

âåäåíî ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 25b, îáùèé âèä

ìîëåêóëû êîòîðîãî ïðåäñòàâëåí íà ðèñóíêå (ðèñ. 2.10).

Âñå ñâÿçè â ìîëåêóëå íàõîäÿòñÿ â ïðåäåëàõ çíà÷åíèé íàáëþäàåìûõ

äëÿ ñîîòâåòñòâóþùèõ àòîìîâ â êðèñòàëëàõ îðãàíè÷åñêèõ ñîåäèíåíèé.

Ðèñ. 2.10. Ñòðóêòóðà ñîåäèíåíèÿ 25b, ïî äàííûì ÐÑÀ.
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Îñîáåííîñòüþ ñòðîåíèÿ êðèñòàëëîâ ÿâëÿåòñÿ îáðàçîâàíèå öåíòðî-

ñèììåòðè÷íûõ äèìåðîâ ñ î÷åíü êîðîòêîé âîäîðîäíîé ñâÿçüþ Î3· · ·Í5-
Î5 (ðèñ. 2.11). Ðàññòîÿíèå Î3· · ·Î5 ðàâíî 2.599 �A, ÷òî çàìåòíî ìåíüøå

ñóììû ðàäèóñîâ. Ðàññòîÿíèå Î3· · ·Í5 ðàâíî 1.78 �A, à óãîë ïðè àòîìå âî-

äîðîäà 155.6°. Êðîìå òîãî ìîëåêóëû â êðèñòàëëå âîäîðîäíûìè ñâÿçÿìè

N9-H9· · ·O1 (2.881 �A), N10-H10b. . .O1 (2.838 �A) è N10-H10a· · ·O6 (3.045
�A) îáðàçóþò òðåõìåðíûé êàðêàñ.

Ðèñ. 2.11. Äèìåðíûé àññîöèàò ñîåäèíåíèÿ 25b, ïî äàííûì ÐÑÀ.

Îáðàáîòêà ïèððîëîíîâ 25a�e ìåòèëàòîì íàòðèÿ â ñðåäå êèïÿùå-

ãî ìåòàíîëà è ïîñëåäóþùèé ãèäðîëèç ðàçáàâëåííûì ðàñòâîðîì ñîëÿíîé

êèñëîòû ïðèâîäèò ê îáðàçîâàíèþ ìåòèë 1-àðèë-8-ãèäðîêñè-2,4,7-òðèîêñî-

1,3,6-òðèàçàñïèðî[4.4]íîí-8-åí-9-êàðáîêñèëàòîâ 26a�e [133]. Ïðîäóêòû

ðåàêöèè îáðàçóþòñÿ âñëåäñòâèå âíóòðèìîëåêóëÿðíîé öèêëèçàöèÿ ñ ó÷à-

ñòèåì àêòèâèðîâàííîé àìèíîãðóïïû è ìåòîêñèêàðáîíèëüíîãî çàìåñòèòå-

ëÿ â ïîëîæåíè 5 ïèððîëîíîâîãî öèêëà.
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Ñõåìà 2.28

26a: R1 = Ph; 26b: R1 = C6H4Me-4; 26c: R1 = C6H4OMe-4; 26d: R1 = C6H4Cl-4; 26e: R1 =

C6H4Br-4.

Ñîåäèíåíèÿ 26a�e ïðåäñòàâëÿþò ñîáîé áåñöâåòíûå âûñîêîïëàâêèå

êðèñòàëëè÷åñêèå âåùåñòâà, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ

ðàñòâîðèòåëÿõ, ëåãêîðàñòâîðèìûå â ÄÌÔÀ è ÄÌÑÎ, íåðàñòâîðèìûå â àë-

êàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ ïðîáó (âèøíåâîå îêðàøèâàíèå) íà

íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà æåëåçà

(III).

Ñïåêòðàëüíûå õàðàêòåðèñòèêè 1,3,6-òðèàçàñïèðî[4.4]íîí-8-åíîâ

26a�e ñâèäåòåëüñòâóþò îá èõ ñóùåñòâîâàíèè êðèñòàëëè÷åñêîì ñîñòîÿíèè

è â ðàñòâîðàõ ïîëíîñòüþ â åíîëèçîâàííîé ôîðìå.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 26a�e ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ãðóïï NH â îáëàñòÿõ 3462�3465 ñì−1, åíîëüíîé ãðóïïû ÎÍ â

âèäå øèðîêîé ïîëîñû â îáëàñòè 3158�3169 ñì−1, êàðáîíèëüíîé ãðóïïû

(Ñ4=Î) â îáëàñòè 1736�1782 ñì−1, ëàêòàìíîé (Ñ8=Î) è ìåòîêñèêàðáî-

íèëüíîé ãðóïï â îáëàñòè 1701�1716 ñì−1 è êàðáîíèëüíîé ãðóïïû ìî÷å-

âèíû (Ñ2=Î) â îáëàñòè 1645�1669 ñì−1.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 26a�e êðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóþò ñèíãëåò

ïðîòîíîâ ìåòîêñèêàðáîíèëüíîé ãðóïïû â îáëàñòè 3.48�3.77 ì.ä., ñèíãëåò

ïðîòîíîâ N3H ãðóïïû â îáëàñòè 8.16�8.52 ì.ä., ñèíãëåò ïðîòîíà N5H

ãðóïïû â îáëàñòè 10.47�11.18 ì.ä. è óøèðåííûé ñèíãëåò ïðîòîíà ãðóïïû

ÎÍ â îáëàñòè 11.10�13.00 ì.ä.



105

Â ñïåêòðàõ ßÌÐ 13Ñ ñîåäèíåíèÿ 26a êðîìå ñèãíàëîâ àòîìîâ óãëå-

ðîäà àðîìàòè÷åñêèõ çàìåñòèòåëåé ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà

òðåõ ëàêòàìíûõ (Ñ8=Î, Ñ4=Î è Ñ2=Î) ïðè 170.93, 156.00, 155.40 ì.ä. ñî-

îòâåòñòâåííî, ñëîæíîýôèðíîé êàðáîíèëüíûõ ãðóïïû ïðè 161.74 ì.ä, à

òàêæå ñèãíàë ñïèðî-óãëåðîäíîãî àòîìà ïðè 78.70 ì.ä.

Ñòðóêòóðû ïîëó÷åííûõ ñîåäèíåíèé 26a�e ïîäòâåðæäåíû 2D ýêñïå-

ðèìåíòàìè (1H-1H NOESY, 1H-13C HSQC è HMBC), âûïîëíåíûìè äëÿ

ñîåäèíåíèÿ 26a.

Íàèáîëåå èíôîðìàòèâíûå êðîññ-ïèêè, íàáëþäàåìûå â ñïåêòðàõ

NOESY è HMBC, ïðåäñòàâëåíû íà ðèñóíêå (ñì. ðèñ. 2.12).

Ðèñ. 2.12. Íàèáîëåå èíôîðìàòèâíûå êðîññ-ïèêè â ñïåêòðàõ NOESY è HMBC ñîåäè-

íåíèÿ 26a

Ïðè âçàèìîäåéñòâèè 4,5-äèàðîèë-1H-ïèððîë-2,3-äèîíû IV ñ ìî÷å-

âèíîé (P12) â ñîîòíîøåíèè 1 : 1, ïðîâîäèìîì ïóòåì êèïÿ÷åíèÿ ðàñòâîðà

ðåàãåíòîâ â áåçâîäíîì 1,4-äèîêñàíå â òå÷åíèå 7�8 ÷ ñ õîðîøèìè âûõîäàìè

ïîëó÷åíû 4,6-äèàðèë-9-àðîèë-8-ãèäðîêñè-1,3,6-òðèàçàñïèðî[4.4]íîíà-3,8-

äèåí-2,7-äèîíû 27a�f, îáðàçóþþùèåñÿ, ïî-âèäèìîìó, â ðåçóëüòàòå ïðèñî-

åäèíåíèÿ àìèíîãðóïïû ìî÷åâèíû ê àòîìó Ñ5 ïèððîëäèîíîâîãî öèêëà è

ïîñëåäóþùåé âíóòðèìîëåêóëÿðíîé öèêëèçàöèè ñ ó÷àñòèåì âòîðîé àìèíî-

ãðóïïû ìî÷åâèíû è àðîèëüíîãî ôðàãìåíòà â ïîëîæåíèè 5 ïèððîëîíîâîãî

öèêëà.
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Ñõåìà 2.29

27a: Ar = R1 = Ph; 27b: Ar = Ph, R1 = C6H4Me-4; 27c: Ar = Ph, R1 = C6H4OMe-4; 27d: Ar =

C6H4Me-4, R1 = Ph; 27e: Ar = C6H4Me-4, R1 = C6H4OMe-4; 27f: Ar = C6H3(Me)2-2,5, R1 = Ph;

Ñîåäèíåíèÿ 27a�f � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âû-

ñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå â ÄÌÔÀ è ÄÌÑÎ,

òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðè-

ìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ ïðîáó (âèøíåâîå îêðàøè-

âàíèå) íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà

æåëåçà (III).

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 27a�f, êðîìå ñèãíàëîâ àðîìàòè÷å-

ñêèõ çàìåñòèòåëåé è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóåò îäíîïðîòîí-

íûé ñèíãëåò â îáëàñòè 9.01�9.17 ì.ä. ïðèíàäëåæàùèé ïðîòîíó ãðóïïû

NH. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 27e ïðèñóòñòâóåò ñèãíàë ñïèðîàòîìà

óãëåðîäà ïðè 83.56 ì.ä..

Ïðè âçàèìîäåéñòâèè 5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-1H-ïèððîë-

2,3-äèîíîâ V ñ äèôåíèëãóàíèäèíîì (P13), ïðîâîäèìîì ïóòåì êè-

ïÿ÷åíèÿ ðåàãåíòîâ â ñðåäå áåçâîäíîãî áåíçîëà â òå÷åíèå 2�3 ÷,

îáðàçóþòñÿ 6-àðèë-8-ãèäðîêñè-2-èìèíî-1,3-äèôåíèë-9-öèííàìîèë-1,3,6-

òðèàçàñïèðî[4.4]íîí-8-åí-4,7-äèîíû 28a,b [136], ïî-âèäèìîìó, â ðåçóëüòà-

òå ïîñëåäîâàòåëüíîãî âçàèìîäåéñòâèÿ âòîðè÷íûõ àìèíîãðóïï ãóàíèäèíà

ñ àòîìîì Ñ5 ïèððîëäèîíîâîãî öèêëà è ìåòîêñèêàðáîíèëüíîé ãðóïïîé.

Ñõåìà 2.30
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28a: R1 = C6H4Me-4; 28b: R1 = C6H4OMe-4.

Ñîåäèíåíèÿ 28a,b � ñâåòëî-æåëòûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âû-

ñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñ-

òâîðèìûå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷å-

ñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæè-

òåëüíóþ ïðîáó íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì

õëîðèäà æåëåçà (III).

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 28a,b, êðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò äóáëåòû

ïðîòîíîâ äâîéíîé ñâÿçè öèííàìîèëüíîãî çàìåñòèòåëÿ â îáëàñòè 7.55�

8.01 ì.ä. ñ êîíñòàíòîé ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ õàðàêòåðíîé äëÿ

òðàíñ-çàìåùåííûõ àëêåíîâ (J 16.0 Ãö), à òàêæå óøèðåííûé äâóõïðîòîí-

íûé ñèãíàë â îáëàñòè 9.47�9.48 ì.ä., ïðèíàäëåæàùèé ïðîòîíàì åíîëüíîé

ãèäðîêñèëüíîé ãðóïïû è èìèííîé ãðóïïû NH. Â ñïåêòðå ßÌÐ 13Ñ ñî-

åäèíåíèÿ 28a, êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷åñêèõ, àëèôàòè-

÷åñêèõ è âèíèëüíûõ ôðàãìåíòîâ, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà

êåòîííûõ êàðáîíèëüíûõ ãðóïï öèííàìîèëüíîãî çàìåñòèòåëÿ (179.43 ì.ä.),

ëàêòàìíûõ êàðáîíèëüíûõ ãðóïï C4=O (168.64 ì.ä.) è C7=O (167.41 ì.ä.)

è ñïèðî-óãëåðîäíîãî àòîìà (84.61 ì.ä.), à òàêæå àòîìîâ Ñ8 (170.36 ì.ä.) è

Ñ2 (156.75 ì.ä.).

Ñïåêòðàëüíûå õàðàêòåðèñòèêè 1,3,6-òðèàçàñïèðî[4.4]íîí-8-åíîâ 28

áëèçêè ê òàêîâûì 9-áåíçîèë-8-ãèäðîêñè-2-èìèíî-6-(4-ìåòèëôåíèë)-1,3-

äèôåíèë-1,3,6-òðèàçàñïèðî[4.4]-íîí-8-åí-4,7-äèîíà, ñòðóêòóðà êîòîðîãî

ïîäòâåðæäåíà äàííûìè ÐÑÀ [101].

Îòñóòñòâèå ôóíêöèîíàëüíîé ãðóïïû â ïîëîæåíèè 5 ïèððîëäèîíîâî-

ãî öèêëà äåëàåò íå âîçìîæíûì ïðîòåêàíèå ðåàêöèè ïî âûøå îïèñàííûì

ñõåìàì, ÷òî áëàãîïðèÿòñòâóåò ðåàëèçàöèè äðóãèõ íàïðàâëåíèé âçàèìîäåé-

ñòâèÿ 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ ñ 1,3-áèíóêëåîôèëàìè.

Ïðè âçàèìîäåéñòâèè 4-èçîïðîïîêñàëèë-5-ôåíèë-2,3-äèãèäðî-1H-

ïèððîë-2,3-äèîíîâ II ñ òèîìî÷åâèíîé (P14) â ñîîòíîøåíèè 1 : 1,

ïðîâîäèìîì ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â ñìåñè àáñîëþòíûõ

õëîðîôîðìà è 1,4-äèîêñàíà â òå÷åíèå 30�120 ìèí, ïîëó÷åíû 2-àìèíî-

6-àðèë-9-[ôåíèë(àðèëàìèíî)ìåòèëåí]-1-òèà-3,6-äèàçàñïèðî[4.4]íîí-2-åí-
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4,7,8-òðèîíû 29a,b [146, 153].

Ñõåìà 2.31

29a: R1 = Ph; 29b: C6H4Me-4.

Ñîåäèíåíèÿ 29a,b � ÿðêî-æåëòûå êðèñòàëëè÷åñêèå âåùåñòâà, ëåãêî-

ðàñòâîðèìûå â ÄÌÑÎ è ÄÌÔÀ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè-

÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 29a,b ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ãðóïïû NH è ãðóïïû NH2 â âèäå äâóõ øèðîêèõ ïèêîâ â îáëàñòè

3158�3377 ñì−1, ëàêòàìíûõ êàðáîíèëüíûõ ãðóïï Ñ4=Î è Ñ7=Î â îáëàñòè

1700�1727 ñì−1, êåòîííîé êàðáîíèëüíîé ãðóïïû Ñ8=Î, ó÷àñòâóþùåé â

îáðàçîâàíèè ÂÂÑ, â îáëàñòè 1620�1622 ñì−1.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 29a,b, êðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò äâà îä-

íîïðîòîííûõ ñèíãëåòà â îáëàñòè 8.45�8.76 ì.ä., ïðèíàäëåæàùèå ãðóïïàì

NH òèàçîëüíîãî öèêëà. Â îáëàñòè 13.09�13.11 ì.ä. ïðèñóòñòâóåò óøèðåí-

íûé îäíîïðîòîííûé ñèíãëåò, ïðèíàäëåæàùèé ãðóïïå NH, ó÷àñòèâóþùåé

â îáðàçîâàíèèè âíóòðèìîëåêóëÿðíîé âîäîðîäíîé ñâÿçè Í-õåëàòíîãî òèïà.

Ñïåêòðàëüíûå õàðàêòåðèñòèêè ñîåäèíåíèé ñâèäåòåëüñòâóþò îá èõ

ñóùåñòâîâàíèè â êðèñòàëëè÷åñêîì ñîñòîÿíèè è â ðàñòâîðå â åíàìèíî-

êåòîííîé ôîðìå ñ ïðî÷íîé âíóòðèìîëåêóëÿðíîé âîäîðîäíîé ñâÿçüþ Í-

õåëàòíîãî òèïà. Â îòëè÷èå îò ýòîãî òèàçîëüíûé ôðàãìåíò ñîåäèíåíèé

29a,b â ðàñòâîðå â ÄÌÑÎ ñóùåñòâóåò â âèäå èìèíîòèàçîëà, à â êðèñòàë-

ëè÷åñêîì ñîñòîÿíèè â âèäå àìèíîòèàçîëà.

Ñòðóêòóðà 1-òèà-3,6-äèàçàñïèðî[4.4]íîí-2-åíîâ 29a,b ïîäòâåðæäåíà

ÐÑÀ ìîíîêðèñòàëëà ñîåäèíåíèÿ 29b, âûðàùåííîãî èç ðàçáàâëåííîãî ðàñ-

òâîðà â ÄÌÑÎ. Îáùèé âèä ìîëåêóëû 29b ïîêàçàí íà ðèñóíêå (ðèñ. 2.13).
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Ðèñ. 2.13. Ñòðóêòóðà ñîåäèíåíèÿ 29b, ïî äàííûì ÐÑÀ.

Ñîãëàñíî ðåçóëüòàòàì ÐÑÀ, ìîëåêóëà ñîåäèíåíèÿ 29b êðèñòàëëè-

çóåòñÿ â âèäå ñîëüâàòà ñ ÄÌÑÎ â ñîîòíîøåíèè 1 : 2. Äëèíû ñâÿçåé è

âàëåíòíûå óãëû ñîåäèíåíèÿ áëèçêè ê ñòàíäàðòíûì çíà÷åíèÿì. Ôåíèëü-

íûé è òîëèëüíûå çàìåñòèòåëè ðàçâ¼ðíóòû ïîä áîëüøèì óãëîì ê ïèððîëü-

íîìó öèêëó. Ïðè ýòîì ôåíèëüíûé çàìåñòèòåëü ñîðèåíòèðîâàí ïðèáëè-

çèòåëüíî â ïëîñêîñòè òèàçîëüíîãî öèêëà è ïðîñòðàíñòâåííî ñáëèæåí ñ

íèì (ìåæàòîìíîå ðàññòîÿíèå Ñ6· · ·Ñ16 3.241(3) �A), ÷òî äîëæíî îáåñïå÷è-
âàòü ïåðåêðûâàíèå ñîïðÿæ¼ííûõ π-ñèñòåì è ñòàáèëèçèðîâàòü çàäàííóþ

êîíôîðìàöèþ ìîëåêóëû. Îðèåíòàöèÿ 4-òîëèëàìèíîãðóïïû îòíîñèòåëü-

íî ïëîñêîñòè àòîìîâ N4Ñ24Ñ25 îïðåäåëÿåòñÿ íàëè÷èåì âíóòðèìîëåêó-

ëÿðíîé âîäîðîäíîé ñâÿçè N4Í4· · ·Î3. Ìîëåêóëÿðíàÿ óïàêîâêà îáðàçîâàíà

ñèñòåìîé ìåæìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿçåé, îáúåäèíÿþùèõ ìîëåêó-

ëû â äèìåðû, óêëàäêà êîòîðûõ îáðàçóåò êàíàëû, çàïîëíåííûå ìîëåêóëàìè

ÄÌÑÎ.

Ñîåäèíåíèÿ 29a,b îáðàçóþòñÿ, ïî-âèäèìîìó, â ðåçóëüòàòå ïîñëå-

äîâàòåëüíîãî ïðèñîåäèíåíèÿ ãðóïï SH è NH òàóòîìåðíîé ôîðìû òèî-

ìî÷åâèíû ê àòîìàì Ñ3 è Ñ2 ñîîòâåòñòâåííî, ïîñëåäóþùåãî ðàñêðûòèÿ

ïèððîëüíîãî öèêëà ïî ñâÿçè N1�C2 è çàìûêàíèÿ ôóðàíîâîãî, âñëåäñòâèå

âíóòðèìîëåêóëÿðíîãî âçàèìîäåéñòâèÿ ãèäðîêñèëüíîé è èçîïðîïîêñèêàð-

áîíèëüíîé ãðóïï ñ îáðàçîâàíèåì 6-îêñà-1-òèà-3-àçàñïèðî[4.4]íîíàíîâ i-

5, êîòîðûå â óñëîâèÿõ ñèíòåçà ïîäâåðãàåòñÿ àìèíèðîâàíèþ, ïî-âèäèìîìó,

åíàìèíàìè i-6, îáðàçóþùèìèñÿ â ðåçóëüòàòå ïîáî÷íîãî ðàñùåïëåíèÿ ïèð-

ðîëäèîíîâîãî öèêëà ïî ñâÿçÿì N1�C2 è N1�C5 ïîä äåéñòâèåì òèîìî÷å-
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âèíû.

Ñõåìà 2.32

Ïðè âçàèìîäåéñòâèå 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíà Ic ñ äè-

ôåíèëãóàíèäèíîì (P13), ïðîâîäèìîì ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðå-

àãåíòîâ â ñðåäå áåçâîäíîãî áåíçîëà â òå÷åíèå 4 ÷àñîâ, â êà÷å-

ñòâå ïðîäóêòà âûäåëåí 1,4,6-òðèôåíèë-2-(ôåíèëàìèíî)-1H,2H,5H,6H,7H-

ïèððîëî[3,4-d]ïèðèìèäèí-5,7-äèîí 30.

Ñõåìà 2.33

Ñîåäèíåíèå 30 � âûñîêîïëàâêîå âåùåñòâî êîðè÷íåâîãî öâåòà, ïëîõî

ðàñòâîðèìîå â îáû÷íûõ ðàñòâîðèòåëÿõ, õîðîøî ðàñòâîðèìîå â ÄÌÔÀ è

ÄÌÑÎ, íå äàþùåå ïðîáó íà åíîëüíûé ãèäðîêñèë ñî ñïèðòîâûì ðàñòâîðîì

õëîðèäà æåëåçà (III).

Â ñïåêòðå ßÌÐ 1Í ïðèñóòñòâóþò ñèãíàëû òîëüêî ïðîòîíîâ àðîìàòè-

÷åñêèõ êîëåö â îáëàñòè 6.92�7.88 ì.ä.. Ñòðóêòóðà ñîåäèíåíèÿ óñòàíîâëåíà

ñ ïîìîùüþ ÐÑÀ. Îáùèé âèä ìîëåêóëû ïîêàçàí íà ðèñóíêå (ðèñ. 2.14).
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Ðèñ. 2.14. Ñòðóêòóðà ñîåäèíåíèÿ 30, ïî äàííûì ÐÑÀ.

Ñîåäèíåíèå 30 îáðàçóåòñÿ, ïî-âèäèìîìó, âñëåäñòâèå ïðèñîåäèíåíèÿ

ðåàãåíòà ïåðâè÷íîé àìèíîãðóïïîé ê àòîìó Ñ5 ïèððîëäèîíîâîãî öèêëà,

ðàñêðûòèÿ äèãèäðîïèððîëîíîâîãî öèêëà ïî ñâÿçè N1�C5 è ïîñëåäóþùèõ

âíóòðèìîëåêóëÿðíûõ êîíäåíñàöèé.

Ñõåìà 2.34

Ìîæíî áûëî îæèäàòü, ÷òî âêëþ÷åíèå îäíîãî èç íóêëåîôèëüíûõ

öåíòðîâ ðåàãåíòà â ñîñòàâ ïÿòè÷ëåííîãî öèêëà áóäåò ïðåïÿòñòâîâàòü

ñïèðî-áèñ-ãåòåðîöèêëèçàöèè ïðè èõ âçàèìîäåéñòâèè ñ 5-àðîèë- è 5-

ìåòîêñèêàáîíèë çàìåùåííûìè ïèððîëäèîíàìè, ÷òî ïîçâîëèò ðåàëèçî-

âàòüñÿ äðóãèì íàïðàâëåíèÿì âçàèìîäåéñòâèÿ. Â êà÷åñòâå ìîäåëüíîãî ïÿ-

òè÷ëåííîãî 1,3-N,N-áèíóêëåîôèëà ìû èñïîëüçîâàëè ëåãêî äîñòóïíûé 3-

àìèíî-4,6-äèìåòèë-2H-ïèðàçîëî[3,4-b]ïèðèäèí (P1).

Äåéñòâèòåëüíî ïðè âçàèìîäåéñòâèè 4,5-äèàðîèë-1H-ïèððîë-2,3-

äèîíîâ IV ñ àìèíîïèðàçîëîïèðèäèíîì P15 [154], ïðîâîäèìîì ïó-

òåì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â àáñîëþòíîì òîëóîëå â òå÷å-

íèå 2�3 ÷, âìåñòî ñïèðî-ñîåäèíåíèé A, ñ õîðîøèìè âûõîäàìè ïî-
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ëó÷åíû N-àðèë-2,3-äèàðîèë-8,10-äèìåòèëïèðèäî[2',3':3,4]ïèðàçîëî[1,5-
a]ïèðèìèäèí-4-êàðáîêñàìèäû 31a�h [155�157].

Ñõåìà 2.35

31a: R2 = R3 = Ph, R1 = Ph; 31b: R2 = R3 = Ph, R1 = C6H4OMe-4; 31c: R2 = R3 = C6H4Me-4,

R1 = Ph; 31d: R2 = R3 = R1 = C6H4Me-4; 31e: R2 = R3 = C6H4Me-4, R1 = C6H4OMe-4; 31f: R2

= R3 = C6H2(Me)2-2,5, R1 = Ph; 31g: R2 = R3 = C6H2(Me)2-2,5, R1 = C6H4Me-4; 31h: R2 = R3 =

C6H2(Me)2-2,5, R1 = C6H4OMe-4.

Ñîåäèíåíèÿ 31a�h � ÿðêî-æåëòûå èëè îðàíæåâûå êðèñòàëëè÷åñêèå

âåùåñòâà ñ âûñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå â

ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâî-

ðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, íå äàþùèå ïîëîæèòåëüíîé

ïðîáû íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðè-

äà æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 31a�h ïðèñóòñòâóþò õàðàêòåðíûå ïîëî-

ñû âàëåíòíûõ êîëåáàíèé àìèäíîé ãðóïïû NH â îáëàñòè 3176�3266 ñì−1,

êåòîííûõ è àìèäíîé êàðáîíèëüíûõ ãðóïï â âèäå äâóõ èëè òðåõ ïîëîñ

â îáëàñòè 1649�1692 ñì−1. Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 31a�h êðî-

ìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ çàìåñòèòåëåé è ñâÿçàííûõ ñ íèìè

ãðóïï ïðèñóòñòâóþò äâà òðåõïðîòîííûõ ñèíãëåòà â îáëàñòè 2.67�2.81 ì.ä.,

ïðèíàäëåæàùèå äâóì ìåòèëüíûì ãðóïïàì, îäíîïðîòîííûé ñèíãëåò â îá-

ëàñòè 7.20�7.26 ì.ä., ïðèíàäëåæàùèé ïðîòîíó H9, è îäíîïðîòîíûé ñèí-

ãëåò â îáëàñòè 11.14�11.49 ì.ä., ïðèíàäëåæàùèé ïðîòîíó àìèäíîé ãðóïïû
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NH. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 31d êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà

àðîìàòè÷åñêèõ ôðàãìåíòîâ è ñâÿçàííûõ ñ íèìè àëèôàòè÷åñêèõ çàìåñòè-

òåëåé ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà äâóõ êåòîííûõ è àìèäíîé

êàðáîíèëüíûõ ãðóïï ïðè 195.57, 195.51 è 166.48 ì.ä.

Ñ öåëüþ ïîäòâåðæäåíèÿ ñòðóêòóðû ïîëó÷åííûõ ñîåäèíåíèé 31a�h è

óñòàíîâëåíèÿ îñîáåííîñòåé èõ ïðîñòðàíñòâåííîãî ñòðîåíèÿ áûëî ïðîâå-

äåíî ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ìîíîêðèñòàëëà ñîåäèíåíèÿ 31g.

Îáùèé âèä ìîëåêóëû 31g ïîêàçàí íà ðèñóíêå (ðèñ. 2.15).

Ðèñ. 2.15. Ñòðóêòóðà ñîåäèíåíèÿ 31g, ïî äàííûì ÐÑÀ.

Ïðîñòðàíñòâåííîå ñòðîåíèå ñîåäèíåíèÿ 31g äîâîëüíî òèïè÷íî äëÿ

òàêîãî êëàññà âåùåñòâ. Êîíôîðìàöèÿ ìîëåêóëû îïðåäåëÿåòñÿ, ñ îäíîé

ñòîðîíû, íàëè÷èåì âíóòðèìîëåêóëÿðíîé âîäîðîäíîé ñâÿçè N5H· · ·N2
(2.672 �A), çàêðåïëÿþùåé àìèäíóþ ãðóïïó â ïëîñêîñòè ãåòåðîöèêëà, à

ñ äðóãîé ñòîðîíû, âçàèìíûì îòòàëêèâàíèåì êàðáîíèëüíûõ ôðàãìåíòîâ,

âûâîäÿùèì àðîèëüíûå ôðàãìåíòû èç ýòîé ïëîñêîñòè.

Ñîåäèíåíèÿ 31a�h îáðàçóþòñÿ, ïî-âèäèìîìó, âñëåäñòâèå ïðèñîåäè-

íåíèÿ ïåðâè÷íîé àìèíîãðóïïû ðåàãåíòà ê àòîìó Ñ5 ïèððîëäèîíà, ðàñ-

êðûòèÿ ïèððîëüíîãî öèêëà ïî ñâÿçè N1�C5 è ïîñëåäóþùåé âíóòðèìîëå-

êóëÿðíîé öèêëèçàöèè ñ ó÷àñòèåì ýíäîöèêëè÷åñêîé àìèíîãðóïïû ðåàãåíòà

è êåòîííîé êàðáîíèëüíîé ãðóïïû îêñàìîèëüíîãî ôðàãìåíòà.
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Ñõåìà 2.36

Ïî àíàëîãè÷íîé ñõåìå ïðîòåêàåò âçàèìîäåéñòâèå àìèíîïèðàçîëî-

ïèðèäèíà P15 [154] ñ 5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-1H-ïèððîë-2,3-

äèîíàìè V. Ðåàêöèþ ïðîâîäèëè ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â

àáñîëþòíîì òîëóîëå â òå÷åíèå 3�4 ÷. Â êà÷åñòâå åäèíñòâåííûõ ïðîäóêòîâ

ðåàêöèè áûëè âûäåëåíû ìåòèë 4-(àðèëêàðáîìîèë)-8,10-äèìåòèë-3-

öèííàìîèëïèðèäî[2',3':3,4]-ïèððàçîëî[1,5-a]ïèðèìèäèí-2-êàðáîêñèëàòû
32a�c [136].

Ñõåìà 2.37

32a: R2 = OMe, R3 = -CH=CHPh, R1 = Ph; 32b: R2 = OMe, R3 = -CH=CHPh, R1 = C6H4Me-4;

32c: R2 = OMe, R3 = -CH=CHPh, R1 = C6H4OMe-4.

Ñîåäèíåíèÿ 32a�c � æåëòûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âûñîêèìè

òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå â ÄÌÔÀ è ÄÌÑÎ, òðóäíî-
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ðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â

àëêàíàõ è âîäå.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 32a�c ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé àìèäíîé ãðóïïû NH (3188�3303 ñì−1), ìåòîêñèêàðáîíèëüíîé

(1726�1728 ñì−1), àìèäíîé (1665�1669 ñì−1) è êåòîííîé (1632�1648 ñì−1)

êàðáîíèëüíûõ ãðóïï, äâîéíîé ñâÿçè (1610�1615 ñì−1) öèííàìîèëüíîãî

ôðàãìåíòà. Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 32a�c, êðîìå ñèãíàëîâ ïðî-

òîíîâ àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò ñèí-

ãëåòû ïðîòîíîâ äâóõ ìåòèëüíûõ ãðóïï â ïîëîæåíèÿõ 8 è 10 (2.69 è 2.97

ì.ä), ìåòîêñèêàðáîíèëüíîé (3.89�3.90 ì.ä.), äóáëåòû ïðîòîíîâ äâîéíîé

ñâÿçè öèííàìîèëüíîãî çàìåñòèòåëÿ (7.23�7.57 ì.ä.) ñ êîíñòàíòîé ñïèí-

ñïèíîâîãî âçàèìîäåéñòâèÿ, õàðàêòåðíîé äëÿ òðàíñ-çàìåùåííûõ àëêåíîâ

(J 16.4 Ãö) è ñèíãëåò àìèäíîé NH (11.22�11.33 ì.ä.) ãðóïïû. Â ñïåêòðå

ßÌÐ 13Ñ ñîåäèíåíèÿ 32b, êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷å-

ñêèõ è àëèôàòè÷åñêèõ ôðàãìåíòîâ, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëå-

ðîäà êàðáîíèëüíûõ ãðóïï öèííàìîèëüíîé (190.03 ì.ä.), ìåòîêñèêàðáî-

íèëüíîé (164.57 ì.ä.), àìèäíîé (163.78 ì.ä.), àòîìîâ óãëåðîäà äâîéíîé

ñâÿçè öèííàìîèëüíîãî ôðàãìåíòà (142.07 è 119.93 ì.ä.), à òàêæå óãëåðîä-

íûõ àòîìîâ ãåòåðîöèêëè÷åñêîé ñèñòåìû ïèðèäî[2',3':3,4]ïèððàçîëî[1,5-
a]ïèðèìèäèíà: C4 (161.47 ì.ä.), C8 (156.25 ì.ä.), C2 (147.05 ì.ä.), C6a

(144.15 ì.ä.), C10 (142.28 ì.ä.), C9 (122.55 ì.ä.), C10a (104.68 ì.ä.).

Â ñïåêòðå 1Í-13Ñ HMBC ñîåäèíåíèÿ 32c íàáëþäàþòñÿ êðîññ-ïèêè

ñàìîãî ñëàáîïîëüíîãî óãëåðîäà C-1' ñ âèíèëüíûìè ïðîòîíàìè H-2' è H-3'
è êðîññ-ïèê àìèäíîãî ïðîòîíà NH ñ êàðáîíèëüíûì óãëåðîäîì C-1''. Ïî-
ìèìî ýòîãî, íàáëþäàåòñÿ è ìíîæåñòâî äðóãèõ êðîññ-ïèêîâ, ñîâîêóïíîñòü

êîòîðûõ ïîçâîëÿåò èäåíòèôèöèðîâàòü ïî÷òè âñå àòîìû óãëåðîäà ãåòåðî-

ÿäðà è ïîäòâåðäèòü äàííóþ ñòðóêòóðó.

Ñ öåëüþ îöåíêè âëèÿíèÿ äàëüíåéøåãî óâåëè÷åíèÿ ðàññòîÿíèÿ ìåæ-

äó íóêëåîôèëüíûìè öåíòðàìè ðåàãåíòîâ íà íàïðàâëåíèå ðåàêöèé áûëî

èçó÷åíî âçàèìîäåéñòâèå 1H-ïèððîë-2,3-äèîíîâ ñ 1,4-áèíóêëåîôèëüíûìè

ðåàãåíòàìè. Â êà÷åñòâå ìîäåëüíûõ 1,4-áèíóêëåîôèëîâ áûëè èñïîëüçîâà-

íû o-ôåíèëåíäèàìèí è o-àìèíîôåíîë.

Ïðè âçàèìîäåéñòâèè 4,5-äèìåòîêñèêàðáîíèë-1H-ïèððîë-2,3-äèîíîâ

III ñ î-ôåíèëåíäèàìèíîì (P16), ïðîâîäèìîì ïóòåì ñìåøåíèÿ ðàñòâîðîâ
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ðåàãåíòîâ â àáñîëþòíîì áåíçîëå ïðè êîìíàòíîé òåìïåðàòóðå â òå÷åíèå

3�5 ìèí, îáðàçóþòñÿ (Å)-ìåòèë 4-(àðèëàìèíî)-3,4-äèîêñî-2-(3-îêñî-3,4-

äèãèäðîõèíîêñàëèí-2(1Í)-èëèäåí)áóòàíîàòû 33a�c [133].

Ñõåìà 2.38

33a: R1 = Ph; 33b: C6H4Me-4; 33c: C6H4Cl-4.

Ñîåäèíåíèÿ 33a�c � ÿðêî-æåëòûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âû-

ñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå â ÄÌÔÀ è ÄÌÑÎ,

òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðè-

ìûå â àëêàíàõ è âîäå.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 33a�c ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ãðóïï NH â âèäå øèðîêîé ïîëîñû â îáëàñòè 3291�3325 ñì−1,

ëàêòàìíîé êàðáîíèëüíîé ãðóïïû â îáëàñòè 1691�1713 ñì−1, ñëîæíîýôèð-

íîé â îáëàñòè 1651�1673 ñì−1, àìèäíîé â îáëàñòè 1622�1659 ñì−1 è êå-

òîííîé êàðáîíèëüíîé ãðóïïû îêñàìîèëüíîãî îñòàòêà, âîâëå÷åííîé â ÂÂÑ

â âèäå øèðîêîé ïîëîñû ïðè 1602�1608 ñì−1 ñîîòâåòñòâåííî. Â ñïåêòðàõ

ßÌÐ 1Í ñîåäèíåíèé 33a�c êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ çà-

ìåñòèòåëåé è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóþò ñèíãëåò ïðîòîíîâ

ìåòîêñèêàðáîíèëüíîé ãðóïïû â îáëàñòè 3.68�3.70 ì.ä., ñèíãëåò ïðîòîíà

ãðóïïû NH ëàêòàìíîãî ôðàãìåíòà â îáëàñòè 7.60�7.61 ì.ä., ñèíãëåò ïðî-

òîíà ãðóïïû NH àìèäíîãî îñòàòêà â îáëàñòè 10.48�10.75 ì.ä. è ñèíãëåò

ïðîòîíà ãðóïïû NH, ó÷àñòâóþùåé â îáðàçîâàíèè âíóòðèìîëåêóëÿðíîé

âîäîðîäíîé ñâÿçè â îáëàñòè 12.18�12.21 ì.ä.

Äëÿ ïîäòâåðæäåíèÿ ñòðóêòóðû ïîëó÷åííûõ ñîåäèíåíèé 33a�c è

óñòàíîâëåíèÿ îñîáåííîñòåé èõ ïðîñòðàíñòâåííîãî ñòðîåíèÿ áûëî ïðî-

âåäåíî ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 33c, îáùèé âèä

ìîëåêóëû êîòîðîãî ïîêàçàí íà ðèñóíêå (ðèñ. 2.16).
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Ðèñ. 2.16. Ñòðóêòóðà ñîåäèíåíèÿ 33c, ïî äàííûì ÐÑÀ.

Ñîãëàñíî äàííûì ÐÑÀ, ñîåäèíåíèå 33c ôîðìèðóåò ïëîñêóþ ñòðóê-

òóðó, çà èñêëþ÷åíèåì àòîìîâ ìåòîêñèêàðáîíèëüíîé ãðóïïû, ðàçâ¼ðíóòîé

ïðàêòè÷åñêè ïåðïåíäèêóëÿðíî ïëîñêîñòè ñèñòåìû ñîïðÿæåíèÿ ìîëåêóëû.

Ðàçâîðîò îáóñëîâëåí, ñ îäíîé ñòîðîíû, âçàèìíûì îòòàëêèâàíèåì àòîìîâ

êèñëîðîäà ïîëÿðíûõ êàðáîíèëüíûõ ãðóïï â ìîëåêóëå, ñ äðóãîé ñòîðî-

íû, ôîðìèðîâàíèåì â êðèñòàëëå ñèñòåìû ìåæìîëåêóëÿðíûõ âîäîðîäíûõ

ñâÿçåé (ÌÌÂÑ) NH· · ·O òèïà ñ ó÷àñòèåì àòîìîâ êèñëîðîäà êàðáîêñèìå-

òèëüíîé ãðóïïû. Ñîïðÿæåíèå â ïîëèåíîâîé öåïè ìîëåêóëû ñóùåñòâåííîå,

íî íå ïîëíîå, íà ÷òî óêàçûâàåò çíà÷èòåëüíàÿ ðàçíèöà äëèí ÷åðåäóþùèõ-

ñÿ äâîéíûõ è îäèíàðíûõ Ñ-Ñ ñâÿçåé. Ïðè ýòîì îáðàùàåò íà ñåáÿ âíè-

ìàíèå çíà÷èòåëüíîå óâåëè÷åíèå äëèíû ñâÿçè C(10)�C(12) è àñèììåòðèÿ

äëèí Ñ-N ñâÿçåé ïðè àòîìå N(3), ñâÿçàííûå ñ âëèÿíèåì àêöåïòîðíûõ êàð-

áîíèëüíûõ ãðóïï. Íå ñìîòðÿ íà äîñòàòî÷íî áëàãîïðèÿòíóþ ãåîìåòðèþ,

óêîðî÷åííûõ êîíòàêòîâ π-ñèñòåì íå íàáëþäàåòñÿ, âåðîÿòíî, âñëåäñòâèå

äîìèíèðóþùåãî âêëàäà ñèñòåìû ÌÌÂÑ, îïðåäåëÿþùåé óêëàäêó è âçà-

èìíóþ ïðîñòðàíñòâåííóþ îðèåíòàöèþ ìîëåêóë.

Ïðîäóêòû ðåàêöèè îáðàçóþòñÿ, ïî-âèäèìîìó, â ðåçóëüòàòå ïðèñî-

åäèíåíèÿ àìèíîãðóïïû î-ôåíèëåíäèàìèíà (P16) ê àòîìó óãëåðîäà â ïî-

ëîæåíèè 5 1H-ïèððîë-2,3-äèîíà III, âíóòðèìîëåêóëÿðíîé öèêëèçàöèè ñ

ó÷àñòèåì âòîðîé àìèíîãðóïïû ðåàãåíòà è ìåòîêñèêàðáîíèëüíîé ãðóïïû

â ïîëîæåíèè 5 è ïîñëåäóþùåãî ðàñêðûòèÿ ïèððîëüíîãî öèêëà ïî ñâÿçè

N1�C5.
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Ñõåìà 2.39

Ïðè âçàèìîäåéñòâèå 4,5-äèìåòîêñèêàðáîíèë-1H-ïèððîë-2,3-äèîíîâ

III ñ î-àìèíîôåíîëîì (P17), ïðîâîäèìîì â ñðåäå àáñîëþòíîãî áåíçî-

ëà ïðè êîìíàòíîé òåìïåðàòóðå, â òå÷åíèå 3�5 ìèí îáðàçóþòñÿ ïðî-

äóêòû ïðèñîåäèíåíèÿ àìèíîãðóïïû ðåàãåíòà ê àòîìó Ñ5 ïèððîëäèî-

íà � äèìåòèë 1-àðèë-4-ãèäðîêñè-2-[(2-ãèäðîêñèôåíèë)àìèíî]-5-îêñî-2,5-

äèãèäðî-1H-ïèððîë-2,3-äèêàðáîêñèëàòû 34a�c [133].

Ñõåìà 2.40

34a: R1 = Bn; 34b: R1 = C6H4Me-4; 34c: R1 = C6H4OMe-4;

Ñîåäèíåíèÿ 34a�c � ýòî áåñöâåòíûå âûñîêîïëàâêèå êðèñòàëëè÷å-

ñêèå âåùåñòâà, ëåãêîðàñòâîðèìîå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìîå

â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìîå â àëêàíàõ è âîäå,

äàþùèå ïîëîæèòåëüíûé ðåçóëüòàò (âèøíåâîå îêðàøèâàíèå) ïðîáû íà íà-

ëè÷èå åíîëüíîé ãèäðîêñèëüíîé ãðóïïû ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà

æåëåçà (III).

Â ÈÊ ñïåêòðå ñîåäèíåíèé 34a�c ïðèñóòñòâóþò õàðàêòåðíûå ïîëîñû

ïîãëîùåíèÿ ãðóïï NH è ÎÍ â âèäå øèðîêîé ïîëîñû â îáëàñòè 3316�3364
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ñì−1, äâóõ ìåòîêñèêàðáîíèëüíûõ è ëàêòàìíîé êàðáîíèëüíîé ãðóïïû â

îáëàñòè 1755�1767 ñì−1 è â îáëàñòè 1690�1705 ñì−1 ñîîòâåòñòâåííî.

Â ñïåêòðå ßÌÐ 1Í ñîåäèíåíèé 34a�c, êðîìå ñèãíàëîâ ïðîòîíîâ àðî-

ìàòè÷åñêèõ êîëåö è ìåòîêñèãðóïïû, ïðèñóòñòâóþò äâà ñèíãëåòà ïðîòîíîâ

äâóõ ìåòîêñèêàðáîíèëüíûõ ãðóïï â îáëàñòè 3.09�3.76 ì.ä., ñèíãëåò ïðî-

òîíà ãðóïïû NH â îáëàñòè 5.98�6.01 ì.ä., ñèíãëåòû ïðîòîíîâ ôåíîëüíîé

è åíîëüíîé ãðóïï OH â îáëàñòè 9.68�9.80 ì.ä. è â îáëàñòè 11.67�12.23

ì.ä. ñîîòâåòñòâåííî.

Êèïÿ÷åíèå ñîåäèíåíèÿ 34c â òîëóîëå â òå÷åíèå 35 ìèí ïðèâîäèò ê

åãî ðåöèêëèçàöèè â áåíçîêñàçèí 35, ïî-âèäèìîìó, â ðåçóëüòàòå âíóòðèìî-

ëåêóëÿðíîé öèêëèçàöèè ñ ó÷àñòèåì ôåíîëüíîé ãðóïïû ÎÍ è ìåòîêñèêàð-

áîíèëüíîé ãðóïïû â ïîëîæåíèè 5 èñõîäíîãî ïèððîëîíà ñ ïîñëåäóþùèì

ðàñêðûòèåì ïèððîëüíîãî öèêëà ïî ñâÿçè N1�C5 [133].

Ñõåìà 2.41

35: R1 = C6H4OMe-4.

Ñîåäèíåíèå 35 � îðàíæåâîå âûñîêîïëàâêîå êðèñòàëëè÷åñêîå âåùå-

ñòâî, ëåãêîðàñòâîðèìîå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìîå â îáû÷íûõ

îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìîå â àëêàíàõ è âîäå, íå äàþùåå

ïîëîæèòåëüíóþ ïðîáó íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì

ðàñòâîðîì õëîðèäà æåëåçà (III).

Â ÈÊ ñïåêòðå ñîåäèíåíèÿ 35 ïðèñóòñòâóþò õàðàêòåðíûå ïîëîñû ïî-

ãëîùåíèÿ ãðóïï NH â âèäå øèðîêîé ïîëîñû ïðè 3291ñì−1, ëàêòîííîé

êàðáîíèëüíîé ãðóïïû ïðè 1767 ñì−1, ñëîæíîýôèðíîé ïðè 1715 ñì−1,

àìèäíîé ïðè 1696 ñì−1 è êåòîííîé êàðáîíèëüíîé ãðóïïû îêñàìîèëüíî-

ãî îñòàòêà, âîâëå÷åííîé â ÂÂÑ â âèäå øèðîêîé ïîëîñû ïðè 1610 ñì−1

ñîîòâåòñòâåííî.
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Â ñïåêòðå ßÌÐ 1Í ñîåäèíåíèÿ 35, êðîìå ñèãíàëîâ ïðîòîíîâ àðî-

ìàòè÷åñêèõ êîëåö è ìåòîêñèãðóïïû, ïðèñóòñòâóþò ñèíãëåò ïðîòîíîâ ìå-

òîêñèêàðáîíèëüíîé ãðóïïû ïðè 3.74 ì.ä., ñèíãëåò ïðîòîíà ãðóïïû NH

àìèäíîé êàðáîíèëüíîé ãðóïïû ïðè 10.53 ì.ä. è ñèíãëåò ïðîòîíà ãðóïïû

NH ïðè 12.00 ì.ä.

Ïðè âçàèìîäåéñòâèè ñ 4-èçîïðîïîêñàëèë-1H-ïèððîë-2,3-äèîíàìè

II î-àìèíîôåíîë (P17) âåä¼ò ñåáÿ êàê ìîíîíóêëåîôèë. Ðåàêöèÿ

ïðîòåêàåò ïðè êîìíàòíîé òåìïåðàòóðå â ñðåäå èíåðòíûõ àïðîòîí-

íûõ ðàñòâîðèòåëÿõ ïî ñõåìå àíàëîãè÷íîé ñõåìå âçàèìîäåéñòâèÿ

ýòèõ ïèððîëäèîíîâ ñ àëêèëàìèíàìè (ñì. ñòð. 90) è ïðèâîäèò ê

îáðàçîâàíèþ (Z)-èçîïðîïèë 1-àðèë-2-ãèäðîêñè-4,5-äèîêñî-3-[ôåíèë(2-

ãèäðîêñèôåíèëàìèíî)ìåòèëåí]ïèððîëèäèí-2-êàðáîêñèëàòîâ 36a�d [146,

158].

Ñõåìà 2.42

36a: R1 = Ph; 36b: R1 = C6H4Me-4; 36c: R1 = C6H4OMe-4; 36d: R1 = C6H4Br-4.

Ñîåäèíåíèÿ 36a�d � ÿðêî-æåëòûå èëè îðàíæåâûå âûñîêîïëàâêèå

êðèñòàëëè÷åñêèå âåùåñòâà, ëåãêîðàñòâîðèìûå â ÄÌÑÎ, ÄÌÔÀ, òðóäíî-

ðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â

àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ ïðîáó (âèøíåâîå îêðàøèâàíèå)

íà íàëè÷èå ôåíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà æå-

ëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 36a�d ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ãðóïï ÎÍ è NH â âèäå øèðîêîãî ïèêà â îáëàñòè 3366�3411

ñì−1 è â îáëàñòè 3174�3241 ñì−1, ëàêòàìíîé Ñ5=Î è ñëîæíîýôèðíîé
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êàðáîíèëüíûõ ãðóïï â îáëàñòè 1692�1758 ñì−1, êåòîííîé êàðáîíèëüíîé

ãðóïïû Ñ4=Î, ó÷àñòâóþùåé â îáðàçîâàíèè ÂÂÑ, â âèäå øèðîêîãî ïèêà â

îáëàñòè 1603�1619 ñì−1.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 36a�d, êðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ êîëåö, ñâÿçàííûõ ñ íèìè ãðóïï, è ãðóïïû ÎÍ, íàõîäÿ-

ùèõñÿ â îáëàñòè ñèãíàëîâ àðîìàòè÷åñêèõ ïðîòîíîâ, ïðèñóòñòâóþò äâà

äóáëåòà â îáëàñòè 0.74�0.86 ì.ä. è ìóëüòèïëåò â îáëàñòè 4.33�4.35 ì.ä.,

ïðèíàäëåæàùèå ïðîòîíàì èçîïðîïîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ, à òàê-

æå ñèíãëåò ïðîòîíà ôåíîëüíîé ãðóïïû ÎÍ â îáëàñòè 9.56�10.42 ì.ä. è

óøèðåííûé ñèíãëåò ïðîòîíà ãðóïïû NH, ó÷àñòâóþùåé â îáðàçîâàíèè

âíóòðèìîëåêóëÿðíîé âîäîðîäíîé ñâÿçè, â îáëàñòè 12.60�12.72 ì.ä. Ñïåê-

òðàëüíûå õàðàêòåðèñòèêè ñîåäèíåíèé 36a�d è ñîåäèíåíèÿ 18a, ñòðóêòóðà

êîòîðîãî ïîäòâåðæäåíà ÐÑÀ (ñòð. 91), âåñüìà áëèçêè.

Âàæíîå ìåñòî â ñèíòåòè÷åñêîé îðãàíè÷åñêîé õèìèè çàíèìàþò ìåòî-

äû ôîðìèðîâàíèÿ óãëåðîä-óãëåðîäíûõ ñâÿçåé. Â ñâÿçè ñ ýòèì íàìè äàëåå

áûëî èçó÷åíî âçàèìîäåéñòâèå 1H-ïèððîë-2,3-äèîíîâ I-V ñ ðåàãåíòàìè,

ñîäåðæàùèìè â ñâîåì ñîñòàâå Ñ-íóêëåîôèëüíûé öåíòð. Â êà÷åñòâå òàêèõ

íàìè áûëè èñïîëüçîâàíû åíàìèíû è åíîëû ðàçëè÷íîãî ñòðîåíèÿ.

Ïðè âçàèìîäåéñòâèè 4,5-äèàðîèë-1H-ïèððîë-2,3-äèîíîâ IV ñ ýòèë

3-àìèíî-3-ôåíèëïðîï-2-åíîàòîì (P18) â ñîîòíîøåíèè 1 : 1, ïðîâîäèìîì

ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â àáñîëþòíîì áåíçîëå â òå÷åíèå 2�3

÷ ñ õîðîøèìè âûõîäàìè ïîëó÷åíû ýòèë 1,6-äèàðèë-4-àðîèë-3-ãèäðîêñè-

2-îêñî-8-ôåíèë-1,7-äèàçàñïèðî[4.4]íîíà-3,6,8-òðèåí-9-êàðáîêñèëàòû 37a�

f [135, 159�161].

Ñõåìà 2.43

37a: Ar = Ph, R1 = R2 = Ph, R3 = COOEt; 37b: Ar = Ph, R1 = Ñ6H4Me-4, R2 = Ph, R3 = COOEt;

37c: Ar = Ph, R1 = Ñ6H4OMe-4, R2 = Ph, R3 = COOEt; 37d: Ar = Ñ6H4Me-4, R1 = R2 = Ph, R3 =

COOEt; 37e: Ar = R1 = Ñ6H4Me-4, R2 = Ph, R3 = COOEt; 37f: Ar = Ñ6H4Me-4, R1 = Ñ6H4OMe-4,
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R2 = Ph, R3 = COOEt.

Ñîåäèíåíèÿ 37a�f � ñâåòëî-æåëòûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âû-

ñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå â ÄÌÔÀ è ÄÌÑÎ,

òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðè-

ìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ ïðîáó (âèøíåâîå îêðàøè-

âàíèå) íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà

æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 37a�f ïðèñóòñòâóþò õàðàêòåðíûå ïî-

ëîñû âàëåíòíûõ êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû â îáëàñòè

3170�3292 ñì−1, ñëîæíîýôèðíîé êàðáîíèëüíîé ãðóïïû â îáëàñòè 1715�

1725 ñì−1, ëàêòàìíîé êàðáîíèëüíîé ãðóïïû Ñ2=Î â îáëàñòè 1667�1686

ñì−1 è êåòîííîé êàðáîíèëüíîé ãðóïïû â îáëàñòè 1632�1642 ñì−1. Â ñïåê-

òðàõ ßÌÐ 1Í ñîåäèíåíèé 37a�f êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ

çàìåñòèòåëåé è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóþò òðèïëåò ìåòèëü-

íîé è ìóëüòèïëåò ìåòèëåíîâîé ãðóïï ýòîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ â

îáëàñòè 1.13�1.15 è â îáëàñòè 4.11�4.15 ì.ä. ñîîòâåòñòâåííî è óøèðåííûé

ñèíãëåò ïðîòîíà åíîëüíîé ãèäðîêñèëüíîé ãðóïïû â îáëàñòè 12.61�12.80

ì.ä. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 37b, êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà

àðîìàòè÷åñêèõ è àëèôàòè÷åñêèõ çàìåñòèòåëåé è ýòèëåíîâûõ ôðàãìåíòîâ

ãåòåðîöèêëè÷åñêîé ñèñòåìû, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà êàð-

áîíèëüíûõ ãðóïï àðîèëüíîãî è ýòîêñèêàðáîíèëüíîãî çàìåñòèòåëåé ïðè

187.90 è 161.96 ì.ä. ñîîòâåòñòâåííî, àòîìà óãëåðîäà ëàêòàìíîé êàðáî-

íèëüíîé ãðóïïû ïðè 165.77 ì.ä. è àòîìà Ñ6 ïðè 161.73 ì.ä., à òàêæå

ñèãíàë ñïèðî-óãëåðîäíîãî àòîìà ïðè 81.69 ì.ä.

Äëÿ ïîäòâåðæäåíèÿ ñòðóêòóðû ïîëó÷åííûõ ñîåäèíåíèé 37a�f è

óñòàíîâëåíèÿ îñîáåííîñòåé èõ ïðîñòðàíñòâåííîãî ñòðîåíèÿ áûëî ïðåä-

ïðèíÿòî ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 37b, îáùèé âèä

ìîëåêóëû êîòîðîãî ïîêàçàí íà ðèñóíêå (ðèñ. 2.17).

Ñîåäèíåíèå 37b êðèñòàëëèçóåòñÿ â öåíòðîñèììåòðè÷íîé ïðîñòðàí-

ñòâåííîé ãðóïïå ìîíîêëèííîé ñèíãîíèè â âèäå ñîëüâàòà ñ áåíçîëîì â

ñîîòíîøåíèè 1 : 1. Ñîåäèíåíèå 37b ÿâëÿåòñÿ ñïèðîáèöèêëè÷åñêèì, ïðè-

÷¼ì îäèí èç öèêëîâ ìîæíî ðàññìàòðèâàòü êàê ïðîèçâîäíîå 3H-ïèððîëà,

âòîðîé � 3-ïèððîëèíà. Äëèíû ñâÿçåé è âàëåíòíûå óãëû ñîåäèíåíèÿ 37b
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Ðèñ. 2.17. Ñòðóêòóðà ñîåäèíåíèÿ 37b, ïî äàííûì ÐÑÀ.

íå äåìîíñòðèðóþò çíà÷èòåëüíûõ îòêëîíåíèé îò íîðìû. Âàëåíòíûå óã-

ëû ïðè ñïèðî-óãëåðîäíîì àòîìå Ñ(6) ëåæàò â äèàïàçîíå 100�115°, ÷òî
îáúÿñíÿåòñÿ èñêàæåíèÿìè, âíîñèìûìè ïÿòè÷ëåííûìè öèêëàìè. Ñòåðè-

÷åñêàÿ íàãðóæåííîñòü ìîëåêóëû ïðèâîäèò ê òîìó, ÷òî ïëîñêîñòè âñåõ

àðèëüíûõ çàìåñòèòåëåé â òîé èëè èíîé ìåðå îêàçûâàþòñÿ ðàçâ¼ðíóòû

îòíîñèòåëüíî ïëîñêîñòåé ïèððîëèäèíîâûõ öèêëîâ. Êðîìå òîãî, ñòðóêòó-

ðà äåìîíñòðèðóåò ñåðü¼çíóþ ðàçóïîðÿäî÷åííîñòü ïîçèöèé çàìåñòèòåëåé

ïðè 3H-ïèððîëüíîì öèêëå. Òàê, àòîìû îáîèõ ôåíèëüíûõ çàìåñòèòåëåé

ðàçóïîðÿäî÷åíû â 2 ïîçèöèè ñ êîýôôèöèåíòàìè çàñåë¼ííîñòè 0.5. Ïðè

ýòîì çàìåñòèòåëü ïðè àòîìå Ñ(2) ðàçóïîðÿäî÷åí âðàùåíèåì öèêëà ïî îñè

Ñ(2)�Ñ(28) íà óãîë îêîëî 66°, à ðàçóïîðÿäî÷åíèå çàìåñòèòåëÿ ïðè àòîìå

Ñ(10) ìîæåò áûòü îïèñàíî êàê ëèáðàöèÿ îòíîñèòåëüíî ñâÿçè Ñ(20)�Ñ(32)

(íà ðèñóíêå äàííîå ðàçóïîðÿäî÷åíèå íå ïðèâîäèòñÿ äëÿ óïðîùåíèÿ âîñ-

ïðèÿòèÿ ñòðóêòóðû â öåëîì). Âñëåäñòâèå áëèçîñòè êîîðäèíàò ðÿäà àòîìîâ

êîìïîíåíò ðàçóïîðÿäî÷åíèÿ, ââåäåí ðÿä îãðàíè÷åíèé íà èõ àíèçîòðîïíûå

òåïëîâûå ïàðàìåòðû (ââåäåíèå êîìàíä ISOR 0.01 C16 C36 O5 C34 C34a,

EADP C16 C16a, EADP C36 C36a, EADP O5 O5a â ôàéë .ins ïðîãðàì-

ìû óòî÷íåíèÿ XL). Â ïèððîëèíîâîì öèêëå àòîì âîäîðîäà çàêîíîìåðíî

ëîêàëèçóåòñÿ ïðè Î(3) (d(C(23)�O(3) 1.3396(13) �A), à íå ïðè àòîìå Î(2)

(dO(2)�C(3) 1.2203(13) �A), îáðàçóÿ ìåæìîëåêóëÿðíóþ âîäîðîäíóþ ñâÿçü ñ

àòîìîì Î(4) [-x+1/2, -y+1/2, -z] ýòîêñèêàðáîíèëüíîé ãðóïïû ñ ïàðàìåòðà-
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ìè d[O(3)-H(3)] 0.87(2) �A, d[O(4)..H(3)] 1.90(2) �A, d[O(4)..O(3)] 2.720(2) �A.

Ñîëüâàò ðàñïîëàãàåòñÿ â ÷àñòíîé ïîçèöèè è òàêæå èñïûòûâàåò ðàçóïîðÿ-

äî÷åííîñòü â 2 ïîçèöèè, ïðè÷¼ì â ìîëåêóëÿðíîé óïàêîâêå ðàñïîëîæåíèå

êîìïîíåíò ðàçóïîðÿäî÷åíèÿ, ïî âñåé âèäèìîñòè, ñîãëàñîâàíî ñ ðàçóïîðÿ-

äî÷åííîñòüþ çàìåñòèòåëåé, èíà÷å âîçíèêàþò ýêñòðåìàëüíî êîðîòêèå ìåæ-

ìîëåêóëÿðíûå Ñ· · ·Í, Í· · ·Í è Ñ· · ·Ñ êîíòàêòû.

Îáðàçîâàíèå ñîåäèíåíèé 37a�f ïðîèñõîäèò, ïî-âèäèìîìó, âñëåä-

ñòâèå ïðèñîåäèíåíèÿ ãðóïïû β-ÑÍ åíàìèíîâîãî ôðàãìåíòà àöèêëè÷åñêî-

ãî åíàìèíîýôèðà P18 ê àòîìó óãëåðîäà â ïîëîæåíèè 5 1H-ïèððîë-2,3-

äèîíîâ IV è ïîñëåäóþùåé âíóòðèìîëåêóëÿðíîé öèêëèçàöèè ñ ó÷àñòèåì

ïåðâè÷íîé àìèíîãðóïïû ðåàãåíòà è êåòîííîé êàðáîíèëüíîé ãðóïïû àðî-

èëüíîãî çàìåñòèòåëÿ â ïîëîæåíèè 5 1H-ïèððîë-2,3-äèîíîâîãî öèêëà.

Ñõåìà 2.44

Ïî àíàëîãè÷íîé ñõåìå ïðîõîäèò âçàèìîäåéñòâèå 1-àðèë-4,5-

äèàðîèë-1H-ïèððîë-2,3-äèîíîâ IV ñ íèòðèëîì 3-àìèíîáóò-2-åíîâîé

êèñëîòû P19 [162], ïðîâîäèìîå ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â

àáñîëþòíîì áåíçîëå â òå÷åíèå 2�3 ÷ [135, 163]. Â êà÷åñòâå ïðîäóêòîâ

ðåàêöèè ñ õîðîøèìè âûõîäàìè îáðàçóþòñÿ íèòðèëû 1,6-äèàðèë-4-

àðîèë-3-ãèäðîêñè-8-ìåòèë-2-îêñî-1,7-äèàçàñïèðî[4.4]íîíà-3,6,8-òðèåí-9-

êàðáîíîâûõ êèñëîò 38a�f.

Ñõåìà 2.45
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38a: Ar = Ph, R1 = Ñ6H4Me-4, R2 = Me, R3 = CN; 38b: Ar = Ph, R1 = Ñ6H4OMe-4, R2 = Me, R3 =

CN; 38c: Ar = R1 = Ñ6H4Me-4, R2 = Me, R3 = CN; 38d: Ar = Ñ6H4Me-4, R1 = Ñ6H4OMe-4, R2 =

Me, R3 = CN; 38e: Ar = Ñ6H2(Me)2-2,5, R1 = Ph, R2 = Me, R3 = CN; 38f: Ar = Ñ6H2(Me)2-2,5, R1

= Ñ6H4Me-4, R2 = Me, R3 = CN.

Ñîåäèíåíèÿ 38a�f � ñâåòëî-æåëòûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âû-

ñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå â îáû÷íûõ îðãàíè-

÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæè-

òåëüíóþ ïðîáó (âèøíåâîå îêðàøèâàíèå) íà íàëè÷èå åíîëüíîãî ãèäðîêñè-

ëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 38a�f ïðèñóòñòâóåò õàðàêòåðíàÿ ïîëî-

ñà âàëåíòíûõ êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû â âèäå øè-

ðîêîé ïîëîñû â îáëàñòè 3158�3192 ñì−1, íèòðèëüíîé ãðóïïû â îáëà-

ñòè 2205�2211 ñì−1, ëàêòàìíîé êàðáîíèëüíîé ãðóïïû Ñ2=Î â îáëà-

ñòè 1689�1703 ñì−1 è êåòîííîé êàðáîíèëüíîé ãðóïïû â îáëàñòè 1660�

1669 ñì−1. Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 38a�f êðîìå ñèãíàëîâ ïðî-

òîíîâ àðîìàòè÷åñêèõ çàìåñòèòåëåé è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóò-

ñòâóþò òðåõïðîòîííûé ñèíãëåò â îáëàñòè 2.24�2.26 ì.ä., ïðèíàäëåæà-

ùèé ìåòèëüíîé ãðóïïå Ñ8-Ìå, è óøèðåííûé îäíîïðîòîííûé ñèíãëåò

â îáëàñòè 11.47�12.45 ì.ä., ïðèíàäëåæàùèé ïðîòîíó åíîëüíîé ãèäðîê-

ñèëüíîé ãðóïïû. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 38e êðîìå ñèãíà-

ëîâ àòîìîâ óãëåðîäà àðîìàòè÷åñêèõ è àëèôàòè÷åñêèõ çàìåñòèòåëåé è

ýòèëåíîâûõ ôðàãìåíòîâ ãåòåðîöèêëè÷åñêîé ñèñòåìû ïðèñóòñòâóþò ñèã-

íàëû àòîìîâ óãëåðîäà êàðáîíèëüíîé ãðóïïû àðîèëüíîãî çàìåñòèòåëÿ

ïðè 186.98 ì.ä., ëàêòàìíîé êàðáîíèëüíîé ãðóïïû ïðè 165.01 ì.ä., íèò-

ðèëüíîé ãðóïïû ïðè 113.54 ì.ä. è àòîìà Ñ6 ïðè 168.80 ì.ä., à òàê-

æå ñèãíàë ñïèðî-óãëåðîäíîãî àòîìà ïðè 81.16 ì.ä. Çíà÷åíèÿ õèìè÷å-

ñêèõ ñäâèãîâ àòîìîâ óãëåðîäà â ñïåêòðå ñîåäèíåíèÿ 38e âåñüìà áëèçêè

ê òàêîâûì ýòèëîâîãî ýôèðà 4-áåíçîèë-3-ãèäðîêñè-2-îêñî-1-(4-òîëèë)-6,8-

äèôåíèë-1,7-äèàçàñïèðî[4.4]íîíà-3,6,8-òðèåí-9-êàðáîíîâîé êèñëîòû 37b,

ñòðóêòóðà êîòîðîãî óñòàíîâëåíà íà îñíîâàíèè äàííûõ ÐÑÀ (ðèñ. 2.17 íà

ñòð. 123).

Ïðè âçàèìîäåéñòâèè 4,5-äèàðîèë-1H-ïèððîëäèîíîâ IV ñ àöèêëè-

÷åñêèìè åíàìèíîêåòîíàìè (3-àìèíî-1-ôåíèë-áóò-2-åí-1-îíîì P20a è 4-
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àìèíîïåíò-3-åí-2îíîì P20b) â ñîîòíîøåíèè 1 : 1, ïðîâîäèìîì ïóòåì êè-

ïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â ñðåäå àáñîëþòíîãî áåíçîëà â òå÷åíèå 5�7 ÷

ñ õîðîøèìè âûõîäàìè ïîëó÷åíû 1,6-äèàðèë-4-àðîèë-9-àöèë-3-ãèäðîêñè-

8-ìåòèë-1,7-äèàçàñïèðî[4.4]íîíà-3,6,8-òðèåí-2-îíû 39a�i [135], îáðàçóþ-

ùèåñÿ ïî ñõåìå àíàëîãè÷íîé âûøå îïèñàííîìó.

Ñõåìà 2.46

39a: Ar = R1 = Ph, R2 = Ph; 39b: Ar = Ph, R1 = Ñ6H4Me-4, R2 = Ph; 39c: Ar = Ph, R1 = Ñ6H4OMe-4,

R2 = Ph; 39d: Ar = Ñ6H4Me-4, R1 = Ph, R2 = Ph; 39e: Ar = R1 = Ñ6H4Me-4, R2 = Ph; 39f: Ar =

Ñ6H4Me-4, R1 = Ñ6H4OMe-4, R2 = Ph; 39g: Ar = Ph, R1 = Ñ6H4Me-4, R2 = Me; 39h: Ar = Ph, R1

= Ñ6H4OMe-4, R2 = Me; 39i: Ar = R1 = Ñ6H4Me-4, R2 = Me.

Ñîåäèíåíèÿ 39a�i � æåëòûå âûñîêîïëàâêèå êðèñòàëëè÷åñêèå âåùå-

ñòâà, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, ëåãêî-

ðàñòâîðèìûå â ÄÌÔÀ è ÄÌÑÎ, íåðàñòâîðèìûå â àëêàíàõ è âîäå. Â ñïåê-

òðàõ ßÌÐ 1Í ðàñòâîðîâ ñîåäèíåíèé 39a�i â ÄÌÑÎ-d6 êðîìå ñèãíàëîâ

ïðîòîíîâ àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóþò

ñèíãëåò ïðîòîíà ãðóïïû åíîëüíîé ãðóïïû ÎH â îáëàñòè 12.40-12.65 ì.ä. Â

ñïåêòðå 13Ñ ñîåäèíåíèÿ 39c ïðèñóòñòâóþò õàðàêòåðíûå ñèãíàëû àòîìîâ

óãëåðîäà êàðáîíèëüíûõ ãðóïï äâóõ áåíçîèëüíûõ ôðàãìåíòîâ ïðè 191.41

è 188.51 ì.ä. è ñèãíàë ñïèðî-óãëåðîäíîãî àòîìà ïðè 82.18 ì.ä..

Îñîáåííîñòüþ ñïèðîñîåäèíåíèé 39a�i ÿâëÿåòñÿ èõ ñïîñîáíîñòü ïðå-

òåðïåâàòü âíóòðèìîëåêóëÿðíóþ ãåòåðîöèêëèçàöèþ ñ îáðàçîâàíèåì òðè-

öèêëè÷åñêèõ ãåòåðîñèñòåì, ÷òî îáíàðóæåíî íàìè íà ïðèìåðå ñîåäè-

íåíèÿ 39c, êîòîðîå ïðè ìåäëåííîé êðèñòàëëèçàöèè èç ýòèëàöåòàòà ïå-

ðåõîäèò â 11-áåíçîèë-2-(4-ìåòîêñèôåíèë)-10-ìåòèë-6,8-äèôåíèë-7-îêñà-

2,9-äèàçàòðèöèêëî[6.3.0.01,5]óíäåêà-5,10-äèåí-3,4-äèîí 40, ïî-âèäèìîìó,

âñëåäñòâèå [1, 5]-ïðîòîòðîïíîãî ñäâèãà ïðîòîíà îêñèãðóïïû è âíóòðèìî-

ëåêóëÿðíîé öèêëèçàöèè ñ ó÷àñòèåì âíîâü îáðàçîâàâøåéñÿ ãèäðîêñèëüíîé
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ãðóïïû è ñâÿçè Ñ=N 3H-ïèððîëüíîãî öèêëà.

Ñõåìà 2.47

40: R1 = Ñ6H4OMe-4.

Ñîåäèíåíèå 40 � áëåäíî-æåëòîå âûñîêîïëàâêîå âåùåñòâî, ðàçëàãà-

þùååñÿ ïðè ïëàâëåíèè, ëåãêî ðàñòâîðèìîå â ÄÌÔÀ è ÄÌÑÎ, òðóäíî

ðàñòâîðèìîå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ.

Ñòðóêòóðà ñîåäèíåíèÿ 40 óñòàíîâëåíà ñ ïîìîùüþ ÐÑÀ. Îáùèé âèä

ìîëåêóëû ïîêàçàíà íà ðèñóíêå (ðèñ. 2.18)

Ðèñ. 2.18. Ñòðóêòóðà ñîåäèíåíèÿ 40, ïî äàííûì ÐÑÀ.

Ñîåäèíåíèå 40 êðèñòàëëèçóåòñÿ â öåíòðîñèììåòðè÷íîé ïðîñòðàí-

ñòâåííîé ãðóïïå â âèäå ñîëüâàòà ñ ýòèëàöåòàòîì (1 : 1). Ìîëåêóëà ðàñòâî-

ðèòåëÿ ðàçóïîðÿäî÷åíà â 2 ïîçèöèè ñ êîýôôèöèåíòàìè çàñåë¼ííîñòè 0.5.

Äëèíû ñâÿçåé â ìîëåêóëå äîñòàòî÷íî òèïè÷íû äëÿ äàííîãî òèïà ñîåäèíå-

íèé. Íàïðÿæåíèÿ, âîçíèêøèå ïðè îáðàçîâàíèè òðèöèêëè÷åñêîé ñèñòåìû,

ïðèâîäÿò ê ñóùåñòâåííîìó îòêëîíåíèþ âàëåíòíûõ óãëîâ ÷åòâåðòè÷íîãî

óãëåðîäà Ñ4 îò íîðìû (ìèíèìàëüíîå çíà÷åíèå 102°, ìàêñèìàëüíîå 120°) è
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çíà÷èòåëüíîìó èñêàæåíèþ ñîîòâåòñòâóþùåãî òåòðàýäðà. Âñå òðè ãåòåðî-

öèêëà ñèñòåìû ñóùåñòâåííî óïëîùåíû, òîëüêî â ïèððîëèí-2,3-äèîíîâîì

öèêëå îäèí èç àòîìîâ (Ñ4) îòñòîèò îò ñðåäíåêâàäðàòè÷íîé ïëîñêîñòè íà

âåëè÷èíó áîëüøå, ÷åì 0.1 �A. ×åòâåðòè÷íûå àòîìû òðèöèêëè÷åñêîé ñèñòå-

ìû Ñ4 è Ñ34 íàõîäÿòñÿ â çàñëîí¼ííîé êîíôîðìàöèè ñ àíòèêëèíàëüíûì

ðàñïîëîæåíèåì àòîìîâ àçîòà N1 è N2. Â êðèñòàëëå ìîëåêóëû óëîæåíû

öåïî÷êàìè ñ îáðàçîâàíèåì ¾âèëî÷êîâîé¿ ìåæìîëåêóëÿðíîé âîäîðîäíîé

ñâÿçè ìåæäó ãðóïïîé NH ïèððîëèíîâîãî öèêëà è 1,2-äèêàðáîíèëüíûì

ôðàãìåíòîì ñîñåäíåé ìîëåêóëû.

Ïðè ðàñòâîðåíèè â ÄÌÑÎ ñîåäèíåíèå 40 ïîëíîñòüþ äåöèêëèçóåòñÿ

ñ îáðàçîâàíèåì ñïèðîñîåäèíåíèÿ 39c.

Ïðè âçàèìîäåéñòâèè 4,5-äè(ìåòîêñèêàðáîíèë)-1H-ïèððîë-

2,3-äèîíîâ III ñ N-çàìåùåííûìè åíàìèíîýôèðàìè � ýòèë 3-

(áåíçèëàìèíî)áóò-2-åíîàòîì (P18a) è ýòèë 3-(áåíçèëàìèíî)-3-

ôåíèëàêðèëàòîì (P18b) � â ñîîòíîøåíèè 1:1, ïðîâîäèìîì ïóòåì

êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â ñðåäå àáñîëþòíîãî òîëóîëà â òå÷åíèå

3�4 ÷, ñ õîðîøèìè âûõîäàìè ïîëó÷åíû 4-ìåòèë 9-ýòèë 1-àðèë-7-áåíçèë-

3-ãèäðîêñè-8-ìåòèë-2,6-äèîêñî-1,7-äèàçàñïèðî[4.4]íîíà-3,8-äèåí-4,9-

äèêàðáîêñèëàòû 41a�d è 4-ìåòèë 9-ýòèë 1-àðèë-7-áåíçèë-3-ãèäðîêñè-8-

ôåíèë-2,6-äèîêñî-1,7-äèàçàñïèðî[4.4]íîíà-3,8-äèåí-4,9-äèêàðáîêñèëàòû

41e,f [133, 164].

Ñõåìà 2.48

41a: R2 = OMe, R1 = Ph, R3 = Me, R4 = OEt, R5 = Bn; 41b: R2 = OMe, R1 = C6H4Me-4, R3 = Me,

R4 = OEt, R5 = Bn; 41c: R2 = OMe, R1 = C6H4OMe-4, R3 = Me, R4 = OEt, R5 = Bn; 41d: R2 =

OMe, R1 = C6H4Cl-4, R3 = Me, R4 = OEt, R5 = Bn; 41e: R2 = OMe, R1 = Ph, R3 = Ph, R4 = OEt,

R5 = Bn; 41f: R2 = OMe, R1 = C6H4Me-4, R3 = Ph, R4 = OEt, R5 = Bn.

Ñîåäèíåíèÿ 41a�f � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âû-
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ñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå â ÄÌÔÀ è ÄÌÑÎ,

òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðè-

ìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ ïðîáó (âèøíåâîå îêðàøè-

âàíèå) íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà

æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 41a�f ïðèñóòñòâóþò õàðàêòåðíûå ïîëîñû

âàëåíòíûõ êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû â îáëàñòè 3167�

3335 ñì−1, ëàêòàìíîé êàðáîíèëüíîé ãðóïïû Ñ6=Î â îáëàñòè 1732�1740

ñì−1, ëàêòàìíîé êàðáîíèëüíîé ãðóïïû Ñ2=Î â îáëàñòè 1705�1723 ñì−1,

êàðáîíèëüíîé ãðóïïû ýòîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ â îáëàñòè 1676�

1698 ñì−1 è êàðáîíèëüíîé ãðóïïû ìåòîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ,

ó÷àñòâóþùåé â îáðàçîâàíèè ÂÂÑ, â îáëàñòè 1628�1653 ñì−1. Â ñïåêòðàõ

ßÌÐ 1Í ñîåäèíåíèé 41a�f êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ çà-

ìåñòèòåëåé è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóþò ñèíãëåò ïðîòîíîâ

ìåòîêñèêàðáîíèëüíîé ãðóïïû â îáëàñòè 3.65�3.71 ì.ä., òðèïëåò ìåòèëü-

íîé è êâàäðóïëåò ìåòèëåíîâîé ãðóïï ýòîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ â

îáëàñòè 0.83�1.12 è â îáëàñòè 3.82�4.07 ì.ä. ñîîòâåòñòâåííî, äâà äóáëå-

òà ïðîòîíîâ ìåòèëåíîâîé ãðóïïû áåíçèëüíîãî çàìåñòèòåëÿ ñ êîíñòàíòàìè

ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ J = 16.0�16.4 Ãö â îáëàñòè 4.28�4.87 ì.ä.,

ñèíãëåò ïðîòîíîâ ìåòèëüíîé ãðóïïû â ïîëîæåíèè 8 ãåòåðîöèêëè÷åñêîé

ñèñòåìû â îáëàñòè 2.25�2.30 ì.ä. (ó ñîåäèíåíèé 41a�d) è óøèðåííûé

ñèíãëåò ïðîòîíà åíîëüíîé ãèäðîêñèëüíîé ãðóïïû â îáëàñòè 12.32�12.57

ì.ä. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 41f, êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà

àðîìàòè÷åñêèõ è àëèôàòè÷åñêèõ çàìåñòèòåëåé è ýòèëåíîâûõ ôðàãìåíòîâ

ãåòîðîöèêëè÷åñêîé ñèñòåìû, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà äâóõ

ëàêòàìíûõ è äâóõ ñëîæíîýôèðíûõ ãðóïï â îáëàñòè 158.69�165.17 ì.ä., à

òàêæå ñèãíàë ñïèðî-óãëåðîäíîãî àòîìà ïðè 70.10 ì.ä.

Äëÿ ïîäòâåðæäåíèÿ ñòðóêòóðû ïîëó÷åííûõ ñîåäèíåíèé 41a�f è

óñòàíîâëåíèÿ îñîáåííîñòåé èõ ïðîñòðàíñòâåííîãî ñòðîåíèÿ áûëî ïðåä-

ïðèíÿòî ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 41c, îáùèé âèä

ìîëåêóëû êîòîðîãî ïîêàçàí íà ðèñóíêå (ñì. ðèñ. 2.19).

Ñîãëàñíî äàííûì ÐÑÀ, ïèððîëèíîâûå öèêëû ñïèðî-ñèñòåìû ïëîñ-

êèå (äëÿ îäíîãî îòêëîíåíèå àòîìîâ îò ñðåäíåêâàäðàòè÷íîé ïëîñêîñòè íå

ïðåâûøàåò 0.01 �A, äëÿ âòîðîãî � 0.02 �A) è ðàçâåðíóòû äðóã îòíîñèòåëü-
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Ðèñ. 2.19. Ñòðóêòóðà ñîåäèíåíèÿ 41c, ïî äàííûì ÐÑÀ.

íî äðóãà ïîä óãëîì 89.4°. Ðàñïðåäåëåíèå äëèí ñâÿçåé â öèêëàõ ìîæíî

ïðèçíàòü îáû÷íûì äëÿ ñîïðÿæåííûõ äèåíîâûõ ñèñòåì. Äëèíû ñâÿçåé Ñ-

ÑÎÎR ñîñòàâëÿþò îêîëî 1.45 �A, ÷òî óêàçûâàåò íà âîâëå÷åíèå ýëåêòðîíîâ

èõ êàðáîíèëüíûõ ãðóïï â ñèñòåìó ñîïðÿæ¼ííûõ ñâÿçåé ãåòåðîöèêëè÷å-

ñêèõ êîëåö. Ãèäðîêñèëüíàÿ ãðóïïà ó÷àñòâóåò â îáðàçîâàíèè âíóòðèìîëå-

êóëÿðíîé âîäîðîäíîé ñâÿçè ñ êàðáîíèëüíîé ãðóïïîé ìåòîêñèêàðáîíèëü-

íîãî çàìåñòèòåëÿ (O(7)-H· · ·O(2)). Â êðèñòàëëå ìîëåêóëû óïàêîâàíû ñëîÿ-

ìè ïàðàëëåëüíî ïëîñêîñòè [001] ñ ÷åðåäîâàíèåì çîí ãåòåðîöèêëè÷åñêèõ è

àðîìàòè÷åñêèõ ôðàãìåíòîâ. Ôåíèëüíîå êîëüöî áåíçèëüíîãî çàìåñòèòåëÿ

è ìåòîêñèôåíèëüíûé çàìåñòèòåëü äåìîíñòðèðóþò ðàçóïîðÿäî÷åííîñòü â

2 ïîçèöèè ñ êîýôôèöèåíòàìè çàñåë¼ííîñòè 0.5 (íà ðèñóíêå íå ïîêàçàíî ñ

öåëüþ îáëåã÷åíèÿ âîñïðèÿòèÿ ñòðóêòóðû) Ñäåëàòü çàêëþ÷åíèå î ïðèðîäå

ðàçóïîðÿäî÷åíèÿ ïðåäñòàâëÿåòñÿ çàòðóäíèòåëüíûì, îäíàêî äëÿ ìîëåêóëû

(è â ïðåäåëàõ ìîíîìîëåêóëÿðíîãî ñëîÿ) ñîãëàñîâàííîñòü ïîçèöèé ðàçó-

ïîðÿäî÷åíèÿ äîëæíà ñîõðàíÿòüñÿ � â ïðîòèâíîì ñëó÷àå âîçíèêàåò ðÿä

íåäîïóñòèìî òåñíûõ ìåæàòîìíûõ êîíòàêòîâ ÑAr-Í· · ·ÑAr òèïà ñ ðàññòî-
ÿíèåì äî 1.9 �Aè ÑAr· · ·ÑAr ñ ðàññòîÿíèåì äî 2.5 �A. Èçáåæàòü âîçíèêíî-

âåíèÿ ïîäîáíûõ íåáëàãîïðèÿòíûõ êîíòàêòîâ ìîæíî, åñëè äîïóñòèòü, ÷òî

â êðèñòàëëè÷åñêîé óïàêîâêå â ïðåäåëàõ ìîíîìîëåêóëÿðíîãî ñëîÿ ñóùå-

ñòâóåò ÷åðåäîâàíèå ìîëåêóë ñ ðàçëè÷íûìè êîìïîíåíòàìè ðàçóïîðÿäî÷å-

íèÿ, âåðîÿòíî, ñïîñîáíûìè ê ñîãëàñîâàííîìó èçìåíåíèþ ïîä äåéñòâèåì

òåïëîâûõ êîëåáàíèé.
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Âçàèìîäåéñòâèå 1H-ïèððîë-2,3-äèîíîâ III ñ 3-àìèíî-1-ôåíèë-áóò-

2-åí-1-îíîì P20a â ñðåäå êèïÿùåãî òîëóîëà ïðèâîäèò ê îáðàçîâà-

íèþ ìåòèë 9-áåíçîèë-3-ãèäðîêñè-8-ìåòèë-2,6-äèîêñî-1-(4-ìåòèëôåíèë)-

1,7-äèàçàñïèðî[4.4]íîíà-3,8-äèåí-4-êàðáîêñèëàòîâ 42a,b [133] âñëåäñòâèå

âçàèìîäåéñòâèÿ àìèíîãðóïïû ðåàãåíòà ñ ìåòîêñèêàðáîíèëüíîé ãðóïïîé

â ïîëîæåíèè 5 ïèððîëäèîíîâ íà âòîðîé ñòàäèè ðåàêöèè.

Ñõåìà 2.49

42a: R1 = C6H4Me-4; 42b: R1 = C6H4Br-4.

Ñîåäèíåíèÿ 42a,b � âûñîêîïëàâêèå áåñöâåòíèå êðèñòàëëè÷åñêèå âå-

ùåñòâà ëåãêîðàñòâîðèìîå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìîå â îáû÷-

íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìîå â àëêàíàõ è âîäå, äàþ-

ùåå ïîëîæèòåëüíóþ ïðîáó (âèøíåâîå îêðàøèâàíèå) íà íàëè÷èå åíîëüíî-

ãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèÿ 42a,b ïðèñóòñòâóþò õàðàêòåðíûå ïîëîñû

âàëåíòíûõ êîëåáàíèé ãðóïïû NH ïðè 3273�3287 ñì−1, åíîëüíîé ãèäðîê-

ñèëüíîé ãðóïïû â âèäå øèðîêîé ïîëîñû ïðè 3141�3148 ñì−1, ëàêòàìíîé

êàðáîíèëüíîé ãðóïïû Ñ6=Î ïðè 1742�1748 ñì−1, ëàêòàìíîé êàðáîíèëü-

íîé ãðóïïû Ñ2=Î ïðè 1742�1739 ñì−1, êåòîííîé êàðáîíèëüíîé ãðóïïû

ïðè 1725�1728 ñì−1 è êàðáîíèëüíîé ãðóïïû ìåòîêñèêàðáîíèëüíîãî çàìå-

ñòèòåëÿ, ó÷àñòâóþùåé â îáðàçîâàíèè ÂÂÑ, ïðè 1681�1686 ñì−1. Â ñïåê-

òðàõ ßÌÐ 1Í ñîåäèíåíèÿ 42a,b êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ

çàìåñòèòåëåé è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóþò ñèíãëåò ïðîòî-

íîâ ìåòîêñèêàðáîíèëüíîé ãðóïïû ïðè 3.69�3.70 ì.ä., ñèíãëåò ïðîòîíîâ

ìåòèëüíîé ãðóïïû â ïîëîæåíèè 8 ãåòåðîöèêëè÷åñêîé ñèñòåìû ïðè 1.59�

1.64 ì.ä. è óøèðåííûé ñèíãëåò ïðîòîíà åíîëüíîé ãèäðîêñèëüíîé ãðóïïû

ïðè 12.18�12.30 ì.ä. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 42a ïðèñóòñòâóåò

õàðàêòåðíûé ñèãíàë ñïèðî-àòîìà óãëåðîäà ïðè 71.62 ì.ä..
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Çàìåíà ìåòîêñèêàðáîíèëüíîé ãðóïïû â ïîëîæåíèè 4 ïèððîëäèî-

íîâîãî öèêëà íà öèííàìîèëüíóþ ãðóïïó íå ìåíÿåò íàïðàâëåíèå âçà-

èìîäåéñòâèÿ 5-ìåòîêñèêàðáîíèë-1H-ïèððîë-2,3-äèîíîâ ñ àöèêëè÷åñêè-

ìè åíàìèíàìè. Âçàèìîäåéñòâèå 1-àðèë-5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-

1H-ïèððîë-2,3-äèîíîâ V ñ N-çàìåùåííûìè åíàìèíîýôèðàìè P18 è åíà-

ìèíîêåòîíàìè P20, ïðîâîäèìîå ïóòåì êèïÿ÷åíèÿ ñìåñè ðåàãåíòîâ â àá-

ñîëþòíîì òîëóîëå â òå÷åíèå 2�4 ÷àñîâ, ïðèâîäèò ê îáðàçîâàíèþ ñ õî-

ðîøèìè âûõîäàìè ñîîòâåòñòâóþùèõ 1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-9-

êàðáîêñèëàòîâ 43a�f è 44a�j [136, 165, 166].

Ñõåìà 2.50

43a: R2 = -CH=CHPh, R1 = Ph, R3 = Me, R4 = OEt, R5 = Bn; 43b: R2 = -CH=CHPh, R1 = C6H4Me-4,

R3 = Me, R4 = OEt, R5 = Bn; 43c: R2 = -CH=CHPh, R1 = C6H4OMe-4, R3 = Me, R4 = OEt, R5 =

Bn; 43d: R2 = -CH=CHPh, R1 = C6H4OMe-4, R3 = Me, R4 = OEt, R5 = Ph; 43e: R2 = -CH=CHPh,

R1 = C6H4Me-4, R3 = Ph, R4 = OEt, R5 = Bn; 43f: R2 = -CH=CHPh, R1 = C6H4OMe-4, R3 = Ph, R4

= OEt, R5 = Bn; 44a: R2 = -CH=CHPh, R1 = Ph, R3 = Me, R4 = Me, R5 = Bn; 44b: R2 = -CH=CHPh,

R1 = Ph, R3 = Me, R4 = Me, R5 = C6H4Me-4; 44c: R2 = -CH=CHPh, R1 = C6H4Me-4, R3 = Me,

R4 = Me, R5 = Ph; 44d: R2 = -CH=CHPh, R1 = C6H4Me-4, R3 = Me, R4 = Me, R5 = C6H4Br-4;

44e: R2 = -CH=CHPh, R1 = C6H4OMe-4, R3 = Me, R4 = Me, R5 = Bn; 44f: R2 = -CH=CHPh, R1

= C6H4OMe-4, R3 = Me, R4 = Me, R5 = Ph; 44g: R2 = -CH=CHPh, R1 = C6H4OMe-4, R3 = Me,

R4 = Me, R5 = C6H4Me-4; 44h: R2 = -CH=CHPh, R1 = Ph, R3 = Ph, R4 = Ph, R5 = Bn; 44i: R2

= -CH=CHPh, R1 = C6H4Me-4, R3 = Ph, R4 = Ph, R5 = C6H4Me-4; 44j: R2 = -CH=CHPh, R1 =

C6H4OMe-4, R3 = Ph, R4 = Ph, R5 = C6H4Me-4; .

Ñîåäèíåíèÿ 43a�f è 44a�j � áåñöâåòíûå èëè ñâåòëî-æåëòûå êðèñòàë-



133

ëè÷åñêèå âåùåñòâà ñ âûñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ

ðàçëîæåíèåì, ëåãêîðàñòâîðèìûå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå

â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âî-

äå, äàþùèå ïîëîæèòåëüíóþ ïðîáó íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî

ñïèðòîâûì ðàñòâîðîì õëîðèäà æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 43a�f ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (3169�3458 ñì−1), äâóõ ëàê-

òàìíûõ (1721�1727 ñì−1 è 1690�1703 ñì−1), ñëîæíîýôèðíîé (1671�1677

ñì−1) è êåòîííîé (1638�1649 ñì−1) êàðáîíèëüíûõ ãðóïï.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 43a�f, êðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò òðèïëåò è

ìóëüòèïëåò ïðîòîíîâ ìåòèëüíîé (0.82�1.16 ì.ä.) è ìåòèëåíîâîé (3.81�4.07

ì.ä.) ãðóïï ýòîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ, äóáëåòû ïðîòîíîâ äâîéíîé

ñâÿçè öèííàìîèëüíîãî çàìåñòèòåëÿ (7.60�7.78 ì.ä.) ñ êîíñòàíòîé ñïèí-

ñïèíîâîãî âçàèìîäåéñòâèÿ, õàðàêòåðíîé äëÿ òðàíñ-çàìåùåííûõ àëêåíîâ

(J 15.5�16.2 Ãö) [141], à òàêæå óøèðåííûé ñèãíàë ïðîòîíà åíîëüíîé ãèä-

ðîêñèëüíîé ãðóïïû (13.24�13.35 ì.ä.). Â ñïåêòðàõ ñîåäèíåíèé 43a�c,e,f,

êðîìå óêàçàííûõ ïðèñóòñòâóþò äâà äóïëåòà íåýêâèâàëåíòíûõ ïðîòîíîâ

ìåòèëåíîâîé ãðóïïû áåíçèëüíîãî çàìåñòèòåëÿ (4.25�4.90 ì.ä.), ñ õàðàê-

òåðíîé êîíñòàíòîé ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ (J 15.9 Ãö) [141], à

â ñïåêòðàõ ñîåäèíåíèé 43a�d ñèíãëåò ïðîòîíîâ ìåòèëüíîé ãðóïïû â ïî-

ëîæåíèè 8 (2.11�2.45 ì.ä.). Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 43e, êðîìå

ñèãíàëîâ àòîìîâ óãëåðîäà ýòèëåíîâûõ ôðàãìåíòîâ, àðîìàòè÷åñêèõ çàìå-

ñòèòåëåé è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðî-

äà êåòîííîé êàðáîíèëüíîé ãðóïïû öèííàìîèëüíîãî çàìåñòèòåëÿ (183.03

ì.ä.), ëàêòàìíûõ êàðáîíèëüíûõ ãðóïï Ñ2=Î (165.71 ì.ä.) è ãðóïïû Ñ6=Î

(158.38 ì.ä.), ñïèðî-óãëåðîäíîãî àòîìà (70.21 ì.ä.), à òàêæå ñèãíàëû àòî-

ìîâ óãëåðîäà ýòîêñèêàðáîíèëüíîãî ôðàãìåíòà (13.37, 58.96 è 160.91 ì.ä.).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 44a�g ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (3153�3313 ñì−1), äâóõ ëàê-

òàìíûõ êàðáîíèëüíûõ ãðóïï Ñ6=Î (1746�1755 ñì−1) è Ñ2=Î (1707�1725

ñì−1), à òàêæå êåòîííûõ êàðáîíèëüíûõ ãðóïï àöåòèëüíîãî (1665�1678

ñì−1) è öèííàìîèëüíîãî (1642�1647 ñì−1) çàìåñòèòåëåé.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 44a�g, êðîìå ñèãíàëîâ ïðîòîíîâ
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àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò ñèíãëåòû

àöåòèëüíîãî çàìåñòèòåëÿ (2.12�2.15 ì.ä.) è ìåòèëüíîé ãðóïïû â ïîëî-

æåíèè 8 (2.12�2.38 ì.ä.) ñïèðî-áèñ-ãåòåðîöèêëè÷åñêîé ñèñòåìû, äóáëå-

òû ïðîòîíîâ äâîéíîé ñâÿçè öèííàìîèëüíîãî çàìåñòèòåëÿ (7.60�7.74 ì.ä.)

ñ êîíñòàíòîé ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ, õàðàêòåðíîé äëÿ òðàíñ-

çàìåùåííûõ àëêåíîâ (3J 15.7�16.2 Ãö) [141], à òàêæå óøèðåííûé ñèãíàë

ïðîòîíà åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (12.81�13.13 ì.ä.). Â ñïåêòðàõ

ñîåäèíåíèé 44a,e, êðîìå óêàçàííûõ, ïðèñóòñòâóþò äâà äóáëåòà ïðîòîíîâ

ìåòèëåíîâîé ãðóïïû (4.74�4.93 ì.ä.) áåíçèëüíîãî çàìåñòèòåëÿ ñ êîíñòàí-

òîé ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ 2J = 16.7 Ãö. Â ñïåêòðå ßÌÐ 13Ñ

ñîåäèíåíèÿ 44c, êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷åñêèõ è àëèôà-

òè÷åñêèõ ôðàãìåíòîâ, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà êåòîííûõ

êàðáîíèëüíûõ ãðóïï àöåòèëüíîãî ôðàãìåíòà (191.20 ì.ä.), öèííàìîèëü-

íîãî çàìåñòèòåëÿ (182.46 ì.ä.), ëàêòàìíûõ êàðáîíèëüíûõ ãðóïï Ñ2=Î

(165.79 ì.ä.) è ãðóïïû Ñ6=Î (158.04 ì.ä.) è ñïèðî-óãëåðîäíîãî àòîìà

(70.47 ì.ä.).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 44h�j ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (3178�3205 ñì−1), äâóõ êå-

òîííûõ (1642�1647, 1669�1672 ñì−1) è äâóõ ëàêòàìíûõ (1722�1728, 1689�

1713 ñì−1) ãðóïï.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 44h�j, êðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò äóáëå-

òû ïðîòîíîâ äâîéíîé ñâÿçè öèííàìîèëüíîãî çàìåñòèòåëÿ (7.71�7.78 ì.ä.)

ñ êîíñòàíòîé ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ, õàðàêòåðíîé äëÿ òðàíñ-

çàìåùåííûõ àëêåíîâ (3J 15.4�16.4 Ãö) [141], à òàêæå óøèðåííûé ñèãíàë

ïðîòîíà åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (13.05�13.13 ì.ä.). Â ñïåêòðå

ñîåäèíåíèÿ 44h, êðîìå óêàçàííûõ, ïðèñóòñòâóþò äâà äóáëåòà ïðîòîíîâ

áåíçèëüíîãî çàìåñòèòåëÿ (4.54�4.73 ì.ä.) ñ êîíñòàíòîé ñïèí-ñïèíîâîãî

âçàèìîäåéñòâèÿ 2J = 16.4 Ãö. Â ñïåêòðàõ ßÌÐ 13Ñ ñîåäèíåíèÿ 44j, êðî-

ìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷åñêèõ çàìåñòèòåëåé è ñâÿçàííûõ

ñ íèìè ãðóïï, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà êåòîííûõ êàðáî-

íèëüíûõ ãðóïï áåíçîèëüíîãî ôðàãìåíòà (190.86 ì.ä.), öèííàìîèëüíîãî

çàìåñòèòåëÿ (182.33 ì.ä.), ëàêòàìíûõ êàðáîíèëüíûõ ãðóïï Ñ2=Î (165.66

ì.ä.) è ãðóïïû Ñ6=Î (157.22 ì.ä.) è ñïèðî-óãëåðîäíîãî àòîìà (71.88 ì.ä.).
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Ñòðóêòóðà ñèíòåçèðîâàííûõ ñïèðîñîåäèíåíèé 43a�f è 44a�j ïîä-

òâåðæäåíà ÐÑÀ ñîåäèíåíèÿ 44f, îáùèé âèä ìîëåêóëû êîòîðîãî ïðåäñòàâ-

ëåí íà ðèñóíêå (ñì. ðèñ. 2.20).

Ðèñ. 2.20. Ñòðóêòóðà ñîåäèíåíèÿ 44f, ïî äàííûì ÐÑÀ.

Cîåäèíåíèå 44f êðèñòàëëèçóåòñÿ â öåíòðîñèììåèòðè÷íîé ïðîñòðàí-

ñòâåííîé ãðóïïå è õàðàêòåðèçóåòñÿ áëèçêèìè ê ñòàíäàðòíûì âåëè÷èíàìè

äëèí ñâÿçåé è âàëåíòíûõ óãëîâ. Àçàöèêëû ïëîñêèå â ïðåäåëàõ 0.01 �A,

óãîë ìåæäó ïëîñêîñòÿìè àçàöèêëîâ 88.5°. Ìîëåêóëÿðíàÿ êðèñòàëëè÷åñêàÿ

óïàêîâêà õàðàêòåðèçóåòñÿ íàëè÷èåì ìåæìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿ-

çåé O3-H3· · ·O2 [-x, -y+1, -z] (dO3-H3 0.85 �A, óãîë O3H3O2 147°, dO3-O2
2.713 �A).

Ïðè âçàèìîäåéñòâèè 1-àðèë-4,5-äè(ìåòîêñèêàðáîíèë)-1H-ïèððîë-

2,3-äèîíîâ III ñ 3-àìèíî-1-ôåíèëáóò-2-åí-1-îíîì (P20a) è 4-àìèíîïåíò-

3-åí-2-îíîì (P20b) â ñîîòíîøåíèè 1 : 1, ïðîâîäèìîì ïóòåì âû-

äåðæèâàíèÿ ðàñòâîðà ðåàãåíòîâ â àáñîëþòíîì áåíçîëå ïðè êîì-

íàòíîé òåìïåðàòóðå â òå÷åíèå 2�8 ÷ (äî èñ÷åçíîâåíèÿ îêðàñòè

ïèððîëäèîíîâ) ñ õîðîøèìè âûõîäàìè ïîëó÷åíû äèìåòèëîâûå ýôè-

ðû 6-àðèë 4-àöåòèë- è 6-àðèë-4-áåíçîèë-1-ãèäðîêñè-3-ìåòèë-7-îêñî-2,6-

äèàçàáèöèêëî[3.2.1]îêò-3-åí-5,8-äèêàðáîíîâûõ êèñëîò 45a�e [133, 167�

169]. Ïðîäóêòû ðåàêöèè îáðàçóþòñÿ, ïî-âèäèìîìó, â ðåçóëüòàòå ïîñëå-

äîâàòåëüíîãî ïðèñîåäèíåíèÿ ãðóïïû β-CH åíàìèíîôðàãìåíòà è àìèíî-
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ãðóïïû ðåàãåíòîâ ê àòîìàì Ñ5 è Ñ3 ïèððîëäèîíîâ ñîîòâåòñòâåííî.

Ñõåìà 2.51

45a: R1 = Ph, R2 = Ph; 45b: R1 = Ñ6H4Me-4, R2 = Ph; 45c: R1 = Ph, R2 = Me; 45d: R1 = Ñ6H4Cl-4,

R2 = Me; 45e: R1 = Ñ6H4Br-4, R2 = Me.

Ñîåäèíåíèÿ 45a�e � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ íåâû-

ñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñ-

òâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àë-

êàíàõ è âîäå. Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 45a�e ïðèñóòñòâóþò ïîëîñû

âàëåíòíûõ êîëåáàíèé ÎÍ è NH ãðóïï â îáëàñòè 3164�3406 ñì−1, äâóõ

ñëîæíîýôèðíûõ êàðáîíèëüíûõ ãðóïï â îáëàñòè 1734�1758 ñì−1, ëàêòàì-

íîé êàðáîíèëüíîé ãðóïïû è êåòîííîé êàðáîíèëüíîé ãðóïïû àöèëüíîãî

çàìåñòèòåëÿ â âèäå îäíîé óøèðåííîé ïîëîñû â îáëàñòè â îáëàñòè 1698�

1719 ñì−1. Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 45a�e êðîìå ñèãíàëîâ ïðîòî-

íîâ àðîìàòè÷åñêèõ çàìåñòèòåëåé è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóþò

ñèíãëåòû ìåòèëüíîé ãðóïïû Ñ3-Ìå â îáëàñòè 1.54�2.19 ì.ä., äâóõ ìåòîê-

ñèêàðáîíèëüíûõ ãðóïï è ìåòèíîâîãî ïðîòîíà â îáëàñòè 3.16�3.65 ì.ä.,

à òàêæå óøèðåííûå ñèíãëåòû ãðóïï NH è OH â îáëàñòÿõ 7.76�7.87 è

8.38-8.54 ì.ä. ñîîòâåòñòâåííî. Êðîìå ýòîãî â ñïåêòðàõ ñîåäèíåíèé 45c�

e ïðèñóòñòâóþò ñèíãëåòû ïðîòîíîâ àöåòèëüíîãî çàìåñòèòåëÿ â îáëàñòè

2.33�2.37 ì.ä. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 45d, êðîìå ñèãíàëîâ àòî-

ìîâ óãëåðîäà àðîìàòè÷åñêèõ è àëèôàòè÷åñêèõ çàìåñòèòåëåé è ýòèëåíî-

âîãî ôðàãìåíòà ãåòåðîöèêëè÷åñêîé ñèñòåìû, ïðèñóòñòâóþò ñèãíàëû àòî-

ìîâ óãëåðîäà Ñ1 (83.57 ì.ä.), Ñ5 (66.27 ì.ä.) è Ñ8 (52.14 ì.ä.), à òàêæå

ñèãíàëû àòîìîâ óãëåðîäà êàðáîíèëüíûõ ãðóïï àöåòèëüíîãî (189.47 ì.ä.),

äâóõ ìåòîêñèêàðáîíèëüíûõ (167.05 è 168.39 ì.ä.) è ëàêòàìíîãî (167.82

ì.ä.) ôðàãìåíòîâ. Äëÿ ïîäòâåðæäåíèÿ ñòðóêòóðû ïîëó÷åííûõ ñîåäèíåíèé
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45a�e è óñòàíîâëåíèÿ îñîáåííîñòåé èõ ïðîñòðàíñòâåííîãî ñòðîåíèÿ áû-

ëî ïðîâåäåíî ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 45c, îáùèé

âèä ìîëåêóëû êîòîðîãî ïîêàçàí íà ðèñóíêå (ðèñ. 2.21).

Ðèñ. 2.21. Ñòðóêòóðà ñîåäèíåíèÿ 45c, ïî äàííûì ÐÑÀ.

Ñîãëàñíî äàííûì ÐÑÀ, ñîåäèíåíèå êðèñòàëëèçóåòñÿ â öåíòðîñèì-

ìåòðè÷íîé ïðîñòðàíñòâåííîé ãðóïïå ñèììåòðèè ìîíîêëèííîé ñèñòåìû.

Îáùàÿ ãåîìåòðèÿ ìîëåêóëû îïðåäåëÿåòñÿ êîíôîðìàöèîííî æ¼ñòêèì áè-

öèêëè÷åñêèì ñêåëåòîì, âàëåíòíûå óãëû è ñâÿçè êîòîðîãî áëèçêè ê ñòàí-

äàðòíûì äëÿ ïîäîáíûõ ñèñòåì. Àçîò àìèäíîãî ôðàãìåíòà N(2), íåñóùèé

ôåíèëüíûé çàìåñòèòåëü, çà ñ÷¼ò ýôôåêòîâ π-ñîïðÿæåíèÿ ñóùåñòâåííî

óïëîù¼í, åãî îòêëîíåíèå îò ïëîñêîñòè, ïðîâåä¼ííîé ÷åðåç àòîìû çàìå-

ñòèòåëåé Ñ(7), Ñ(9) è Ñ(11) ñîñòàâëÿåò 0.239 �A âìåñòî îæèäàåìîé âåëè-

÷èíû 0.3�0.5 �A. Àòîìû ôåíèëüíîãî çàìåñòèòåëÿ, îñîáåííî Ñ(1), Ñ(3),

Ñ(5), õàðàêòåðèçóþòñÿ çíà÷èòåëüíîé àíèçîòðîïèåé òåïëîâûõ ýëëèïñî-

èäîâ, ÷òî îáúÿñíÿåòñÿ ëèáðàöèîííûìè äâèæåíèÿìè çàìåñòèòåëÿ îòíî-

ñèòåëüíî ñâÿçè Ñ-N. Ìåòîêñèêàðáîíèëüíûå ãðóïïû ïðè àòîìàõ Ñ(7) è

Ñ(10) íàõîäÿòñÿ â ãîø-êîíôîðìàöèè, ïðè÷¼ì êàðáîíèëüíûå ãðóïïû ðàñ-

ïîëîæåíû ïî îäíó ñòîðîíó îòíîñèòåëüíî ñðåäíåêâàäðàòè÷íîé ïëîñêî-

ñòè Ñ(18)Ñ(19)Ñ(10)Ñ(7). Òàêîé, êàæóùèéñÿ íåâûãîäíûì, ïîëÿðíûé êîí-

òàêò íåñóùèõ îòðèöàòåëüíûé çàðÿä êàðáîíèëüíûõ ãðóïï, âåðîÿòíî, ìî-

æåò áûòü îáúÿñí¼í âûèãðûøåì â ýíåðãèè ïðè âçàèìîäåéñòâèè äàííûõ

ãðóïï ñ àòîìîì àçîòà N(2). Ìîëåêóëÿðíàÿ óïàêîâêà õàðàêòåðèçóåòñÿ ðàç-

âèòîé ñèñòåìîé ìåæìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿçåé è ïîëÿðíûõ êîí-
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òàêòîâ òèïà Î· · ·Î è N· · ·Î ìåæäó ìåòîêñèêàðáîèëüíûìè, àìèäíûìè è

ãèäðîêñèëüíûì ôðàãìåíòàìè. Îñîáåííî ïðèìå÷àòåëüíà ïàðíàÿ ìåæìî-

ëåêóëÿðíàÿ âîäîðîäíàÿ ñâÿçü N(1)H(1)· · ·O(1) [-x, -y, -z], îáúåäèíÿþùàÿ
ìîëåêóëû â äèìåðû ïîñðåäñòâîì îòíîñèòåëüíî ðåäêîé 10-àòîìíîé öåïè,

âìåñòî îáû÷íîé 8-àòîìíîé.

Îïèñàííàÿ ðåàêöèÿ ïðåäñòàâëÿåò ñîáîé ïåðâûé ïðèìåð [3 +

3]-íóêëåîôèëüíîãî ïðèñîåäèíåíèÿ àöèêëè÷åñêîãî åíàìèíà ê ìîíî-

öèêëè÷åñêîìó 1H-ïèððîë-2,3-äèîíó, à òàêæå óäîáíûé ìåòîä ñèí-

òåçà ìàëîäîñòóïíîé ìîñòèêîâîé ãåòåðîöèêëè÷åñêîé ñèñòåìû 2,6-

äèàçàáèöèêëî[3.2.1]îêòàíà.

Âûäåðæèâàíèå ñîåäèíåíèÿ 45b â ñðåäå êèïÿùåãî òîëóîëà â òå÷åíèå

5 ÷àñîâ ïðèâîäèò ê îáðàçîâàíèþ ñïèðîñîåäèíåíèÿ 42a â ñëåäñòâèå åãî

äåöèêëèçàöèè ïî ñâÿçè Ñ1�N2 è ïîñëåäóþùåé íåîáðàòèìîé öèêëèçàöèè

ñ ó÷àñòèåì ïåðâè÷íîé àìèíîãðóïïû è ìåòîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ

â ïîëîæåíèè 5 ãåòåðîöèêëà.

Ñõåìà 2.52

R1 = C6H4Me-4

Íà ïðèìåðå âçàèìîäåéñòâèÿ 1-àðèë-5-ìåòîêñèêàðáîíèë-

4-öèííàìîèë-1H-ïèððîë-2,3-äèîíîâ V ñ äèìåòèë 2-(4-

àðèëàìèíî)ôóìàðàòàìè P3 è 1,3-áèñ(4-ìåòèëôåíèë)-3-

(ôåíèëàìèíî)ïðîï-2-åí-1-îíîì P4 ïîêàçàíî, ÷òî ââåäåíèå äîïîëíè-

òåëüíîé ýëåêòðîíîàêöåïòîðíîé ãðóïïû (ñëîæíîýôèðíîé (P3) èëè

àðîèëüíîé (P4)) â α-ïîëîæåíèå åíàìèíîôðàãìåíòà íå ïðåïÿòñòâóåò

ïðîòåêàíèþ ðåàêöèè ñ îáðàçîâàíèåì ñîîòâåòñòâóþùèõ ñïèðîñîåäèíåíèé

46a�h è 47, ïî ñõåìå àíàëîãè÷íîé âûøå îïèñàííîìó [136,166].
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Ñõåìà 2.53

46a: R1 = Ph, R2 = OMe, R3 = C6H4Me-4; 46b: R1 = Ph, R2 = OMe, R3 = C6H4Cl-4; 46c: R1

= Ph, R2 = OMe, R3 = C6H4Br-4; 46d: R1 = C6H4Me-4, R2 = OMe, R3 = C6H4Me-4; 46e: R1 =

C6H4Me-4, R2 = OMe, R3 = C6H4Cl-4; 46f: R1 = C6H4OMe-4, R2 = OMe, R3 = C6H4Me-4; 46g:

R1 = C6H4OMe-4, R2 = OMe, R3 = C6H4Br-4; 46h: R1 = C6H4Br-4, R2 = OMe, R3 = C6H4Br-4;

47: R1 = C6H4Me-4, R2 = C6H4Me-4, R3 = Ph.

Ñîåäèíåíèÿ 46a�h � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âûñî-

êèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñòâî-

ðèìûå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ

ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ

ïðîáó íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà

æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 46a�h ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (3264�3331 ñì−1), äâóõ ëàê-

òàìíûõ (1725�1734, 1742�1753 ñì−1), äâóõ ìåòîêñèêàðáîíèëüíûõ (1670�

1703 ñì−1) è êåòîííîé (1640�1645 ñì−1) ãðóïï.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 46a�h, êðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò äâà ñèíãëå-

òà ïðîòîíîâ ìåòîêñèêàðáîíèëüíûõ çàìåñòèòåëåé (3.60�3.66 ì.ä.), äóáëå-

òû ïðîòîíîâ äâîéíîé ñâÿçè öèííàìîèëüíîãî çàìåñòèòåëÿ (7.69�7.75 ì.ä.)

ñ êîíñòàíòîé ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ, õàðàêòåðíîé äëÿ òðàíñ-

çàìåùåííûõ àëêåíîâ (3J 15.9�16.8 Ãö) [141], à òàêæå óøèðåííûé ñèãíàë
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ïðîòîíà åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (12.24�13.13 ì.ä.). Â ñïåêòðàõ

ßÌÐ 13Ñ ñîåäèíåíèÿ 46d, êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷åñêèõ

çàìåñòèòåëåé è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò ñèãíàëû àòîìîâ

óãëåðîäà êåòîííîé êàðáîíèëüíûé ãðóïïû öèííàìîèëüíîãî çàìåñòèòåëÿ

(181.93 ì.ä.), ëàêòàìíûõ êàðáîíèëüíûõ ãðóïï Ñ2=Î (165.69 ì.ä.) è Ñ6=Î

(156.62 ì.ä.), êàðáîíèëüíûõ ãðóïï äâóõ ìåòîêñèêàðáîíèëüíûõ çàìåñòèòå-

ëåé (160.10 ì.ä. è 160.52 ì.ä.) è ñïèðî-óãëåðîäíîãî àòîìà (69.58 ì.ä.).

Âêëþ÷åíèå îäíîãî èç íóêëåîôèëüíûõ öåíòðîâ â ñîñòàâ öèêëè÷åñêî-

ãî ôðàãìåíòà ìîãëî ñîçäàòü áëàãîïðèÿòíûå óñëîâèÿ äëÿ ðåàëèçàöèè äðó-

ãèõ (îòëè÷íûõ îò íàáëþäàåìûõ â ñëó÷àå àöèêëè÷åñêèõ åíàìèíîâ) íàïðàâ-

ëåíèé âçàèìîäåéñòâèÿ 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ ñ åíàìèíàìè. Ñ

öåëüþ îöåíêè âëèÿíèÿ íà íàïðàâëåíèå ðåàêöèè ðàçìåðà öèêëà áûëî ïðî-

âåäåíî èçó÷åíèå âçàèìîäåéñòâèÿ ñ øåñòè- è ïÿòè÷ëåííûìè ðåàãåíòàìè. Â

êà÷åñòâå ìîäåëüíûõ øåñòè÷ëåííûõ êàðáîöèêëè÷åñêèõ åíàìèíîâ áûëè èñ-

ïîëüçîâàíû ëåãêîäîñòóïíûå ïðîèçâîäíûå äèìåäîíà � 3-àìèíîöèêëîãåêñ-

2-åíîíû. Óäàëîñü îáíàðóæèòü ðåàëèçàöèþ ÷åòûðåõ íàïðàâëåíèé âçàèìî-

äåéñòâèÿ ïèððîëäèîíîâ ñ ýòèìè åíàìèíàìè â çàâèñèìîñòè îò ñòðîåíèÿ

çàìåñòèòåëåé â ïîëîæåíèÿõ 4 è 5 ïèððîëäèîíîâîãî öèêëà.

Âçàèìîåéñòâèå 4,5-äè(ìåòîêñèêàðáîíèë)-1H-ïèððîë-2,3-äèîíîâ III

ñ 3-àìèíîöèêëîãåñ-2-åíîíàìè P23, ïðîâîäèìîå ïóòåì êèïÿ÷åíèÿ ðàñòâî-

ðà ðåàãåíòîâ â ñðåäå áåçâîäíîãî òîëóîëà â òå÷åíèå 2�4 ÷, ïðèâîäèò ê

îáðàçîâàíèþ ìåòèë 1,1'-äèàðèë-4'-ãèäðîêñè-6,6-äèìåòèë-2,4,5'-òðèîêñî-
1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-3'-êàðáîêñèëàòîâ
48a�j [133, 170, 171] ïî ñõåìå àíàëîãè÷íîé ñõåìå âçàèìîäåéñòâèÿ ýòèõ

ïèððîëäèîíîâ ñ àöèêëè÷åñêèìè åíàìèíàìè.

Ñõåìà 2.54

48a: R2 = OMe, R1 = Ph, R3 = α-Ñ10Í7; 48b: R2 = OMe, R1 = C6H4Me-4, R3 = -CH2CH=CH2; 48c:
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R2 = OMe, R1 = C6H4Me-4, R3 = Ph; 48d: R2 = OMe, R1 = C6H4Me-4, R3 = C6H4Me-4; 48e: R2

= OMe, R1 = C6H4Me-4, R3 = C6H4OMe-4; 48f: R2 = OMe, R1 = C6H4Me-4, R3 = C6H4Br-4; 48g:

R2 = OMe, R1 = C6H4OMe-4, R3 = Ph; 48h: R2 = OMe, R1 = C6H4OMe-4, R3 = C6H4Me-4; 48i: R2

= OMe, R1 = C6H4OMe-4, R3 = C6H4OMe-4; 48j: R2 = OMe, R1 = C6H4OMe-4, R3 = α-Ñ10Í7.

Ñîåäèíåíèÿ 48a�j � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âû-

ñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå â ÄÌÔÀ è ÄÌÑÎ,

òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðè-

ìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ ïðîáó (âèøíåâîå îêðàøè-

âàíèå) íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà

æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 48a�j ïðèñóòñòâóþò õàðàêòåðíûå ïîëîñû

âàëåíòíûõ êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû â îáëàñòè 3130�

3280 ñì−1, ìåòîêñèêàðáîíèëüíîé ãðóïïû â îáëàñòè 1750�1759 ñì−1, äâóõ

ëàêòàìíûõ è êåòîííîé êàðáîíèëüíûõ ãðóïï â îáëàñòè 1701�1732 ñì−1 è

â îáëàñòè 1613�1634 ñì−1 ñîîòâåòñòâåííî.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 48a�j êðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóþò äâà òðåõ-

ïðîòîííûõ ñèíãëåòà â îáëàñòè 0.56�0.93 ì.ä., ïðèíàäëåæàùèõ ìåòèëüíûì

ãðóïïàì â ïîëîæåíèè 6, è ÷åòûðå îäíîïðîòîííûõ äóáëåòà â îáëàñòè 1.79�

2.38 ì.ä. ïðîòîíîâ ìåòèëåíîâûõ ãðóïï â ïîëîæåíèÿõ 5 è 7, îäèí òðåõ

ïðîòîííûé ñèíãëåò â îáëàñòè 3.63�3.78 ì.ä., ïðèíàäëåæàùèõ ïðîòîíû-

ìè ìåòîêñèêàðáîíèëüíîé ãðóïïû, è óøèðåííûé îäíîïðîòîííûé ñèíãëåò

â îáëàñòè 12.40�12.69 ì.ä. ïðîòîíà åíîëüíîé ãèäðîêñèëüíîé ãðóïïû. Â

ñïåêòðå ßÌÐ 1Í ñîåäèíåíèÿ 48b, êðîìå âûøåîïèñàííûõ ñèãíàëîâ, ïðè-

ñóòñòâóþò ñèãíàëû ïðîòîíîâ àëëèëüíîãî çàìåñòèòåëÿ â îáëàñòè 4.18�5.72

ì.ä.. Ñëåäóåò îòìåòèòü, ÷òî â ñïåêòðàõ 1-(α-íàôòèëüíûõ) ïðîèçâîäíûõ

48a,j íàáëþäàåòñÿ óäâîåííûé íàáîð ñèãíàëîâ ïðîòîíîâ ìåòèëüíûõ, ìå-

òèëåíîâûõ è ìåòîêñèêàðáîíèëüíîé ãðóïï, ÷òî, ïî-âèäèìîìó, ñâÿçàíî ñ

ñóùåñòâîâàíèåì ýòèõ ñîåäèíåíèé â âèäå ñìåñè äâóõ îòíîñèòåëüíî ñòà-

áèëüíûõ êîíôîðìåðîâ âñëåäñòâèå íåâîçìîæíîñòè ñâîáîäíîãî âðàùåíèÿ

îáúåìíîãî íàôòèëüíîãî çàìåñòèòåëÿ îòíîñèòåëüíî ñâÿçè Ñ-N. Â ñïåêòðå

ßÌÐ 13Ñ ñîåäèíåíèÿ 48c êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷åñêèõ

è àëèôàòè÷åñêèõ çàìåñòèòåëåé ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà
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êåòîííîé (Ñ4=Î), äâóõ ëàêòàìíûõ (Ñ4'=Î è Ñ2=Î) è ñëîæíîýôèðíîé êàð-

áîíèëüíûõ ãðóïï ïðè 190.56, 174.45, 161.99 è 165.04 ì.ä. ñîîòâåòñòâåííî,

à òàêæå ñèãíàë ñïèðî-óãëåðîäíîãî àòîìà ïðè 68.31 ì.ä.

Äëÿ ïîäòâåðæäåíèÿ ñòðóêòóðû ïîëó÷åííûõ ñîåäèíåíèé 48a�j è

óñòàíîâëåíèÿ îñîáåííîñòåé èõ ïðîñòðàíñòâåííîãî ñòðîåíèÿ áûëî ïðåä-

ïðèíÿòî ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 48d, îáùèé âèä

ìîëåêóëû êîòîðîãî ïîêàçàí íà ðèñóíêå (ðèñ. 2.22).

Ðèñ. 2.22. Ñòðóêòóðà ñîåäèíåíèÿ 48d, ïî äàííûì ÐÑÀ.

Ñîãëàñíî äàííûì ÐÑÀ, ñîåäèíåíèå 48d êðèñòàëëèçóåòñÿ èç àöåòî-

íà â âèäå ñîëüâàòà â ñîîòíîøåíèè 1 : 1 â öåíòðîñèììåòðè÷íîé ïðî-

ñòðàíñòâåííîé ãðóïïå ñèììåòðèè. Ãðóïïà ÎÍ ãèäðîêñèïèððîëîíîâîãî

ôðàãìåíòà âîâëå÷åíà â îáðàçîâàíèå âíóòðèìîëåêóëÿðíîé âîäîðîäíîé ñâÿ-

çè ñ ìåòîêñèêàðáîíèëüíîé ãðóïïîé [dO4-H4 86(2) �A, dH4· · ·O2 2.21(2) �A,

dO4· · ·O2 2.838(2) �A, óãîë O4H4O2 ñîñòàâëÿåò 130(1)°] è ìåæìîëåêó-

ëÿðíîé âîäîðîäíîé ñâÿçè ñ êåòîãðóïïîé öèêëîãåêñåíîíîâîãî ôðàãìåíòà

[dH4· · ·O1[-x,-y+1,-z+1] 2.02(2) �A, dO4· · ·O1[-x,-y+1,-z+1] 2.743(2) �A, óãîë
O4H4O2 ñîñòàâëÿåò 140(1)°], ïîñðåäñòâîì êîòîðûõ ìîëåêóëû îáúåäèíÿ-

þòñÿ â äèìåðû.

Âçàèìîåéñòâèå 5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-1H-ïèððîë-2,3-

äèîíîâ V ñ 3-àìèíîöèêëîãåêñ-2-åíîíîâ P23, ïðîâîäèìîå ïóòåì êèïÿ÷å-

íèÿ ðàñòâîðà ðåàãåíòîâ â ñðåäå àáñîëþòíîãî òîëóîëà â òå÷åíèå 15�20

ìèí, ïðèâîäèò ê îáðàçîâàíèþ 4'-ãèäðîêñè-6,6-äèìåòèë-3'-öèííàìîèë-
6,7-äèãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-2,4,5'(1Í,1'Í,5Í)-òðèîíîâ 49a�
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i [132, 136, 172] ïî àíàëîãè÷íîé ñõåìå.

Ñõåìà 2.55

49a: R2 = -CH=CHPh, R1 = Ph, R3 = C6H4OMe-4; 49b: R2 = -CH=CHPh, R1 = C6H4Me-4, R3 = Ph;

49c: R2 = -CH=CHPh, R1 = C6H4Me-4, R3 = C6H4Me-4; 49d: R2 = -CH=CHPh, R1 = C6H4Me-4,

R3 = C6H4OMe-4; 49e: R2 = -CH=CHPh, R1 = C6H4OMe-4, R3 = Bn; 49f: R2 = -CH=CHPh, R1

= C6H4OMe-4, R3 = Ph; 49g: R2 = -CH=CHPh, R1 = C6H4OMe-4, R3 = C6H4Me-4; 49h: R2 =

-CH=CHPh, R1 = C6H4OMe-4, R3 = C6H4OMe-4; 49i: R2 = -CH=CHPh, R1 = C6H4OMe-4, R3 =

C6H4Br-4.

Ñîåäèíåíèÿ 49a�i � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âû-

ñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå â ÄÌÔÀ è ÄÌÑÎ,

òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðè-

ìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ ïðîáó íà íàëè÷èå åíîëü-

íîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 49a�i ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (3167�3243 ñì−1), ëàêòàìíûõ

êàðáîíèëüíûõ ãðóïï Ñ2=Î (1755�1761 ñì−1) è Ñ5'=Î (1719�1730 ñì−1),

êåòîííûõ êàðáîíèëüíûõ ãðóïï öèêëîãñåíîíîâîãî ñòðóêòóðíîãî ôðàãìåí-

òà (1659�1669 ñì−1) è öèííàìîèëüíîãî çàìåñòèòåëÿ (1640�1645 ñì−1).

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 49a�i, êðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò ñèíãëåòû

ïðîòîíîâ äâóõ íåýêâèâàëåíòíûõ ìåòèëüíûõ ãðóïï (0.53�0.96 ì.ä.), ÷åòû-

ðå äóáëåòà ïðîòîíîâ ìåòèëåíîâûõ ãðóïï (1.97�2.54 ì.ä.) ñ êîíñòàíòàìè

ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ 2J = 16�18 Ãö è äóáëåòû ïðîòîíîâ äâîé-

íîé ñâÿçè öèííàìîèëüíîãî çàìåñòèòåëÿ (7.59�7.72 ì.ä.) ñ êîíñòàíòàìè

ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ õàðàêòåðíûìè äëÿ òðàíñ-çàìåùåííûõ

àëêåíîâ (3J trans = 15.7�16.2 Ãö) [141], à òàêæå óøèðåííûé ñèãíàë ïðî-
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òîíà åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (13.08�13.48 ì.ä.). Â ñïåêòðå ßÌÐ

13Ñ ñîåäèíåíèÿ 49f êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷åñêèõ è

àëèôàòè÷åñêèõ ôðàãìåíòîâ, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà êå-

òîííûõ êàðáîíèëüíûõ ãðóïï öèêëîãåêñåíîíîâîãî ôðàãìåíòà (190.58 ì.ä.)

è öèííàìîèëüíîãî çàìåñòèòåëÿ (182.39 ì.ä.), ëàêòàìíûõ êàðáîíèëüíûõ

ãðóïï (164.87 è 165.73 ì.ä.) è ñïèðî-óãëåðîäíîãî àòîìà (68.63 ì.ä.), à

òàêæå àòîìîâ Ñ3a (109.80 ì.ä.) è Ñ7a (137.24 ì.ä.).

Ñòðóêòóðà ñîåäèíåíèé 49a�i ïîäòâåðæäåíà ÐÑÀ ñîåäèíåíèÿ 49f, îá-

ùèé âèä ìîëåêóëû êîòîðîãî ïðåäñòàâëåí íà ðèñóíêå (ðèñ. 2.23).

Ðèñ. 2.23. Ñòðóêòóðà ñîåäèíåíèÿ 49f, ïî äàííûì ÐÑÀ.

Ñîãëàñíî äàííûì ÐÑÀ, ñîåäèíåíèå 49f êðèñòàëëèçóåòñÿ â öåíòðî-

ñèììåòðè÷íîé ïðîñòðàíñòâåííîé ãðóïïå â âèäå ñîëüâàòà ñ òîëóîëîì, 1 : 1.

Ìîëåêóëà õàðàêòåðèçóåòñÿ áëèçêèìè ê ñòàíäàðòíûì âåëè÷èíàì äëèíàìè

ñâÿçåé è âàëåíòíûõ óãëîâ. Â êðèñòàëëå ìîëåêóëû îáúåäèíåíû â äèìåðû

ïîñðåäñòâîì ìåæìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿçåé O1-H1· · ·O4 [-x, -y, -z]
(dO1H1 0.92(2) �A, óãîë O1H1O4 148(1)°, dO1O4 2.593(2) �A).

Âçàèìîäåéñòâèå 4,5-äèàðîèë-1H-ïèððîë-2,3-äèîíîâ IV ñ 3-

àìèíîöèêëîãåêñ-2-åíîíîì P23, ïðîâîäèìîå ïóòåì êèïÿ÷åíèÿ ðàñòâîðà

ðåàãåíòîâ â àáñîëþòíîì áåíçîëå â òå÷åíèå 2�3 ÷àñîâ, ïðèâîäèò ê

îáðàçîâàíèþ 1',2-äèôåíèë-3'-àðîèë-4'-ãèäðîêñè-6,6-äèìåòèë-1',4,5,5',6,7-
ãåêñàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-4,5'-äèîí 50a�f. Ïðîäóêòû ðåàêöèè

îáðàçóþòñÿ, ïî-âèäèìîìó, â ðåçóëüòàòå ïðèñîåäèíåíèÿ åíàìèíà β-

àòîìîì óãëåðîäà åíàìèíîâîãî ôðàãìåíòà ê àòîìó Ñ5 ïèððîëäèîíà
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è ïîñëåäóþùåé öèêëèçàöèè ñ ó÷àñòèåì ïåðâè÷íîé àìèíî-ãðóïïû è

êåòîííîé êàðáîíèëüíîé ãðóïïû àðîèëüíîãî çàìåñòèòåëÿ ïðè àòîìå Ñ5

ïèððîëäèîíà.

Ñõåìà 2.56

50a: Ar = Ph, R1 = Ph; 50b: Ar = Ph, R1 = C6H4Me-4; 50c: Ar = Ph, R1 = C6H4OMe-4; 50d: Ar =

Ph, R1 = C6H4Br-4; 50e: Ar = C6H4Me-4, R1 = C6H4Me-4; 50f: Ar = C6H4Me-4, R1 = C6H4OMe-4.

Ñîåäèíåíèÿ 50a�f � æåëòûå âûñîêîïëàâêèå êðèñòàëëè÷åñêèå âåùå-

ñòâà, ðàçëàãàþùèåñÿ ïðè ïëàâëåíèè, ëåãêîðàñòâîðèìûå â ÄÌÔÀ è ÄÌÑÎ,

òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðè-

ìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ ïðîáó íà íàëè÷èå åíîëü-

íîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà æåëåçà (III).

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 50a�f ïðèñóòñòâóþò ñèãíàëû àðîìà-

òè÷åñêèõ ôðàãìåíòîâ è ñâÿçàííûõ ñ íèìè ãðóïï, äâà òðåõïðîòîííûõ ñèí-

ãëåòíûõ ñèãíàëà ìåòèëüíûõ ãðóïï ïðè 0.60�0.68 è 0.90�0.92 ì.ä., ÷åòûðå

îäíîïðîòîííûõ äóáëåòà ïðîòîíîâ ìåòèëåíîâûõ ãðóïï â îáëàñòè 2.05�2.67

ì.ä. è øèðîêèé ñèãíàë ïðîòîíà åíîëüíîé ãðóïïû ÎÍ ïðè 12.37�12.61 ì.ä..

Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 50b ïðèñóòñòâóåò ñèãíàë ñïèðîàòîìà óã-

ëåðîäà ïðè 78.92 ì.ä.

Ñòðóêòóðà ñîåäèíåíèé 50a�f ïîäòâåðæäåíà ÐÑÀ ñîåäèíåíèÿ 50b,

îáùèé âèä ìîëåêóëû êîòîðîãî ïîêàçàí íà ðèñóíêå (ðèñ. 2.24).

Ïðè âçàèìîäåéñòâèè 4,5-äèàðîèë-1H-ïèððîë-2,3-äèîíîâ IV ñ N-

çàìåùåííûõ 3-àìèíîöèêëîãåêñ-2-åíîíàìè P23, ïðîâîäèìîì â óñëîâèÿõ

ñèíòåçà ñîåäèíåíèé 50a�f, âìåñòî îæèäàåìûõ ñïèðî[èíäîë-3,2'-ïèððîëîâ]
B ïîëó÷åíû ñïèðî[ôóðàí-2,3'-èíäîëû] 51a�g.
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Ðèñ. 2.24. Ñòðóêòóðà ñîåäèíåíèÿ 50b, ïî äàííûì ÐÑÀ.

Ñõåìà 2.57

51a: Ar = Ph, R1 = C6H4Me-4, R2 = -CH2-CH=CH2; 51b: Ar = Ph, R1 = C6H4Me-4, R2 = Bn; 51c:

Ar = Ph, R1 = C6H4Me-4, R2 = C6H4OMe-4; 51d: Ar = Ph, R1 = C6H4Me-4, R2 = C6H4Br-4; 51e:

Ar = Ph, R1 = C6H4OMe-4, R2 = -CH2-CH=CH2; 51f: Ar = Ph, R1 = C6H4OMe-4, R2 = Bn; 51g: Ar

= C6H4Me-4, R1 = Ph, R2 = -CH2-CH=CH2.

Ñîåäèíåíèÿ 51a�g � áëåäíî-æåëòûå âûñîêîïëàâêèå êðèñòàëëè-

÷åñêèå âåùåñòâà, ðàçëàãàþùèåñÿ ïðè ïëàâëåíèè, ëåãêîðàñòâîðèìûå â

ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâî-

ðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, íå äàþùèå ïîëîæèòåëüíóþ

ïðîáó íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðè-

äà æåëåçà (III).
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Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 51a�g, êîðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ ôðàãìåíòîâ è ñâÿçííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò äâà

òðåõïðîòîííûõ ñèíãëåòà ìåòèëüíûõ ãðóïï ïðè 0.75�0.89 ì.ä. è 0.98�1.06

ì.ä., ÷åòûðå îäíîïðîòîííûõ äóáëåòà àòîìîâ âîäîðîäà ìåòèëåíîâûõ ãðóïï

â îáëàñòè 2.15�2.69, ñèíãëåòíûé ñèãíàë ãðóïïû ãðóïï ÎÍ â îáëàñòè àðî-

ìàòè÷åñêèõ ïðîòîíîâ è NH, ó÷àñòâóþùåé â îáðàçîâàíèè âíóòðèìîåêóëÿð-

íîé âîäîðîäíîé ñâÿçè, ïðè 8.10�8.26 ì.ä.. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ

51a ïðèñóòñòâóåò ñèãíàë ñïèðîàòîìà óãëåðîäà ïðè 84.85 ì.ä..

Îêîí÷àòåëüíûé âûâîä î ñòðîåíèè ñîåäèíåíèé 51a�g ñäåëàí íà îñ-

íîâå äàííûõ 2D ßÌÐ ýêñïåðèìåíòîâ âûïîëíåíûõ äëÿ ñîåäèíåíèÿ 51g.

Íàèáîëåå èíôîðìàòèâíûå êðîññ-ïèêè, íàáëþäàåìûå â ñïåêòðå HMBC

ïðåäñòàâëåíû â òàáëèöå.

Òàáëèöà 2.1. Êëþ÷åâûå êðîññ-ïèêè, íàáëþäàåìûå â ñïåêòðå HMBC ñîåäèíåíèÿ 51g.

Ïðîòîí Óãëåðîä

NH Ñ3, C4, Ñ5, C17, C18

H9 Ñ5, Ñ11

OH C5, C8

H14 C12, C16

H1''(AB) C7a', C2'
H7'(AB) C3a', C7a'
H5'(AB) C4'

Ñîåäèíåíèÿ 51a�g îáðàçóþòñÿ, ïî-âèäèìîìó, â ðåçóëüòàòå ïîñëå-

äîâàòåëüíîãî ïðèñîåäèíåíèÿ ðåàãåíòà àòîìîì óãëåðîäà â β-ïîëîæåíèè

åíàìèíîâîãî ôðàãìåíòà ê àòîìàì óãëåðîäà Ñ3 è Ñ2 ïèððîëäèîíà ñ ïîñëå-

äóþùåé äåöèêëèçàöèåé ïèððîëüíîãî öèêëà ïî ñâÿçè N1�C2 è çàìûêàíèÿ

ôóðàíîâîãî öèêëà â ðåçóëüòàòå ïðèñîåäèíåíèÿ ãèäðîêñèëüíîé ãðóïïû ê

êåòîííîé êàðáîíèëüíîé ãðóïïå àðîèëüíîãî çàìåñòèòåëÿ, íàõîäèâùåãîñÿ â

ïîëîæåíèè 5 èñõîäíîãî ïèððîëäèîíà.
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Ñõåìà 2.58

Ïðè âçàèìîäåéñòâèè 1-àðèë-4-èçîïðîïîêñàëèë-5-ôåíèë-1H-ïèððîë-

2,3-äèîíîâ II ñ 3-àìèíîöèêëîãåêñ-2-åí-1-îíàìè P23, ïðîâîäèìîå ïóòåì

âûäåðæèâàíèÿ ðàñòâîðà ðåàãåíòîâ â àáñîëþòíîì õëîðîôîðìå ïðè êîì-

íàòíîé òåìïåðàòóðå â òå÷åíèå 8�10 ÷, ñ õîðîøèìè âûõîäàìè îáðàçó-

þòñÿ 6,6-äèìåòèë-1-ôåíèë-3'-[ôåíèë(ôåíèëàìèíî)ìåòèëèäåí]-1,2,4,5,6,7-
ãåêñàãèäðîñïèðî[èíäîë-3,2'-îêñîëàí]-2,4,4',5'-òåòðàîíû 52a�m [146, 173,

174].

Ñõåìà 2.59

52a: R1 = Ph, R2 = CH2CH=CH2; 52b: R1 = Ph, R2 = Bn; 52c: R1 = Ph, R2 = Ph; 52d: R1 = Ph, R2

= C6H4Me-4; 52e: R1 = Ph, R2 = C6H4OMe-4; 52f: R1 = Ph, R2 = α-Ñ10Í7; 52g: R1 = C6H4Me-4,

R2 = Bn; 52h: R1 = C6H4Me-4, R2 = C6H4OMe-4; 52i: R1 = C6H4OMe-4, R2 = Bn; 52j: R1 =

C6H4OMe-4, R2 = Ph; 52k: R1 = C6H4OMe-4, R2 = C6H4OMe-4; 52l: R1 = C6H4OMe-4, R2 =

α-Ñ10Í7; 52m: R1 = C6H4Br-4, R2 = Bn.
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Ñîåäèíåíèÿ 52a�m � ÿðêî-æåëòûå êðèñòàëëè÷åñêèå âåùåñòâà, ëåã-

êîðàñòâîðèìûå â ÄÌÑÎ è ÄÌÔÀ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îð-

ãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, íå äàþùèå

ïîëîæèòåëüíîé ïðîáû íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì

ðàñòâîðîì õëîðèäà æåëåçà (III). Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 52a�m ïðè-

ñóòñòâóþò ïîëîñû âàëåíòíûõ êîëåáàíèé ãðóïïû NH â âèäå øèðîêîãî ïèêà

â îáëàñòè 3158�3183 ñì−1, ëàêòîííîé êàðáîíèëüíîé ãðóïïû Ñ5=Î â îáëà-

ñòè 1781�1793 ñì−1, ëàêòàìíîé êàðáîíèëüíîé ãðóïïû Ñ2'=Î è êåòîííîé

êàðáîíèëüíîé ãðóïïû Ñ4=Î â îáëàñòè 1752�1764 ñì−1, êåòîííîé êàðáî-

íèëüíîé ãðóïïû Ñ4'=Î â îáëàñòè 1649�1660 ñì−1. Â ñïåêòðàõ ßÌÐ 1Í

ñîåäèíåíèé 52a�m êðîìå ñèãíàëîâ ïðîòîíîâ àëèôàòè÷åñêèõ çàìåñòèòå-

ëåé, àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóþò îäèí

èëè äâà ñèíãëåòà ïðîòîíîâ äâóõ ìåòèëüíûõ ãðóïï â îáëàñòè 0.80�0.95

ì.ä., äóáëåòíûå ñèãíàëû ÷åòûðåõ íåýêâèâàëåíòíûõ ïðîòîíîâ ìåòèëåíî-

âûõ ãðóïï Ñ5'Í2 è Ñ7'Í2 â îáëàñòè 1.56�2.25 ì.ä. ñ õàðàêòåðíûìè êîí-

ñòàíòàìè ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ (J = 16.0�18.8 Ãö), óøèðåííûé

ñèíãëåò ïðîòîíà ãðóïïû NH â îáëàñòè 12.65�12.78 ì.ä.

Ñòðóêòóðà ïðîäóêòîâ ïîäòâåðæäåíà ÐÑÀ êðèñòàëëà ñîåäèíåíèÿ 52b,

îáùèé âèä ìîëåêóëû êîòîðîãî ïîêàçàí íà ðèñóíêå (ðèñ. 2.25).

Ðèñ. 2.25. Ñòðóêòóðà ñîåäèíåíèÿ 52b, ïî äàííûì ÐÑÀ.

Îðèåíòàöèÿ àíèëèíîâîãî ôðàãìåíòà ñòàáèëèçèðîâàíà ñèëüíîé âíóò-

ðèìîëåêóëÿðíîé âîäîðîäíîé ñâÿçüþ N2-H2· · ·O2 ñ ïàðàìåòðàìè: d(N2-H2)
0.90 �A, d(H2· · ·O2) 1.93 �A, d(N2· · ·O2) 2.690) �A, < (N2-H2· · ·O2) 141°. Íà-
ëè÷èå âîäîðîäíîé ñâÿçè îòðàçèëîñü íà äëèíå äâîéíîé ñâÿçè Ñ3=Î2 (1.236
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�A), ñàìîé äëèííîé èç ÷åòûðåõ êàðáîíèëüíûõ ãðóïï. Âñå ñâÿçè è âàëåíò-

íûå óãëû èìåþò îáû÷íûå äëÿ ñîîòâåòñòâóþùèõ àòîìîâ çíà÷åíèÿ. Â êðè-

ñòàëëå îòñóòñòâóþò ìåæìîëåêóëÿðíûå âîäîðîäíûå ñâÿçè è óêîðî÷åííûå

êîíòàêòû.

Îáðàçîâàíèå ñîåäèíåíèé 52a�m ïðîèñõîäèò, ïî-âèäèìîìó, âñëåä-

ñòâèå ïðèñîåäèíåíèÿ ãðóïïû β-CH åíàìèíîôðàãìåíòà è àìèíîãðóïïû

åíàìèíîâ ê àòîìàì Ñ3 è Ñ2 ïèððîëäèîíà ñîîòâåòñòâåííî, ðàñêðûòèÿ

ïèððîëüíîãî öèêëà ïî ñâÿçè N1�C2, è ïîñëåäóþùåé âíóòðèìîëåêóëÿð-

íîé öèêëèçàöèè ñ ó÷àñòèåì ãèäðîêñèëüíîé è èçîïðîïîêñèêàðáîíèëüíîé

ãðóïï. Ïîõîæàÿ ñõåìà âçàèìîäåéñòâèÿ íàáëþäàëàñü ïðè ðåàêöèè ýòèõ ïèð-

ðîëäèîíîâ ñ òèîìî÷åâèíîé (ñòð. 108).

Ñõåìà 2.60

Ïðè âçàèìîäåéñòâèè 4-ýòîêñèêàðáîíèë-1H-ïèððîë-2,3-äèîíîâ I

ñ 3-(àðèëàìèíî)-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíàìè P23 â ñîîòíî-

øåíèè 1 : 1, ïðîâîäèìîì ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðå-

àãåíòîâ â àáñîëþòíîì ì-êñèëîëå â òå÷åíèå 5�6 ÷, ïîëó÷å-

íû ýòèë 3,3-äèìåòèë-1,2'-äèîêñî-5'-ôåíèë-1',2,2',3,4,10-ãåêñàãèäðî-1H-
ñïèðî[àêðèäèí-9,3'-ïèððîë]-4'-êàðáîêñèëàòû 53a�j [146, 175�177].
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Ñõåìà 2.61

53a: R1 = Bn, R2 = R3 = R4 = H; 53b: R1 = Bn, R2 = R3 = H, R4 = Me; 53c: R1 = Bn, R2 = Ìå, R3

= H, R4 = H; 53d: R1 = Bn, R2 = R3 = H, R4 = OMe; 53e: R1 = Bn, R2 = H, R3 = OMe, R4 = H;

53f: R1 = Bn, R2 = R3 = H, R4 = Br; 53g: R1 = Bn, R2�R3 = Ñ6H4, R4 = H; 53h: R1 = öèêëî-C6H11,

R2 = H, R3 = OMe, R4 = H; 53i: R1 = öèêëî-C6H11, R2 = R3 = H, R4 = Br; 53j: R1 = öèêëî-C6H11,

R2�R3 = C4H4, R4 = H.

Ñîåäèíåíèÿ 53a�j � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà, ëåãêî-

ðàñòâîðèìûå â ÄÌÑÎ è ÄÌÔÀ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè-

÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 53a�j ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ãðóïïû NH â âèäå øèðîêîãî ïèêà â îáëàñòè 3240�3303 ñì−1,

ëàêòàìíîé êàðáîíèëüíîé ãðóïïû Ñ2'=Î è ñëîæíîýôèðíîé êàðáîíèëüíîé

ãðóïïû â îáëàñòè 1682�1694 ñì−1, êåòîííîé êàðáîíèëüíîé ãðóïïû Ñ1=Î

â îáëàñòè 1609�1638 ñì−1.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 53a�j, êðîìå ñèãíàëîâ ïðîòîíîâ

çàìåñòèòåëåé â ïîëîæåíèè 1', àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè

ãðóïï, ïðèñóòñòâóþò òðèïëåò è ìóëüòèïëåò ýòèëüíîé ãðóïïû ýòîêñèêàðáî-

íèëüíîãî çàìåñòèòåëÿ â îáëàñòè 0.63�0.75 ì.ä. è â îáëàñòè 3.50�3.62 ì.ä.

ñîîòâåòñòâåííî, äâà ñèíãëåòà ïðîòîíîâ äâóõ ìåòèëüíûõ ãðóïï â îáëàñòè

0.97�1.11 ì.ä., äóáëåòû ÷åòûðåõ íåýêâèâàëåíòíûõ ïðîòîíîâ ìåòèëåíîâûõ

ãðóïï Ñ2Í2 è Ñ4Í2 â îáëàñòè 2.01�2.69 ì.ä. ñ õàðàêòåðíûìè êîíñòàíòàìè

ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ (J = 16.0�16.6 Ãö), óøèðåííûé ñèíãëåò

ïðîòîíà ãðóïïû NH â îáëàñòè 8.44�9.84 ì.ä. Â ñïåêòðàõ ßÌÐ 13Ñ ñîåäè-

íåíèé 53b�d ïðèñóòñòâóþò õàðàêòåðíûå ñèãíàëû àòîìîâ óãëåðîäà êåòîí-

íîé, ñëîæíîýôèðíîé è ëàêòàìíîé êàðáîíèëüíûõ ãðóïï â îáëàñòè 191.46�

192.29 ì.ä., â îáëàñòè 181.29�181.59 ì.ä. è â îáëàñòè 161.86�161.93 ì.ä.

ñîîòâåòñòâåííî, à òàêæå ñïèðîóãëåðîäíîãî àòîìà â îáëàñòè 43.77�43.99
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ì.ä.

Ñòðóêòóðà ñîåäèíåíèé 53a�j ïîäòâåðæäåíà ÐÑÀ ñîåäèíåíèÿ 53d,

îáùèé âèä ìîëåêóëû êîòîðîãî ïîêàçàí íà ðèñóíêå (ðèñ. 2.26).

Ðèñ. 2.26. Ñòðóêòóðà ñîåäèíåíèÿ 53d, ïî äàííûì ÐÑÀ.

Ïëîñêîñòè ãåòåðîöèêëîâ â ñïèðî-óçëå âçàèìíî îðòîãîíàëüíû. Ýòîê-

ñèêàðáîíèëüíàÿ ãðóïïà íàõîäèòñÿ â ïëîñêîñòè ïèððîëüíîãî êîëüöà, à ìå-

òîêñèãðóïïà � â ïëîñêîñòè àêðèäèíîâîãî öèêëà. Ïëîñêîñòü ôåíèëüíî-

ãî çàìåñòèòåëÿ îáðàçóåò ñ ïëîñêîñòüþ ïèððîëüíîãî êîëüöà äâóãðàííûé

óãîë 92.6°(òîðñèîííûé óãîë N1C4C23C24 85.1°). Îðèåíòàöèÿ áåíçèëüíî-
ãî çàìåñòèòåëÿ õàðàêòåðèçóåòñÿ òîðñèîííûìè óãëàìè C4N1C29C30 94.5°è
N1C29C30C31 -147.0°. Âñå äëèíû ñâÿçåé è âàëåíòíûå óãëû â ìîëåêóëå õî-

ðîøî ñîãëàñóþòñÿ ñ îáû÷íûìè äëÿ ñîîòâåòñòâóþùèõ àòîìîâ çíà÷åíèÿìè.

Â êðèñòàëëå ìîëåêóëû ñâÿçàíû â äèìåðíûå öåíòðîñèììåòðè÷íûå àññîöè-

àòû ìåæìîëåêóëÿðíûìè âîäîðîäíûìè ñâÿçÿìè N2-H2· · ·O1. Ðàññòîÿíèå
N2· · ·O1 ðàâíî 2.830(4) �A. Èíûå óêîðî÷åííûå êîíòàêòû â êðèñòàëëå îò-

ñóòñòâóþò.

Ïðîäóêòû îáðàçóþòñÿ, ïî-âèäèìîìó, âñëåäñòâèå êîíäåíñàöèè åíà-

ìèíîâ ñ êåòîííîé êàðáîíèëüíîé ãðóïïîé ïèððîëäèîíîâ è ïîñëåäóþùåé

âíóòðèìîëåêóëÿðíîé öèêëèçàöèè ñ ó÷àñòèåì àðèëüíîãî çàìåñòèòåëÿ åíà-

ìèíîâ.
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Ñõåìà 2.62

Âîçìîæíîñòü èñïîëüçîâàíèÿ â ðåàêöèè øåñòè÷ëåííûõ ãåòåðî-

öèêëè÷åñêèõ åíàìèíîâ ïðîäåìîñòðèðîâàíà íà ïðèìåðå 6-àìèíî-1,3-

äèìåòèëïèðèìèäèí-2,4(1H,3H)-äèîíà.

Ïðè âçàèìîäåéñòâèè 4,5-äèàðîèë-1H-ïèððîë-2,3-äèîíîâ IV c

6-àìèíî-1,3-äèìåòèëïèðèìèäèí-2,4(1H,3H)-äèîíîì P24, ïðîâîäèìîì

ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðåãåíòîâ â 1,2-äèõëîðýòàíå â òå÷åíèå 4�5 ÷ äî

èñ÷åçíîâåíèÿ ÿðêî-êðàñíîé îêðàñêè ïèððîëäèîíîâ, îáðàçóþòñÿ 6'-àðèë-
3-àðîèë-4-ãèäðîêñè-1',3'-äèìåòèë-1,1',2',3',4',5-ãåêñàãèäðîñïèðî{ïèððîë-
2,5'-ïèððîëî[2,3-d]ïèðèìèäèí}-2',4',5-òðèîíû 54a�g [178, 179].

Ñõåìà 2.63

54a: Ar = Ph, R1 = Ph; 54b: Ar = Ph, R1 = C6H4Me-4; 54c: Ar = Ph, R1 = C6H4OMe-4; 54d: Ar =

C6H4Me-4, R1 = Ph; 54e: Ar = C6H4Me-4, R1 = C6H4Me-4; 54f: Ar = C6H4Me-4, R1 = C6H4OMe-4;

54g: Ar = C6H4Me-4, R1 = C6H4Br-4.



154

Ñîåäèíåíèÿ 54a�g � ÿðêî-æåëòûå êðèñòàëëè÷åñêèå âåùåñòâà, ëåã-

êîðàñòâîðèìûå â ÄÌÑÎ è ÄÌÔÀ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãà-

íè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, äàþùèå ïîëî-

æèòåëüíóþ ïðîáó (âèøíåâîå îêðàøèâàíèå) íà íàëè÷èå åíîëüíîé ãèäðîê-

ñèëüíîé ãðóïïû ñ õëîðèäîì æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 54a�g ïðèñóòñòâóþò ïîëîñà ïîëîùåíèÿ

åíîëüíîé ãðóïïû ÎÍ â îáëàñòè 3173�3189 ñì−1 è êàðáîíèëüíûõ ãðóïï â

âèäå òðåõ èëè ÷åòûðåõ ïîëîñ â îáëàñòè 1623�1736 ñì−1.

Â ßÌÐ 1Í ñîåäèíåíèé 54a�g, êðîìå ïðîòîíîâ àðîìàòè÷åñêèõ çàìå-

ñòèòåëåé è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò òðåõïðîòîííûå ñèãíà-

ëû ìåòèëíûõ ãðóïï ïèðèìèäèíîâîãî ôðàãìåíòà â îáëàñòè 3.12�3.52 ì.ä. .

Â ßÌÐ 13Ñ ñîåäèíåíèÿ 54c ïðèñóòñòâóåò õàðàêòåðíûé ñèãíàë ñïèðîàòîìà

óãëåðîäà ïðè 79.11 ì.ä..

Ñòðóêòóðà ïðîäóêòîâ 54a�g ïîäòâåðæäåíà ÐÑÀ ñîåäèíåíèÿ 54b, îá-

ùèé âèä ìîëåêóëû êîòîðîãî ïðåäñòàâëåí íà ðèñóíêå (ðèñ. 2.27.).

Ðèñ. 2.27. Ñòðóêòóðà ñîåäèíåíèÿ 54b, ïî äàííûì ÐÑÀ.

5-Ìåòîêñèêàðáîíèë-4-öèííàìîèë-2,3-äèãèäðî-1H-ïèððîë-2,3-

äèîíV ðåàãèðóåò ñ àìèíîïèðèìèäèíîì P24 ïî ñõåìå àíàëîãè÷íîé ñõåìå

âçàèìîäåéñòâèÿ ýòèõ ïèððîëäèîíîâ ñ äðóãèìè åíàìèíàìè (ñòð. ??, ??) ñ

ó÷àñòèåì àòîìà Ñ5 è ìåòîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ è îáðàçîâàíèåì

ñïèðî{ïèððîë-2,5'-ïèððîëî[2,3-d]ïèðèìèäèíà} 55a.
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Ñõåìà 2.64

55a: R1 = C6H4Me-4.

Ñîåäèíåíèå 55a � æåëòûå êðèñòàëëè÷åñêîå âåùåñòâî, ëåãêîðàñòâî-

ðèìîå â ÄÌÑÎ è ÄÌÔÀ, òðóäíîðàñòâîðèìîå â îáû÷íûõ îðãàíè÷åñêèõ

ðàñòâîðèòåëÿõ, íåðàñòâîðèìîå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëü-

íóþ ïðîáó (âèøíåâîå îêðàøèâàíèå) íà íàëè÷èå åíîëüíîé ãèäðîêñèëüíîé

ãðóïïû ñ õëîðèäîì æåëåçà (III).

Â ÈÊ ñïåêòðå ñîåäèíåíèÿ 55a ïðèñóòñòâóþò ïîëîñû ïîãëîùåíèÿ

åíîëüíîé ãðóïïû ÎÍ ïðè 3167 ñì−1 è êàðáîíèëüíûõ ãðóïï â âèäå ÷åòûðåõ

ïîëîñ â îáëàñòè 1641�1755 ñì−1.

Â ñïåêòðå ßÌÐ 1Í ñîåäèíåíèÿ 55a, êðîìå ñèãíàëîâ ïðîòîíîâ àðîìà-

òè÷åñêèõ ôðàãìåíòîâ è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò ñèãíàëû

ìåòèëüíûõ ãðóïï ïèðèìèäèíîâîãî ôðàãìåíòà ïðè 3.08 è 3.30 ì.ä. è ãðóï-

ïû NH ïðè 12.14 ì.ä..

Ìîæíî áûëî îæèäàòü, ÷òî êàê è â ñëó÷àå 1,3-N,N-áèíóêëåîôèëîâ

âêëþ÷åíèå îäíîãî èç íóêëåîôèëüíûõ öåíòðîâ â ñîñòàâ ïÿòè÷ëåííîãî öèê-

ëà ïðèâåäåò ê ðåàëèçàöèè äðóãèõ íàïðàâëåíèé âçàèìîäåéñòâèÿ. Â êà÷åñòâå

ìîäåëüíûõ ïÿòè÷ëåííûõ êàðáîöèêëè÷åñêèõ åíàìèíîâ íàìè áûëè èñïîëü-

çîâàíû 3-àðèëàìèíî-1H-èíäåí-1-îíû.

Äåéñòâèòåëüíî, êèïÿ÷åíèå ðàñòâîðà 4,5-äè(ìåòîêñèêàðáîíèë)-1H-

ïèððîë-2,3-äèîíîâ III è 3-àðèëàìèíîèíäåíîíîâ P25 â ñðåäå áåç-

âîäíîãî òîëóîëà â òå÷åíèå 7�8 ÷ ïðèâîäèò ê îáðàçîâàíèþ ìå-

òèë 1-àðèë-2,5-äèîêñî-3-[2-îêñî-2-(àðèëàìèíî)àöåòèë]-2,5-äèãèäðî-1H-

èíäåíî[1,2-b]ïèðèäèí-4-êàðáîêñèëàòîâ 56a�g [133].
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Ñõåìà 2.65

56a: R1 = Ph, R2 = C6H4Me-4; 56b: R1 = Ph, R2 = C6H4OMe-4; 56c: R1 = C6H4Me-4, R2 = Ph; 56d:

R1 = C6H4Me-4, R2 = C6H4Me-4; 56e: R1 = C6H4Me-4, R2 = C6H4OMe-4; 56f: R1 = C6H4OMe-4,

R2 = C6H4Me-4; 56g: R1 = C6H4OMe-4, R2 = C6H4OMe-4.

Ñîåäèíåíèÿ 56a�g � æåëòûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âûñîêèìè

òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå â ÄÌÑÎ è ÄÌÔÀ, òðóäíî-

ðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â

âîäå è àëêàíàõ.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 56a�g ïðèñóòñòâóþò õàðàêòåðíûå ïîëî-

ñû âàëåíòíûõ êîëåáàíèé ãðóïïû NÍ â îáëàñòè 3304�3370 ñì−1, ñëîæ-

íîýôèðíîé êàðáîíèëüíîé ãðóïïû â îáëàñòè 1734�1763 ñì−1, ëàêòàìíîé,

äâóõ êåòîííûõ è àìèäíîé êàðáîíèëüíûõ ãðóïï â îáëàñòè 1674�1711 ñì−1

è â îáëàñòè 1657�1673 ñì−1 ñîîòâåòñòâåííî.

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 56a�g êðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï ïðèñóòñòâóåò ñèíãëåò

ïðîòîíîâ ìåòîêñèêàðáîíèëüíîé ãðóïïû â îáëàñòè 3.95�3.96 ì.ä. è ñèãíàë

ïðîòîíà ãðóïïû NÍ â îáëàñòè 10.48�10.63 ì.ä. Îáðàùàåò íà ñåáÿ âíè-

ìàíèå ñèëüíîïîëüíûé ñäâèã àðîìàòè÷åñêîãî ïðîòîíà H-9 (δH 5.83 ppm).

Ýòî, ïî-âèäèìîìó, îáúÿñíÿåòñÿ òåì, ÷òî ýòîò ïðîòîí ïîïàäàåò âíóòðü êî-

íóñà ìàãíèòíîé àíèçîòðîïèè ôåíèëüíîãî çàìåñòèòåëÿ ïðè N-1. Â ñïåêòðå

ßÌÐ 13Ñ ñîåäèíåíèÿ (16à) êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷å-

ñêèõ çàìåñòèòåëåé ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà äâóõ êåòîííûõ

êàðáîíèëüíûõ ãðóïï (Ñ3-ÑÎ, Ñ5=Î) ïðè 187.41, 185.53 ì.ä. ñîîòâåòñòâåí-

íî, ñèãíàëû ñëîæíîýôèðíîé è àìèäíîé (Ñ(NH)=Î) êàðáîíèëüíûõ ãðóïï

ïðè 164.41 è 163.78 ì.ä. ñîîòâåòñòâåííî, è ñèãíàë ëàêòàìíîé êàðáîíèëü-

íîé ãðóïïû (Ñ2=Î) ïðè 161.08 ì.ä.

Ïîäòâåðæäåíèå ñòðîåíèÿ ñîåäèíåíèÿ 56e âûïîëíåíî íà îñíîâàíèè
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àíàëèçà ðåçóëüòàòîâ 2D ýêñïåðèìåíòîâ 1H-1H NOESY, 1H-13C HSQC è

HMBC.

Â ñïåêòðå HMBC íàáëþäàþòñÿ èñêîìûå êðîññ-ïèêè ìåæäó àìèä-

íûì ïðîòîíîì NH è óãëåðîäàìè êàðáîíèëîâ â α- è β-ïîëîæåíèÿõ, ïðè-

÷åì ïîñëåäíèé èìååò ñëàáóþ èíòåíñèâíîñòü. Ïîìèìî ýòîãî, íàáëþäàåòñÿ

è ìíîæåñòâî äðóãèõ êðîññ-ïèêîâ, ñîâîêóïíîñòü êîòîðûõ ïîçâîëÿåò èäåí-

òèôèöèðîâàòü ïðàêòè÷åñêè âñå àòîìû óãëåðîäà ãåòåðîÿäðà è, òåì ñàìûì,

ïîäòâåðäèòü ñòðóêòóðó. Óãëåðîäû C3 è C4a íå èìåþò êðîññ-ïèêîâ â ñïåê-

òðå HMBC, èõ ñèãíàëû îòíåñåíû íå îäíîçíà÷íî, èñõîäÿ èç îáùèõ ñî-

îáðàæåíèé. Äëÿ óãëåðîäà C4 ïðè áîëüøîì óñèëåíèè ìîæíî îáíàðóæèòü

ñëàáûé êðîññ-ïèê ñ ïðîòîíàìè ìåòîêñèêàðáîíèëüíîé ãðóïïû.

Îáðàçîâàíèå ñîåäèíåíèé 56a�g ïðîèñõîäèò, ïî-âèäèìîìó, â ðåçóëü-

òàòå ïåðâîíà÷àëüíîãî ïðèñîåäèíåíèÿ ãðóïïû β-CH åíàìèíîâîãî ôðàã-

ìåíòà 3-àðèëàìèíîèíäåíîíîâ P25 ê àòîìó Ñ5 1H-ïèððîë-2,3-äèîíîâ III,

öèêëèçàöèè ñ ó÷àñòèåì àìèíîãðóïïû ðåàãåíòà è ìåòîêñèêàðáîíèëüíîé

ãðóïïû â ïîëîæåíèè 4 ïèððîëüíîãî öèêëà è ïîñëåäóþùåãî ðàñêðûòèÿ

ïèððîëüíîãî öèêëà ïî ñâÿçè N1�C5.

Ñõåìà 2.66

Ïðè âçàèìîäåéñòâèè 1-àðèë-5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-1H-

ïèððîë-2,3-äèîíîâ V ñ 3-àðèëàìèíî-1H-èíäåí-1-îíàìè P25, âçÿòûìè

â ñîîòíîøåíèè 1 : 1, ïðîâîäèìîì ïóòåì êèïÿ÷åíèÿ â ñðåäå àáñîëþò-

íîãî òîëóîëà â òå÷åíèå 5�6 ÷àñîâ ñ õîðîøèìè âûõîäàìè îáðàçóþòñÿ
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1,1'-äèàðèë-4'-ãèäðîêñè-3'-öèííàìîèë-1H-ñïèðî[èíäåíî[1,2-b]ïèððîë-
3,2'-ïèððîë]-2,4,5'(1'H)-òðèîíû 57a�i [136, 180]. Êðîìå ýòîãî â äâóõ

ñëó÷àÿõ óäàëîñü âûäåëèòü ìåòèë 1'-àðèë-3-(àðèëèìèíî)-3'-ãèäðîêñè-
1,2',4'-òðèîêñî-6'-ôåíèë-1,2',3,4',5',6'-ãåêñàãèäðîñïèðî[èíäåí-2,7'-
èíäîë]-7a'(1'H)-êàðáîêñèëàòû 58a,b [136], îáðàçóþùèåñÿ â êà÷åñòâå

ìèíîðíûõ ïðîäóêòîâ ðåàêöèè.

Ñõåìà 2.67

57a: R1 = Ph, R2 = C6H4Br-4; 57b: R1 = C6H4Me-4, R2 = Ph; 57c: R1 = C6H4Me-4, R2 = C6H4Me-4;

57d: R1 = C6H4Me-4, R2 = C6H4OMe-4; 57e: R1 = C6H4OMe-4, R2 = Ph; 57f: R1 = C6H4OMe-4,

R2 = C6H4Me-4; 57g: R1 = C6H4OMe-4, R2 = C6H4OMe-4; 57h: R1 = C6H4OMe-4, R2 = C6H4Br-4;

57i: R1 = C6H4Br-4, R1 = C6H4Me-4; 58a: R1 = Ph, R2 = C6H4Br-4; 58b: R1 = C6H4Me-4, R2 =

C6H4Me-4.

Ñîåäèíåíèÿ 57a�i � êðàñíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âûñîêèìè

òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñòâîðèìûå

â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâî-

ðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ ïðîáó

íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà æå-

ëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 57a�i ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (3161�3180 ñì−1), ëàêòàìíûõ

êàðáîíèëüíûõ ãðóïï Ñ2=Î (1773�1781 ñì−1) è Ñ5'=Î (1715�1732 ñì−1),

êåòîííîé êàðáîíèëüíîé ãðóïïû Ñ4=Î (1667�1680 ñì−1) è êåòîííîé êàð-

áîíèëüíîé ãðóïïû öèííàìîèëüíîãî çàìåñòèòåëÿ (1640�1644 ñì−1).

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 57a�i, êðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò äóáëå-
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òû ïðîòîíîâ äâîéíîé ñâÿçè öèííàìîèëüíîãî çàìåñòèòåëÿ (7.64�7.74 ì.ä.)

ñ êîíñòàíòîé ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ, õàðàêòåðíîé äëÿ òðàíñ-

çàìåùåííûõ àëêåíîâ (J = 15.8�16.2 Ãö) [141], à òàêæå óøèðåííûé ñèã-

íàë ïðîòîíà åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (13.30�13.45 ì.ä). Â ñïåê-

òðå ßÌÐ 13Ñ ñîåäèíåíèÿ 57d, êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìà-

òè÷åñêèõ è ñâÿçàííûõ ñ íèìè ãðóïï, à òàêæå àòîìîâ óãëåðîäà äâîéíûõ

óãëåðîä-óãëåðîäíûõ ñâÿçåé, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà êå-

òîííûõ êàðáîíèëüíûõ ãðóïï Ñ4=Î (183.74 ì.ä.) è Ñ3'-Ñ=Î (182.46 ì.ä.),

ëàêòàìíûõ êàðáîíèëüíûõ ãðóïï Ñ2=Î (171.89 ì.ä.) è Ñ5'=O (165.38 ì.ä.),

à òàêæå ñèãíàë ñïèðî-óãëåðîäíîãî àòîìà (68.34 ì.ä.).

Ñòðóêòóðà ñîåäèíåíèé 57a�i ïîäòâåðæäåíà ÐÑÀ ñîåäèíåíèÿ 57c, îá-

ùèé âèä ìîëåêóëû êîòîðîãî ïðåäñòàâëåí íà ðèñóíêå (ðèñ. 2.28).

Ðèñ. 2.28. Ñòðóêòóðà ñîåäèíåíèÿ 57c, ïî äàííûì ÐÑÀ.

Ñîãëàñíî äàííûì ÐÑÀ, ñîåäèíåíèå 57c êðèñòàëëèçóåòñÿ â öåíòðî-

ñèììåòðè÷íîé ïðîñòðàíñòâåííîé ãðóïïå P21/n. Ìîëåêóëà õàðàêòåðèçó-

åòñÿ áëèçêèìè ê ñòàíäàðòíûì âåëè÷èíàì äëèíàìè ñâÿçåé è âàëåíòíûõ

óãëîâ. Èçìåðåííûé óãîë ìåæäó ïëîñêîñòÿìè ãåòåðîöèêëîâ â ñïèðîàòîìå

ñîñòàâëÿåò 89.5 ãðàäóñîâ. Â êðèñòàëëå ìîëåêóëû îáúåäèíåíû â äèìåðû

ïîñðåäñòâîì ìåæìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿçåé O1-H1-O4A [O1-H1

1.05(3), H1-O4A 1.71(2), O1-O4A 2.644(3) �A, óãîë O1H1O4A 144(1)°] è
O1A-H1A-O4 [O1A-H1A 0.71(3), H1A-O4 1.98(3), O1A-O4 2.622(3) �A, óãîë

O1AH1AO4 151(1)°]. Èíäåêñîì �À� îáîçíà÷åíû àòîìû âòîðîé ìîëåêóëû.
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Ñîåäèíåíèÿ 58a,b � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âûñî-

êèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñòâî-

ðèìûå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ

ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 58a,b ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ãðóïïû OH (3187�3404 ñì−1), ìåòîêñèêàðáîíèëüíîé ãðóïïû

(1726�1729 ñì−1), ëàêòàìíîé êàðáîíèëüíîé ãðóïïû Ñ2'=Î (1706�1715

ñì−1), êåòîííûõ êàðáîíèëüíûõ ãðóïï èíäîëüíîãî ñòðóêòóðíîãî ôðàãìåíòà

Ñ4'=Î (1674�1694 ñì−1), èíäåíîãî ñòðóêòóðíîãî ôðàãìåíòà Ñ1=Î (1655�

1662 ñì−1) è èìèííîé êàðáîíèëüíîé ãðóïïû Ñ3=N (1627�1639 ñì−1). Â

ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 58a,b, êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè-

÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò äóáëåòû äóáëåòîâ

ìåòèëåíîâûõ ïðîòîíîâ (2.78�3.30 ì.ä.) è ìåòèíîâîãî ïðîòîíà (4.80�4.83

ì.ä.) õàðàêòåðíûå äëÿ ABX ñèñòåìû, à òàêæå ñèíãëåò ïðîòîíîâ ìåòîê-

ñèêàðáîíèëüíîãî çàìåñòèòåëÿ (3.86�3.88 ì.ä.). Â ñïåêòðå ßÌÐ 13Ñ ñî-

åäèíåíèÿ 58a,b, êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷åñêèõ è ñâÿ-

çàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà êåòîííûõ

êàðáîíèëüíûõ ãðóïï Ñ1=Î (198.97 ì.ä.), Ñ4'=Î (190.98 ì.ä.), êàðáîíèëü-

íûõ ãðóïï COOMe (165.13 ì.ä.), èìèííîé Ñ3=N (164.28 ì.ä.), ëàêòàì-

íîé Ñ2'=O (164.18 ì.ä.), à òàêæå ñèãíàëû ñïèðî-óãëåðîäíîãî àòîìà (73.59

ì.ä.), óãëåðîäà COOMe (53.40 ì.ä.) è óãëåðîäîâ èíäîëüíîãî ñòðóêòóðíîãî

ôðàãìåíòà: C3'(169.54 ì.ä.), C7'a (58.45 ì.ä.), C5'(46.29 ì.ä.), C6'(42.92
ì.ä.).

Ñîåäèíåíèÿ 58a,b îáðàçóþòñÿ, ïî-âèäèìîìó, âñëåäñòâèå ïðèñîåäè-

íåíèÿ ãðóïïû β-ÑÍ åíàìèíîôðàãìåíòà ðåàãåíòà ê àòîìó Ñ5 ïèððîëäèî-

íà è ïîñëåäóþùèåé âíóòðèìîëåêóëÿðíîé öèêëèçàöèè ñ ó÷àñòèåì àìèíî-

ãðóïïû ðåàãåíòà è ìåòîêñèêàðáîíèëüíîé ãðóïïû èëè îòùåïëåíèåì ìåòà-

íîëà. Ñîåäèíåíèÿ ÿÿ îáðàçóþòñÿ â ðåçóëüòàòå ïîñëåäîâàòåëüíîãî ïðèñî-

åäèíåíèÿ ãðóïïû β-ÑÍ åíàìèíîôðàãìåíòà ðåàãåíòà ê àòîìó Ñ5 ïèððîëäè-

îíà è àêòèâèðîâàííîé äâîéíîé óãëåðîä-óãëåðîäíîé ñâÿçè öèííàìîèëüíîãî

ôðàãìåíòà.
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Ñõåìà 2.68

Ïðè âçàèìîäåéñòâèè 5-ýòîêñèêàðáîíèë-H-ïèððîë-2,3-äèîíîâ I

ñ 3-àðèëàìèíî-1H-èíäåí-1-îíàìè P25, ïðîâîäèìîì ïóòåì êèïÿ÷åíèÿ

ðàñòâîðà ðåàãåíòîâ â ì-êñèëîëå â òå÷åíèå 5�6 ÷, îáðàçóþòñÿ ýòèë

2',11-äèîêñî-5'-ôåíèë-1',2',5,11-òåòðàãèäðîñïèðîèíäåíî[1,2-b]õèíîëèí-
10,3'-ïèððîë-4'-êàðáîêñèëàòû 59a�f [146, 181�183] è ýòèë 5-àðèë-

2',10,12-òðèîêñî-5'-ôåíèë-1',2',10,12-òåòðàãèäðî-5H-ñïèðîäèèíäåíî[1,2-
b:2',1'-e]ïèðèäèí-11,3'-ïèððîë-4'-êàðáîêñèëàòû 60a�c â ïðèìåðíîì

ñîîòíîøåíèè 3 : 1 [146, 182, 184].

Ñõåìà 2.69

59a: R1 = Bn, R2 = H; 59b: R1 = Bn, R2 = Me; 59c: R1 = Bn, R2 = OMe; 59d: R1 = Ph, R2 = H;

59e: R1 = Ph, R2 = Me; 59f: R1 = Ph, R2 = OMe; 60a: R1 = Ph, R2 = H; 60b: R1 = Ph, R2 = Me;

60c: R1 = Ph, R2 = OMe.
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Ñîåäèíåíèÿ 59a�f � îðàíæåâûå âûñîêîïëàâêèå êðèñòàëëè÷åñêèå âå-

ùåñòâà, ëåãêîðàñòâîðèìûå â ÄÌÑÎ è ÄÌÔÀ, òðóäíîðàñòâîðèìûå â îáû÷-

íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 59a�f ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ãðóïïû NÍ â îáëàñòè 3191�3262 ñì−1, ëàêòàìíîé Ñ2'=Î è

ñëîæíîýôèðíîé êàðáîíèëüíûõ ãðóïï â îáëàñòè 1678�1697 ñì−1 è êåòîí-

íîé êàðáîíèëüíîé ãðóïïû Ñ11=Î â îáëàñòè 1618�1630 ñì−1. Â ñïåêòðàõ

ßÌÐ 1Í ñîåäèíåíèé 59a�f, êðîìå ñèãíàëîâ ïðîòîíîâ çàìåñòèòåëåé â ïî-

ëîæåíèè 1', àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâó-

þò ñèíãëåò ãðóïïû NH â îáëàñòè 10.89�11.04 ì.ä, òðèïëåò è êâàäðóïëåò

ýòèëüíîé ãðóïïû ýòîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ â îáëàñòè 0.59�0.72

ì.ä. è â îáëàñòè 3.55�3.87 ì.ä. ñîîòâåòñòâåííî. Â ñïåêòðå ßÌÐ 13Ñ ñî-

åäèíåíèÿ 59c ïðèñóòñòâóþò õàðàêòåðíûå ñèãíàëû àòîìîâ óãëåðîäà êåòîí-

íîé, ñëîæíîýôèðíîé è ëàêòàìíîé êàðáîíèëüíûõ ãðóïï ïðè 187.83, 179.75

è 161.48 ì.ä. ñîîòâåòñòâåííî, à òàêæå ñïèðîóãëåðîäíîãî àòîìà ïðè 43.88

ì.ä. Ñòðóêòóðà ïðîäóêòîâ ïîäòâåðæäåíà ÐÑÀ êðèñòàëëà ñîåäèíåíèÿ 59a,

îáùèé âèä ìîëåêóëû êîòîðîãî ïîêàçàí íà ðèñóíêå (ðèñ. 2.29).

Ðèñ. 2.29. Ñòðóêòóðà ñîåäèíåíèÿ 59a, ïî äàííûì ÐÑÀ.

Ñîãëàñíî äàííûì ÐÑÀ èíäåíî[1,2-b]õèíîëèíîâûé ôðàãìåíò ïëîñ-

êèé. Âñå ñâÿçè â ìîëåêóëå ñîîòâåòñòâóþò îáùåïðèíÿòûì äëÿ ñîîòâåò-

ñòâóþùèõ àòîìîâ çíà÷åíèÿì. Â êðèñòàëëå îòñóòñòâóþò ìåæìîëåêóëÿðíûå

âîäîðîäíûå ñâÿçè è óêîðî÷åííûå êîíòàêòû.

Ñîåäèíåíèÿ 60a�c � êðèñòàëëè÷åñêèå âåùåñòâà ïóðïóðíîãî öâåòà,

ëåãêîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðè-

ìûå â àëêàíàõ è âîäå.
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Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 60a�c ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ñëîæíîýôèðíîé è ëàêòàìíîé Ñ2'=Î êàðáîíèëüíûõ ãðóïï â îá-

ëàñòè 1723�1742 ñì−1, êåòîííûõ êàðáîíèëüíûõ ãðóïï Ñ10=Î, Ñ12=Î â

îáëàñòè 1676�1694 ñì−1. Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 60a�c , êðîìå

ñèãíàëîâ ïðîòîíîâ çàìåñòèòåëåé â ïîëîæåíèè 1', àðîìàòè÷åñêèõ êîëåö è

ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò òðèïëåò è êâàäðóïëåò ýòèëüíîé

ãðóïïû ýòîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ â îáëàñòè 0.63�0.72 ì.ä. è â îá-

ëàñòè 3.74�3.87 ì.ä. ñîîòâåòñòâåííî. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 60b

ïðèñóòñòâóþò õàðàêòåðíûå ñèãíàëû àòîìîâ óãëåðîäà êåòîííûõ, ñëîæíî-

ýôèðíîé è ëàêòàìíîé êàðáîíèëüíûõ ãðóïï ïðè 189.88, 177.58 è 162.10

ì.ä. ñîîòâåòñòâåííî, à òàêæå ñïèðîóãëåðîäíîãî àòîìà ïðè 46.90 ì.ä.

Ñòðóêòóðà ñîåäèíåíèé 60a�c ïîäòâåðæäåíà ÐÑÀ ìîíîêðèñòàëëà ñî-

åäèíåíèÿ 60a, îáùèé âèä ìîëåêóëû êîòîðîãî ïîêàçàí íà ðèñóíêå (Ðèñ.

2.30).

Ðèñ. 2.30. Ñòðóêòóðà ñîåäèíåíèÿ 60a, ïî äàííûì ÐÑÀ.

Äèèíäåíî[1,2-b:2',1'-e]ïèðèäèíîâûé ôðàãìåíò ïëîñêèé. Ïëîñêîñòü

ôåíèëüíîãî êîëüöà ïðè àòîìå àçîòà N2 îðòîãîíàëüíà ïëîñêîñòè ýòîãî

ôðàãìåíòà è èìååò áèñåêòðàëüíóþ îðèåíòàöèþ, ÷òî, î÷åâèäíî, ÿâëÿåòñÿ

ñëåäñòâèåì ðàâíîäåéñòâèÿ âíóòðèìîëåêóëÿðíûõ êîíòàêòîâ àòîìîâ âîäî-

ðîäà Í11 è Í16 ñ π-ñèñòåìîé ôåíèëüíîãî êîëüöà. Ñëåäóåò îòìåòèòü, ÷òî

àòîì óãëåðîäà Ñ38 íàõîäèòñÿ íà ëèíèè, ñîåäèíÿþùåé àòîìû âîäîðîäà

Í11 è Í16. Ïèððîëüíûé öèêë ñ ëîêàëèçîâàííîé äâîéíîé ñâÿçüþ Ñ3=Ñ4

òàêæå îðòîãîíàëåí äèèíäåíîïèðèäèíîâîìó ôðàãìåíòó. Âñå ñâÿçè â ìî-



164

ëåêóëå èìåþò îáû÷íûå äëÿ ñîîòâåòñòâóþùèõ àòîìîâ çíà÷åíèÿ. Êðèñòàëë

õàðàêòåðèçóåòñÿ îòñóòñòâèåì ìåæìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿçåé è óêî-

ðî÷åííûõ êîíòàêòîâ.

Ïðîäóêòû 59a�f îáðàçóþòñÿ, ïî-âèäèìîìó, âñëåäñòâèå êîíäåíñàöèè

åíàìèíà ñ êåòîííîé êàðáîíèëüíîé ãðóïïîé Ñ3=Î è ïîñëåäóþùåé öèêëè-

çàöèè ñ ó÷àñòèåì àðèëüíîãî çàìåñòèòåëÿ ïðè àòîìå àçîòà åíàìèíà àíàëî-

ãè÷íî ñõåìå âçàèìîäåéñòâèÿ ýòèõ ïèððîëäèîíîâ ñ 3-àðèëàìèíîöèêëîãåêñ-

2-åíîíàìè (ñì. ñòð. 153), à ñîåäèíåíèÿ 60a�c � â ðåçóëüòàòå ïñåâäî-

òðåõêîìïîíåíòíîé êîíäåíñàöèè 3-àìèíîèíäåíîíîâ è ñ ó÷àñòèåì ïèððîë-

äèîíà, ðåàãèðóþùåãî êåòîííîé êàðáîíèëüíîé ãðóïïîé, è äâóõ ìîëåêóë

åíàìèíà, ó÷àñòâóþùèõ â ðåàêöèè â êà÷åñòâå 1,3-C,N-áèíóêëåîôèëîâ.

Ñõåìà 2.70

Â êà÷åñòâå ìîäåëüíûõ ïÿòè÷ëåííûõ ãåòåðîöèêëè÷åñêèõ åíàìèíîâ

áûëè èñïîëüçîâàíû 1-áåíçèë è 1-ôåíèëçàìåùåííûå 3-ìåòèë-1H-ïèðàçîë-

5-àìèíû, à òàêæå 3-ìåòèë-1,2-îêñàçîë-5-àìèí. Íàëè÷èå ïåðâè÷íîé àìè-

íîãðóïïû â ñîñòàâå ðåàãåíòà, îáëåã÷àëî ïðîòåêàíèå íåîáðàòèìûõ öèêëè-

çàöèé ñ ó÷àñòèåì êåòîííûõ êàðáîíèëüíûõ ãðóïï ïèððîëäèîíîâ.
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Ïðè âçàèìîäåéñòâèè 1-àðèë-5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-1H-

ïèððîë-2,3-äèîíîâ V ñ 3-ìåòèë-1H-ïèðàçîë-5-àìèíàìè P26 [185] â ñî-

îòíîøåíèè 1 : 1, ïðîâîäèìîì ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â ñðå-

äå àáñîëþòíîãî òîëóîëà â òå÷åíèå 2�4 ÷, â êà÷åñòâå åäèíñòâåííûõ ïðî-

äóêòîâ ðåàêöèè âûäåëåíû ìåòèë 3-ìåòèë-5-[2-îêñî-2-àðèëàìèíîàöåòèë]-

6-ñòèðèë-1-ôåíèë-1H-ïèðàçîëî[3,4-b]ïèðèäèí-4-êàðáîêñèëàòû 61a�f, îá-

ðàçóþùèåñÿ ñ õîðîøèì âûõîäîì [136,186,187].

Ñõåìà 2.71

61a: R2 = OMe R3 = CH=CHPh, R1 = Ph, X = NPh; 61b: R2 = OMe R3 = CH=CHPh, R1 = C6H4Me-

4, X = NPh; 61c: R2 = OMe R3 = CH=CHPh, R1 = C6H4OMe-4, X = NPh. 61d: R2 = OMe R3 =

CH=CHPh, R1 = Ph, X = NBn; 61e: R2 = OMe R3 = CH=CHPh, R1 = C6H4Me-4, X = NBn; 61f: R2

= OMe R3 = CH=CHPh, R1 = C6H4OMe-4, X = NBn.

Ñîåäèíåíèÿ 61a�f � áåñöâåòíûå èëè ñâåòëî-æåëòûå êðèñòàëëè÷å-

ñêèå âåùåñòâà ñ âûñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå

â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâî-

ðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 61a�f ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé àìèäíîé ãðóïïû NH (3296�3410 ñì−1), ñëîæíîýôèðíîé (1719�

1741 ñì−1), êåòîííîé (1688�1718 ñì−1), àìèäíîé (1651�1680 ñì−1), êàð-

áîíèëüíûõ ãðóïï è äâîéíîé ñâÿçè ñòèðèëüíîãî çàìåñòèòåëÿ (1624�1636

ñì−1).

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 61a�f ïðèñóòñòâóþò òðåõïðîòîííûå

ñèíãëåòû â îáëàñòÿõ 2.53�2.64 ì.ä. è 3.84-3.89 ì.ä., ïðèíàäëåæàùèå ñîîò-

âåòñòâåííî ïðîòîíàì ìåòèëüíîé è ìåòîêñèêàðáîíèëüíîé ãðóïï, îäíîïðî-

òîííûå äóáëåòû ïðîòîíîâ äâîéíîé óãëåðîä-óãëåðîäíîé ñâÿçè ñòèðèëüíîãî

ôðàãìåíòà â îáëàñòè 7.31�8.03 ì.ä. ñ êîíñòàíòîé ñïèí-ñïèíîâîãî âçàè-
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ìîäåéñòâèÿ, õàðàêòåðíîé äëÿ òðàíñ-çàìåùåííûõ àëêåíîâ (J = 15.4�15.5

Ãö) [141], à òàêæå îäíîïðîòîííûé ñèíãëåò â îáëàñòè 10.87�11.01 ì.ä.,

ïðèíàäëåæàùèé ïðîòîíó ãðóïïû NH îêñàìîèëüíîãî ôðàãìåíòà. Êðîìå

óêàçàííûõ ñèãíàëîâ â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 61d�f ïðèñóòñòâóåò

äâóõïðîòîííûé ñèíãëåò ïðè 5.75 ì.ä., ïðèíàäëåæàùèé ïðîòîíàì ìåòèëå-

íîâîé ãðóïïû áåíçèëüíîãî çàìåñòèòåëÿ. Â ñïåêòðàõ ßÌÐ 13Ñ ñîåäèíåíèÿ

61b,e, êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷åñêèõ çàìåñòèòåëåé è ñâÿ-

çàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà êåòîííîé

(191.18�191.50 ì.ä.), ìåòîêñèêàðáîíèëüíîé (164.40�164.71 ì.ä.), àìèäíîé

(159.13�159.29 ì.ä.) êàðáîíèëüíûõ ãðóïï, äâîéíîé ñâÿçè ñòèðèëüíîãî çà-

ìåñòèòåëÿ (136.45�136.89 ì.ä.) è (123.77�124.02 ì.ä.), ìåòîêñèêàðáîíèëü-

íîãî (53.05�53.36 ì.ä.) è ìåòèëüíîãî (15.01�14.90 ì.ä.) çàìåñòèòåëåé,

à òàêæå óãëåðîäíûõ àòîìîâ ãåòåðîöèêëè÷åñêèõ ñèñòåì � ïèðàçîëî[3,4-

b]ïèðèäèíà: Ñ6 (152.34-158.74 ì.ä), C7a (150.34-169.12 ì.ä.), C3 (141.38-

154.84 ì.ä.), C4 (135.01-135.29 ì.ä.), C5 (124.43-125.28 ì.ä.), C3a (108.36-

110.53 ì.ä.). Êðîìå óêàçàííûõ ñèãíàëîâ â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ

61e ïðèñóòñòâóåò ñèãíàë àòîìà óãëåðîäà ìåòèëåíîâîé ãðóïïû áåíçèëüíî-

ãî çàìåñòèòåëÿ ïðè 49.77 ì.ä. Ñòðóêòóðà ñîåäèíåíèé 61a�f ïîäòâåðæäåíà

ÐÑÀ êðèñòàëëà ñîåäèíåíèÿ 61d. Îáùèé âèä ìîëåêóëû ïðåäñòàâëåí íà

ðèñóíêå (ðèñ. 2.31).

Ðèñ. 2.31. Ñòðóêòóðà ñîåäèíåíèÿ 61d, ïî äàííûì ÐÑÀ.

Ñîãëàñíî äàííûì ÐÑÀ, ñîåäèíåíèå 61d êðèñòàëëèçóåòñÿ â ïðîñòðàí-

ñòâåííîé ãðóïïå P-1. Ìîëåêóëà õàðàêòåðèçóåòñÿ áëèçêèìè ê ñòàíäàðòíûì

âåëè÷èíàì äëèíàìè ñâÿçåé è âàëåíòíûõ óãëîâ. Â êðèñòàëëå ìîëåêóëû
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îáúåäèíåíû ïîñðåäñòâîì ìåæìîëåêóëÿðíîé âîäîðîäíîé ñâÿçè O1-H3A-

N3A [O1-H3A 2.244, H3A-N3A 0.891, O1-N3A 3.037 �A, óãîë O1-H3A-N3A

148.02°].
Ïðîäóêòû ðåàêöèè 61a�f ôîðìèðóþòñÿ, ïî-âèäèìîìó, â ðåçóëüòàòå

ïðèñîåäèíåíèÿ ïèðàçîëàìèíà íóêëåîôèëüíûì àòîìîì Ñ4 ê àòîìó Ñ5 ïèð-

ðîëäèîíîâ, âíóòðèìîëåêóëÿðíîé öèêëèçàöèè ñ ó÷àñòèåì ïåðâè÷íîé àìè-

íîãðóïïû ðåàãåíòà è êåòîííîé êàðáîíèëüíîé ãðóïïû àðîèëüíîãî çàìåñòè-

òåëÿ â ïîëîæåíèè 4 èñõîäíîãî ïèððîëäèîíà ñ ïîñëåäóþùèì ðàñêðûòèåì

ïèððîëîíîâîãî öèêëà ïî ñâÿçè N1-C5.

Ñõåìà 2.72

Âçàìîäåéñòâèå 1-àðèë-5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-1H-

ïèððîë-2,3-äèîíîâ V ñ 3-ìåòèë-1,2-îêñàçîë-5-àìèíîì P27 â ñîîòíî-

øåíèè 1 : 1, ïðîâîäèìîì ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â

ñðåäå àáñîëþòíîãî òîëóîëà â òå÷åíèå 2�4 ÷, ïðîòåêàåò ïî àíàëîãè÷íîé

ñõåìå ñ îáðàçîâàíèåì ìåòèë 3-ìåòèë-5-[2-îêñî-2-àðèëàìèíîàöåòèë]-6-

ñòèðèëèçîêñàçîëî[5,4-b]ïèðèäèí-4-êàðáîêñèëàòîâ 62a�c.

Ñõåìà 2.73
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62a: R2 = OMe R3 = CH=CHPh, R1 = Ph, X = O; 62b: R2 = OMe R3 = CH=CHPh, R1 = C6H4Me-4,

X = O; 62c: R2 = OMe R3 = CH=CHPh, R1 = C6H4OMe-4, X = O.

Ñîåäèíåíèÿ 62a�c � áåñöâåòíûå èëè ñâåòëî-æåëòûå êðèñòàëëè÷å-

ñêèå âåùåñòâà ñ âûñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ëåãêîðàñòâîðèìûå

â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâî-

ðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 62a�c ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé àìèäíîé ãðóïïû NH (3325�3410 ñì−1), ñëîæíîýôèðíîé (1720�

1739 ñì−1), êåòîííîé (1695�1718 ñì−1), àìèäíîé (1651�1679 ñì−1), êàð-

áîíèëüíûõ ãðóïï è äâîéíîé ñâÿçè ñòèðèëüíîãî çàìåñòèòåëÿ (1624�1632

ñì−1).

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 62a�c ïðèñóòñòâóþò òðåõïðîòîí-

íûå ñèíãëåòû â îáëàñòÿõ 2.61�2.62 ì.ä. è 3.75�3.87 ì.ä., ïðèíàäëåæàùèå

ïðîòîíàì ìåòèëüíîé è ìåòîêñèêàðáîíèëüíîé ãðóïï, îäíîïðîòîííûå äóá-

ëåòû ïðîòîíîâ äâîéíîé óãëåðîä-óãëåðîäíîé ñâÿçè ñòèðèëüíîãî ôðàãìåí-

òà â îáëàñòè 7.32�8.03 ì.ä. ñ êîíñòàíòîé ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ,

õàðàêòåðíîé äëÿ òðàíñ-çàìåùåííûõ àëêåíîâ (J = 15.4�15.5 Ãö) [141], à

òàêæå îäíîïðîòîííûé ñèíãëåò â îáëàñòè 10.92�11.01 ì.ä., ïðèíàäëåæà-

ùèé ïðîòîíó ãðóïïû NH îêñàìîèëüíîãî ôðàãìåíòà. Â ñïåêòðå ßÌÐ 13Ñ

ñîåäèíåíèÿ 62b, êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷åñêèõ çàìåñòè-

òåëåé è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðî-

äà êåòîííîé (190.70 ì.ä.), ìåòîêñèêàðáîíèëüíîé (163.44 ì.ä.), àìèäíîé

(156.34 ì.ä.) êàðáîíèëüíûõ ãðóïï, äâîéíîé ñâÿçè ñòèðèëüíîãî çàìåñòèòå-

ëÿ (136.89 ì.ä.) è (124.02 ì.ä.), ìåòîêñèêàðáîíèëüíîãî (53.36 ì.ä.) è ìå-

òèëüíîãî (13.26 ì.ä.) çàìåñòèòåëåé., à òàêæå óãëåðîäíûõ àòîìîâ Ñ6 (158.74

ì.ä), C7a (169.12 ì.ä.), C3 (154.84 ì.ä.), C4 (135.29 ì.ä.), C5 (125.28 ì.ä.),

C3a (108.36 ì.ä.). Ñòðóêòóðà ñîåäèíåíèé 62a�c ïîäòâåðæäåíà ÐÑÀ êðè-

ñòàëëà ñîåäèíåíèÿ 62a, îáùèé âèä ìîëåêóëû êîòîðîãî ïðåäñòàâëåí íà

ðèñóíêå (ðèñ. 2.32).

Ñîãëàñíî äàííûì ÐÑÀ, ñîåäèíåíèå 62a êðèñòàëëèçóåòñÿ â ïðîñòðàí-

ñòâåííîé ãðóïïå P21/n. Ìîëåêóëà õàðàêòåðèçóåòñÿ áëèçêèìè ê ñòàíäàðò-

íûì âåëè÷èíàì äëèíàìè ñâÿçåé è âàëåíòíûõ óãëîâ. Â êðèñòàëëå ìîëåêóëû

îáúåäèíåíû â äèìåðû ïîñðåäñòâîì ìåæìîëåêóëÿðíîé âîäîðîäíîé ñâÿçè
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Ðèñ. 2.32. Ñòðóêòóðà ñîåäèíåíèÿ 62a, ïî äàííûì ÐÑÀ.

O5A-H1B-N1B [O5A-H1B 2.225, H1B-N1B 0.860, O5A-N1B 3.051 �A, óãîë

O5A-H1B-N1B 161.16°].
Ïðè âçàèìîäåéñòâèè 4,5-äèàðîèë-1H-ïèððîë-2,3-äèîíîâ IV ñ 3-

ìåòèë-1H-ïèðàçîë-5-àìèíàìè P26 [185] â ñîîòíîøåíèè 1 : 1, ïðî-

âîäèìîì ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â àáñîëþòíîì áåíçî-

ëå â òå÷åíèå 4�5 ÷, â êà÷åñòâå åäèíñòâåííûõ ïðîäóêòîâ ðåàêöèè

âûäåëåíû N-àðèë-2-(6-àðèë-4-àðîèë-3-ìåòèë-1-ôåíèë-1H-ïèðàçîëî[3,4-

b]ïèðèäèí-5-èë)-2-îêñîàöåòàìèäîâ 63a�h [135, 188], îáðàçóþùèåñÿ ñ õî-

ðîøèìè âûõîäàìè.

Ñõåìà 2.74

63a: R2 = R3 = Ph, R1 = Ph, X = NPh; 63b: R2 = R3 = Ph, R1 = C6H4Me-4, X = NPh; 63c: R2 = R3

= Ph, R1 = C6H4OMe-4, X = NPh; 63d: R2 = R3 = Ph, R1 = C6H4Br-4, X = NPh; 63e: R2 = R3 =

C6H4Me-4, R1 = Ph, X = NPh; 63f: R2 = R3 = C6H4Me-4, R1 = C6H4Me-4, X = NPh; 63g: R2 = R3

= C6H4Me-4, R1 = C6H4OMe-4, X = NPh; 63h: R2 = R3 = C6H3(Me)2-2,5, R1 = C6H4OMe-4, X =

NPh.

Ñîåäèíåíèÿ 63a�h � áåñöâåòíûå âûñîêîïëàâêèå êðèñòàëëè÷åñêèå
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âåùåñòâà, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ,

ëåãêîðàñòâîðèìûå â ÄÌÔÀ è ÄÌÑÎ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, íå

äàþùèå ïîëîæèòåëüíóþ ðåàêöèþ íà íàëè÷èå åíîëüíûõ ãèäðîêñèëüíûõ

ãðóïï ñî ñïèðòâûì ðàñòâîðîì õëîðèäà æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 63a�h ïðèñóòñòâóþò ïîëîñû ïîãëîùåíèÿ

ãðóïïû NH â îáëàñòè 3225�3348 ñì−1 è òðè èëè äâå ïîëîñû ïîãëîùåíèÿ

â îáëàñòè 1640�1696 ñì−1, ñîîòâåòñòâóþùèå âàëåíòíûì êîëåáàíèÿì êàð-

áîíèëüíûõ ãðóïï. Â ñïåêòðàõ ßÌÐ 1Í ðàñòâîðîâ ñîåäèíåíèé 63a�h â

ÄÌÑÎ-d6 ïðèñóòñòâóþò ñèãíàëû ïðîòîíîâ àðîìàòè÷åñêèõ ôðàãìåíòîâ è

ñâÿçàííûõ ñ íèìè ãðóïï, òðåõïðîòîííûé ñèíãëåò â îáëàñòè 2.13�2.15 ì.ä.

è îäíîïðîòîííûé ñèíãëåòíûé ñèãíàë â îáëàñòè 10.37�10.82 ì.ä., ïðèíàä-

ëåæàùèå ìåòèëüíîé ãðóïïå â ïîëîæåíèè 3 ãåòåðîöèêëè÷åñêîé ñèñòåìû è

ïðîòîíó ãðóïïû NH îêñàìîèëüíîãî ôðàãìåíòà ñîîòâåòñòâåííî. Â ñïåêòðå

ßÌÐ 13Ñ ñîåäèíåíèé 63e,f ïðèñóòñòâóþò ñèãíàëû êåòîííîé è àìèäíîé

êàðáîíèëüíûõ ãðóïï îêñàìîèëüíîãî ôðàãìåíòà â îáëàñòÿõ 191.02�191.08

è 160.09�160.41 ì.ä. ñîîòâåòñòâåííî, à òàêæå ñèãíàë àòîìà óãëåðîäà êàð-

áîíèëüíîé ãðóïïû àðîèëüíîãî ôðàãìåíòà â îáëàñòè 193.08�193.20 ì.ä

Çàìåíà àìèíîãðóïïû â åíàìèíàõ íà ìåíåå íóêëåîôèëüíóþ ãèäðîê-

ñèëüíóþ ãðóïïó ìîãëà ïðèâåñòè ê ðåàëèçàöèè íîâûõ íàïðàâëåíèé âçà-

èìîäåéñòâèÿ. Ñ öåëüþ ïðîâåðêè ýòîãî ïðåäïîëîæåíèÿ áûëî ïðîâåäåíî

èçó÷åíèå âçàèìîäåéñòâèÿ ïèððîëäèîíîâ ñ åíîëàìè.

Ïðè âçàèìîäåéñòâèè 5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-1H-ïèððîë-

2,3-äèîíîâ V ñ èíäàí-1,3-äèîíîì P28 [189], ïðîâîäèìîì ïóòåì êèïÿ÷åíèÿ

ðàñòâîðà ðåàãåíòîâ â áåçâîäíîì òîëóîëå â òå÷åíèå 8�9 ÷, îáðàçóþòñÿ ìå-

òèë 1'-àðèë-3'-ãèäðîêñè-1,2',3,4'-òåòðàîêñî-6'-ôåíèë-1,1',2',3,4',5',6',7'a-
îêòàãèäðîñïèðî[èíäåí-2,7'-èíäîë]-7'a-êàðáîêñèëàòû 64a�c [136,190,191].

Ñõåìà 2.75
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64a: R1 = Ph; 64b: R1 = C6H4Me-4; 64c: R1 = C6H4OMe-4.

Ñîåäèíåíèÿ 64a�c � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âûñî-

êèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñòâî-

ðèìûå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ

ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ

ïðîáó íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà

æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 64a�c ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (3244�3287 ñì−1), êàðáîíèëü-

íûõ ãðóïï ìåòîêñèêàðáîíèëüíîé COOMe (1747�1748 ñì−1), ëàêòàìíîé

Ñ2'=O (1728�1738 ñì−1), êåòîííûõ Ñ4'=O (1702�1705 ñì−1), Ñ1=O (1679�

1698 ñì−1), Ñ3=O (1663�1668 ñì−1). Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé

64a�c, êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íè-

ìè ãðóïï, ïðèñóòñòâóþò äóáëåòû äóáëåòîâ ìåòèëåíîâûõ ïðîòîíîâ (2.76�

3.27 ì.ä.) è ìåòèíîâîãî ïðîòîíà (4.75�4.81 ì.ä.) õàðàêòåðíûå äëÿ ABX

ñèñòåìû, à òàêæå ñèíãëåò ïðîòîíîâ ìåòîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ

(3.97�4.00 ì.ä.). Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ 64a�c, êðîìå ñèãíàëîâ

àòîìîâ óãëåðîäà àðîìàòè÷åñêèõ è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò

ñèãíàëû àòîìîâ óãëåðîäà êåòîííûõ êàðáîíèëüíûõ ãðóïï Ñ1=Î (199.17�

199.20 ì.ä.), Ñ3=Î (197.27�197.44 ì.ä.), Ñ4'=Î (189.93�190.05 ì.ä.), êàðáî-

íèëüíûõ ãðóïï: ìåòîêñèêàðáîíèëüíîé COOMe (164.52�164.61 ì.ä.), ëàê-

òàìíîé Ñ2'=Î (150.31�150.41 ì.ä.), à òàêæå ñèãíàëû ñïèðî-óãëåðîäíîãî

àòîìà (59.56�59.72 ì.ä.), óãëåðîäà COOMe (53.90�53.96 ì.ä.) è óãëåðî-

äîâ èíäîëüíîãî ñòðóêòóðíîãî ôðàãìåíòà C3' (169.12�169.26 ì.ä.), C7'a
(72.02�72.55 ì.ä.), C5' (44.08�44.13 ì.ä.), C6' (42.14�42.20 ì.ä.). Ñòðóê-

òóðà ñîåäèíåíèé 64a�c ïîäòâåðæäåíà ÐÑÀ ñîåäèíåíèÿ 64c, îáùèé âèä

ìîëåêóëû êîòîðîãî ïðåäñòàâëåí íà ðèñóíêå (ðèñ. 2.33).

Ñîãëàñíî äàííûì ÐÑÀ, ñîåäèíåíèå 64c êðèñòàëëèçóåòñÿ â ïðîñòðàí-

ñòâåííîé ãðóïïå Ñ2/ñ. Ìîëåêóëà õàðàêòåðèçóåòñÿ áëèçêèìè ê ñòàíäàðòíûì

âåëè÷èíàì äëèíàìè ñâÿçåé è âàëåíòíûõ óãëîâ. Â êðèñòàëëå ìîëåêóëû

îáúåäèíåíû ïîñðåäñòâîì ìåæìîëåêóëÿðíîé âîäîðîäíîé ñâÿçè O4-H4-O2

[O4-H4 0.897, H4-O2 2.018, O4-O2 2.779 �A, óãîë O4-H4-O2 141.92 °].
Ñïèðîñîåäèíåíèÿ 64a�c îáðàçóþòñÿ, ïî-âèäèìîìó, âñëåäñòâèå ïî-



172

Ðèñ. 2.33. Ñòðóêòóðà ñîåäèíåíèÿ 64c, ïî äàííûì ÐÑÀ.

ñëåäîâàòåëüíîãî ïðèñîåäèíåíèÿ ãðóïïû β-CH åíîëüíîãî ôðàãìåíòà èí-

äàíäèîíà ê àòîìó Ñ5 ïèððîëäèîíà è àêòèâèðîâàííîé äâîéíîé óãëåðîä-

óãëåðîäíîé ñâÿçè öèííàìîèëüíîãî ôðàãìåíòà.

Ñõåìà 2.76

Ñëåäóåò îòìåòèòü, ÷òî ïðîäóêòû ðåàêöèè îáðàçóþòñÿ â âèäå îä-

íîé ïàðû ýíàíòèîìåðîâ ñ ðàñïîëîæåíèå ìåòîêñèêàðáîíèëüíîé ãðóïïû è

ôåíèëüíîãî çàìåñòèòåëÿ ïî ðàçíûå ñòîðîíû îòíîñèòåëüíî "ïëîñêîñòè"

èíäîëèíîâîãî öèêëà, ÷òî ïî-âèäèìîìó, ÿâëÿåòñÿ ñëåäñòâèåì ñîãëàñîâàí-

íîñòè ïðîöåññîâ îáðàçîâàíèÿ óãëåðîä-óãëåðîäíîé ñâÿçè è ïåðåíîñà ïðî-

òîíà îò àòîìà êèñëîðîäà ê àòîìó óãëåðîäà â α-ïîëîæåíèè öèííàìîèëüíîãî

ôðàãìåíòà íà âòîðîé ñòàäèè ðåàêöèè.

Âçàèìîäåéñòâèå 5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-1H-ïèððîë-2,3-

äèîíîâ V ñ 3-ìåòèë-1H-ïèðàçîë-5-îëàìè P29 [192] è 3-ìåòèë-1,2-îêñàçîë-

5-îëîì P30 [193], ïðîâîäèìîå ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â



173

áåçâîäíîì òîëóîëå â òå÷åíèå 2�5 ÷, ïðîòåêàåò ïî àíàëîãè÷íîé ñõåìå è ïðè-

âîäèò ê îáðàçîâàíèþ ìåòèë 3-ãèäðîêñè-3'-ìåòèë-2,4,5'-òðèîêñî-6-ôåíèë-
1',1',2,4,5,5',6,7a-îêòàãèäðîñïèðî[èíäîë-7,4'-ïèðàçîë]-7a-êàðáîêñèëàòû
65a�f è ìåòèë 3-ãèäðîêñè-4-ìåòèë-2,2',4-òðèîêñî-6-ôåíèë-1,2,4,5,6,7a-
ãåêñàãèäðî-2'H�ñïèðî[èíäîë-7,3'-[1,5]îêñàçîë]-7a-êàðáîêñèëàòû 66a�c

ñîîòâåòñòâåííî [136, 190, 191]. Êàê è â ïðåäûäóùåì ñëó÷àå ïðîäóêòû

ðåàêöèè îáðàçóþòñÿ ââèäå îäíîé ïàðû äèàñòåðåîìåðîâ. Ïîëîæåíèå êàð-

áîíèëüíîé ãðóïïû ïÿòè÷ëåíîãî äèãåòåðîöèêëà è ôåíèëüíîãî çàìåñòèòåëÿ

ïî îäíó ñòîðîíó îòíîñèòåëüíî �ïëîñêîñòè� ãåêñàãèäðîèíäîëüíîãî ÿäðà

ïîäòâåðæäàåò ðàíåå ñäåëàíîå ïðåäïîëîæåíèå î ïðè÷èíàõ äèàñòåðåîñå-

ëåêòèâíîñòè.

Ñõåìà 2.77

65a: R1 = Ph, X = N-Ph; 65b: R1 = C6H4Me-4, X = N-Ph; 65c: R1 = C6H4OMe-4, X = N-Ph; 65d:

R1 = Ph, X = N-Bn; 65e: R1 = C6H4Me-4, X = N-Bn; 65f: R1 = C6H4OMe-4, X = N-Bn; 66a: R1 =

Ph, X = O; 66b: R1 = C6H4Me-4, X = O; 66c: R1 = C6H4OMe-4, X = O.

Ñîåäèíåíèÿ 65a�f � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âûñî-

êèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñòâî-

ðèìûå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ

ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ

ïðîáó íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà

æåëåçà (III).
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Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 65a�f ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (3143�3455 ñì−1), êàðáîíèëü-

íûõ ãðóïï: ëàêòàìíîé Ñ5'=O (1741�1757 ñì−1), ìåòîêñèêàðáîíèëüíîé

COOMe (1716�1730 ñì−1), ëàêòàìíîé Ñ2=O (1695�1713 ñì−1), êåòîííîé

Ñ4=O (1651�1693 ñì−1).

Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 65a�f, êðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò ñèíãëåò

ìåòèëüíîé ãðóïïû â ïîëîæåíèè 3'(1.75�1.91 ì.ä.), äóáëåòû äóáëåòîâ ìå-

òèëåíîâûõ ïðîòîíîâ (2.66�3.20 ì.ä.) è ìåòèíîâîãî ïðîòîíà (4.71�4.82

ì.ä.) õàðàêòåðíûå äëÿ ABX ñèñòåìû, à òàêæå ñèíãëåò ïðîòîíîâ ìåòîê-

ñèêàðáîíèëüíîãî çàìåñòèòåëÿ (3.93�4.00 ì.ä.). Â ñïåêòðàõ ñîåäèíåíèé

65d�f, êðîìå óêàçàííûõ, ïðèñóòñòâóþò äâà äóáëåòà ïðîòîíîâ ìåòèëåíî-

âîé ãðóïïû (3.99�4.60 ì.ä.) áåíçèëüíîãî çàìåñòèòåëÿ ñ êîíñòàíòîé ñïèí-

ñïèíîâîãî âçàèìîäåéñòâèÿ (J = 15.2 Ãö). Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ

65a�f êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷åñêèõ è ñâÿçàííûõ ñ íèìè

ãðóïï, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà êàðáîíèëüíûõ ãðóïï Ñ4=Î

(188.49�188.64 ì.ä.), Ñ5'=Î (168.70�168.96 ì.ä.), ìåòîêñèêàðáîíèëüíîé

COOMe (164.51�164.68 ì.ä.), Ñ2=Î (155.80�157.19 ì.ä.), ñèãíàëû ñïèðî-

óãëåðîäíîãî àòîìà (59.63�61.02 ì.ä.), óãëåðîäîâ COOMe (54.17�54.43 ì.ä.)

è ìåòèëüíîé ãðóïïû C3'-Me (16.78�17.05 ì.ä.), à òàêæå óãëåðîäîâ ãåòå-

ðîöèêëè÷åñêîé ñèñòåìû ñïèðî[èíäîë-7,4'-ïèðàçîëà]: C3 (168.86�169.99

ì.ä.), C3'(153.52�154.05 ì.ä.), C7a (69.80�70.30 ì.ä.), C5 (41.34�42.17

ì.ä.), C6 (40.42�40.65 ì.ä.). Â ñïåêòðàõ ñîåäèíåíèé 65a�f, êðîìå óêà-

çàííûõ, ïðèñóòñòâóþò ñèãíàë óãëåðîäà ìåòèëåíîâîé ãðóïïû (47.39�47.44

ì.ä.) áåíçèëüíîãî çàìåñòèòåëÿ.

Ñòðóêòóðà ñîåäèíåíèé 65a�f ïîäòâåðæäåíà ÐÑÀ ñîåäèíåíèÿ 65c,

îáùèé âèä ìîëåêóëû êîòîðîãî ïðåäñòàâëåí íà ðèñóíêå (ðèñ. 2.34).

Ñîãëàñíî äàííûì ÐÑÀ, ñîåäèíåíèå 65c êðèñòàëëèçóåòñÿ â ïðîñòðàí-

ñòâåííîé ãðóïïå P-1 â ýâèìîëÿðíîì ñîîòíîøåíèè ñ ìîëåêóëîé òîëóîëà.

Ìîëåêóëà õàðàêòåðèçóåòñÿ áëèçêèìè ê ñòàíäàðòíûì âåëè÷èíàì äëèíàìè

ñâÿçåé è âàëåíòíûõ óãëîâ. Â êðèñòàëëå ìîëåêóëû îáúåäèíåíû â äèìå-

ðû ïîñðåäñòâîì ìåæìîëåêóëÿðíîé âîäîðîäíîé ñâÿçè O2-H2-O1 [O2-H2

0.888, H2-O1 1.767, O2-O1 2.630 �A, óãîë O2H2O1 163.09°].
Ñîåäèíåíèÿ 66a�c � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âûñî-
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Ðèñ. 2.34. Ñòðóêòóðà ñîåäèíåíèÿ 65c, ïî äàííûì ÐÑÀ.

êèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñòâî-

ðèìûå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ

ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ

ïðîáó íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà

æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 66a�c ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (3347�3395 ñì−1), êàðáîíèëü-

íûõ ãðóïï: ëàêòîííîé Ñ5'=O (1771�1782 ñì−1), ìåòîêñèêàðáîíèëüíîé

COOMe (1738�1741 ñì−1), ëàêòàìíîé Ñ2=O (1711�1722 ñì−1), êåòîííîé

Ñ4=O (1686�1691 ñì−1). Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 66a�c, êðî-

ìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï,

ïðèñóòñòâóþò ñèíãëåò ìåòèëüíîé ãðóïïû â ïîëîæåíèè 3'(1.79�1.81 ì.ä.),
äóáëåòû äóáëåòîâ ìåòèëåíîâûõ ïðîòîíîâ (2.84�3.01 ì.ä.) è ìåòèíîâîãî

ïðîòîíà (4.75�4.77 ì.ä.), õàðàêòåðíûå äëÿ ABX ñèñòåìû, à òàêæå ñèíãëåò

ïðîòîíîâ ìåòîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ (3.96�3.98 ì.ä.). Â ñïåêòðå

ßÌÐ 13Ñ ñîåäèíåíèé 66a�c, êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷å-

ñêèõ è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò ñèãíàëû àòîìîâ óãëåðîäà

êàðáîíèëüíûõ ãðóïï Ñ4=Î (187.08�187.11 ì.ä.), Ñ5'=Î (174.17�174.26

ì.ä.), ìåòîêñèêàðáîíèëüíîé COOMe (164.99�165.13 ì.ä.), Ñ2=Î (155.53�

155.67 ì.ä.), ñèãíàëû ñïèðî-óãëåðîäíîãî àòîìà (69.19�69.51 ì.ä.), óãëåðî-

äîâ COOMe (54.52�54.55 ì.ä.) è ìåòèëüíîé ãðóïïû C3'-Me (15.20�15.26

ì.ä.), à òàêæå óãëåðîäîâ ãåòåðîöèêëè÷åñêîé ñèñòåìû ñïèðî[èíäîë-7,4'-
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èçîêñàçîëà]: C3 (167.96�168.04 ì.ä.), C3'(164.46�164.74 ì.ä.), C7a (59.04�
59.05 ì.ä.), C5 (41.63�41.67 ì.ä.), C6 (40.08�40.12 ì.ä.). Ñòðóêòóðà ñîåäè-

íåíèé 66a�c ïîäòâåðæäåíà ÐÑÀ êðèñòàëëà ñîåäèíåíèÿ 66a, îáùèé âèä

ìîëåêóëû êîòîðîãî ïðåäñòàâëåí íà ðèñóíêå (ðèñ. 2.35).

Ðèñ. 2.35. Ñòðóêòóðà ñîåäèíåíèÿ 66a, ïî äàííûì ÐÑÀ.

Ñîãëàñíî äàííûì ÐÑÀ, ñîåäèíåíèå 66a êðèñòàëëèçóåòñÿ â ïðîñòðàí-

ñòâåííîé ãðóïïå P-1 â ýâèìîëÿðíîì ñîîòíîøåíèè ñ ìîëåêóëîé ýòèëàöåòà-

òà. Ìîëåêóëà õàðàêòåðèçóåòñÿ áëèçêèìè ê ñòàíäàðòíûì âåëè÷èíàì äëèíà-

ìè ñâÿçåé è âàëåíòíûõ óãëîâ. Â êðèñòàëëå ìîëåêóëû óïàêîâàíû ñ ìåæìî-

ëåêóëÿðíîé âîäîðîäíîé ñâÿçüþ ñ ìîëåêóëîé ýòèëàöåòàòà O2-H2-O1S [O2-

H2 0.894, H2-O1S 2.067, O2-O1S 2.701 �A, óãîë O2H2O1S 127.03°], êðîìå
ýòîãî èìååòñÿ âíóòðèìîëåêóëÿðíàÿ âîäîðîäíàÿ ñâÿçü O2-H2-O1 [O2-H2

0.894, H2-O1 2.247, O2-O1 2.934 �A, óãîë O2H2O1 133.38°].
Ïðè âçàèìîäåéñòâèè 5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-H-ïèððîë-

2,3-äèîíîâ V c 4-ãèäðîêñè-2H-õðîìåí-2-îíîì P31 [194], ïðîâîäè-

ìîì ïóòåì ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â ñðåäå áåçâîäíî-

ãî òîëóîëà â òå÷åíèå 2�3 ÷, âìåñòî îæèäàåìûõ ñîåäèíåíèé C ïîëó-

÷åíû 1'-àðèë-4'-ãèäðîêñè-3'-öèííàìîèë-2H,4H-ñïèðî[ôóðî[3,2-c]õðîìåí-
3,2'-ïèððîë]-2,4,5'(1'H)-òðèîíû 67a�c [136, 195, 196]. Ïî-âèäèìîìó, ïðî-

äóêòû ðåàêöèè îáðàçóþòñÿ â ðåçóëüòàòå ïðèñîåäèíåíèÿ ðåàãåíòà ýëåê-

òðîíîèçáûòî÷íûì àòîìîì Ñ3 ê àòîìó Ñ5 ïèððîëäèîíîâ è ïîñëåäóþùå-

ãî âíóòðèìîëåêóëÿðíîé öèêëèçàöèè ñ ó÷àñòèåì åíîëüíîé ãèäðîêñèëüíîé

ãðóïïû ðåàãåíòà è ìåòîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ àíàëîãè÷íî âçàè-
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ìîäåéñòâèþ ýòèõ ïèððîëäèîíîâ ñ åíàìèíàìè.

Ñõåìà 2.78

67a: R1 = Ph; 67b: R1 = C6H4Me-4; 67c: R1 = C6H4OMe-4.

Ñîåäèíåíèÿ 67a�c � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âûñî-

êèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñòâî-

ðèìûå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ

ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëüíóþ

ïðîáó íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì õëîðèäà

æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 67a�c ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (3183�3208 ñì−1), ëàêòîí-

íûõ êàðáîíèëüíûõ ãðóïï Ñ2=O (1839�1852 ñì−1) è Ñ4=O (1725�1738

ñì−1), ëàêòàìíîé Ñ5'=O (1715�1717 ñì−1), êåòîííîé êàðáîíèëüíîé ãðóï-

ïû (1664�1675 ñì−1) è äâîéíîé ñâÿçè öèííàìîèëüíîãî çàìåñòèòåëÿ (1651�

1654 ñì−1). Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 67a�c, êðîìå ñèãíàëîâ ïðîòî-

íîâ àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè ãðóïï, ïðèñóòñòâóþò äóáëå-

òû ïðîòîíîâ äâîéíîé ñâÿçè öèííàìîèëüíîãî çàìåñòèòåëÿ (7.57�7.75 ì.ä.)

ñ êîíñòàíòîé ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ, õàðàêòåðíîé äëÿ òðàíñ-

çàìåùåííûõ àëêåíîâ (J = 15.8 Ãö) [141]. Â ñïåêòðå ßÌÐ 13Ñ ñîåäèíåíèÿ

67b êðîìå ñèãíàëîâ àòîìîâ óãëåðîäà àðîìàòè÷åñêèõ è ñâÿçàííûõ ñ íèìè
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ãðóïï, à òàêæå äâîéíîé ñâÿçè öèííàìîèëüíîãî çàìåñòèòåëÿ, ïðèñóòñòâó-

þò ñèãíàëû àòîìîâ óãëåðîäà êåòîííîé êàðáîíèëüíîé ãðóïïû Ñ3'-Ñ=Î
(182.46 ì.ä.), ëàêòîííûõ êàðáîíèëüíûõ ãðóïï Ñ2=Î (165.82 ì.ä.) è Ñ4=O

(157.63 ì.ä.), ëàêòàìíîé êàðáîíèëüíîé ãðóïïû Ñ5'=O (155.18 ì.ä.) è ñèã-

íàë ñïèðî-óãëåðîäíîãî àòîìà (67.85 ì.ä.), à òàêæå ñèãíàëû àòîìîâ óãëå-

ðîäà ãåòåðîöèêëè÷åñêîé ñèñòåìû ñïèðî[ôóðî[3,2-c]õðîìåí-3,2'-ïèððîë]:
Ñ4'(170.89 ì.ä.), Ñ1a (163.53 ì.ä.), Ñ5a (154.83 ì.ä.), Ñ3a (101.80 ì.ä.).

Ñòðóêòóðà ñîåäèíåíèé 67a�c ïîäòâåðæäåíà ÐÑÀ ñîåäèíåíèÿ 67a, îáùèé

âèä ìîëåêóëû êîòîðîãî ïðåäñòàâëåí íà ðèñóíêå (ðèñ. 2.36).

Ðèñ. 2.36. Ñòðóêòóðà ñîåäèíåíèÿ 67a, ïî äàííûì ÐÑÀ.

Ñîãëàñíî äàííûì ÐÑÀ, ñîåäèíåíèå 67a êðèñòàëëèçóåòñÿ â ïðîñòðàí-

ñòâåííîé ãðóïïå P2/ñ â ýâèìîëÿðíîì ñîîòíîøåíèè ñ ìîëåêóëîé òîëóîëà.

Ìîëåêóëà õàðàêòåðèçóåòñÿ áëèçêèìè ê ñòàíäàðòíûì âåëè÷èíàì äëèíàìè

ñâÿçåé è âàëåíòíûõ óãëîâ. Â êðèñòàëëå ìîëåêóëû óïàêîâàíû â äèìåðû

ñ ìåæìîëåêóëÿðíîé âîäîðîäíîé ñâÿçüþ O2-H2· · ·O5 [O2H2 0.866, H2O5

1.845, O2O5 2.641 �A, óãîë O2H2O5 152.00°]. Ìîëåêóëà òîëóîëà ðàçóïîðÿ-

äî÷åíà. Óãîë ìåæäó ïëîñêîñòÿìè öèêëîâ â ñïèðîàòîìå 88.9°.
Âçàèìîäåéñòâèå 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ V ñ 4-ãèäðîêñè-

1,2-äèãèäðîõèíîëèí-2-îíàìè P32 è 2-ãèäðîêñèíàôòîõèíîíîì P33, ïðî-

âîäèìîå ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â áåçâîäíîì òîëóîëå â òå-

÷åíèå 3�6 ÷àñîâ, ïðîòåêàåò ïî ñõåìàì àíàëîãè÷íûì ñõåìå âçàèìîäåé-

ñòâèÿ ýòèõ 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ ñ 4-ãèäðîêñè-2H-õðîìåí-

2-îíîì P31 è ïðèâîäèò ê îáðàçîâàíèþ ñïèðî{ôóðî[3,2-c]õèíîëèí-3,2'-
ïèððîëîâ} 68a,b [195] è ñïèðî{íàôòî[2,3-b]ôóðàí-3,2'-ïèððîëîâ} 69a,b
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ñîîòâåòñòâåííî.

Ñõåìà 2.79

68a: R1 = C6H4OMe-4, X = NMe; 68b: R1 = C6H4OMe-4, X = NPh; 69a: R1 = C6H4Me-4, Ar = Ph;

69b: R1 = C6H4Me-4, Ar = C6H4OMe-4.

Ñîåäèíåíèÿ 68a,b � áåñöâåòíûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âûñî-

êèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñòâî-

ðèìûå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ

ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæèòåëü-

íóþ ïðîáó íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì

õëîðèäà æåëåçà (III). Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 68a,b ïðèñóòñòâóþò ïî-

ëîñû âàëåíòíûõ êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (3223�3187

ñì−1), ëàêòîííîé Ñ2=O (1839 ñì−1), ëàêòàìíûõ ãðóïï Ñ2'=O (1716�1727

ñì−1) è Ñ2=Î (1667�1662 ñì−1) è êåòîííîé êàðáîíèëüíîé ãðóïïû öèí-

íàìîèëüíîãî ôðàãìåíòà (1639 ñì−1). Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé

68a,b, êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ êîëåö è ïðîòîíîâ öèííà-

ìîèëüíîãî ôðàãìåíòà, ïðèñóòñòâóåò òðåõïðîòîííûé ñèíòëåòíûé ñèãíàë

ïðîòîíîâ ãðóïïû OMe ïðè 3.68�3.78 ì.ä., êðîìå ýòîãî â ñïåêòðå ñîåäèíå-

íèÿ 68a ïðèñóòñòâóåò ñèãíàë ìåòèëüíîé ãðóïïû ïðè 3.60 ì.ä.. Â ñïåêòðàõ

ßÌÐ 13C ñîåäèíåíèé 68a,b ïðèñóòñòâóåò õàðàêòåðíûé ñèãíàë ñïèðîàòîìà

óãëåðîäà ïðè 68.96�69.40 ì.ä..
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Ñîåäèíåíèÿ 69a,b � ñâåòëîæåëòûå êðèñòàëëè÷åñêèå âåùåñòâà ñ âû-

ñîêèìè òåìïåðàòóðàìè ïëàâëåíèÿ, ïëàâÿùèåñÿ ñ ðàçëîæåíèåì, ëåãêîðàñ-

òâîðèìûå â ÄÌÔÀ è ÄÌÑÎ, òðóäíîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷å-

ñêèõ ðàñòâîðèòåëÿõ, íåðàñòâîðèìûå â àëêàíàõ è âîäå, äàþùèå ïîëîæè-

òåëüíóþ ïðîáó íà íàëè÷èå åíîëüíîãî ãèäðîêñèëà ñî ñïèðòîâûì ðàñòâîðîì

õëîðèäà æåëåçà (III).

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 69a,b ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé åíîëüíîé ãèäðîêñèëüíîé ãðóïïû (2951�3296 ñì−1), ëàêòîííîé

Ñ2=O (1838�1854 ñì−1), ëàêòàìíîé Ñ2'=O (1681 ñì−1) ãðóïï è êåòîí-

íîé êàðáîíèëüíîé ãðóïïû àðèëïðîïåíîèëüíîãî ôðàãìåíòà ïðè 1637�1641

ñì−1. Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé 69a,b, êðîìå ñèãíàëîâ ïðîòîíîâ

àðîìàòè÷åñêèõ êîëåö è öèííàìîèëüíîãî ôðàãìåíòà, ïðèñóòñòâóþò òðåõ-

ïðîòîííûå ñèíãëåòû ìåòèëüíîé ïðè 2.24�2.25 ì.ä.. Êðîìå ýòîãî â ñïåêòðå

ñîåäèíåíèÿ 69b ïðèñóòñâóåò òðåõïðîòîííûé ñèíãëåòíûé ñèãíàë ìåòîêñè

ãðóïïû ïðè 3.80 ì.ä. Â ñïåêòðàõ ßÌÐ 13C ñîåäèíåíèé 69a,b ïðèñóòñòâóåò

õàðàêòåðíûé ñèãíàë ñïèðîàòîìà óãëåðîäà ïðè 68.60�68.63 ì.ä..

Ïðè âçàèìîäåéñòâèè 4-èçîïðîïîêñàëèë-5-ôåíèë-1H-ïèððîë-2,3-

äèîíîâ II ñ äèìåäîíîì P34 â ñîîòíîøåíèè 1 : 2, ïðîâîäèìîì ïóòåì

êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â áåçâîäíîì õëîðîôîðìå â òå÷åíèå 7�8

÷ ïðèâîäèò ê îáðàçîâàíèþ èçîïðîïèë 2-îêñî-2-{3',3',6',6'-òåòðàìåòèë-
1',2,8'-òðèîêñî-5-ôåíèë-1,1',2,2',3',4',5',6',7',8'-äåêàãèäðîñïèðî[ïèððîë-
3,9'-êñàíòåí]-4-èë}àöåòàòîâ 70a,b [146, 197]. Ïî-âèäèìîìó, ïðîäóêòû

ðåàêöèè îáðàçóþòñÿ âñëåäñòâèå ïåðâîíà÷àëüíîé êîíäåíñàöèè êåòîííîé

êàðáîíèëüíîé ãðóïïû Ñ3=Î ïèððîëäèîíà è àêòèâèðîâàííîé ìåòèëåíî-

âîé ãðóïïû äèìåäîíà, ïîñëåäóþùåãî ïðèñîåäèíåíèÿ âòîðîé ìîëåêóëû

äèìåäîíà ê àòîìó Ñ3 ïèððîëîíîâîãî öèêëà è âíóòðèìîëåêóëÿðíîé

öèêëèçàöèè ñ ó÷àñòèåì ãèäðîêñèëüíîé ãðóïïû îäíîãî è êåòîííîé

êàðáîíèëüíîé ãðóïïû äðóãîãî äèìåäîíîâîãî ôðàãìåíòà.



181

Ñõåìà 2.80

70a: R1 = Ph; 70b: R1 = C6H4Br-4

Ñîåäèíåíèÿ 70a,b � áåñöâåòíûå âûñîêîïëàâêèå êðèñòàëëè÷åñêèå

âåùåñòâà, ëåãêîðàñòâîðèìûå â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ,

íåðàñòâîðèìûå â àëêàíàõ è âîäå.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 70a,b ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ëàêòàìíîé Ñ2=Î, êåòîííîé C4-C=O è ñëîæíîýôèðíîé êàðáî-

íèëüíûõ ãðóïï â îáëàñòè 1717�1721 ñì−1, êåòîííûõ êàðáîíèëüíûõ ãðóïï

Ñ1'=Î è Ñ8'=Î â îáëàñòè 1651�1656 ñì−1. Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé

70a,b, êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íè-

ìè ãðóïï, ïðèñóòñòâóþò äóáëåò ïðîòîíîâ ìåòèëüíûõ ãðóïï èçîïðîïîêñà-

ëèëüíîãî ðàäèêàëà ïðè 0.86 ì.ä., ìóëüòèïëåò ìåòèíîâîãî ïðîòîíà èçîïðî-

ïîêñàëèëüíîãî ðàäèêàëà â îáëàñòè 4.00�4.01 ì.ä., äâà ñèíãëåòà ïðîòîíîâ

÷åòûðåõ ìåòèëüíûõ ãðóïï â îáëàñòè 0.95�1.07 ì.ä. è äóáëåòíûå ñèãíàëû

âîñüìè íåýêâèâàëåíòíûõ ïðîòîíîâ ìåòèëåíîâûõ ãðóïï â îáëàñòè 2.23�

2.70 ì.ä. ñ õàðàêòåðíûìè êîíñòàíòàìè ñïèí-ñïèíîâîãî âçàèìîäåéñòâèÿ

(J = 16.1�18.2 Ãö). Ñòðóêòóðà ñîåäèíåíèé 70a,b ïîäòâåðæäåíà ÐÑÀ ñîåäè-

íåíèÿ 70a, îáùèé âèä ìîëåêóëû êîòîðîãî ïðåäñòàâëåí íà ðèñóíêå (ðèñ.

2.37).

Âñå äëèíû ñâÿçåé â ìîëåêóëå áëèçêè ê ñòàíäàðòíûì çíà÷åíèÿì, à

ñîîòâåòñòâóþùèå äâîéíûå ñâÿçè ëîêàëèçîâàííûå. Êðèñòàëë ïîëíîñòüþ
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Ðèñ. 2.37. Ñòðóêòóðà ñîåäèíåíèÿ 70a, ïî äàííûì ÐÑÀ.

ìîëåêóëÿðíûé � óêîðî÷åííûå êîíòàêòû è âîäîðîäíûå ñâÿçè îòñóòñòâóþò.

Êñàíòåíîâûé ôðàãìåíò èìååò ôîðìó ¾áàáî÷êè¿. Öåíòðàëüíûé ïèððîëü-

íûé öèêë èìååò ôîðìó ¾êîíâåðò¿ � ïåðåãèá ïî ëèíèè Ñ7· · ·Ñ18 ñîñòàâ-

ëÿåò 18.9°, à îòêëîíåíèå àòîìà Ñ2 îò ïëîñêîñòè îñòàëüíûõ ïÿòè àòîìîâ

êîëüöà 0.3 �A.

Ïðè âçàèìîäåéñòâèè 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ I ñ 3-ìåòèë-

1-ôåíèë-1H-ïèðàçîë-5(4H)-îíîì (P29) [192] â ñîîòíîøåíèè 1 : 1, ïðîâî-

äèìîì ïóòåì êèïÿ÷åíèÿ ðàñòâîðà ðåàãåíòîâ â ñðåäå àáñîëþòíîãî áåíçîëà

â ïðèñóòñòâèè ýêâèìîëÿðíîãî êîëè÷åñòâà òðèýòèëàìèíà â òå÷åíèå 30�50

ìèí, ïîëó÷åíû ñ (Z)-1-àðèë-4-[(3-ìåòèë-5-îêñî-1-ôåíèë-1H-ïèðàçîë-

4(5H)-èëèäåí)(ôåíèë)ìåòèë]-2,5-äèîêñî-2,5-äèãèäðî-1H-ïèððîë-3-îëàòû

òðèýòèëàììîíèÿ 71a�c [146].
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Ñõåìà 2.81

71a: R1 = Ph, R2 = Ph; 71b: R1 = C6H4Me-4, R2 = Ph; 71c: R1 = C6H4OMe-4, R2 = Ph; 72a: R1 =

Ph, R2 = Ph; 72b: R1 = C6H4Me-4, R2 = Ph; 72c: R1 = C6H4OMe-4, R2 = Ph.

Ñîåäèíåíèÿ 71a�c � ÿðêî-ìàëèíîâûå âûñîêîïëàâêèå êðèñòàëëè÷å-

ñêèå âåùåñòâà, ëåãêîðàñòâîðèìûå â ÄÌÑÎ è ÄÌÔÀ, òðóäíîðàñòâîðèìûå

â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ è âîäå, íåðàñòâîðèìûå â àëêàíàõ.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 71a�c ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé òðåõ ëàêòàìíûõ êàðáîíèëüíûõ ãðóïï â îáëàñòè 1703�1750 ñì−1

è êåòîííîé êàðáîíèëüíîé ãðóïïû, ó÷àñòâóþùåé â ÌÂÑ ñ êàòèîíîì òðè-

ýòèëàììîíèÿ, â îáëàñòè 1659�1663 ñì−1. Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé

71a�c, êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íè-

ìè ãðóïï, ïðèñóòñòâóþò óøèðåííûé ñèíãëåò ïðîòîíà ãðóïïû NH ïðè 8.81

ì.ä., ñèíãëåò ïðîòîíîâ ìåòèëüíîé ãðóïïû â îáëàñòè 1.38�1.39 ì.ä., òðè-

ïëåò è êâàäðóïëåò ïðîòîíîâ òðåõ ìåòèëüíûõ è òðåõ ìåòèëåíîâûõ ãðóïï

êàòèîíà òðèýòèëàììîíèÿ â îáëàñòè 1.14�1.15 ì.ä. è ïðè 3.07 ì.ä. ñîîòâåò-

ñòâåííî. Îáùèé âèä ìîëåêóëû ñîåäèíåíèÿ 71a ïîêàçàí íà ðèñóíêå (ðèñ.

2.38).

Ñîãëàñíî äàííûì ÐÑÀ, ñîåäèíåíèå 71a êðèñòàëëèçóåòñÿ â öåíòðî-

ñèììåòðè÷íîé ïðîñòðàíñòâåííîé ãðóïïå ìîíîêëèííîé ñèíãîíèè â âè-

äå ñîëè N(Et)3H+Het- (Het- � ãåòåðîöèêëè÷åñêèé àíèîí áðóòòî-ôîðìóëû
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Ðèñ. 2.38. Ñòðóêòóðà ñîåäèíåíèÿ 71a, ïî äàííûì ÐÑÀ.

C27Í18N3O4). Çàðÿä àíèîíà ñèëüíî äåëîêàëèçîâàí ìåæäó ïèðàçîëèëüíûì

è ïèððîëèëüíûì ôðàãìåíòàìè, íà ÷òî óêàçûâàåò âûðàâíèâàíèå äëèí ñâÿçè

ìåòèíîâîãî àòîìà óãëåðîäà Ñ1. Àðîìàòè÷íîñòü ñèñòåìû ñîïðÿæåííûõ àòî-

ìîâ ñèëüíî íàðóøåíà: äëèíû ñâÿçåé êàðáîíèëüíûõ ãðóïï áëèçêè ê äëèíå

ñòàíäàðòíîé Ñ=Î ñâÿçè, äëèíû Ñ-Ñ ñâÿçåé ãåòåðîöèêëè÷åñêèõ ñèñòåì

ïðèáëèæàþòñÿ ê äëèíàì îäèíàðíûõ ñâÿçåé ïðè ãåòåðîàòîìàõ. Àíèîí â öå-

ëîì èìååò âèíòîîáðàçíóþ êîíôèãóðàöèþ, çàìåñòèòåëè ïðè Ñ1 ðàçâåðíó-

òû îòíîñèòåëüíî ïëîñêîñòè Ñ1Ñ4Ñ12Ñ25 ïîä óãëîì 27.4°(ïèððîëèëüíûé
ôðàãìåíò), 27.7°(ïèðàçîëèëüíûé ôðàãìåíò), 47.3°(ôåíèëüíûé ôðàãìåíò).

Êàòèîí N(Et)3H+ îáðàçóåò ÌÂÑ ñ àòîìîì Î1 êàðáîíèëüíîé ãðóïïû ïèð-

ðîëèëüíîãî ôðàãìåíòà [d(N1S-H1S) = 0.90(3) �A, d(H1S· · ·O1) = 1.84(3) �A,

óãîë N1SH1SO1 = 163(2)°, d(N1S· · ·O1) = 2.720(3) �A]. Ýòèëüíûå ãðóïïû

òðèýòèëàììîíèÿ ðàçóïîðÿäî÷åíû â 2 ïîçèöèè ñ çàñåë¼ííîñòüþ 0.5.

Ñîåäèíåíèÿ 71a�c îáðàçóþòñÿ, ïî-âèäèìîìó, âñëåäñòâèå ïðèñîåäè-

íåíèÿ ãðóïïû β-CH åíîëüíîãî ôðàãìåíòà ïèðîçîëÿòà òðèýòèëàììîíèÿ

P5 ê àòîìó Ñ5 ïèððîëäèîíîâ I, ðàñêðûòèÿ ïèððîëüíîãî öèêëà ïî ñâÿçè

N1�C5 è ïîñëåäóþùåé âíóòðèìîëåêóëÿðíîé öèêëèçàöèè ñ ó÷àñòèåì àê-

òèâèðîâàííîé àìèäíîé ãðóïïû NH è ýòîêñèêàðáîíèëüíîãî çàìåñòèòåëÿ.

Ãèäðîëèç ñîåäèíåíèé 71a�c ðàçáàâëåííûì ðàñòâîðîì ñîëÿíîé êèñ-

ëîòû èëè î÷èñòêà ñ ïîìîùüþ êîëîíî÷íîé õðîìàòîãðàôèè ïðè èñïîëü-

çîâàíèè â êà÷åñòâå íåïîäâèæíîé ôàçû ñèëèêàãåëÿ ïðèâîäèò ê îáðà-

çîâàíèþ (Z)-1-àðèë-3-ãèäðîêñè-4-[(3-ìåòèë-5-îêñî-1-ôåíèë-1H-ïèðàçîë-

4(5H)-èëèäåí)(ôåíèë)ìåòèë]-1H-ïèððîë-2,5-äèîíîâ 72a�c [146].
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Ñîåäèíåíèÿ 72a�c � ÿðêî-îðàíæåâûå âûñîêîïëàâêèå êðèñòàëëè÷å-

ñêèå âåùåñòâà, ëåãêîðàñòâîðèìûå â ÄÌÑÎ è ÄÌÔÀ, òðóäíîðàñòâîðèìûå

â îáû÷íûõ îðãàíè÷åñêèõ ðàñòâîðèòåëÿõ è âîäå, íåðàñòâîðèìûå â àëêàíàõ.

Â ÈÊ ñïåêòðàõ ñîåäèíåíèé 72a�c ïðèñóòñòâóþò ïîëîñû âàëåíòíûõ

êîëåáàíèé ãðóïïû OH â îáëàñòè 3174�3197 ñì−1 è òðåõ ëàêòàìíûõ êàðáî-

íèëüíûõ ãðóïï â îáëàñòè 1685�1779 ñì−1. Â ñïåêòðàõ ßÌÐ 1Í ñîåäèíåíèé

72a�c, êðîìå ñèãíàëîâ ïðîòîíîâ àðîìàòè÷åñêèõ êîëåö è ñâÿçàííûõ ñ íèìè

ãðóïï, ïðèñóòñòâóþò óøèðåííûé ñèíãëåò ïðîòîíà ãðóïïû OH â îáëàñòè

6.84�6.87 ì.ä. èëè â îáëàñòè àðîìàòè÷åñêèõ ïðîòîíîâ è ñèíãëåò ïðîòîíîâ

ìåòèëüíîé ãðóïïû â îáëàñòè 1.50�1.55 ì.ä.
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3. Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Àíàëèç ðåàêöèîííûõ ìàññ ïðè îïòèìèçàöèè óñëîâèé ðåàêöèé ïðî-

âîäèëè ìåòîäàìè ßÌÐ 1Í ñïåêòðîñêîïèè (íà ïðèáîðå Bruker Avance

III HD 400) è óëüòðà-ÂÝÆÕ-ÌÑ (íà ïðèáîðå Waters ACQUITY UPLC

I-Class, êîëîíêà Acquity UPLC BEH C18 1.7 ìêì, ïîäâèæíûå ôàçû �

àöåòîíèòðèë-âîäà, ñêîðîñòü ïîòîêà 0.3�0.6 ìë/ìèí, ìàññ-äåòåêòîð Xevo

TQD, ÓÔ-äåòåêòîð ACQUITY UPLC PDA eλ Detector).

ÈÊ ñïåêòðû ïîëó÷åííûõ ñîåäèíåíèé çàïèñûâàëè íà ñïåêòðîôîòî-

ìåòðå Perkin Elmer Spectrum Two â âàçåëèíîâîì ìàñëå. Ñïåêòðû ßÌÐ 1Í

çàïèñûâàëè íà ñïåêòðîìåòðå Bruker DRX 400 (ðàáî÷àÿ ÷àñòîòà 400 ÌÃö)

â CDCl3 èëè ÄÌÑÎ-d6, âíóòðåííèé ñòàíäàðò � ÒÌÑ. Ñïåêòðû ßÌÐ 13C

çàïèñûâàëè íà ñïåêòðîìåòðå Bruker Avance III HD 400 (ðàáî÷àÿ ÷àñòîòà

100 ÌÃö) â ÄÌÑÎ-d6, âíóòðåííèé ñòàíäàðò � ÒÌÑ. Ýëåìåíòíûé àíà-

ëèç âûïîëíÿëè íà àíàëèçàòîðå vario MICRO cube. Ðåíòãåíîñòðóêòóðíûé

àíàëèç âûïîëíÿëñÿ íà àâòîìàòè÷åñêèõ ÷åòûð¼õêðóæíûõ ðåíòãåíîâñêèõ

äèôðàêòîìåòðàõ ¾KM-4¿ (¾Kuma Difraction¿), ¾Xcalibur-3¿, ¾Xcalibur R-

Mo¿, ¾Xcalibur S Single Crystal Diffraction System¿. Èíäèâèäóàëüíîñòü

ñèíòåçèðîâàííûõ ñîåäèíåíèé ïîäòâåðæäàëè ìåòîäîì ÒÑÕ íà ïëàñòèíàõ

Silufol, ýëþåíòû � áåíçîë, áåíçîë-ýòèëàöåòàò (5:1), ýòèëàöåòàò; ïðîÿâëÿëè

ïàðàìè éîäà.

Èñõîäíûå 1Í-ïèððîë-2,3-äèîíû ïîëó÷àëè ñîãëàñíî îïèñàííûì ìå-

òîäèêàì [12,68,122,131,132]. Äðóãèå ðåàãåíòû, íåîáõîäèìûå äëÿ âûïîëíå-

íèÿ ðàáîòû, ÿâëÿþòñÿ êîììåð÷åñêè äîñòóïíûìè. Ïðèîáðåò¼ííûå ðåàãåí-

òû èñïîëüçîâàëèñü áåç î÷èñòêè, à ðàñòâîðèòåëè ñóøèëèñü ñòàíäàðòíûìè

ìåòîäàìè.

Ñèíòåç äèìåòèë 4-îêñî-1,4-äèãèäðîõèíîëèí-2,3-äèêàðáîêñèëàòîâ (1).

Îáùàÿ ìåòîäèêà. Ðàñòâîð 1-àðèë-4,5-äè(ìåòîêñèêàðáîíèë)-2,3-äèãèäðî-

1H-ïèððîë-2,3-äèîíà III â 5 ìë ñóõîãî äàóòåðìà À âûäåðæèâàëè â òå÷åíèå

15�20 ìèíóò ïðè òåìïåðàòóðå 190�210°Ñ, îõëàæäàëè, äîáàâëÿëè ïðè ïåðå-
ìåøèâàíèè 10 ìë ïåòðîëåéíîãî ýôèðà (ò.êèï. 70�100°Ñ), îáðàçîâàâøèéñÿ
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îñàäîê îòôèëüòðîâàëè è ïåðåêðèñòàëëèçîâûâàëè èç òîëóîëà.

N
H

O

OMe

O

OMe

O

Cl

Äèìåòèë 4-îêñî-6-õëîð-1,4-äèãèäðîõèíîëèí-2,3-

äèêàðáîêñèëàò (1a): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.54 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIIg. Âûõîä 87%, ò.ïë. 217�218°Ñ. ÈÊ

ñïåêòð, ν, ñì−1: 3250, 1736, 1640. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 3.78 c (3H, COOMe), 3.97 c (3H, COOMe), 7.82�8.03

ãð.ñ (3H, C6H3), 12.59 c (1H, NH). Íàéäåíî, %: Ñ 45.93, Í 2.97, Cl 23.47,

N 4.84. Ñ13Í10ClNO5. Âû÷èñëåíî, %: Ñ 52.81, Í 3.41, Cl 11.99, N 4.74.

N
H

O

OMe

O

OMe

O

Br

Äèìåòèë 4-îêñî-6-õëîð-1,4-äèãèäðîõèíîëèí-2,3-

äèêàðáîêñèëàò (1b): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ è 500 ìã (1.36 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIIh. Âûõîä 86%, ò.ïë. 229�230°Ñ. ÈÊ

ñïåêòð, ν, ñì−1: 3313, 1736, 1640. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 3.79 c (3H, COOMe), 3.97 c (3H, COOMe), 7.87�8.18

ãð.ñ (3H, C6H3), 12.57 c (1H, NH). Íàéäåíî, %: Ñ 45.93, Í 2.97, Br 23.47,

N 4.84. Ñ13Í10BrNO5. Âû÷èñëåíî, %: Ñ 45.91, Í 2.96, Br 23.49, N 4.81.

Ñèíòåç 2,3-äèàðîèë-1,4-äèãèäðîõèíîëèí-4-îíîâ (2). Ðàñòâîð 1-àðèë-4,5-

äèàðîèë-2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíà IV â 5 ìë àáñîëþòíîãî äàóòåð-

ìà À âûäåðæèâàëè â òå÷åíèå 15-20 ìèíóò ïðè òåìïåðàòóðå 210�215°Ñ,
îõëàæäàëè, äîáàâëÿëè ïðè ïåðåìåøèâàíèè 10 ìë ïåòðîëåéíîãî ýôèðà

(ò.êèï 70�100°Ñ), îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâàëè è ïåðåêðèñòàë-

ëèçîâûâàëè èç ñìåñè òîëóîëà ñ àöåòîíèòðèëîì â ñîîòíîøåííè 1 : 1.

N
H

O

O

O

2,3-Äèáåíçîèë-1,4-äèãèäðîõèíîëèí-4-îí (2a):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.41 ììîëü) 1H-ïèððîë-2,3-äèîíà IVa.

Âûõîä 91%, ò.ïë. 248�249°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3200, 1682, 1647. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 7.41�8.16 ãð.ñ (14H, 2C6H5 + C6H4), 12.85 c

(1H, NH). Íàéäåíî, %: Ñ 78.16, Í 4.25, N 3.99. Ñ23Í15NO3. Âû÷èñëåíî,

%: Ñ 78.17, Í 4.28, N 3.96.
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N
H

O

O

O

OMe

2,3-Äèáåíçîèë-6-ìåòîêñè-1,4-äèãèäðîõèíî-

ëèí-4-îí (2b): Ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.30 ììîëü)

1H-ïèððîë-2,3äèîíà IVm. Âûõîä 89%, ò.ïë.

256�257°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3200, 1670.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.88 ñ (3Í,

OMe), 7.40�7.90 ãð.ñ (13H, 2Ph + C6H3), 12.86 c (1H, NH). Íàéäåíî, %: Ñ

75.15, Í 4.40, N 3.63. Ñ24Í17NO4. Âû÷èñëåíî, %: Ñ 75.19, Í 4.47, N 3.65.

N
H

O

Me
O

Me

O

2,3-Äè(4-ìåòèëáåíçîèë)-1,4-äèãèäðîõèíîëèí-

4-îí (2c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.31 ììîëü) 1H-ïèððîë-

2,3-äèîíà IVe. Âûõîä 92%, ò.ïë. 286�287°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3200, 1670, 1645. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.35 ñ (6Í, 2Me),

7.21�8.15 ãð.ñ (12H, 3C6H4), 12.77 c (1H, NH).

Íàéäåíî, %: Ñ 78.76, Í 5.05, N 3.63. Ñ24Í17NO4. Âû÷èñëåíî, %: Ñ 78.72,

Í 5.02, N 3.67.

N
H

O Me

Me
O

Me

Me

O

2,3-Äè(2,5-äèìåòèëáåíçîèë)-1,4-äèãèäðîõè-

íîëèí-4-îí (2d): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.22 ììîëü)

1H-ïèððîë-2,3-äèîíà IVi. Âûõîä 89%, ò.ïë.

211�212°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3265, 1668, 1635.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.16 ñ (3Í,

Me), 2.21 c (6Í, 2Ìå), 2.52 ñ (3Í, Ìå), 7.02�8.11 ãð.ñ (10H, C6H4 +

2C6H3), 12.79 c (1H, NH). Íàéäåíî, %: Ñ 79.22, Í 5.64, N 3.46. Ñ27Í23NO3.

Âû÷èñëåíî, %: Ñ 79.20, Í 5.66, N 3.42.

N
H

O Me

Me
O

Me

Me

O

OMe

2,3-Äè(2,5-äèìåòèëáåíçîèë)-6-ìåòîêñè-1,4-

äèãèäðîõèíîëèí-4-îí (2e): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.14 ììîëü)

1H-ïèððîë-2,3-äèîíà IVk. Âûõîä 90%, ò.ïë.

271�272°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3250, 1666, 1637.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.15 ñ (3Í,

Me), 2.21 c (6Í, 2Ìå), 2.52 ñ (3Í, Ìå), 3.85 c (3H, OMe), 7.02�7.72 ãð.ñ

(9H, 3C6H3), 12.81 c (1H, NH). Íàéäåíî, %: Ñ 76.50, Í 5.77, N 3.17.
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Ñ28Í25NO4. Âû÷èñëåíî, %: Ñ 76.52, Í 5.73, N 3.19.

N
H

O

Cl
O

Cl

O

OMe

2,3-Äè(õëîðáåíçîèë)-6-ìåòîêñè-1,4-äèãèä-

ðîõèíîëèí-4-îí (2f): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.11 ììîëü)

1H-ïèððîë-2,3-äèîíà IVl. Âûõîä 87%, ò.ïë.

227�228°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3245, 1668,

1641. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.87 c

(3H, OMe), 7.00�8.13 ãð.ñ (10H, C6H4 + 2C6H3),

12.85 c (1H, NH). Íàéäåíî, %: Ñ 63.66, Í 3.30, N 3.14. Ñ24Í15Cl2NO4.

Âû÷èñëåíî, %: Ñ 63.73, Í 3.34, N 3.10.

Ñèíòåç ìåòèë 4-îêñî-2-ôåíèë-2H,3H,4H-ïèðàíî[3,2-c]õèíîëèí-5-

êàðáîêñèëàòîâ (3). Ðàñòâîð 1-àðèë-5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-

2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíà V â 5 ìë àáñîëþòíîãî äàóòåðìà À

âûäåðæèâàëè â òå÷åíèå 15-20 ìèíóò ïðè òåìïåðàòóðå 210�215°Ñ, îõëà-
æäàëè, äîáàâëÿëè ïðè ïåðåìåøèâàíèè 10 ìë ïåòðîëåéíîãî ýôèðà (ò.êèï

70�100°Ñ), îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâàëè è ïåðåêðèñòàëëèçîâû-

âàëè èç àöåòîíèòðèëà.

N

O

OMe

O

Ph

O

Me

Ìåòèë 9-ìåòèë-4-îêñî-2-ôåíèë-2H,3H,4H-

ïèðàíî[3,2-c]õèíîëèí-5-êàðáîêñèëàò (3a):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.44 ììîëü) 1H-ïèððîë-2,3-äèîíà Vb.

Âûõîä 76%, ò.ïë. 270�271°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

1750, 1651. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.28 ñ (3Í, Ìå), 2.66 ä.ä. (1Í, J = 12.2, 12.6 Ãö), 2.77 ä.ä (1Í, J = 12.9, 2.8

Ãö), 3.82 c (3H, COOMe), 5.48 ä.ä. (1Í, J = 12.2, 2.8 Ãö), 7.31�8.28 ãð.ñ

(8H, 2C6H5 + C6H3). Íàéäåíî, %: Ñ 72.65, Í 5.94, N 4.00. Ñ21Í17NO4.

Âû÷èñëåíî, %: Ñ 72.61, Í 4.93, N 4.03.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 3a ïðîâåä¼í íà àâòîìà-

òè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå KM-4 (¾Kuma

Difraction¿) ñ χ-ãåîìåòðèåé ìåòîäîì ω/2θ-ñêàíèðîâàíèÿ íà ìîíîõðîìà-

òèçèðîâàííîì CuKα-èçëó÷åíèè (λ(CuKα) 1.54178 �A, Ò 293(2) Ê, ãðàôè-

òîâûé ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°). Äëÿ àíà-

ëèçà èñïîëüçîâàëñÿ áåñöâåòíûé ïðèçìàòè÷åñêèé ìîíîêðèñòàëë ðàçìåðîì

0.25 × 0.20 × 0.15 ìì. Ïîïðàâêà íà ïîãëîùåíèå íå ââîäèëàñü èç-çà å¼
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ìàëîñòè (µ 0.765 ìì−1). Íà óãëàõ ðàññåÿíèÿ 3.37 < θ < 80.36° ñîáðàíî
3745 îòðàæåíèé, èç íèõ 3476 íåçàâèñèìûõ (Rint 0.0450), 1537 ñ I>2σ(I).

Êîìïëåêòíîñòü äëÿ θ < 80.36° ñîñòàâëÿåò 92.6%. Êðèñòàëë c ïðîñòðàí-

ñòâåííîé ãðóïïîé P21/c, ïàðàìåòðû ÿ÷åéêè: 11.883(5) �A, b 5.521(5) �A, c

26.855(5) �A, α 90.000(5)°, β 102.610(5)°, γ 90.000(5)°, V = 1719.4(17) �A, Z

= 4, dcalc = 1.342 g/cm3. Ñòðóêòóðà ðàñøèôðîâàíà è óòî÷íåíà ñ èñïîëüçî-

âàíèåì ïðîãðàììíîãî ïàêåòà SHELXL-97 [198]. Ïîçèöèîííûå è òåìïåðà-

òóðíûå ïàðàìåòðû íåâîäîðîäíûõ àòîìîâ óòî÷íåíû â èçîòðîïíîì, à çàòåì

â àíèçîòðîïíîì ïðèáëèæåíèè ïîëíîìàòðè÷íûì ÌÍÊ ïî F 2. Àòîìû âîäî-

ðîäà, çà èñêëþ÷åíèåì âîäîðîäà ãðóïïû ÎÍ, ëîêàëèçîâàíû ïî ìàêñèìóìàì

ýëåêòðîííîé ïëîòíîñòè è âêëþ÷åíû â óòî÷íåíèå â ìîäåëè ¾íàåçäíèêà¿ â

èçîòðîïíîì ïðèáëèæåíèè. Àòîì âîäîðîäà ãðóïïû ÎÍ óòî÷íÿëñÿ íåçàâè-

ñèìî â èçîòðîïíîì ïðèáëèæåíèè. Îêîí÷àòåëüíûå ïàðàìåòðû óòî÷íåíèÿ:

R1 0.0529 (äëÿ I>2σ(I)), R1 0.1846 (äëÿ âñåõ îòðàæåíèé), wR2 0.1422 (äëÿ

I>2σ(I)), wR2 0.1652 (äëÿ âñåõ îòðàæåíèé) ïðè ôàêòîðå äîáðîòíîñòè S

0.886.

N
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O
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O

OMe

Ìåòèë 9-ìåòîêñè-4-îêñî-2-ôåíèë-2H,3H,4H-

ïèðàíî[3,2-c]õèíîëèí-5-êàðáîêñèëàò (3b):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà Vc.

Âûõîä 82%, ò.ïë. 293�294°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

1745, 1654. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.64 ò. (1Í, J = 12.7 Ãö), 2.79 ä.ä (1Í, J = 12.8, 2.9 Ãö), 3.75 ñ (3Í,

OMe), 3.78 c (3H, COOMe), 5.50 ä.ä. (1Í, J = 12.6, 2.9 Ãö), 7.03�7.75 ãð.ñ

(8H, 2C6H5 + C6H3). Íàéäåíî, %: Ñ 69.35, Í 4.76, N 3.89. Ñ21Í17NO5.

Âû÷èñëåíî, %: Ñ 69.41, Í 4.72, N 3.85.

Ñèíòåç ïðîïàí-2-èë 1-àðèë-2,3-äèîêñî-6,7a-äèôåíèë-1,2,3,6,7,7a-

ãåêñàãèäðîïèðàíî[4,3-b]ïèððîë-4-êàðáîêñèëàòîâ (4). Îáùàÿ ìåòîäè-

êà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà II â 25 ìë àáñîëþòíîãî ì-êñèëîëà

äîáàâëÿëè ðàñòâîð ýêâèìîëÿðíîãî êîëè÷åñòâà ñòèðîëà â 5 ìë àáñîëþòíîãî

ì-êñèëîë. Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå 14-15 ÷àñîâ, îõëàæäà-

ëè, îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè

èç ýòèëàöåòàòà.
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Ïðîïàí-2-èë 2,3-äèîêñî-1,6,7a-òðèôåíèë-1,2,3,6,7,7a-

ãåêñàãèäðîïèðàíî[4,3-b]ïèððîë-4-êàð-

áîêñèëàò (4a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõî-

äÿ èç 500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà IIa è 143

ìã (1.38 ììîëü) ñòèðîëà. Âûõîä 87%, ò.ïë. 240�242°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 1728, 1701. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 1.19 ä (3Í, Me, J = 6.3 Ãö), 1.28 ä (3Í, Me, J = 6.3

Ãö), 2.62 ò (1Í, CH â Ñ7Í2, J = 12.9 Ãö), 2.69 ä.ä (1Í, CH â Ñ7Í2, J = 12.9,

3.6 Ãö), 5.07 ì (1Í, ÑÍMe2), 5.67 ä.ä (1Í, Ñ6Í, J = 12.9, 3.6 Ãö), 7.28�

7.79 ãð.ñ (15Í, 3C6H5). Íàéäåíî, %: Ñ 74.41, Í 5.35, N 2.97. Ñ29Í25NO5.

Âû÷èñëåíî, %: Ñ 74.50, Í 5.39, N 3.00.
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Ïðîïàí-2-èë 1-(4-ìåòîêñèôåíèë)-2,3-äèîêñî-6,7a-

äèôåíèë-1,2,3,6,7,7a-ãåêñàãèäðîïèðàíî[4,3-b]ïèð-

ðîë-4-êàðáîêñèëàò (4b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòî-

äèêå, èñõîäÿ èç 500 ìã (1.27 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIc è 132 ìã (1.27 ììîëü) ñòèðîëà. Âûõîä 84%, ò.ïë.

217�219°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1725, 1700. Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.20 ä (3Í, Me, J = 6.2 Ãö), 1.30 ä (3Í, Me,

J = 6.2 Ãö), 2.62 ò (1Í, CH â Ñ7Í2, J = 12.9 Ãö), 2.63 ì (1Í, CH â Ñ7Í2),

3.77 ñ (3Í, ÎMe), 5.06 ì (1Í, ÑÍMe2), 5.63 ì (1Í, Ñ6Í), 7.28�7.79 ãð.ñ

(14Í, 2C6H5 + C6H4). Íàéäåíî, %: Ñ 72.35, Í 5.43, N 2.80. Ñ30Í27NO6.

Âû÷èñëåíî, %: Ñ 72.42, Í 5.47, N 2.82.

Ñèíòåç ïðîïàí-2-èë 1-àðèë-2,3-äèîêñî-9b-ôåíèë-2,3,5a,7,8,9,9a,9b-

îêòàãèäðî-1H-ïèðàíî[3',2':5,6]ïèðàíî[4,3-b]-
ïèððîë-4-êàðáîêñèëàò (5). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-

2,3-äèîíà II â 30 ìë àáñîëþòíîãî ï-êñèëîëà äîáàâëÿëè ðàñòâîð

3,4-äèãèäðî-2H-ïèðàíà (P2) â 5 ìë àáñîëþòíîãî ï-êñèëîëà, êèïÿòèëè

12-15 ÷àñîâ, îõëàæäàëè, îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è

ïåðåêðèñòàëëèçîâûâàëèè èç ýòèëàöåòàòà.
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Ïðîïàí-2-èë 2,3-äèîêñî-1,9b-äèôåíèë-

2,3,5a,7,8,9,9a,9b-îêòàãèäðî-1H-ïèðàíî[3',2':5,6]ïè-
ðàíî[4,3-b]ïèððîë-4-êàðáîêñèëàò (5a): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.12 ììîëü)

1H-ïèððîë-2,3-äèîíà IIa è 187 ìã (2.23 ììîëü) 3,4-

äèãèäðî-2H-ïèðàíà (P2). Âûõîä 73%, ò.ïë. 229�230°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 1725 (Ñ2=O, COO), 1713 (C3=O).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.16 ä (6H, 2Me, J = 6.2 Ãö), 1.21�1.64

ãð.ñ (4Í, 2CH2), 2.89 ì (1Í, Ñ9aH), 3.83 ì (2Í, C7H2), 5.06 ì (1H, OCH),

6.14 ä (1Í, Ñ5aÍ, J = 3.3 Ãö), 7.14�7.88 ãð.ñ (10Í, 2C6H5). Íàéäåíî, %: C

69.72; H 5.66; N 3.11. Ñ26H25NÎ6. Âû÷èñëåíî, %: C 69.79; H 5.63; N 3.13.
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Ïðîïàí-2-èë 1-(4-ìåòîêñèôåíèë)-2,3-äèîêñî-9b-

ôåíèë-2,3,5a,7,8,9,9a,9b-îêòàãèäðî-1H-ïèðàíî-

[3',2':5,6]ïèðàíî[4,3-b]ïèððîë-4-êàðáîêñèëàò (5b):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.05 ììîëü) 1H-ïèððîë-2,3-äèîíà IIc è 176 ìã (2.09

ììîëü) 3,4-äèãèäðî-2H-ïèðàíà (P2). Âûõîä 75%, ò.ïë.

238�239°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1721 ø (Ñ2=O, Ñ3=O

ÑÎÎ). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.16 ä (3H,

Me, J = 6.3 Ãö), 1.17 ä (3H, Me, J = 6.3 Ãö), 1.20�1.67 ãð.ñ (4Í, 2CH2), 2.83

ì (1Í, Ñ9aH), 3.79 ñ (3H, OMe), 3.84 ì (2Í, C7H2), 5.05 ì (1H, OCH), 6.08

ä (1Í, Ñ5aÍ, J = 3.0 Ãö), 6.94�7.85 ãð.ñ (9Í, C6H5, C6H4). Íàéäåíî, %: C

67.86; H 5.65; N 2.90. Ñ27H27NÎ7. Âû÷èñëåíî, %: C 67.91; H 5.70; N 2.93.

Ñèíòåç 1,4-äèàðèë-7a-àðîèë-6-ôåíèë-1,2,3,6,7,7a-ãåêñàãèäðîïèðàíî-

[4,3-b]ïèððîë-2,3-äèîíîâ (6). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-

2,3-äèîíà IV â 25 ìë àáñîëþòíîãî ì-êñèëîëà äîáàâëÿëè ðàñòâîð ñòèðîëà

P1 â 10 ìë àáñîëþòíîãî ì-êñèëîëà, êèïÿòèëè 8 ÷, îõëàæäàëè, îá-

ðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç

òîëóîëà.
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7a-Áåíçîèë-1,4,6-òðèôåíèë-1,2,3,6,7,7a-ãåêñàãèäðî-

ïèðàíî[4,3-b]ïèððîë-2,3-äèîí (6a): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.31 ììîëü) 1H-

ïèððîë-2,3-äèîíà IVa è 205 ìã (1.97 ììîëü) ñòèðîëà

(P1). Âûõîä 87%, ò.ïë. 232�233°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

1723, 1698, 1678. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.69 ò (1Í, ÑÍ2, J = 12.4 Ãö), 2.98 ä.ä (1Í, ÑÍ2, J = 12.4,

3.6 Ãö), 5.67 ä.ä (1Í, ÑÍ, J = 12.4, 3.6 Ãö), 7.16�7.76 ãð.ñ (20H, 4C6H5).

Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 34.62 (C7), 66.05 (C7a), 79.48

(C6), 104.60 (C3a), 126.43-138.50 (ÑAr), 162.05 (C2), 166.23 (C4), 177.64

(C3), 198.60 (C7a-CO). Íàéäåíî, %: C 79.13; H 4.74; N 2.84. C32H23NO4.

Âû÷èñëåíî, %: C 79.16; H 4.77; N 2.88.
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7a-Áåíçîèë-1-(4-òîëèë)-4,6-äèôåíèë-1,2,3,6,7,7a-

ãåêñàãèäðîïèðàíî[4,3-b]ïèððîë-2,3-äèîí (6b): ïî-

ëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.26 ììîëü) 1H-ïèððîë-2,3-äèîíà IVb è 131 ìã (1.26

ììîëü) ñòèðîëà (P1). Ïðîäóêò ïåðåêðèñòàëëèçîâûâàëè

èç î-êñèëîëà. Âûõîä 79%, ò.ïë. 243�244°Ñ. ÈÊ ñïåêòð,

ν, ñì−1: 1721 (Ñ2=Î), 1701 (Ñ3=Î), 1688 (Ñ7à-Ñ=Î).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.31 ñ (3Í, Ìå), 2.66

ò (1Í, ÑÍ2, J = 12.2 Ãö), 2.97 ä.ä (1Í, ÑÍ2, J = 12.2, 3.5 Ãö), 5.64 ä.ä (1Í,

ÑÍ, J = 12.2, 3.5 Ãö), 7.02�7.74 ãð.ñ (19H, 3C6H5 + C6H4). Íàéäåíî, %: C

79.30; H 5.00; N 2.77. C33H25NO4. Âû÷èñëåíî, %: C 79.34; H 5.04; N 2.80.
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7a-Áåíçîèë-1-(4-ìåòîêñèôåíèë)-4,6-äèôåíèë-

1,2,3,6,7,7a-ãåêñàãèäðîïèðàíî[4,3-b]ïèððîë-2,3-

äèîí (6c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.22 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVc è 127 ìã (1.22 ììîëü) ñòèðîëà (P1). Ïðîäóêò

ïåðåêðèñòàëëèçîâûâàëè èç ñìåñè òîëóîë-ýòèëàöåòàò-

àöåòîí â ñîîòíîøåíèè 1 : 1 : 1. Âûõîä 78%, ò.ïë.

239�240°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1717 (Ñ2=Î), 1700

(Ñ3=Î), 1688 (Ñ7à-Ñ=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.67 ò (1Í,

ÑÍ2, J = 12.4 Ãö), 2.95 ä.ä (1Í, ÑÍ2, J = 12.4, 3.6 Ãö), 3.76 ñ (3Í, OÌå),

5.62 ä.ä (1Í, ÑÍ, J = 12.4, 3.6 Ãö), 6.99�7.75 ãð.ñ (19H, 3C6H5 + C6H4).
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Íàéäåíî, %: C 76.85; H 4.86; N 2.68. C33H25NO5. Âû÷èñëåíî, %: C 76.88;

H 4.89; N 2.72.
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4-(4-Òîëèë)-7a-(4-òîëóîèë)-1,6-äèôåíèë-

1,2,3,6,7,7a-ãåêñàãèäðîïèðàíî[4,3-b]ïèððîë-2,3-

äèîí (6d). ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.22 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVe è 127 ìã (1.22 ììîëü) ñòèðîëà (P1). Ïðîäóêò

ïåðåêðèñòàëëèçîâûâàëè èç ýòèëàöåòàòà. Âûõîä 84%,

ò.ïë. 249�250°Ñ (ýòèëàöåòàò). ÈÊ ñïåêòð, ν, ñì−1:

1719 (Ñ2=Î), 1700 (Ñ3=Î), 1684 (Ñ7à-Ñ=Î). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.40 ñ (6H, 2Me), 2.65 ò (1Í, ÑÍ2, J = 12.4

Ãö), 2.96 ä.ä (1Í, ÑÍ2, J = 12.4, 3.6 Ãö), 5.64 ä.ä (1Í, ÑÍ, J = 12.4, 3.6

Ãö), 7.10�7.66 ãð.ñ (18H, 2C6H5 + 2C6H4). Íàéäåíî, %: C 79.43; H 5.25; N

2.65. C34H27NO4. Âû÷èñëåíî, %: C 79.51; H 5.30; N 2.73.
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1,4-Äè(4-òîëèë)-7a-(4-òîëóîèë)-6-ôåíèë-

1,2,3,6,7,7a-ãåêñàãèäðîïèðàíî[4,3-b]ïèððîë-2,3-

äèîí (6e). ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.18 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVf è 123 ìã (1.18 ììîëü) ñòèðîëà (P1). Âûõîä 82%,

ò.ïë. 212�213°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1725 (Ñ2=Î),

1705 (Ñ3=Î), 1685 (Ñ7à-Ñ=Î). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 2.30 ñ (3Í, Ìå), 2.40 ñ (6Í,

2Ìå), 2.63 ò (1Í, ÑÍ2, J = 12.8 Ãö), 2.96 ä.ä (1Í,

ÑÍ2, J = 12.8, 3.6 Ãö), 5.62 ä.ä (1Í, ÑÍ, J = 12.8, 3.6 Ãö), 6.98�7.67

ãð.ñ (17H, C6H5 + 3C6H4). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.50

(Me), 20.97 (Me), 21.20 (Me), 35.09 (C7), 66.10 (C7a), 79.51 (C6), 104.48

(C3a), 126.44-143.10 (ÑAr), 162.17 (C2), 166.26 (C4), 177.67 (C3), 197.52

(C7a-CO). Íàéäåíî, %: C 79.59; H 5.50; N 2.62. C35H29NO4. Âû÷èñëåíî,

%: C 79.68; H 5.54; N 2.65.
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PhMe

Me

O

N
O

O

Me

Me

O

7a-(2,5-Äèìåòèëáåíçîèë)-4-(2,5-äèìåòèëôåíèë)-

1,6-äèôåíèë-1,2,3,6,7,7a-ãåêñàãèäðîïèðàíî[4,3-

b]ïèððîë-2,3-äèîí (6f). ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.14 ììîëü) 1H-

ïèððîë-2,3-äèîíà IVi è 119 ìã (1.14 ììîëü) ñòèðîëà

(P1). Ïðîäóêò ïåðåêðèñòàëëèçîâûâàëè èç ñìåñè

ýòèëàöåòàò-àöåòîí-áåíçîë â ñîîòíîøåíèè 1 : 1 : 1.

Âûõîä 73%, ò.ïë. 254�255°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1725 (Ñ2=Î, Ñ3=Î),

1686 (Ñ7à-Ñ=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.08 ñ (3Í, Ìå),

2.12 ñ (3Í, Ìå), 2.17 ñ (3Í, Ìå), 2.28 ñ (3Í, Ìå), 2.72 ò (1Í, ÑÍ2, J = 12.8

Ãö), 2.95 ä.ä (1Í, ÑÍ2, J = 12.8, 3.2 Ãö), 5.41 ä.ä (1Í, ÑÍ, J = 12.8, 3.2

Ãö), 6.93�7.54 ãð.ñ (16H, 2C6H5 + 2C6H3). Íàéäåíî, %: C 79.77; H 5.71; N

2.55. C36H31NO4. Âû÷èñëåíî, %: C 79.83; H 5.77; N 2.59.

PhMe
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7a-(2,5-Äèìåòèëáåíçîèë)-4-(2,5-äèìåòèëôå-

íèë)-1-(4-ìåòîêñèôåíèë)-6-ôåíèë-1,2,3,6,7,7a-

ãåêñàãèäðîïèðàíî[4,3-b]ïèððîë-2,3-äèîí (6g).

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.07 ììîëü) 1H-ïèððîë-2,3-äèîíà IVk è 111 ìã (1.07

ììîëü) ñòèðîëà (P1). Âûõîä 76%, ò.ïë. 264�265°Ñ
(òîëóîë). ÈÊ ñïåêòð, ν, ñì−1: 1723 (Ñ2=Î, Ñ3=Î),

1688 (Ñ7à-Ñ=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.06 ñ (3Í, Ìå), 2.13 ñ (3Í, Ìå), 2.18 ñ (3Í, Ìå), 2.27 ñ (3Í, Ìå), 2.71

ò (1Í, ÑÍ2, J = 12.8 Ãö), 2.90 ä.ä (1Í, ÑÍ2, J = 12.8, 3.2 Ãö), 3.78 ñ (3Í,

OMe), 5.36 ä.ä (1Í, ÑÍ, J = 12.8, 3.2 Ãö), 6.93�7.50 ãð.ñ (15H, C6H5 + C6H4

+ 2C6H3). Íàéäåíî, %: C 77.69; H 5.79; N 2.40. C37H33NO5. Âû÷èñëåíî,

%: C 77.74; H 5.82; N 2.45.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ (6g). Áåñöâåòíûå îáú-

åìíûå êðèñòàëëû C37H33NO5 ïðèíàäëåæàò ê ìîíîêëèííîé ñèíãîíèè: a =

13.803(3), b = 11.607(2), c = 18.969(4) �A, β = 91.88(3)°, V = 3037.4(11) �A3,M

= 571.64, dcalc. = 1.250 ã/ñì3, Z = 4, ïðîñòðàíñòâåííàÿ ãðóïïà P21/ñ. Íàáîð

ýêñïåðèìåíòàëüíûõ îòðàæåíèé ïîëó÷åí â àâòîìàòè÷åñêîì 4-õ êðóæíîì

äèôðàêòîìåòðå ÊÌ-4 (KUMA DIFFRACTION) ñ χ-ãåîìåòðèåé ìåòîäîì

ω/2Θ ñêàíèðîâàíèÿ íà ìîíîõðîìàòèçèðîâàííîì ÌîKα-èçëó÷åíèè (2Θ ≤
50°). Âñåãî èçìåðåíî 6057 îòðàæåíèé, èç êîòîðûõ 4775 íåçàâèñèìûõ (Rint
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= 0.0714). Ïîïðàâêè íà ïîãëîùåíèå íå ââîäèëè (µ = 0.083 ìì−1). Ñòðóêòó-

ðà îïðåäåëåíà ïðÿìûì ìåòîäîì ïî ïðîãðàììå SIR92 [199] ñ ïîñëåäóþùåé

ñåðèåé ðàñ÷åòîâ êàðò ýëåêòðîííîé ïëîòíîñòè. Àòîìû âîäîðîäà çàäàíû ãåî-

ìåòðè÷åñêè. Ïîëíîìàòðè÷íîå àíèçîòðîïíîå (íåâîäîðîäíûõ àòîìîâ) óòî÷-

íåíèå ÌÍÊ ïî ïðîãðàììå SHELXL-97 [198] çàâåðøåíî ïðè R1 0.0726

ïî 2044 îòðàæåíèÿì ñ I≥2σ(I) è R1 0.1913 ïî âñåì 4775 îòðàæåíèÿì.

Óòî÷íÿåìûõ ïàðàìåòðîâ 389, ∆ρmax = 0.218 �A−3. GooF = 0.955.

Ñèíòåç 3,7-äèàðèë-2-àðîèë-8,10-äèîêñà-3-àçàòðèöèêëî[7.4.0.02,6]-

òðèäåê-6-åí-4,5-äèîíîâ (7). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-

2,3-äèîíà IV â 25 ìë àáñîëþòíîãî òîëóîëà äîáàâëÿëè ðàñòâîð 3,4-

äèãèäðî-2Í-ïèðàíà â 5 ìë òîëóîëà, êèïÿòèëè â òå÷åíèå 1 ÷, îõëàæäàëè,

îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè. Ïðîäóêò ÷èñòèëè ïåðåêðè-

ñòàëëèçàöèåé èç òîëóîëà.
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2-Áåíçîèë-3-(4-ìåòèëôåíèë)-7-ôåíèë-8,10-äèîêñà-

3-àçàòðèöèêëî[7.4.0.02,6]òðèäåê-6-åí-4,5-äèîí (7a):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.26 ììîëü) 1H-ïèððîë-2,3-äèîíà IVb è 127 ìã (1.51

ììîëü) 3,4-äèãèäðî-2Í-ïèðàíà P2. Âûõîä 84%, ò.ïë.

235�236°Ñ. ÈÊ ñïåêòð, ν, ñì−1: ñïåêòð, ñì-1: 1728

(Ñ2=Î), 1715 (Ñ3=Î), 1690 (Ñ9b-Ñ=Î). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 1.20�1.80 ãð.ñ (4Í, 2CH2), 2.34 c (3Í,

Me), 3.17 ì (1Í, Ñ9aH), 3.86 ì (2Í, C7H2), 6.10 ä (1Í, Ñ5aÍ, J = 3.6 Ãö),

7.23�7.77 ãð.ñ (14Í, 2Ph, C6H4). Íàéäåíî, %: C 75.10; H 5.24; N 2.89.

C30H25NO5. Âû÷èñëåíî, %: C 75.14; H 5.25; N 2.92.
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2-(4-Ìåòèëáåíçîèë)-3,7-áèñ(4-ìåòèëôåíèë)-8,10-

äèîêñà-3-àçàòðèöèêëî[7.4.0.02,6]òðèäåê-6-åí-4,5-äèîí

(7b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.18 ììîëü) 1H-ïèððîë-2,3-äèîíà IVf è 119 ìã

(1.42 ììîëü) 3,4-äèãèäðî-2Í-ïèðàíà P2. Âûõîä 81%,

ò.ïë. 220�221°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1719 (Ñ2=Î), 1703

(Ñ3=Î), 1682 (Ñ9b-Ñ=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 1.18�1.73 ãð.ñ (4Í, 2CH2), 2.33 c (3Í, Me), 2.34

c (3Í, Me), 2.42 c (3Í, Me), 3.15 ì (1Í, Ñ9aH), 3.84 ì

(2Í, C7H2), 6.08 ä (1Í, Ñ5aÍ, J = 3.5 Ãö), 7.19�7.70 ãð.ñ (12Í, 3C6H4).
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Íàéäåíî, %: C 75.70; H 5.73; N 2.73. C32H29NO5. Âû÷èñëåíî, %: C 75.72;

H 5.76; N 2.76.
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Me

O

O

3-(4-Ìåòîêñèôåíèë)-2-(4-ìåòèëáåíçîèë)-7-

(4-ìåòèëôåíèë)-8,10-äèîêñà-3-àçàòðèöèêëî-

[7.4.0.02,6]òðèäåê-6-åí-4,5-äèîí (7c): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.14

ììîëü) 1H-ïèððîë-2,3-äèîíà IVg è 115 ìã (1.37

ììîëü) 3,4-äèãèäðî-2Í-ïèðàíà P2. Âûõîä 91%, ò.ïë.

221�223°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1703 (Ñ2=Î, Ñ3=Î),

1680 (Ñ9b-Ñ=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

1.14�1.80 ãð.ñ (4Í, 2CH2), 2.35 c (3Í, Me), 2.42 c (3Í,

Me), 3.14 ì (1Í, Ñ9aH), 3.78 c (3Í, OMe), 3.85 ì (2Í, C7H2), 6.03 ä (1Í,

Ñ5aÍ, J = 3.2 Ãö), 7.03�7.70 ãð.ñ (12Í, 3C6H4). Íàéäåíî, %: C 73.38; H

5.54; N 2.64. C32H29NO6. Âû÷èñëåíî, %: C 73.41; H 5.58; N 2.68.
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2-(2,5-Äèìåòèëáåíçîèë)-7-(2,5-äèìåòèë-

ôåíèë)-3-ôåíèë-8,10-äèîêñà-3-àçàòðèöèê-

ëî[7.4.0.02,6]òðèäåê-6-åí-4,5-äèîí (7d): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.14

ììîëü) 1H-ïèððîë-2,3-äèîíà IVi è 115 ìã (1.37

ììîëü) 3,4-äèãèäðî-2Í-ïèðàíà P2. Âûõîä 79%, ò.ïë.

217�218°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1727 (Ñ2=Î), 1717

(Ñ3=Î), 1692 (Ñ9b-Ñ=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-

d6), δ, ì.ä.: 1.30�1.70 ãð.ñ (4Í, 2CH2), 2.09 c (3Í, Me), 2.10 c (3Í, Me),

2.28 c (3Í, Me), 2.30 c (3Í, Me), 3.21 ì (1Í, Ñ9aH), 3.82 ì (2Í, C7H2

), 5.96 ä (1Í, Ñ5aÍ, J = 5.1 Ãö), 6.81�7.58 ãð.ñ (11Í, Ph, 2C6H3). Ñïåêòð

ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 17.14 (C9), 18.78 (Me), 18.96 (Me), 20.13

(Me), 20.23 (Me), 22.71 (C8), 32.01 (C9a), 61.39 (C7), 68.89 (C9b), 98.20

(C5a), 122.50-137.22 ãð.ñ (ÑAr, C3a), 161.94 (C2), 165.16 (C4), 177.20

(C3), 202.80 (Ñ9b-CO). Íàéäåíî, %: 75.95; H 5.95; N 2.67. C33H31NO5.

Âû÷èñëåíî, %: C 75.99; H 5.99; N 2.69.
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2-(2,5-Äèìåòèëáåíçîèë)-7-(2,5-äèìåòèëôåíèë)-

3-(4-ìåòèëôåíèë)-8,10-äèîêñà-3-àçàòðèöèêëî-

[7.4.0.02,6]òðèäåê-6-åí-4,5-äèîí (7e): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.11

ììîëü) 1H-ïèððîë-2,3-äèîíà IVj è 112 ìã (1.33

ììîëü) 3,4-äèãèäðî-2Í-ïèðàíà P2. Âûõîä 77%, ò.ïë.

203�205°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1723 (Ñ2=Î, Ñ3=Î),

1692 (Ñ9b-Ñ=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.30�1.70 ãð.ñ (4Í,

2CH2), 2.08 c (6Í, 2Me), 2.28 c (3Í, Me), 2.30 c (3Í, Me), 2.37 c (3Í,

Me), 3.18 ì (1Í, Ñ9aH), 3.81 ì (2Í, C7H2), 5.94 ä (1Í, Ñ5aÍ, J = 3.0 Ãö),

6.79�7.38 ãð.ñ (10Í, C6H4, 2C6H3). Íàéäåíî, %: C 76.20; H 6.19; N 2.58.

C34H33NO5. Âû÷èñëåíî, %: C 76.24; H 6.21; N 2.61.

Ñèíòåç 6-àëêîêñè-1,4-äèàðîèë-7a-àðîèë-1,2,3,6,7,7a-ãåêñàãèäðî-

ïèðàíî[4,3-b]ïèððîë -2,3-äèîíîâ (8). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó

1H-ïèððîë-2,3-äèîíà IV â 50 ìë àáñîëþòíîãî áåíçîëà äîáàâëÿëè ðàñòâîð

àëêèëâèíèëîâîãî ýôèðà â 5 ìë àáñîëþòíîãî áåíçîëà, âûäåðæèâàëè ïðè

òåìïåðàòóðå 60�70°Ñ â òå÷åíèå 25�35 ìèí (äî èñ÷åçíîâåíèÿ ÿðêî-êðàñíîé

îêðàñêè ðàñòâîðà), îõëàæäàëè, ðàñòâîðèòåëü óäàëÿëè, îáðàçîâàâøèéñÿ

îñàäîê ÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç ñìåñè ðàñòâîðèòåëåé áåíçîë-

ïåòðîëåéíûé ýôèð (ò.êèï 70-100°C) â ñîîòíîøåíèè 1 : 1.
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4-(4-Òîëèë)-7a-(4-òîëóîèë)-1-ôåíèë-6-ýòîêñè-

1,2,3,6,7,7a-ãåêñàãèäðîïèðàíî[4,3-b]ïèððîë-2,3-

äèîí (8a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.22 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVe è 132 ìã (1.83 ììîëü) ýòèëâèíèëîâîãî ýôèðà

P3a. Âûõîä 89%, ò.ïë. 189�190°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

1723 (Ñ2=Î, Ñ3=Î), 1674 (Ñ7à-Ñ=Î). Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.25 ò (3Í, Me, J = 7.2 Ãö),

2.37 ñ (3Í, Me), 2.41 ñ (3Í, Me), 2.42 ä.ä (1Í, Ñ7Í2, J = 12.4, 8.8 Ãö),

3.04 ä.ä (1Í, Ñ7Í2, J = 12.4, 5.2 Ãö), 3.81 ñ (3Í, ÎMe), 3.84 ì (1Í, ÎÑÍ2),

4.08 ì (1Í, ÎÑÍ2), 5.83 ä.ä (1Í, Ñ6Í, J = 8.8, 5.2 Ãö), 6.95�7.29 ãð.ñ

(10Í, C6H4 + 2C6H3). Íàéäåíî, %: C 74.79; H 5.67; N 2.87. C30H27NO5.

Âû÷èñëåíî, %: C 74.83; H 5.65; N 2.91.
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1,4-Äè(4-òîëèë)-7a-(4-òîëóîèë)-6-ýòîêñè-

1,2,3,6,7,7a-ãåêñàãèäðîïèðàíî[4,3-b]ïèððîë-2,3-

äèîí (8b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.18 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVf è 128 ìã (1.77 ììîëü) ýòèëâèíèëîâîãî ýôèðà

P3a. Âûõîä 92%, ò.ïë. 189�190°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

1736 (Ñ2=Î), 1727 (Ñ2=Î), 1680 (Ñ7à-Ñ=Î). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.25 ò (3Í, Me, J = 7.0

Ãö), 2.31 ñ (3Í, Me), 2.37 ñ (3Í, Me), 2.37 ä.ä (1Í, Ñ7Í2, J = 12.8, 8.8 Ãö),

2.41 ñ (3Í, Me), 3.05 ä.ä (1Í, Ñ7Í2, J = 12.8, 4.9 Ãö), 3.84 ì (1Í, ÎÑÍ2)

4.08 ì (1Í, ÎÑÍ2), 5.82 ä.ä (1Í, Ñ6Í, J = 8.8, 4.9 Ãö), 6.97�7.72 ãð.ñ (12Í,

3C6H4). Íàéäåíî, %: C 75.15; H 5.86; N 2.79. C31H29NO5. Âû÷èñëåíî, %:

C 75.13; H 5.90; N 2.83.
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7a-(2,5-Äèìåòèëáåíçîèë)-4-(2,5-äèìåòèëôå-

íèë)-1-(4-ìåòîêñèôåíèë)-6-ýòîêñè-1,2,3,6,7,7a-

ãåêñàãèäðîïèðàíî[4,3-b]ïèððîë-2,3-äèîí (8c):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.07 ììîëü) 1H-ïèððîë-2,3-äèîíà IVk è 116 ìã (1.61

ììîëü) ýòèëâèíèëîâîãî ýôèðà P3a. Âûõîä 86%, ò.ïë.

151�152°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1721 (Ñ2=Î, Ñ3=Î),

1686 (Ñ7à-Ñ=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

1.18 ò (3Í, Me, J = 6.8 Ãö), 2.04 ñ (3Í, Me), 2.06 ñ (3Í, Me), 2.18 ñ (3Í,

Me), 2.27 ñ (3Í, Me), 2.38 ä.ä (1Í, Ñ7Í2, J = 12.8, 9.6 Ãö), 2.96 ä.ä (1Í,

Ñ7Í2, J = 12.8, 4.2 Ãö), 3.77 ì (1Í, ÎÑÍ2) 3.81 ñ (3Í, ÎMe), 3.94 ì (1Í,

ÎÑÍ2), 5.64 ä.ä (1Í, Ñ6Í, J = 9.6, 4.2 Ãö), 6.95�7.29 ãð.ñ (10Í, C6H4 +

2C6H3). Íàéäåíî, %: C 73.41; H 6.18; N 2.63. C33H33NO6. Âû÷èñëåíî, %:

C 73.45; H 6.16; N 2.60.

n Bu
O

Me
O

N

Me

O

O

Me

O

6-Áóòîêñè-1,4-äè(4-òîëèë)-7a-(4-òîëóîèë)-

1,2,3,6,7,7a-ãåêñàãèäðîïèðàíî[4,3-b]ïèððîë-2,3-

äèîí (8d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.18 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVf è 118 ìã (1.18 ììîëü) áóòèëâèíèëîâîãî ýôèðà

P3b. Âûõîä 78%, ò.ïë. 150�151°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

1720 (Ñ2=Î, Ñ3=Î), 1684 (Ñ7à-Ñ=Î). Ñïåêòð ßÌÐ
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1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.92 ò (3Í, Me, J = 7.2 Ãö),

1.39 ì (2Í, ÑÍ2), 1.60 ì (2Í, ÑÍ2), 2.31 ñ (3Í, Me),

2.37 ñ (3Í, Me), 2.41 ñ (3Í, Me), 3.04 ä.ä (1Í, Ñ7Í2, J = 12.4, 4.8 Ãö), 3.34

ä.ä. (1Í, Ñ7Í2, J = 12.4, 8.8 Ãö), 3.78 ì (1Í, ÎÑÍ2), 4.03 ì (1Í, ÎÑÍ2),

5.80 ä.ä (1Í, Ñ6Í, J = 8.8, 4.8 Ãö), 6.97�7.72 ãð.ñ (12Í, 3C6H4). Íàéäåíî,

%: C 75.71; H 6.31; N 2.63. C33H33NO5. Âû÷èñëåíî, %: C 75.69; H 6.35; N

2.67.

Ñèíòåç ìåòèë 1-àðèë-2,3-äèîêñî-6-ôåíèë-4-[(E)-2-ôåíèëýòåíèë]-

1,2,3,6,7,7à-ãåêñàãèäðîïèðàíî[4,3-b]ïèððîë-7a-êàðáîêñèëàòîâ 9.

Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà V â 30 ìë àáñî-

ëþòíîãî ï-êñèëîëà äîáàâëÿëè ðàñòâîð ñòèðîëà (P1) â 5 ìë àáñîëþòíîãî

ï-êñèëîëà, êèïÿòèëè 9 ÷àñîâ, îõëàæäàëè è îòôèëüòðîâûâàëè îáðàçî-

âàâøèéñÿ îñàäîê. Ïðîäóêò ÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç òîëóîëà.

Ph

OMe
O

N

Me

O

O

Ph

O

Ìåòèë 1-(4-ìåòèëôåíèë)-2,3-äèîêñî-6-ôåíèë-4-[(E)-

2-ôåíèëýòåíèë]-1,2,3,6,7,7à-ãåêñàãèäðîïèðàíî[4,3-

b]ïèððîë-7a-êàðáîêñèëàò (9a): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33 ììîëü) 1H-

ïèððîë-2,3-äèîíà Vb è 208 ìã (2.00 ììîëü) ñòèðîëà (P1).

Âûõîä 79%, ò.ïë. 248�249°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1741

(Ñ2=O), 1728 (COOMe), 1697 (Ñ3=O), 1622 (CH=CH).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.32 c (3H, Me), 2.47

ò (1H, J = 12.6 Ãö), 2.62 ä.ä. (1H, J = 12.9, 2.9 Ãö), 3.79 ñ (3H, COOMe),

5.58 ä.ä. (1H, J = 12.2, 2.7 Ãö), 7.10�7.75 ãð.ñ (14H, 2Ph + C6H4), 7.54 ä

(1H, -CH=CH-Ph, J = 16.1 Ãö), 7.88 ä (1H, -CH=CH-Ph, J = 16.1 Ãö).

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 9a ïðîâåä¼í íà àâòîìà-

òè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå Xcalibur R-Mo

ñ CCD äåòåêòîðîì (λ(MoKα) 0.71073 �A, Ò 293(2) Ê, ãðàôèòîâûé ìîíîõðî-

ìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°). Äëÿ àíàëèçà èñïîëüçîâàëñÿ
æåëòûé ïðèçìàòè÷åñêèé ìîíîêðèñòàëë ðàçìåðîì 0.30 × 0.20 × 0.15 ìì.

Ïîãëîùåíèå ó÷òåíî ýìïèðè÷åñêè c èñïîëüçîâàíèåì àëãîðèòìà SCALE3

ABSPACK [200]. Íà óãëàõ ðàññåÿíèÿ 3.28 < θ < 25.11° ñîáðàíî 11889

îòðàæåíèé, èç íèõ 6662 íåçàâèñèìûõ (Rint 0.0438), 3230 ñ I>2σ(I). Êîì-

ïëåêòíîñòü äëÿ θ < 26.00° ñîñòàâëÿåò 99.8%. Êðèñòàëë òðèêëèííûé, ïð.ãð.

P-1, ïàðàìåòðû ÿ÷åéêè: a 9.9731(15) �A, b 11.2868(14) �A, c 14.1702(18) �A,



201

α 81.228(10)°, β 70.078(13)°, γ 72.113(12)°, V = 1425.1(3) �A3, Z = 2, dcalc

= 1.241 g/cm3. Ñòðóêòóðà ðàñøèôðîâàíà è óòî÷íåíà ñ èñïîëüçîâàíèåì

ïðîãðàììíîãî ïàêåòà SHELXTL (âåðñèÿ 5.1) [201]. Ïîçèöèîííûå è òåì-

ïåðàòóðíûå ïàðàìåòðû íåâîäîðîäíûõ àòîìîâ óòî÷íåíû â èçîòðîïíîì, à

çàòåì â àíèçîòðîïíîì ïðèáëèæåíèè ïîëíîìàòðè÷íûì ÌÍÊ ïî F 2. Àòîìû

âîäîðîäà, çà èñêëþ÷åíèåì âîäîðîäà ãðóïïû ÎÍ, ëîêàëèçîâàíû ïî ìàêñè-

ìóìàì ýëåêòðîííîé ïëîòíîñòè è âêëþ÷åíû â óòî÷íåíèå â ìîäåëè ¾íàåçä-

íèêà¿ â èçîòðîïíîì ïðèáëèæåíèè. Àòîì âîäîðîäà ãðóïïû ÎÍ óòî÷íÿëñÿ

íåçàâèñèìî â èçîòðîïíîì ïðèáëèæåíèè. Ñîåäèíåíèå 9a êðèñòàëëèçóåò-

ñÿ â ýêâèìîëÿðíîì ñîîòíîøåíèè ñ ìîëåêóëîé ï-êñèëîëà. Îêîí÷àòåëüíûå

ïàðàìåòðû óòî÷íåíèÿ: R1 0.1709 (äëÿ I>2σ(I)), R1 0.1351 (äëÿ âñåõ îòðà-

æåíèé), wR2 0.1709 (äëÿ I>2σ(I)), wR2 0.2203 (äëÿ âñåõ îòðàæåíèé) ïðè

ôàêòîðå äîáðîòíîñòè S 0.976.

Ph

OMe
O

N

OMe

O

O

Ph

O

Ìåòèë 1-(4-ìåòîêñèôåíèë)-2,3-äèîêñî-6-ôåíèë-4-

[(E)-2-ôåíèëýòåíèë]-1,2,3,6,7,7à-ãåêñàãèäðîïèðàíî-

[4,3-b]ïèððîë-7a-êàðáîêñèëàò (9b): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28 ììîëü) 1H-

ïèððîë-2,3-äèîíà Vc è 200 ìã (1.92 ììîëü) ñòèðîëà (P1).

Âûõîä 81%, ò.ïë. 236�237°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1742

(Ñ2=O), 1729 (COOMe), 1694 (Ñ3=O), 1622 (CH=CH).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.49 ò (1H, J = 12.6

Ãö), 2.60 ä.ä. (1H, J = 12.8, 2.8 Ãö), 3.77 c (3H, OMe), 3.80 c (3H, COOMe),

5.56 ä.ä. (1H, J = 12.1, 2.6 Ãö,) 6.94�7.79 ãð.ñ. (14H, 2Ph + C6H4), 7.54

ä (1H, -CH=CH-Ph, J = 16.1 Ãö), 7.88 ä (1H, -CH=CH-Ph, J = 16.1 Ãö).

Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 34.0 (C7), 53.7 (COOMe), 55.3

(OMe), 62.5 (C7a), 78.1 (C6), 106.3 (C3a), 114.8�139.4 (Carom + -CH=CH-),

159.2 (C-OMe), 159.7 (COOMe), 162.3 (C2), 170.2 (C4), 181.0 (C3).

Ñèíòåç äèìåòèë 2,4-äèãèäðîêñè-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2,3-

äèêàðáîêñèëàòîâ 10. Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà

III â àáñîëüòíîì áåíçîëå (15 ìë) äîáàâëÿëè äâå êàïëè âîäû, âçáàëòûâàëè

ïðè êîìíàòíîé òåìïåðàòóðå â òå÷åíèå 10-15 ñåêóíä (äî èñ÷åçíîâåíèÿ

îêðàñêè ïèððîëäèîíà) è îñòàâëÿëè íà 9-10 ÷àñîâ. Îáðàçîâàâøèéñÿ îñàäîê

îòôèëüòðîâûâàëè è ñóøèëè.
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O

OH

OOMe

OH

O

OMe

N

Äèìåòèë 1-áåíçèë-2,4-äèãèäðîêñè-5-îêñî-2,5-äèãèäðî-

1H-ïèððîë-2,3-äèêàðáîêñèëàò (10a): ïîëó÷àëè ñîãëàñ-

íî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-

ïèððîë-2,3-äèîíà IIIa. Âûõîä 92%, ò.ïë. 149�150°Ñ (áåí-

çîë). ÈÊ ñïåêòð, ν, ñì−1: 3150, 1732, 1707, 1649. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.10 c (3H, COOMe), 3.65 c

(3H, COOMe), 4.23 ä (1H, CH2), 4.68 ä (1H, CH2), 7.10 óø.ñ (1H, OH),

7.18�7.30 ãð.ñ (5H, C6H5), 12.34 óø.ñ (1H, OH). Íàéäåíî, %: C 56.02; H

4.72; N 4.32. Ñ15H15NÎ7. Âû÷èñëåíî, %: C 56.08; H 4.71; N 4.36.

O

OH

OOMe

OH

O

OMe

N

Äèìåòèë 2,4-äèãèäðîêñè-5-îêñî-1-ôåíèë-2,5-äèãèäðî-

1H-ïèððîë-2,3-äèêàðáîêñèëàò (10b): ïîëó÷àëè ñîãëàñ-

íî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-

ïèððîë-2,3-äèîíà IIIb. Âûõîä 94%, ò.ïë. 150�151°Ñ (áåí-

çîë). ÈÊ ñïåêòð, ν, ñì−1: 3121, 1763, 1732, 1690. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.59 c (3H, COOMe), 3.70

c (3H, COOMe), 7.30�7.45 ãð.ñ (5H, C6H4 + OH), 12.45 óø.ñ (1H, OH).

Íàéäåíî, %: C 54.70; H 4.22; N 4.52. Ñ14H13NÎ7. Âû÷èñëåíî, %: C 54.73;

H 4.26; N 4.56.

O

OH

OOMe

OH

O

OMe

N

Me

Äèìåòèë 2,4-äèãèäðîêñè-1-(4-ìåòèëôåíèë)-5-îêñî-2,5-

äèãèäðî-1H-ïèððîë-2,3-äèêàðáîêñèëàò (10c): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIc. Âûõîä 93%, ò.ïë. 163�164°Ñ
(áåíçîë). ÈÊ ñïåêòð, ν, ñì−1: 3200, 1767, 1732, 1690.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.31 c (3H, Me), 3.59

c (3H, COOMe), 3.69 c (3H, COOMe), 7.20�7.24 ãð.ñ (5H,

C6H4 + OH), 12.40 óø.ñ (1H, OH). Íàéäåíî, %: C 56.14; H 4.70; N 4.39.

Ñ15H15NÎ7. Âû÷èñëåíî, %: C 56.08; H 4.71; N 4.36.

O

OH

OOMe

OH

O

OMe

N

OMe

Äèìåòèë ýôèð 2,4-äèãèäðîêñè-1-(4-ìåòîêñèôåíèë)-

5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2,3-äèêàðáîêèñèëàò

(10d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500

ìã (1.48 ììîëü) 1H-ïèððîë-2,3-äèîíà IIId. Âûõîä 91%,

ò.ïë. 150�151°Ñ (áåíçîë). ÈÊ ñïåêòð, ν, ñì−1: 3200, 1767,

1727, 1711, 1680. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:
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3.60 c (3H, COOMe), 3.69 c (3H, COOMe), 3.77 c (3H,

OMe), 6.98�7.19 ãð.ñ (5H, C6H4 + OH), 12.37 óø.ñ (1H, OH). Íàéäåíî, %:

C 53.37; H 4.46; N 4.12. Ñ15H15NÎ8. Âû÷èñëåíî, %: C 53.42; H 4.48; N

4.15.

O

OH

OOMe

OH

O

OMe

N

Cl

Äèìåòèë 2,4-äèãèäðîêñè-1-(4-õëîðôåíèë)-5-îêñî-2,5-

äèãèäðî-1H-ïèððîë-2,3-äèêàðáîêñèëàò (10e): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.46 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIe. Âûõîä 97%, ò.ïë. 164�165°Ñ
(áåíçîë). ÈÊ ñïåêòð, ν, ñì−1: 3121, 1769, 1730, 1711, 1678.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.60 c (3H, COOMe),

3.70 c (3H, COOMe), 7.44�7.52 ãð.ñ (5H, C6H4 + OH),

12.56 óø.ñ (1H, OH). Íàéäåíî, %: C 49.15; H 3.52; N 4.06. Ñ14H12ClNÎ7.

Âû÷èñëåíî, %: C 49.21; H 3.54; N 4.10.

O

OH

OOMe

OH

O

OMe

N

Br

Äèìåòèë 2,4-äèãèäðîêñè-1-(4-áðîìôåíèë)-5-îêñî-2,5-

äèãèäðî-1H-ïèððîë-2,3-äèêàðáîêñèëàò (10f): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.29 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIf. Âûõîä 95%, ò.ïë. 147�148°Ñ
(áåíçîë). ÈÊ ñïåêòð, ν, ñì−1: 3121, 1765, 1728, 1711, 1680.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.60 c (3H, COOMe),

3.68 c (3H, COOMe), 7.28�7.46 ãð.ñ (5H, C6H4 + OH),

12.46 óø.ñ (1H, OH). Íàéäåíî, %: C 49.15; H 3.52; N 4.06. Ñ14H12BrNÎ7.

Âû÷èñëåíî, %: C 43.54; H 3.13; N 3.63.

Ñèíòåç äèìåòèë 4-ãèäðîêñè-2-ìåòîêñè-5-îêñî-2,5-äèãèäðî-1H-

ïèððîë-2,3-äèêàðáîêñèëàòîâ 11. Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó

1H-ïèððîë-2,3-äèîíà III â àáñîëüòíîì áåíçîëå (20 ìë) äîáàâëÿëè

äâå êàïëè ìåòàíîëà, âçáàëòûâàëè ïðè êîìíàòíîé òåìïåðàòóðå âòå÷åíèå

10 ñåêóíä (äî èñ÷åçíîâåíèÿ îêðàñêè èñõîäíîãî 1H-ïèððîë-2,3-äèîíà) è

îñòàâëÿëè íà 9-10 ÷àñîâ ïðè êîìíàòíîé òåìïåðàòóðå. Îáðàçîâàâøèéñÿ

îñàäîê îòôèëüòðîâûâàëè è ñóøèëè.

O

OH

OOMe

OMe

O

OMe

N

Äèìåòèë 1-áåíçèë-4-ãèäðîêñè-2-ìåòîêñè-5-îêñî-2,5-

äèãèäðî-1H-ïèððîë-2,3-äèêàðáîêñèëàò (11a): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIa. Âûõîä 84%, ò.ïë. 129�130°Ñ
(áåíçîë). ÈÊ ñïåêòð, ν, ñì−1: 3158, 1773, 1723, 1707,
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1682. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.90 c (3H,

OMe), 3.15 c (3H, COOMe), 3.65 c (3H, COOMe), 4.11 ä (1H, CH2), 4.65 ä

(1H, CH2), 7.17�7.31 ãð.ñ (5H, C6H5), 12.44 óø.ñ (1H, OH). Íàéäåíî, %: C

57.25; H 5.06; N 4.14. Ñ16H17NÎ7. Âû÷èñëåíî, %: C 57.31; H 5.11; N 4.18.

O

OH

OOMe

OMe

O

OMe

N

Me

Äèìåòèë 4-ãèäðîêñè-1-(4-ìåòèëôåíèë)-2-ìåòîêñè-5-

îêñî-2,5-äèãèäðî-1H-ïèððîë-2,3-äèêàðáîêñèëàò (11b):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIc. Âûõîä 91%, ò.ïë.

131�132°Ñ (áåíçîë). ÈÊ ñïåêòð, ν, ñì−1: 3193, 1779, 1730,

1703, 1688. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.31 c

(3H, Me), 3.15 c (3H, OMe), 3.59 c (3H, COOMe), 3.70 c

(3H, COOMe), 7.18�7.24 ãð.ñ (4H, C6H4), 12.96 óø.ñ (1H, OH). Íàéäåíî,

%: C 57.27; H 5.04; N 4.13. Ñ16H17NÎ7. Âû÷èñëåíî, %: C 57.31; H 5.11; N

4.18.

Ñèíòåç (4Z)-1,5-äèàðèë-5-ãèäðîêñè-4-[1-àðèëàìèíî-2-àðèë-2-îêñî-

ýòèëèäåí]-ïèððîëèäèí-2,3-äèîíîâ 12. Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó

1H-ïèððîë-2,3-äèîíà IV â 15 ìë àáñîëüòíîãî õëîðîôîðìà äîáàâëÿëè

ðàñòâîð àìèíà â 5 ìë àáñîëþòíîãî õëîðîôîðìà, âûäåðæèâàëè ïðè

êîìíàòíîé òåìïåðàòóðå â òå÷åíèå 8-10 ÷àñîâ, óäàëÿëè ðàñòâîðèòåëü,

îñòàòîê ðàñòèðàëè ñ ýòàíîëîì. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè

è ïåðåêðèñòàëëèçîâûâàëè èç ýòèëàöåòàòà.
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(4Z)-5-ãèäðîêñè-1-(4-ìåòîêñèôåíèë)-4-{1-[(4-ìåòîê-

ñèôåíèë)àìèíî]-2-îêñî-2-ôåíèëýòèëèäåí}-5-ôå-

íèëïèððîëèäèí-2,3-äèîí (12a): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.22 ììîëü)

1H-ïèððîë-2,3-äèîíà IVc è 150 ìã (1.22 ììîëü)

ï-àíèçèäèíà. Ïåðåêðèñòàëëèçîâûâàëè èç ñìåñè ðàñòâî-

ðèòåëåé ýòèëàöåòàò-ìåòàíîë â ñîîòíîøåíèè 1 : 1. Âûõîä

79%, ò.ïë. 153�154°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3300, 1701,

1677, 1647. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.59 c

(3H, OMe), 3.69 c (3H, OMe), 6.88�7.43 ãð.ñ (19H, 2C6H5 + 2C6H4 + OH),

12.29 óø.ñ (1H, NH). Íàéäåíî, %: C 71.83; H 4.85; N 5.18. Ñ32H26N2Î6.

Âû÷èñëåíî, %: C 71.90; H 4.90; N 5.24.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 12a. Æåëòûå õî-
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ðîøî îãðàíåííûå êðèñòàëëû ïðèíàäëåæàò ê òðèêëèííîé ñèãîíèè: a =

9.951(4), b = 10.698(5), c = 14.335(6) �A, α = 75.34(4), β = 75.23(3), γ =

88.640(10), V = 1426.2(11) �A3,M = 566.59, dcalc = 1.319 ã/ñì3, Z = 2. Íàáîð

ýêñïåðèìåíòàëüíûõ îòðàæåíèé ïîëó÷åí â àâòîìàòè÷åñêîì 4-õ êðóæíîì

äèôðàêòîìåòðå ÊÌ-4 (KUMA DIFFRACTION) ñ χ-ãåîìåòðèåé ìåòîäîì

ω/2Θ ñêàíèðîâàíèÿ íà ìîíîõðîìàòèçèðîâàííîì ÌîKα-èçëó÷åíèè. Ìàõ

2Θ = 50.18°(94.7%). Èçìåðåíî 5621 îòðàæåíèé, èç êîòîðûõ 4823 íåçàâè-

ñèìûõ [Rint = 0.0265]. Ïîïðàâêè íà ïîãëîùåíèå íå ââîäèëè (µ = 0.093

mm−1). Ñòðóêòóðà îïðåäåëåíà ïðÿìûì ìåòîäîì ïî ïðîãðàììå SIR92 ñ ïî-

ñëåäóþùåé ñåðèåé ðàñ÷åòîâ êàðò ýëåêòðîííîé ïëîòíîñòè. Àòîìû âîäîðîäà

çàäàíû ãåîìåòðè÷åñêè è ïîçèöèîííûå ïàðàìåòðû óòî÷íåíû ïî ïðèíöè-

ïó ¾íàåçäíèêà¿. Ïîëíîìàòðè÷íîå àíèçîòðîïíîå (íåâîäîðîäíûõ àòîìîâ)

óòî÷íåíèå ÌÍÊ ïî ïðîãðàììå SHELXL-97 çàâåðøåíî ïðè R1 = 0.0510 è

wR2 = 0.1219 ïî 3007 îòðàæåíèÿì ñ I≥2σ(I). ×èñëî óòî÷íÿåìûõ ïàðàìåò-
ðîâ 424. GooF = 1.041.

O

O
HN

OMe

Cl

O

OH

Cl

N

OMe

(4Z)-5-ãèäðîêñè-1-(4-ìåòîêñèôåíèë)-4-{1-[(4-ìå-

òîêñèôåíèë)àìèíî]-2-îêñî-2-(4-õëîðôåíèë)-

ýòèëèäåí}-5-(4-õëîðôåíèë)ïèððîëèäèí-2,3-äèîí (12b):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.04 ììîëü) 1H-ïèððîë-2,3-äèîíà IVl è 128 ìã (1.04

ììîëü) ï-àíèçèäèíà. Âûõîä 72%, ò.ïë. 200�201°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3310, 1705, 1680, 1650. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 3.69 c (3H, OMe), 3.75 c (3H, OMe),

6.60�7.95 ãð.ñ (17H, 4C6H4 + OH), 12.18 óø.ñ (1H, NH).

Íàéäåíî, %: C 63.61; H 3.95; N 4.56. Ñ32H24Cl2N2Î6. Âû÷èñëåíî, %: C

63.69; H 4.01; N 4.64.
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(4Z)-1-áåíçèë-5-ãèäðîêñè-5-ôåíèë-4-{1-[(4-ìå-

òèëôåíèë)àìèíî]-2-îêñî-2-ôåíèëýòèëèäåí}ïèð-

ðîëèäèí-2,3-äèîí (12c): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.26 ììîëü) 1H-ïèððîë-

2,3-äèîíà IVb è 135 ìã (1.26 ììîëü) áåíçèëàìèíà.

Âûõîä 78%, ò.ïë. 181�182°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3315, 1707, 1682, 1648. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 2.13 c (3H, Me), 3.77 c (3H, OH), 4.14 ä (1Í,



206

ÑÍ2, J = 14.7 Ãö), 4.56 ì (1Í, ÑÍ2), 6.64�7.70 ãð.ñ

(19H, 3C6H5 + C6H4), 12.17 óø.ñ (1H, NH). Íàéäåíî, %: C 76.54; H 5.25;

N 5.56. Ñ32H26N2Î4. Âû÷èñëåíî, %: C 76.48; H 5.21; N 5.57.
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(4Z)-1-áåíçèë-5-ãèäðîêñè-4-[1-(ôåíèëàìèíî)-

2-îêñî-2-(4-ìåòèëôåíèë)ýòèëèäåí]-5-(4-ìåòèë-

ôåíèë)ïèððîëèäèí-2,3-äèîí (12d): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.22

ììîëü) 1H-ïèððîë-2,3-äèîíà IVe è 131 ìã (1.22

ììîëü) áåíçèëàìèíà. Âûõîä 84%, ò.ïë. 180�181°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3315, 1702, 1680, 1653. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.96 c (3H, Me), 2.23 c

(3H, Me), 3.72 c (3H, OH), 4.09 ä (1Í, ÑÍ2, J = 14.8 Ãö), 4.58 ì (1Í, ÑÍ2),

6.57�7.24 ãð.ñ (18H, 2C6H5 + 2C6H4), 12.18 óø.ñ (1H, NH). Íàéäåíî, %: C

76.65; H 5.48; N 5.37. Ñ33H28N2Î4. Âû÷èñëåíî, %: C 76.73; H 5.46; N 5.42.
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(4Z)-1-áåíçèë-5-ãèäðîêñè-5-(4-ìåòèëôåíèë)-4-

{1-[(4-ìåòîêñèôåíèë)àìèíî]-2-îêñî-2-(4-ìåòèë-

ôåíèë)ýòèëèäåí]ïèððîëèäèí-2,3-äèîí (12e):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.14 ììîëü) 1H-ïèððîë-2,3-äèîíà IVg è 122 ìã (1.14

ììîëü) áåíçèëàìèíà. Âûõîä 86%, ò.ïë. 177�178°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3310, 1705, 1675, 1650. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.97 c (3H, Me), 2.25 c

(3H, Me), 3.58 c (3H, OH), 4.07 ä (1Í, ÑÍ2, J = 14.9

Ãö), 4.58 ì (1Í, ÑÍ2), 6.51�7.22 ãð.ñ (17H, C6H5 + 3C6H4), 12.11 óø.ñ (1H,

NH). Íàéäåíî, %: C 74.76; H 5.50; N 5.10. Ñ34H30N2Î5. Âû÷èñëåíî, %: C

74.71; H 5.53; N 5.12.

Ñèíòåç äèìåòèë 4-ãèäðîêñè-5-îêñî-2-(àðèëàìèíî)-2,5-äèãèäðî-1H-

ïèððîë-2,3-äèêàðáêñèëàòîâ (13). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-

ïèððîë-2,3-äèîíà III â 30 ìë áåíçîëà äîáàâëÿëè ðàñòâîð àðèëàìèíà â 20

ìë àáñîëþòíîãî äèýòèëîâîãî ýôèðà. Ðåàêöèîííóþ ìàññó ïåðåìåøèâàëè

ïðè êîìíàòíîé òåìïåðàòóðå â òå÷åíèå 3�4 ìèí (äî èñ÷åçíîâåíèÿ îêðàñêè

èñõîäíîãî 1H-ïèððîë-2,3-äèîíà), çàòåì âûäåðæèâàëè ïðè êîìíàòíîé

òåìïåðàòóðå â òå÷åíèå 5�6 ÷àñîâ. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðî-

âûâàëè è ïðîìûâàëè íà ôèëüòðå ñìåñüþ ðàñòâîðèòåëåé áåíçîë-ãåêñàí â
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ñîîòíîøåíèè 1 : 1.
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Äèìåòèë 1-áåíçèë-4-ãèäðîêñè-5-îêñî-2-[(4-

õëîðôåíèë)àìèíî]-2,5-äèãèäðî-1H-ïèððîë-2,3-

äèêàðáêñèëàò (13a): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIIa è 199 ìã (1.56 ììîëü) ï-õëîðàíèëèíà.

Âûõîä 91%, ò.ïë. 153�154°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3399, 3164, 1744, 1692, 1676. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.11 c

(3H, COOMe), 3.55 ñ (3H, COOMe), 4.11 ä (1H, CH2, J 15.2 Ãö), 4.77 ä

(1H, CH2, J 15.2 Ãö), 6.25 c (1H, NH), 6.66�7.32 ãð.ñ (9H, C6H5 + C6H4),

11.71 óø.ñ (1H, OH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 41.83, 51.14,

51.97, 76.02, 108.31, 118.14�128.44, 135.52, 142.33, 155.89, 161.35, 164.43,

167.68. Íàéäåíî, %: C 58.58; H 4.47; N 8.20. Ñ21H19ClN2Î6. Âû÷èñëåíî,

%: C 58.54; H 4.45; N 8.23.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 13a ïðîâåä¼í íà àâ-

òîìàòè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå Xcalibur

R-Mî ñ CCD äåòåêòîðîì (λ(MoKα) 0.71073 �A, Ò 293(2) Ê, ãðàôèòî-

âûé ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°). Äëÿ àíàëè-

çà èñïîëüçîâàëñÿ áåñöâåòíûé ïðèçìàòè÷åñêèé ìîíîêðèñòàëë ðàçìåðîì

0.20 × 0.15 × 0.1 ìì. Ïîãëîùåíèå ó÷òåíî ýìïèðè÷åñêè c èñïîëüçîâàíèåì

àëãîðèòìà SCALE3 ABSPACK. Íà óãëàõ ðàññåÿíèÿ 2.85 <θ <29.47°ñîáðàíî
14286 îòðàæåíèé, èç íèõ 5791 íåçàâèñèìûõ (Rint 0.0688), 2376 ñ I >2σ(I).

Êîìïëåêòíîñòü äëÿ θ <26.00° ñîñòàâëÿåò 99.8 %. Êðèñòàëë ìîíîêëèí-

íûé, ïðîñòðàíñòâåííàÿ ãðóïïà P21/ñ, ïàðàìåòðû ÿ÷åéêè: a 13.649(4) �A, b

25.246(7) �A, c 7.3150(17) �A, α 90.00°, β 99.12(2)°, γ 90.00°, V = 2488.7(12)
�A3, Z = 4, dcalc = 1.150 g/cm3. Ñòðóêòóðà ðàñøèôðîâàíà è óòî÷íåíà ñ èñ-

ïîëüçîâàíèåì ïðîãðàììíîãî ïàêåòà SHELXTL (âåðñèÿ 5.1). Ïîçèöèîííûå

è òåìïåðàòóðíûå ïàðàìåòðû íåâîäîðîäíûõ àòîìîâ óòî÷íåíû â èçîòðîï-

íîì, à çàòåì â àíèçîòðîïíîì ïðèáëèæåíèè ïîëíîìàòðè÷íûì ÌÍÊ ïî F2.

Àòîìû âîäîðîäà, çà èñêëþ÷åíèåì âîäîðîäà ãðóïïû ÎÍ, ëîêàëèçîâàíû ïî

ìàêñèìóìàì ýëåêòðîííîé ïëîòíîñòè è âêëþ÷åíû â óòî÷íåíèå â ìîäåëè

¾íàåçäíèêà¿ â èçîòðîïíîì ïðèáëèæåíèè. Îêîí÷àòåëüíûå ïàðàìåòðû óòî÷-

íåíèÿ: R1 0.0750 (äëÿ I >2σ(I)), R1 0.1580 (äëÿ âñåõ îòðàæåíèé), wR2 0.1915

(äëÿ I >2σ(I)), wR2 0.2480 (äëÿ âñåõ îòðàæåíèé) ïðè ôàêòîðå äîáðîòíîñòè
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S 0.915.
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Äèìåòèë 1-áåíçèë-2-[(4-áðîìôåíèë)àìèíî]-4-

ãèäðîêñè-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2,3-äè-

êàðáîêñèëàò (13b): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIIa è 268 ìã (1.56 ììîëü) ï-áðîìàíèëèíà.

Âûõîä 94%, ò.ïë. 139�140°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3397, 3175, 1748, 1732, 1682. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.11 c

(3H, COOMe), 3.55 ñ (3H, COOMe), 4.10 ä (1H, CH2, J 15.3 Ãö), 4.76 ä

(1H, CH2, J 15.3 Ãö), 6.26 c (1H, NH), 6.60�7.32 ãð.ñ (9H, C6H5 + C6H4),

10.17 óø.ñ (1H, OH). Íàéäåíî, %: C 53.01; H 3.99; N 5.85. Ñ21H19BrN2Î6.

Âû÷èñëåíî, %: C 53.07; H 4.03; N 5.89.
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Äèìåòèë 1-(4-ìåòèëôåíèë)-2-[(4-õëîðôåíèë)-

àìèíî]-4-ãèäðîêñè-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-

2,3-äèêàðáîêñèëàò (13c): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIIc è 199 ìã (1.56 ììîëü) ï-õëîðàíèëèíà.

Âûõîä 88%, ò.ïë. 146�147°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3370, 3310, 1757, 1734, 1686, 1655. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 2.28 c (3H, Me), 3.59 c (3H, COOMe), 3.75 ñ (3H,

COOMe), 6.28 c (1H, NH), 6.78�7.23 ãð.ñ (8H, 2C6H4), 12.17 óø.ñ (1H,

OH). Íàéäåíî, %: C 58.49; H 4.41; N 8.18. Ñ21H19ClN2Î6. Âû÷èñëåíî, %:

C 58.54; H 4.45; N 8.23.
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Äèìåòèë 2-[(4-áðîìôåíèë)àìèíî]-4-ãèäðîêñè-1-

(4-ìåòèëôåíèë)-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-

2,3-äèêàðáêñèëàò (13d): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIIc è 268 ìã (1.56 ììîëü) ï-áðîìàíèëèíà.

Âûõîä 86%, ò.ïë. 142�143°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3370, 3310, 1757, 1732, 1686, 1655. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 2.28 c (3H, Me), 3.59 c (3H, COOMe), 3.75 ñ (3H,

COOMe), 6.29 c (1H, NH), 6.73�7.30 ãð.ñ (8H, 2C6H4), 11.57 óø.ñ (1H,

OH). Íàéäåíî, %: C 53.00; H 3.97; N 5.87. Ñ21H19BrN2Î6. Âû÷èñëåíî, %:

C 53.07; H 4.03; N 5.89.
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Äèìåòèë 1-(4-ìåòîêñèôåíèë)-2-[(4-

õëîðôåíèë)àìèíî]-4-ãèäðîêñè-5-îêñî-2,5-äèãèäðî-

1H-ïèððîë-2,3-äèêàðáîêñèëàò (13e): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.48

ììîëü) 1H-ïèððîë-2,3-äèîíà IIId è 189 ìã (1.48

ììîëü) ï-õëîðàíèëèíà. Âûõîä 89%, ò.ïë. 144�145°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3399, 3285, 1752, 1727, 1692, 1655. Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.58 c (3H, OMe), 3.74 (3H, COOMe), 3.75 (3H,

COOMe), 6.27 c (1H, NH), 6.78�7.19 ãð.ñ (8H, 2C6H4), 11.13 óø.ñ (1H,

OH). Íàéäåíî, %: C 56.48; H 4.31; N 6.25. Ñ21H19ClN2Î7. Âû÷èñëåíî, %:

C 56.45; H 4.29; N 6.27.
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OMe

Äèìåòèë 2-[(4-áðîìôåíèë)àìèíî]-4-ãèäðîêñè-1-

(4-ìåòîêñèôåíèë)-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-

2,3-äèêàðáîêñèëàò (13f): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.48 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIId è 255 ìã (1.48 ììîëü) ï-áðîìàíèëèíà.

Âûõîä 91%, ò.ïë. 149�150°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3399, 3281, 1754, 1727, 1692, 1655. Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.59 c (3H, OMe), 3.74 (3H, COOMe), 3.75 (3H,

COOMe), 6.29 c (1H, NH), 6.74�7.31 ãð.ñ (8H, 2C6H4), 12.16 óø.ñ (1H,

OH). Íàéäåíî, %: C 51.40; H 3.94; N 5.64. Ñ21H19BrN2Î7. Âû÷èñëåíî, %:

C 51.34; H 3.90; N 5.70.

Ñèíòåç ìåòèë 1-áåíçèë-3-(àðèëêàðáàìîèë)-4,5-äèîêñî-4,5-äèãèäðî-

1H-ïèððîë-2-êàðáîêñèëàòîâ (14). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 500 ìã

(1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà III â 15 ìë áåçâîäíîãî òîëóîëà äîáàâ-

ëÿëè ðàñòâîð àðèëàìèíà â 10 ìë áåçâîäíîãî òîëóîëà. Ïîëó÷åííûé ðàñòâîð

êèïÿòèëè â òå÷åíèå 4 ÷, îõëàæäàëè, îòôèëüòðîâûâàëè îáðàçîâàâøèéñÿ

îñàäîê (äèàíèëèä ùàâåëåâîé êèñëîòû), îòãîíÿëè 15 ìë ðàñòâîðèòåëÿ,

äîáàâëÿëè 10 ìë áåçâîäíîãî ïåòðîëåéíîãî ýôèðà (ò.êèï 40�70°Ñ), îáðàçî-
âàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè, è ïåðåêðèñòàëëèçîâûâàëè èç ñìåñè

áåçâîäíûõ ðàñòâîðèòåëåé áåíçîë-ãåêñàí â ñîîòíîøåíèè 1 : 1.
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Ìåòèë 1-áåíçèë-3-[(4-õëîðôåíèë)êàðáàìîèë]-

4,5-äèîêñî-4,5-äèãèäðî-1H-ïèððîë-2-êàðáîêñèëàò

(14a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ

èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIa

è 199 ìã (1.56 ììîëü) ï-õëîðàíèëèíà. Âûõîä 84%,

ò.ïë. 215�216°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3327, 1772,

1740, 1716, 1670. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 3.83 c (3H, COOMe), 4.79 c (2H, CH2Ph), 7.24�7.52 ãð.ñ (9H, C6H5

+ C6H4), 8.72 ñ (1H, NH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 45.80,

53.91, 121.37�135.65, 156.28, 156.64, 160.33, 165.73, 180.83. Íàéäåíî, %:

C 60.28; H 3.72; N 6.96. Ñ20H15ClN2Î5. Âû÷èñëåíî, %: C 60.23; H 3.79; N

7.02.
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Ìåòèë 1-áåíçèë-3-[(4-áðîìôåíèë)êàðáàìîèë]-

4,5-äèîêñî-4,5-äèãèäðî-1H-ïèððîë-2-êàðáîêñèëàò

(14b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIa è 268

ìã (1.56 ììîëü) ï-áðîìàíèëèíà. Âûõîä 89%, ò.ïë.

225�226°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3328, 1769, 1740,

1717, 1671. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.83

c (3H, COOMe), 4.79 c (2H, CH2Ph), 7.23�7.47 ãð.ñ

(9H, C6H5 + C6H4), 8.72 ñ (1H, NH). Íàéäåíî, %: C 54.11; H 3.43; N 6.27.

Ñ20H15BrN2Î5. Âû÷èñëåíî, %: C 54.19; H 3.41; N 6.32.

Ñèíòåç ìåòèë 2,4-äèãèäðîêñè-5-îêñî-3-(àðèëêàðáàìîèë)-2,5-äèãèäðî-

1H-ïèððîë-2-êàðáîêñèëàòîâ (15). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-

ïèððîë-2,3-äèîíà 73 â 15 ìë ,áåçâîäíîãî òîëóîëà äîáàâëÿëè ðàñòâîð àðèë-

àìèíà â 10 ìë áåçâîäíîãî òîëóîëà. Ïîëó÷åííûé ðàñòâîð êèïÿòèëè â òå÷å-

íèå 4 ÷, îõëàæäàëè, îòôèëüòðîâûâàëè îáðàçîâàâøèéñÿ îñàäîê (äèàíèëèä

ùàâåëåâîé êèñëîòû). Ê ôèëüòðàòó äîáàâëÿëè 2 êàïëè âîäû è 10 ìë ïåòðî-

ëåéíîãî ýôèðà (ò.êèï 40�70°Ñ), îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè,
è ïåðåêðèñòàëëèçîâûâàëè èç âîäíîãî áåíçîëà.
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Ìåòèë 1-áåíçèë-2,4-äèãèäðîêñè-5-îêñî-3-

(ôåíèëêàðáàìîèë)-2,5-äèãèäðî-1H-ïèððîë-2-

êàðáîêèñèëàò (15a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIa

è 145 ìã (1.56 ììîëü) àíèëèíà. Âûõîä 74%, ò.ïë. 193�

194°Ñ. ÈÊ ñïåêòð, ν, ñì−1: . Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 3.12 c (3H, COOMe), 4.26 ä (1H, CH2, J 15.3

Ãö), 4.70 ä (1H, CH2, J 15.3 Ãö), 7.06�7.59 ãð.ñ (10H,

2C6H5), 9.15 ñ (1H, NH). Íàéäåíî, %: C 62.78; H 4.71; N 7.31. Ñ20H18N2Î6.

Âû÷èñëåíî, %: C 62.82; H 4.74; N 7.33.
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Ìåòèë 1-áåíçèë-2,4-äèãèäðîêñè-3-[(4-ìåòèëôåíèë)-

êàðáàìîèë]-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2-

êàðáîêñèëàò (15b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIIa è 167 ìã (1.56 ììîëü) ï-òîëóèäèíà. Âûõîä 69%,

ò.ïë. 190�191°Ñ. ÈÊ ñïåêòð, ν, ñì−1: . Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 2.25 c (3H, Me), 3.11 c (3H, COOMe),

4.24 ä (1H, CH2, J 15.6 Ãö), 4.68 ä (1H, CH2, J 15.6

Ãö), 7.11�7.47 ãð.ñ (9H, C6H5 + C6H4), 9.07 ñ (1H, NH).

Íàéäåíî, %: C 63.58; H 5.11; N 7.02. Ñ21H20N2Î6. Âû÷èñëåíî, %: C 63.63;

H 5.09; N 7.07.
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Ìåòèë 1-áåíçèë-2,4-äèãèäðîêñè-5-îêñî-3-[(4-

õëîðôåíèë)êàðáàìîèë]-2,5-äèãèäðî-1H-ïèððîë-2-

êàðáîêñèëàò (15c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIIa è 199 ìã (1.56 ììîëü) ï-õëîðàíèëèíà. Âûõîä 77%,

ò.ïë. 212�213°Ñ. ÈÊ ñïåêòð, ν, ñì−1: . Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 3.11 c (3H, COOMe), 4.25 ä (1H, CH2,

J 15.9 Ãö), 4.68 ä (1H, CH2, J 15.9 Ãö), 7.21�7.64 ãð.ñ

(9H, C6H5 + C6H4), 9.34 ñ (1H, NH). Íàéäåíî, %: C 57.61;

H 4.14; N 6.69. Ñ20H17ClN2Î6. Âû÷èñëåíî, %: C 57.63; H 4.11; N 6.72.
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Ìåòèë 1-áåíçèë-3-[(4-áðîìôåíèë)êàðáàìîèë]-

2,4-äèãèäðîêñè-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2-

êàðáîêñèëàò (15d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIIa è 268 ìã (1.56 ììîëü) ï-áðîìàíèëèíà. Âûõîä 78%,

ò.ïë. 201�202°Ñ. ÈÊ ñïåêòð, ν, ñì−1: . Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 3.12 c (3H, COOMe), 4.25 ä (1H, CH2,

J 15.7 Ãö), 4.69 ä (1H, CH2, J 15.7 Ãö), 7.21�7.60 ãð.ñ

(9H, C6H5 + C6H4), 9.33 ñ (1H, NH). Íàéäåíî, %: C 52.05; H 3.68; N 6.03.

Ñ20H17BrN2Î6. Âû÷èñëåíî, %: C 52.08; H 3.71; N 6.07.
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Ìåòèë 2,4-äèãèäðîêñè-1-ôåíèë-3-(ôåíèëêàðáàìîèë)-

5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2-êàðáîêñèëàò (15e):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.63 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIb è 152 ìã (1.63

ììîëü) àíèëèíà. Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå

7 ÷àñîâ. Âûõîä 64%, ò.ïë. 127�128°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: . Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.61 c (3H,

COOMe), 7.09�7.63 ãð.ñ (10H, 2C6H5), 9.29 ñ (1H, NH).

Íàéäåíî, %: C 61.99; H 4.39; N 7.56. Ñ19H16N2Î6. Âû÷èñëåíî, %: C 61.95;

H 4.38; N 7.61.
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Ìåòèë 2,4-äèãèäðîêñè-1-(4-ìåòèëôåíèë)-3-[(4-ìåòèë-

ôåíèë)êàðáàìîèë]-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2-

êàðáîêñèëàò (15f): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIc

è 167 ìã (1.56 ììîëü) ï-òîëóèäèíà. Ðåàêöèîííóþ ìàññó

êèïÿòèëè â òå÷åíèå 8 ÷àñîâ. Âûõîä 55%, ò.ïë. 143�144°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: . Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.26 c (3H, Me), 2.31 c (3H, Me), 3.60 c (3H, COOMe),

7.13�7.51 ãð.ñ (8H, 2C6H4), 9.17 ñ (1H, NH). Íàéäåíî, %:

C 63.55; H 5.02; N 7.09. Ñ21H20N2Î6. Âû÷èñëåíî, %: C

63.63; H 5.09; N 7.07.
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Ìåòèë 2,4-äèãèäðîêñè-1-(4-õëîðôåíèë)-3-[(4-õëîð-

ôåíèë)êàðáàìîèë]-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2-

êàðáîêñèëàò (15g): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.46 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIe è

186 ìã (1.46 ììîëü) ï-õëîðàíèëèíà. Ðåàêöèîííóþ ìàññó

êèïÿòèëè â òå÷åíèå 8 ÷àñîâ. Âûõîä 51%, ò.ïë. 223�224°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: . Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 3.60 c (3H, COOMe), 7.37�7.68 ãð.ñ (8H, 2C6H4),

9.60 ñ (1H, NH). Íàéäåíî, %: C 52.16; H 3.25; N 6.37.

Ñ19H14Cl2N2Î6. Âû÷èñëåíî, %: C 52.19; H 3.23; N 6.41.

Ñèíòåç ìåòèë 4-àðèëàìèíî-2ãèäðîêñè-5-îêñî-3-(àðèëêàðáàìîèë)-2,5-

äèãèäðî-1H-ïèððîë-2-êàðáîêñèëàòîâ (16). Îáùàÿ ìåòîäèêà. Ê ðàñòâî-

ðó ñîåäèíåíèÿ 14 â 15 ìë áåçâîäíîãî áåíçîëà äîáàâëÿëè ïðè ïåðåìå-

øèâàíèè ðàñòâîð àðèëàìèíà â 10 ìë áåçâîäíîãî áåíçîëà è âûäåðæèâàëè

ïðè êîìíàòíîé òåìïåðàòóðå 4-5 ÷àñîâ. Çàòåì äîáàâëÿëè 5 ìë ïåòðîëåé-

íîãî ýôèðà (ò.êèï 40�70°Ñ), îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè

îáðàçîâàâøèéñÿ îñàäîê èç áåíçîëà.
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Ìåòèë 2-[(4-õëîðôåíèë)àìèíî]-1-áåíçèë-4-

ãèäðîêñè-5-îêñî-3-[(4-õëîðôåíèë)êàðáàìîèë]-

2,5-äèãèäðî-1H-ïèððîë-2-êàðáîêèñèëàò (16a):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.25 ììîëü) 1H-ïèððîë-2,3-äèîíà 14a è 160 ìã (1.25

ììîëü) ï-õëîðàíèëèíà. Âûõîä 96%, ò.ïë. 158�159°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: . Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 78%: 3.13 c (3H, COOMe), 4.10 ä (1Í, ÑÍ2Ph,

J = 15.2 Ãö), 4.77 ä (1Í, ÑÍ2Ph, J = 15.2 Ãö), 6.74�7.57

ãð.ñ. (13Í, C6H5 + 2C6H4), 9.53 c (1H, NH); 22%: 3.14 c (3H, COOMe),

4.23 ä (1Í, ÑÍ2Ph, J = 15.5 Ãö), 4.71 ä (1Í, ÑÍ2Ph, J = 15.5 Ãö), 6.83�7.66

ãð.ñ. (13Í, C6H5 + 2C6H4), 9.35 c (1H, NH). Íàéäåíî, %: C 59.37; H 4.05;

N 7.92. Ñ26H21Cl2N3Î5. Âû÷èñëåíî, %: C 59.33; H 4.02; N 7.98.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 16a ïðîâåä¼í íà àâòîìà-

òè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå Xcalibur R-Mî

ñ CCD äåòåêòîðîì (λ(MoKα) 0.71073 �A, Ò 293(2) Ê, ãðàôèòîâûé ìîíîõðî-

ìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°). Äëÿ àíàëèçà èñïîëüçîâàëñÿ
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æåëòûé ïðèçìàòè÷åñêèé ìîíîêðèñòàëë ðàçìåðîì 0.25 × 0.20 × 0.15 ìì.

Ïîãëîùåíèå ó÷òåíî ýìïèðè÷åñêè c èñïîëüçîâàíèåì àëãîðèòìà SCALE3

ABSPACK [202]. Íà óãëàõ ðàññåÿíèÿ 3.16 <θ <29.32°ñîáðàíî 11524 îòðà-
æåíèé, èç íèõ 6897 íåçàâèñèìûõ (Rint 0.0391), 5383 ñ I >2σ(I). Êîìïëåêò-

íîñòü äëÿ θ <26.00°ñîñòàâëÿåò 99.8 %. Êðèñòàëë òðèêëèííûé, ïðîñòðàí-

ñòâåííàÿ ãðóïïà P-1, ïàðàìåòðû ÿ÷åéêè: a 11.5232(12) �A, b 12.2406(11)
�A, c 13.1777(14) �A, α 107.769(9)°, β 100.333(9)°, γ 115.053°, V = 1497.4(3)
�A3, Z = 2, dcalc = 1.341 g/cm3. Ñòðóêòóðà ðàñøèôðîâàíà è óòî÷íåíà ñ èñ-

ïîëüçîâàíèåì ïðîãðàììíîãî ïàêåòà SHELXTL (âåðñèÿ 5.1). Ïîçèöèîííûå

è òåìïåðàòóðíûå ïàðàìåòðû íåâîäîðîäíûõ àòîìîâ óòî÷íåíû â èçîòðîï-

íîì, à çàòåì â àíèçîòðîïíîì ïðèáëèæåíèè ïîëíîìàòðè÷íûì ÌÍÊ ïî F2.

Àòîìû âîäîðîäà, çà èñêëþ÷åíèåì âîäîðîäà ãðóïïû ÎÍ, ëîêàëèçîâàíû ïî

ìàêñèìóìàì ýëåêòðîííîé ïëîòíîñòè è âêëþ÷åíû â óòî÷íåíèå â ìîäåëè

¾íàåçäíèêà¿ â èçîòðîïíîì ïðèáëèæåíèè. Àòîì âîäîðîäà ãðóïïû ÎÍ óòî÷-

íÿëñÿ íåçàâèñèìî â èçîòðîïíîì ïðèáëèæåíèè. Îêîí÷àòåëüíûå ïàðàìåòðû

óòî÷íåíèÿ: R1 0.0585 (äëÿ I >2σ(I)), R1 0.0742 (äëÿ âñåõ îòðàæåíèé), wR2

0.1634 (äëÿ I >2σ(I)), wR2 0.1770 (äëÿ âñåõ îòðàæåíèé) ïðè ôàêòîðå äîá-

ðîòíîñòè S 1.021.

Ñèíòåç äèìåòèë 1-àðèë-2,3,4-òðèîêñî-1,2,3,3à,4,9,9à-ãåïòàãèäðîïèð-

ðîëî[2,3-b]õèíîëèí-3à,9à-äèêàðáîêñèëàòîâ (17). Îáùàÿ ìåòîäèêà. Ê

ðàñòâîðó 1H-ïèððîë-2,3-äèîíà III â 20 ìë áåçâîäíîãî òîëóîëà äîáàâëÿ-

ëè ðàñòâîð àíòðàíèëîâîé êèñëîòû (P8) â 10 ìë áåçâîäíîãî òîëóîëà è

ïåðåìåøèâàëè ïðè êîìíàòíîé òåìïåðàòóðå â òå÷åíèå 1 ìèí. Çàòåì äîáàâ-

ëÿëè ýêâèìîëÿðíîå êîëè÷åñòâî öèêëîãåêñèëêàðáîäèèìèäà (P9), êèïÿòèëè

â òå÷åíèå 3 ÷, îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû è îòôèëüòðîâûâàëè

îáðàçîâàâøèéñÿ îñàäîê (äèöèêëîãåêñèëìî÷åâèíó). Èç ðàñòâîðà îòãîíÿëè

20 ìë ðàñòâîðèòåëÿ, îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû è îòôèëüòðî-

âûâàëè îáðàçîâàâøèéñÿ îñàäîê (ñîåäèíåíèå 17). Ïðîäóêò ÷èñòèëè ïåðå-

êðèñòàëëèçàöèåé èç ïîäõîäÿùåãî ðàñòâîðèòåëÿ.
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Äèìåòèë 2,3,4-òðèîêñî-1-ôåíèë-1,2,3,3à,4,9,9à-ãåïòà-

ãèäðîïèððîëî[2,3-b]õèíîëèí-3à,9à-äèêàðáîêñèëàò

(17a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.73 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIb è 237

ìã (1.73 ììîëü) àíòðàíèëîâîé êèñëîòû P8. Ïðîäóêò



215

÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç òîëóîëà. Âûõîä 74%,

ò.ïë. 191�192°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3390, 1784, 1770, 1732, 1723, 1667.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.75 c (3H, COOMe), 3.91 c (3H,

COOMe), 6.85�7.77 ãð.ñ (9Í, C6H5 + C6H4) 8.60 c (1H, NH). Ñïåêòð ßÌÐ

13C (ÄÌÑÎ-d6), δ, ì.ä.: 54.00 (OCH3), 54.80 (OCH3), 71.08 (C9a), 78.49

(C3a), 114.21�146.54, 158.11 (C2), 161.21 (COOMe), 166.78 (COOMe),

177.23 (C4), 182.09 (C3). Íàéäåíî, %: C 61.82; H 3.99; N 6.84. Ñ21H16N2Î7.

Âû÷èñëåíî, %: C 61.77; H 3.95; N 6.86.
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Äèìåòèë 1-(4-ìåòèëôåíèë)-2,3,4-òðèîêñî-

1,2,3,3à,4,9,9à-ãåïòàãèäðîïèððîëî[2,3-b]õèíîëèí-

3à,9à-äèêàðîáêñèëàò (17b): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.65 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIIc è 226 ìã (1.65 ììîëü) àíòðàíèëîâîé

êèñëîòû P8. Ïðîäóêò ÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç

1,4-äèîêñàíà. Âûõîä 67%, ò.ïë. 219�220°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3366, 1780, 1769, 1736, 1725, 1664. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 2.33 c (3H, Me), 3.74 c (3H, COOMe), 3.89 c (3H, COOMe), 6.70�7.75

ãð.ñ (8Í, 2C6H4) 8.54 c (1H, NH). Íàéäåíî, %: C 62.61; H 4.35; N 6.59.

Ñ22H18N2Î7. Âû÷èñëåíî, %: C 62.56; H 4.30; N 6.63.

Ñèíòåç ïðîïàí-2-èë (3Z)-1-àðèë-2-ãèäðîêñè-4,5-äèîêñî-3-

[ôåíèë(àðèëàìèíî)ìåòèëèäåí]ïèððîëèäèí-2-êàðáîêñèëàòîâ 18.

Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà â áåçâîäíîì õëî-

ðîôîðìå (10 ìë) äîáàâëÿëè ïðè ïåðåìåøèâàíèè ðàñòâîð àðèëàìèíà â

áåçâîäíîì õëîðîôîðìà (5 ìë) è âûäåðæèâàëè ïðè êîìíàòíîé òåìïåðàòóðå

â òå÷åíèå 8-12 ÷. Çàòåì ðàñòâîðèòåëü óäàëÿëè, îñòàòîê ðàñòèðàëè ñ ýòàíî-

ëîì. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè

èç òîëóîëà.
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Ïðîïàí-2-èë (3Z)-2-ãèäðîêñè-4,5-äèîêñî-1-ôåíèë-3-

[ôåíèë(ôåíèëàìèíî)ìåòèëèäåí]ïèððîëèäèí-2-êàð-

áîêñèëàò (18a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 363 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IIa è

93 ìã (1.0 ììîëü) àíèëèíà. Âûõîä 83%, ò.ïë. 182�183°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3252 ø (OÍ, NH), 1754 (ÑOÎ),

1723 (Ñ5=O), 1614 (Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ 1Í
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(ÄÌÑÎ-d6), δ, ì.ä.: 0.73 ä (3Í, Me, J = 6.4 Ãö), 0.82 ä

(3Í, Me, J = 6.4 Ãö), 4.32 ì (1Í, ÎÑÍ, J = 6.4 Ãö), 6.88�7.43 ãð.ñ (16Í,

3C6H5, OH), 12.67 óø.ñ (1Í, NÍ). Íàéäåíî , %: C 74.04; H 5.27; N 6.24.

Ñ27H24N2Î5. Âû÷èñëåíî, %: C 74.04; H 5.30; N 6.14.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 18a. Æåëòûå õîðî-

øî îãðàíåííûå êðèñòàëëû C27H24N2O5• H2O ïðèíàäëåæàò ê ìîíîêëèííîé

ñèãîíèè: a 21.763(5), b 13.452(3), c 16.622(4) �A, β 96.46(2)°, V 4835.3(19)
�A3,M 474.50, dcalc 1.304 ã/ñì3, Z 8, ïðîñòðàíñòâåííàÿ ãðóïïà Ñ2/ñ. Íàáîð

ýêñïåðèìåíòàëüíûõ îòðàæåíèé ïîëó÷åí â àâòîìàòè÷åñêîì 4-õ êðóæíîì

äèôðàêòîìåòðå ÊÌ-4 (KUMA DIFFRACTION) ñ χ-ãåîìåòðèåé ìåòîäîì

ω/2θ ñêàíèðîâàíèÿ íà ìîíîõðîìàòèçèðîâàííîì ÌîKα-èçëó÷åíèè. Ìàõ 2θ

= 49.98°(86.6%). Âñåãî èçìåðåíî 3677 [R(int) = 0.0411] íåçàâèñèìûõ îò-

ðàæåíèé, èç êîòîðûõ 2425 îêàçàëèñü ñ I≥2σ(I). Ïîïðàâêè íà ïîãëîùåíèå

íå ââîäèëè (µ=0.093 ìì−1). Ñòðóêòóðà îïðåäåëåíà ïðÿìûì ìåòîäîì ïî

ïðîãðàììå SIR92 ñ ïîñëåäóþùåé ñåðèåé ðàñ÷åòîâ êàðò ýëåêòðîííîé ïëîò-

íîñòè. Àòîìû âîäîðîäà ãèäðîêñèëüíîé ãðóïïû, àìèíîãðóïïû è ìîëåêóëû

âîäû ëîêàëèçîâàíû èç ðàçíîñòíîãî ñèíòåçà. Îñòàëüíûå àòîìû âîäîðîäà

çàäàíû ãåîìåòðè÷åñêè. Ïîëíîìàòðè÷íîå àíèçîòðîïíîå óòî÷íåíèå (íåâî-

äîðîäíûõ àòîìîâ) ÌÍÊ ïðîâîäèëè ïî ïðîãðàììå SHELXL-97 çàâåðøåíî

ïðè R1 = 0.0647 è wR2 = 0.1765 ïî 2425 îòðàæåíèÿì ñ I≥2σ(I). GooF =

0.992.
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Ïðîïàí-2-èë (3Z)-2-ãèäðîêñè-1-(4-ìåòèëôåíèë)-3-{[(4-

ìåòîêñèôåíèë)àìèíî](ôåíèë)ìåòèëèäåí}-4,5-äèîêñî-

ïèððîëèäèí-2-êàðáîêñèëàò (18b): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 363 ìã (1.0 ììîëü) 1H-

ïèððîë-2,3-äèîíà IIa è 107 ìã (1.0 ììîëü) ï-òîëóèäèíà.

Âûõîä 74%, ò.ïë. 187�189°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3237

ø (OH, NH), 1753 (ÑOÎ), 1721 (Ñ5=O), 1619 (Ñ4=Î â

ÂÂÑ). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.76 ä (3Í,

Me, J = 6.4 Ãö), 0.85 ä (3Í, Me, J = 6.4 Ãö), 2.28 ñ (3Í,

Me), 3.66 ñ (OMe), 4.33 ì (1Í, ÎÑÍ, J = 6.4 Ãö), 6.71�7.40 ãð.ñ (15Í,

2C6H5 + C6H4 + OH), 12.64 óø.ñ (1Í, NÍ). Íàéäåíî, %: C 69.54; H 5.52;

N 5.56. Ñ29H28N2Î6. Âû÷èñëåíî, %: C 69.59; H 5.64; N 5.60.
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Ïðîïàí-2-èë (3Z)-2-ãèäðîêñè-1-(4-ìåòîêñèôåíèë)-

4,5-äèîêñî-3-[ôåíèë(ôåíèëàìèíî)ìåòèëèäåí]ïèð-

ðîëèäèí-2-êàðáîêñèëàò (18c): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 363 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-

äèîíà IIa è 123 ìã (1.0 ììîëü) ï-àíèçèäèíà. Âòîðîé

ìåòîä: Ê ðàñòâîðó 393 ìã (1.0 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIa â 10 ìë áåçâîäíîãî òîëóîëà äîáàâëÿëè

(Å)-(4-ìåòîêñèôåíèë)[(4-áðîìôåíèë)ìåòèëèäåí]àìèí

(P10a). Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå 3 ÷àñîâ, îõëàæäàëè,

îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç

òîëóîëà. Âûõîä 79% (Âûõîä ïî âòîðîìó ìåòîäó 71%), ò.ïë. 192�193°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3261 ø (OÍ, NH), 1753 (ÑOÎ), 1722 (Ñ5=O), 1613

(Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.79 ä (3Í, Me, J = 6.4

Ãö), 0.85 ä (3Í, Me, J = 6.4 Ãö), 3.74 c (OMe), 4.34 ì (1Í, OÑÍ, J = 6.4 Ãö),

6.88�7.43 ãð.ñ (15Í, 2C6H5 + C6H4 + OH), 12.67 óø.ñ (1Í, NÍ). Ñïåêòð

ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.86 (Me), 20.92 (Me), 55.20 (OMe), 69.32

(OÑH), 87.62 (Ñ2), 108.80 (C3), 113.80�160.90 (CAr + Ñ3=C-NH), 161.71

(COO), 167.17 (C5), 179.80 (C4). Íàéäåíî, %: C 69.17; H 5.43; N 5.72.

Ñ28H26N2Î5. Âû÷èñëåíî, %: C 69.12; H 5.39; N 5.76.
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Ïðîïàí-2-èë (3Z)-1-(4-áðîìôåíèë)-2-ãèäðîêñè-

4,5-äèîêñî-3-[ôåíèë(ôåíèëàìèíî)ìåòèëèäåí]ïèð-

ðîëèäèí-2-êàðáîêñèëàò (18d): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 363 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-

äèîíà IIa è 172 ìã (1.0 ììîëü) ï-áðîìàíèëèíà. Ïðîäóêò

ïåðåêðèñòàëëèçîâûâàëè èç ýòèëàöåòàòà. Âûõîä 88%, ò.ïë.

183�184°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3264 ø (ÎÍ, NÍ), 1753

(ÑOO), 1725 (Ñ5=O), 1611 (Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.73 ä (3Í, Me, J = 6.4 Ãö), 0.85

ä (3Í, Me, J = 6.4 Ãö), 4.33 ì (1Í, ÎÑÍ, J = 6.4 Ãö), 6.83�7.62 ãð.ñ (15Í,

2C6H5 + C6H4 + OH), 12.68 óø.ñ (1Í, NÍ). Íàéäåíî, %: C 60.65; H 4.35;

N 5.23. Ñ27H23BrN2Î5. Âû÷èñëåíî, %: C 60.57; H 4.33; N 5.23.
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Ïðîïàí-2-èë (3Z)-2-ãèäðîêñè-3-{[(4-ìåòèëôåíèë)-

àìèíî](ôåíèë)ìåòèëèäåí}-4,5-äèîêñî-1-ôåíèëïèð-

ðîëèäèí-2-êàðáîêñèëàò (18e): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 377 ìã (1.0 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIb è 93 ìã (1.0 ììîëü) àíèëèíà. Ïðîäóêò

ïåðåêðèñòàëëèçîâûâàëè èç ýòèëàöåòàòà. Âûõîä 79%, ò.ïë.

192�193°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3246 ø (OH, NH), 1755

(ÑOÎ), 1724 (Ñ5=O), 1616 (Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.73 ä (3Í, Me, J = 6.4 Ãö), 0.82 ä (3Í, Me, J = 6.4

Ãö), 2.18 c (3H, Me), 4.32 ì (1Í, ÎÑÍ, J = 6.4 Ãö), 6.77�7.42 ãð.ñ (15Í,

2C6H5 + C6H4 + OH), 12.67 óø.ñ (1Í, NÍ). Íàéäåíî, %: C 71.49; H 5.63;

N 6.02. Ñ28H26N2Î5. Âû÷èñëåíî, %: C 71.47; H 5.57; N 5.95.

O

O
HN

Me

OH

O

O
Me

Me

N

OMe

Ïðîïàí-2-èë (3Z)-2-ãèäðîêñè-1-(4-ìåòîêñèôåíèë)-

3-{[(4-ìåòèëôåíèë)àìèíî](ôåíèë)ìåòèëèäåí}-4,5-

äèîêñîïèððîëèäèí-2-êàðáîêñèëàò (18f): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 377 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà IIb è 123 ìã (1.0 ììîëü) ï-

àíèçèäèíà. Âûõîä 80%, ò.ïë. 195�196°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3441 ø (OÍ, NH), 1722 (ÑOÎ, Ñ5=O), 1618 (Ñ4=Î

â ÂÂÑ). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.79 ä (3Í,

Me, J = 6.4 Ãö), 0.85 ä (3Í, Me, J = 6.4 Ãö), 2.18 ñ (3Í,

Me), 3.74 ñ (OMe), 4.34 ì (1Í, ÎÑÍ, J = 6.4 Ãö), 6.75�7.42 ãð.ñ (14Í, C6H5

+ 2C6H4 + OH), 12.64 óø.ñ (1Í, NÍ). Íàéäåíî, %: C 69.55; H 5.52; N 5.73.

Ñ29H28N2Î6. Âû÷èñëåíî, %: C 69.59; H 5.64; N 5.60.
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Ïðîïàí-2-èë (3Z)-1-(4-áðîìôåíèë)-2-ãèäðîêñè-3-{[(4-

ìåòèëôåíèë)àìèíî](ôåíèë)ìåòèëèäåí}-4,5-äèîêñî-

ïèððîëèäèí-2-êàðáîêñèëàò (18g): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 377 ìã (1.0 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIb è 172 ìã (1.0 ììîëü) ï-áðîìàíèëèíà. Âûõîä

85%, ò.ïë. 193�194°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3255 ø (ÎÍ,

NÍ), 1754 (ÑOÎ), 1728 (Ñ5=Î), 1619 (Ñ4=Î â ÂÂÑ).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.73 ä (3Í, Me,

J = 6.4 Ãö), 0.85 ä (3Í, Me, J = 6.4 Ãö), 2.18 c (3H, Me),

4.33 ì (1Í, ÎÑÍ, J = 6.4 Ãö), 6.68�7.62 ãð.ñ (14Í, Ph + 2C6H4 + OH),
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12.67 óø.ñ (1Í, NÍ). Íàéäåíî, %: C 61.12; H 4.49; N 5.07. Ñ28H25BrN2Î5.

Âû÷èñëåíî, %: C 61.21; H 4.59; N 5.10.
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Ïðîïàí-2-èë (3Z)-2-ãèäðîêñè-3-{[(4-ìåòîêñèôåíèë)-

àìèíî](ôåíèë)ìåòèëåí}-4,5-äèîêñî-1-ôåíèëïèððîëè-

äèí-2-êàðáîêñèëàò (18h): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 393 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-

äèîíà IIc è 93 ìã (1.0 ììîëü) àíèëèíà. Âûõîä 85%, ò.ïë.

189�190°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3237 ø (OH, NH), 1755

(ÑOÎ), 1726 (Ñ5=O), 1609 (Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.73 ä (3Í, Me, J = 6.4 Ãö), 0.82

ä (3Í, Me, J = 6.4 Ãö), 3.66 ñ (OMe), 4.32 ì (1Í, ÎÑÍ,

J = 6.4 Ãö), 6.72�7.40 ãð.ñ (15Í, 2C6H5 + C6H4 + OH), 12.66 óø.ñ (1Í,

NÍ). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.81 (Me), 55.12 (OMe), 69.27

(OÑH), 87.78 (Ñ2), 108.38 (C3), 113.79�161.60 (CAr + Ñ3=C-NH), 161.89

(COO), 167.17 (C5), 178.86 (C4). Íàéäåíî, %: C 69.24; H 5.43; N 5.71.

Ñ28H26N2Î6. Âû÷èñëåíî, %: C 69.12; H 5.39; N 5.76.
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Ïðîïàí-2-èë (3Z)-2-ãèäðîêñè-1-(4-ìåòîêñèôåíèë)-

3-{(4-ìåòîêñèôåíèë)àìèíî](ôåíèë)ìåòèëåí}-4,5-

äèîêñîïèððîëèäèí-2-êàðáîêñèëàò (18i): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 393 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà IIc è 123 ìã (1.0 ììîëü)

ï-àíèçèäèíà. Ïðîäóêò ïåðåêðèñòàëëèçîâûâàëè èç ýòèë-

àöåòàòà. Âûõîä 79%, ò.ïë. 195�196°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3242 ø (ÎÍ, NÍ), 1752 (ÑOÎ), 1719 (Ñ5=O), 1612 (Ñ4=Î

â ÂÂÑ). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.79 ä (3Í,

Me, J = 6.4 Ãö), 0.85 ä (3Í, Me, J = 6.4 Ãö), 3.66 ñ (OMe), 3.74 c (OMe),

4.34 ì (1Í, ÎÑÍ, J = 6.4 Ãö), 6.75�7.44 ãð.ñ (14Í, C6H5 + 2C6H4 + OH),

12.62 óø.ñ (1Í, NÍ). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.88 (Me),

20.91 (Me), 55.12 (OMe), 55.19 (OMe), 69.27 (OOÑH), 87.67 (Ñ2), 108.35

(C3), 113.77�161.41 (CAr + Ñ3=C-NH), 161.98 (COO), 167.29 (C5), 179.26

(C4). Íàéäåíî, %: C 67.31; H 5.37; N 5.35. Ñ29H28N2Î7. Âû÷èñëåíî, %: C

67.43; H 5.46; N 5.42.
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Ïðîïàí-2-èë (3Z)-1-(4-áðîìôåíèë)-2-ãèäðîêñè-4,5-

äèîêñî-3-{[(4-ìåòîêñèôåíèë)àìèíî](ôåíèë)ìåòè-

ëèäåí}ïèððîëèäèí-2-êàðáîêñèëàò (18j): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 393 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà IIc è 172 ìã (1.0 ììîëü) ï-

áðîìàíèëèíà. Âûõîä 73%, ò.ïë. 190�191°Ñ. ÈÊ ñïåêòð,

ν, ñì−1: 3269 ø (ÎÍ, NÍ), 1750 (ÑOÎ), 1720 (Ñ5=O),

1612 (Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

0.73 ä (3Í, Me, J = 6.4 Ãö), 0.85 ä (3Í, Me, J = 6.4 Ãö),

3.66 ñ (OMe), 4.34 ì (1Í, ÎÑÍ, J = 6.4 Ãö), 6.72�7.62 ãð.ñ (14Í, C6H5 +

2C6H4 + OH), 12.68 óø.ñ (1Í, NÍ). Íàéäåíî, %: C 59.40; H 4.37; N 4.92.

Ñ28H25BrN2Î6. Âû÷èñëåíî, %: C 59.48; H 4.46; N 4.95.

Ñèíòåç ïðîïàí-2-èë (3Z)-1-àðèë-2-ãèäðîêñè-4,5-äèîêñî-3-[ôåíèë-

(àëêèëàìèíî)ìåòèëèäåí]ïèððîëèäèí-2-êàðáîêñèëàòîâ 19. Îáùàÿ

ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà II â áåçâîäíîì õëîðîôîðìå

(10 ìë) äîáàâëÿëè ïðè ïåðåìåøèâàíèè ðàñòâîð àëêèëàìèíà â áåçâîäíîì

õëîðîôîðìà (5 ìë) è âûäåðæèâàëè ïðè êîìíàòíîé òåìïåðàòóðå â òå÷åíèå

8-12 ÷. Çàòåì ðàñòâîðèòåëü óäàëÿëè, îñòàòîê ðàñòèðàëè ñ ýòàíîëîì.

Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç

òîëóîëà.
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Ïðîïàí-2-èë (3Z)-2-ãèäðîêñè-3-[àëëèëàìèíî(ôå-

íèë)ìåòèëèäåí]-4,5-äèîêñî-1-ôåíèëïèððîëèäèí-2-

êàðáîêñèëàò (19a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà IIa

è 79 ìã (1.38 ììîëü) àëëèëàìèíà. Âûõîä 68%, ò.ïë.

163�165°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3312 ø (ÎÍ, NÍ), 1755

(ÑOÎ), 1715 (Ñ5=O), 1630 (Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.75 ä (3Í, Me, J = 6.3 Ãö), 0.87 ä (3Í, Me, J = 6.3

Ãö), 3.71 ì (2H, NH-CH2), 4.38 ì (1Í, ÎÑÍ, J = 6.3 Ãö), 5.13 ä.ä (1H,

CH2=CH, 3J = 22.7 Ãö, 2J 1.2 Ãö), 5.17 ä.ä (1H, CH2=CH, 3J = 16.0 Ãö,
2J = 1.2 Ãö), 5.82 ì (1H, CH2=CH), 7.07�7.51 ãð.ñ (11Í, 2C6H5 + OH), 11.16

ò (1Í, NÍ, J = 6.4 Ãö). Íàéäåíî, %: C 68.51; H 5.78; N 6.74. Ñ24H24N2Î5.

Âû÷èñëåíî, %: C 68.56; H 5.75; N 6.66.
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Ïðîïàí-2-èë (3Z)-2-ãèäðîêñè-3-[áåíçèëàìèíî(ôå-

íèë)ìåòèëèäåí]-4,5-äèîêñî-1-ôåíèëïèððîëèäèí-2-

êàðáîêñèëàò (19b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà IIa

è 148 ìã (1.38 ììîëü) áåíçèëàìèíà. Âûõîä 79%, ò.ïë.

174�175°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3251 ø (OÍ, NH), 1727

(ÑOÎ), 1715 (Ñ5=O),1623 (Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.75 ä (3Í, Me, J = 6.4 Ãö), 0.86 ä

(3Í, Me, J = 6.4 Ãö), 4.25 ä.ä (1Í, ÑÍ2, J = 14.8 Ãö, J = 7.2 Ãö), 4.36 ä.ä

(1Í, ÑÍ2, J = 14.8 Ãö, J = 7.2 Ãö), 4.38 ì (1Í, OÑÍ, J = 6.4 Ãö), 7.04�7.50

ãð.ñ (16Í, 3C6H5 + ÎÍ), 11.40 ò (1Í, NH, J = 7.2 Ãö). Íàéäåíî , %: C

71.49; H 5.67; N 6.02. Ñ28H26N2Î5. Âû÷èñëåíî, %: C 71.47; H 5.57; N 5.95.
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Ïðîïàí-2-èë (3Z)-2-ãèäðîêñè-4,5-äèîêñî-1-ôåíèë-3-

[ôåíèë(öèêëîãåêñèëàìèíî)ìåòèëèäåí]ïèððîëèäèí-2-

êàðáîêñèëàò (19c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà IIa è

137 ìã (1.38 ììîëü) öèêëîãåêñèëàìèíà. Âûõîä 76%, ò.ïë.

197�199°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3282 ø (OH, NH), 1758

(ÑOÎ), 1713 (Ñ5=O), 1622 (Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.74 ä (3Í, Me, J 6.3 Ãö), 0.85 ä (3Í, Me, J 6.3

Ãö), 1.03�1.82 ãð.ñ (10H, C6H11-öèêëî), 3.04 ì (1H, NH-CH), 4.37 ì (1Í,

ÎÑÍ, J 6.3 Ãö), 7.04�7.59 ãð.ñ (11Í, 2C6H5 + OH), 12.35 ä (1Í, NÍ, J 9.9

Ãö). Íàéäåíî, %: C 69.99; H 6.55; N 6.08. Ñ27H30N2Î5. Âû÷èñëåíî, %: C

70.11; H 6.54; N 6.06.
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Ïðîïàí-2-èë (3Z)-2-ãèäðîêñè-3-[èçîïåíòèëàìèíî-

(ôåíèë)ìåòèëèäåí]-4,5-äèîêñî-1-ôåíèëïèððîëèäèí-2-

êàðáîêñèëàò (19d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà IIa

è 120 ìã (1.38 ììîëü) èçîïåíòèëàìèíà. Âûõîä 73%, ò.ïë.

183�184°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3238 ø (OÍ, NH), 1734

(ÑOÎ, Ñ5=O), 1634 (Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 0.73�0.77 ãð.ñ (9Í, 3Me), 0.86 ä (3Í,

Me, J = 6.3 Ãö), 1.36 ê (2H, CH2-CH, J = 7.0 Ãö), 1.50 ì (1H, CH2-CH), 3.02

ì (1H, NH-CH−2), 3.11 ì (1H, NH-CH2), 4.37 ì (1Í, ÎÑÍ, J = 6.3 Ãö),
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7.03�7.59 ãð.ñ (11Í, 2C6H5 + OH), 11.19 ò (1Í, NÍ, J = 6.3 Ãö). Íàéäåíî,

%: C 69.19; H 6.65; N 6.27. Ñ26H30N2Î5. Âû÷èñëåíî, %: C 69.31; H 6.71;

N 6.22.
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Ïðîïàí-2-èë (3Z)-2-ãèäðîêñè-3-[àëëèëàìèíî(ôåíèë)-

ìåòèëèäåí]-1-(4-ìåòîêñèôåíèë)-4,5-äèîêñîïèððîëè-

äèí-2-êàðáîêñèëàò (19e): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.27 ììîëü) 1H-ïèððîë-2,3-

äèîíà IIc è 73 ìã (1.27 ììîëü) àëëèëàìèíà. Ïðîäóêò

ïåðåêðèñòàëëèçîâûâàëè èç ýòèëàöåòàòà. Âûõîä 71%, ò.ïë.

165�166°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3281 ø (ÎÍ, NÍ), 1755

(ÑOÎ), 1725 (Ñ5=O), 1630 (Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.81 ä (3Í, Me, J = 6.3 Ãö), 0.90 ä (3Í, Me, J = 6.3

Ãö), 3.70 ì (2H, NH-CH2), 3.72 c (3H, Me), 4.40 ì (1Í, ÎÑÍ, J = 6.3 Ãö),

5.13 ä.ä (1H, CH2=CH, 3J = 23.2 Ãö, 2J = 1.6 Ãö), 5.16 ä.ä (1H, CH2=CH,
3J = 16.4 Ãö, 2J = 1.6 Ãö), 5.82 ì (1H, CH2=CH), 6.90�7.49 ãð.ñ (10Í, C6H5

+ C6H4 + OH), 11.12 ò (1Í, NÍ, J = 6.2 Ãö) Íàéäåíî, %: C 66.61; H 5.89;

N 6.13. Ñ25H26N2Î6. Âû÷èñëåíî, %: C 66.65; H 5.82; N 6.22.
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Ïðîïàí-2-èë (3Z)-1-(4-áðîìôåíèë)-2-ãèäðîê-

ñè-4,5-äèîêñî-3-[(Z)-ôåíèë(öèêëîãåêñèëàìèíî)-

ìåòèëèäåí]ïèððîëèäèí-2-êàðáîêñëàò (19f): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.13 ììîëü)

1H-ïèððîë-2,3-äèîíà IId è 100 ìã (1.13 ììîëü) öèêëî-

ãåêñèëàìèíà. Âûõîä 81%, ò.ïë. 204�206°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3259 ø (OH, NH), 1760 (ÑOÎ), 1723 (Ñ5=O), 1626

(Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.74

ä (3Í, Me, J = 6.2 Ãö), 0.88 ä (3Í, Me, J = 6.2 Ãö), 1.02�1.82 ãð.ñ (10H,

C6H11-öèêëî), 3.05 ì (1H, NH-CH), 4.38 ì (1Í, ÎÑÍ, J = 6.2 Ãö), 7.11�7.67

ãð.ñ (10Í, C6H5 + C6H4 + OH), 11.38 ä (1Í, NÍ, J = 9.5 Ãö). Íàéäåíî, %:

C 59.93; H 5.52; N 5.10. Ñ27H29BrN2Î5. Âû÷èñëåíî, %: C 59.89; H 5.40; N

5.17.
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Ïðîïàí-2-èë (3Z)-1-(4-áðîìôåíèë)-2-ãèäðîêñè-3-[-

èçîïåíòèëàìèíî(ôåíèë)ìåòèëèäåí]-4,5-äèîêñîïèððî-

ëèäèí-2-êàðáîêñèëàò (19g): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.13 ììîëü) 1H-ïèððîë-

2,3-äèîíà IId è 98 ìã (1.13 ììîëü) èçîïåíòèëàìèíà.

Âûõîä 76%, ò.ïë. 202�203°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3198

ø (OÍ, NH), 1728(ÑOÎ, Ñ5=O), 1634 (Ñ4=Î â ÂÂÑ).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.72�0.77 ãð.ñ (9Í,

3Me), 0.89 ä (3Í, Me, J = 6.3 Ãö), 1.36 ê (2H, CH2-CH, J = 7.2 Ãö), 1.49 ì

(1H, CH2-CH), 3.02 ì (1H, NH-CH2), 3.11 ì (1H, NH-CH2), 4.38 ì (1Í,

ÎÑÍ, J = 6.3 Ãö), 7.10�7.59 ãð.ñ (10Í, C6H5 + C6H4 + OH), 11.21 ò (1Í,

NÍ, J = 6.3 Ãö). Íàéäåíî, %: C 58.99; H 5.52; N 5.34. Ñ26H29BrN2Î5.

Âû÷èñëåíî, %: C 58.98; H 5.52; N 5.29.
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Ïðîïàí-2-èë (3Z)-3-[áåíçèëàìèíî(ôåíèë)ìåòèëèäåí]-

2-ãèäðîêñè-1-ìåçèòèë-4,5-äèîêñîïèððîëèäèí-2-êàð-

áîêñèëàò (19h): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.23 ììîëü) 1H-ïèððîë-2,3-äèîíà IIe è

132 ìã (1.23 ììîëü) áåíçèëàìèíà. Ïðîäóêò ïåðåêðèñòàë-

ëèçîâûâàëè èç ýòèëàöåòàòà. Âûõîä 66%, ò.ïë. 109�111°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3334 ø (OH, NH), 1732 (ÑOÎ, Ñ5=O),

1605 (Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

0.72 ä (3Í, Me, J = 6.4 Ãö), 0.74 ä (3Í, Me, J = 6.4 Ãö),

1.85 c (3Í, Me), 2.14 c (3Í, Me), 2.20 c (3Í, Me), 4.26 ä.ä (1Í, ÑÍ2,

J = 14.8 Ãö, J = 7.2 Ãö) 4.37 ä.ä (1Í, ÑÍ2, J = 14.8 Ãö, J = 7.2 Ãö), 4.43 ì

(1Í, OÑÍ, J = 6.4 Ãö), 6.67�7.52 ãð.ñ (8Í, C6H5 + C6H2 + ÎÍ), 11.55 ò

(1Í, NH, J = 7.2 Ãö). Íàéäåíî, %: C 72.58; H 6.33; N 5.39. Ñ31H32N2Î5.

Âû÷èñëåíî, %: C 72.64; H 6.29; N 5.47.
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Ïðîïàí-2-èë (3Z)-1-áåíçèë-2-ãèäðîêñè-3-{[(4-

ìåòîêñèôåíèë)àìèíî](ôåíèë)ìåòèëèäåí}-4,5-

äèîêñîïèððîëèäèí-2-êàðáîêñèëàò (20a): Ê ðàñòâî-

ðó 393 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IIc â

10 ìë áåçâîäíîãî òîëóîëà äîáàâëÿëè (Å)-áåíçèë[(4-

áðîìôåíèë)ìåòèëèäåí]àìèí (P10b). Ðåàêöèîííóþ

ìàññó êèïÿòèëè â òå÷åíèå 3 ÷àñîâ, îõëàæäàëè,
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îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðå-

êðèñòàëëèçîâûâàëè èç òîëóîëà. Âûõîä 83%, ò.ïë.

187�188°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3316 ø (ÎÍ, NÍ), 1742 (ÑÎO), 1695

(Ñ5=Î), 1639 (Ñ4=Î â ÂÂÑ). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.57

ä (3Í, Me, J = 6.4 Ãö), 0.78 ä (3Í, Me, J = 6.4), 3.65 c (3H, OMe), 3.96 ì

(1Í, ÑÍ), 4.30 ä (1Í, ÑÍ2, J = 15.2) 4.55 ä (1Í, ÑÍ2, J = 15.2), 6.70�7.40

ãð.ñ (15Í, 2C6H5 + C6H4 + ÎÍ), 12.55 c (1Í, NH). Íàéäåíî, %: C 69.65; H

5.53; N 5.56. Ñ29H28N2Î6. Âû÷èñëåíî, %: C 69.59; H 5.64; N 5.60.

Ñèíòåç 2-(3-àðèë-5-àðîèë-1H-ïèðàçîë-4-èë)-2-îêñî-N-

àðèëàöåòàìèäîâ (21). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-

äèîíà IV â 10 ìë àáñîëüòíîãî õëîðîôîðìà äîáàâëÿëè ïðè ïåðåìåøèâàíèè

ðàñòâîð ãèäðàçèíà â 5 ìë àáñîëþòíîãî õëîðîôîðìà. Ðåàêöèîííóþ ìàññó

âûäåðæèâàëè ïðè êîìíàòíîé òåìïåðàòóðå â òå÷åíèå 20 ìèí. Çàòåì îáðà-

çîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè, ðàñòâîðÿëè â ýòàíîëå è êèïÿòèëè â

òå÷åíèå 20 ìèí, îõëàæäàëè, îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è

ïåðåêðèñòàëëèçîâûâàëè èç ýòàíîëà.

O

O

O

NH

N
N

2-(1-Áåíçèë-3-áåíçîèë-5-ôåíèë-1H-ïèðàçîë-4-èë)-2-

îêñî-N-ôåíèëàöåòàìèä (21a): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.31 ììîëü) 1H-ïèððîë-

2,3-äèîíà IVa è 160 ìã (1.31 ììîëü) áåíçèëãèäðàçèíà

(P11b). Âûõîä 82%, ò.ïë. 199�200°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3298, 1682, 1660, 1640. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 5.41 ñ (2Í, ÑÍ2Ph), 7.02�8.13 ãð.ñ (17Í, C6H5 +

3C6H4), 10.65 ñ (1Í, NÍ). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6),

δ, ì.ä.: 53.22 (CH2Ph), 118.18 (C4), 137.54�120.15 (C), 146.93 (C3), 150.59

(C5), 160.40 (CONH), 184.86 (Ñ4-ÑO), 187.40 (C3-CO). Íàéäåíî, %: C

76.62; H 4.75; N 8.61. Ñ31H23N3Î3. Âû÷èñëåíî, %: C 76.69; H 4.77; N 8.65.

O

O

O

NH

Me

N
N

2-(1-Áåíçèë-3-áåíçîèë-5-ôåíèë-1H-ïèðàçîë-4-èë)-

2-îêñî-N-(4-ìåòèëôåíèë)àöåòàìèä (21b): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.26 ììîëü)

1H-ïèððîë-2,3-äèîíà IVb è 154 ìã (1.26 ììîëü) áåí-

çèëãèäðàçèíà (P11b). Âûõîä 73%, ò.ïë. 152�153°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3281, 1686, 1661, 1651. Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.23 c (3Í, Me), 5.41 ñ (2Í,
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ÑÍ2Ph), 7.03�8.11 ãð.ñ (19Í, 3C6H5 + C6H4), 10.55 ñ (1Í,

NÍ). Íàéäåíî, %: C 76.87; H 5.00; N 8.36. Ñ32H25N3Î3.

Âû÷èñëåíî, %: C 76.94; H 5.04; N 8.41.

O

O

O

NH

OMe

N
N

2-(1-Áåíçèë-3-áåíçîèë-5-ôåíèë-1H-ïèðàçîë-4-èë)-2-

îêñî-N-(4-ìåòîêñèôåíèë)àöåòàìèä (21c): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.22

ììîëü) 1H-ïèððîë-2,3-äèîíà IVc è 149 ìã (1.22 ììîëü)

áåíçèëãèäðàçèíà (P11b). Âûõîä 76%, ò.ïë. 177�178°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3344, 1683, 1643. Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.70 ñ (3Í, ÎMe), 5.41 ñ (2Í,

ÑÍ2Ph), 6.84�8.11 ãð.ñ (19Í, 3C6H5 + C6H4), 10.52 ñ (1Í,

NÍ). Íàéäåíî, %: C 74.48; H 4.86; N 8.07. Ñ32H25N3Î4.

Âû÷èñëåíî, %: C 74.55; H 4.89; N 8.15.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ (21c). Æåëòûå õî-

ðîøî îãðàíåííûå êðèñòàëëû Ñ32H25N3Î4 ïðèíàäëåæàò ê òðèêëèííîé ñèí-

ãîíèè: a = 11.093(2), b = 11.765(2), c = 13.194(3) �A, α = 115.75(3), β =

90.66(3), γ = 116.00(3)°, V = 1349.9(5) �A3, = 515.55, dcalc. = 1.268 ã/ñì3,

Z = 2, ïðîñòðàíñòâåííàÿ ãðóïïà Ð-1. Íàáîð ýêñïåðèìåíòàëüíûõ îòðà-

æåíèé ïîëó÷åí â àâòîìàòè÷åñêîì ÷åòûðåõêðóæíîì äèôðàêòîìåòðå KM-4

(KUMA DIFFRACTION) ñ χ-ãåîìåòðèåé ìåòîäîì ω/2Θ ñêàíèðîâàíèÿ íà

ìîíîõðîìàòèçèðîâàííîì ÌîKα-èçëó÷åíèè. 2Θmax ≤ 53.2°(84% îáðàòíî-

ãî ïðîñòðàíñòâà). Âñåãî èçìåðåíî 4834 îòðàæåíèÿ, èç íèõ 4598 íåçàâè-

ñèìûõ (Rint = 0.0126). ïîïðàâêè íà ïîãëîùåíèå íå ââîäèëè (µ = 0.085

ìì−1). Ñòðóêòóðà îïðåäåëåíà ïðÿìûì ìåòîäîì ïî ïðîãðàììå SIR92 [199]

ñ ïîñëåäóþùåé ñåðèåé ðàñ÷åòîâ êàðò ýëåêòðîííîé ïëîòíîñòè. Âñå àòîìû

âîäîðîäà çàäàíû ãåîìåòðè÷åñêè è óòî÷íåíû ïî ïðèíöèïó ¾íàåçäíèêà¿.

Ïîëíîìàòðè÷íîå àíèçîòðîïíîå (íåâîäîðîäíûõ àòîìîâ) óòî÷íåíèå ÌÍÊ

ïî ïðîãðàììå SHELXL-97 [198] çàâåðøåíî ïðè R1 0.0424, wR2 0.1060 ïî

2431 îòðàæåíèþ ñ I ≥ 2σ(I) è R1 0.1247, wR2 0.1204 ïî âñåì îòðàæåíèÿì

(365 óòî÷íÿåìûõ ïàðàìåòðà). GooF = 0.956.
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O

Me

O

O

NH

Me

N
N

2-[1-Áåíçèë-3-(4-ìåòèëáåíçîèë)-5-(4-ìåòèëôåíèë)-

1H-ïèðàçîë-4-èë]-2-îêñî-N-ôåíèëàöåòàìèä (21d):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500

ìã (1.22 ììîëü) 1H-ïèððîë-2,3-äèîíà IVe è 149 ìã

(1.22 ììîëü) áåíçèëãèäðàçèíà (P11b). Âûõîä 75%, ò.ïë.

160�161°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3314, 1680, 1665, 1653.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.35 c (3Í, Me),

2.40 ñ (3Í, Me), 5.39 ñ (2Í, ÑÍ2Ph), 7.04�8.02 ãð.ñ (18Í,

2C6H5 + 2C6H4), 10.61 ñ (1Í, NÍ). Íàéäåíî, %: C 77.12; H 5.26; N 8.14.

Ñ33H27N3Î3. Âû÷èñëåíî, %: C 77.17; H 5.30; N 8.18.

O

Me

O

O

NH

Me

Me

N
N

2-[1-Áåíçèë-3-(4-ìåòèëáåíçîèë)-5-(4-ìåòèëôåíèë)-

1H-ïèðàçîë-4-èë]-2-îêñî-N-(4-ìåòèëôåíèë)àöåòàìèä

(21e): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.18 ììîëü) 1H-ïèððîë-2,3-äèîíà IVf è 144 ìã

(1.18 ììîëü) áåíçèëãèäðàçèíà (P11b). Âûõîä 80%, ò.ïë.

161�162°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3283, 1680, 1661, 1647.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.23 c (3Í, Me), 2.35

c (3Í, Me), 2.40 ñ (3Í, Me), 5.39 ñ (2Í, ÑÍ2Ph), 7.05�8.01

ãð.ñ (17Í, C6H5 + 3C6H4), 10.52 ñ (1Í, NÍ). Íàéäåíî, %:

C 77.31; H 5.48; N 7.91. Ñ34H29N3Î3. Âû÷èñëåíî, %: C 77.40; H 5.54; N

7.96.

O

Me

O

O

NH

OMe

Me

N
N

2-[1-Áåíçèë-3-(4-ìåòèëáåíçîèë)-5-(4-ìåòèëôåíèë)-1H-

ïèðàçîë-4-èë]-2-îêñî-N-(4-ìåòîêñèôåíèë)àöåòàìèä

(21f): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.14 ììîëü) 1H-ïèððîë-2,3-äèîíà IVg è 139 ìã

(1.14 ììîëü) áåíçèëãèäðàçèíà (P11b). Âûõîä 82%, ò.ïë.

168�169°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3346, 1683, 1643. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.35 c (3Í, Me), 2.40 c (3Í,

Me), 3.70 ñ (3Í, OMe), 5.38 ñ (2Í, ÑÍ2Ph), 6.85�8.01 ãð.ñ

(17Í, C6H5 + 3C6H4), 10.48 ñ (1Í, NÍ). Íàéäåíî, %: C

75.07; H 5.34; N 7.66. Ñ34H29N3Î4. Âû÷èñëåíî, %: C 75.12; H 5.38; N 7.73.
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O

O

O

NH

N
N

2-(3-Áåíçîèë-1,5-äèôåíèë-1H-ïèðàçîë-4-èë)-2-îêñî-N-

ôåíèëàìèä (21g): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.31 ììîëü) 1H-ïèððîë-2,3-äèîíà IVa

è 142 ìã (1.31 ììîëü) ôåíèëãèäðàçèíà (P11a). Âûõîä

75%, ò.ïë. 191�192°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3294, 1673,

1658. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 7.10�8.24

ãð.ñ. (20Í, 4C6H5), 10.76 ñ (1Í, NH). Ñïåêòð ßÌÐ 13C

(ÄÌÑÎ-d6), δ, ì.ä.: 118.94 (C4), 138.11�120.24 (Ñàðîì), 146.28 (C3),

151.24 (C5), 160.18 (CONH), 185.10 (Ñ4-ÑO), 187.39 (C3-CO). Íàéäåíî,

%: C 76.38; H 4.46; N 8.85. Ñ30H21N3Î3. Âû÷èñëåíî, %: C 76.42; H 4.49;

N 8.91.

O

O

O

NH

Me

N
N

2-(3-Áåíçîèë-1,5-äèôåíèë-1H-ïèðàçîë-4-èë)-2-îêñî-

N-(4-ìåòèëôåíèë)àöåòàìèä (21h): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.26 ììîëü)

1H-ïèððîë-2,3-äèîíà IVb è 136 ìã (1.26 ììîëü) ôåíèë-

ãèäðàçèíà (P11a). Âûõîä 87%, ò.ïë. 222�223°. ÈÊ ñïåêòð,

ν, ñì−1: 3310, 1690, 1659. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 2.24 c (3Í, Me), 7.09�8.22 ãð.ñ (19Í, 3C6H5 + C6H4),

10.64 ñ (1Í, NÍ). Íàéäåíî, %: C 76.59; H 4.70; N 8.61.

Ñ31H23N3Î3. Âû÷èñëåíî, %: C 76.69; H 4.77; N 8.65.

O

O

O

NH

OMe

N
N

2-(3-Áåíçîèë-1,5-äèôåíèë-1H-ïèðàçîë-4-èë)-2-îêñî-N-

(4-ìåòîêñèôåíèë)àöåòàìèä (21i): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.22 ììîëü)

1H-ïèððîë-2,3-äèîíà IVc è 132 ìã (1.22 ììîëü) ôåíèë-

ãèäðàçèíà (P11a). Âûõîä 73%, ò.ïë. 210�211°Ñ. ÈÊ

ñïåêòð, ν, ñì−1: 3375, 1674, 1656. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 3.70 ñ (3Í, ÎMe), 6.85�8.21 ãð.ñ (19Í,

3C6H5 + C6H4), 10.61 ñ (1Í, NÍ). Íàéäåíî, %: C 74.20;

H 4.57; N 8.33. Ñ31H23N3Î4. Âû÷èñëåíî, %: C 74.24; H

4.62; N 8.38.
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O

Me

O

O

NH

Me

N
N

[3-(4-Ìåòèëáåíçîèë)-5-(4-ìåòèëôåíèë)-1-ôåíèë-1H-

ïèðàçîë-4-èë]-2-îêñî-N-ôåíèëàöåòàìèä (21j): ïîëó-

÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.22

ììîëü) 1H-ïèððîë-2,3-äèîíà IVe è 132 ìã (1.22 ììîëü)

ôåíèëãèäðàçèíà (P11a). Âûõîä 77%, ò.ïë. 173�174°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3248, 1676, 1644. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 2.28 c (3Í, Me), 2.41 c (3Í, Me),

7.09�8.13 ãð.ñ (18Í, 2C6H5 + 2C6H4), 10.71 ñ (1Í, NÍ).

Íàéäåíî, % C 76.88; H 5.01; N 8.36. Ñ32H25N3Î3. Âû÷èñëåíî, %: C 76.94;

H 5.04; N 8.41.

O

Me

O

O

NH

Me

Me

N
N

2-[3-(4-Ìåòèëáåíçîèë)-5-(4-ìåòèëôåíèë)-1-ôåíèë-

1H-ïèðàçîë-4-èë]-2-îêñî-N-(4-ìåòèëôåíèë)àöåòàìèä

(21k): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.18 ììîëü) 1H-ïèððîë-2,3-äèîíà IVf è 128 ìã

(1.18 ììîëü) ôåíèëãèäðàçèíà (P11a). Âûõîä 79%, ò.ïë.

195�196°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3356, 1678, 1655. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.24 c (3Í, Me), 2.29 c (3Í,

Me), 2.41 c (3Í, Me), 7.09�8.13 ãð.ñ (17Í, C6H5 + 3C6H4),

10.62 ñ (1Í, NÍ). Íàéäåíî, %: C 77.13; H 5.26; N 8.11.

Ñ33H27N3Î3. Âû÷èñëåíî, %: C 77.17; H 5.30; N 8.18.
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Me
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NH
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Me

N
N

2-[3-(4-Ìåòèëáåíçîèë)-5-(4-ìåòèëôåíèë)-1-ôåíèë-1H-

ïèðàçîë-4-èë]-2-îêñî-N-(4-ìåòîêñèôåíèë)àöåòàìèä

(21l): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.14 ììîëü) 1H-ïèððîë-2,3-äèîíà IVg è 123 ìã

(1.14 ììîëü) ôåíèëãèäðàçèíà (P11a). Âûõîä 86%, ò.ïë.

172�173°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3380, 1682, 1664. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.29 c (3Í, Me), 2.41 c

(3Í, Me), 3.71 ñ (3Í, OMe), 6.85�8.13 ãð.ñ (17Í, C6H5 +

3C6H4), 10.58 ñ (1Í, NÍ). Íàéäåíî, %: C 74.78; H 5.10; N

7.89. Ñ33H27N3Î4. Âû÷èñëåíî, %: C 74.84; H 5.14; N 7.93.
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O

Cl

O

O

NH

OMe

Cl

N
N

2-[3-(4-Õëîðáåíçîèë)-5-(4-õëîðôåíèë)-1-ôåíèë-1H-

ïèðàçîë-4-èë]-2-îêñî-N-(4-ìåòîêñèôåíèë)àöåòàìèä

(21m): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.04 ììîëü) 1H-ïèððîë-2,3-äèîíà IVl è 123 ìã

(1.14 ììîëü) ôåíèëãèäðàçèíà (P11a). Âûõîä 74%, ò.ïë.

198�199°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3287, 1682, 1657. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.71 ñ (3Í, OMe), 6.87�8.23

ãð.ñ (17Í, C6H5 + 3C6H4), 10.63 ñ (1Í, NÍ). Íàéäåíî, %:

C 65.20; H 3.68; N 7.31. Ñ31H21Cl2N3Î4. Âû÷èñëåíî, %: C 65.27; H 3.71;

N 7.37.

Ñèíòåç 3,4-äèìåòèë 5-(àðèëêàðáàìîèë)-1H-ïèðàçîë-3,4-

äèêàðáîêñèëàòîâ (22). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-

2,3-äèîíà III â 20 ìë àáñîëüòíîãî áåíçîëà äîáàâëÿëè ðàñòâîð áåíçèëãèä-

ðàçèíà P11b èëè ôåíèëãèäðàçèíà P11a â 5 ìë àáñîëþòíîãî 1,4-äèîêñàíà.

Ðåàêöèîííóþ ìàññó êèïÿòèëè 30 ìèí, ðàñòâîðèòåëü óäàëÿëè, îñòàòîê

ïåðåêðèñòàëëèçîâûâàëè èç ýòàíîëà.

O

NH

Me

O

OMe

OOMe

N

N

3,4-Äèìåòèë 1-áåíçèë-5-[(4-ìåòèëôåíèë)-

êàðáàìîèë]-1H-ïèðàçîë-3,4-äèêàðáîêñèëàò (22a):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500

ìã (1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIc è 191 ìã

(1.56 ììîëü) áåíçèëãèäðàçèíà P11b. Âûõîä 73%,

ò.ïë. 208�210°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3344 (NH), 1751

(Ñ3-ÑÎÎÌå), 1700 (Ñ4-ÑÎÎÌå), 1662 (ÑÎNH), 1562

(¾àìèä II¿). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.28

ñ (3Í, Me), 3.70 c (3H, OÌå), 3.85 c (3H, OMe), 5.49 ñ (2Í, ÑÍ2), 7.18 ä

(2Í, C6H4, J = 8.8 Ãö), 7.27�7.36 ì (5H, C6H5), 7.51 ä (2Í, C6H4, J = 8.8

Ãö), 10.80 c (1H, NH). Íàéäåíî, %: C 64.82; H 5.26; N 10.26. Ñ22H21N3Î5.

Âû÷èñëåíî, %: C 64.86; H 5.20; N 10.31.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 22a. Àíàëèç ïðî-

âåä¼í íà ðåíòãåíîâñêîì äèôðàêòîìåòðå ¾Xcalibur-3¿ ñ CCD äåòåêòîðîì

(λMoKα 0.71073, ãðàôèòîâûé ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêà-

íèðîâàíèÿ 1°, T 295(2) Ê). Ñòðóêòóðà ðàñøèôðîâàíà ïðÿìûì ìåòîäîì

è óòî÷íåíà ñ èñïîëüçîâàíèåì ïàêåòà ïðîãðàìì SHELXTL-97. Ïîïðàâ-

êà íà ïîãëîùåíèå íå ââîäèëàñü. Ïîçèöèè è òåìïåðàòóðíûå ïàðàìåòðû
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íåâîäîðîäíûõ àòîìîâ óòî÷íåíû â èçîòðîïíîì, à çàòåì â àíèçîòðîïíîì

ïðèáëèæåíèè ïîëíîìàòðè÷íûì ÌÍÊ. Àòîìû âîäîðîäà ëîêàëèçîâàíû ïî

ìàêñèìóìàì ýëåêòðîííîé ïëîòíîñòè è âêëþ÷åíû â óòî÷íåíèå â ìîäåëè

¾íàåçäíèêà¿. Îñíîâíûå êðèñòàëëîãðàôè÷åñêèå ïàðàìåòðû è ðåçóëüòàòû

óòî÷íåíèÿ ÐÑÀ: êðèñòàëëû òðèêëèííûå, ïðîñòðàíñòâåííàÿ ãðóïïà Ð-1,

a= 7.9450(7) �A, b= 11.2170(13) �A, c= 11.7450(10) �A, α= 85.548(8)°, β=
84.326(7)°, γ= 76.264(9)°, V = 1010.20(17) �A3, Z= 2 äëÿ ñîåäèíåíèÿ áðóòòî-

ôîðìóëû C22H21N3O5, µ= 0.096 ìì−1. Íà óãëàõ 2.63 < θ < 28.28°ñîáðàíî
5950 îòðàæåíèé, èç íèõ 4848 íåçàâèñèìûõ (Rint= 0.0168), â òîì ÷èñëå

2291 ñ I>2σ(I), êîìïëåêòíîñòü äëÿ θ= 26.00° 98.4%. Îêîí÷àòåëüíûå ïàðà-

ìåòðû óòî÷íåíèÿ: R1= 0.0384, wR2= 0.0850 (I>2σ(I)), R1= 0.0922, wR2=

0.0905 (äëÿ âñåõ îòðàæåíèé) ïðè ôàêòîðå äîáðîòíîñòè S= 1.006. Ãëîáàëü-

íûå ýêñòðåìóìû îñòàòî÷íîé ïðîñòðàíñòâåííîé ýëåêòðîííîé ïëîòíîñòè

0.211 è -0.163 ē �A−3.

Ðåçóëüòàòû ðåíòãåíîñòðóêòóðíîãî èññëåäîâàíèÿ çàðåãèñòðèðîâàíû

â Êåìáðèäæñêîì öåíòðå êðèñòàëëîãðàôè÷åñêèõ äàííûõ ïîä íîìåðàìè

CCDC 855435. Ýòè ìàòåðèàëû íàõîäÿòñÿ â ñâîáîäíîì äîñòóïå è ìîãóò

áûòü çàïðîøåíû ïî àäðåñó www.ccdc.cam.ac.uk/data_request/cif.
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OMe

OOMe

N

N

3,4-Äèìåòèë 1-áåíçèë-5-[(4-ìåòîêñèôåíèë)êàðáà-

ìîèë]-1H-ïèðàçîë-3,4-äèêàðáîêñèëàò (22b): ïîëó-

÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.48 ììîëü) 1H-ïèððîë-2,3-äèîíà IIId è 181 ìã

(1.48 ììîëü) áåíçèëãèäðàçèíà P11b. Âûõîä 68%, ò.ïë.

140�141°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3346 (NH), 1749

(Ñ3-ÑÎÎÌå), 1709 (Ñ4-ÑÎÎÌå), 1676 (ÑÎNH), 1568

(¾àìèä II¿). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.71 ñ

(3Í, ÎMe), 3.75 c (3H, ÑÎOÌå), 3.84 c (3H, ÑÎOMe), 5.48 ñ (2Í, ÑÍ2), 6.95

ä (2Í, C6H4, J = 9.2 Ãö), 7.26�7.36 ì (5H, C6H5), 7.52 ä (2Í, C6H4, J = 9.2

Ãö), 10.73 c (1H, NH). Íàéäåíî, %: C 62.37; H 5.54; N 9.87. Ñ22H21N3Î6.

Âû÷èñëåíî, %: C 62.41; H 5.60; N 9.92.
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O

NH

O

OMe

OOMe

N

N

3,4-Äèìåòèë 5-áåíçèëêàðáàìîèë-1-ôåíèë-1H-

ïèðàçîë-3,4-äèêàðáîêñèëàò (22c): ïîëó÷àëè ñîãëàñ-

íî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIa è 169 ìã (1.56 ììîëü) ôå-

íèëãèäðàçèíà P11a. Âûõîä 79%, ò.ïë. 147�149°Ñ. ÈÊ

ñïåêòð, ν, ñì−1: 3318 (NH), 1742 (Ñ3-ÑÎÎÌå), 1708

(Ñ4-ÑÎÎÌå), 1674 (ÑÎNH), 1562 (¾àìèä II¿). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.58 c (3H, COOÌå), 3.69 c (3H, COOMe),

6.24 ñ (2Í, ÑÍ2), 7.12�7.41 ãð.ñ (10H, 2C6H5), 10.91 ò (1H, NH). Íàéäåíî,

%: C 64.16; H 4.86; N 10.61. Ñ21H19N3Î5. Âû÷èñëåíî, %: C 64.12; H 4.87;

N 10.68.

O

NH

O

OMe

OOMe

N

N

3,4-Äèìåòèë 1-ôåíèë-5-ôåíèëêàðáàìîèë-1H-ïèðàçîë-

3,4-äèêàðáîêñèëàò (22d): ïîëó÷àëè ñîãëàñíî îáùåé ìå-

òîäèêå, èñõîäÿ èç 500 ìã (1.63 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIIb è 176 ìã (1.63 ììîëü) ôåíèëãèäðàçèíà

P11a. Âûõîä 81%, ò.ïë. 181�183°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3298 (NH), 1746 (Ñ3-ÑÎÎÌå), 1703 (Ñ4-ÑÎÎÌå), 1661

(ÑÎNH), 1563 (¾àìèä II¿). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 3.75 c (3H, COOMe), 3.91 c (3H, COOMe), 7.13�7.62 ãð.ñ (10H, 2C6H5),

11.03 c (1H, NH). Íàéäåíî, %: C 63.37; H 4.42; N 10.99. Ñ20H17N3Î5. Âû-

÷èñëåíî, %: C 63.32; H 4.52; N 11.08.
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OMe

OOMe

N

N

3,4-Äèìåòèë 5-[(4-ìåòèëôåíèë)êàðáàìîèë]-1-ôåíèë-

1H-ïèðàçîë-3,4-äèêàðáîêñèëàò (22e): ïîëó÷àëè ñîãëàñ-

íî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-

ïèððîë-2,3-äèîíà IIIc è 169 ìã (1.56 ììîëü) ôåíèëãèä-

ðàçèíà P11a. Âûõîä 84%, ò.ïë. 219�220°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: : 3314 (NH), 1736 (Ñ3-ÑÎÎÌå), 1712 (Ñ4-ÑÎÎÌå),

1676 (ÑÎNH), 1557 (¾àìèä II¿). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-

d6), δ, ì.ä.: 2.26 ñ (3Í, Me), 3.75 c (3H, COOÌå), 3.91 c

(3H, COOMe), 7.15 ä (2Í, J = 8.3 Ãö), 7.41 ä (2Í, J = 8.3 Ãö), 7.50�7.61 ì

(5H, C6H5), 10.94 c (1H, NH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 161.79

(ÑÎÎÌå), 160.92 (CONH), 156.30 (ÑÎÎÌå), 143.41 (C3), 141.17�119.71

(Càðîì, C4, C5), 52.64 (ÎÌå), 52.15 (ÎÌå). Íàéäåíî, %: C 64.17; H 4.86;

N 10.59. Ñ21H19N3Î5. Âû÷èñëåíî, %: C 64.12; H 4.87; N 10.68.
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O

OMe

OOMe

N

N

3,4-Äèìåòèë 5-[(4-ìåòîêñèôåíèë)êàðáàìîèë]-1-ôåíèë-

1H-ïèðàçîë-3,4-äèêàðáîêñèëàò (22f): ïîëó÷àëè ñîãëàñ-

íî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.48 ììîëü) 1H-

ïèððîë-2,3-äèîíà IIId è 160 ìã (1.48 ììîëü) ôåíèëãèä-

ðàçèíà P11a. Âûõîä 81%, ò.ïë. 158�159°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3281 (NH), 1752 (Ñ3-ÑÎÎÌå), 1698 (Ñ4-ÑÎÎÌå),

1668 (ÑÎNH), 1568 (¾àìèä II¿). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-

d6), δ, ì.ä.: 3.73 ñ (3Í, ÎMe), 3.76 c (3H, ÑÎOÌå), 3.91 c (3H, ÑÎOMe),

6.91 ä (2Í, J = 8.6 Ãö), 7.43 ä (2Í, J = 8.6 Ãö), 7.50�7.62 ì (5H, C6H5), 10.87

c (1H, NH). Íàéäåíî, %: C 61.68; H 4.75; N 10.24. Ñ21H19N3Î6. Âû÷èñëåíî,

%: C 61.61; H 4.68; N 10.26.
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NH
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O

OMe

OOMe

N

N

3,4-Äèìåòèë 1-ôåíèë-5-[(4-õëîðôåíèë)êàðáàìîèë]-

1H-ïèðàçîë-3,4-äèêàðáîêñèëàò (22g): ïîëó÷àëè ñî-

ãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.46 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIe è 158 ìã (1.46 ììîëü) ôå-

íèëãèäðàçèíà P11a. Âûõîä 78%, ò.ïë. 208�210°Ñ. ÈÊ

ñïåêòð, ν, ñì−1: 3300 (NH), 1746 (Ñ3-ÑÎÎÌå), 1703

(Ñ4-ÑÎÎÌå), 1661 (ÑÎNH), 1563 (¾àìèä II¿). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.75 c (3H, OÌå), 3.91 c (3H,

OMe), 7.42 ä (2Í, C6H4, J = 9.1 Ãö), 7.45�7.61 ãð.ñ. (5H, C6H5), 7.56 (2Í,

C6H4, J = 9.1 Ãö), 11.19 c (1H, NH). Íàéäåíî, %: C 59.01; H 4.22; Cl 8.26;

N 9.84. Ñ21H18ClN3Î5. Âû÷èñëåíî, %: C 58.95; H 4.24; Cl 8.29; N 9.82.

Ñèíòåç ìåòèë 5-(àðèëêàðáàìîèë)-4-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1H-

ïèðàçîë-3-êàðáîêñèëàòîâ (23).Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1Í-ïèððîë-

2,3-äèîíà V â 20 ìë áåçâîäíîãî áåíçîëà äîáàâëÿëè ïðè ïåðåìåøèâàíèè

ðàñòâîð áåíçèëãèäðàçèíà (P11b) èëè ôåíèëãèäðàçèíà (P11a) â 5 ìë áåç-

âîäíîãî 1,4-äèîêñàíà. Ðåàêöèîííóþ ìàññó êèïÿòèëè 30 ìèí, ðàñòâîðèòåëü

óäàëÿëè, îñòàòîê ïåðåêðèñòàëëèçîâûâàëè èç ýòàíîëà.
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N

Ìåòèë 1-áåíçèë-5-(ôåíèëêàðáàìîèë)-4-[(2E)-3-

ôåíèëïðîï-2-åíîèë]-1H-ïèðàçîë-3-êàðáîêñèëàò

(23a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ

èç 500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà Va è

169 ìã (1.38 ììîëü) áåíçèëãèäðàçèíà P11b. Âûõîä

83%, ò.ïë. 168�170°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3253,

1733, 1675, 1648, 1620, 1562. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 3.80 c (3H, COOMe), 5.56 ñ (2Í,

CH2), 7.11�7.66 ãð.ñ (17H, 3C6H5, -CH=CH-), 10.87 c (1H, NH). Ñïåêòð

ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 52.30 (COOMe), 54.55 (NCH2Ph), 120.11,

122.88 (C4), 124.67, 126.49 (COCH=CHPh), 128.01, 128.15, 128.51, 128.65,

128.82, 128.93, 130.67, 134.18, 135.43, 137.72, 140.08 (C5), 140.70 (C3),

143.40 (COCH=CHPh), 157.13 (C5CO), 161.65 (COOMe), 185.74 (C4CO).

Íàéäåíî, %: C 72.30; H 4.93; N 9.06. Ñ28H23N3Î4. Âû÷èñëåíî, %: C 72.25;

H 4.98; N 9.03.
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N

N

Ìåòèë 1-áåíçèë-5-[(4-ìåòèëôåíèë)êàðáàìîèë]-

4-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1H-ïèðàçîë-3-

êàðáîêñèëàò (23b): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33 ììîëü) 1H-ïèððîë-

2,3-äèîíà Vb è 162 ìã (1.33 ììîëü) áåíçèëãèäðàçèíà

P11b. Âûõîä 82%, ò.ïë. 156�157°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3267, 1717, 1685, 1647, 1625, 1561. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.25 ñ (3Í, Ìå), 3.80 c

(3H, COOMe), 5.55 ñ (2Í, CH2), 7.13�7.65 ãð.ñ (16H,

2C6H5, C6H4, -CH=CH-), 10.78 c (1H, NH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6),

δ, ì.ä.: 20.46 (Me), 52.29 (COOMe), 54.55 (NCH2Ph), 120.12 (C-4''),
122.80 (C4), 126.51 (COCH=CHPh), 128.02 (Co), 128.15 (Cp), 128.51

(C-5'), 128.65 (Cm), 128.93 (C-6'), 129.18 (C-5''), 130.67 (C-7'), 133.82
(C-6''), 134.19 (C-4'), 135.22 (C-3''), 135.45 (Ci), 140.11 (C5), 140.72 (C3),

143.41 (COCH=CHPh), 156.91 (C5CO), 161.67 (COOMe), 185.77 (C4CO).

Íàéäåíî, %: C 72.67; H 5.28; N 8.79. Ñ29H25N3Î4. Âû÷èñëåíî, %: C 72.64;

H 5.26; N 8.26.
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Ìåòèë 1-áåíçèë-5-[(4-ìåòîêñèôåíèë)êàðáàìîèë]-

4-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1H-ïèðàçîë-3-êàð-

áîêñèëàò (23c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.28 ììîëü) 1H-ïèððîë-2,3-äèîíà

Vc è 156 ìã (1.28 ììîëü) áåíçèëãèäðàçèíà P11b.

Âûõîä 82%, ò.ïë. 178�179°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3304, 1731, 1668, 1655, 1622, 1566. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 3.72 ñ (3Í, OMe), 3.80 c (3H,

COOMe), 5.55 ñ (2Í, CH2), 6.88�7.66 ãð.ñ (16H, 2C6H5, C6H4, -CH=CH-),

10.72 c (1H, NH). Íàéäåíî, %: C 70.23; H 5.04; N 8.46. Ñ29H25N3Î5.

Âû÷èñëåíî, %: C 70.29; H 5.09; N 8.48.
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N

Ìåòèë 1-ôåíèë-5-(ôåíèëêàðáàìîèë)-4-[(2E)-3-

ôåíèëïðîï-2-åíîèë]-1H-ïèðàçîë-3-êàðáîêñèëàò

(23d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà Va è 149

ìã (1.38 ììîëü) ôåíèëãèäðàçèíà P11a. Âûõîä 80%,

ò.ïë. 209�210°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3281, 1728, 1684,

1649, 1621, 1558. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 3.86 c (3H, COOMe), 7.08�7.70 ãð.ñ (17H, 3C6H5,

-CH=CH-), 10.95 c (1H, NH). Íàéäåíî, %: C 71.79; H

4.60; N 9.26. Ñ27H21N3Î4. Âû÷èñëåíî, %: C 71.83; H 4.69; N 9.31.

O

NH

Me

O

OOMe

N

N

Ìåòèë 1-ôåíèë-5-[(4-ìåòèëôåíèë)êàðáàìîèë)]-

4-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1H-ïèðàçîë-3-

êàðáîêñèëàò (23e): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33 ììîëü) 1H-ïèððîë-

2,3-äèîíà Vb è 144 ìã (1.33 ììîëü) ôåíèëãèäðàçèíà

P11a. Âûõîä 81%, ò.ïë. 209�210°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3315, 1722, 1669, 1635, 1615, 1553. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.23 ñ (3H, Me), 3.86

c (3H, COOMe), 7.08�7.75 ãð.ñ (16H, 2C6H5, C6H4,

-CH=CH-), 10.86 c (1H, NH). Íàéäåíî, %: C 72.21; H 4.94; N 9.00.

Ñ28H23N3Î4. Âû÷èñëåíî, %: C 72.25; H 4.98; N 9.03.
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O

NH

OMe

O

OOMe

N

N

Ìåòèë 1-ôåíèë-5-[(4-ìåòîêñèôåíèë)êàðáàìîèë)]-

4-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1H-ïèðàçîë-3-êàð-

áîêñèëàò (23f): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.28 ììîëü) 1H-ïèððîë-2,3-äèîíà

Vc è 138 ìã (1.28 ììîëü) ôåíèëãèäðàçèíà P11a.

Âûõîä 78%, ò.ïë. 195�196°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3307, 1722, 1667, 1636, 1616, 1553. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 3.70 ñ (3H, OMe), 3.86 c (3H,

COOMe), 6.86�7.69 ãð.ñ (16H, 2C6H5, C6H4, -CH=CH-), 10.81 c (1H, NH).

Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 52.49 (COOMe), 55.20 (OMe), 114.01

(C-5''), 121.38 (C-4''), 123.34 (C4), 123.77 (Co), 126.30 (COCH=CHPh),

128.60 (C-5'), 128.97 (C-6'), 129.34 (Cp), 129.56 (Cm), 130.70 (C-3''),
130.82 (C-7'), 134.15 (C-4'), 138.20 (Ci), 140.28 (C5), 141.76 (C3), 144.40

(COCH=CHPh), 156.21 (C-6''), 156.66 (C5CO), 161.59 (COOMe), 185.87

(C4CO). Íàéäåíî, %: C 69.89; H 4.86; N 8.74. Ñ28H23N3Î5. Âû÷èñëåíî,

%: C 69.84; H 4.81; N 8.73.

Ñèíòåç 2,3-äèìåòèë 4-ãèäðîêñè-5-îêñî-2-(2-ôåíèëãèäðàçèíèë)-2,5-

äèãèäðî-1H-ïèððîë-2,3-äèêàðáîêñèëàò (24). Îáùàÿ ìåòîäèêà. Ê

ðàñòâîðó 1H-ïèððîë-2,3-äèîíà III â 20 ìë àáñîëüòíîãî áåíçîëà äîáàâëÿëè

ïðè ïåðåìåøèâàíèè ðàñòâîð ôåíèëãèäðàçèíà â 10 ìë àáñîëþòíîãî

áåíçîëà. Ðåàêöèîííóþ ìàññó âûäåðæèâàëè ïðè êîìíàòíîé òåìïåðàòóðå 2

ìèí, äîáàâëÿëè 20 ìë ãåêñàíà è îòôèëüðîâûâàëè îáðàçîâàâøèéñÿ îñàäîê.

Ïðîäóêò ÷èñòèëè ïåðåîñàæäåíèåì èç áåíçîëà ãåêàíîì.
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2,3-Äèìåòèë 1-áåíçèë-4-ãèäðîêñè-5-îêñî-2-(2-

ôåíèëãèäðàçèíèë)-2,5-äèãèäðî-1H-ïèððîë-2,3-

äèêàðáîêñèëàò (24a): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIIa è 169 ìã (1.56 ììîëü) ôåíèëãèäðàçèíà

P11a. Âûõîä 72%, ò.ïë. 127�128°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3324, 3301, 3245 (ÎÍ, NH), 1752 (Ñ5-ÑÎÎÌå), 1717 (Ñ4-ÑÎÎÌå),

1703 (Ñ2=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.00 ñ (3Í, ÑÎÎÌå),

3.60 ñ (3Í, ÑOOMe), 4.29 ä (1Í, ÑÍ2, J = 15.9 Ãö), 4.88 ä (1H, ÑÍ2,

J = 15.9 Ãö), 5.93 ñ (1Í, NH), 6.48 ñ (1Í, NH), 6.57�7.33 ãð.ñ (10H, 2C6H5),

11.94 óø.ñ (1Í, ÎÍ). Íàéäåíî, %: C 61.34; H 5.12; N 10.23. Ñ21H21N3Î6.
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Âû÷èñëåíî, %: C 61.31; H 5.14; N 10.21.
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2,3-Äèìåòèë 4-ãèäðîêñè-1-(4-ìåòèë)ôåíèë-5-îêñî-

2-(2-ôåíèëãèäðàçèíèë)-2,5-äèãèäðî-1H-ïèððîë-

2,3-äèêàðáîêñèëàò (24b): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIIc è 169 ìã (1.56 ììîëü) ôåíèëãèäðàçèíà

P11a. Âûõîä 74%, ò.ïë. 114�116°Ñ). ÈÊ ñïåêòð, ν,

ñì−1: 3319, 3291, 3243 (ÎÍ, NH), 1752 (ÑÎÎÌå),

1707 (ÑÎÎÌå), 1680 (Ñ2=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.33

ñ (3Í, Me), 3.63 ñ (3Í, ÑÎÎÌå), 3.66 ñ (3Í, ÑOOMe), 5.39 ñ (1Í, NH),

5.97 ñ (1Í, NH), 6.57�7.33 ãð.ñ (9H, C6H5 + C6H4), 11.99 óø.ñ (1Í, ÎÍ).

Íàéäåíî, % C 61.34; H 5.12; N 10.23. Ñ21H21N3Î6. Âû÷èñëåíî, %: C

61.31; H 5.14; N 10.21.
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2,3-Äèìåòèë 4-ãèäðîêñè-1-(4-ìåòîêñè)ôåíèë-

5-îêñî-2-(2-ôåíèëãèäðàçèíî)-2,5-äèãèäðî-1H-

ïèððîë-2,3-äèêàðáîêñèëàò (24c): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.48 ììîëü)

1H-ïèððîë-2,3-äèîíà IIId è 160 ìã (1.48 ììîëü)

ôåíèëãèäðàçèíà P11a. Âûõîä 76%, ò.ïë. 83�84°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3301, 3298, 3246 (ÎÍ, NH),

1749 (Ñ5-ÑÎÎÌå), 1713 (Ñ4-ÑÎÎÌå), 1701 (Ñ2=Î). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 3.61 ñ (3Í, ÎÌå), 3.66 ñ (3Í, ÑOOMe), 3.78 c (3H,

ÑOOMe), 5.33 ñ (1Í, NH), 6.57�7.17 ãð.ñ (9H, C6H5 + C6H4 + NH),

9.03 óø.ñ (1Í, ÎÍ). Íàéäåíî, %: C 58.96; H 4.91; N 9.84. Ñ21H21N3Î7.

Âû÷èñëåíî, %: C 59.01; H 4.95; N 9.83.

Ñèíòåç 2,3-äèìåòèë 1-àðèë-4-ãèäðîêñè-2-(êàðáàìîèëàìèíî)-5-îêñî-

2,5-äèãèäðî-1H-ïèððîë-2,3-äèêàðáîêñèëàòîâ (25). Îáùàÿ ìåòîäèêà.

Ñìåñü 1H-ïèððîë-2,3-äèîíà III è ìî÷åâèíû (P12) ñïëàâëÿëè ïðè òåì-

ïåðàòóðå 135�140°C â òå÷åíèå 30-40 ìèí, îõëàæäàëè, ðàñòèðàëè ñ ýòèë-

àöåòàòîì. Íå ðàñòâîðèâøèéñÿ ïðîäóêò îòôèëüòðîâûâàëè è ÷èñòèëè ïå-

ðåêðèñòàëëèçàöèåé èç ñìåñè ýòèëàöåòàòà ñ ýòàíîëîì â ñîîòíîøåíèè 2 :

1.
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2,3-Äèìåòèë 4-ãèäðîêñè-2-(êàðáàìîèëàìèíî)-5-îêñî-

1-ôåíèë-2,5-äèãèäðî-1H-ïèððîë-2,3-äèêàðáîêñèëàò

(25a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500

ìã (1.73 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIb è 104 ìã (1.73

ììîëü) ìî÷åâèíû (P12). Âûõîä 88%, ò.ïë. 203�204°C. ÈÊ
ñïåêòð, ν, ñì−1: 3472, 3353, 3160, 1762, 1694, 1686, 1657.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.68 c (3H, COOMe), 3.77 c (3H,

COOMe), 5.97 c (2H, NH2), 6.86 c (1H, NH), 7.08�7.46 ãð.ñ (5H, C6H5),

12.14 óø.ñ (1H, OH). Íàéäåíî, %: C 51.56; H 4.36; N 12.06. Ñ15H15N3Î7.

Âû÷èñëåíî, %: C 51.58; H 4.33; N 12.03.
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2,3-Äèìåòèë 4-ãèäðîêñè-2-(êàðáàìîèëàìèíî)-1-(4-

ìåòèëôåíèë)-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2,3-

äèêàðáîêñèëàò (25b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäè-

êå, èñõîäÿ èç 500 ìã (1.65 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIIc è 99 ìã (1.65 ììîëü) ìî÷åâèíû (P12). Âûõîä 84%,

ò.ïë. 210�211°C. ÈÊ ñïåêòð, ν, ñì−1: 3472, 3337, 3169,

1757, 1698, 1682, 1656. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 32.32 ñ (3H, Me), 3.68 c (3H, COOMe), 3.76 c (3H, COOMe), 5.96 c

(2H, NH2), 6.82 c (1H, NH), 6.95 ä (2H, C6H4), 7.25 ä (2H, C6H4), 12.08

óø.ñ (1H, OH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.59, 51.14, 53.77,

75.85, 109.13�137.80, 154.58, 155.85, 161.95, 164.79, 168.23. Íàéäåíî, %:

C 52.95; H 4.76; N 11.55. Ñ16H17N3Î7. Âû÷èñëåíî, %: C 52.89; H 4.72; N

11.57.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 25b. Êðèñòàëëû

C19H14N3O7 ïðèíàäëåæàò ê ìîíîêëèííîé ñèãîíèè: a 10.7626(3) �A, b

8.26579(16) �A, c 19.5931(4) �A, α 90.00°, β 90.947(2)°, γ 90.00 °, V 1742.78(7)
�A3, M 396.33, dcalc 1.511 ã/ñì3, Z 4. Íàáîð ýêñïåðèìåíòàëüíûõ îòðàæå-

íèé ïîëó÷åí â àâòîìàòè÷åñêîì 4-õ êðóæíîì äèôðàêòîìåòðå ÊÌ-4 (KUMA

DIFFRACTION) ñ χ-ãåîìåòðèåé ìåòîäîì ω/2θ ñêàíèðîâàíèÿ íà ìîíîõðî-

ìàòèçèðîâàííîì ÌîKα-èçëó÷åíèè. Ìàõ θ = 57.90°. Âñåãî èçìåðåíî 3914

[R(int) = 0.0129] íåçàâèñèìûõ îòðàæåíèé, èç êîòîðûõ 3330 îêàçàëèñü ñ

I≥2σ(I). Ïîïðàâêè íà ïîãëîùåíèå íå ââîäèëè (µ=0.118 ìì−1). Ñòðóêòóðà

îïðåäåëåíà ïðÿìûì ìåòîäîì ïî ïðîãðàììå SIR92 ñ ïîñëåäóþùåé ñåðè-

åé ðàñ÷åòîâ êàðò ýëåêòðîííîé ïëîòíîñòè. Àòîìû âîäîðîäà ãèäðîêñèëüíîé
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ãðóïïû, àìèíîãðóïïû è ìîëåêóëû âîäû ëîêàëèçîâàíû èç ðàçíîñòíîãî ñèí-

òåçà. Îñòàëüíûå àòîìû âîäîðîäà çàäàíû ãåîìåòðè÷åñêè. Ïîëíîìàòðè÷íîå

àíèçîòðîïíîå óòî÷íåíèå (íåâîäîðîäíûõ àòîìîâ) ÌÍÊ ïðîâîäèëè ïî ïðî-

ãðàììå SHELXL-97 çàâåðøåíî ïðè R1 = 0.0465 è wR2 = 0.1310 ïî 3330

îòðàæåíèÿì ñ I≥2σ(I). GooF = 0.541.

Ðåçóëüòàòû ÐÑÀ çàðåãèñòðèðîâàíû â Êåìáðèäæñêîì öåíòðå êðè-

ñòàëëîãðàôè÷åñêèõ äàííûõ, CCDC � 966510. Ýòè ìàòåðèàëû íà-

õîäÿòñÿ â ñâîáîäíîì äîñòóïå è ìîãóò áûòü çàïðîøåíû ïî àäðåñó

www.ccdc.cam.ac.uk/data_request/cif.
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2,3-Äèìåòèë 4-ãèäðîêñè-2-(êàðáàìîèëàìèíî)-1-(4-

ìåòîêñèôåíèë)-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2,3-

äèêàðáîêñèëàò (25c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäè-

êå, èñõîäÿ èç 500 ìã (1.57 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIId è 94 ìã (1.57 ììîëü) ìî÷åâèíû (P12). Âûõîä 82%,

ò.ïë. 202�203°C. ÈÊ ñïåêòð, ν, ñì−1: 3466, 3337, 3160,

1757, 1700, 1682, 1657. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 3.68 ñ (3H, OMe), 3.76 c (3H, COOMe), 3.77 c (3H, COOMe), 5.98

c (2H, NH2), 6.81 c (1H, NH), 6.96�7.00 ãð.ñ (4H, C6H4), 12.08 óø.ñ (1H,

OH). Íàéäåíî, %: C 50.61; H 4.48; N 11.03. Ñ16H17N3Î8. Âû÷èñëåíî, %:

C 50.66; H 4.52; N 11.08.
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2,3-Äèìåòèë 4-ãèäðîêñè-2-(êàðáàìîèëàìèíî)-1-

(4-õëîðôåíèë)-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2,3-

äèêàðáîêñèëàò (25d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäè-

êå, èñõîäÿ èç 500 ìã (1.54 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIIe è 93 ìã (1.54 ììîëü) ìî÷åâèíû (P12). Âûõîä 85%,

ò.ïë. 195�196°C. ÈÊ ñïåêòð, ν, ñì−1: 3472, 3334, 3160,

1757, 1703, 1685, 1657. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 3.69 c (3H, COOMe), 3.74 c (3H, COOMe), 5.92 c (2H, NH2), 6.81 c

(1H, NH), 6.88 ä (2H, Ñ6H4), 7.18 ä (2H, Ñ6H4), 12.11 c (1H, OH). Íàéäåíî,

%: C 46.91; H 3.62; Cl 9.22; N 10.92. Ñ15H14ClN3Î7. Âû÷èñëåíî, %: C

46.95; H 3.68; Cl 9.24; N 10.95.
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2,3-Äèìåòèë 4-ãèäðîêñè-2-(êàðáàìîèëàìèíî)-1-

(4-áðîìôåíèë)-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2,3-

äèêàðáîêñèëàò (25e): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäè-

êå, èñõîäÿ èç 500 ìã (1.36 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIIf è 82 ìã (1.36 ììîëü) ìî÷åâèíû (P12). Âûõîä 86%,

ò.ïë. 202�204°C. ÈÊ ñïåêòð, ν, ñì−1: 3472, 3334, 3157,

1756, 1700, 1683, 1661. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.69 c (3H,

COOMe), 3.76 c (3H, COOMe), 5.94 c (2H, NH2), 6.84 c (1H, NH), 6.97 ä

(2H, Ñ6H4), 7.23 ä (2H, Ñ6H4), 12.09 c (1H, OH). Íàéäåíî, %: C 42.09; H

3.32; Br 18.62; N 9.83. Ñ15H14BrN3Î7. Âû÷èñëåíî, %: C 42.07; H 3.30; Br

18.66; N 9.81.

Ñèíòåç ìåòèë 6-àðèë-8-ãèäðîêñè-2,4,7-òðèîêñî-1,3,6-

òðèàçàñïèðî[4.4]íîí-8-åí-9-êàðáîêñèëàòîâ (26). Îáùàÿ ìåòîäèêà.

Ê ðàñòâîðó ìåòèëàòà íàòðèÿ â ìåòàíîëå, ïîëó÷åííîìó ðàñòâîðåíèåì

íàòðèÿ â 20 ìë ìåòàíîëà, äîáàâëÿëè ñîåäèíåíèå 25 è êèïÿòèëè â

òå÷åíèå 3.5 ÷, çàòåì ðàñòâîðèòåëü îòãîíàëè íà âîäÿíîé áàíå. Îñòàòîê

ðàñòâîðÿëè â 50 ìë âîäû è äîáàâëÿëè 3 ìë 10%-îé ñîëÿíîé êèñëîòû.

Ïðîäóêò òðèæäû ýêñòðàãèðîâàëè ýòèëàöåòàòîì (ïîðöèÿìè ïî 60 ìë).

Îáúåäåíåííûé ýêñòðàêò ïðîìûâàëè 50 ìë âîäû è ñóøèëè ñóëüôàòîì

ìàãíèÿ. Çàòåì ñóëüôàò ìàãíèÿ îòôèëüòðîâûâàëè, ðàñòâîðèòåëü îòãàíÿëè,

à îñòàòîê ïåðåêðèñòàëëèçîâûâàëè èç ýòèëàöåòàòà.
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OH

OMe O
O

NH

O N
H

N

Ìåòèë 8-ãèäðîêñè-2,4,7-òðèîêñî-6-ôåíèë-1,3,6-

òðèàçàñïèðî[4.4]íîí-8-åí-9-êàðáîêñèëàò (26a): Ïî-

ëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 40 ìã (1.72

ììîëü) íàòðèÿ è 300 ìã (0.86 ììîëü) ñîåäèíåíèÿ 25a

Âûõîä 58%, ò.ïë. 270�271°C. ÈÊ ñïåêòð, ν, ñì−1: 3365,

3338, 3237, 1756, 1711, 1669. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 3.72 c (3H, OMe), 7.17 ä (2H, J = 7.2 Ãö, C6H5), 7.42�7.53 ãð.ñ (3H,

C6H5), 8.67 ñ (1H, NH), 11.17 c (1H, NH), 13.05 óø.ñ (1Í, OH). Íàéäåíî,

%: C 52.93; H 3.44; N 13.22. Ñ14H11N3Î6. Âû÷èñëåíî, %: C 53.00; H 3.49;

N 13.24.



240

O

OH

OMe O
O

NH

O N
H

N

Me

Ìåòèë 8-ãèäðîêñè-6-(4-ìåòèëôåíèë)-2,4,7-òðèîêñî-

1,3,6-òðèàçàñïèðî[4.4]íîí-8-åí-9-êàðáîêñèëàò (26b):

Ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 38 ìã

(1.66 ììîëü) íàòðèÿ è 300 ìã (0.83 ììîëü) ñîåäèíåíèÿ

25b. Âûõîä 61%, ò.ïë. 291�292°C. ÈÊ ñïåêòð, ν, ñì−1:

3337, 3216, 3100, 1787, 1756, 1739, 1714, 1697, 1665,

1647. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.32 c (3H, Me), 3.71 c (3H,

OMe), 7.04 ä (2H, C6H4, J 8.2 Ãö), 7.28 ä (2H, C6H4, J 8.2 Ãö), 8.64 ñ (1H,

NH), 11.13 c (1H, NH), 13.02 óø.ñ (1Í, OH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6),

δ, ì.ä.: 20.70 (Me), 51.56 (OMe), 78.72 (C5), 106.04 (C9), 127.92 (CAr-m),

130.01 (CAr-o), 130.36 (CAr-i), 138.64 (CAr-p), 155.45 (CO), 156.02 (CO),

161.75 (CO), 163.81 (CO), 170.94 (C8). Íàéäåíî, %: C 54.34; H 3.91; N

12.66. Ñ15H13N3Î6. Âû÷èñëåíî, %: C 54.38; H 3.96; N 12.68.
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OMe O
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NH

O N
H

N

OMe

Ìåòèë 8-ãèäðîêñè-6-(4-ìåòîêñèôåíèë)-2,4,7-òðèîêñî-

1,3,6-òðèàçàñïèðî[4.4]íîí-8-åí-9-êàðáîêñèëàò (26c):

Ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 36 ìã

(1.58 ììîëü) íàòðèÿ è 300 ìã (0.79 ììîëü) ñîåäèíåíèÿ

25c. Âûõîä 68%, ò.ïë. 258�259°C. ÈÊ ñïåêòð, ν, ñì−1:

3329, 3338, 3237, 1758, 1714, 1656. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 3.71 c (3H, COOMe), 3.78 c (3H,

OMe), 7.03 ä (2H, C6H4, J = 9.2 Ãö), 7.07 ä (2H, C6H4, J = 9.2 Ãö), 8.62 ñ

(1H, NH), 11.12 c (1H, NH), 12.95 óø.ñ (1Í, OH). Íàéäåíî, %: C 54.34; H

3.91; N 12.66. Ñ15H13N3Î6. Âû÷èñëåíî, %: C 54.38; H 3.96; N 12.68.
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OMe O
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NH

O N
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Ìåòèë 8-ãèäðîêñè-6-(4-õëîðôåíèë)-2,4,7-òðèîêñî-

1,3,6-òðèàçàñïèðî[4.4]íîí-8-åí-9-êàðáîêñèëàò (26d):

Ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç ìã (

ììîëü) íàòðèÿ è 300 ìã ( ììîëü) ñîåäèíåíèÿ 25d. Âûõîä

58%, ò.ïë. 300�301°C. ÈÊ ñïåêòð, ν, ñì−1: 3465, 3158,

1782, 1716, 1669. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

3.77 c (3H, COOMe), 7.03 ä (2H, C6H4, J = 8.7 Ãö), 7.18

ä (2H, C6H4, J = 8.7 Ãö), 8.62 ñ (1H, NH), 10.52 c (1H, NH), 12.11 óø.ñ

(1Í, OH). Íàéäåíî, %: C 47.83; H 2.89; Cl 10.06; N 11.97. Ñ14H10ClN3Î6.

Âû÷èñëåíî, %: C 47.81; H 2.87; Cl 10.08; N 11.95.
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Ìåòèë 8-ãèäðîêñè-6-(4-áðîìôåíèë)-2,4,7-òðèîêñî-

1,3,6-òðèàçàñïèðî[4.4]íîí-8-åí-9-êàðáîêñèëàò (26e):

Ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 36 ìã

(1.58 ììîëü) íàòðèÿ è 300 ìã (0.79 ììîëü) ñîåäèíåíèÿ

25e. Âûõîä 55%, ò.ïë. 297�298°C. ÈÊ ñïåêòð, ν, ñì−1:

3468, 3163, 1742, 1701, 1645. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 3.73 c (3H, COOMe), 6.97 ä (2H, C6H4, J = 8.3 Ãö), 7.12 ä (2H,

C6H4, J = 8.3 Ãö), 8.67 ñ (1H, NH), 10.48 c (1H, NH), 11.19 óø.ñ (1Í,

OH). Íàéäåíî, %: C 42.43; H 2.52; Br 20.15; N 10.63. Ñ14H10BrN3Î6.

Âû÷èñëåíî, %: C 42.45; H 2.54; Br 20.17; N 10.61.

Ñèíòåç 4,6-äèàðèë-9-àðîèë-8-ãèäðîêñè-1,3,6-òðèàçàñïèðî[4.4]íîíà-

3,8-äèåí-2,7-äèîíîâ (27). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó ïèððîëäèîíà IV

â 30 ìë áåçâîäíîãî 1,4-äèîêñàíà äîáàâëÿëè ìî÷åâèíó, êèïÿòèëè â òå÷åíèå

4�5 ÷àñîâ, îòãîíÿëè 15 ìë ðàñòâîðèòåëÿ, îõëàæäàëè, îáðàçîâàâøèéñÿ îñà-

äîê îòôèëüòðîâûâàëè, ïðîìûâàëè 5 ìë ýòàíîëà è ïåðåêðèñòàëëèçîâûâàëè

èç àöåòîíèòðèëà.

O

OH
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N

O N
H

N

9-Áåíçîèë-8-ãèäðîêñè-4,6-äèôåíèë-1,3,6-òðèàçàñïè-

ðî[4.4]íîíà-3,8-äèåí-2,7-äèîí (27a): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.31 ììîëü) 1H-

ïèððîë-2,3-äèîíà IVa è 78 ìã (1.31 ììîëü) ìî÷åâèíû

P12. Âûõîä 65%, ò.ïë. 250�252°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3264 ø, 1746, 1715, 1694. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 6.90�7.89 ãð.ñ (15Í, 3C6H5), 9.07 c (1H, NH).

Íàéäåíî, %: C 70.93; H 4.06; N 9.89. Ñ25H17N3Î4. Âû÷èñëåíî, %: C 70.91;

H 4.05; N 9.92.
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Me

9-Áåíçîèë-8-ãèäðîêñè-6-(4-ìåòèëôåíèë)-4-ôåíèë-

1,3,6-òðèàçàñïèðî[4.4]íîíà-3,8-äèåí-2,7-äèîí (27b):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.26 ììîëü) 1H-ïèððîë-2,3-äèîíà IVn è 76 ìã (1.26

ììîëü) ìî÷åâèíû P12. Ïðîäóêò ÷èñòèëè ïåðåêðèñòàë-

ëèçàöèåé èç ýòèëàöåòàòà. Âûõîä 62%, ò.ïë. 266�267°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3250 ø, 1752, 1734, 1696. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.27 ñ (3Í, Me), 6.77�7.88

ãð.ñ (14Í, 2C6H5 + C6H4), 9.10 ñ (1Í, NH). Íàéäåíî, %: C 71.42; H 4.40;
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N 9.56. Ñ26H19N3Î4. Âû÷èñëåíî, %: C 71.39; H 4.38; N 9.61.

O
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N

OMe

9-Áåíçîèë-8-ãèäðîêñè-6-(4-ìåòîêñèôåíèë)-4-ôåíèë-

1,3,6-òðèàçàñïèðî[4.4]íîíà-3,8-äèåí-2,7-äèîí (27c):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.22 ììîëü) 1H-ïèððîë-2,3-äèîíà IVo è 73 ìã (1.22

ììîëü) ìî÷åâèíû P12. Ïðîäóêò ÷èñòèëè ïåðåêðèñòàë-

ëèçàöèåé èç ýòèëàöåòàòà. Âûõîä 61%, ò.ïë. 279�280°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3172, 1750, 1730, 1696. Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.73 ñ (3Í, ÎMe), 6.78�7.89 ãð.ñ

(14Í, 2C6H5 + C6H4), 9.04 ñ (1Í, NÍ). Íàéäåíî, %: C 68.85; H 4.19; N

9.28. Ñ26H19N3Î5. Âû÷èñëåíî, %: C 68.87; H 4.22; N 9.27.
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9-(4-Ìåòèëáåíçîèë)-8-ãèäðîêñè-4-(4-ìåòèëôåíèë)-6-

ôåíèë-1,3,6-òðèàçàñïèðî[4.4]íîíà-3,8-äèåí-2,7-äèîí

(27d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ

èç 500 ìã (1.22 ììîëü) 1H-ïèððîë-2,3-äèîíà IVp è

73 ìã (1.22 ììîëü) ìî÷åâèíû P12. Ïðîäóêò ÷èñòèëè

ïåðåêðèñòàëëèçàöèåé èç ñìåñè 1,4-äèîêñàíà ñ CCl4 â

ñîîòíîøåíèè 1 : 2. Âûõîä 61%, ò.ïë. 244�245°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3296, 3204, 1750, 1732, 1707. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.37 ñ (3Í, Me), 2.38 ñ (3Í, Me), 6.91�7.80

ãð.ñ (13Í, C6H5 + 2C6H4), 9.06 ñ (1Í, NH).Íàéäåíî, %: C 70.80; H 4.72; N

9.28. Ñ27H21N3Î4. Âû÷èñëåíî, %: C 71.83; H 4.69; N 9.31.
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9-(4-Ìåòèëáåíçîèë)-8-ãèäðîêñè-6-(4-ìåòîêñèôå-

íèë)-4-(4-ìåòèëôåíèë)-1,3,6-òðèàçàñïèðî[4.4]íîíà-

3,8-äèåí-2,7-äèîí (27e): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.14 ììîëü) 1H-ïèððîë-2,3-

äèîíà IVq è 76 ìã (1.26 ììîëü) ìî÷åâèíû P12. Ïðîäóêò

÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç ýòèëàöåòàòà. Âûõîä

57%, ò.ïë. 261�262°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3296, 3204,

1754, 1732, 1694. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.38 c (6H, 2Me), 3.72 (3H, OMe), 6.80�7.81 ãð.ñ (12H,

3C6H4), 9.01 c (1Í, NH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 21.14,

21.18, 55.23, 83.56, 114.47, 124.99�129.89, 143.42, 144.22, 159.20, 164.62,

189.13. Íàéäåíî, %: C 69.80; H 4.78; N 8.69. Ñ28H23N3Î5. Âû÷èñëåíî, %:
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C 69.84; H 4.81; N 8.73.
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9-(2,4-Äèìåòèëáåíçîèë)-8-ãèäðîêñè-4-(2,4-äèìåòèë-

ôåíèë)-6-ôåíèë-1,3,6-òðèàçàñïèðî[4.4]íîíà-3,8-äèåí-

2,7-äèîí (27f): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.14 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVi è 68 ìã (1.14 ììîëü) ìî÷åâèíû P12. Ïðîäóêò

÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç ñìåñè àöåòîíèòðèëà,

ýòèëàöåòàòà è äèõëîðýòàíà â ñîîòíîøåíèè 1 : 1 : 2.

Âûõîä 55%, ò.ïë. 221�222°Ñ. ÈÊ ñïåêòð, ν, ñì−1: Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.06 ñ (3Í, Me), 2.10 ñ (3Í, Me), 2.25 ñ (3Í,

Me), 2.29 ñ (3Í, Me), 6.90�7.46 ãð.ñ (11Í, 2C6H5 + 2C6H3), 9.17 ñ (1Í,

NH). Íàéäåíî, %: C 72.60; H 5.22; N 8.75. Ñ29H25N3Î4. Âû÷èñëåíî, %: C

72.64; H 5.25; N 8.76.

Ñèíòåç 6-àðèë-8-Ãèäðîêñè-2-èìèíî-1,3-äèôåíèë-9-[(E)-3-ôåíèëïðîï-

2-åíîèë]-1,3,6-òðèàçàñïèðî[4.4]íîí-8-åí-4,7-äèîíîâ (28). Îáùàÿ ìåòî-

äèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà V â 20 ìë àáñîëþòíîãî áåíçî-

ëà äîáàâëÿëè 1,3-äèôåíèëãóàíèäèí (P13). Ðåàêöèîííóþ ìàññó êèïÿòèëè

90-100 ìèí è îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâøèéñÿ

îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâàëè èç ñìåñè ðàñòâîðèòåëåé

õëîðîôîðì-ýòàíîë â ñîîòíîøåíèè 1 : 1.
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8-Ãèäðîêñè-2-èìèíî-6-(4-ìåòèëôåíèë)-1,3-äèôåíèë-9-

[(E)-3-ôåíèëïðîï-2-åíîèë]-1,3,6-òðèàçàñïèðî[4.4]íîí-

8-åí-4,7-äèîí (28a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.33 ììîëü) 1H-ïèððîë-2,3-äèîíà Vb è

281 ìã (1.33 ììîëü) 1,3-äèôåíèëãóàíèäèíà (P13). Âûõîä

84%, ò.ïë. 244�246°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3080 (OH,

NH), 1789 (C4=O), 1721 (C7=O), 1642 (C9-C=O), 1620

(CH=CH). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.41 ñ (3H, Me), 7.07�7.73

ãð.ñ. (19H, 3C6H5 + C6H4), 7.56 ä (1H, COCH=CHPh, J = 16.0 Ãö), 8.01 ä

(1H, COCH=CHPh, J = 16.0 Ãö), 9.48 ø.ñ. (2H, NH + OH). Ñïåêòð ßÌÐ

13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.65 (Me), 84.61 (C5), 124.80-137.28 (Carom

+ -CH=CH-), 156.75 (C2), 167.41 (C7), 168.64 (C4), 170.36 (Ñ8), 179.43

(Ñ9-ÑO). Íàéäåíî, %: C 73.67; H 4.66; N 9.95. C34H26N4O4. Âû÷èñëåíî,

%: C 73.63; H 4.73; N 10.10.
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8-Ãèäðîêñè-2-èìèíî-6-(4-ìåòîêñèôåíèë)-1,3-äèôå-

íèë-9-[(E)-3-ôåíèëïðîï-2-åíîèë]-1,3,6-òðèàçàñïèðî-

[4.4]íîí-8-åí-4,7-äèîí (28b): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28 ììîëü) 1H-ïèððîë-2,3-

äèîíà Vc è 270 ìã (1.28 ììîëü) 1,3-äèôåíèëãóàíèäèíà

(P13). Âûõîä 82%, ò.ïë. 240�241°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3070 (OH, NH), 1791 (C4=O), 1736 (C7=O), 1640 (C9-C=O), 1610

(CH=CH). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.85 ñ (3H, OMe), 7.07�7.71

ãð.ñ (19H, 3C6H5 + C6H4), 7.55 ä (1H, COCH=CHPh, J = 16.0 Ãö), 8.00 ä

(1H, CO-CH=CH-Ph, J = 16.0 Ãö), 9.47 ø.ñ. (2H, NH + OH). Íàéäåíî, %:

C 71.50; H 4.66; N 9.80. C34H26N4O5. Âû÷èñëåíî, %: C 71.57; H 4.59; N

9.82.

Ñèíòåç (9E)-6-àðèë-2-èìèíî-9-[(ôåíèëàìèíî)-(ôåíèë)ìåòèëèäåí]-1-

òèà-3,6-äèàçàñïèðî[4.4]íîíàí-4,7,8-òðèîíîâ (29). Îáùàÿ ìåòîäèêà.

Ê ðàñòâîðó 500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà II â 20 ìë àá-

ñîëüòíîãî 1,4-äèîêñàíà äîáàâëÿëè òèîìî÷åâèíû (P14). Ðåàêöèîííóþ

ìàññó êèïÿòèëè â òå÷åíèå 4-5 ÷, îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû.

Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç

ñìåñè ðàñòâîðèòåëåé õëîðîôîðì-1,4-äèîêñàíîì â ñîîòíîøåíèè 2 : 3.
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(9E)-2-èìèíî-6-ôåíèë-9-[ôåíèë(ôåíèëàìèíî)ìåòèëè-

äåí]-1-òèà-3,6-äèàçàñïèðî[4.4]íîíàí-4,7,8-òðèîí (29a):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà IIa è 105 ìã (1.38

ììîëü) òèîìî÷åâèíû (P14). Âûõîä 26%, ò.ïë. 314�315°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3371, 3171, 1721, 1700, 1622. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 6.91�7.43 ãð.ñ (15Í, 3C6H5),

8.53 ñ (1H, NH), 8.76 ñ (1H, NH), 13.11 óø.ñ (1H, NH).

Íàéäåíî, %: C 66.15; H 4.07; N 12.39. Ñ25H18N4Î3S. Âû÷èñëåíî, %: C

66.07; H 3.99; N 12.33.
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(9E)-2-èìèíî-6-(4-ìåòèëôåíèë)-9-{[(4-ìåòèëôåíèë)-

àìèíî]-(ôåíèë)ìåòèëèäåí}-1-òèà-3,6-äèàçàñïèðî-

[4.4]íîíàí-4,7,8-òðèîí (29b): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.32 ììîëü) 1H-ïèððîë-2,3-

äèîíà IIb è 100 ìã (1.32 ììîëü) òèîìî÷åâèíû (P14).

Âûõîä 29%, ò.ïë. 318�320°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3377,

3158, 1727, 1707, 1620. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 2.17 ñ (3Í, Me), 2.28 ñ (3Í, Me), 6.77�7.34 ãð.ñ

(13Í, C6H5 + 2C6H4), 8.45 ñ (1H, NH), 8.64 ñ (1H, NH),

13.09 óø.ñ (1H, NH). Íàéäåíî, %: C 67.11; H 4.47; N 11.66. Ñ27H22N4Î3S.

Âû÷èñëåíî, %: C 67.20; H 4.60; N 11.61.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 29b. Äèôðàêöèîí-

íûé ýêñïåðèìåíò ïðîâåäåí äëÿ îáëîìêà êðèñòàëëà â âèäå æåëòîé ïëà-

ñòèíû ðàçìåðîì 0.48×0.26×0.12 ìì íà àâòîìàòè÷åñêîì ÷åòûð¼õêðóæíîì

ðåíòãåíîâñêîì äèôðàêòîìåòðå ¾Xcalibur 3¿ ñ CCD-äåòåêòîðîì ïî ñòàí-

äàðòíîé ìåòîäèêå [295(2) Ê, ÌîÊα-èçëó÷åíèå, ãðàôèòîâûé ìîíîõðîìà-

òîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°], ïîïðàâêà íà ïîãëîùåíèå íå
ââîäèëàñü. Ðåøåíèå è óòî÷íåíèå ñòðóêòóð ïðîâåäåíî ñ èñïîëüçîâàíèåì

ïàêåòà ïðîãðàìì SHELX97. Âñå íåâîäîðîäíûå àòîìû ðåøåíû â àíèçî-

òðîïíîì ïðèáëèæåíèè íåçàâèñèìî, àòîìû âîäîðîäà ãðóïïû NH2 ðåøåíû

è óòî÷íåíû íåçàâèñèìî â èçîòðîïíîì ïðèáëèæåíèè, îñòàëüíûå ïîìåùå-

íû â ãåîìåòðè÷åñêè ðàññ÷èòàííûå ïîçèöèè è âêëþ÷åíû â óòî÷íåíèå â

ìîäåëè íàåçäíèêà ñ çàâèñèìûìè òåïëîâûìè ïàðàìåòðàìè. Ïî ðåçóëüòà-

òàì ýêñïåðèìåíòà, âåùåñòâî êðèñòàëëèçóåòñÿ â ïðîñòðàíñòâåííîé ãðóïïå

Ð-1 òðèêëèííîé ñèíãîíèè, a 10.193(4) �A, b 13.276(3) �A, c 13.2792(16)
�A, α 102.209(15)°, β 98.835(17)°, γ 109.73(3)°, V 1602.9(7) �A3, äëÿ áðóòòî-

ôîðìóëû C31H34N4O5S3 Z 2, dcalc 1.324 ã/ñì3, µ 0.276 ìì−1, F(000) 672. Íà

óãëàõ ðàññåÿíèÿ 2.70°< θ < 26.37°ñîáðàíî 13857 îòðàæåíèé â èíòåðâàëå èí-
äåêñîâ -12 < h < 12, -9 < k < 16, -16 < l < 16, èç íèõ 6544 íåçàâèñèìûõ(Rint

0.0454), çàâåðøåííîñòü ýêñïåðèìåíòà äëÿ θ 26.37°99.6%. Îêîí÷àòåëüíûå

ïàðàìåòðû óòî÷íåíèÿ: R1 0.0565, wR2 0.0996 [äëÿ îòðàæåíèé ñ I>2σ(I)],

R1 0.1517, wR2 0.1058 (äëÿ âñåõ îòðàæåíèé) ïðè ôàêòîðå äîáðîòíîñòè S

1.001. ïèêè îñòàòî÷íîé ìàêñèìàëüíîé è ìèíèìàëüíîé ýëåêòðîííîé ïëîò-

íîñòè 0.680 è -0.518 ē/ �A3.
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1,4,6-òðèôåíèë-2-(ôåíèëèìèíî)-1H,2H,5H,6H,7H-

ïèððîëî[3,4-d]ïèðèìèäèí-5,7-äèîí (30): Ê ðàñòâîðó

500 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà Ic â 20 ìë

àáñîëþòíîãî áåíçîëà äîáàâëÿëè 281 ìã (1.0 ììîëü)

1,3-äèôåíèëãóàíèäèíà. Ðåàêöèîííóþ ìàññó êèïÿòèëè

4 ÷àñà è îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû. Îáðà-

çîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâàëè èç ñìåñè

ýòèëàöåòàòà ñ àöåòîíîì, âçÿòûõ â ñîîòíîøåíèè 1 : 1. Âûõîä 74%, ò.ïë.

297�298°Ñ. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 6.92�7.88 ãð.ñ. (20H,

4C6H5). Íàéäåíî, %: C 76.86; H 4.25; N 11.99. C30H20N4O2. Âû÷èñëåíî,

%: C 76.91; H 4.30; N 11.96.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 30 ïðîâåä¼í íà àâòî-

ìàòè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå Xcalibur R-

Mî ñ CCD äåòåêòîðîì (λ(MoKα) 0.71073 �A, Ò 293(2) Ê, ãðàôèòî-

âûé ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°). Äëÿ àíàëè-

çà èñïîëüçîâàëàñü êîðè÷íåâàÿ ìîíîêðèñòàëëè÷åñêàÿ ïëàñòèíêà ðàçìåðîì

0.60 × 0.40 × 0.02 ìì. Ïîãëîùåíèå ó÷òåíî ýìïèðè÷åñêè c èñïîëüçîâà-

íèåì àëãîðèòìà SCALE3 ABSPACK [202]. Íà óãëàõ ðàññåÿíèÿ 3.595 <

θ < 26.003° ñîáðàíî 13144 îòðàæåíèé, èç íèõ 5527 íåçàâèñèìûõ (Rint

0.0665), 2335 ñ I >2σ(I). Êîìïëåêòíîñòü äëÿ θ <26.00°ñîñòàâëÿåò 99.9

%. Êðèñòàëë ìîíîêëèííûé, ïðîñòðàíñòâåííàÿ ãðóïïà P21/ñ, ïàðàìåòðû

ÿ÷åéêè: a 9.465(2) �A, b 21.028(6) �A, c 11.741(3) �A, α 90.00°, β 97.71(2)°,
γ 90.00°, V = 2315.7(10) �A3, Z = 4, dcalc = 1.344 g/cm3. Ñòðóêòóðà ðàñ-

øèôðîâàíà è óòî÷íåíà ñ èñïîëüçîâàíèåì ïðîãðàììíîãî ïàêåòà SHELXTL

(âåðñèÿ 5.1) [198]. Ïîçèöèîííûå è òåìïåðàòóðíûå ïàðàìåòðû íåâîäîðîä-

íûõ àòîìîâ óòî÷íåíû â èçîòðîïíîì, à çàòåì â àíèçîòðîïíîì ïðèáëèæåíèè

ïîëíîìàòðè÷íûì ÌÍÊ ïî F2. Àòîìû âîäîðîäà, çà èñêëþ÷åíèåì âîäîðî-

äà ãðóïïû ÎÍ, ëîêàëèçîâàíû ïî ìàêñèìóìàì ýëåêòðîííîé ïëîòíîñòè è

âêëþ÷åíû â óòî÷íåíèå â ìîäåëè ¾íàåçäíèêà¿ â èçîòðîïíîì ïðèáëèæåíèè.

Îêîí÷àòåëüíûå ïàðàìåòðû óòî÷íåíèÿ: R1 0.0661 (äëÿ I >2σ(I)), R1 0.1776

(äëÿ âñåõ îòðàæåíèé), wR2 0.1323 (äëÿ I >2σ(I)), wR2 0.1689 (äëÿ âñåõ

îòðàæåíèé) ïðè ôàêòîðå äîáðîòíîñòè S 0.938.

Ñèíòåç N-àðèë-2,3-äèàðîèë-8,10-äèìåòèëïèðèäî[2',3':3,4]ïèðàçîëî-
[1,5-a]ïèðèìèäèí-4-êàðáîêñàìèäîâ (31). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó
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1H-ïèððîë-2,3,-äèîíà IV â 20 ìë áåçâîäíîãî òîëóîëà äîáàâëÿëè 3-

àìèíîïèðàçîëî[3,4-b]ïèðèäèí P15 [154]. Ðåàêöèîííóþ ìàññó êèïÿòèëè

â òå÷åíèå 4-5 ÷, îõëàæäàëè, îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è

ïåðåêðèñòàëëèçîâûâàëè èç òîëóîëà.
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2,3-Äèáåíçîèë-8,10-äèìåòèë-N-ôåíèëïèðèäî-

[2',3':3,4]ïèðàçîëî[1,5-a]ïèðèìèäèí-4-êàðáîêñ-
àìèä (31a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.31 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVa è 212 ìã (1.31 ììîëü) 3-àìèíîïèðàçîëî[3,4-

b]ïèðèäèíà P15. Âûõîä 78%, ò.ïë. 259�260°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3184 (NH), 1691 (C=O), 1675 (C=O),

1659 (C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.70

c (3H, Me), 2.80 c (3H, Me), 7.19�8.13 ãð.ñ (16H, 3C6H5 + C9H), 11.49 c

(1H, NH). Íàéäåíî, %: C 73.15; H 4.38; N 13.30. Ñ32H23N5Î3. Âû÷èñëåíî,

%: C 73.13; H 4.41; N 13.33.
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2,3-Äèáåíçîèë-8,10-äèìåòèë-N-(4-ìåòîêñèôåíèë)-

ïèðèäî[2',3':3,4]ïèðàçîëî[1,5-a]ïèðèìèäèí-4-êàð-
áîêñàìèä (31b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.22 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVc è 198 ìã (1.22 ììîëü) 3-àìèíîïèðàçîëî[3,4-

b]ïèðèäèíà P15. Âûõîä 73%, ò.ïë. 310�311°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3266 (NH), 1682 (C=O), 1673 (C=O),

1655 (C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.71

c (3H, Me), 2.80 c (3H, Me), 3.76 ñ (1Í, OMe), 6.86�8.11 ãð.ñ (15H, 2C6H5

+ ar4 C9H), 11.36 c (1H, NH). Íàéäåíî, %: C 71.28; H 4.57; N 12.63.

Ñ33H25N5Î4. Âû÷èñëåíî, %: C 71.34; H 4.54; N 12.61.
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8,10-Äèìåòèë-2,3-äè(4-òîëóîèë)-N-ôåíèë-

ïèðèäî[2',3':3,4]ïèðàçîëî[1,5-a]ïèðèìè-
äèí-4-êàðáîêñàìèä (31c): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.22

ììîëü) 1H-ïèððîë-2,3-äèîíà IVe è 198 ìã

(1.22 ììîëü) 3-àìèíîïèðàçîëî[3,4-b]ïèðèäèíà

P15. Âûõîä 86%, ò.ïë. 279�280°Ñ. ÈÊ ñïåêòð,

ν, ñì−1: 3260 (NH), 1686 (C=O), 1661 (C=O).
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Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.28 c (3H, Me), 2.43 c (3H, Me), 2.70

c (3H, Me), 2.81 c (3H, Me), 7.18-8.04 ãð.ñ (14H, C6H5 + C6H4 + C9H),

11.41 c (1H, NH). Íàéäåíî, %: C 73.70; H 4.94; N 12.60. Ñ34H27N5Î3.

Âû÷èñëåíî, %: C 73.76; H 4.92; N 12.65.
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Me
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8,10-Äèìåòèë-N-(4-òîëèë)-2,3-äè(4-òî-

ëóîèë)ïèðèäî[2',3':3,4]ïèðàçîëî[1,5-a]ïè-
ðèìèäèí-4-êàðáîêñàìèä (31d): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500

ìã (1.18 ììîëü) 1H-ïèððîë-2,3-äèîíà IVf è

191 ìã (1.18 ììîëü) 3-àìèíîïèðàçîëî[3,4-

b]ïèðèäèíà P15. Âûõîä 83%, ò.ïë. 267�268°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3176 (NH), 1684 (C=O),

1664 (C=O), 1649 (C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.28 c

(3H, Me), 2.30 c (3H, Me), 2.43 c (3H, Me), 2.70 c (3H, Me), 2.81 c (3H,

Me), 7.19�8.04 ãð.ñ (13H, 3C6H4 + C9H), 11.36 c (1H, NH). Ñïåêòð ßÌÐ

13C (ÄÌÑÎ-d6), δ, ì.ä.: 23.23 (Me), 25.64 (Me), 26.26 (Me), 26.47 (Me),

30.52 (Me), 110.04 (C10a), 124.82�149.36 (Ñàðîì.), 150.08 (C10), 154.46

(C6a), 161.49 (C4), 166.48 (CONH), 169.56 (C2), 195.51 (CO), 195.57 (CO).

Íàéäåíî, %: C 74.00; H 5.11; N 12.30. Ñ35H29N5Î3. Âû÷èñëåíî, %: C

74.06; H 5.15; N 12.34.
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8,10-Äèìåòèë-N-(4-ìåòîêñèôåíèë)-2,3-äè-

(4-òîëóîèë)ïèðèäî[2',3':3,4]ïèðàçîëî[1,5-a]-
ïèðèìèäèí-4-êàðáîêñàìèä (31e): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.14 ììîëü) 1H-ïèððîë-2,3-äèîíà IVg è

185 ìã (1.14 ììîëü) 3-àìèíîïèðàçîëî[3,4-

b]ïèðèäèíà P15. Âûõîä 77%, ò.ïë. 253�254°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3194 (NH), 1678 (C=O),

1667 (C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.28 c (3H, Me), 2.42 c

(3H, Me), 2.69 c (3H, Me), 2.80 c (3H, Me), 3.76 ñ (3Í, ÎÌå), 6.95�8.03

ãð.ñ (13H, 3C6H4 + C9H), 11.33 c (1H, NH). Íàéäåíî, %: C 72.00; H 4.97;

N 11.96. Ñ35H29N5Î4. Âû÷èñëåíî, %: C 72.03; H 5.01; N 12.00.
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2,3-Äè(2,5-äèìåòèëáåíçîèë)-8,10-äèìåòèë-N-

ôåíèëïèðèäî[2',3':3,4]ïèðàçîëî[1,5-a]ïèðèìè-
äèí-4-êàðáîêñàìèä (31f): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.14 ììîëü)

1H-ïèððîë-2,3-äèîíà IVi è 185 ìã (1.14 ììîëü)

3-àìèíîïèðàçîëî[3,4-b]ïèðèäèíà P15. Âûõîä

84%, ò.ïë. 281�282°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3186

(NH), 1682 (C=O), 1663 (C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.99

c (3H, Me), 2.27 c (3H, Me), 2.28 c (3H, Me), 2.46 c (3H, Me), 2.68 c (3H,

Me), 2.70 c (3H, Me), 7.10-7.63 ãð.ñ (12H, C6H5 + C6H3 + C9H), 11.27 c

(1H, NH). Íàéäåíî, %: C 74.38; H 5.36; N 12.06. Ñ36H31N5Î3. Âû÷èñëåíî,

%: C 74.34; H 5.37; N 12.04.
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2,3-Äè(2,5-äèìåòèëáåíçîèë)-8,10-äèìåòèë-N-

(4-òîëèë)ïèðèäî[2',3':3,4]ïèðàçîëî[1,5-a]ïèðè-
ìèäèí-4-êàðáîêñàìèä (31g): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.11 ììîëü)

1H-ïèððîë-2,3-äèîíà IVj è 180 ìã (1.11 ììîëü)

3-àìèíîïèðàçîëî[3,4-b]ïèðèäèíà P15. Âûõîä

79%, ò.ïë. 215�216°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3188

(NH), 1689 (C=O), 1673 (C=O), 1665 (C=O).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.12 c (3H, Me), 2.27 c (3H, Me), 2.28

c (3H, Me), 2.30 c (3H, Me), 2.46 c (3H, Me), 2.67 c (3H, Me), 2.70 c (3H,

Me), 7.10�7.63 ãð.ñ (11H, C6H4 + C6H3 + C9H), 11.20 c (1H, NH). Íàéäåíî,

%: C 74.64; H 5.54; N 11.78. Ñ376H33N5Î3. Âû÷èñëåíî, %: C 74.60; H 5.58;

N 11.76.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 31g. Äëÿ àíàëèçà

ñîåäèíåíèÿ 31g áðóòòî-ôîðìóëîé C37H33N5O3 èñïîëüçîâàí æåëòûé êðè-

ñòàëë ðàçìåðîì 0.25 × 0.20 × 0.15 ìì. Êðèñòàëë òðèêëèííûé, ïð.ãð Ð-

1, a 10.0418(15) �A, b 11.8931(12) �A, c 14.0578(15) �A, α 86.919(8) °, β
69.547(11)°, γ 87.175 °, V 1569.9(3) �A3, 595.68, dcalc 1.260 ã/ñì3, Z 2.

Ïàðàìåòðû ÿ÷åéêè è íàáîð ýêñïåðèìåíòàëüíûõ îòðàæåíèé èçìåðåíû â

àâòîìàòè÷åñêîì 4-êðóæíîì äèôðàêòîìåòðå ñ CCD-äåòåêòîðîì ¾Xcalibur

S¿ (OXFORD DIFFRACTION) ìåòîäîì ω/2θ-ñêàíèðîâàíèÿ íà ìîíîõðî-

ìàòèçèðîâàííîì ÌîKα-èçëó÷åíèè â èíòåðâàëå óãëîâ 2.72 < θ < 26.37°.
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Âñåãî èçìåðåíî 13697 îòðàæåíèé, èç íèõ 6392 íåçàâèñèìûõ (Rint 0.0273),

2758 ñ I>2σ(I). Çàâåðø¼ííîñòü ýêñïåðèìåíòà äëÿ óãëà θ 26.37° 99.5%. Ïî-

ïðàâêè íà ïîãëîùåíèå íå ââîäèëè (µ 0.082 ìì−1). Ñòðóêòóðà îïðåäåëåíà

ïðÿìûì ñòàòèñòè÷åñêèì ìåòîäîì è óòî÷íåíà ïîëíîìàòðè÷íûì ÌÍÊ ïî

F 2 â àíèçîòðîïíîì ïðèáëèæåíèè äëÿ âñåõ íåâîäîðîäíûõ àòîìîâ. ×àñòü

àòîìîâ âîäîðîäà ïîìåùåíà â ãåîìåòðè÷åñêè ðàññ÷èòàííûå ïîëîæåíèÿ è

âêëþ÷åíà â óòî÷íåíèå â ìîäåëè ¾íàåçäíèêà¿ ñ òåïëîâûìè ïàðàìåòðàìè,

çàâèñèìûìè îò ðîäèòåëüñêèõ àòîìîâ, ÷àñòü ðåøåíà è óòî÷íåíà íåçàâèñèìî

â èçîòðîïíîì ïðèáëèæåíèè. Âñå ðàñ÷åòû ïðîâåäåíû ïî êîìïëåêñó ïðî-

ãðàìì SHELX 97 [201]. Îêîí÷àòåëüíûå ðåçóëüòàòû óòî÷íåíèÿ: R1 0.0458,

wR2 0.1048 äëÿ îòðàæåíèé ñ I>2σ(I), R1 0.1056, wR2 0.1109 (äëÿ âñåõ

îòðàæåíèé), S 1.000. Ìàêñèìàëüíûé è ìèíèìàëüíûé ïèêè îñòàòî÷íîé

ýëåêòðîííîé ïëîòíîñòè 0.297 è -0.212 ē �A−3.
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2,3-Äè(2,5-äèìåòèëáåíçîèë)-8,10-äèìåòèë-N-(4-

ìåòîêñèôåíèë)-ïèðèäî[2',3':3,4]ïèðàçîëî[1,5-
a]ïèðèìèäèí-4-êàðáîêñàìèä (31h): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.07

ììîëü) 1H-ïèððîë-2,3-äèîíà IVk è 173 ìã (1.07

ììîëü) 3-àìèíîïèðàçîëî[3,4-b]ïèðèäèíà P15.

Âûõîä 72%, ò.ïë. 266�267°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3181 (NH), 1692 (C=O), 1678 (C=O), 1661. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.12 c (3H, Me), 2.27 c (3H, Me), 2.28 c (3H,

Me), 2.46 c (3H, Me), 2.68 c (3H, Me), 2.70 c (3H, Me), 3.76 ñ (3Í, Ìå),

6.95�7.63 ãð.ñ (11H, C6H4 + C6H3 + C9H), 11.14 c (1H, NH). Íàéäåíî, %:

C 72.64; H 5.45; N 11.43. Ñ37H33N5Î3. Âû÷èñëåíî, %: C 72.65; H 5.44; N

11.45.

Ñèíòåç ìåòèë 4-àðèëêàðáàìîèë-8,10-äèìåòèë-3-öèííàìîèëïèðè-

äî[2',3':3,4]ïèðàçîëî[1,5-a]ïèðèìèäèí-2-êàðáîêñèëàòîâ (32). Îáùàÿ

ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,2-äèîíà V â 20 ìë àáñîëþòíîãî

áåíçîëà äîáàâëÿëè 3-àìèíîïèðàçîëî[3,4-b]ïèðèäèí P15 [154]. Ðåàêöè-

îííóþ ìàññó êèïÿòèëè â òå÷åíèå 4�5 ÷, çàòåì îõëàæäàëè äî êîìíàòíîé

òåìïåðàòóðû. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàë-

ëèçîâûâàëè èç òîëóîëà.
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Ìåòèë 8,10-äèìåòèë-4-ôåíèëêàðáàìîèë-3-

öèííàìîèëïèðèäî[2',3':3,4]ïèðàçîëî[1,5-a]ïè-
ðèìèäèí-2-êàðáîêñèëàò (32a). ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.38 ììîëü)

1H-ïèððîë-2,3-äèîíà Vg è 224 ìã (1.38 ììîëü)

3-àìèíîïèðàçîëî[3,4-b]ïèðèäèíà P15. Âûõîä 85%,

ò.ïë. 219�220°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3195, 1726,

1668, 1648, 1615. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.69 ñ (3H, CH3),

2.97 ñ (3H, CH3), 3.89 ñ (3H, COOCH3), 7.15�7.68 ãð.ñ (13H, 2Ñ6H5,

-CH=CH-, C9H), 11.33 ñ (1H, NH). Íàéäåíî, %: C 68.97; H 4.64; N 13.91.

C29H23N5O4. Âû÷èñëåíî, %: C 68.90; H 4.59; N 13.85.
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Ìåòèë 8,10-äèìåòèë-4-[(4-ìåòèëôåíèë)êàðáà-

ìîèë]-3-öèííàìîèëïèðèäî[2',3':3,4]ïèðàçîëî-
[1,5-a]ïèðèìèäèí-2-êàðáîêñèëàò (32b): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33

ììîëü) 1H-ïèððîë-2,3-äèîíà Vh è 216 ìã (1.33

ììîëü) 3-àìèíîïèðàçîëî[3,4-b]ïèðèäèíà P15. Âûõîä

82%, ò.ïë. 275�276°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3188, 1728,

1669, 1632, 1615. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 2.28 ñ (3Í, CH3), 2.69 ñ (3H, CH3), 2.97 ñ (3H, CH3), 3.90 ñ (3H,

COOCH3), 7.16�7.67 ãð.ñ (12H, Ñ6H4, Ñ6H5, -CH=CH-, C9H), 11.27 ñ (1H,

NH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 18.26, 20.50, 25.38, 53.38,

104.68, 119.62, 119.93, 122.55, 127.32�138.55, 142.07, 142.28, 144.15,

147.05, 156.25, 161.47, 163.78, 164.57, 190.03. Íàéäåíî, %: C 69.33; H

4.87; N 13.51. C30H25N5O4. Âû÷èñëåíî, %: C 69.35; H 4.85; N 13.48.
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Ìåòèë 8,10-äèìåòèë-4-[(4-ìåòîêñèôåíèë)êàð-

áàìîèë]-3-öèííàìîèëïèðèäî[2',3':3,4]ïèðàçîëî-
[1,5-a]ïèðèìèäèí-2-êàðáîêñèëàò (32c): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28

ììîëü) 1H-ïèððîë-2,3-äèîíà Vi è 208 ìã (1.28

ììîëü) 3-àìèíîïèðàçîëî[3,4-b]ïèðèäèíà P15. Âûõîä

80%, ò.ïë. 280�281°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3303, 1728,

1665, 1646, 1610. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 2.69 ñ (3H, CH3), 2.97 ñ (3H, CH3), 3.74 ñ (3Í, OCH3), 3.90 ñ (3H,
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COOCH3), 6.92�7.68 ãð.ñ (12H, Ñ6H4, Ñ6H5, -CH=CH-, C9H), 11.22 ñ (1H,

NH). Íàéäåíî, %: C 67.21; H 4.74; N 13.12. C30H25N5O5. Âû÷èñëåíî, %:

C 67.28; H 4.71; N 13.08.

Ñèíòåç (Å)-ìåòèë 4-(àðèëàìèíî)-3,4-äèîêñî-2-(3-îêñî-3,4-

äèãèäðîõèíîêñàëèí-2(1Í)-èëèäåí)áóòàíîàòîâ (33). Îáùàÿ ìåòîäèêà.

Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà III â 20 ìë áåçâîäíîãî áåíçîëà äîáàâèëè

ðàñòâîð î-ôåíèëåíäèàìèíà (P16) â 40 ìë àáñîëþòíîãî áåíçîëà, ïîëó-

÷åííûé ðàñòâîð âûäåðæèâàëè ïðè êîìíàòíîé òåìïåðàòóðå â òå÷åíèå 3�5

ìèíóò (äî èñ÷åçíîâåíèÿ ÿðêî-êðàñíîé îêðàñêè ðàñòâîðà). Îáðàçîâàâøèéñÿ

îñàäîê îòôèëüòðîâàëè è ïåðåêðèñòàëëèçîâàëè èç 1,4-äèîêñàíà.
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(Å)-Ìåòèë 4-(ôåíèëàìèíî)-3,4-äèîêñî-2-(3-îêñî-3,4-

äèãèäðîõèíîêñàëèí-2(1H)-èëèäåí)áóòàíîàò (33a):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 289 ìã

(1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIb è 108 ìã (1.0

ììîëü) î-ôåíèëåíäèàìèíà (P16). Âûõîä 83%, ò.ïë.

300°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3291 (NH), 1691 (ÑÎ), 1671

(ÑÎÎÌå), 1631 (ÑÎ-NH), 1608 (CO-CONH). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.70 c (3H, ÑOOMe), 7.61 c (1Í, NH),

7.15�7.82 ãð.ñ (9H, C6H5 + C6H4), 10.48 c (1H, NH-CO), 12.19 óø.c (1H,

NH). Íàéäåíî, %: C 62.42; H 4.12; N 11.52. Ñ19H15N3Î5. Âû÷èñëåíî, %:

C 62.46; H 4.14; N 11.50.
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(Å)-Ìåòèë 4-[(4-ìåòèëôåíèë)àìèíî)]-3,4-äèîêñî-2-(3-

îêñî-3,4- äèãèäðîõèíîêñàëèí-2(1H)-èëèäåí)áóòàíîàò

(33b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

303 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIc è 108 ìã

(1.0 ììîëü) î-ôåíèëåíäèàìèíà (P16). Âûõîä 89%, ò.ïë.

300°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3325 (NH), 1693 (ÑÎ), 1651

(ÑÎÎÌå), 1622 (ÑÎ-NH), 1602 (CO-CONH). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2,26 c (3H, Me), 3.68 c (3H, ÑOOMe), 7.61 c

(1Í, NH), 7.16�7.83 ãð.ñ (8H, C6H4), 10.75 c (1H, NH-CO), 12.18 óø.c (1H,

NH). Íàéäåíî, %: C 63.37; H 4.55; N 11.01. Ñ20H17N3Î5. Âû÷èñëåíî, %:

C 63.32; H 4.52; N 11.08.
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(Å)-Ìåòèë 4-[(4-õëîðôåíèë)àìèíî)]-3,4-äèîêñî-2-(3-

îêñî-3,4- äèãèäðîõèíîêñàëèí-2(1H)-èëèäåí)áóòàíîàò

(33c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

324 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIe è 108 ìã

(1.0 ììîëü) î-ôåíèëåíäèàìèíà (P16). Âûõîä 85%, ò.ïë.

300°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3299 (NH), 1713 (ÑÎ), 1673

(ÑÎÎÌå), 1659 (ÑÎ-NH), 1607 (CO-CONH). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 3.68 c (3H, ÑOOMe), 7.60 c (1Í, NH), 7.19�7.86 ãð.ñ (8H, 2C6H4),

10.64 c (1H, NH-CO), 12.21 óø.c (1H, NH). Íàéäåíî, %: C 57.05; H 3.55;

Cl 8.85; N 10.55. Ñ19H14ClN3Î5. Âû÷èñëåíî, %: C 57.08; H 3.53; Cl 8.87;

N 10.51.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 33c. Àíàëèç ïðî-

âåä¼í íà àâòîìàòè÷åñêîì ÷åòûð¼õêðóæíîì äèôðàêòîìåòðå ¾Xcalibur 3¿ ñ

CCD-äåòåêòîðîì ïî ñòàíäàðòíîé ïðîöåäóðå (295(2) Ê, λMoKα, ãðàôè-

òîâûé ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°). Ïîïðàâêà
íà ïîãëîùåíèå íå ââîäèëàñü. Êðèñòàëë ìîíîêëèííûé, ïð.ãð. Ð21/n, a=

7.3405(7) �A, b= 20.949(2) �A, c= 11.6073(15) �A, β= 97.838(9)°, V = 1768.2(3)
�A3, Z= 4, µ= 0.255 ìì−1. Íà óãëàõ ðàññåÿíèÿ 3.10 < θ < 26.38° ñîáðàíî
8181 îòðàæåíèé, èç íèõ íåçàâèñèìûõ 3448 (Rint= 0.0578), â òîì ÷èñëå

1405 ñ I>2σ(I), êîìïëåêòíîñòü äëÿ θ= 26.38° 95.8%. Ðåøåíèå è óòî÷íåíèå

ñòðóêòóðû îñóùåñòâëÿëîñü ñ èñïîëüçîâàíèåì ïàêåòà ïðîãðàìì SHELX.

Óòî÷íåíèå ïðîâåäåíî ïîëíîìàòðè÷íûì ÌÍÊ ïî F2, â àíèçîòðîïíîì ïðè-

áëèæåíèè äëÿ âñåõ íåâîäîðîäíûõ àòîìîâ. Àòîìû âîäîðîäà C-Í-ñâÿçåé

ïîìåùåíû â ãåîìåòðè÷åñêè ðàññ÷èòàííûå ïîëîæåíèÿ è âêëþ÷åíû â óòî÷-

íåíèå â èçîòðîïíîì ïðèáëèæåíèè ñ çàâèñèìûìè òåïëîâûìè ïàðàìåòðà-

ìè ïî ìîäåëè íàåçäíèêà, N-H-ãðóïï ðåøåíû ïðÿìûì ìåòîäîì è óòî÷íå-

íû íåçàâèñèìî. Îêîí÷àòåëüíûå ïàðàìåòðû óòî÷íåíåèÿ ñòðóêòóðû: R1=

0.0587, wR2= 0.1403 (äëÿ îòðàæåíèé ñ I>2σ(I)), R1= 0.1494, wR2= 0.1527

(äëÿ âñåõ îòðàæåíèé) ïðè ôàêòîðå äîáðîòíîñòè S= 1.005. ∆ρ= 0.596/-0.241

ē �A−3.

Ñèíòåç äèìåòèë 1-áåíçèë- è 1-àðèë-4-ãèäðîêñè-2-[(2-ãèäðîêñèôå-

íèë)àìèíî]-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2,3-äèêàðáîêñèëàòîâ (34).

Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà III â 20 ìë áåçâîäíî-

ãî áåíçîëà äîáàâèëè ðàñòâîð î-àìèíîôåíîëà (P17) â 40 ìë àáñîëþòíîãî
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áåíçîëà, ïîëó÷åííûé ðàñòâîð âûäåðæèâàëè ïðè êîìíàòíîé òåìïåðàòóðå â

òå÷åíèå 3�4 ìèíóò (äî èñ÷åçíîâåíèÿ ÿðêî-êðàñíîé îêðàñêè ðàñòâîðà). Îá-

ðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâàëè è ïåðåêðèñòàëëèçîâàëè èç áåíçîëà.
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Äèìåòèë 1-áåíçèë-4-ãèäðîêñè-2-[(2-ãèäðîêñèôå-

íèë)àìèíî]- 5-îêñî-2,5-äèãèäðî-1H-ïèððîë-2,3-

äèêàðáîêñèëàò (34a): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 303 ìã (1.0 ììîëü) 1H-ïèððîë-

2,3-äèîíà IIIa è 109 ìã (1.0 ììîëü) î-àìèíîôåíîëà

(P17). Âûõîä 84%, ò.ïë. 148�149°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3332(NH), 1755 (COOMe), 1705 (Ñ2=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 3.09 c (3H, ÑOOMe), 3.53 c (3H, ÑOOMe), 3.96 ä (1Í, ÑÍ2Ph, J = 15.1

Ãö), 4.77 ä (1Í, ÑÍ2Ph, J = 15.1 Ãö), 6.01 c (1H, NH), 6.14�7.33 ãð.ñ (9H,

C6H5 + C6H4), 9.80 c (1H, OH), 11.67 óø.c (1H, OH). Íàéäåíî, %: C 61.18;

H 4.87; N 6.76. Ñ21H20N2Î7. Âû÷èñëåíî, %: C 61.16; H 4.89; N 6.79.
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Äèìåòèë 4-ãèäðîêñè-2-[(2-ãèäðîêñèôåíèë)àìèíî]-

1-(4-ìåòèëôåíèë)-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-

2,3-äèêàðáîêñèëàò (34b): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 303 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-

äèîíà IIIc è 109 ìã (1.0 ììîëü) î-àìèíîôåíîëà (P17).

Âûõîä 82%, ò.ïë. 152�154dg Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3316 (NH), 1757 (COOMe), 1690 (Ñ2=Î). Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.28 c (3H, Me), 3.57 c (3H, ÑOOMe), 3.76 c (3H,

ÑOOMe), 5.99 c (1H, NH), 6.41�7.19 ãð.ñ (8H, 2C6H4), 9.68 c (1H, OH),

12.28 óø.c (1H, OH). Íàéäåíî, %: C 61.18; H 4.87; N 6.76. Ñ21H20N2Î7.

Âû÷èñëåíî, %: C 61.16; H 4.89; N 6.79.
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Äèìåòèë 4-ãèäðîêñè-2-[(2-ãèäðîêñèôåíèë)àìèíî]-

1-(4-ìåòîêñèôåíèë)-5-îêñî-2,5-äèãèäðî-1H-ïèððîë-

2,3-äèêàðáîêñèëàò (34c): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 319 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-

äèîíà IIId è 109 ìã (1.0 ììîëü) î-àìèíîôåíîëà (P17).

Âûõîä 86%, ò.ïë. 168�169°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3364

(NH), 1761 (COOMe), 1703 (Ñ2=Î). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 3.57 c (3H, OMe), 3.73 c (3H, ÑOOMe), 3.76 c (3H,

ÑOOMe), 5.98 c (1H, NH), 6.42�6.95 ãð.ñ (8H, 2C6H4), 9.69 c (1H, OH),
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12.23 óø.c (1H, OH). Íàéäåíî, %: C 58.85; H 4.74; N 6.52. Ñ21H20N2Î8.

Âû÷èñëåíî, %: C 58.88; H 4.71; N 6.54.
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NH

OMe

OMe

O

Ìåòèë 3-ãèäðîêñè-4-[(4-ìåòîêñèôåíèë)àìèíî]-4-

îêñî-2-(2-îêñî-2Í-1,4-áåíçîêñàçèí-3-èë)áóò-2-åíîàò

(35). Ðàñòâîð ñîåäèíåíèÿ 34c â 40 ìë àáñîëþòíîãî

òîëóîëà êèïÿòèëè â òå÷åíèå 35 ìèíóò. Îáðàçîâàâøèé-

ñÿ îñàäîê îòôèëüòðîâàëè è ïåðåêðèñòàëëèçîâàëè èç

òîëóîëà. Âûõîä 65%, ò.ïë. 202-203°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3291 (NH), 1767 (ÑÎ-O), 1715(ÑÎÎÌå), 1696

(ÑÎ-NH), 1610 (CO-CONH). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.71

c (3H, OMe), 3.74 c (3H, ÑOOMe), 6.92�7.70 ãð.ñ (8H, 2C6H4), 10.53 c

(1H, NH), 12.00 óø.c (1H, NH). Íàéäåíî, %: C 63.14; H 4.246; N 7.38.

Ñ20H16N2Î6. Âû÷èñëåíî, %: C 63.16; H 4.24; N 7.37.

(Z)-Èçîïðîïèë 1-àðèë-2-ãèäðîêñè-4,5-äèîêñî-3-[ôåíèë(2-ãèäðîêñè-

ôåíèëàìèíî)ìåòèëåí]ïèððîëèäèí-2-êàðáîêñèëàòîâ 36. Îáùàÿ

ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà II â 15 ìë áåçâîäíîãî

áåíçîëà äîáàâëÿëè ïðè ïåðåìåøèâàíèè ðàñòâîð î-àìèíîôåíîëà (P17) â

5 ìë áåçâîäíîãî áåíçîëà è âûäåðæèâàëè ïðè êîìíàòíîé òåìïåðàòóðå â

òå÷åíèå 6�7 ÷. Çàòåì ðàñòâîðèòåëü óäàëÿëè, îñòàòîê çàòèðàëè ñ ýòàíîëîì,

îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëèñü èç

àöåòîíèòðèëà.
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(Z)-Èçîïðîïèë 2-ãèäðîêñè-4,5-äèîêñî-1-ôåíèë-3-

[ôåíèë(2-ãèäðîêñèôåíèëàìèíî)ìåòèëåí]ïèððîëè-

äèí-2-êàðáîêñèëàò (36a): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 363 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-

äèîíà IIa è 109 ìã (1.0 ììîëü) î-àìèíîôåíîëà P17.

Âûõîä 83%, ò.ïë. 201�202°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3373 ø

(OH), 3174 ø (OH, NÍ), 1726 (ÑÎO, Ñ5=Î), 1619 (Ñ4=Î

â ÂÂÑ). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.74 ä (3Í,

Me, J = 6.4 Ãö), 0.82 ä (3Í, Me, J = 6.4 Ãö), 4.33 ì (1Í, OÑÍ), 6.40�7.46

ãð. ñ (15Í, 2C6H5 + C6H4 + OH), 10.40 ñ (1H, OH), 12.69 óø. ñ (1Í,

NÍ). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.81 (Me), 20.84 (Me), 69.27

(OÑH), 87.80 (Ñ2), 108.80 (C3), 115.62-160.50 (CAr + Ñ3=C-NH), 161.93

(C5), 167.26 (COO), 178.87 (C4). Íàéäåíî, %: C 68.53; H 5.21; N 5.88.
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Ñ27H24N2Î6. Âû÷èñëåíî, %: C 68.63; H 5.12; N 5.93.
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(Z)-Èçîïðîïèë 2-ãèäðîêñè-4,5-äèîêñî-1-(4-ìåòèë-

ôåíèë)-3-[ôåíèë(2-ãèäðîêñèôåíèëàìèíî)ìåòèëåí]-

ïèððîëèäèí-2-êàðáîêñèëàò (36b): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 377 ìã (1.0 ììîëü) 1H-

ïèððîë-2,3-äèîíà IIf è 109 ìã (1.0 ììîëü) î-àìèíîôåíîëà

P17. Âûõîä 79%, ò.ïë. 210�212°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3371 ø (OH), 3194 ø (OH, NÍ), 1755 (Ñ5=Î), 1727

(ÑÎO), 1618 (Ñ4=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

0.77 ä (3Í, Me, J = 6.3 Ãö), 0.85 ä (3Í, Me, J = 6.3 Ãö),

2.28 ñ (3H, Me), 4.33 ì (1Í, OÑÍ), 6.40�7.46 ãð. ñ (14Í, C6H5 + 2C6H4

+ OH), 10.40 ñ (1H, OH), 12.69 óø. ñ (1Í, NÍ). Íàéäåíî, %: C 69.17; H

5.33; N 5.79. Ñ28H26N2Î6. Âû÷èñëåíî, %: C 69.12; H 5.39; N 5.76.
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(Z)-Èçîïðîïèë 2-ãèäðîêñè-1-(4-ìåòîêñèôåíèë)-

4,5-äèîêñî-3-[ôåíèë-(2-ãèäðîêñèôåíèëàìèíî)ìå-

òèëåí]ïèððîëèäèí-2-êàðáîêñèëàò (36c): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 393 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà IIg è 109 ìã (1.0 ììîëü) î-

àìèíîôåíîëà P17. Âûõîä 84%, ò.ïë. 215�216°Ñ. ÈÊ

ñïåêòð, ν, ñì−1: 3366 ø (OH), 3200 ø (OH, NÍ), 1725

(ÑÎO, Ñ5=Î), 1619 (Ñ4=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 0.80 ä (3Í, Me, J = 6.4 Ãö), 0.86 ä (3Í, Me, J = 6.4

Ãö), 3.74 ñ (3H, OMe), 4.35 ì (1Í, OÑÍ), 6.23�7.43 ãð. ñ (14Í, C6H5 +

2C6H4 + OH), 10.39 ñ (1H, OH), 12.67 óø. ñ (1Í, NÍ). Íàéäåíî, %: C

66.89; H 5.28; N 5.65. Ñ28H26N2Î7. Âû÷èñëåíî, %: C 66.92; H 5.22; N 5.57.
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(Z)-Èçîïðîïèë 1-(4-áðîìôåíèë)-2-ãèäðîêñè-4,5-äè-

îêñî-3-[ôåíèë(2-ãèäðîêñèôåíèëàìèíî)ìåòèëåí]ïèð-

ðîëèäèí-2-êàðáîêñèëàò (36d): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 442 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-

äèîíà IIh è 109 ìã (1.0 ììîëü) î-àìèíîôåíîëà P17.

Âûõîä 66%, ò.ïë. 199�201°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3398

ø (OH), 3179 ø (OH, NÍ), 1729 (ÑÎO, Ñ5=Î), 1615

(Ñ4=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.74 ä (3Í,

Me, J = 6.4 Ãö), 0.85 ä (3Í, Me, J = 6.4 Ãö), 4.34 ì (1Í,
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OÑÍ), 6.24�7.69 ãð. ñ (14Í, C6H5 + 2C6H4 + OH), 10.42 ñ (1H, OH), 12.72

óø. ñ (1Í, NÍ). Íàéäåíî, %: C 58.89; H 4.15; N 5.11. Ñ27H23BrN2Î6.

Âû÷èñëåíî, %: C 58.81; H 4.20; N 5.08.

Ñèíòåç ýòèë 1,6-äèàðèë-4-àðîèë-3-ãèäðîêñè-2-îêñî-6-ôåíèë-1,7-

äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-9-êàðáîêñèëàòîâ (37). Îáùàÿ ìåòî-

äèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà IV â 15 ìë áåçâîäíîãî áåíçîëà

äîáàâëÿëè ïðè ïåðåìåøèâàíèè ðàñòâîð ýòèë 3-àìèíî-ôåíèëïðîï-2-åíîàòà

(P18c) â 5 ìë àáñîëþòíîãî áåíçîëà. Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷å-

íèå 3-4 ÷, îòãîíÿëè 10 ìë áåíçîëà, äîáàâëÿëè 10 ìë ïåòðîëåéíîãî ýôèðà

(ò.êèï 40�70°Ñ), îõëàæäàëè, îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è

ïåðåêðèñòàëëèçîâûâàëè èç áåíçîëà.
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Ýòèë 4-áåíçîèë-3-ãèäðîêñè-2-îêñî-1,6,8-òðèôåíèë-1,7-

äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-9-êàðáîêñèëàò (37a):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.31 ììîëü) 1H-ïèððîë-2,3-äèîíà IVa è 250 ìã (1.31

ììîëü) ýòèë 3-àìèíî-ôåíèëïðîï-2-åíîàòà P18c. Âûõîä

71%, ò.ïë. 195�196°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3170 (ÎÍ),

1715 (COOEt), 1686 (C2=O), 1640 (C4-C=O). Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.14 ò (3H, OCH2CH3), 4.13 ì (2Í, OCH2CH3),

7.03�8.02 ãð.ñ (20Í, 4C6H5), 12.80 óø.ñ (1Í, OÍ). Íàéäåíî, %: C 75.77; H

4.70; N 5.02. Ñ35H26N2Î5. Âû÷èñëåíî, %: C 75.80; H 4.73; N 5.05.
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Ýòèë 4-áåíçîèë-3-ãèäðîêñè-2-îêñî-1-(4-òîëèë)-

6,8-äèôåíèë-1,7-äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-9-

êàðáîêñèëàò (37b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.26 ììîëü) 1H-ïèððîë-2,3-äèîíà IVb

è 241 ìã (1.26 ììîëü) ýòèë 3-àìèíî-ôåíèëïðîï-2-åíîàòà

P18c. Âûõîä 71%, ò.ïë. 196�197°Ñ (áåíçîë-ýòèëàöåòàò,

1 : 1). ÈÊ ñïåêòð, ν, ñì−1: 3265 (ÎÍ), 1719 (COOEt), 1669

(C2=O), 1640 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 1.14 ò (3H, OCH2CH3), 2.21 ñ (3Í, Me), 4.14 ì (2Í, OCH2ÑÍ3),

6.89�8.00 ãð.ñ (19Í, 3C6H5 + C6H4), 12.73 óø.ñ (1Í, OÍ). Ñïåêòð ßÌÐ

13C (ÄÌÑÎ-d6), δ, ì.ä.: 13.67 (CH2CH3), 20.44 (Me), 60.11 (OCH2), 81.69

(C5), 124.83�137.65, 161.73 (C6), 161.96 (COOEt), 165.77 (C2), 177.72

(C3), 187.90 (COPh). Íàéäåíî, %: C 75.99; H 4.91; N 4.89. Ñ36H28N2Î5.
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Âû÷èñëåíî, %: C 76.04; H 4.96; N 4.93.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ (37b) â âèäå

ñâåòëî-æ¼ëòîãî êðèñòàëëà ðàçìåðîì 0.25õ0.20õ0.15 ìì ïðîâåäåíî íà àâ-

òîìàòè÷åñêîì ðåíòãåíîâñêîì äèôðàêòîìåòðå ¾Xcalibur S¿ ïî ñòàíäàðòíîé

ïðîöåäóðå (λMoKα 0.71073 �A, 150(2) Ê, ω-ñêàíèðîâàíèå ñ øàãîì 1°è
ðàññòîÿíèåì êðèñòàëë-äåòåêòîð 50 ìì). Â èíòåðâàëå óãëîâ 2.89 < Θ <

28.28°ñîáðàíî 11776 îòðàæåíèé, èç íèõ 7396 íåçàâèñèìûõ (Rint 0.022),

4357 ñ I > 2σ(I). Ïîïðàâêà íà ïîãëîùåíèå íå ââîäèëàñü. Êðèñòàëë ìîíî-

êëèííûé, ïð.ãð C2/c, a = 33.5487(13) �A, b = 9.1118(6) �A, c = 20.6818(14)
�A, β 93.674(4)°. Ðåøåíèå è óòî÷íåíèå ñòðóêòóðû ïðîâåäåíî ñ èñïîëüçîâà-

íèåì ïðîãðàììíîãî ïàêåòà SHELXTL [201] ïîëíîìàòðè÷íûì ÌÍÊ ïî F2

â àíèçîòðîïíîì ïðèáëèæåíèè äëÿ íåâîäîðîäíûõ àòîìîâ. Àòîìû âîäîðîäà

ïðè C-H ñâÿçÿõ ïîìåùåíû â ãåîìåòðè÷åñêè ðàññ÷èòàííûå ïîëîæåíèÿ è

âêëþ÷åíû â óòî÷íåíèå â ìîäåëè ¾íàåçäíèêà¿, ïðîòîíû Î-Í ãðóïï óòî÷-

íåíû íåçàâèñèìî â èçîòðîïíîì ïðèáëèæåíèè. Îêîí÷àòåëüíûå ïàðàìåòðû

óòî÷íåíèÿ: R1 0.0369, wR2 0.0701 (äëÿ îòðàæåíèé ñ I > 2σ(I)), R1 0.0781,

wR2 0.0754 (äëÿ âñåõ îòðàæåíèé) ïðè ôàêòîðå äîáðîòíîñòè S = 1.004 è

êîìïëåêòíîñòè îòðàæåíèé 96.9% (äëÿ Θ < 26.0°). Ìàêñèìóì è ìèíèìóì

îñòàòî÷íî ýëåêòðîííîé ïëîòíîñòè 0.204 è -0.207 ē �A−3.
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Ýòèë 4-áåíçîèë-3-ãèäðîêñè-2-îêñî-1-(4-ìåòîêñèôå-

íèë)-6,8-äèôåíèë-1,7-äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-

9-êàðáîêñèëàò (37c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.22 ììîëü) 1H-ïèððîë-2,3-äèîíà IVc

è 233 ìã (1.22 ììîëü) ýòèë 3-àìèíî-ôåíèëïðîï-2-åíîàòà

P18c. Âûõîä 76%, ò.ïë. 190�191°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3292 (ÎÍ), 1721 (COOEt), 1669 (C2=O), 1632 (C4-

C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.15 ò (3H,

OCH2CH3), 3.67 ñ (3Í, ÎMe), 4.15 ì (2Í, OCH2CH3), 6.87�8.02 ãð.ñ (19Í,

3C6H5 + C6H4), 12.77 óø.ñ (1Í, OÍ). Íàéäåíî, %: C 73.99; H 4.85; N 4.76.

Ñ36H28N2Î6. Âû÷èñëåíî, %: C 73.96; H 4.83; N 4.79.
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Ýòèë 3-ãèäðîêñè-2-îêñî-6-(4-òîëèë)-4-(4-òîëóîèë)-

1,8-äèôåíèë-1,7-äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-9-

êàðáîêñèëàò (37d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.22 ììîëü) 1H-ïèððîë-2,3-äèîíà IVe

è 233 ìã (1.22 ììîëü) ýòèë 3-àìèíî-ôåíèëïðîï-2-åíîàòà

P18c. Âûõîä 72%, ò.ïë. 199�200°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3287 (ÎÍ), 1721 (COOEt), 1678 (C2=O), 1638 (C4-

C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.13 ò (3H,

OCH2CH3), 2.35 ñ (3Í, ÑÍ3), 2.37 ñ (3Í, ÑÍ3), 4.11 ì (2Í, OCH2ÑÍ3),

7.03�7.92 ãð.ñ (18Í, 2C6H5 + 2Ñ6Í4), 12.62 óø.ñ (1Í, OÍ). Íàéäåíî, %: C

76.25; H 5.21; N 4.78. Ñ37H30N2Î5. Âû÷èñëåíî, %: C 76.27; H 5.19; N 4.81.
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Ýòèë 3-ãèäðîêñè-2-îêñî-1,6-äè(4-òîëèë)-4-(4-

òîëóîèë)-8-ôåíèë-1,7-äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-

9-êàðáîêñèëàò (37e): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäè-

êå, èñõîäÿ èç 500 ìã (1.18 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVf è 226 ìã (1.18 ììîëü) ýòèë 3-àìèíî-ôåíèëïðîï-2-

åíîàòà P18c. Âûõîä 79%, ò.ïë. 215�216°Ñ. ÈÊ ñïåêòð,

ν, ñì−1: 3269 (ÎÍ), 1725 (COOEt), 1667 (C2=O), 1642

(C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.14 ò

(3H, OCH2CH3), 2.21 ñ (3Í, ÑÍ3), 2.35 ñ (3Í, ÑÍ3), 2.37

ñ (3Í, ÑÍ3), 4.11 ì (2Í, OCH2ÑÍ3), 6.89�7.90 ãð.ñ (17Í, C6H5 + 3C6H4),

12.61 óø.ñ (1Í, OÍ). Íàéäåíî, %: C 76.42; H 5.39; N 4.67. Ñ38H32N2Î5.

Âû÷èñëåíî, %: C 76.49; H 5.41; N 4.69.
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Ýòèë 3-ãèäðîêñè-1-(4-ìåòîêñèôåíèë)-2-îêñî-6-(4-

òîëèë)-4-(4-òîëóîèë)-8-ôåíèë-1,7-äèàçàñïèðî[4.4]íîí-

3,6,8-òðèåí-9-êàðáîêñèëàò (37f): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.14 ììîëü) 1H-

ïèððîë-2,3-äèîíà IVg è 218 ìã (1.14 ììîëü) ýòèë

3-àìèíî-ôåíèëïðîï-2-åíîàòà P18c. Âûõîä 81%, ò.ïë.

215�216°Ñ (áåíçîë-ýòèëàöåòàò, 1 : 1). ÈÊ ñïåêòð, ν,

ñì−1: 3192 (ÎÍ), 1719 (COOEt), 1682 (C2=O), 1636

(C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.14 ò

(3H, OCH2CH3), 2.35 ñ (3Í, CH3), 2.37 ñ (3Í, CH3), 3.66 ñ (3Í, ÎÌå), 4.13

ì (2Í, OCH2ÑÍ3), 6.88�7.92 ãð.ñ (17Í, C6H5 + 3C6H4), 12.62 óø.ñ (1Í,
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OÍ). Íàéäåíî, %: C 74.41; H 5.24; N 4.59. Ñ38H32N2Î6. Âû÷èñëåíî, %: C

74.49; H 5.26; N 4.57.

Ñèíòåç 1,7-äèàçàñïèðî[4.4]íîí-3,6,8-òðèåíîâ (38). Îáùàÿ ìåòîäèêà Ê

ðàñòâîðó 500 ìã (1.26 ììîëü) ïèððîëäèîíà IVb â 15 ìë áåçâîäíîãî áåíçî-

ëà äîáàâëÿëè ðàñòâîð 103 ìã (1.26 ììîëü) 3-àìèíîáóò-2-åííèòðèëà [162]

â 5 ìë áåçâîäíîãî áåíçîëà. Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå 3

÷, îòãîíÿëè 10 ìë áåíçîëà, äîáàâëÿëè 10 ìë ïåòðîëåéíîãî ýôèðà (ò.êèï

40�70°Ñ), îõëàæäàëè, îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðå-

êðèñòàëëèçîâûâàëè èç òîëóîëà.
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Íèòðèë 1-(4-ìåòèëôåíèë)-6-ôåíèë-4-áåíçîèë-3-

ãèäðîêñè-8-ìåòèë-2-îêñî-1,7-äèàçàñïèðî[4.4]íîí-

3,6,8-òðèåí-9-êàðáîíîâîé êèñëîòû (38a): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.26 ììîëü)

1H-ïèððîë-2,3-äèîíà IVb è 103 ìã (1.26 ììîëü) 3-

àìèíîáóò-2-åííèòðèëà P19. Âûõîä 77%, ò.ïë. 152�153°Ñ
(ýòèëàöåòàò-áåíçîë-èçîîêòàí, 1 : 2 : 2). ÈÊ ñïåêòð, ν,

ñì−1: 3192 (ÎÍ), 2205 (CN), 1694 (C2=O), 1665 (C4-C=O).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.25 ñ (3H, CH3), 2.30 ñ (3H, CH3),

6.80�7.92 ãð.ñ (14Í, C6H4 + 2C6H5), 11.47 ø.ñ (1Í, OÍ). Íàéäåíî, %: C

75.84; H 4.57; N 9.11. Ñ29H21N3Î3. Âû÷èñëåíî, %: C 75.80; H 4.61; N 9.14.
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Íèòðèë 1-(4-ìåòîêñèôåíèë)-6-ôåíèë-4-áåíçîèë-3-

ãèäðîêñè-8-ìåòèë-2-îêñî-1,7-äèàçàñïèðî[4.4]íîí-

3,6,8-òðèåí-9-êàðáîíîâîé êèñëîòû (38b): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.22 ììîëü)

1H-ïèððîë-2,3-äèîíà IVc è 100 ìã (1.22 ììîëü) 3-

àìèíîáóò-2-åííèòðèëà P19. Âûõîä 81%, ò.ïë. 147�148°Ñ
(áåíçîë-èçîîêòàí, 1 : 1). ÈÊ ñïåêòð, ν, ñì−1: 3185 (ÎÍ),

2206 (CN), 1689 (C2=O), 1660 (C4-C=O). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 2.25 ñ (3H, CH3), 3.71 ñ (3H, ÎCH3), 6.74�7.96 ãð.ñ

(14Í, C6H4 + 2C6H5), 12.19 ø.ñ (1Í, OÍ). Íàéäåíî, %: C 73.29; H 4.41; N

8.81. Ñ26H21N3Î4. Âû÷èñëåíî, %: C 73.25; H 4.45; N 8.84.
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Íèòðèë 1,6-äè(4-ìåòèëôåíèë)-4-(4-ìåòèëáåíçîèë)-

3-ãèäðîêñè-8-ìåòèë-2-îêñî-1,7-äèàçàñïèðî[4.4]íîí-

3,6,8-òðèåí-9-êàðáîíîâîé êèñëîòû (38c): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.18 ììîëü)

1H-ïèððîë-2,3-äèîíà IVf è 97 ìã (1.18 ììîëü) 3-

àìèíîáóò-2-åííèòðèëà P19. Âûõîä 72%, ò.ïë. 145�146°Ñ
(áåíçîë-ýòèëàöåòàò, 2 : 1). ÈÊ ñïåêòð, ν, ñì−1: 3163 (ÎÍ),

2209 (CN), 1701 (C2=O), 1667 (C4-C=O). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 2.25 ñ (3H, CH3), 2.26 ñ (3H, CH3), 2.36 ñ (6H, 2CH3),

6.81�7.82 ãð.ñ (12Í, 3C6H4), 12.06 ø.ñ (1Í, OÍ). Íàéäåíî, %: C 76.41; H

5.14; N 8.57. Ñ31H25N3Î3. Âû÷èñëåíî, %: C 76.37; H 5.17; N 8.62.

O

OH

Me

O

Me

N

Me

N

N

OMe

Íèòðèë 6-(4-ìåòèëôåíèë)-4-(4-ìåòèëáåíçîèë)-1-

(4-ìåòîêñèôåíèë)-3-ãèäðîêñè-8-ìåòèë-2-îêñî-1,7-

äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-9-êàðáîíîâîé êèñëîòû

(38d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500

ìã (1.14 ììîëü) 1H-ïèððîë-2,3-äèîíà IVg è 94 ìã (1.14

ììîëü) 3-àìèíîáóò-2-åííèòðèëà P19. Âûõîä 83%, ò.ïë.

190�192°Ñ (áåíçîë-ýòèëàöåòàò, 2 : 1). ÈÊ ñïåêòð, ν, ñì−1:

3181 (ÎÍ), 2205 (CN), 1690 (C2=O), 1661 (C4-C=O).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.26 ñ (3H, CH3), 2.37

ñ (6H, 2CH3), 3.72 ñ (3H, ÎCH3), 6.80�7.82 ãð.ñ (12Í, 3C6H4), 12.35 ø.ñ

(1Í, OÍ). Íàéäåíî, %: C 73.87; H 5.03; N 8.30. Ñ31H25N3Î4. Âû÷èñëåíî,

%: C 73.94; H 5.00; N 8.34.
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Íèòðèë 1-ôåíèë-6-(2,5-äèìåòèëôåíèë)-4-(2,5-

äèìåòèëáåíçîèë)-3-ãèäðîêñè-8-ìåòèë-2-îêñî-

1,7-äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-9-êàðáîíîâîé

êèñëîòû (38e): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.14 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVr è 94 ìã (1.14 ììîëü) 3-àìèíîáóò-2-åííèòðèëà

P19. Âûõîä 74%, ò.ïë. 201�202°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3158 (ÎÍ), 2211 (CN), 1700 (C2=O), 1669 (C4-C=O). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 2.02 ñ (3H, CH3), 2.24 ñ (3H, CH3), 2.25 ñ (3H, CH3),

2.27 ñ (3H, CH3), 2.34 ñ (3H, CH3), 6.87�7.44 ãð.ñ (11Í, 2Ñ6Í3 + C6H5),

12.45 ø.ñ (1Í, OÍ). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 16.93 (Me),
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20.49 (Me), 21.08 (Me), 21.18 (Me), 81.16 (C5), 103.20 (C9), 113.54 (CN),

114.07 (C4), 125.68�143.75, 152.97 (C8), 165.01 (C2), 168.80 (C6), 177.73

(C3), 186.99 (C4CO). Íàéäåíî, %: C 76.57; H 5.45; N 8.44. Ñ32H27N3Î3.

Âû÷èñëåíî, %: C 76.63; H 5.43; N 8.38.
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Íèòðèë 1-(4-ìåòèëôåíèë)-6-(2,5-äèìåòèëôåíèë)-4-

(2,5-äèìåòèëáåíçîèë)-3-ãèäðîêñè-8-ìåòèë-2-îêñî-

1,7-äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-9-êàðáîíîâîé

êèñëîòû (38f): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.11 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVs è 91 ìã (1.11 ììîëü) 3-àìèíîáóò-2-åííèòðèëà

P19. Âûõîä 70%, ò.ïë. 187�188°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3168 (ÎÍ), 2211 (CN), 1703 (C2=O), 1665 (C4-C=O).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.01 ñ (3H, CH3), 2.23 ñ (3H, CH3),

2.24 ñ (3H, CH3), 2.29 ñ (6H, 2CH3), 2.33 ñ (3H, CH3), 6.81�7.38 ãð.ñ (10Í,

2C6H3 + C6H4), 12.28 ø.ñ (1Í, OÍ). Íàéäåíî, %: C 76.82; H 5.63; N 8.17.

Ñ33H29N3Î3. Âû÷èñëåíî, %: C 76.87; H 5.67; N 8.15.

Ñèíòåç ýòèë 1,6-äèàðèë-4-àðîèë-3-ãèäðîêñè-2-îêñî-6-ôåíèë-1,7-

äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-9-êàðáîêñèëàòîâ (39). Îáùàÿ ìåòî-

äèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà IV â 15 ìë áåçâîäíîãî áåíçîëà

äîáàâëÿëè 3-àìèíî-1-ôåíèë-áóò-2-åí-1-îíîì 74a èëè 4-àìèíîïåíò-3-åí-

2-îíîì 74b. Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå 2�3 ÷, îòãîíÿëè 10 ìë

áåíçîëà, äîáàâëÿëè 10 ìë ïåòðîëåéíîãî ýôèðà (ò.êèï 40�70°Ñ), îõëàæäà-
ëè, îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè

èç ýòèëàöåòàòà.
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4,9-äèáåíçîèë-1,6-äèôåíèë-3-ãèäðîêñè-8-ìåòèë-1,7-

äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-2-îí (39a): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 381 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà IVa è 161 ìã (1.0 ììîëü) 3-àìèíî-1-

ôåíèë-áóò-2-åí-1-îíà 74a. ×èñòèëè ïåðåêðèñòàëëèçàöèåé

èç áåíçîëà. Âûõîä 84%, ò.ïë. 189�190°Ñ. ÈÊ ñïåêòð,

ν, ñì−1: 3261, 1716, 1689, 1662, 1632. Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.83 ñ (3H, Me), 6.96�7.94 ãð.ñ (20Í, 4C6H5),

12.65 óø.ñ (1Í, OÍ). Íàéäåíî, %: C 77.92; H 4.65; N 5.30. Ñ34H24N2Î4.

Âû÷èñëåíî, %: C 77.85; H 4.61; N 5.34.
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4,9-äèáåíçîèë-1-(4-ìåòèëôåíèë)-6-ôåíèë-3-ãèäðîêñè-

8-ìåòèë-1,7-äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-2-îí (39b):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 395 ìã

(1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IVb è 161 ìã (1.0

ììîëü) 3-àìèíî-1-ôåíèë-áóò-2-åí-1-îíà 74a. Âûõîä 88%,

ò.ïë. 218�219°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3252, 1717, 1690,

1607. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.83 ñ (3H,

Me), 2.25 ñ (3Í, Ìå), 6.81�7.93 ãð.ñ (19Í, 3C6H5 + C6H4),

12.44 óø.ñ (1Í, OÍ). Íàéäåíî, %: C 78.09; H 4.81; N 5.22. Ñ35H26N2Î4.

Âû÷èñëåíî, %: C 78.05; H 4.87; N 5.20.
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4,9-äèáåíçîèë-1-(4-ìåòîêñèôåíèë)-6-ôåíèë-3-

ãèäðîêñè-8-ìåòèë-1,7-äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-

2-îí (39c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ

èç 411 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IVc è 161

ìã (1.0 ììîëü) 3-àìèíî-1-ôåíèë-áóò-2-åí-1-îíà 74a.

×èñòèë ïåðåêðèñòàëëèçàöèåé èç áåíçîëà. Âûõîä 87%,

ò.ïë. 207�208°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3261, 1714, 1694,

1614. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.83 ñ (3H,

Me), 3.71 ñ (3Í, OÌå), 6.85�7.96 ãð.ñ (19Í, 3C6H5 + C6H4), 12.63 óø.ñ

(1Í, OÍ). Íàéäåíî, %: C 75.79; H 4.78; N 5.01. Ñ35H26N2Î5. Âû÷èñëåíî,

%: C 75.80; H 4.73; N 5.05.
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9-áåíçîèë-4-(4-ìåòèëáåíçîèë)-6-(4-ìåòèëôåíèë)-1-

ôåíèë-3-ãèäðîêñè-8-ìåòèë-1,7-äèàçàñïèðî[4.4]íîí-

3,6,8-òðèåí-2-îí (39d): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 409 ìã (1.0 ììîëü) 1H-ïèððîë-

2,3-äèîíà IVe è 161 ìã (1.0 ììîëü) 3-àìèíî-1-ôåíèë-

áóò-2-åí-1-îíà 74a. Âûõîä 82%, ò.ïë. 197�198°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3176, 1695, 1667, 1634. Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.80 ñ (3H, Me), 2.34 c (3H, Me),

2.37 c (3H,Me), 6.97�7.87 ãð.ñ (18Í, 2C6H5 + 2C6H4), 12.46 óø.ñ (1Í, OÍ).

Íàéäåíî, %: C 78.30; H 5.10; N 5.01. Ñ36H28N2Î4. Âû÷èñëåíî, %: C 78.24;

H 5.11; N 5.07.
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9-áåíçîèë-4-(4-ìåòèëáåíçîèë)-1,6-äè(4-ìåòèëôåíèë)-

3-ãèäðîêñè-8-ìåòèë-1,7-äèàçàñïèðî[4.4]íîí-3,6,8-

òðèåí-2-îí (39e): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 423 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IVf

è 161 ìã (1.0 ììîëü) 3-àìèíî-1-ôåíèë-áóò-2-åí-1-îíà

74a. Âûõîä 86%, ò.ïë. 233�234°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3250, 1717, 1692, 1607. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 1.80 ñ (3H, Me), 2.25 c (3H, Me), 2.33 c (3H, Me),

2.37 c (3H,Me), 6.81�7.86 ãð.ñ (17Í, C6H5 + 3C6H4), 12.44 óø.ñ (1Í, OÍ).

Íàéäåíî, %: C 78.41; H 5.30; N 5.00. Ñ37H30N2Î4. Âû÷èñëåíî, %: C 78.43;

H 5.34; N 4.94.
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9-áåíçîèë-4-(4-ìåòèëáåíçîèë)-6-(4-ìåòèëôåíèë)-

1-(4-ìåòîêñèôåíèë)-3-ãèäðîêñè-8-ìåòèë-1,7-

äèàçàñïèðî[4.4]íîí-3,6,8-òðèåí-2-îí (39f): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 439 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà IVg è 161 ìã (1.0 ììîëü)

3-àìèíî-1-ôåíèë-áóò-2-åí-1-îíà 74a. ×èñòèëè ïåðåêðè-

ñòàëëèçàöèåé èç ñìåñè ýòèëàöåòàòà ñ àöåòîíîì, âçÿòûõ

â ñîîòíîøåíèè 1 : 1. Âûõîä 89%, ò.ïë. 208�209°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3268, 1713, 1696, 1611. Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.80 ñ (3H, Me), 2.33 c (3H, Me), 2.38 c (3H,Me),

3.70 c (3H, OMe), 6.86�7.86 ãð.ñ (17Í, C6H5 + 3C6H4), 12.45 óø.ñ (1Í,

OÍ). Íàéäåíî, %: C 76.28; H 5.11; N 4.75. Ñ37H30N2Î5. Âû÷èñëåíî, %: C

76.27; H 5.19; N 4.81.
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9-Àöåòèë-4-áåíçîèë-6-ôåíèë-1-(4-ìåòèëôåíèë)-

3-ãèäðîêñè-8-ìåòèë-1,7-äèàçàñïèðî[4.4]íîí-3,6,8-

òðèåí-2-îí (39g): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 395 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IVb

è 99 ìã (1.0 ììîëü) 4-àìèíîïåíò-3-åí-2-îíà 74b.. Âûõîä

89%, ò.ïë. 223�224°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3160, 1694,

1676, 1647. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.23 c

(3H, Me), 2.27 c (3H,Me), 2.47 ñ (3Í, Ìå), 6.66�7.88 ãð.ñ

(14Í, 2C6H5 + C6H4), 12.37 óø.ñ (1Í, OÍ). Íàéäåíî, %: C 75.56; H 5.12;

N 5.83. Ñ30H24N2Î4. Âû÷èñëåíî, %: C 75.61; H 5.08; N 5.88.
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9-Àöåòèë-4-áåíçîèë-6-ôåíèë-1-(4-ìåòîêñèôåíèë)-

3-ãèäðîêñè-8-ìåòèë-1,7-äèàçàñïèðî[4.4]íîí-3,6,8-

òðèåí-2-îí (39h): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 411 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVc è 99 ìã (1.0 ììîëü) 4-àìèíîïåíò-3-åí-2-îíà 74b..

Âûõîä 93%, ò.ïë. 220�221°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3229,

1730, 1703, 1613. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.29 c (3H, Me), 2.47 ñ (3Í, Ìå), 3.69 c (3H, OMe), 6.69�7.91 ãð.ñ (14Í,

2C6H5 + C6H4), 12.43 óø.ñ (1Í, OÍ). Íàéäåíî, %: C 73.17; H 4.86; N 5.66.

Ñ30H24N2Î5. Âû÷èñëåíî, %: C 73.16; H 4.91; N 5.69.
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9-Àöåòèë-4-(4-ìåòèëáåíçîèë)-1,6-äè(4-ìåòèëôåíèë)-

3-ãèäðîêñè-8-ìåòèë-1,7-äèàçàñïèðî[4.4]íîí-3,6,8-

òðèåí-2-îí (39i): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 423 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVf è 99 ìã (1.0 ììîëü) 4-àìèíîïåíò-3-åí-2-îíà 74b..

Âûõîä 85%, ò.ïë. 225�226°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3230,

1709, 1615. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.22 c

(3H, Me), 2.25 c (3H, Me), 2.35 ñ (6Í, 2Ìå), 2.45 c (3H,

Me), 6.69�7.80 ãð.ñ (12Í, 3C6H4), 12.22 óø.ñ (1Í, OÍ).

Íàéäåíî, %: C 76.11; H 5.52; N 5.56. Ñ32H28N2Î4. Âû÷èñëåíî, %: C 76.17;

H 5.59; N 5.55.
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11-áåíçîèë-2-(4-ìåòîêñèôåíèë)-10-ìåòèë-6,8-äèôå-

íèë-7-îêñà-2,9-äèàçàòðèöèêëî[6.3.0.01,5]óíäåê-5,10-

äèåí-3,4-äèîí (40): Ïîëó÷àëè ïåðåêðèñòàëëèçàöèåé èç

ýòèëàöåòàòà ñîåäèíåíèÿ 39c. Âûõîä 93%, ò.ïë. 188�189°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3279, 1732, 1703, 1620.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ

40 ïðîâåäåíî íà àâòîìàòè÷åñêîì ðåíòãåíîâñêîì äè-

ôðàêòîìåòðå ¾Xcalibur S¿ ïî ñòàíäàðòíîé ïðîöåäóðå

(λMoKα= 0.71073 �A, Ò= 295(2) Ê, ω-ñêàíèðîâàíèå ñ øàãîì 1°è ðàñ-

ñòîÿíèåì êðèñòàëë-äåòåêòîð 50 ìì). Ñîáðàíî 10945 îòðàæåíèé, èç íèõ

7395 íåçàâèñèìûõ (Rint= 0.0286), 3112 ñ I> 2σ(I), êîìïëåêòíîñòü äëÿ θ =

26.00°96.2%. Ïîïðàâêà íà ïîãëîùåíèå íå ââîäèëàñü. Êðèñòàëë òðèêëèí-

íûé, ïðîñòðàíñòâåííàÿ ãðóïïà Ð-1, a= 8.4130(10) �A, b= 10.7409(17) �A, c=
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18.373(3) �A, α= 93.751(12)°, β= 90.266(10)°, γ= 106.253(12)°. Ïàðàìåòðû
îêîí÷àòåëüíîãî óòî÷íåíèÿ: R1 = 0.0411, wR2 = 0.0631 äëÿ îòðàæåíèé ñ

I>2σ(I) ïðè ôàêòîðå äîáðîòíîñòè S = 1.015. Ìàêñèìóì è ìèíèìóì îñòà-

òî÷íî ýëåêòðîííîé ïëîòíîñòè 0.250 è -0.190 	e �A−3.

Ñèíòåç 4-ìåòèë 9-ýòèë 1-àðèë-7-áåíçèë-3-ãèäðîêñè-2,6-äèîêñî-1,7-

äèàçàñïèðî[4.4]íîí-3,8-äèåí-4,9-äèêàðáîêèñèëàòîâ (41). Îáùàÿ ìåòî-

äèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà III â 20 ìë àáñîëüòíîãî òî-

ëóîëà äîáàâëÿëè ýòèë 3-(áåíçèëàìèíî)-áóò-2-åíîàò (P18d) èëè ýòèë 3-

(áåíçèëàìèíî)-3-ôåíèëïðîï-2-åíîàò (P18e). Ðåàêöèîííóþ ìàññó êèïÿòè-

ëè â òå÷åíèå 5�6 ÷, îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâ-

øèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç òîëóîëà.
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4-Ìåòèë 9-ýòèë 7-áåíçèë-3-ãèäðîêñè-8-ìåòèë-1-

ôåíèë-2,6-äèîêñî-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-

4,9-äèêàðáîêèñèëàò (41a): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.63 ììîëü) 1H-ïèððîë-2,3-

äèîíà IIIb è 357 ìã (1.63 ììîëü) ýòèë 3-(áåíçèëàìèíî)-

áóò-2-åíîàòà P18d. Âûõîä 73%, ò.ïë. 161�162°Ñ. ÈÊ

ñïåêòð, ν, ñì−1: 3310 (ÎÍ), 1736 (C6=O), 1723 (C2=O),

1690 (COOEt), 1649 (COOMe). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.12

ò (3Í, CH3CH2, J = 7.0 Ãö), 2.26 c (3H,Me), 3.65 c (3H, COOMe), 4.06 ê

(2Í, OCH2, J = 7.0 Ãö), 4.74 ä (1H, CH2Ph, J = 16.4 Ãö), 4.87 ä (1H, CH2Ph,

J = 16.4 Ãö), 6.90�7.41 ãð.ñ (10Í, 2C6H5), 12.40 (1H, OH). Íàéäåíî, %: C

65.48; H 5.06; N 5.89. Ñ26H24N2Î7. Âû÷èñëåíî, %: C 65.54; H 5.08; N 5.88.
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4-Ìåòèë 9-ýòèë 7-áåíçèë-3-ãèäðîêñè-8-ìåòèë-1-(4-

ìåòèëôåíèë)-2,6-äèîêñî-1,7-äèàçàñïèðî[4.4]íîí-3,8-

äèåí-4,9-äèêàðáîêñèëàò (41b): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-

ïèððîë-2,3-äèîíà IIIc è 342 ìã (1.56 ììîëü) ýòèë

3-(áåíçèëàìèíî)-áóò-2-åíîàòà P18d. Âûõîä 78%, ò.ïë.

158�160°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3170 (ÎÍ), 1740 ( C6=O),

1705 (C2=O), 1690 (COOEt), 1630 (COOMe). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.12 ò (3H, CH3CH2, J = 7.0 Ãö), 2.25 c (3H,

Me), 2.34 ñ (3H, Me), 3.65 c (3H, COOMe), 4.05 ê (2H, OCH2, J = 7.0 Ãö),

4.73 ä (1H, CH2Ph, J = 16.4 Ãö), 4.86 ä (1H, CH2Ph, J = 16.4 Ãö), 6.84�7.27
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ãð.ñ (9H, C6H5 + C6H4), 12.35 óø.ñ (1H, OH). Íàéäåíî, %: C 66.05; H 5.35;

N 5.69. Ñ27H26N2Î7. Âû÷èñëåíî, %: C 66.11; H 5.34; N 5.71.
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4-Ìåòèë 9-ýòèë 7-áåíçèë-3-ãèäðîêñè-8-ìåòèë-1-(4-

ìåòîêñèôåíèë)-2,6-äèîêñî-1,7-äèàçàñïèðî[4.4]íîí-

3,8-äèåí-4,9-äèêàðáîêñèëàò (41c): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.48 ììîëü) 1H-

ïèððîë-2,3-äèîíà IIId è 325 ìã (1.48 ììîëü) ýòèë

3-(áåíçèëàìèíî)-áóò-2-åíîàòà P18d. Âûõîä 77%, ò.ïë.

174�175°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3174 (ÎÍ), 1738 (C6=O),

1721 (C2=O), 1698 (COOEt), 1640 (COOMe). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.13 ò (3H, CH3CH2, J = 7.0 Ãö), 2.26 c (3H,

Me), 3.65 c (3H, COOMe), 3.78 c (3H, OMe), 4.07 ê (2H, OCH2, J = 7.0 Ãö),

4.70 ä (1H, CH2Ph, J = 16.4 Ãö), 4.87 ä (1H, CH2Ph, J = 16.4 Ãö), 6.85�7.27

ãð.ñ (9H, C6H5 + C6H4), 12.32 óø.ñ (1H). Íàéäåíî, %: C 63.98; H 5.14; N

5.50. Ñ27H26N2Î8. Âû÷èñëåíî, %: C 64.03; H 5.17; N 5.53.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 41c. Ïàðàìåòðû ÿ÷åéêè

è íàáîð ýêñïåðèìåíòàëüíûõ îòðàæåíèé äëÿ âåùåñòâà áðóòòî-ôîðìóëû

C27H26N2O8 èçìåðåíû â àâòîìàòè÷åñêîì 4-êðóæíîì äèôðàêòîìåòðå ñ

CCD-äåòåêòîðîì ¾Xcalibur 3¿ (OXFORD DIFFRACTION) ìåòîäîì ω/2θ-

ñêàíèðîâàíèÿ íà ìîíîõðîìàòèçèðîâàííîì ÌîKα-èçëó÷åíèè â èíòåðâà-

ëå óãëîâ 2.79 < θ < 26.37°. Êðèñòàëëû òðèêëèííûå: a 8.8556(13), b

11.4626(12), c 13.0462(11) �A, α 94.294(8), β 93.286(8), γ 109.262(7)°, V
1241.9(2) �A3, 506.50, dcalc 1.354 ã/ñì3, Z 2, ïðîñòðàíñòâåííàÿ ãðóïïà P-1.

Âñåãî èçìåðåíî 7707 îòðàæåíèé, èç íèõ 5033 íåçàâèñèìûõ (Rint 0.0235),

2195 ñ I>2σ(I). Çàâåðø¼ííîñòü ýêñïåðèìåíòà äëÿ óãëà θ 26.37° 99.3%. Ïî-

ïðàâêè íà ïîãëîùåíèå íå ââîäèëè (µ 0.101 ìì−1). Ñòðóêòóðà îïðåäåëåíà

ïðÿìûì ñòàòèñòè÷åñêèì ìåòîäîì è óòî÷íåíà ïîëíîìàòðè÷íûì ÌÍÊ ïî

F 2 â àíèçîòðîïíîì ïðèáëèæåíèè äëÿ âñåõ íåâîäîðîäíûõ àòîìîâ. Àòîìû

âîäîðîäà ÎH-ãðóïïû ðåøåíû ïðÿìûì ìåòîäîì è óòî÷íåíû íåçàâèñèìî,

îñòàëüíûå àòîìû âîäîðîäà ïîìåùåíû â ãåîìåòðè÷åñêè ðàññ÷èòàííûå ïî-

ëîæåíèÿ. Âñå ðàñ÷åòû ïðîâåäåíû ïî êîìïëåêñó ïðîãðàìì SHELX 97 [201].

Îêîí÷àòåëüíûå ðåçóëüòàòû óòî÷íåíèÿ: R1 0.0396, wR2 0.0866 äëÿ îòðà-

æåíèé ñ I>2σ(I), R1 0.1018, wR2 0.0925 (äëÿ âñåõ îòðàæåíèé), S 1.001.

Ìàêñèìàëüíûé è ìèíèìàëüíûé ïèêè îñòàòî÷íîé ýëåêòðîííîé ïëîòíîñòè
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0.157 è -0.157 ē �A−3.

Ðåçóëüòàòû ñòðóêòóðíûõ èññëåäîâàíèé äåïîíèðîâàíû â Êåìáðèäæ-

ñêîé áàçå ñòðóêòóðíûõ äàííûõ ïîä íîìåðîì ÑÑDC � 901 415. Ýòè äàí-

íûå íàõîäÿòñÿ â ñâîáîäíîì äîñòóïå è ìîãóò áûòü çàïðîøåíû ïî àäðåñó

http://www.ccdc.cam.ac.uk/data_request/cif.
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4-Ìåòèë 9-ýòèë 7-áåíçèë-3-ãèäðîêñè-8-ìåòèë-1-(4-

õëîðôåíèë)-2,6-äèîêñî-1,7-äèàçàñïèðî[4.4]íîí-3,8-

äèåí-4,9-äèêàðáîêñèëàò (41d): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.46 ììîëü) 1H-

ïèððîë-2,3-äèîíà IIIe è 320 ìã (1.46 ììîëü) ýòèë

3-(áåíçèëàìèíî)-áóò-2-åíîàòà P18d. Âûõîä 69%, ò.ïë.

174�176°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3180 (ÎÍ), 1732 (C6=O),

1713 (C2=O), 1676 (COOEt), 1653 (COOMe). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.12 ò (3H, CH3CH2, J = 7.0 Ãö), 2.30 ñ (3H,

Me), 3.65 c (3H, COOMe), 4.06 ê (2H, OCH2, J = 7.0 Ãö), 4.76 ä (1H,

CH2Ph, J = 16.1 Ãö), 4.86 ä (1H, CH2Ph, J = 16.1 Ãö), 6.92�7.47 ãð.ñ (9H,

C6H5 + C6H4), 12.48 óø.ñ (1H, OH). Íàéäåíî, %: C 61.16; H 4.51; Cl 6.90;

N 5.43. Ñ26H23ClN2Î7. Âû÷èñëåíî, %: C 61.12; H 4.54; Cl 6.94; N 5.48.
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4-Ìåòèë 9-ýòèë 7-áåíçèë-3-ãèäðîêñè-1,8-äèôåíèë-

2,6-äèîêñî-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-4,9-

äèêàðáîêñèëàò (41e): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.63 ììîëü) 1H-

ïèððîë-2,3-äèîíà IIIb è 459 ìã (1.63 ììîëü) ýòèë

3-(áåíçèëàìèíî)-3-ôåíèëïðîï-2-åíîàòà P18e. Âûõîä

71%, ò.ïë. 198�199°Ñ. ÈÊ ñïåêòð, ν, ñì−1: : 3167

(ÎÍ), 1732 (C6=O), 1709 (C2=O), 1682 (COOEt), 1628 (COOMe). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.83 ò (3H, CH3CH2, J = 7.2 Ãö), 3.71 c (3H,

COOMe), 3.82 ì (2H, OCH2), 4.31 ä (1H, CH2Ph, J = 16.0 Ãö), 4.62 ä (1H,

CH2Ph, J = 16.0 Ãö), 6.48�7.83 ãð.ñ (15H, 3C6H5), 12.57 óø.ñ (1H, OH).

Íàéäåíî, %: C 69.10; H 4.90; N 5.17. Ñ31H26N2Î7. Âû÷èñëåíî, %: C 69.14;

H 4.87; N 5.20.
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4-Ìåòèë 9-ýòèë 7-áåíçèë-3-ãèäðîêñè-1-(4-ìåòèëôå-

íèë)-8-ôåíèë-2,6-äèîêñî-1,7-äèàçàñïèðî[4.4]íîí-

3,8-äèåí-4,9-äèêàðáîêñèëàò (41f): ïîëó÷àëè ñîãëàñ-

íî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIc è 439 ìã (1.56 ììîëü) ýòèë

3-(áåíçèëàìèíî)-3-ôåíèëïðîï-2-åíîàòà P18e. Âûõîä

67%, ò.ïë. 225�227°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3335 (ÎÍ),

1740 (C6=O), 1713 (C2=O), 1680 (COOEt), 1651 (COOMe). Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.83 ò (3H, CH3CH2, J = 7.0 Ãö), 2.39 ñ (3H, Me),

3.71 c (3H, COOMe), 3.83 ì (2H, OCH2), 4.28 ä (1H, CH2Ph, J = 16.0 Ãö),

4.63 ä (1H, CH2Ph, J = 16.0 Ãö), 6.45�7.42 ãð.ñ (14H, 2C6H5 + C6H4), 12.52

óø.ñ (1H, OH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 13.46 (CH2CH3),

20.76 (Me), 43.97 (CH2Ph), 51.48 (COOCH3), 59.20 (OCH2), 70.10 (C5),

104.89 (C9), 107.84 (C4), 125.27�138.27, 155.73 (C8), 158.69 (COOEt),

160.86 (COOMe), 161.85 (C2), 165.17 (C6), 173.66 (C3). Íàéäåíî, %: C

69.63; H 5.06; N 5.05. Ñ321H28N2Î7. Âû÷èñëåíî, %: C 69.56; H 5.11; N

5.07.

Ñèíòåç ìåòèë 1-àðèë-9-áåíçîèë-3-ãèäðîêñè-8-ìåòèë-2,6-äèîêñî-

1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-4-êàðáîêñèëàòîâ (42). Ìåòîä À. Ê

ðàñòâîðó 1H-ïèððîë-2,3-äèîíà III â 20 ìë áåçâîäíîãî òîëóîëà äîáàâëÿëè

3-àìèíî-1-ôåíèëáóò-2-åí-1-îí P20c. Ðåàêöèîííóþ ìàññó êèïÿòèëè â

òå÷åíèå 5-5.5 ÷ è îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâøèéñÿ

îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç ýòèëàöåòàòà.

Ìåòîä Á. Ðàñòâîð 2,6-äèàçàáèöèêëî[3.2.1]îêò-3-åíà 45b â 20 ìë àá-

ñîëþòíîãî òîëóîëà êèïÿòèëè â òå÷åíèå 5 ÷, îõëàæäàëè äî êîìíàòíîé

òåìïåðàòóðû è îòôèëüòðîâûâàëè îáðàçîâàâøèéñÿ îñàäîê. Ïðîäóêò

÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç ýòèëàöåòàòà.
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Ìåòèë 9-áåíçîèë-3-ãèäðîêñè-8-ìåòèë-1-(4-

ìåòèëôåíèë)-2,6-äèîêñî-1,7-äèàçàñïèðî[4.4]íîí-

3,8-äèåí-4-êàðáîêñèëàò (42a): ïîëó÷àëè ïî ìåòîäó À,

èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIc

è 252 ìã (1.56 ììîëü) 3-àìèíî-1-ôåíèëáóò-2-åí-1-îíà

P20d, è ïî ìåòîäó Á, èñõîäÿ èç 300 ìã (0.65 ììîëü)

2,6-äèàçàáèöèêëî[3.2.1]îêò-3-åíà 45b.
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Âûõîä 35% (ìåòîä À), âûõîä 46% (ìåòîä Á), ò.ïë 238�239°C. ÈÊ ñïåêòð,

ν, ñì−1: 3273, 3141, 1759, 1742, 1728, 1686. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 1.59 ñ (3H, Me), 2.32 c (3H, Me), 3.69 c (3H, COOMe), 6.96�7.51

ãð.ñ (9H, C6H5 + C6H4), 11.00 ñ (1H, NH), 12.18 óø.ñ (1H, OH). Ñïåêòð

ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 13.99 (C8-Me, 20.56 (Me), 51.28 (OMe),

71.62 (C5), 108.69 (C4), 111.60 (C8), 125.92�154.65, 157.33 (C6), 162.01

(COOMe), 165.13 (C2), 174.90 (C3), 189.34 (C9-CO). Íàéäåíî, %: C 66.71;

H 4.69; N 6.45. Ñ24H20N2Î6. Âû÷èñëåíî, %: C 66.66; H 4.66; N 6.48.
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Ìåòèë 9-áåíçîèë-1-(4-áðîìôåíèë)-3-ãèäðîêñè-8-

ìåòèë-2,6-äèîêñî-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-4-

êàðáîêñèëàò (42b): Ïîëó÷àëè ïî ìåòîäó À, èñõîäÿ

èç 500 ìã (1.29 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIf è

208 ìã (1.29 ììîëü) 3-àìèíî-1-ôåíèëáóò-2-åí-1-îíà

P20d, è ïî ìåòîäó Á, èñõîäÿ èç 300 ìã (0.57 ììîëü)

2,6-äèàçàáèöèêëî[3.2.1]îêò-3-åíà 45f. Âûõîä 31%, ò.ïë

232�233°C. ÈÊ ñïåêòð, ν, ñì−1: 3287, 3148, 1748, 1739, 1725, 1681.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.64 ñ (3H, Me), 3.70 c (3H, COOMe),

7.05�7.65 ãð.ñ (9H, C6H5 + C6H4), 11.09 ñ (1H, NH), 12.30 óø.ñ (1H, OH).

Íàéäåíî, %: C 55.49; H 3.41; N 5.60. Ñ23H17N2Î6. Âû÷èñëåíî, %: C 55.55;

H 3.45; N 6.63.

Ñèíòåç ýòèë 1-àðèë-3-ãèäðîêñè-2,6-äèîêñî-4-[(2E)-3-ôåíèëïðîï-2-

åíîèë]-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-9-êàðáîêñèëàòîâ (43). Îáùàÿ

ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà V â 15 ìë áåçâîäíîãî

òîëóîëà äîáàâëÿëè ðàñòâîð åíàìèíîýôèðà P18 â 5 ìë áåçâîäíîãî òîëóîëà.

Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå 2�3 ÷àñîâ, çàòåì îõëàæäàëè äî

êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è

ïåðåêðèñòàëëèçîâûâàëè èç òîëóîëà.
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Ýòèë 7-áåíçèë-3-ãèäðîêñè-8-ìåòèë-2,6-äèîêñî-1-

ôåíèë-4-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1,7-äèàçàñïè-

ðî[4.4]íîí-3,8-äèåí-9-êàðáîêñèëàò (43a): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.38

ììîëü) 1H-ïèððîë-2,3-äèîíà Va è 303 ìã (1.38

ììîëü) ýòèë 3-(áåíçèëàìèíî)áóò-2-åíîàòà P18f. Âû-

õîä 70%, ò.ïë. 197�198°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3428
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(OH), 1726 (C6=O), 1696 (C2=O), 1673 (C9-C=O),

1638 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.13 ò (3Í, CH3CH2,

J = 7.0 Ãö), 2.25 ñ (3Í, Ìå), 4.04 ì (2Í, OCH2), 4.76 ä (1Í, CH2Ph, J = 16.4

Ãö), 4.91 ä (1Í, CH2Ph, J = 16.4 Ãö), 6.94�7.69 ãð.ñ (15H, 3C6H5), 7.62 ä

(1H, COCH=CHPh, J = 16.0 Ãö), 7.73 ä (1H, COCH=CHPh, J = 16.0 Ãö),

13.36 ø.ñ (1Í, OH). Íàéäåíî, %: C 72.19; H 5.12; N 5.10. C33H28N2O6.

Âû÷èñëåíî, %: C 72.25; H 5.14; N 5,11.
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Ýòèë 7-áåíçèë-3-ãèäðîêñè-8-ìåòèë-1-(4-

ìåòèëôåíèë)-2,6-äèîêñî-4-[(2E)-3-ôåíèëïðîï-

2-åíîèë]-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-9-

êàðáîêñèëàò (43b): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33 ììîëü) 1H-

ïèððîë-2,3-äèîíà Vj è 292 ìã (1.33 ììîëü) ýòèë

3-(áåíçèëàìèíî)áóò-2-åíîàòà P18f. Âûõîä 71%, ò.ïë.

236�238°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3170 (OH), 1725

(C6=O), 1696 (C2=O) 1675 (C9-C=O), 1647 (C4-C=O).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.12 ò (3H, CH3CH2, J = 7,0 Ãö), 2.24

c (3H, Me), 2.35 c (3H, C8Me), 4.04 ì (2H, OCH2) 4.75 ä (1Í, CH2Ph,

J = 16.8 Ãö), 4.90 ä (1Í, CH2Ph, J = 16.8 Ãö), 6.87�7.68 ãð.ñ (14H, 2C6H5 +

C6H4), 7.60 ä (1H, COCH=CHPh, J = 16.1 Ãö), 7.77 ä (1H, COCH=CHPh,

J = 16.1 Ãö), 13.33 óø.ñ (1Í, OH). Íàéäåíî, %: C 72.53; H 5.34; N 4.99.

C34H30N2O6. Âû÷èñëåíî, %: C 72.58; H 5.37; N 4.98.
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Ýòèë 7-áåíçèë-3-ãèäðîêñè-8-ìåòèë-1-(4-

ìåòîêñèôåíèë)-2,6-äèîêñî-4-[(2E)-3-ôåíèëïðîï-

2-åíîèë]-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-9-

êàðáîêñèëàò (43c): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28 ììîëü) 1H-

ïèððîë-2,3-äèîíà Vk è 281 ìã (1.28 ììîëü) ýòèë

3-(áåíçèëàìèíî)áóò-2-åíîàòà P18f. Âûõîä 69%, ò.ïë.

235�236°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3458 (OH), 1721

(C6=O), 1696 (C2=O), 1671 (C9-C=O), 1644 (C4-C=O).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.13 ò (3Í, CH3CH2, J = 7.0 Ãö), 2.45

ñ (3Í, Ìå), 3.80 ñ (3Í, OÌå), 4.06 ì (2Í, ÎCH2), 4.73 ä (1Í, CH2Ph,

J = 16.5 Ãö), 4.90 ä (1Í, CH2Ph, J = 16.5 Ãö), 6.89�7.68 ãð.ñ (14H, 2C6H5 +
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C6H4), 7.60 ä (1H, COCH=CHPh, J = 16.2 Ãö), 7.72 ä (1H, COCH=CHPh,

J = 16.2 Ãö), 13.32 óø.ñ (1Í, OH). Íàéäåíî, %: C 70.54; H 5.26; N 4.81.

C34H30N2O7. Âû÷èñëåíî, %: C 70.58; H 5.23; N 4.84.
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Ýòèë 3-ãèäðîêñè-8-ìåòèë-1-(4-ìåòîêñèôåíèë)-2,6-

äèîêñî-7-ôåíèë-4-[(2E)-3-ôåíèëïðîï-2-åíîèë]-

1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-9-êàðáîêñèëàò

(43d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.28 ììîëü) 1H-ïèððîë-2,3-äèîíà Vk è 342

ìã (1.28 ììîëü) ýòèë 3-(ôåíèëàìèíî)áóò-2-åíîàòà

P18g. Âûõîä 73%, ò.ïë. 236�237°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3169(OH), 1727 (C6=O), 1703 (C2=O), 1674

(C9-C=O), 1645 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-

d6), δ, ì.ä.: 1.16 ò (3Í, CH3CH2, J = 7.0 Ãö), 2.11 c (3H, Me), 3.80 ñ (3Í,

OÌå), 4.07 ì (2Í, ÎCH2), 7.06�7.71 ãð.ñ (14H, 2C6H5 + C6H4), 7.67 ä

(1H, COCH=CHPh, J = 15.7 Ãö), 7.74 ä (1H, COCH=CHPh, J = 15.7 Ãö),

13.35 óø.ñ (1Í, OH). Íàéäåíî, %: C 70.16; H 5.03; N 4.93. C33H28N2O7.

Âû÷èñëåíî, %: C 70.20; H 5.00; N 4.96.
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Ýòèë 7-áåíçèë-3-ãèäðîêñè-1-(4-ìåòèëôåíèë)-2,6-

äèîêñî-8-ôåíèë-4-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1,7-

äèàçàñïèðî[4.4]íîí-3,8-äèåí-9-êàðáîêñèëàò (43e):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.33 ììîëü) 1H-ïèððîë-2,3-äèîíà Vj è 374 ìã (1.33

ììîëü) ýòèë 3-(áåíçèëàìèíî)-3-ôåíèëïðîï-2-åíîàòà

P18h. Âûõîä 68%, ò.ïë. 209�210°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3417 (OH), 1723 (C6=O), 1698 (C2=O), 1671

(C9-C=O), 1644 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-

d6), δ, ì.ä.: 0.83 ò (3Í, CH3CH2, J = 7.1 Ãö), 2.41 ñ (3Í, Ìå), 3.81 ì (2Í,

OCH2), 4.27 ä (1Í, CH2Ph, J = 15.9 Ãö), 4.69 ä (1Í, CH2Ph, J = 15.9 Ãö),

6.52�7.71 ãð.ñ (19H, 3C6H5 + C6H4), 7.70 ä (1H, COCH=CHPh, J = 15.5 Ãö),

7.78 ä (1H, COCH=CHPh, J = 15.5 Ãö), 13.24 ø.ñ (1Í, OH). Ñïåêòð ßÌÐ

13C (ÄÌÑÎ-d6), δ, ì.ä.: 13.37 (CH3CH2), 20.64 (Me), 43.85 (CH2Ph), 58.96

(OCH2), 70.21 (C5), 105.09 (C9), 117.88 (C4), 123.92�138.22 (Ñàðîì+C8),

142.14 (COCH=CHPh), 158.38 (C6), 160.91 (C9-COOEt), 165.71 (C2),

173.73 (C3), 183.03 (C4-CO). Íàéäåíî, %: C 74.93; H 5.17; N 4.46.
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C39H32N2O6. Âû÷èñëåíî, %: C 74.99; H 5.16; N 4.48.
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Ýòèë 7-áåíçèë-3-ãèäðîêñè-1-(4-ìåòîêñèôåíèë)-2,6-

äèîêñî-8-ôåíèë-4-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1,7-

äèàçàñïèðî[4.4]íîí-3,8-äèåí-9-êàðáîêñèëàò (43f):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.28 ììîëü) 1H-ïèððîë-2,3-äèîíà Vk è 360 ìã (1.28

ììîëü) ýòèë 3-(áåíçèëàìèíî)-3-ôåíèëïðîï-2-åíîàòà

P18h. Âûõîä 75%, ò.ïë. 199�200°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3431 (OH), 1723 (C6=O), 1690 (C2=O), 1677

(C9-C=O), 1649 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-

d6), δ, ì.ä.: 0.82 ò (3Í, CH3CH2, J = 7.0 Ãö), 3.82 ì (2Í, ÑH3CH2), 3.84 ñ

(3Í, OÌå), 4.25 ä (1Í, CH2Ph, J = 16.5 Ãö), 4.70 ä (1Í, CH2Ph, J = 16.5

Ãö), 6.49�7.71 ãð.ñ (19H, 3C6H5 + C6H4), 7.69 ä (1H, COCH=CHPh, J = 16.0

Ãö), 7.77 ä (1H, COCH=CHPh, J = 16.0 Ãö), 13.30 óø.ñ (1Í, OH). Íàéäåíî,

%: C 73.15; H 5.00; N 4.32. C39H32N2O7. Âû÷èñëåíî, %: C 73.11; H 5.03;

N 4.37.

Ñèíòåç 1-àðèë-3-ãèäðîêñè-4-öèííàìîèë-1,7-äèàçàñïèðî[4.4]íîí-3,8-

äèåí-2,6-äèîíîâ (44). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà

V â 15 ìë áåçâîäíîãî òîëóîëà äîáàâëÿëè åíàìèíîêåòîí P20. Ðåàêöè-

îííóþ ìàññó êèïÿòèëè â òå÷åíèå 3�5 ÷àñîâ, çàòåì îõëàæäàëè äî

êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è

ïåðåêðèñòàëëèçîâûâàëè ýòèëàöåòàòà.
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O

N

Me
OMe

N

9-Àöåòèë-7-áåíçèë-3-ãèäðîêñè-8-ìåòèë-1-ôåíèë-

4-öèííàìîèë-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-2,6-

äèîí (44a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà

Va è 261 ìã (1.38 ììîëü) 4-(áåíçèëàìèíî)ïåíò-3-åí-

2-îíà P20e. Âûõîä 81%, ò.ïë. 215�217°Ñ. ÈÊ ñïåêòð,

ν, ñì−1: 3179 (OH), 1754 (C6=O), 1721 (C2=O), 1678

(Ñ9-C=O), 1645 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-

d6), δ, ì.ä.: 2.13 c (3H, Me), 2.28 c (3H, Me), 4.77 ä (1H, J = 16.7 Ãö), 4.92

ä (1H, J = 16.7 Ãö), 6.88�7.69 ãð.ñ (15H, 3C6H5), 7.60 ä (1Í, COCH=CHPh,

J = 16.0 Ãö), 7.73 ä (1Í, COCH=CHPh, J = 16.0 Ãö), 13.08 óø.ñ (1H, OH).

Íàéäåíî, %: C 74.08; H 5.02; N 5.35. Ñ32H26N2Î5. Âû÷èñëåíî, %:C 74.12;
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H 5.05; N 5.40.
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N

9-Àöåòèë-3-ãèäðîêñè-8-ìåòèë-7-(4-ìåòèë-

ôåíèë)-1-ôåíèë-4-öèííàìîèë-1,7-äèàçà-

ñïèðî[4.4]íîí-3,8-äèåí-2,6-äèîí (44b): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.38

ììîëü) 1H-ïèððîë-2,3-äèîíà Va è 261 ìã (1.38

ììîëü) 4-[(4-ìåòèëôåíèë)àìèíî]ïåíò-3-åí-2-îíà

P20f. Âûõîä 77%, ò.ïë. 209�210°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3170 (OH), 1748 (C6=O), 1725 (C2=O), 1665

(Ñ9-C=O), 1645 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.12 c

(6H, 2Me), 2.38 c (3H, Me), 7.09�7.72 ãð.ñ (14H, 2C6H5 + C6H4), 7.66 ä

(1Í, COCH=CHPh, J = 16.2 Ãö), 7.74 ä (1Í, COCH=CHPh, J = 16.2 Ãö),

12.97 óø.ñ (1H, OH). Íàéäåíî, %: C 74.05; H 5.01; N 5.36. Ñ32H26N2Î5.

Âû÷èñëåíî, %: C 74.12; H 5.05; N 5.40.
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9-Àöåòèë-3-ãèäðîêñè-8-ìåòèë-1-(4-ìåòèëôåíèë)-

7-ôåíèë-4-öèííàìîèë-1,7-äèàçàñïèðî[4.4]íîí-

3,8-äèåí-2,6-äèîí (44c): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33 ììîëü) 1H-

ïèððîë-2,3-äèîíà Vj è 233 ìã (1.33 ììîëü)

4-(ôåíèëàìèíî)ïåíò-3-åí-2-îíà P20g. Âûõîä 76%,

ò.ïë. 229�230°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3153 (OH),

1748 (C6=O), 1717 (C2=O), 1673 (Ñ9-C=O), 1644

(C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.12

c (3H, Me), 2.13 c (3H, Me), 2.34 c (3H, Me), 7.00�7.71 ãð.ñ (14H, 2C6H5 +

C6H4), 7.66 ä (1Í, COCH=CHPh, J = 16.2 Ãö), 7.74 ä (1Í, COCH=CHPh,

J = 16.2 Ãö), 12.88 óø.ñ (1H, OH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.:

14.57, 20.71, 29.88, 70.47, 112.71, 118.88, 124.04�142.36, 155.61, 158.04,

165.79, 173.826, 182.46, 191.20. Íàéäåíî, %: C C 74.16; H 5.01; N 5.44.

Ñ32H26N2Î5. Âû÷èñëåíî, %: C 74.12; H 5.05; N 5.40.
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9-Àöåòèë-7-(4-áðîìôåíèë)-3-ãèäðîêñè-8-ìå-

òèë-1-(4-ìåòèëôåíèë)-4-öèííàìîèë-1,7-äèàçà-

ñïèðî[4.4]íîí-3,8-äèåí-2,6-äèîí (44d): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33

ììîëü) 1H-ïèððîë-2,3-äèîíà Vj è 338 ìã (1.33

ììîëü) 4-[(4-áðîìôåíèë)àìèíî]ïåíò-3-åí-2-îíà

P20h. Âûõîä 81%, ò.ïë. 222�223°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3310 (OH), 1753 (C6=O), 1713 (C2=O), 1672

(Ñ9-C=O), 1642 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.12 c

(3H, Me), 2.15 c (3H, Me), 2.33 c (3H, Me), 6.98�7.81 ãð.ñ (13H, C6H5 +

C6H4), 7.64 ä (1Í, COCH=CHPh, J = 15.7 Ãö), 7.72 ä (1Í, COCH=CHPh,

J = 15.7 Ãö), 12.88 óø.ñ (1H, OH). Íàéäåíî, %: C 64.25; H 4.20; N 4.65.

Ñ32H25BrN2Î5. Âû÷èñëåíî, %: C 64.33; H 4.22; N 4.69.
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9-Àöåòèë-7-áåíçèë-3-ãèäðîêñè-8-ìåòèë-1-(4-ìå-

òîêñèôåíèë)-4-öèííàìîèë-1,7-äèàçàñïèðî[4.4]íîí-

3,8-äèåí-2,6-äèîí (44e): ïîëó÷àëè ñîãëàñíî îá-

ùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28 ììîëü)

1H-ïèððîë-2,3-äèîíà Vk è 242 ìã (1.28 ììîëü)

4-(áåíçèëàìèíî)ïåíò-3-åí-2-îíà P20e. Âûõîä 74%,

ò.ïë. 216�217°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3304 (OH), 1748

(C6=O), 1707 (C2=O), 1669 (Ñ9-C=O), 1647 (C4-C=O).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.15 c (3H, Me),

2.28 c (3H, Me), 4.74 ä (1H, CH2Ph, J = 16.7 Ãö), 4.93 ä (1H, CH2Ph,

J = 16.7 Ãö), 6.84�7.69 ãð.ñ (14H, 2C6H5 + C6H4), 7.60 ä (1Í, COCH=CHPh,

J = 15.8 Ãö), 7.72 ä (1Í, COCH=CHPh, J = 15.8 Ãö), 13.13 óø.ñ (1H).

Íàéäåíî, %: C 72.19; H 5.10; N 5.13. Ñ33H28N2Î6. Âû÷èñëåíî, %: C 72.25;

H 5.14; N 5.11.
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9-Àöåòèë-3-ãèäðîêñè-8-ìåòèë-1-(4-ìåòîêñè-

ôåíèë)-7-ôåíèë-4-öèííàìîèë-1,7-äèàçàñïè-

ðî[4.4]íîí-3,8-äèåí-2,6-äèîí (44f): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28

ììîëü) 1H-ïèððîë-2,3-äèîíà Vk è 224 ìã (1.28

ììîëü) 4-(ôåíèëàìèíî)ïåíò-3-åí-2-îíà P20g. Âûõîä

84%, ò.ïë. 222�223°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3313 (OH),

1746 (C6=O), 1713 (C2=O), 1671 (Ñ9-C=O), 1642

(C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.13 c (3H, Me), 2.14 c

(3H, Me), 3.79 c (3H, OMe), 7.01�7.71 ãð.ñ (14H, 2C6H5 + C6H4), 7.65 ä

(1Í, COCH=CHPh, J = 15.8 Ãö), 7.73 ä (1Í, COCH=CHPh, J = 15.8 Ãö),

12.81 óø.ñ (1Í, OH). Íàéäåíî, %: C 71.81; H 4.93; N 5.22. Ñ32H26N2Î6.

Âû÷èñëåíî, %: C 71.90; H 4.90; N 5.24.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 44f ïðîâåä¼í íà àâòî-

ìàòè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå ¾Xcalibur-3¿

ñ CCD äåòåêòîðîì (λ(MoKα) 0.71073 �A, Ò 295(2) Ê, ãðàôèòîâûé ìîíî-

õðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°). Äëÿ àíàëèçà èñïîëü-

çîâàëñÿ îáëîìîê ñâåòëî-æ¼ëòîãî ïðèçìàòè÷åñêîãî êðèñòàëëà ðàçìåðîì

0.25 × 0.20 × 0.15 ìì. Ïîïðàâêà íà ïîãëîùåíèå íå ââîäèëàñü èç-çà å¼

ìàëîñòè (µ 0.092 ìì−1). Íà óãëàõ ðàññåÿíèÿ 2.70 < θ < 28.29° ñîáðàíî
16326 îòðàæåíèé, èç íèõ 6549 íåçàâèñèìûõ (Rint 0.0357), 2608 ñ I>2σ(I).

Êîìïëåêòíîñòü äëÿ θ < 28.29° 98%. Êðèñòàëë ìîíîêëèííûé, ïð.ãð. Ð21/n,

a 9.8107(10) �A, b 12.6792(11) �A, c 21.876(2) �A, β 98.400(9)°. Ñòðóêòóðà ðàñ-
øèôðîâàíà è óòî÷íåíà ñ èñïîëüçîâàíèåì ïðîãðàììíîãî ïàêåòà SHELXTL

(âåðñèÿ 5.1) [201]. Ïîçèöèîííûå è òåìïåðàòóðíûå ïàðàìåòðû íåâîäîðîä-

íûõ àòîìîâ óòî÷íåíû â èçîòðîïíîì, à çàòåì â àíèçîòðîïíîì ïðèáëèæåíèè

ïîëíîìàòðè÷íûì ÌÍÊ ïî F 2. Àòîìû âîäîðîäà, çà èñêëþ÷åíèåì âîäîðî-

äà ÎÍ-ãðóïïû, ëîêàëèçîâàíû ïî ìàêñèìóìàì ýëåêòðîííîé ïëîòíîñòè è

âêëþ÷åíû â óòî÷íåíèå â ìîäåëè ¾íàåçäíèêà¿ â èçîòðîïíîì ïðèáëèæå-

íèè. Àòîì âîäîðîäà ÎÍ-ãðóïïû óòî÷íÿëñÿ íåçàâèñèìî â èçîòðîïíîì ïðè-

áëèæåíèè. Àçàöèêëû ïëîñêèå â ïðåäåëàõ 0.01 �A, óãîë ìåæäó ïëîñêîñòÿìè

àçàöèêëîâ 88.5°. Ìîëåêóëÿðíàÿ êðèñòàëëè÷åñêàÿ óïàêîâêà õàðàêòåðèçóåò-

ñÿ íàëè÷èåì ìåæìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿçåé O3-H3···O2 [-x, -y+1,

-z] (dO3-H3 0.85(2) �A, óãîë O3H3O2 147(1)°, dO3-O2 2.713(2) �A) Îêîí-
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÷àòåëüíûå ïàðàìåòðû óòî÷íåíèÿ: R1 0.0383 (äëÿ I>2σ(I)), R1 0.1144 (äëÿ

âñåõ îòðàæåíèé), wR2 0.0587 (äëÿ I>2σ(I)), wR2 0.0621 (äëÿ âñåõ îòðàæå-

íèé) ïðè ôàêòîðå äîáðîòíîñòè S = 1.004.

Ðåçóëüòàòû ÐÑÀ çàðåãèñòðèðîâàíû â Êåìáðèäæñêîì öåíòðå êðè-

ñòàëëîãðàôè÷åñêèõ äàííûõ, CCDC � 900 794. Ýòè ìàòåðèàëû íà-

õîäÿòñÿ â ñâîáîäíîì äîñòóïå è ìîãóò áûòü çàïðîøåíû ïî àäðåñó

www.ccdc.cam.ac.uk/data_request/cif.
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9-Àöåòèë-3-ãèäðîêñè-8-ìåòèë-7-(4-ìåòèëôå-

íèë)-1-(4-ìåòîêñèôåíèë)-4-öèííàìîèë-1,7-

äèàçàñïèðî[4.4]íîí-3,8-äèåí-2,6-äèîí (44g):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.28 ììîëü) 1H-ïèððîë-2,3-äèîíà Vl è 242

ìã (1.28 ììîëü) 4-[(4-ìåòèëôåíèë)àìèíî]ïåíò-3-

åí-2-îíà P20f.. Ïðîäóêò ÷èñòèëè ïåðåêðèñòàëëè-

çàöèåé èç òîëóîëà. Âûõîä 79%, ò.ïë. 226�227°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3196 (OH), 1755 (C6=O), 1713

(C2=O), 1673 (Ñ9-C=O), 1642 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 2.12 c (3H, Me), 2.13 c (3H, Me), 2.38 c (3H, Me), 3.79 c (3H, OMe),

7.01�7.71 ãð.ñ (13H, C6H5 + 2C6H4), 7.65 ä (1Í, COCH=CHPh, J = 15.9

Ãö), 7.73 ä (1Í, COCH=CHPh, J = 15.9 Ãö), 13.05 óø.ñ (1H). Íàéäåíî, %:

C 72.28; H 5.11; N 5.08. Ñ35H28N2Î6. Âû÷èñëåíî, %: C 72.25; H 5.14; N

5.11.
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7-Áåíçèë-9-áåíçîèë-3-ãèäðîêñè-1,8-äèôåíèë-4-

öèííàìîèë-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-2,6-

äèîí (44h): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà

Va è 432 ìã (1.38 ììîëü) 3-(áåíçèëàìèíî)-1,3-

äèôåíèëïðîï-2-åí-1-îíà P20i.. Âûõîä 78%, ò.ïë.

274�275°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3180 (OH), 1722

(C6=O), 1713 (C2=O), 1672 (C9-C=O), 1642 (C4-

C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 4.54 ä (1Í, CH2Ph, J = 16.4

Ãö), 4.73 ä (1Í, CH2Ph, J = 16.4 Ãö), 6.65�7.71 ãð.ñ (25Í, 5C6H5) 7.71 ä

(1H, COCH=CHPh, J = 15.9 Ãö), 7.78 ä (1H, COCH=CHPh, J = 15.9 Ãö),

13.13 óø.ñ (1Í, ÎÍ). Íàéäåíî, %: C 78.43; H 4.67; N 4.38. C42H30N2O5.



278

Âû÷èñëåíî, %: C 78.49; H 4.70; N 4.36.
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9-Áåíçîèë-3-ãèäðîêñè-1,7-äè(4-ìåòèëôåíèë)-

8-ôåíèë-4-öèííàìîèë-1,7-äèàçàñïèðî[4.4]íîí-

3,8-äèåí-2,6-äèîí (44i): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33 ììîëü)

1H-ïèððîë-2,3-äèîíà Vj è 417 ìã (1.33 ììîëü)

3-[(4-ìåòèëôåíèë)àìèíî]-1,3-äèôåíèëïðîï-2-åí-

1-îíà P20j.. Âûõîä 82%, ò.ïë. 281�283°Ñ. ÈÊ

ñïåêòð, ν, ñì−1: 3178 (OH), 1728 (C6=O), 1689

(C2=O), 1669 (C9-C=O), 1647 (C4-C=O) Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.24 ñ (3Í, Ìå), 2.35 ñ (3Í, Ìå), 6.70�7.72

ãð.ñ (23Í, 3C6H5 + 2C6H4), 7.73 ä (1H, COCH=CHPh, J = 16.0 Ãö), 7.78

ä (1H, COCH=CHPh, J = 16.0 Ãö), 13.05 óø.ñ (1Í, ÎÍ). Íàéäåíî, %: C

78.67; H 4.89; N 4.23. C43H32N2O5. Âû÷èñëåíî, %: C 78.64; H 4.91; N 4.27.
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9-Áåíçîèë-3-ãèäðîêñè-7-(4-ìåòèëôåíèë)-1-

(4-ìåòîêñèôåíèë)-8-ôåíèë-4-öèííàìîèë-1,7-

äèàçàñïèðî[4.4]íîí-3,8-äèåí-2,6-äèîí (44j):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.28 ììîëü) 1H-ïèððîë-2,3-äèîíà Vk è

401 ìã (1.28 ììîëü) 3-[(4-ìåòèëôåíèë)àìèíî]-

1,3-äèôåíèëïðîï-2-åí-1-îíà P20j.. Âûõîä 79%,

ò.ïë. 277�278°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3205 (OH),

1731 (C6=O), 1695 (C2=O), 1671 (C9-C=O), 1646

(C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.24 ñ (3Í, Ìå), 3.78 ñ (3Í,

OÌå), 6.70�7.74 ãð.ñ (23Í, 3C6H5 + 2C6H4), 7.73 ä (1H, COCH=CHPh,

J = 15.4 Ãö), 7.73 ä (1H, COCH=CHPh, J = 15.4 Ãö), 13.05 óø.ñ (1Í, OH).

Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.50 (Me), 55.44 (OMe), 71.88

(C5), 113.27 (C9), 114.56-138.16 (Càðîì + C4+C8), 142.23 (COCH=CHPh),

157.22 (C6), 159.11 (C-OMe â C6H4OMe-4), 165.66 (C2), 173.99 (C3),

182.62 (C4-CO), 190.86 (COPh). Íàéäåíî, %: C 76.84; H 4.74; N 4.14.

C43H32N2O6. Âû÷èñëåíî, %: C 76.77; H 4.79; N 4.16.

Ñèíòåç äèìåòèë 6-àðèë-4-àöèë-1-ãèäðîêñè-3-ìåòèë-7-îêñî-2,6-äèàçà-

áèöèêëî[3.2.1]îêò-3-åí-5,8-äèêàðáîêñèëàòîâ (45). Îáùàÿ ìåòîäèêà. Ê

ðàñòâîðó 1H-ïèððîë-2,3-äèîíà III â 20 ìë áåçâîäíîãî òîëóîëà äîáàâëÿëè
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ïðè ïåðåìåøèâàíèè ðàñòâîð 3-àìèíî-1-ôåíèëáóò-2-åí-1-îíà (P20d) èëè

4-àìèíîïåíò-3-åí-2-îíà (P20k) â 15 ìë òîëîóëà. Ðåàêöèîííóþ ìàññó âû-

äåðæèâàëè ïðè êîìíàòíîé òåìïåðàòóðå 8 ÷. Îáðàçîâàâøèéñÿ îñàäîê îò-

ôèëüòðîâûâàëè, ïðîìûâàëè õîëîäíûì ýòèëàöåòàòîì (2 ìë) è ïåðåêðèñòàë-

ëèçîâûâàëè èç àöåòîíà.
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Äèìåòèëîâûé ýôèð 4-áåíçîèë-1-ãèäðîêñè-3-ìåòèë-

7-îêñî-6-ôåíèë-2,6-äèàçàáèöèêëî[3.2.1]îêò-3-åí-5,8-

äèêàðáîíîâîé êèñëîòû (45a): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.63 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIb è 263 ìã (1.63 ììîëü) 3-

àìèíî-1-ôåíèëáóò-2-åí-1-îíà (P20d). Âûõîä 76%, ò.ïë.

154�156°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3374 (ÎÍ), 3160 (NH), 1746 (COOMe),

1732 (COOMe), 1698 (C7=O, COPh). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

1.54 ñ (3Í, Ìå), 3.37 ñ (3Í, ÎÌå), 3.56 ñ (1Í, Ñ8Í), 3.65 ñ (3Í, OÌå),

7.22�7.52 ãð.ñ (10Í, 2C6H5), 7.80 c (1H, NH), 8.43 c (1H, OH). Íàéäåíî,

%: C 63.91; H 4.93; N 4.95. Ñ24H22N2Î7. Âû÷èñëåíî, %: C 64.00; H 4.96;

N 4.93.
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Äèìåòèëîâûé ýôèð 4-áåíçîèë-1-ãèäðîêñè-3-ìåòèë-

7-îêñî-6-(4-ìåòèëôåíèë)-2,6-äèàçàáèöèêëî[3.2.1]îêò-

3-åí-5,8-äèêàðáîíîâîé êèñëîòû (45b): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56

ììîëü) 1H-ïèððîë-2,3-äèîíà IIIc è 252 ìã (1.56 ììîëü)

3-àìèíî-1-ôåíèëáóò-2-åí-1-îíà (P20d). Âûõîä 72%,

ò.ïë. 149�150°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3374 (ÎÍ), 3160

(NH), 1751 (COOMe), 1734 (COOMe), 1709 (C7=O, COPh). Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.54 ñ (3Í, Ìå), 2.31 ñ (3Í, Ìå), 3.37 ñ (3Í,

OÌå), 3.52 ñ (1Í, Ñ8Í), 3.64 ñ (3Í, OÌå), 7.12-7.49 ãð.ñ (9Í, Ph + Ñ6Í4),

7.76 c (1H, NH), 8.38 c (1H, OH). Íàéäåíî, %: C 64.59; H 5.18; N 6.00.

Ñ25H24N2Î7. Âû÷èñëåíî, %: C 64.65; H 5.21; N 6.03.
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Äèìåòèëîâûé ýôèð 4-àöåòèë-1-ãèäðîêñè-3-ìåòèë-

7-îêñî-6-ôåíèë-2,6-äèàçàáèöèêëî[3.2.1]îêò-3-åí-5,8-

äèêàðáîíîâîé êèñëîòû (45c): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.63 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIb è 162 ìã (1.63 ììîëü)
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4-àìèíîïåíò-3-åí-2-îíà (P20k). Âûõîä 81%, ò.ïë.

157�158°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3406 (ÎÍ), 3173 (NH), 1757 (COOMe),

1738 (COOMe), 1715 (C7=O, COMe). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.18 ñ (3Í, Ìå), 2.37 c (3Í, Ìå), 3.16 c (1H, C8H), 3.41 ñ (3Í, ÎÌå), 3.61

ñ (1Í, OÌå), 7.12�7.28 ãð.ñ (5Í, C6H5), 7.81 c (1H, NH), 8.49 c (1H, OH).

Íàéäåíî, %: C 58.71; H 5.16; N 7.14. Ñ19H20N2Î7. Âû÷èñëåíî, %: C 58.76;

H 5.19; N 7.21.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 45c. Äëÿ àíàëè-

çà ñîåäèíåíèÿ 45c áðóòòî-ôîðìóëîé C19H20N2O7 èñïîëüçîâàí áåñöâåò-

íûé êðèñòàëë ðàçìåðîì 0.25 × 0.18 × 0.09 ìì. Êðèñòàëë ìîíîêëèí-

íûé, ïð.ãð Ð21/n, a 11.4312(6) �A, b 13.9379(9) �A, c 12.5218(12) �A, β

105.980(7)°, V 1918.0(2) �A3, 388.37, dcalc 1.345 ã/ñì3, Z 4. Ïàðàìåòðû ÿ÷åé-

êè è íàáîð ýêñïåðèìåíòàëüíûõ îòðàæåíèé èçìåðåíû â àâòîìàòè÷åñêîì

4-êðóæíîì äèôðàêòîìåòðå ñ CCD-äåòåêòîðîì ¾Xcalibur S¿ (OXFORD

DIFFRACTION) ìåòîäîì ω/2θ-ñêàíèðîâàíèÿ íà ìîíîõðîìàòèçèðîâàííîì

ÌîKα-èçëó÷åíèè â èíòåðâàëå óãëîâ 2.83 < θ < 28.28°. Âñåãî èçìåðåíî

7729 îòðàæåíèé, èç íèõ 4452 íåçàâèñèìûõ (Rint 0.0216), 2228 ñ I>2σ(I).

Çàâåðø¼ííîñòü ýêñïåðèìåíòà äëÿ óãëà θ 26.00° 96.2%. Ïîïðàâêè íà ïîãëî-

ùåíèå íå ââîäèëè (µ 0.104 ìì−1). Ñòðóêòóðà îïðåäåëåíà ïðÿìûì ñòàòè-

ñòè÷åñêèì ìåòîäîì è óòî÷íåíà ïîëíîìàòðè÷íûì ÌÍÊ ïî F 2 â àíèçîòðîï-

íîì ïðèáëèæåíèè äëÿ âñåõ íåâîäîðîäíûõ àòîìîâ. ×àñòü àòîìîâ âîäîðîäà

ïîìåùåíà â ãåîìåòðè÷åñêè ðàññ÷èòàííûå ïîëîæåíèÿ è âêëþ÷åíà â óòî÷-

íåíèå â ìîäåëè ¾íàåçäíèêà¿ ñ òåïëîâûìè ïàðàìåòðàìè, çàâèñèìûìè îò

ðîäèòåëüñêèõ àòîìîâ, ÷àñòü ðåøåíà è óòî÷íåíà íåçàâèñèìî â èçîòðîïíîì

ïðèáëèæåíèè. Âñå ðàñ÷åòû ïðîâåäåíû ïî êîìïëåêñó ïðîãðàìì SHELX

97 [201]. Îêîí÷àòåëüíûå ðåçóëüòàòû óòî÷íåíèÿ: R1 0.0392, wR2 0.0829

äëÿ îòðàæåíèé ñ I>2σ(I), R1 0.0898, wR2 0.0895 (äëÿ âñåõ îòðàæåíèé),

S 1.006. Ìàêñèìàëüíûé è ìèíèìàëüíûé ïèêè îñòàòî÷íîé ýëåêòðîííîé

ïëîòíîñòè 0.186 è -0.165 ē �A−3.

Ðåçóëüòàòû ÐÑÀ çàðåãèñòðèðîâàíû â Êåìáðèäæñêîì öåíòðå êðè-

ñòàëëîãðàôè÷åñêèõ äàííûõ, CCDC � 1029738. Ýòè ìàòåðèàëû íà-

õîäÿòñÿ â ñâîáîäíîì äîñòóïå è ìîãóò áûòü çàïðîøåíû ïî àäðåñó

http://www.ccdc.cam.ac.uk/data_request/cif.
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Äèìåòèëîâûé ýôèð 4-àöåòèë-1-ãèäðîêñè-3-ìåòèë-

7-îêñî-6-(4-õëîðôåíèë)-2,6-äèàçàáèöèêëî[3.2.1]îêò-

3-åí-5,8-äèêàðáîíîâîé êèñëîòû (45d): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.46

ììîëü) 1H-ïèððîë-2,3-äèîíà IIIe è 145 ìã (1.46 ììîëü)

4-àìèíîïåíò-3-åí-2-îíà (P20k). Âûõîä 84%, ò.ïë.

184�185°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3373 (ÎÍ), 3173 (NH), 1757 (COOMe),

1738 (COOMe), 1719 (C7=O, COMe). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.19 ñ (3Í, Ìå), 2.33 c (3Í, Ìå), 3.17 c (1H, C8H), 3.42 ñ (3Í, ÎÌå), 3.61

ñ (1Í, OÌå), 7.15 ä (2Í, C6H4, J = 9.0 Ãö) 7.33 ä (2Í, C6H4, J = 9.0 Ãö),

7.87 c (1H, NH), 8.54 c (1H, OH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.:

20.40 (Me), 30.35 (COMe), 51.38 (OMe), 52.14 (C8), 54.90 (OMe), 66.27

(C5), 83.57 (C1), 111.10 (C4), 127.69 (o-C), 128.85 (m-C), 130.59 (p-C),

136.39 (i-C), 154.60 (C3), 167.05 (CO), 167.82 (CO), 168.39 (CO), 189.47

(COMe). Íàéäåíî, %: C 53.89; H 4.55; N 6.60. Ñ19H19ClN2Î7. Âû÷èñëåíî,

%: C 53.97; H 4.53; N 6.63.
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Äèìåòèëîâûé ýôèð 4-àöåòèë-1-ãèäðîêñè-3-ìåòèë-

7-îêñî-6-(4-áðîìôåíèë)-2,6-äèàçàáèöèêëî[3.2.1]îêò-

3-åí-5,8-äèêàðáîíîâîé êèñëîòû (45e): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.29

ììîëü) 1H-ïèððîë-2,3-äèîíà IIIf è 128 ìã (1.29 ììîëü)

4-àìèíîïåíò-3-åí-2-îíà (P20k). Âûõîä 89%, ò.ïë.

159�160°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3373 (ÎÍ), 3164 (NH),

1758 (COOMe), 1740 (COOMe), 1717 (C7=O, COMe). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 2.19 ñ (3Í, Ìå), 2.33 c (3Í, Ìå), 3.17 c (1H, C8H),

3.42 ñ (3Í, ÎÌå), 3.61 ñ (3Í, OÌå), 7.09 ä (2Í, C6H4, J = 8.9 Ãö) 7.46 ä

(2Í, C6H4, J = 8.9 Ãö), 7.87 c (1H, NH), 8.54 c (1H, OH). Íàéäåíî, %: C

48.89; H 4.13; N 5.93. Ñ19H19BrN2Î7. Âû÷èñëåíî, %: C 48.84; H 4.10; N

6.00.

Ñèíòåç äèìåòèë 1,7-äèàðèë-3-ãèäðîêñè-2,6-äèîêñî-4-[(2E)-3-

ôåíèëïðîï-2-åíîèë]-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-8,9-äèêàðáîê-

ñèëàò (46). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà V â 20 ìë

áåçâîäíîãî áåíçîëà äîáàâëÿëè äèìåòèë 2-(àðèëàìèíî)áóò-2-åí-1,4-äèîàò.

Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå 4�5 ÷, çàòåì îõëàæäàëè äî
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êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è

ïåðåêðèñòàëëèçîâûâàëè èç ýòèëàöåòàòà.
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Äèìåòèë 3-ãèäðîêñè-7-(4-ìåòèëôåíèë)-

2,6-äèîêñî-1-ôåíèë-4-[(2E)-3-ôåíèëïðîï-2-

åíîèë]-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-8,9-

äèêàðáîêñèëàò (46a): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.38 ììîëü) 1H-

ïèððîë-2,3-äèîíà Va è 344 ìã (1.38 ììîëü)

äèìåòèë 2-[(4-ìåòèëôåíèë)àìèíî]áóò-2-åí-1,4-

äèîàòà P21a. Âûõîä 82%, ò.ïë. 262�264°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3331 (OH), 1755 (C6=O), 1728 (C2=O), 1703 (C8-C=O),

1674 (C9-C=O), 1647 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.35

ñ (3Í, Ìå), 3.60 ñ (3Í, COOÌå), 3.62 ñ (3Í, COOÌå), 7.06�7.73 ãð.ñ

(14H, 2C6H5 + C6H4), 7.70 ä (1H, COCH=CHPh, J = 16.0 Ãö), 7.75 ä (1H,

COCH=CHPh, J = 16.0 Ãö), 12.24 ø.ñ (1Í, OH). Íàéäåíî, %: C 68.52; H

4.55; N 4.90. C33H26N2O8. Âû÷èñëåíî, %: C 68.51; H 4.53; N 4.84.
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Äèìåòèë 3-ãèäðîêñè-2,6-äèîêñî-1-ôåíèë-7-(4-

õëîðôåíèë)-4-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1,7-

äèàçàñïèðî[4.4]íîí-3,8-äèåí-8,9-äèêàðáîêñèëàò

(46b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.38 ììîëü) 1H-ïèððîë-

2,3-äèîíà Va è 372 ìã (1.38 ììîëü) äèìåòèë

2-[(4-õëîðôåíèë)àìèíî]áóò-2-åí-1,4-äèîàòà P21b.

Âûõîä 80%, ò.ïë. 271�273°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3287 (OH), 1767 (C6=O), 1726 (C2=O), 1690 (C8-C=O), 1671 (C9-C=O),

1645 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.63 ñ (3Í, COOÌå),

3.64 ñ (3Í, COOÌå), 7.12�7.79 ãð.ñ (14H, 2C6H5 + C6H4), 7.69 ä (1H,

COCH=CHPh, J = 15.9 Ãö), 7.75 ä (1H, COCH=CHPh, J = 16.0 Ãö), 12.26

ø.ñ (1Í, OH). Íàéäåíî, %: C 64.13; H 3.91; N 4.64. C32H23ClN2O8.

Âû÷èñëåíî, %: C 64.17; H 3.87; N 4.68.
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Äèìåòèë 7-(4-áðîìôåíèë)-3-ãèäðîêñè-2,6-

äèîêñî-1-ôåíèë-4-[(2E)-3-ôåíèëïðîï-2-

åíîèë]-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-8,9-

äèêàðáîêñèëàò (46c): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.38 ììîëü) 1H-

ïèððîë-2,3-äèîíà Va è 434 ìã (1.38 ììîëü) äèìå-

òèë 2-[(4-áðîìôåíèë)àìèíî]áóò-2-åí-1,4-äèîàòà

P21c. Ïðîäóêò ÷èñòèëè ïåðåêðèñòàëëèçàöèåé

èç ñìåñè ýòèëàöåòàòà ñ àöåòîíîì â ñîîòíîøåíèè 2 : 1. Âûõîä 79%,

ò.ïë. 264�265°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3285 (OH), 1767 (C6=O), 1725

(C2=O), 1689 (C8-C=O), 1670 (C9-C=O), 1645 (C4-C=O). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 3.65 ñ (3Í, COOÌå), 3.66 ñ (3Í, COOÌå), 7.15�7.80

ãð.ñ (14H, 2C6H5 + C6H4), 7.69 ä (1H, COCH=CHPh, J = 15.8 Ãö), 7.75 ä

(1H, COCH=CHPh, J = 15.8 Ãö), 12.30 ø.ñ (1Í, OH). Íàéäåíî, %: C 59.69;

H 3.64; N 4.38. C32H23BrN2O8. Âû÷èñëåíî, %: C 59.73; H 3.60; N 4.35.
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Äèìåòèë 3-ãèäðîêñè-1,7-äè(4-ìåòèëôåíèë)-

2,6-äèîêñî-4-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1,7-

äèàçàñïèðî[4.4]íîí-3,8-äèåí-8,9-äèêàðáîêñè-

ëàò (46d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.33 ììîëü) 1H-ïèððîë-

2,3-äèîíà Vj è 332 ìã (1.33 ììîëü) äèìåòèë

2-[(4-ìåòèëôåíèë)àìèíî]áóò-2-åí-1,4-äèîàòà

P21a. Âûõîä 83%, ò.ïë. 251�252°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3291 (OH), 1759 (C6=O), 1727 (C2=O), 1698

(C8-C=O), 1674 (C9-C=O), 1644 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 2.35 c (3H, Me), 2.36 c (3H, Me), 3.61 ñ (3Í, COOÌå), 3.62 ñ (3Í,

COOÌå), 7.00�7.72 ãð.ñ (13H, C6H5 + 2C6H4), 7.71 ä (1H, COCH=CHPh,

J = 15.9 Ãö), 7.75 ä (1H, COCH=CHPh, J = 15.9 Ãö), 12.31 ø.ñ (1Í, OH).

Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.70 (Me), 20.72 (Me), 51.94

(OCH3), 53.35 (OCH3), 69.58 (C5), 104.92 (C9), 117.52 (C4), 123.59�139.13

(Ñàðîì), 142.78 (COCH=CHPh), 149.36 (C8), 156.62 (C6), 160.10 (C8-

COOMe), 160.52 (C9-COOMe), 165.69 (C2), 172.97 (C3), 181.93 (C4-CO).

Íàéäåíî, %: C 68.93; H 4.71; N 4.70. C34H28N2O8. Âû÷èñëåíî, %: C 68.91;

H 4.76; N 4.73.
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Äèìåòèë 3-ãèäðîêñè-1-(4-ìåòèëôåíèë)-2,6-

äèîêñî-7-(4-õëîðôåíèë)-4-[(2E)-3-ôåíèëïðîï-

2-åíîèë]-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-8,9-

äèêàðáîêñèëàò (46e): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33 ììîëü) 1H-

ïèððîë-2,3-äèîíà Vj è 359 ìã (1.33 ììîëü)

äèìåòèë 2-[(4-õëîðôåíèë)àìèíî]áóò-2-åí-1,4-

äèîàòà P21b. Âûõîä 78%, ò.ïë. 249�250°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3286 (OH), 1768 (C6=O), 1724 (C2=O), 1688 (C8-C=O),

1670 (C9-C=O), 1639 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.35

ñ (3Í, Ìå), 3.63 ñ (3Í, COOÌå), 3.65 ñ (3Í, COOÌå), 7.00�7.80 ãð.ñ

(13H, C6H5 + 2C6H4), 7.69 ä (1H, COCH=CHPh, J = 16.0 Ãö), 7.75 ä (1H,

COCH=CHPh, J = 16.0 Ãö), 12.28 ø.ñ (1Í, OH). Íàéäåíî, %: C 64.69; H

4.08; N 4.58. C33H25ClN2O8. Âû÷èñëåíî, %: C 64.66; H 4.11; N 4.57.
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Äèìåòèë 3-ãèäðîêñè-7-(4-ìåòèëôåíèë)-1-(4-

ìåòîêñèôåíèë)-2,6-äèîêñî-4-[(2E)-3-ôåíèë-

ïðîï-2-åíîèë]-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-

8,9-äèêàðáîêñèëàò (46f): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28 ììîëü)

1H-ïèððîë-2,3-äèîíà Vk è 319 ìã (1.28 ììîëü)

äèìåòèë 2-[(4-ìåòèëôåíèë)àìèíî]áóò-2-åí-1,4-

äèîàòà P21a. Âûõîä 81%, ò.ïë. 247�249°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3264 (OH), 1767 (C6=O), 1732

(C2=O), 1698 (C8-C=O), 1674 (C9-C=O), 1644 (C4-C=O). Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.35 ñ (3Í, Ìå), 3.62 ñ (3Í, COOÌå), 3.64 ñ (3Í,

COOÌå), 3.80 ñ (3Í, OÌå), 7.02�7.72 ãð.ñ (13H, C6H5 + 2C6H4), 7.70 ä

(1H, COCH=CHPh, J = 16.0 Ãö), 7.75 ä (1H, COCH=CHPh, J = 16.0 Ãö),

12.30 ø.ñ (1Í, OH). Íàéäåíî, %: C 67.07; H 4.60; N 4.65. C34H28N2O9.

Âû÷èñëåíî, %: C 67.10; H 4.64; N 4.60.
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Äèìåòèë 7-(4-áðîìôåíèë)-3-ãèäðîêñè-1-(4-

ìåòîêñèôåíèë)-2,6-äèîêñî-4-[(2E)-3-ôåíèë-

ïðîï-2-åíîèë]-1,7-äèàçàñïèðî[4.4]íîí-3,8-äèåí-

8,9-äèêàðáîêñèëàò (46g): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28 ììîëü)

1H-ïèððîë-2,3-äèîíà Vk è 402 ìã (1.28 ììîëü)

äèìåòèë 2-[(4-áðîìôåíèë)àìèíî]áóò-2-åí-1,4-

äèîàòà P21c. Âûõîä 78%, ò.ïë. 249�250°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3280 (OH), 1767 (C6=O), 1731 (C2=O), 1698 (C8-C=O),

1676 (C9-C=O), 1645 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.65

ñ (3Í, COOÌå), 3.66 ñ (3Í, COOÌå), 3.80 ñ (3Í, OÌå), 7.02�7.79 ãð.ñ

(13H, C6H5 + 2C6H4), 7.69 ä (1H, COCH=CHPh, J = 15.8 Ãö), 7.75 ä (1H,

COCH=CHPh, J = 15.8 Ãö), 12.23 ø.ñ (1Í, OH). Íàéäåíî, %: C 58.88; H

3.69; N 4.17. C33H25BrN2O9. Âû÷èñëåíî, %: C 58.85; H 3.74; N 4.16.
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Äèìåòèë 1,7-äè(4-áðîìôåíèë)-3-ãèäðîêñè-

2,6-äèîêñî-4-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1,7-

äèàçàñïèðî[4.4]íîí-3,8-äèåí-8,9-äèêàðáîêñèëàò

(46h): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.14 ììîëü) 1H-ïèððîë-

2,3-äèîíà Vm è 358 ìã (1.14 ììîëü) äèìåòèë

2-[(4-áðîìôåíèë)àìèíî]áóò-2-åí-1,4-äèîàòà P21c.

Âûõîä 79%, ò.ïë. 270�271°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3271 (OH), 1764 (C6=O), 1734 (C2=O), 1699

(C8-C=O), 1679 (C9-C=O), 1644 (C4-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 3.62 ñ (3Í, COOÌå), 3.66 ñ (3Í, COOÌå), 7.06�7.86 ãð.ñ (13H,

C6H5 + 2C6H4), 7.68 ä (1H, COCH=CHPh, J = 15.8 Ãö), 7.75 ä (1H,

COCH=CHPh, J = 15.8 Ãö), 12.34 ø.ñ (1Í, OH). Íàéäåíî, %: C 53.23; H

3.04; N 3.85. C32H22BrN2O8. Âû÷èñëåíî, %: C 53.21; H 3.07; N 3.88.

Ñèíòåç ìåòèë 4'-ãèäðîêñè-6,6-äèìåòèë-1'-àðèë-2,4,5'-òðèîêñî-
1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-3'-êàðáîêñèëà-
òîâ (48). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà III â

15 ìë áåçâîäíîãî òîëóîëà äîáàâëÿëè 5,5-äèìåòèë-3-[(íàôòàëèí-1-

èë)àìèíî]öèêëîãåêñ-2-åí-1-îí P23, ðåàêöèîííóþ ìàññó êèïÿòèëè â

òå÷åíèå 5�6 ÷àñîâ, îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâ-
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øèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç òîëóîëà.
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Ìåòèë 4'-ãèäðîêñè-6,6-äèìåòèë-1-íàôòèë-1'-
ôåíèë-2,4,5'-òðèîêñî-1,1',2,4,5,5',6,7-îêòàãèäðî-
ñïèðî[èíäîë-3,2'-ïèððîë]-3'-êàðáîêñèëàò (48a):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.63 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIb è

433 ìã (1.63 ììîëü) 3-[(íàôòàëèí-1-èë)àìèíî]-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îí (P23a). Âûõîä 76%, ò.ïë.

190�192°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3150 (ÎÍ), 1744 (ÑÎÎÌå), 1719 (Ñ2=Î,

Ñ5'=Î), 1636 (Ñ4=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: (65%) 0.73 c

(3H, Me), 0.92 c (3H, Me), 1.79 ä (1H, Ñ7H2, J = 15.8 Ãö), 2.18�2.30 ãð.ñ

(3Í, Ñ7H2, Ñ5H2), 3.78 c (3H, OMe), 6.47�8.14 ãð.ñ (11H, C6H4, Ñ10Í7),

12.69 óø.ñ (1H, OH); (35%) 0.51 c (3H, Me), 0.88 c (3H, Me), 2.03 ä (1H,

Ñ7H2, J = 15.8 Ãö), 2.16�2.30 ãð.ñ (3Í, Ñ7H2, Ñ5H2), 3.82 c (3H, OMe),

6.47�8.14 ãð.ñ (12H, C6H5, Ñ10Í7), 12.69 óø.ñ (1H, OH). Íàéäåíî, %: C

71.21; H 5.06; N 5.39. Ñ30H26N2Î6. Âû÷èñëåíî, %: C 71.25; H 5.02; N 5.36.

O

OH

OMeO
O

N

Me

Me O

N

Me

Ìåòèë 1-àëëèë-4'-ãèäðîêñè-6,6-äèìåòèë-1'-
(4-ìåòèëôåíèë)-2,4,5'-òðèîêñî-1,1',2,4,5,5',6,7-
îêòàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-3'-êàðáîê-
ñèëàò (48b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIIc è 280 ìã (1.56 ììîëü) 3-(àëëèëàìèíî)-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îí (P23b). Âûõîä 77%,

ò.ïë. 243�244°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3243 (ÎÍ), 1743,

1703 (Ñ2=Î, Ñ5'=Î, ÑÎÎÌå), 1622 (Ñ4=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 0.70 c (3H, Me), 0.99 c (3H, Me), 2.04 ä (1H, Ñ7H2, J = 16.4 Ãö),

2.14 ä (1H, Ñ5H2, J = 18.3 Ãö), 2.28 c (3H, Me), 2.34 ä (1H, Ñ7H2, J = 16.4

Ãö), 2.54 ä (1H, Ñ5H2, J = 18.3 Ãö), 3.63 c (3H, OMe), 4.18 ñ (2Í, �ÑÍ2�),

4.79 ä (1Í, =ÑÍ2, J = 17.3 Ãö ), 5.04 ä (1Í, =ÑÍ2, J = 10.6 Ãö), 5.72 ì

(1Í, �ÑÍ2= ), 6.80 ä (2Í, C6H4, J = 8.0 Ãö), 7.19 ä (2Í, C6H4, J = 8.0 Ãö),

12.40 óø.ñ (1H, OH). Íàéäåíî, %: C 69.15; H 5.34; N 5.77. Ñ24H26N2Î6.

Âû÷èñëåíî, %: C 69.12; H 5.39; N 5.76.
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Ìåòèë 4'-ãèäðîêñè-6,6-äèìåòèë-1'-(4-
ìåòèëôåíèë)-1-ôåíèë-2,4,5'-òðèîêñî-
1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-
ïèððîë]-3'-êàðáîêñèëàò (48c): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIc è 336 ìã (1.56 ììîëü)

3-(ôåíèëàìèíî)-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îí

(P23c). Âûõîä 75%, ò.ïë. 240�241°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3170 (ÎÍ), 1750,

1701 (Ñ2=Î, Ñ5'=Î, ÑÎÎÌå), 1628 (Ñ4=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 0.55 c (3H, Me), 0.93 c (3H, Me), 2.00 ä (1H, Ñ7H2, J = 16.3 Ãö),

2.11 ä (1H, Ñ5H2, J = 18.5 Ãö), 2.18 ä (1H, Ñ7H2, J = 16.3 Ãö), 2.30 c (3H,

Me), 2.38 ä (1H, Ñ5H2, J = 18.5 Ãö), 3.70 c (3H, OMe), 6.94�7.60 ãð.ñ (9H,

C6H5, C6H4), 12.08 óø.ñ (1H, OH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.:

20.63 (Me), 26.51 (C6Me), 27.85 (C6Me), 33.82 (C6), 35.86 (C7), 50.48

(C5), 51.56 (OMe), 68.31 (C3), 107.94 (C3a), 109.52 (C3'), 125.26�138.03
(C), 155.04 (C5'), 161.99 (C2), 165.04 (COO), 174.45 (C4'), 190.56 (C4).

Íàéäåíî, %: C 69.15; H 5.34; N 5.77. Ñ28H26N2Î6. Âû÷èñëåíî, %: C 69.12;

H 5.39; N 5.76.
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Ìåòèë 4'-ãèäðîêñè-6,6-äèìåòèë-1,1'-äè(4-ìåòèë-
ôåíèë)-2,4,5'-òðèîêñî-1,1',2,4,5,5',6,7-îêòàãèä-
ðîñïèðî[èíäîë-3,2'-ïèððîë]-3'-êàðáîêñèëàò (48d):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIc è

356 ìã (1.56 ììîëü) 3-[(4-ìåòèëôåíèë)àìèíî]-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îí (P23d). Âûõîä 78%,

ò.ïë. 234�236°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3280 (ÎÍ), 1759,

1719 (Ñ2=Î, Ñ5'=Î, ÑÎÎÌå), 1613(Ñ4=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 0.56 c (3H, Me), 0.93 c (3H, Me), 2.00 ä (1H, Ñ7H2, J = 16.2 Ãö),

2.10 ä (1H, Ñ5H2, J = 18.0 Ãö), 2.17 ä (1H, Ñ7H2, J = 16.2 Ãö), 2.30 ñ (3H,

Me), 2.34 ä (1H, Ñ5H2, J = 18.0 Ãö), 2.37 c (3H, Me), 3.70 c (3H, OMe),

6.93�7.37 ãð.ñ (8H, 2C6H4), 12.53 óø.ñ (1H, OH). Íàéäåíî, %: C 69.60; H

5.61; N 5.66. Ñ29H28N2Î6. Âû÷èñëåíî, %: C 69.59; H 5.64; N 5.60.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 48d. ÐÑÀ ñîåäèíåíèÿ

48d ïðîâåä¼í íà ðåíòãåíîâñêîì äèôðàêòîìåòðå ¾Xcalibur-3¿ ñ CCD äå-
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òåêòîðîì [λ(MoKα) 0.71073, ãðàôèòîâûé ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå,

øàã ñêàíèðîâàíèÿ 1°, T 295(2) Ê]. Äëÿ àíàëèçà èñïîëüçîâàí îáëîìîê áåñ-

öâåòíîãî êðèñòàëëà ðàçìåðîì 0.25 × 0.20 × 0.15 ìì. Ïîïðàâêà íà ïîãëî-

ùåíèå íå ââîäèëàñü èç-çà å¼ ìàëîñòè (µ 0.088 ìì−1). Ñòðóêòóðû ðàñøèô-

ðîâàíû ïðÿìûì ìåòîäîì ïî ïðîãðàììå SHELXS-97 è óòî÷íåíû ñ ïîìî-

ùüþ ïðîãðàììû SHELXL-97 [198]. Ïîçèöèè è òåìïåðàòóðíûå ïàðàìåòðû

íåâîäîðîäíûõ àòîìîâ óòî÷íåíû â èçîòðîïíîì, à çàòåì â àíèçîòðîïíîì

ïðèáëèæåíèè ïîëíîìàòðè÷íûì ÌÍÊ. Àòîìû âîäîðîäà ëîêàëèçîâàíû ïî

ìàêñèìóìàì ýëåêòðîííîé ïëîòíîñòè è âêëþ÷åíû â óòî÷íåíèå â ìîäå-

ëè ¾íàåçäíèêà¿. Îñíîâíûå äàííûå ñòðóêòóðíîãî ýêñïåðèìåíòà: êðèñòàëë

òðèêëèííûé, ïðîñòðàíñòâåííàÿ ãðóïïà Ð-1, a 9.8911(9) �A, b 10.9834(6) �A, c

13.8528(10) �A, α 83.825(6)°, β 88.581(7)°, γ 88.163(6)°, dcalc. 1.241 ã/ñì3, V

1495.09(19) �A3, Z 2. Íà óãëàõ ñêàíèðîâàíèÿ 2.82 < θ < 28.28° ñîáðàíî 8857
îòðàæåíèé, èç íèõ íåçàâèñèìûõ 7108 (Rint 0.0202), 3788 ñ I>2σ(I). Êîì-

ïëåêòíîñòü äëÿ θ 26.00° 97.2%. Îêîí÷àòåëüíûå ïàðàìåòðû óòî÷íåíèÿ: R1

0.0419, wR2 0.1006 (äëÿ I>2σ(I)), R1 0.0897, wR2 0.1082 (äëÿ âñåõ îòðàæå-

íèé) ïðè S 1.006. ìàêñèìàëüíûé è ìèíèìàëüíûé ïèêè ïðîñòðàíñòâåííîé

ýëåêòðîííîé ïëîòíîñòè 0.221 è -0.226 ē �A−3.

Ðåçóëüòàòû ðåíòãåíîñòðóêòóðíîãî èññëåäîâàíèÿ çàðåãèñòðèðîâàíû

â Êåìáðèäæñêîì öåíòðå êðèñòàëëîãðàôè÷åñêèõ äàííûõ ïîä íîìåðàìè

CCDC � 846 265. Ýòè ìàòåðèàëû íàõîäÿòñÿ â ñâîáîäíîì äîñòóïå è ìîãóò

áûòü çàïðîøåíû ïî àäðåñó www.ccdc.cam.ac.uk/data_request/cif.

O

OH

OMeO
O

N

OMe

Me

Me O

N

Me

Ìåòèë 4'-ãèäðîêñè-6,6-äèìåòèë-1-(4-ìåòîê-
ñèôåíèë)-1'-(4-ìåòèëôåíèë)-2,4,5'-òðèîêñî-
1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-ïèð-
ðîë]-3'-êàðáîêñèëàò (48e): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIc è 383 ìã (1.56 ììîëü)

3-[(4-ìåòîêñèôåíèë)àìèíî]-5,5-äèìåòèëöèêëîãåêñ-

2-åí-1-îí (P23e). Âûõîä 76%, ò.ïë. 236�238°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3205 (ÎÍ), 1753, 1721(Ñ2=Î, Ñ5'=Î, ÑÎÎÌå), 1620

(Ñ4=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.56 c (3H, Me), 0.93 c (3H,

Me), 1.99 ä (1H, Ñ7H2, J = 16.1 Ãö), 2.08ä (1H, Ñ5H2, J = 17.9 Ãö), 2.17

ä (1H, Ñ7H2, J = 16.1 Ãö), 2.30 ñ (3H, Me), 2.32 ä (1H, Ñ5H2, J = 16.1
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Ãö), 3.70 c (3H, COOMe), 3.81 c (3H, OMe), 6.92�7.26 ãð.ñ (8H, 2C6H4),

12.54 óø.ñ (1H, OH). Íàéäåíî, %: C 67.45; H 5.42; N 5.39. Ñ29H28N2Î7.

Âû÷èñëåíî, %: C 67.43; H 5.46; N 5.42.
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Ìåòèë 4'-ãèäðîêñè-6,6-äèìåòèë-1-(4-áðîìôåíèë)-
1'-(4-ìåòèëôåíèë)-2,4,5'-òðèîêñî-1,1',2,4,5,5',6,7-
îêòàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-3'-êàðáêñèëàò
(48f): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ

èç 500 ìã (1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIc

è 459 ìã (1.56 ììîëü) 3-[(4-áðîìôåíèë)àìèíî]-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îí (P23f). Âûõîä 76%, ò.ïë.

236�238°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3209 (ÎÍ), 1757,

1719(Ñ2=Î, Ñ5'=Î, ÑÎÎÌå), 1619 (Ñ4=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 0.56 c (3H, Me), 0.93 c (3H, Me), 2.00 ä (1H, Ñ7H2, J = 16.1 Ãö),

2.17 ä (1H, Ñ5H2, J = 18.1 Ãö), 2.19 ä (1H, Ñ7H2, J = 16.1 Ãö), 2.30 ñ (3H,

Me), 2.40 ä (1H, Ñ5H2, J = 18.1 Ãö), 3.70 c (3H, COOMe), 6.92 ä (2Í, C6H4,

J = 8.1 Ãö), 7.18 ä (2Í, C6H4, J = 8.8 Ãö), 7.25 ä (2Í, C6H4, J = 8.1 Ãö),

7.78 ä (2Í, C6H4, J = 8.8 Ãö),12.62 óø.ñ (1H, OH). Íàéäåíî, %: C 57.45; H

5.42; Br 10.14; N 5.39; Ñ29H28BrN2Î7. Âû÷èñëåíî, %: C 57.43; H 5.46; Br

10.17; N 5.42.
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Ìåòèë 4'-ãèäðîêñè-6,6-äèìåòèë-1-ôåíèë-2,4,5'-
òðèîêñî-1'-(4-ìåòîêñèôåíèë)-1,1',2,4,5,5',6,7-
îêòàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-3'-êàðáîê-
ñèëàò (48g): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.48 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIId è 319 ìã (1.48 ììîëü) 3-(ôåíèëàìèíî)-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îí (P23c). Âûõîä 78%, ò.ïë.

236�237°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3130 (ÎÍ), 1757, 1703

(Ñ2=Î, Ñ5'=Î, ÑÎÎÌå), 1621 (Ñ4=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 0.59 c (3H, Me), 0.94 c (3H, Me), 2.02 ä (1H, Ñ7H2, J = 15.7 Ãö),

2.10 ä (1H, Ñ5H2, J = 18.0 Ãö), 2.20 ä (1H, Ñ7H2, J = 15.7 Ãö), 2.38 ñ (1H,

Ñ5H2, J = 18.0 Ãö), 3.70 c (3H, COOMe), 6.96�7.59 ãð.ñ (9H, C6H5, C6H4),

12.57 óø.ñ (1H, OH). Íàéäåíî, %: C 68.01; H 3.94; N 10.11. Ñ28H26N2Î7.

Âû÷èñëåíî, %: C 68.05; H 3.90; N 10.15.
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Ìåòèë 4'-ãèäðîêñè-6,6-äèìåòèë-1-(4-ìåòèë-
ôåíèë)-1'-(4-ìåòîêñèôåíèë)-2,4,5'-òðèîêñî-
1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-ïèð-
ðîë]-3'-êàðáîêñèëàò (48h): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.48 ììîëü)

1H-ïèððîë-2,3-äèîíà IIId è 339 ìã (1.48 ììîëü)

3-[(4-ìåòèëôåíèë)àìèíî]-5,5-äèìåòèëöèêëîãåêñ-2-

åí-1-îí (P23d). Âûõîä 79%, ò.ïë. 236�238°Ñ. ÈÊ

ñïåêòð, ν, ñì−1: 3254 (ÎÍ), 1759, 1725 (Ñ2=Î, Ñ5'=Î, ÑÎÎÌå), 1626

(Ñ4=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.59 c (3H, Me), 0.93 c (3H,

Me), 2.02 ä (1H, Ñ7H2, J = 15.9 Ãö), 2.09 ä (1H, Ñ5H2, J = 17.4 Ãö), 2.18 ä

(1H, Ñ7H2, J = 15.9 Ãö), 2.30 (Ñ5H2, J = 17.4 Ãö), 2.37 ñ (3H, Me), 3.70 c

(3H, OMe), 3.75 c (3H, OMe), 6.94�7.36 ãð.ñ (8H, 2C6H4), 12.54 óø.ñ (1H,

OH). Íàéäåíî, %: C 67.41; H 5.42; N 5.47. Ñ29H28N2Î7. Âû÷èñëåíî, %: C

67.43; H 5.46; N 5.42.
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Ìåòèë 4'-ãèäðîêñè-6,6-äèìåòèë-1,1'-äè(4-ìåòîê-
ñèôåíèë)-2,4,5'-òðèîêñî-1,1',2,4,5,5',6,7-îêòàãèä-
ðîñïèðî[èíäîë-3,2'-ïèððîë]-3'-êàðáîêñèëàò (48i):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500

ìã (1.48 ììîëü) 1H-ïèððîë-2,3-äèîíà IIId è 363

ìã (1.48 ììîëü) 3-[(4-ìåòîêñèôåíèë)àìèíî]-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îí (P23e). Âûõîä 71%, ò.ïë.

246�248°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3200 (ÎÍ), 1752, 1727

(Ñ2=Î, Ñ5'=Î, ÑÎÎÌå), 1631 (Ñ4=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 0.59 c (3H, Me), 0.94 c (3H, Me), 2.01 ä (1H, Ñ7H2, J = 15.9 Ãö), 2.09

ä (1H, Ñ5H2, J = 17.9 Ãö), 2.18 ä (1H, Ñ7H2, J = 15.9 Ãö), 2.33 ñ (Ñ5H2,

J = 17.9 Ãö), 3.70 c (3H, OMe), 3.75 c (3H, OMe), 3.81 ñ (3H, CÎOMe),

6.94�7.16 ãð.ñ (8H, 2C6H4), 12.54 óø.ñ (1H, OH). Íàéäåíî, %: C 65.60; H

5.19; N 5.41. Ñ29H28N2Î8. Âû÷èñëåíî, %: C 65.41; H 5.30; N 5.26.
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Ìåòèë 4'-ãèäðîêñè-6,6-äèìåòèë-1-íàôòèë-1'-
(4-ìåòîêñèôåíèë)-2,4,5'-òðèîêñî-1,1',2,4,5,5',6,7-
îêòàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-3'-êàðáîêñè-
ëàò (48j): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ

èç 500 ìã (1.48 ììîëü) 1H-ïèððîë-2,3-äèîíà IIId è

393 ìã (1.48 ììîëü) 3-[(íàôòàëèí-1-èë)àìèíî]-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îí (P23a). Âûõîä 72%, ò.ïë.

229�231°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3195 (ÎÍ), 1759, 1719 (Ñ2=Î, Ñ5'=Î,
ÑÎÎÌå), 1634 (Ñ4=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: (62%) 0.78 c

(3H, Me), 0.93 c (3H, Me), 1.91 ä (1H, Ñ7H2, J = 16.4 Ãö), 2.16�2.30 ãð.ñ

(3Í, Ñ7H2, Ñ5H2), 3.77 c (3H, OMe), 3.87 (3H, OMe), 6.46�8.15 ãð.ñ (11H,

C6H4, Ñ10Í7), 12.61 óø.ñ(1H, OH); (38%) 0.59 c (3H, Me), 0.90 c (3H, Me),

1.79 ä (1H, Ñ7H2, J = 16.2Ãö), 2.16�2.30 ãð.ñ (3Í, Ñ7H2, Ñ5H2), 3.80 c (3H,

OMe), 3.81 ñ (3H, OMe), 6.98�8.15 ãð.ñ (12H, Ñ6Í5, Ñ10Í7), 12.61 óø.ñ

(1H, OH). Íàéäåíî, %: C 69.60; H 5.29; N 5.01. Ñ31H28N2Î7. Âû÷èñëåíî,

%: C 69.56; H 5.11; N 5.07.

Ñèíòåç 1',1-äèàðèë-4'-ãèäðîêñè-6,6-äèìåòèë-3'-[(2E)-3-ôåíèëïðîï-
2-åíîèë]-1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-2,4,5'-
òðèîíîâ (49). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà V â

15 ìë áåçâîäíîãî òîëóîëà äîáàâëÿëè 3-àðèëàìèíî-5,5-äèìåòèëöèêëîãåêñ-

2-åí-1-îí (P23). Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå 20 ìèí,

çàòåì îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâøèéñÿ îñàäîê

îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç òîëóîëà.
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4'-Ãèäðîêñè-6,6-äèìåòèë-1'-ôåíèë-1-(4-
ìåòîêñèôåíèë)-3'-[(2E)-3-ôåíèëïðîï-2-åíîèë]-
1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-
ïèððîë]-2,4,5'-òðèîí (49a): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.38 ììîëü)

1H-ïèððîë-2,3-äèîíà Vg è 339 ìã (1.38 ììîëü)

3-[(4-ìåòîêñèôåíèë)àìèíî]-5,5-äèìåòèëöèêëîãåêñ-

2-åí-1-îíà (P23e). Âûõîä 79%, ò.ïë. 226�228°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3167 (OH), 1755 (C2=O), 1719 (C5'=O), 1668 (C4=O),

1641 (C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.49 c (3H, Me),

0.91 c (3H, Me), 1.95 ä (1H, C7H2, J = 16.4 Ãö), 2.04 ä (1H, C5H2, J = 18.4
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Ãö), 2.15 ä (1H, C7H2, J = 16.4 Ãö), 2.35 ä (1H, C5H2, J = 18.4 Ãö), 3.83 c

(3H, OMe), 7.10�7.80 ãð.ñ (16Í, 2Ph + C6H4 + -CH=CH-), 13.28 óø.ñ (1Í,

ÎÍ). Íàéäåíî, %: C 73.19; H 5.22; N 4.82. Ñ35H30N2Î6. Âû÷èñëåíî, %: C

73.16; H 5.26; N 4.88.
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4'-Ãèäðîêñè-6,6-äèìåòèë-1'-(4-ìåòèëôåíèë)-
1-ôåíèë-3'-[(2E)-3-ôåíèëïðîï-2-åíîèë]-
1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-
ïèððîë]-2,4,5'-òðèîí (49b): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33 ììîëü)

1H-ïèððîë-2,3-äèîíà Vh è 289 ìã (1.33 ììîëü)

3-ôåíèëàìèíî-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà

(P23c). Âûõîä 79%, ò.ïë. 252�253°Ñ. ÈÊ ñïåêòð,

ν, ñì−1: 3167 (OH), 1755 (C2=O), 1721 (C5'=O), 1669 (C4=O), 1642

(C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.53 ñ (3Í, Ìå), 0.92 ñ

(3Í, Ìå), 1.98 ä (1Í, Ñ7Í2, J = 16.1 Ãö), 2.10 ä (1Í, Ñ5Í2, J = 18.1 Ãö),

2.16 ä (1Í, Ñ7Í2, J = 16.1 Ãö), 2.31 ñ (3Í, Ìå), 2.37 ä (1Í, Ñ5Í2, J = 18.1

Ãö), 6.98�7.74 ãð.ñ (14Í, 2C6H5 + Ñ6Í4), 7.64 ä (1Í, COCH=CHPh, J = 15.8

Ãö), 7.72 ä (1Í, COCH=CHPh, J = 15.8 Ãö), 13.40 óø.ñ (1Í, ÎÍ). Íàéäåíî,

%: C 75.22; H 5.37; N 5.06. Ñ35H30N2Î5. Âû÷èñëåíî,
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4'-Ãèäðîêñè-6,6-äèìåòèë-1,1'-äè(4-ìåòèëôåíèë)-
3'-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1,1',2,4,5,5',6,7-
îêòàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-2,4,5'-òðèîí
(49c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ

èç 500 ìã (1.33 ììîëü) 1H-ïèððîë-2,3-äèîíà Vh è

305 ìã (1.33 ììîëü) 3-[(4-ìåòèëôåíèë)àìèíî]-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23d). Âûõîä 84%,

ò.ïë. 256�257°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3181 (OH), 1759

(C2=O), 1725 (C5'=O), 1667 (C4=O), 1644 (C3'-C=O). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 0.53 c (3H, Me), 0.91 c (3H, Me), 1.97 ä (1H, C7H2,

J = 16.0 Ãö), 2.08 ä (1H, C5H2, J = 18.4 Ãö), 2.14 ä (1H, C7H2, J = 16.0 Ãö),

2.31 c (3H, Me), 2.37 ä (1H, C5H2, J = 18.4 Ãö), 2.39 c (3H, Me), 6.96�7.70

ãð.ñ (13H, C6H5 + 2C6H4), 7.63 ä (1Í, COCH=CHPh, J = 15.8 Ãö), 7.71

ä (1Í, COCH=CHPh, J = 15.8 Ãö), 13.37 óø.ñ (1Í, ÎÍ). Íàéäåíî, %: C

75.47; H 5.67; N 4.85. Ñ36H32N2Î5. Âû÷èñëåíî, %:C 75.51; H 5.63; N 4.89.
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4'-Ãèäðîêñè-6,6-äèìåòèë-1-(4-ìåòîêñèôåíèë)-1'-
(4-ìåòèëôåíèë)-3'-[(2E)-3-ôåíèëïðîï-2-åíîèë]-
1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-
ïèððîë]-2,4,5'-òðèîí (49d): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33 ììîëü)

1H-ïèððîë-2,3-äèîíà Vh è 326 ìã (1.33 ììîëü)

3-[(4-ìåòîêñèôåíèë)àìèíî]-5,5-äèìåòèëöèêëîãåêñ-

2-åí-1-îíà (P23e). Âûõîä 78%, ò.ïë. 244�246°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3306 (OH), 1757 (C2=O), 1719 (C5'=O), 1669 (C4=O),

1640 (C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.53 c (3H, Me),

0.92 c (3H, Me), 1.97 ä (1H, C7H2, J = 16.4 Ãö), 2.07 ä (1H, C5H2, J = 18.4

Ãö), 2.14 ä (1H, C7H2, J = 16.4 Ãö), 2.30 c (3H, Me), 2.33 ä (1H, C5H2,

J = 18.4 Ãö), 3.83 c (3H, OMe), 6.97�7.70 ãð.ñ (13H, C6H5 + 2C6H4), 7.62 ä

(1Í, COCH=CHPh, J = 15.8 Ãö), 7.71 ä (1Í, COCH=CHPh, J = 15.8 Ãö),

13.48 óø.ñ (1Í, ÎÍ). Íàéäåíî, %: C 73.47; H 5.44; N 4.73. Ñ36H32N2Î6.

Âû÷èñëåíî, %: C 73.45; H 5.48; N 4.76.
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1-Áåíçèë-4'-ãèäðîêñè-6,6-äèìåòèë-1'-(4-
ìåòîêñèôåíèë)-3'-[(2E)-3-ôåíèëïðîï-2-åíîèë]-
1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-
ïèððîë]-2,4,5'-òðèîí (49e): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28 ììîëü)

1H-ïèððîë-2,3-äèîíà Vi è 294 ìã (1.28 ììîëü)

3-(áåíçèëàìèíî)-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà

(P23g). Âûõîä 75%, ò.ïë. 233�234°C. ÈÊ ñïåêòð,

ν, ñì−1: 3179 (ÎÍ), 1757 (C2=O), 1723 (C5'=O), 1669 (C4=O), 1645

(C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.70 c (3H, Me), 0.96 c

(3H, Me), 2.07 ä (1H, C7H2, J = 16.0 Ãö), 2.11 ä (1H, C7H2, J = 16.0 Ãö),

2.16 ä (1H, C5H2, J = 18.0 Ãö), 2.54 ä (1H, C5H2, J = 18.0 Ãö), 3.77 c (3H,

OMe), 4.75 ä (1Í, CH2Ph, J = 16.1 Ãö), 4.91 ä (1Í, CH2Ph, J = 16.1 Ãö),

6.84�7.68 ãð.ñ (14H, 2C6H5 + C6H4), 7.59 ä (1Í, COCH=CHPh, J = 15.8

Ãö), 7.70 ä (1Í, COCH=CHPh, J = 15.8 Ãö), 13.31 óø.ñ (1H, OH). Íàéäåíî,

%: C 73.48; H 5.43; N 4.77. Ñ36H32N2Î6. Âû÷èñëåíî, %: C 73.45; H 5.48;

N 4.76.
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4'-Ãèäðîêñè-6,6-äèìåòèë-1'-(4-ìåòîêñèôåíèë)-
1-ôåíèë-3'-[(2E)-3-ôåíèëïðîï-2-åíîèë]-
1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-
ïèððîë]-2,4,5'-òðèîí (49f): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28 ììîëü)

1H-ïèððîë-2,3-äèîíà Vi è 276 ìã (1.28 ììîëü)

3-(ôåíèëàìèíî)-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà

(P23c). Âûõîä 75%, ò.ïë. 242�243°Ñ. ÈÊ ñïåêòð,

ν, ñì−1: 3181 (ÎÍ), 1761 (C2=O), 1723 (C5'=O), 1669 (C4=O), 1644

(C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.57 c (3H, Me), 0.93 c

(3H, Me), 1.99 ä (1H, C7H2, J = 16.1 Ãö), 2.10 ä (1H, C5H2, J = 18.4 Ãö),

2.13 ä (1H, C7H2, J = 16.1 Ãö), 2.39 ä (1H, C5H2, J = 18.4 Ãö), 3.76 c (3H,

OMe), 6.99�7.71 ãð.ñ (14H, 2C6H5 + C6H4), 7.62 ä (1Í, COCH=CHPh,

J = 15.7 Ãö), 7.71 ä (1Í, COCH=CHPh, J = 15.7 Ãö), 13.34 óø.ñ (1Í, ÎÍ).

Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 26.44 (Me), 27.98 (Me), 33.78 (C6),

35.85 (C7), 50.43 (C5), 55.34 (OMe), 68.63 (C3), 109.80 (C3a), 114.59 (m-C

â N-C6H4OMe-4), 118.20 (C3'), 123.86 (ÑOCH=CHPh), 125.25�134.39,

137.24 (Ñ7a), 142.23 (ÑOCH=CHPh), 159.05 (i-C â N-C6H4OMe-4), 164.87

(C2), 165.73 (C5') 174.60 (C4'), 182.39 (C3'�CO), 190.58 (C4). Íàéäåíî,

%: C 73.18; H 5.21; N 4.85. Ñ35H30N2Î6. Âû÷èñëåíî, %: C 73.16; H 5.26;

N 4.88.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 49f ïðîâåä¼í íà àâòî-

ìàòè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå ¾Xcalibur-

3¿ ñ CCD äåòåêòîðîì (λ(MoKα) 0.71073 �A, Ò 295(2) Ê, ãðàôèòîâûé

ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°). Äëÿ àíàëèçà èñ-

ïîëüçîâàëñÿ îáëîìîê áåñöâåòíîãî ïðèçìàòè÷åñêîãî êðèñòàëëà ðàçìåðîì

0.25 × 0.20 × 0.15 ìì. Ïîïðàâêà íà ïîãëîùåíèå íå ââîäèëàñü èç-çà å¼

ìàëîñòè (µ 0.082 ìì−1). Íà óãëàõ ðàññåÿíèÿ 2.94 < θ < 33.34°ñîáðàíî
19826 îòðàæåíèé, èç íèõ 11424 íåçàâèñèìûõ (Rint 0.0435), 3560 ñ I>2σ(I).

Êîìïëåêòíîñòü äëÿ θ < 33.34° 81.8%, äëÿ θ < 26.00° 96.6%. Êðèñòàëë

òðèêëèííûé, ïð.ãð. Ð-1, a 10.1696(8) �A, b 13.3383(9) �A,c 13.5975(13) �A, α

83.622(7)°, β 80.102(7)°, γ 85.880(6)°. Ñòðóêòóðà ðàñøèôðîâàíà è óòî÷íåíà
ñ èñïîëüçîâàíèåì ïðîãðàììíîãî ïàêåòà SHELXTL (âåðñèÿ 5.1) [201]. Ïî-

çèöèîííûå è òåìïåðàòóðíûå ïàðàìåòðû íåâîäîðîäíûõ àòîìîâ óòî÷íåíû â
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èçîòðîïíîì, à çàòåì â àíèçîòðîïíîì ïðèáëèæåíèè ïîëíîìàòðè÷íûìÌÍÊ

ïî F 2. Àòîìû âîäîðîäà, çà èñêëþ÷åíèåì âîäîðîäà ãðóïïû ÎÍ, ëîêàëèçî-

âàíû ïî ìàêñèìóìàì ýëåêòðîííîé ïëîòíîñòè è âêëþ÷åíû â óòî÷íåíèå â

ìîäåëè ¾íàåçäíèêà¿ â èçîòðîïíîì ïðèáëèæåíèè. Àòîì âîäîðîäà ãðóïïû

ÎÍ óòî÷íÿëñÿ íåçàâèñèìî â èçîòðîïíîì ïðèáëèæåíèè. Îêîí÷àòåëüíûå

ïàðàìåòðû óòî÷íåíèÿ: R1 0.0627 (äëÿ I>2σ(I)), R1 0.1751 (äëÿ âñåõ îòðà-

æåíèé), wR2 0.1218 (äëÿ I>2σ(I)), wR2 0.1320 (äëÿ âñåõ îòðàæåíèé) ïðè

ôàêòîðå äîáðîòíîñòè S 0.991. Ðåçóëüòàòû ÐÑÀ çàðåãèñòðèðîâàíû â Êåì-

áðèäæñêîì öåíòðå êðèñòàëëîãðàôè÷åñêèõ äàííûõ, CCDC � 872 845. Ýòè

ìàòåðèàëû íàõîäÿòñÿ â ñâîáîäíîì äîñòóïå è ìîãóò áûòü çàïðîøåíû ïî

àäðåñó www.ccdc.cam.ac.uk/data_request/cif.
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4'-Ãèäðîêñè-6,6-äèìåòèë-1'-(4-ìåòîêñèôåíèë)-1-
(4-ìåòèëôåíèë)-3'-[(2E)-3-ôåíèëïðîï-2-åíîèë]-
1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-
ïèððîë]-2,4,5'-òðèîí (49g): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28 ììîëü)

1H-ïèððîë-2,3-äèîíà Vi è 294 ìã (1.28 ììîëü)

3-[(4-ìåòèëôåíèë)àìèíî]-5,5-äèìåòèëöèêëîãåêñ-2-

åí-1-îíà (P23d). Âûõîä 81%, ò.ïë. 258�259°Ñ. ÈÊ

ñïåêòð, ν, ñì−1: 3174 (ÎÍ), 1757 (C2=O), 1727 (C5'=O), 1661 (C4=O),

1645 (C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.57 c (3H, Me),

0.92 c (3H, Me), 1.98 ä (1H, C7H2, J = 16.3 Ãö), 2.09 ä (1H, C5H2, J = 18.4

Ãö), 2.15 ä (1H, C7H2, J = 16.3 Ãö), 2.33 ä (1H, C5H2, J = 18.4 Ãö), 2.39 c

(3H, Me), 3.76 c (3H, OMe), 6.97�7.70 ãð.ñ (13H, C6H5 + 2C6H4), 7.62 ä

(1Í, COCH=CHPh, J = 16.2 Ãö), 7.70 ä (1Í, COCH=CHPh, J = 16.2 Ãö),

13.08 óø.ñ (1Í, ÎÍ). Íàéäåíî, %: C 73.46; H 5.50; N 4.82. Ñ36H32N2Î6.

Âû÷èñëåíî, %: C 73.45; H 5.48; N 4.76.
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4'-Ãèäðîêñè-6,6-äèìåòèë-1,1'-äè(4-ìåòîêñèôåíèë)-
3'-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1,1',2,4,5,5',6,7-
îêòàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-2,4,5'-òðèîí
(49h): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ

èç 500 ìã (1.28 ììîëü) 1H-ïèððîë-2,3-äèîíà Vi è

314 ìã (1.28 ììîëü) 3-[(4-ìåòîêñèôåíèë)àìèíî]-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23e). Âûõîä 78%,
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ò.ïë. 237�238°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3243 (ÎÍ), 1755

(C2=O), 1721 (C5'=O), 1667 (C4=O), 1642 (C3'-C=O). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 0.57 c (3H, Me), 0.92 c (3H, Me), 1.98 ä (1H, C7H2,

J = 16.1 Ãö), 2.08 ä (1H, C5H2, J = 18.2 Ãö), 2.15 ä (1H, C7H2, J = 16.1

Ãö), 2.32 ä (1H, C5H2, J = 18.2 Ãö), 3.76 c (3H, OMe), 3.83 c (3H, OMe),

6.98�7.71 ãð.ñ (13H, C6H5 + 2C6H4), 7.64 ä (1Í, COCH=CHPh, J = 15.7

Ãö), 7.71 ä (1Í, COCH=CHPh, J = 15.7 Ãö), 13.26 óø.ñ (1Í, ÎÍ). Íàéäåíî,

%: C 71.54; H 5.28; N 4.64. Ñ36H32N2Î7. Âû÷èñëåíî, %: C 71.51; H 5.33;

N 4.63.
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1-(4-Áðîìôåíèë)-4'-ãèäðîêñè-6,6-äèìåòèë-1'-(4-
ìåòîêñèôåíèë)-3'-[(2E)-3-ôåíèëïðîï-2-åíîèë]-
1,1',2,4,5,5',6,7-îêòàãèäðîñïèðî[èíäîë-3,2'-
ïèððîë]-2,4,5'-òðèîí (49i): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28 ììîëü)

1H-ïèððîë-2,3-äèîíà Vi è 377 ìã (1.28 ììîëü) 3-[(4-

áðîìôåíèë)àìèíî]-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà

(P23f). Âûõîä 87%, ò.ïë. 265�266°Ñ. ÈÊ ñïåêòð,

ν, ñì−1: 3170 (ÎÍ), 1757 (C2=O), 1730 (C5'=O), 1659 (C4=O), 1644

(C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.58 c (3H, Me), 0.93 c

(3H, Me), 2.00 ä (1H, C7H2, J = 16.1 Ãö), 2.16 ä (1H, C5H2, J = 18.5 Ãö),

2.17 ä (1H, C7H2, J = 16.1 Ãö), 2.39 ä (1H, C5H2, J = 18.5 Ãö), 3.76 c (3H,

OMe), 6.98�7.81 ãð.ñ (13H, C6H5 + 2C6H4), 7.63 ä (1Í, COCH=CHPh,

J = 15.8 Ãö), 7.71 ä (1Í, COCH=CHPh, J = 15.8 Ãö), 13.38 óø.ñ (1H, OH).

Íàéäåíî, %: C 64.28; H 4.51; N 4.31. Ñ35H29BrN2Î6. Âû÷èñëåíî, %: C

64.32; H 4.47; N 4.29.

Ñèíòåç 1',2-äèàðèë-3'-àðîèë-4'-ãèäðîêñè-6,6-äèìåòèë-
1',4,5,5',6,7-ãåêñàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-4,5'-äèîíîâ (50).

Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà IV â áåçâîäíîì áåí-

çîëå (20 ìë) äîáàâëÿëè 3-àìèíîöèêëîãåêñ-2-åíîí (P23h). Ðåàêöèîííóþ

ìàññó êèïÿòèëè â òå÷åíèå 4�5 ÷àñîâ, îõëàæäàëè äî êîìíàòíîé òåìïåðàòó-

ðû. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè

èç áåíçîëà.
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3'-Áåíçîèë-4'-ãèäðîêñè-6,6-äèìåòèë-1',2-äèôåíèë-
1',4,5,5',6,7-ãåêñàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-
4,5'-äèîí (50a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 381 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVa è 139 ìã (1.0 ììîëü) 3-àìèíîöèêëîãåêñ-2-åíîíà

(P23h). Ïðîäóêò ÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç

ñìåñè ðàñòâîðèòåëåé áåíçîë-ýòèëàöåòàò â ñîîòíîøå-

íèè 2 : 1. Âûõîä 77%, ò.ïë. 190�191°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3150, 1728,

1712, 1616. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.60 ñ (3Í, ÑÍ3), 0.92 ñ

(3Í, ÑÍ3), 2.05 ä (1Í, ÑÍ2, J = 16 Ãö), 2.21 ä (1Í, ÑÍ2, J = 16 Ãö), 2.48 ä

(1Í, ÑÍ2, J = 18.4 Ãö), 2.66 ä (1Í, ÑÍ2, J = 18.4 Ãö), 6.80�7.98 ãð.ñ (15H,

3C6H5), 12.59 î÷.øèð. Íàéäåíî, %: C 76.40; H 5.18; N 5.58. Ñ32H26N2Î4.

Âû÷èñëåíî, %: C 76.48; H 5.21; N 5.57.
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3'-Áåíçîèë-4'-ãèäðîêñè-6,6-äèìåòèë-1'-(4-ìåòèëôå-
íèë)-2-ôåíèë-1',4,5,5',6,7-ãåêñàãèäðîñïèðî[èíäîë-
3,2'-ïèððîë]-4,5'-äèîí (50b): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 395 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà IVb è 139 ìã (1.0 ììîëü)

3-àìèíîöèêëîãåêñ-2-åíîíà (P23h). Ïðîäóêò ÷èñòè-

ëè ïåðåêðèñòàëëèçàöèåé èç ñìåñè ðàñòâîðèòåëåé

áåíçîë-ýòèëàöåòàò â ñîîòíîøåíèè 2 : 1. Âûõîä 76%,

ò.ïë. 194�195°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1723, 1662, 1626. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 0.67 ñ (3Í, ÑÍ3), 0.92 ñ (3Í, ÑÍ3), 2.09 ä (1Í, ÑÍ2,

J = 16.3 Ãö), 2.20 ä (1Í, ÑÍ2, J = 16.3 Ãö), 2.50 ä (1Í, ÑÍ2, J = 18.3 Ãö),

2.65 ä (1Í, ÑÍ2, J = 18.3 Ãö), 6.62�7.92 ãð.ñ (14H, 2C6H5 + ar4), 12.51

î÷.øèð. (1H, OH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.54, 26.88,

28.11, 34.44, 35.98, 51.25, 78.92, 115.33, 123.57�137.78, 152.30, 165.54,

173.02, 181.31, 188.16, 192.80. Íàéäåíî, %: C 76.65; H 5.47; N 5.38.

Ñ33H28N2Î4. Âû÷èñëåíî, %: C 76.73; H 5.46; N 5.42.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 50b. Äèôðàêöèîí-

íûé ýêñïåðèìåíò ïðîâåäåí äëÿ îáëîìêà êðèñòàëëà â âèäå áëåäíî-æåëòîé

ïëàñòèíû ðàçìåðîì 0.41×0.22×0.09 ìì íà àâòîìàòè÷åñêîì ÷åòûð¼õêðóæ-

íîì ðåíòãåíîâñêîì äèôðàêòîìåòðå ¾Xcalibur 3¿ ñ CCD-äåòåêòîðîì ïî

ñòàíäàðòíîé ìåòîäèêå [120(2) Ê, ÌîÊα-èçëó÷åíèå, ãðàôèòîâûé ìîíîõðî-
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ìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°], ïîïðàâêà íà ïîãëîùåíèå

íå ââîäèëàñü. Ðåøåíèå è óòî÷íåíèå ñòðóêòóð ïðîâåäåíî ñ èñïîëüçîâàíè-

åì ïàêåòà ïðîãðàìì SHELX97. Âñå íåâîäîðîäíûå àòîìû ðåøåíû â àíè-

çîòðîïíîì ïðèáëèæåíèè íåçàâèñèìî, àòîìû âîäîðîäà ïîìåùåíû â ãåî-

ìåòðè÷åñêè ðàññ÷èòàííûå ïîçèöèè è âêëþ÷åíû â óòî÷íåíèå â ìîäåëè

�íàåçäíèêà� ñ çàâèñèìûìè òåïëîâûìè ïàðàìåòðàìè. Ïî ðåçóëüòàòàì ýêñ-

ïåðèìåíòà, âåùåñòâî êðèñòàëëèçóåòñÿ â ïðîñòðàíñòâåííîé ãðóïïå Ð2(1)/c

ìîíîêëèííîé ñèíãîíèè, a 10.5614(13) �A, b 27.122(4) �A, c 9.9314(10) �A,

β 96.424(10)°, V 2827.0(6) �A3, äëÿ áðóòòî-ôîðìóëû C33H28N2O4 Z 4, dcalc

1.317 ã/ñì3, µ 0.088 ìì−1, F(000) 1184. Íà óãëàõ ðàññåÿíèÿ 2.77°< θ <

26.38°ñîáðàíî 12330 îòðàæåíèé â èíòåðâàëå èíäåêñîâ -13 < h < 12, -29 <

k < 33, -12 < l < 10, èç íèõ 5688 íåçàâèñèìûõ(Rint 0.0582), çàâåðøåííîñòü

ýêñïåðèìåíòà äëÿ θ 26.38°98.5%. Îêîí÷àòåëüíûå ïàðàìåòðû óòî÷íåíèÿ:

R1 0.0394, wR2 0.0549 [äëÿ îòðàæåíèé ñ I>2σ(I)], R1 0.1109, wR2 0.0598

(äëÿ âñåõ îòðàæåíèé) ïðè ôàêòîðå äîáðîòíîñòè S 0.986 ïèêè îñòàòî÷íîé

ìàêñèìàëüíîé è ìèíèìàëüíîé ýëåêòðîííîé ïëîòíîñòè 0.214 è -0.265 ē/ �A3.
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3'-Áåíçîèë-4'-ãèäðîêñè-6,6-äèìåòèë-1'-(4-ìå-
òîêñèôåíèë)-2-ôåíèë-1',4,5,5',6,7-ãåêñàãèäðî-
ñïèðî[èíäîë-3,2'-ïèððîë]-4,5'-äèîí (50c): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 411 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà IVc è 139 ìã (1.0

ììîëü) 3-àìèíîöèêëîãåêñ-2-åíîíà (P23h). Âûõîä

81%, ò.ïë. 195�196°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3147, 1721,

1661, 1624. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.68

ñ (3Í, ÑÍ3), 0.92 ñ (3Í, ÑÍ3), 2.08 ä (1Í, ÑÍ2, J = 16.4 Ãö), 2.20 ä (1Í,

ÑÍ2, J = 16.4 Ãö), 2.49 ä (1Í, ÑÍ2, J = 18.8 Ãö), 2.65 ä (1Í, ÑÍ2, J = 18.8

Ãö), 3.68 ñ (3Í, ÎÑÍ3), 6.64�7.95 ãð.ñ (14H, 2C6H5 + ar4), 12.60 î÷.øèð

(1H, OH). Íàéäåíî, %: C 76.40; H 5.28; N 5.21. Ñ33H28N2Î5. Âû÷èñëåíî,

%: C 74.42; H 5.30; N 5.26.
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3'-Áåíçîèë-1'-(4-áðîìôåíèë)-4'-ãèäðîêñè-6,6-
äèìåòèë-2-ôåíèë-1',4,5,5',6,7-ãåêñàãèäðîñïè-
ðî[èíäîë-3,2'-ïèððîë]-4,5'-äèîí (50d): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 460 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà IVd è 139 ìã (1.0

ììîëü) 3-àìèíîöèêëîãåêñ-2-åíîíà (P23h). Ïðîäóêò

÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç ýòèëàöåòàòà. Âûõîä

89%, ò.ïë. 232�233°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3150, 1721,

1694, 1622, 1610. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.69 ñ (3Í, ÑÍ3),

0.92 ñ (3Í, ÑÍ3), 2.09 ä (1Í, ÑÍ2, J = 16.1 Ãö), 2.20 ä (1Í, ÑÍ2, J = 16.1

Ãö), 2.56 ä (1Í, ÑÍ2, J = 18.3 Ãö), 2.67 ä (1Í, ÑÍ2, J = 18.3 Ãö), 6.71�7.90

ãð.ñ (14H, 2C6H5 + ar4), 12.61 î÷.øèð (1H, OH). Íàéäåíî, %: C 66.03; H

4.30; N 4.81. Ñ32H25BrN2Î4. Âû÷èñëåíî, %: C 66.10; H 4.33; N 4.82.
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4'-Ãèäðîêñè-6,6-äèìåòèë-3'-(4-ìåòèëáåíçîèë)-
1',2-äè(4-ìåòèëôåíèë)-1',4,5,5',6,7-ãåêñàãèäðî-
ñïèðî[èíäîë-3,2'-ïèððîë]-4,5'-äèîí (50e): ïîëó-

÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 424 ìã

(1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IVf è 139 ìã (1.0

ììîëü) 3-àìèíîöèêëîãåêñ-2-åíîíà (P23h). Âûõîä

82%, ò.ïë. 208�209°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3145,

1722, 1662, 1622. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 0.66 ñ (3Í, ÑÍ3), 0.90 ñ (3Í, ÑÍ3), 2.05 ä (1Í,

ÑÍ2, J = 16 Ãö), 2.17 ä (1Í, ÑÍ2, J = 16 Ãö), 2.36 ñ (3Í, ÑÍ3), 2.38 ñ (3Í,

ÑÍ3), 2.47 ä (1Í, ÑÍ2, J = 18.8 Ãö), 2.62 ä (1Í, ÑÍ2, J = 18.8 Ãö), 3.67 ñ

(3Í, ÎÑÍ3), 6.66-7.86 ãð.ñ (12H, 3C6H4), 12.37 î÷.øèð (1H, OH). Íàéäåíî,

%: C 76.12; H 5.91; N 5.11. Ñ35H32N2Î4. Âû÷èñëåíî, %: C 77.18; H 5.92;

N 5.14.
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4'-Ãèäðîêñè-6,6-äèìåòèë-3'-(4-ìåòèëáåíçîèë)-2-
(4-ìåòèëôåíèë)-1'-(4-ìåòîêñèôåíèë)-1',4,5,5',6,7-
ãåêñàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-4,5'-äèîí
(50f): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

440 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IVg è 139

ìã (1.0 ììîëü) 3-àìèíîöèêëîãåêñ-2-åíîíà (P23h).

Âûõîä 79%, ò.ïë. 208�209°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3150, 1722, 1662, 1622. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 0.66 ñ (3Í, ÑÍ3), 0.90 ñ (3Í, ÑÍ3), 2.05 ä (1Í, ÑÍ2, J = 16 Ãö),

2.17 ä (1Í, ÑÍ2, J = 16 Ãö), 2.36 ñ (3Í, ÑÍ3), 2.38 ñ (3Í, ÑÍ3), 2.47 ä

(1Í, ÑÍ2, J = 18.8 Ãö), 2.62 ä (1Í, ÑÍ2, J = 18.8 Ãö), 3.67 ñ (3Í, ÎÑÍ3),

6.66-7.86 ãð.ñ (12H, 3C6H4), 12.37 î÷.øèð (1H, OH). Íàéäåíî, %: C 74.97;

H 5.71; N 5.01. Ñ35H32N2Î5. Âû÷èñëåíî, %: C 74.98; H 5.75; N 5.00.

Ñèíòåç 1',2-äèàðèë-3'-àðîèë-4'-ãèäðîêñè-6,6-äèìåòèë-
1',4,5,5',6,7-ãåêñàãèäðîñïèðî[èíäîë-3,2'-ïèððîë]-4,5'-äèîíîâ (51).

Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà IV â áåçâîäíîì

áåíçîëå (20 ìë) äîáàâëÿëè 3-àìèíîöèêëîãåêñ-2-åíîí (P23). Ðåàêöèîííóþ

ìàññó êèïÿòèëè â òå÷åíèå 4�5 ÷àñîâ, îõëàæäàëè äî êîìíàòíîé òåìïåðàòó-

ðû. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè

èç áåíçîëà.
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3-Áåíçîèë-5-ãèäðîêñè-6',6'-äèìåòèë-4-
[(4-ìåòèëôåíèë)àìèíî]-5ôåíèë-1'-àëëèë-
1',2',4',5',6',7'-ãåêñàãèäðî-5H-ñïèðî[ôóðàí-2,3'-
èíäîë]-2,4'-äèîí (51a): Âûõîä 77%, ò.ïë. 215�216°C.
ÈÊ ñïåêòð, ν, ñì−1: Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 0.89 c (3Í, ÑÍ3), 1.06 c (3Í, ÑÍ3), 2.04 c (3H,

CH3), 2.21 ä (1Í, J = 16.5 Ãö), 2.37 ä (1Í, J = 16.5 Ãö),

2.51 ä (1Í, J = 18.2 Ãö), 2.67 ä (1Í, J = 18.2 Ãö), 4.24

ì (2H, CH2CH=CH2), 5.21 ä.ä (1H, CH2-CH=CH2,

J = 10.5 Ãö, 1.1 Ãö), 5.35 ä.ä (1H, CH2-CH=CH2, J = 17.3 Ãö, 1.1 Ãö), 5.90

ì (1Í, CH2-CH=CH), 6.48 ä (2H, J = 8.4 Ãö), 6.63 ä (2H, J = 8.4), 7.14�7.88

ãð.ñ (13Í), 7.62 ñ (1H), 8.23 óø.ñ (1Í). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ,

ì.ä.: 20.17, 26,97, 28.30, 30.89, 34.89, 41.95, 49.72, 84.85, 103.86, 108.33,

112.71, 116.56, 120.93, 127.00�140.62, 153.94, 168.13, 176.73, 190.22,
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193.33, 194.53?weak. Íàéäåíî, %: C 75.20; H 5.98; N 4.95. Ñ36H34N2Î5.

Âû÷èñëåíî, %: C 75.24; H 5.96; N 4.87.

O

Me
Me

N
O

O

N

Me

H

OH

O

3-Áåíçîèë-5-ãèäðîêñè-6',6'-äèìåòèë-4-[(4-
ìåòèëôåíèë)àìèíî]-5-ôåíèë-1'-áåíçèë-
1',2',4',5',6',7'-ãåêñàãèäðî-5H-ñïèðî[ôóðàí-2,3'-
èíäîë]-2,4'-äèîí (51b): Âûõîä 81%, ò.ïë. 208�209°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: . Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 0.83 c (3Í, Me), 0.99 c (3Í, Me), 2.04 c (3H,

Me), 2.19 ä (1Í, J = 16.5 Ãö), 2.36 ä (1Í, J = 16.5 Ãö),

2.46 ä (1Í, J = 18.2 Ãö), 2.56 ä (1Í, J = 18.2 Ãö), 4.87

c (2H, CH2Ph), 6.49 ä (2H, C6H4, J = 8.3 Ãö), 6.63 ä

(2H, C6H4, J = 8.3), 7.12�7.41 ãð.ñ (13H, 3C6H5), 7.64 ñ (1H, OH), 7.84 ä

(2Í, C6H5, J = 7.1), 8.25 óø.ñ (1Í, NH). Íàéäåíî, %: C 76.97; H 5.85; N

4.54. Ñ40H36N2Î5. Âû÷èñëåíî, %: C 76.90; H 5.81; N 4.48.
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3-Áåíçîèë-5-ãèäðîêñè-6',6'-äèìåòèë-4-[(4-
ìåòèëôåíèë)àìèíî]-5-ôåíèë-1'-(4-ìåòîêñèôåíèë)-
1',2',4',5',6',7'-ãåêñàãèäðî-5H-ñïèðî[ôóðàí-2,3'-
èíäîë]-2,4'-äèîí (51c): Âûõîä 83%, ò.ïë. 235�236°C.
ÈÊ ñïåêòð, ν, ñì−1: Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 0.76 c (3Í, ÑÍ3), 1.01 c (3Í, ÑÍ3), 2.04 c (3H,

ÑÍ3), 2.15 ä (1Í, J = 16.5 Ãö), 2.19 ä (1Í, J = 16.5

Ãö), 2.44 ä (1Í, J = 16.7? Ãö), 2.61 ä (1Í, J = 18.1 Ãö),

3.83 c (3Í, OCH3), 6.48 ä (2H, C6H4, J = 7.9 Ãö), 6.63

ä (2H, C6H4, J = 7.9 Ãö), 7.12�7.40 ãð.ñ (12H), 7.70 ñ

(1H), 7.86 ä (2Í, Ñ6H4, J 7.3 Ãö), 8.23 óø.ñ (1Í). Íàéäåíî, %: C 74.93; H

5.67; N 4.31. Ñ40H36N2Î6. Âû÷èñëåíî, %: C 74.98; H 5.66; N 4.37.
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3-Áåíçîèë-5-ãèäðîêñè-6',6'-äèìåòèë-4-[(4-
ìåòèëôåíèë)àìèíî]-5-ôåíèë-1'-(4-áðîìôåíèë)-
1',2',4',5',6',7'-ãåêñàãèäðî-5H-ñïèðî[ôóðàí-2,3'-
èíäîë]-2,4'-äèîí (51d): Âûõîä 78%, ò.ïë. 245�246°C.
ÈÊ ñïåêòð, ν, ñì−1: Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 0.75 c (3Í, ÑÍ3), 1.02 c (3Í, ÑÍ3), 2.04 c (3H,

ÑÍ3), 2.19 ä (1Í, J = 16.4 Ãö), 2.22 ä (1Í, J = 18.3 Ãö),

2.45 ä (1Í, J = 16.4 Ãö), 2.69 ä (1Í, J = 18.3 Ãö), 3.83

c (3Í, OCH3), 6.47 ä (2H, C6H4, J = 8.2 Ãö), 6.63 ä

(2H, C6H4, J = 8.2 Ãö), 7.13�7.41 ãð.ñ (12H), 7.43 ä (2Í, C6H4Br-4, J = 8.6

Ãö), 7.63 ñ (1H), 7.81 ä (2Í, C6H4Br-4, J = 8.6 Ãö), 7.85 ä (2Í, Ñ6H4, J = 7.2

Ãö), 8.24 óø.ñ (1Í). Íàéäåíî, %: C 67.93; H 4.89; N 4.09. Ñ39H33BrN2Î5.

Âû÷èñëåíî, %: C 67.93; H 4.82; N 4.06.
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3-Áåíçîèë-5-ãèäðîêñè-6',6'-äèìåòèë-4-[(4-
ìåòîêñèôåíèë)àìèíî]-5-ôåíèë-1'-àëëèë-
1',2',4',5',6',7'-ãåêñàãèäðî-5H-ñïèðî[ôóðàí-2,3'-
èíäîë]-2,4'-äèîí (51e): Âûõîä 80%, ò.ïë. 211�212°C.
ÈÊ ñïåêòð, ν, ñì−1: Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 0.91 c (3Í, ÑÍ3), 1.05 c (3Í, ÑÍ3), 2.23 ä

(1Í, J = 16.5 Ãö), 2.37 ä (1Í, J = 16.5 Ãö), 2.49 ä (1Í,

J = 18.1 Ãö), 2.66 ä (1Í, J = 18.1 Ãö), 3.57 c (3H, OMe),

4.21 ì (2H, CH2CH=CH2), 5.20 ä.ä (1H, CH2-CH=CH2,

J = 10.5 Ãö, 0.9 Ãö), 5.34 ä (1H, CH2-CH=CH2, J = 17.3 Ãö), 5.89 ì (1Í,

CH2-CH=CH), 6.42 ä (2H, J = 9.0 Ãö), 6.51 ä (2H, J = 9.0), 7.13�7.40 ãð.ñ

(), 7.64 ñ (1H), 7.79 ä (2Í, J = ), 8.24 óø.ñ (1Í). Íàéäåíî, %: C 73.22; H

5.84; N 4.70. Ñ39H34N2Î6. Âû÷èñëåíî, %: C 73.20; H 5.80; N 4.74.
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3-Áåíçîèë-5-ãèäðîêñè-6',6'-äèìåòèë-4-[(4-
ìåòîêñèôåíèë)àìèíî]-5-ôåíèë-1'-áåíçèë-
1',2',4',5',6',7'-ãåêñàãèäðî-5H-ñïèðî[ôóðàí-2,3'-
èíäîë]-2,4'-äèîí (51f): Âûõîä 81%, ò.ïë. 210�211°C.
ÈÊ ñïåêòð, ν, ñì−1: Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 0.86 c (3Í, Me), 0.98 c (3Í, Me), 2.21 ä (1Í,

J = 16.8 Ãö), 2.36 ä (1Í, J = 16.8 Ãö), 2.44 ä (1Í,

J = 18.4 Ãö), 2.54 ä (1Í, J = 18.4 Ãö), 3.57 c (3H, OMe),
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4.85 c (2H, CH2Ph), 6.43 ä (2H, J = 9.0), 6.53 ä (2H,

J = 9.0), 7.17�7.40 ãð.ñ (13Í), 7.65 ñ (1H), 7.81 ä (2Í, J = 7.1), 8.26 óø.ñ

(1Í) Íàéäåíî, %: C 74.93; H 5.72; N 4.43. Ñ40H36N2Î6. Âû÷èñëåíî, %: C

74.98; H 5.66; N 4.37.

O

Me
Me

N
O

O

Me

N H

OH

Me

O

3-(4-Ìåòèëáåíçîèë)-5-ãèäðîêñè-6',6'-äèìåòèë-
4-(ôåíèëàìèíî)-5-(4-ìåòèëôåíèë)-1'-àëëèë-
1',2',4',5',6',7'-ãåêñàãèäðî-5H-ñïèðî[ôóðàí-2,3'-
èíäîë]-2,4'-äèîí (51g): Âûõîä 78%, ò.ïë. 211�212°C.
0.85 c (3Í, ÑÍ3), 1.06 c (3Í, ÑÍ3), 2.19 c (3H, ÑÍ3),

2.29 c (3H, ÑÍ3), 2.17 ä (1Í, J = 16.5 Ãö), 2.37 ä

(1Í, J = 16.5 Ãö), 2.52 ä (1Í, J = 18.3 Ãö), 2.69 ä (1Í,

J = 18.3 Ãö), 4.26 ì (2H, CH2CH=CH2), 5.22 ä.ä (1H,

CH2-CH=CH2, J = 10.5 Ãö, 0.9 Ãö), 5.37 ä.ä (1H, CH2-CH=CH2, J = 17.3

Ãö, 0.9 Ãö), 5.92 ì (1Í, CH2-CH=CH), 6.57 ä (2H, Ph, J = 7.6 Ãö), 6.62 ò

(1H, Ph, J = 7.6), 6.82 ò (2Í, Ph, J = 7.6), 6.91 ä (2Í, Ñ6H4, J = 8.0 Ãö), 7.09

ä (2Í, Ñ6H4, J = 8.0 Ãö), 7.19 ä (2Í, Ñ6H4, J = 8.2 Ãö), 7.52 ñ (1H), 7.72

ä (2Í, Ñ6H4, J = 8.2 Ãö), 8.10 óø.ñ (1Í). Íàéäåíî, %: C 75.53; H 6.22; N

4.77. Ñ37H36N2Î5. Âû÷èñëåíî, %: C 75.49; H 6.16; N 4.76.

Ñèíòåç 6',6'-äèìåòèë-3-[(Z)-ôåíèë(àðèëàìèíî)ìåòèëåí]-6',7'-äè-
ãèäðî-3H-ñïèðî[ôóðàí-2,3'-èíäîë]-2',4,4',5(1'H,5'H)-òåòðàîíîâ (52).

Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà II â 10 ìë áåçâîä-

íîãî õëîðîôîðìà äîáàâëÿëè ðàñòâîð 3-àìèíîöèêëîãåêñ-2-åíîíà P23 â

5 ìë áåçâîäíîãî õëîðîôîðìà. Ðåàêöèîííóþ ìàññó âûäåðæèâàëè ïðè

êîìíàòíîé òåìïåðàòóðå â òå÷åíèå 8-10 ÷àñîâ. Ðàñòâîðèòåëü óäàëÿëè,

îñòàòîê ðàñòèðàëè ñ ãåêñàíîì. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè

è ïåðåêðèñòàëëèçîâûâàëè èç ýòèëàöåòàòà.
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1'-Àëëèë-6',6'-äèìåòèë-3-[(Z)-ôåíèë(ôåíèëàìè-
íî)ìåòèëåí]-6',7'-äèãèäðî-3H-ñïèðî[ôóðàí-2,3'-
èíäîë]-2',4,4',5(1'H,5'H)-òåòðàîí (52a): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 363 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà IIa è 179 ìã (1.0 ììîëü)

3-(àëëèëàìèíî)-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà

(P23b). Âûõîä 72%, ò.ïë. 148-149°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3172 ø (NÍ), 1788 (Ñ5=Î), 1753 (Ñ2'=Î, Ñ4=Î), 1649 (Ñ4'=Î).
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Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.89 ñ (3Í, Me), 0.95 ñ (3Í, Me), 1.77

ä, 2.24 ä (2Í, Ñ7'Í2, J = 18.4 Ãö), 1.99 ä, 2.01 ä (2Í, Ñ5'Í2, J = 16.8 Ãö),

3.66 ä.ä, 4.06 ä.ä (2Í, ÑÍ2ÑÍ=ÑÍ2, J = 16.8 Ãö, J = 5.0 Ãö), 5.01 ä (1Í,

ÑÍ2ÑÍ=ÑÍ2, J = 17.6 Ãö), 5.17 ä (1Í, ÑÍ2ÑÍ=ÑÍ2, J = 10.0 Ãö), 5.74 ì

(1Í, ÑÍ2ÑÍ=ÑÍ2), 6.95�7.44 ãð. ñ (10Í, 2C6H5), 12.65 óø. ñ (1Í, NÍ).

Íàéäåíî, %: C 74.13; H 5.41; N 5.77. Ñ29H26N2Î5. Âû÷èñëåíî, %: C 74.18;

H 5.43; N 5.81.
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1'-Áåíçèë-6',6'-äèìåòèë-3-[(Z)-
ôåíèë(ôåíèëàìèíî)ìåòèëåí]-6',7'-äèãèäðî-3H-

ñïèðî[ôóðàí-2,3'-èíäîë]-2',4,4',5(1'H,5'H)-òåòðàîí

(52b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõî-

äÿ èç 363 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIa è 229 ìã (1.0 ììîëü) 3-(áåíçèëàìèíî)-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23g). Ïðîäóêò

÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç ñìåñè ðàñòâîðè-

òåëåé àöåòîí-ýòèëàöåòàò-àöåòîíèòðèë âçÿòûõ â ñîîòíîøåíèè 1 : 1 : 1.

Âûõîä 77%, ò.ïë. 152-153°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3183 ø (NÍ), 1781

(Ñ5=Î), 1752 (Ñ2'=Î, Ñ4=Î), 1651 (Ñ4'=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 0.81 ñ (3Í, Me), 0.90 ñ (3Í, Me), 1.78 ä, 2.25 ä (2Í, Ñ7'Í2,

J = 18.5 Ãö), 1.89 ä, 1.99 ä (2Í, Ñ5'Í2, J = 16.0 Ãö), 4.33 ä, 4.70 ä (2Í,

ÑÍ2Ph, J = 16.0 Ãö), 6.97�7.43 ãð. ñ (15Í, 3C6H5), 12.67 óø. ñ (1Í, NÍ).

Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 25.93 (Me), 29.50 (Me), 32.82 (Ñ6'),
35.00 (Ñ7'), 43.24 (ÑÍ2Ph), 49.99 (C5'), 79.93 (C3'), 110.64�135.54 (CAr

+ C3a'+ Ñ3=C-NH), 162.18 (C7à'), 164.23 (C5=Î), 165.93 (C2'=Î), 174.65
(C4=Î), 189.50 (C4'=Î). Íàéäåíî, %: C 74.36; H 5.27; N 5.23. Ñ33H28N2Î5.

Âû÷èñëåíî, %: C 74.42; H 5.30; N 5.26.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 52b. Æåëòûå õîðî-

øî îãðàíåííûå êðèñòàëëû Ñ33H28N2O8 ïðèíàäëåæàò ê ðîìáè÷åñêîé ñèí-

ãîíèè: a 9.890(2), b 14.607(3), c 18.947(4) �A, V 2737.1(10) �A3, M 532.57,

dcalc 1.292 ã/ñì3, Z 4, ïðîñòðàíñòâåííàÿ ãðóïïà P2(1)2(1)2(1). Íàáîð ýêñ-

ïåðèìåíòàëüíûõ îòðàæåíèé ïîëó÷åí â àâòîìàòè÷åñêîì 4-õ êðóæíîì äè-

ôðàêòîìåòðå ÊÌ-4 (KUMADIFFRACTION) ñ χ-ãåîìåòðèåé ìåòîäîì ω/2θ

ñêàíèðîâàíèÿ íà ìîíîõðîìàòèçèðîâàííîì ÌîKα-èçëó÷åíèè (2θ ≤ 50.5°).
Âñåãî èçìåðåíî 2559 (91.1% âîçìîæíîãî) íåçàâèñèìûõ îòðàæåíèé. Ïî-
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ïðàâêè íà ïîãëîùåíèå íå ââîäèëè (µ 0.087 mm−1). Ñòðóêòóðà îïðåäåëåíà

ïðÿìûì ìåòîäîì ïî ïðîãðàììå SIR92 [199] ñ ïîñëåäóþùåé ñåðèåé ðàñ-

÷åòîâ êàðò ýëåêòðîííîé ïëîòíîñòè. Âñå àòîìû âîäîðîäà, çà èñêëþ÷åíèåì

àòîìà âîäîðîäà Í2, çàäàíû ãåîìåòðè÷åñêè è óòî÷íÿëèñü ïî ïðèíöèïó ¾íà-

åçäíèêà¿. Ïîëíîìàòðè÷íîå àíèçîòðîïíîå (íåâîäîðîäíûõ àòîìîâ) óòî÷íå-

íèå ÌÍÊ ïî ïðîãðàììå SHELXL-97 [198] çàâåðøåíî ïðè R1 0.0380, wR2

0.1003 ïî 2241 îòðàæåíèÿì ñ I≥2σ(I) è R1 0.0473, wR2 0.1041 ïî âñåì îò-

ðàæåíèÿì (364 óòî÷íÿåìûõ ïàðàìåòðà). GooF 1.064. Ôðèäåëåâñêèå ïàðû

îòðàæåíèé íå èçìåðÿëè è àáñîëþòíàÿ ñòðóêòóðà ìîëåêóëû íå îïðåäåëåíà.
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6',6'-Äèìåòèë-3-[(Z)-ôåíèë(ôåíèëàìèíî)ìåòè-
ëåí]-1'-ôåíèë-6',7'-äèãèäðî-3H-ñïèðî[ôóðàí-2,3'-
èíäîë]-2',4,4',5(1'H,5'H)-òåòðàîí (52c): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 363 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà IIa è 215 ìã (1.0 ììîëü)

3-(ôåíèëàìèíî)-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà

(P23c). Âûõîä 71%, ò.ïë. 181-182°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3158 ø (NÍ), 1786 (Ñ5=Î), 1764 (Ñ2'=Î, Ñ4=Î), 1658 (Ñ4'=Î).
Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.91 ñ (6Í, 2Me), 1.81 ä, 2.06 ä (2Í,

Ñ7'Í2, J = 18.8 Ãö), 2.09 ä, 2.11 ä (2Í, Ñ5'Í2, J = 16.8 Ãö), 6.96�7.56 ãð. ñ

(15H, 3C6H5), 12.74 óø. ñ (1Í, NÍ). Íàéäåíî, %: C 74.05; H 5.03; N 5.36.

Ñ32H26N2Î5. Âû÷èñëåíî, %: C 74.12; H 5.05; N 5.40.
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6',6'-Äèìåòèë-3-[(Z)-ôåíèë(ôåíèëàìèíî)ìåòè-
ëåí]-1'-(4-ìåòèëôåíèë)-6',7'-äèãèäðî-3H-ñïèðî-

[ôóðàí-2,3'-èíäîë]-2',4,4',5(1'H,5'H)-òåòðàîí (52d):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

363 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IIa è

229 ìã (1.0 ììîëü) 3-[(4-ìåòèëôåíèë)àìèíî]-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23i) Âûõîä 74%,

ò.ïë. 168-170°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3171 ø (NÍ), 1788 (Ñ5=Î), 1752

(Ñ2'=Î, Ñ4=Î), 1660 (Ñ4'=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.90

ñ (6Í, 2Me), 1.78 ä, 2.04 ä (2Í, Ñ7'Í2, J = 18.4 Ãö), 2.08 ä, 2.10 ä (2Í,

Ñ5'Í2, J = 16.8 Ãö), 2.35 ñ (3Í, Me), 6.91�7.54 ãð. ñ (14H, 2C6H5 + C6H4),

12.74 óø. ñ (1Í, NÍ). Íàéäåíî, %: C 74.37; H 5.26; N 5.24. Ñ33H28N2Î5.

Âû÷èñëåíî, %: C 74.42; H 5.30; N 5.26.
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6',6'-Äèìåòèë-3-[(Z)-ôåíèë(ôåíèëàìèíî)ìåòè-
ëåí]-1'-(4-ìåòîêñèôåíèë)-6',7'-äèãèäðî-3H-ñïè-

ðî[ôóðàí-2,3'-èíäîë]-2',4,4',5(1'H,5'H)-òåòðàîí

(52e): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ

èç 363 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IIa

è 245 ìã (1.0 ììîëü) 3-[(4-ìåòîêñèôåíèë)àìèíî]-

5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23j). Ïðîäóêò

÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç ñìåñè ðàñòâîðèòåëåé õëîðîôîðì-

ýòèëàöåòàò âçÿòûõ â ñîîòíîøåíèè 1 : 3. Âûõîä 73%, ò.ïë. 174�175°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3160 ø (NÍ), 1793 (Ñ5=Î), 1754 (Ñ2'=Î, Ñ4=Î),
1655 (Ñ4'=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.90 ñ (3Í, Me), 0.91

ñ (3Í, Me), 1.76 ä, 2.03 ä (2Í, Ñ7'Í2, J = 18.3 Ãö), 2.08 ä, 2.11 ä (2Í,

Ñ5'Í2, J = 16.8 Ãö), 3.80 ñ (3Í, OMe), 6.95�7.22 ãð. ñ (14H, 2C6H5 +

C6H4), 12.76 óø. ñ (1Í, NÍ). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 26.14

(Me), 29.21 (Me), 33.04 (C6'), 35.68 (Ñ7'), 50.29 (C5'), 55.37 (OMe), 79.99

(C3'), 111.08�130.77 (CAr + C3a'+ Ñ3=C-NH), 159.27 (C-OMe), 162.36

(C7à'), 164.21 (C5=Î), 165.49 (C2'=Î), 173.49 (C4=Î), 190.11 (C4'=Î).
Íàéäåíî, %: C 72.20; H 5.11; N 5.09. Ñ33H28N2O6. Âû÷èñëåíî, %: C 72.25;

H 5.14; N 5.11.
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6',6'-Äèìåòèë-3-[(Z)-ôåíèë(ôåíèëàìèíî)ìåòè-
ëåí]-1'-(íàôòàëåí-1-èë)-6',7'-äèãèäðî-3H-ñïè-

ðî[ôóðàí-2,3'-èíäîë]-2',4,4',5(1'H,5'H)-òåòðàîí

(52f): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ

èç 363 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà IIa è

265 ìã (1.0 ììîëü) 3-[(íàôòàëåí-1-èë)àìèíî]-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23a). Âûõîä 68%,

ò.ïë. 185-186°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3178 ø (NÍ), 1793 (Ñ5=Î), 1759

(Ñ2'=Î, Ñ4=Î), 1656 (Ñ4'=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.85

ñ (6Í, 2Me), 1.58 ä, 1.78 ä (2Í, Ñ7'Í2, J = 18.8 Ãö), 2.11 ä, 2.14 ä (2Í,

Ñ5'Í2, J = 16.8 Ãö), 7.03�8.17 ãð. ñ (17H, 2C6H5 + Ñ10Í7), 12.77 óø. ñ (1Í,

NÍ). Íàéäåíî, %: C 76.00; H 4.94; N 4.90. Ñ36H28N2Î5. Âû÷èñëåíî, %: C

76.04; H 4.96; N 4.93.
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1'-Áåíçèë-6',6'-äèìåòèë-3-[(Z)-(4-
ìåòèëôåíèëàìèíî)(ôåíèë)ìåòèëåí]-6',7'-äèãèäðî-
3H-ñïèðî[ôóðàí-2,3'-èíäîë]-2',4,4',5(1'H,5'H)-

òåòðàîí (52g): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 377 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIb è 229 ìã (1.0 ììîëü) 3-(áåíçèëàìèíî)-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23g). Âûõîä 76%,

ò.ïë. 152-153°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3160 ø (NÍ),

1781 (Ñ5=Î), 1753 (Ñ2'=Î, Ñ4=Î), 1650 (Ñ4'=Î). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 0.80 ñ (3Í, Me), 0.90 ñ (3Í, Me), 1.77 ä, 2.24 ä (2Í,

Ñ7'Í2, J = 18.4 Ãö), 1.89 ä, 1.97 ä (2Í, Ñ5'Í2, J = 16.4 Ãö), 2.17 ñ (3Í,

Me), 4.32 ä, 4.69 ä (2Í, ÑÍ2Ph, J = 16.0 Ãö), 6.87�7.43 ãð. ñ (14Í, 2C6H5

+ C6H4), 12.69 óø. ñ (1Í, NÍ). Íàéäåíî, %: C 74.66; H 5.51; N 5.09.

Ñ34H30N2Î5. Âû÷èñëåíî, %: C 74.71; H 5.53; N 5.12.
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6',6'-Äèìåòèë-3-[(Z)-(4-ìåòèëôåíèëàìèíî)(ôå-
íèë)ìåòèëåí]-1'-(4-ìåòîêñèôåíèë)-6',7'-äèãèä-
ðî-3H-ñïèðî[ôóðàí-2,3'-èíäîë]-2',4,4',5(1'H,5'H)-

òåòðàîí (52h): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 377 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIb è 245 ìã (1.0 ììîëü) 3-[(4-ìåòîêñèôåíèë)àìèíî]-

5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23j). Âûõîä 81%,

ò.ïë. 179-180°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3181 ø (NÍ),

1784 (Ñ5=Î), 1757 (Ñ2'=Î, Ñ4=Î), 1661 (Ñ4'=Î). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 0.90 ñ (6Í, 2Me), 1.74, 2.01 ä.ä (2Í, ÑÍ2, J = 18.8 Ãö),

2.03, 2,08 ä.ä (2Í, ÑÍ2, J = 17.8 Ãö), 2.17 ñ (3Í, OMe), 3.80 ñ (3Í, OMe),

6.84�7.11 ãð.ñ (13H, C6H5 + 2C6H4), 12.76 óø. ñ (1Í, NÍ). Íàéäåíî, %: C

72.55; H 5.33; N 4.94. Ñ34H30N2Î6. Âû÷èñëåíî, %: C 72.58; H 5.37; N 4.98.
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1'-Áåíçèë-6',6'-äèìåòèë-3-[(Z)-(4-
ìåòîêñèôåíèëàìèíî)(ôåíèë)ìåòèëåí]-

6',7'-äèãèäðî-3H-ñïèðî[ôóðàí-2,3'-èíäîë]-
2',4,4',5(1'H,5'H)-òåòðàîí (52i): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 393 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà IIc è 245 ìã (1.0 ììîëü)

3-(áåíçèëàìèíî)-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà
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(P23g). Âûõîä 80%, ò.ïë. 152-153°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3174 ø (NÍ), 1785 (Ñ5=Î), 1754 (Ñ2'=Î, Ñ4=Î), 1655 (Ñ4'=Î).
Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.80 ñ (3Í, Me), 0.90 ñ (3Í, Me), 1.76

ä, 2.23 ä (2Í, Ñ7'Í2, J = 18.8 Ãö), 1.89 ä, 1.97 ä (2Í, Ñ5'Í2, J = 16.4 Ãö),

3.65 ñ (3Í, OMe), 4.31 ä, 4.69 ä (2Í, ÑÍ2Ph, J = 16.0 Ãö), 6.73�7.43 ãð. ñ

(14Í, 2C6H5 + C6H4), 12.67 óø. ñ (1Í, NÍ). Íàéäåíî, %: C 72.54; H 5.34;

N 4.95. Ñ34H30N2Î6. Âû÷èñëåíî, %: C 72.58; H 5.37; N 4.98.
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6',6'-Äèìåòèë-3-[(Z)-(4-ìåòîêñèôåíèë-
àìèíî)(ôåíèë)ìåòèëåí]-1'-ôåíèë-6',7'-äèãèäðî-
3H-ñïèðî[ôóðàí-2,3'-èíäîë]-2',4,4',5(1'H,5'H)-

òåòðàîí (52j): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 393 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIc è 215 ìã (1.0 ììîëü) 3-(ôåíèëàìèíî)-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23c). Âûõîä 75%,

ò.ïë. 180-181°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3168 ø (NÍ),

1785 (Ñ5=Î), 1765 (Ñ2'=Î, Ñ4=Î), 1649 (Ñ4'=Î). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 0.91 ñ (6Í, 2Me), 1.80 ä, 2.03 ä (2Í, Ñ7'H2, J = 18.4

Ãö), 2.07 ä, 2,12 ä (2Í, Ñ5'Í2, J = 16,4 Ãö), 3.65 ñ (3Í, OMe), 6.73�7.56

ãð. ñ (14H, 2C6H5 + C6H4), 12.76 óø. ñ (1Í, NÍ). Íàéäåíî, %: C 72.19; H

5.12; N 5.08. Ñ33H28N2O6. Âû÷èñëåíî, %: C 72.25; H 5.14; N 5.11.
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6',6'-Äèìåòèë-3-[(Z)-(4-ìåòîêñèôåíèëàìèíî)(ôå-
íèë)ìåòèëåí]-1'-(4-ìåòîêñèôåíèë)-6',7'-äèãèäðî-
3H-ñïèðî[ôóðàí-2,3'-èíäîë]-2',4,4',5(1'H,5'H)-

òåòðàîí (52k): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 393 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIc è 245 ìã (1.0 ììîëü) 3-[(4-ìåòèëôåíèë)àìèíî]-

5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23j). Âûõîä 72%,

ò.ïë. 163-164°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3173 ø (NÍ),

1785 (Ñ5=Î), 1758 (Ñ2'=Î, Ñ4=Î), 1660 (Ñ4'=Î). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 0.90 ñ (6Í, 2Me), 1.74 ä, 2.00 ä (2Í, Ñ7'Í2, J = 18.8

Ãö), 2.06 ä, 2,10 ä (2Í, Ñ5'Í2, J = 16,4 Ãö), 3.65 ñ (3Í, OMe), 3.80 ñ

(3Í, OMe), 6.72�7.55 ãð. ñ (13H, C6H5 + 2C6H4), 12.76 óø. ñ (1Í, NÍ).

Íàéäåíî, %: C 70.53; H 5.21; N 4.81. Ñ34H30N2O7. Âû÷èñëåíî, %: C 70.58;

H 5.23; N 4.84.
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6',6'-Äèìåòèë-3-[(Z)-(4-ìåòîêñèôåíèëàìèíî)-
(ôåíèë)ìåòèëåí]-1'-(íàôòàëåí-1-èë)-6',7'-äèãèäðî-
3H-ñïèðî[ôóðàí-2,3'-èíäîë]-2',4,4',5(1'H,5'H)-

òåòðàîí (52l): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 393 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà

IIc è 265 ìã (1.0 ììîëü) 3-[(íàôòàëåí-1-èë)àìèíî]-

5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23a). Âûõîä 71%,

ò.ïë. 186-187°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3173 ø (NÍ), 1783 (Ñ5=Î), 1764

(Ñ2'=Î, Ñ4=Î), 1657 (Ñ4'=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.84

ñ (6Í, 2Me), 1.56 ä, 1.76 ä (2Í, Ñ7'Í2, J = 18.4 Ãö), 2.10 ä, 2,14 ä (2Í,

Ñ5'Í2, J = 16,0 Ãö), 3.67 ñ (3Í, OMe), 6.75�8.17 ãð. ñ (16H, C6H5 + C6H4

+ Ñ10Í7), 12.78 óø. ñ (1Í, NÍ). Íàéäåíî, %: C 74.18; H 5.03; N 4.67.

Ñ37H30N2Î6. Âû÷èñëåíî, %: C 74.23; H 5.05; N 4.68.

O

O

H
N

Br

Ph
O

N

Me

Me O

O

1'-Áåíçèë-6',6'-äèìåòèë-3-[(Z)-(4-
áðîìôåíèëàìèíî)(ôåíèë)ìåòèëåí]-6',7'-äèãèäðî-
3H-ñïèðî[ôóðàí-2,3'-èíäîë]-2',4,4',5(1'H,5'H)-

òåòðàîí (52m): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 442 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà

IId è 245 ìã (1.0 ììîëü) 3-(áåíçèëàìèíî)-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23g). Âûõîä 74%,

ò.ïë. 143-144°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3172 ø (NÍ),

1778 (Ñ5=Î), 1750 (Ñ2'=Î, Ñ4=Î), 1650 (Ñ4'=Î). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 0.82 ñ (3Í, Me), 0.8 ñ (3Í, Me), 1.80, 2.28 ä.ä (2Í,

ÑÍ2, J = 18.6 Ãö), 1.89, 2.01 ä.ä (2Í, ÑÍ2, J = 16.2 Ãö), 4.31, 4.69 ä.ä (2Í,

ÑÍ2Ph, J = 16.2Ãö), 6.91�7.39 ãð.ñ (14Í, 2C6H5 + C6H4), 12.48 óø. ñ (1Í,

NÍ). Íàéäåíî, %: C 64.79; H 4.42; N 4.56. Ñ33H27BrN2Î5. Âû÷èñëåíî, %:

C 64.82; H 4.45; N 4.58.

Ñèíòåç ýòèë 1'-áåíçèë-3,3-äèìåòèë-1,2'-äèîêñî-5'-ôåíèë-1',2,-
2',3,4,10-ãåêñàãèäðî-1H-ñïèðî[àêðèäèí-9,3'-ïèððîë]-4'-êàðáîêñëàòîâ
(53). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà I â 15 ìë áåçâîä-

íîãî ì-êñèëîëà äîáàâëÿëè 3-àðèëàìèíî-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îí

(P23). Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå 5�7 ÷àñîâ, îõëàæäàëè äî

êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è

ïåðåêðèñòàëëèçîâûâàëè èç òîëóîëà.
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Ph N
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O
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Me
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Ýòèë 1'-áåíçèë-3,3-äèìåòèë-1,2'-äèîêñî-5'-ôåíèë-
1',2,2',3,4,10-ãåêñàãèäðî-1H-ñïèðî[àêðèäèí-9,3'-
ïèððîë]-4'-êàðáîêñëàò (53a): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 335 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà Ia è 215 ìã (1.0 ììîëü)

3-(ôåíèëàìèíî)-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà

(P23c). Âûõîä 76%, ò.ïë. 227�228°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3240 ø (NÍ),

1682 (ÑÎO, Ñ2'=Î), 1621 (Ñ1=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

0.73 ò (3Í, CH2CH3, J 7.2 Ãö), 1.00 ñ (3Í, Me), 1.09 ñ (3Í, Me), 2.09 ä,

2.22 ä (2Í, Ñ2Í2, J 16.0 Ãö), 2.33 ä, 2.57 ä (2Í, Ñ4Í2, J 16.4 Ãö), 3.59 ì

(2Í, CH2CH3), 4.49 ä, 4.54 ä (2Í, ÑÍ2Ph, J 15.6 Ãö) 6.88�7.43 ãð.ñ (14Í,

2C6H5 + C6H4), 9.69 óø.ñ (1Í, NÍ). Íàéäåíî, %: C 76.61; H 6.08; N 5.23.

Ñ34H32N2Î4. Âû÷èñëåíî, %: C 76.67; H 6.06; N 5.26.

Ph N
O
O

Me

Me

NH
Me
O

OEt

Ýòèë 1'-áåíçèë-3,3,7-òðèìåòèë-1,2'-äèîêñî-5'-
ôåíèë-1',2,2',3,4,10-ãåêñàãèäðî-1H-ñïèðî[àêðè-

äèí-9,3'-ïèððîë]-4'-êàðáîêñèëàò (53b): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 335 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà Ia è 229 ìã (1.0 ììîëü)

3-[(4-ìåòèëôåíèë)àìèíî]-5,5-äèìåòèëöèêëîãåêñ-2-

åí-1-îíà (P23d). Âûõîä 73%, ò.ïë. 263�264°Ñ. ÈÊ

ñïåêòð, ν, ñì−1: 3264 ø (NÍ), 1687 (ÑÎO, Ñ2'=Î), 1624 (Ñ1=Î). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.74 ò (3Í, CH2CH3, J 7.2 Ãö), 0.99 ñ (3Í,

Me), 1.08 ñ (3Í, Me), 2.06 ä (1H, Ñ2Í2, J 16.0 Ãö), 2.12 ñ (3Í, Ìå) 2.20

ä (1Í, Ñ2Í2, J 16.0 Ãö), 2.30 ä, 2.55 ä (2Í, Ñ4Í2, J 16.4 Ãö), 3.59 ì (2Í,

CH2CH3), 4.38 ä, 4.66 ä (2Í, ÑÍ2Ph, J 16.0 Ãö), 6.59 ñ (1Í, Ñ8Í), 6.82 ä

(1Í, Ñ5Í, J 8.4 Ãö), 6.95 ä (1Í, Ñ6Í, J 8.4 Ãö), 7.06�7.45 ãð.ñ (10Í, 2Ph),

9.62 óø.ñ (1Í, NÍ). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 13.22 (CH3CH2),

20.32 (C7-Me), 26.25 (Me), 28.89 (Me), 31.89 (C3), 40.72 (C4), 43.77 (C9),

50.07 (CH2Ph), 51.78 (C2), 58.35 (CH3CH2), 103.16�153.09 (C + C2'+ C9a

+ C4'+ C5'), 161.93 (COO), 181.41 (Ñ4a), 191.59 (C1). Íàéäåíî, %: C

76.75; H 6.39; N 5.03. Ñ35H34N2Î4. Âû÷èñëåíî, %: C 76.90; H 6.27; N 5.12.
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Ýòèë 1'-áåíçèë-3,3,5-òðèìåòèë-1,2'-äèîêñî-5'-
ôåíèë-1',2,2',3,4,10-ãåêñàãèäðî-1H-ñïèðî[àêðè-

äèí-9,3'-ïèððîë]-4'-êàðáîêñèëàò (53c): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 335 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà Ia è 229 ìã (1.0 ììîëü)

3-[(4-ìåòèëôåíèë)àìèíî]-5,5-äèìåòèëöèêëîãåêñ-2-

åí-1-îíà (P23k). Âûõîä 70%, ò.ïë. 281�282°Ñ. ÈÊ

ñïåêòð, ν, ñì−1: 3260 ø (NÍ), 1687 (ÑÎO, Ñ2'=Î), 1638 (Ñ1=Î). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.73 ò (3Í, CH2CH3, J 7.2 Ãö), 1.00 ñ (3Í,

Me), 1.09 ñ (3Í, Me), 2.09 ä, 2.22 ä (2H, Ñ2Í2, J 16.0 Ãö), 2.30 ñ (3Í,

Ìå), 2.61 ñ (2Í, Ñ4Í2), 3.59 ì (2Í, CH2CH3), 4.47 ä, 4.54 ä (2Í, ÑÍ2Ph,

J 16.0 Ãö), 6.74�7.43 ãð.ñ (13Í, 2Ph + C6H3), 8.44 óø.ñ (1Í, NÍ). Ñïåêòð

ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 13.24 (CH3CH2), 17.61 (C5-Me), 26.29

(Me),28.91 (Me), 31.89 (C3), 40.68 (C4), 43.99 (C9), 52.05 (C2), 58.31

(CH3CH2), 104.24�153.56 (C + C2'+ C9a + C4'+ C5'), 161.93 (COO), 181.59
(Ñ4a), 192.29 (C1) Íàéäåíî, %: C 76.94; H 6.25; N 5.09. Ñ33H34N2Î5.

Âû÷èñëåíî, %: C 76.90; H 6.27; N 5.12.

Ph N
O
O
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Me

NH
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O

OEt

Ýòèë 1'-áåíçèë-3,3-äèìåòèë-7-ìåòîêñè-1,2'-
äèîêñî-5'-ôåíèë-1',2,2',3,4,10-ãåêñàãèäðî-1H-

ñïèðî[àêðèäèí-9,3'-ïèððîë]-4'-êàðáîêñèëàò (53d):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

335 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà Ia è

245 ìã (1.0 ììîëü) 3-[(4-ìåòîêñèôåíèë)àìèíî]-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23e). Âûõîä 78%, ò.ïë.

268�269°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3256 ø (NÍ), 1687 (ÑÎO, Ñ2-êàðáîíîâîé

êèñëîòû=Î), 1626 (Ñ1=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.74 ò

(3Í, CH2CH3, J = 6.8 Ãö), 0.99 ñ (3Í, Me), 1.08 ñ (3Í, Me), 2.06 ä , 2.20

ä (2Í, Ñ2Í2, J = 16.4 Ãö), 2.30 ä, 2.55 ä (2Í, Ñ4Í2, J = 16.6 Ãö), 3.56 ñ

(3Í, ÎÌå), 3.60 ì (2Í, CH2CH3), 4.36 ä, 4.65 ä (2Í, ÑÍ2Ph, J = 15.6 Ãö)

6.33 ñ (1Í, Ñ8Í), 6.78 ä (1Í, Ñ6Í, J = 8.8 Ãö), 6.89 ä (1Í, Ñ5Í, J = 8.8

Ãö), 7.06�7.46 ãð.ñ (10Í, 2Ph), 9.63 óø.ñ (1Í, NÍ). Ñïåêòð ßÌÐ 13C

(ÄÌÑÎ-d6), δ, ì.ä.: 13.23 (CH3CH2), 26.26 (Me), 28.89 (Me), 31.90 (C3),

40.72 (C4), 43.82 (C9), 50.08 (CH2Ph), 52.20 (C2), 54.88 (OMe), 58.37

(CH3CH2), 102.22�155.10 (C + C2'+ C9a + C4'+ C5'), 161.86 (COO), 181.29
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(Ñ4a), 191.46 (C1). Íàéäåíî, %: C 74.80; H 6.03; N 5.00. Ñ35H34N2Î5.

Âû÷èñëåíî, %: C 74.71; H 6.09; N 4.98.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 53d. Áåñöâåòíûå

õîðîøî îãðàíåííûå êðèñòàëëû C35H34N2O5 ïðèíàäëåæàò ê ìîíîêëèííîé

ñèãîíèè: a = 12.385(2), b = 9.662(2), c = 24.998(4) �A, β = 99.72(1), V =

2948.4(9) �A3, M = 562.64, dcalc = 1.268 ã/ñì3, Z = 4, ïðîñòðàíñòâåííàÿ

ãðóïïà Ð2(1)/ñ. Íàáîð ýêñïåðèìåíòàëüíûõ îòðàæåíèé ïîëó÷åí â àâòîìà-

òè÷åñêîì 4-õ êðóæíîì äèôðàêòîìåòðå ÊÌ-4 (KUMA DIFFRACTION) ñ

χ-ãåîìåòðèåé ìåòîäîì ω/2Θ ñêàíèðîâàíèÿ íà ìîíîõðîìàòèçèðîâàííîì

ÌîKα-èçëó÷åíèè. Ìàõ 2Θ = 50.0°(85.7%). Èçìåðåíî 5895 îòðàæåíèé, èç

êîòîðûõ 4461 íåçàâèñèìûõ [Rint = 0.0411]. Ïîïðàâêè íà ïîãëîùåíèå íå

ââîäèëè (µ = 0.085 mm−1). Ñòðóêòóðà îïðåäåëåíà ïðÿìûì ìåòîäîì ïî

ïðîãðàììå SIR92 [199] ñ ïîñëåäóþùåé ñåðèåé ðàñ÷åòîâ êàðò ýëåêòðîí-

íîé ïëîòíîñòè. Àòîìû âîäîðîäà çàäàíû ãåîìåòðè÷åñêè è ïîçèöèîííûå

ïàðàìåòðû óòî÷íåíû ïî ïðèíöèïó ¾íàåçäíèêà¿. Ïîëíîìàòðè÷íîå àíèçî-

òðîïíîå (íåâîäîðîäíûõ àòîìîâ) óòî÷íåíèå ÌÍÊ ïî ïðîãðàììå SHELXL-

97 [198] çàâåðøåíî ïðè R1 = 0.0582 è wR2 = 0.0974 ïî 1649 îòðàæåíèÿì

ñ I≥2σ(I). ×èñëî óòî÷íÿåìûõ ïàðàìåòðîâ 379. GooF = 0.893.

Ph N
O
O

Me

Me

NH

OMe

O

OEt

Ýòèë 1'-áåíçèë-3,3-äèìåòèë-6-ìåòîêñè-1,2'-
äèîêñî-5'-ôåíèë-1',2,2',3,4,10-ãåêñàãèäðî-1H-

ñïèðî[àêðèäèí-9,3'-ïèððîë]-4'-êàðáîêñèëàò (53e):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

335 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà Ia è 245

ìã (1.0 ììîëü) 3-[(3-ìåòîêñèôåíèë)àìèíî]-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23l). Âûõîä 81%,

ò.ïë. 257�258°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3270 ø (NÍ),

1690 (ÑÎO, Ñ2'=Î), 1611 (Ñ1=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

0.74 ò (3Í, CH2CH3, J 7.2 Ãö), 1.00 ñ (3Í, Me), 1.08 ñ (3Í, Me), 2.05 ä ,

2.21 ä (2Í, Ñ2Í2, J 16.4 Ãö), 2.30 ä, 2.55 ä (2Í, Ñ4Í2, J 16.4 Ãö), 3.59

ì (2Í, CH2CH3), 3.72 ñ (3Í, ÎÌå), 4.47 ä, 4.53 ä (2Í, ÑÍ2Ph, J 15.6 Ãö)

6.46�7.42 ãð.ñ (13Í, 2Ph+C6H3), 9.63 óø.ñ (1Í, NÍ). Íàéäåíî, %: C 74.65;

H 6.01; N 4.92. Ñ35H34N2Î5. Âû÷èñëåíî, %: C 74.71; H 6.09; N 4.98.
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O
O
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Ýòèë 1'-áåíçèë-7-áðîì-3,3-äèìåòèë-1,2'-äèîêñî-5'-
ôåíèë-1',2,2',3,4,10-ãåêñàãèäðî-1H-ñïèðî[àêðèäèí-

9,3'-ïèððîë]-4'-êàðáîêñèëàò (53f): ïîëó÷àëè ñîãëàñ-

íî îáùåé ìåòîäèêå, èñõîäÿ èç 335 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà Ia è 294 ìã (1.0 ììîëü) 3-[(4-

áðîìôåíèë)àìèíî]-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà

(P23f). Âûõîä 75%, ò.ïë. 279�280°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3270 ø (NÍ),

1690 (ÑÎO, Ñ2'=Î), 1621 (Ñ1=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

0.75 ò (3Í, CH2CH3, J 7.2 Ãö), 0.98 ñ (3Í, Me), 1.08 ñ (3Í, Me), 2.08 ä,

2.22 ä (2Í, Ñ2Í2, J 16.0 Ãö), 2.31 ä, 2.58 ä (2Í, Ñ4Í2, J 16.4 Ãö), 3.62 ì

(2Í, CH2CH3), 4.39 ä, 4.68 ä (2Í, ÑÍ2Ph, J 15.6 Ãö) 6.89�7.48 ãð.ñ (13Í,

2Ph+C6H3), 9.84 óø.ñ (1Í, NÍ). Íàéäåíî, %: C 66.74; H 5.08; N 4.54.

Ñ34H31BrN2Î4. Âû÷èñëåíî, %: C 66.78; H 5.11; N 4.58.

Ph N
O
O

Me

Me

NHO

OEt

Ýòèë 1'-áåíçèë-10,10-äèìåòèë-2',8-äèîêñî-
5'-ôåíèë-1',2',9,10,11,12-ãåêñàãèäðî-8H-

ñïèðî[áåíçî[c]àêðèäèí-7,3'-ïèððîë]-4'-
êàðáîêñèëàò (53g): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 335 ìã (1.0 ììîëü) 1H-ïèððîë-

2,3-äèîíà Ia è 265 ìã (1.0 ììîëü) 3-[(íàôòàëåí-1-

èë)àìèíî]-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23a).

Âûõîä 74%, ò.ïë. 304�305°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3280

ø (NÍ), 1688 (ÑÎO, Ñ2'=Î), 1622 (Ñ1=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 0.65 ò (3Í, CH2CH3, J 7.2 Ãö), 1.05 ñ (3Í, Me), 1.13 ñ (3Í, Me),

2.15 ä , 2.28 ä (2Í, Ñ2Í2, J 16.0 Ãö), 2.69 ä, 2.73 ä (2Í, Ñ4Í2, J 16.8 Ãö),

3.54 ì (2Í, CH2CH3), 4.53 ä, 4.60 ä (2Í, ÑÍ2Ph, J 15.6 Ãö) 6.98�8,50 ãð.ñ

(16Í, 2Ph + C10H6), 9.40 óø.ñ (1Í, NÍ). Íàéäåíî, %: C 78.37; H 5.84; N

4.77. Ñ38H34N2Î4. Âû÷èñëåíî, %: C 78.33; H 5.88; N 4.81.

Ph N
O
O

Me

Me

NH

OMe

O

OEt

Ýòèë 3,3-äèìåòèë-6-ìåòîêñè-1,2'-äèîêñî-5'-
ôåíèë-1'-öèêëîãåêñèë-1',2,2',3,4,10-ãåêñàãèäðî-
1H-ñïèðî[àêðèäèí-9,3'-ïèððîë]-4'-êàðáîêñèëàò
(53h): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ

èç 327 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà Ib è

245 ìã (1.0 ììîëü) 3-[(4-ìåòîêñèôåíèë)àìèíî]-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23e). Âûõîä 73%,



314

ò.ïë. 233�235°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3268 ø (NÍ), 1694 (ÑÎO, Ñ2'=Î),
1609 (Ñ1=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.72 ò (3Í, CH2CH3,

J 7.1 Ãö),0.84-2.07 ãð.ñ. (10H, C6H11-c), 0.98 ñ (3Í, Me), 1.06 ñ (3Í, Me),

2.01 ä , 2.16 ä (2Í, Ñ4Í2, J 16.3 Ãö), 2.26 ä, 2.50 ä (2Í, Ñ2Í2, J 16.3 Ãö),

3.11 ì (1H, N-CH), 3.55 ì (2Í, CH2CH3), 3.71 ñ (3Í, ÎÌå), 6.42�7.62 ãð.ñ

(8Í, Ph + C6H3), 9.52 óø.ñ (1Í, NÍ). Íàéäåíî, %: C 73.69; H 6.94; N 4.92.

Ñ34H38N2Î5. Âû÷èñëåíî, %: C 73.62; H 6.91; N 5.05.

Ph N
O
O

Me

Me

NH

Br

O

OEt

Ýòèë 3,3-äèìåòèë-7-áðîì-1,2'-äèîêñî-5'-ôåíèë-
1'-öèêëîãåêñèë-1',2,2',3,4,10-ãåêñàãèäðî-1H-

ñïèðî[àêðèäèí-9,3'-ïèððîë]-4'-êàðáîêñèëàò (53i):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

327 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà Ib è

294 ìã (1.0 ììîëü) 3-[(4-áðîìôåíèë)àìèíî]-5,5-

äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23f). Âûõîä 73%,

ò.ïë. 233�235°Ñ. ÈÊ ñïåêòð, ñì−1: 3268 ø (NÍ), 1694 (ÑÎO, Ñ2'=Î),
1609 (Ñ1=Î). Ñïåêòð ßÌÐ (ÄÌÑÎ-d6), δ, ì.ä.: 0.72 ò (3Í, CH2CH3, J 7.1

Ãö),0.84-2.07 ãð.ñ. (10H, C6H11-c), 0.98 ñ (3Í, Me), 1.06 ñ (3Í, Me), 2.01 ä

, 2.16 ä (2Í, Ñ4Í2, J 16.3 Ãö), 2.26 ä, 2.50 ä (2Í, Ñ2Í2, J 16.3 Ãö), 3.11 ì

(1H, N-CH), 3.55 ì (2Í, CH2CH3), 3.71 ñ (3Í, ÎÌå), 6.42�7.62 ãð.ñ (8Í,

Ph + C6H3), 9.52 óø.ñ (1Í, NÍ). Íàéäåíî, %: C 73.69; H 6.94; N 4.92.

Ñ34H38N2Î5. Âû÷èñëåíî, %: C 73.62; H 6.91; N 5.05.

Ph N
O
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Me

Me

NHO

OEt

Ýòèë 10,10-äèìåòèë-2',8-äèîêñî-5'-ôåíèë-
1'-öèêëîãåêñèë-1',2',9,10,11,12-ãåêñàãèäðî-
8H-ñïèðî[áåíçî[c]àêðèäèí-7,3'-ïèððîë]-4'-
êàðáîêñèëàò (53j): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäè-

êå, èñõîäÿ èç 327 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà

Ib è 265 ìã (1.0 ììîëü) 3-[(4-áðîìôåíèë)àìèíî]-

5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îíà (P23a). Âûõîä 78%,

ò.ïë. 313�315°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3303 ø (NÍ),

1690 (ÑÎO, Ñ2'=Î), 1617 (Ñ1=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

0.63 ò (3Í, CH2CH3, J 7.1 Ãö), 0.85�2.08 ãð.ñ. (10H, C6H11-c), 1.03 ñ (3Í,

Me), 1.11 ñ (3Í, Me), 2.08 ä , 2.23 ä (2Í, Ñ4Í2, J 16.0 Ãö), 2.64 ä, 2.69 ä

(2Í, Ñ2Í2, J 16.8 Ãö), 3.17 ì (1H, N-CH) 3.50 ì (2Í, CH2CH3), 7,01�8,48

ãð.ñ (11Í, Ph + C10H6), 9.29 óø.ñ (1Í, NÍ). Íàéäåíî, %: C 7.45; H 6.61;
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N 4.79. Ñ37H38N2Î4. Âû÷èñëåíî, %: C 77.33; H 6.66; N 4.87.

Ñèíòåç 1,6'-äèàðèë-3-àðîèë-4-ãèäðîêñè-1',3'-äèìåòèë-1,1',2',3',4',5-
ãåêñàãèäðîñïèðî[ïèððîë-2,5'-ïèððîëî[2,3-d]ïèðèìèäèí]-2',4',5-
òðèîíîâ (54). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà IV â 80

ìë áåçâîäíîãî 1,2-äèõëîðýòàíà äîáàâëÿëè 6-àìèíî-1,3-äèìåòèë-1,2,3,4-

òåòðàãèäðîïèðèìèäèí-2,4-äèîí (P24). Ðåàêöèîííóþ ìàññó êèïÿòèëè â

òå÷åíèå 4�5 ÷àñîâ, óäàëÿëè ðàñòâîðèòåëü, äîáàâëÿëè 20 ìë ýòèëàöåòàòà,

äîâîäèëè äî êèïåíèÿ è îòôèëüòðîâûâàëè íå ðàñòâîðèâøèéñÿ îñàäîê.

Èç ðàñòâîðà îòãîíÿëè ýòèëàöåòàò, îñòàòîê ïåðåêðèñòàëëèçîâûâàëè èç

òîëóîëà.
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3-Áåíçîèë-4-ãèäðîêñè-1',3'-äèìåòèë-1,6'-äèôå-
íèë-1,1',2',3',4',5-ãåêñàãèäðîñïèðî[ïèððîë-2,5'-
ïèððîëî[2,3-d]ïèðèìèäèí]-2',4',5-òðèîí (54a):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.31 ììîëü) 1H-ïèððîë-2,3-äèîíà IVa è

203 ìã (1.31 ììîëü) 6-àìèíî-1,3-äèìåòèë-1,2,3,4-

òåòðàãèäðîïèðèìèäèí-2,4-äèîíîì (P24). Âûõîä 59%,

ò.ïë. 249�250°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3167, 1732, 1702,

1661, 1634. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.14 ñ (3Í, ÑÍ3), 3.51

ñ (3Í, ÑÍ3), 6.85�8.08 (15Í, 3C6H5), 12.90 ø (1H, OH). Íàéäåíî, %: C

69.43; H 4.23; N 10.78. Ñ30H22N4Î5. Âû÷èñëåíî, %: C 69.49; H 4.28; N

10.81.
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3-Áåíçîèë-4-ãèäðîêñè-1',3'-äèìåòèë-1-(4-ìåòèë-
ôåíèë)-6'-ôåíèë-1,1',2',3',4',5-ãåêñàãèäðîñïè-
ðî[ïèððîë-2,5'-ïèððîëî[2,3-d]ïèðèìèäèí]-2',4',5-
òðèîí (54b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.26 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVb è 195 ìã (1.26 ììîëü) 6-àìèíî-1,3-äèìåòèë-

1,2,3,4-òåòðàãèäðîïèðèìèäèí-2,4-äèîíîì (P24).

Ïðîäóêò ÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç ýòèëàöåòà-

òà. Âûõîä 55%, ò.ïë. 275�276°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3189, 1727, 1713,

1657, 1634. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.22 ñ (3Í, ÑÍ3), 3.15 ñ

(3Í, ÑÍ3), 3.51 ñ (3Í, ÑÍ3), 6.69�8.07 (14Í, 2C6H5 + C6H4), 12.75 ø (1H,

OH). Íàéäåíî, %: C 69.89; H 4.55; N 10.48. Ñ31H24N4Î5. Âû÷èñëåíî, %:
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C 69.92; H 4.54; N 10.52.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 54b. Æåëòûå õîðî-

øî îãðàíåííûå êðèñòàëëû Ñ31H24N4O5 ïðèíàäëåæàò ê ìîíîêëèííîé ñèí-

ãîíèè: a = 9.5790(2), b = 25.9140(5), c = 10.41073(19) �A, β = 95.1525(19)°,
V = 2373.83(9) �A33, M = 532.54, dcalc. = 1.374 ã/ñì3, Z = 4. Íàáîð

ýêñïåðèìåíòàëüíûõ îòðàæåíèé ïîëó÷åí â àâòîìàòè÷åñêîì 4-õ êðóæíîì

äèôðàêòîìåòðå ÊÌ-4 (KUMA DIFFRACTION) ñ χ-ãåîìåòðèåé ìåòîäîì

ω/2Θ ñêàíèðîâàíèÿ íà ìîíîõðîìàòèçèðîâàííîì ÌîKα-èçëó÷åíèè â îá-

ëàñòè óãëîâ 3.03�33.40°(90.7% îáðàòíîãî ïðîñòðàíñòâà). Âñåãî èçìåðåíî

16223 îòðàæåíèÿ, èç êîòîðûõ 9074 íåçàâèñèìûõ (Rint = 0.0166). Ïîïðàâ-

êè íà ïîãëîùåíèå íå ââîäèëè (µ = 0.095 ìì−1). Ñòðóêòóðà îïðåäåëåíà

ïðÿìûì ìåòîäîì ïî ïðîãðàììå SIR92 [199] ñ ïîñëåäóþùåé ñåðèåé ðàñ÷å-

òîâ êàðò ýëåêòðîííîé ïëîòíîñòè. Àòîìû âîäîðîäà çàäàíû ãåîìåòðè÷åñêè

è óòî÷íÿëèñü ïî ïðèíöèïó ¾íàåçäíèêà¿. Ïîëíîìàòðè÷íîå àíèçîòðîïíîå

(íåâîäîðîäíûõ àòîìîâ) óòî÷íåíèå ÌÍÊ ïî ïðîãðàììå SHELXL-97 [198]

çàâåðøåíî ïðè R1 = 0.0571, wR2 = 0.1573 ïî 6903 îòðàæåíèÿì ñ I≤2σ(I)
è R1 = 0.0768, wR2 = 0.1700 ïî âñåì 9074 îòðàæåíèÿì (365 óòî÷íÿå-

ìûõ ïàðàìåòðà). GooF 1.023. Ìàêñèìàëüíûé ïèê íà ðàçíîñòíîì ñèíòåçå

ýëåêòðîííîé ïëîòíîñòè ðàâåí 0.508 ē �A−3.
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3-Áåíçîèë-4-ãèäðîêñè-1',3'-äèìåòèë-1-(4-ìåòîê-
ñèôåíèë)-6'-ôåíèë-1,1',2',3',4',5-ãåêñàãèäðîñïè-
ðî[ïèððîë-2,5'-ïèððîëî[2,3-d]ïèðèìèäèí]-2',4',5-
òðèîí (54c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.22 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVc è 189 ìã (1.22 ììîëü) 6-àìèíî-1,3-äèìåòèë-

1,2,3,4-òåòðàãèäðîïèðèìèäèí-2,4-äèîíîì (P24).

Âûõîä 67%, ò.ïë. 224�225°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3175, 1725, 1704, 1655, 1649. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.15

ñ (3Í, ÑÍ3), 3.52 ñ (3Í, ÑÍ3), 3.68 ñ (3Í, OÑÍ3), 6.72�8.08 (14Í, 2C6H5

+ C6H4), 12.69 ø (1H, OH). Íàéäåíî, %: C 67.84; H 4.43; N 10.18.

Ñ31H24N4Î6. Âû÷èñëåíî, %: C 67.88; H 4.41; N 10.21.



317

O

OH

Me

O

Me

N

N
Me

O N

Me

O

N

4-Ãèäðîêñè-1',3'-äèìåòèë-3-(4-ìåòèëáåíçîèë)-
6'-(4-ìåòèëôåíèë)-1-ôåíèë-1,1',2',3',4',5-ãåêñà-
ãèäðîñïèðî[ïèððîë-2,5'-ïèððîëî[2,3-d]ïèðèìè-
äèí]-2',4',5-òðèîí (54d): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.22 ììîëü) 1H-ïèððîë-

2,3-äèîíà IVe è 189 ìã (1.22 ììîëü) 6-àìèíî-1,3-

äèìåòèë-1,2,3,4-òåòðàãèäðîïèðèìèäèí-2,4-äèîíîì

(P24). Âûõîä 72%, ò.ïë. 256�257°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3173, 1737, 1705, 1652, 1623. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.35 ñ (3Í, ÑÍ3), 2.40 ñ (3Í, ÑÍ3), 3.12 ñ (3Í, ÑÍ3), 3.49 ñ (3Í, ÑÍ3),

6.87�7.99 (13Í, C6H5 + 2C6H4), 12.75 ø (1H, OH). Íàéäåíî, %: C 70.36;

H 4.81; N 10.20. Ñ32H26N4Î5. Âû÷èñëåíî, %: C 70.32; H 4.79; N 10.25.

O

OH

Me

O

Me

N

N
Me

O N

Me

O

N

Me

4-Ãèäðîêñè-1',3'-äèìåòèë-3-(4-ìåòèëáåíçîèë)-1,6'-
äè(4-ìåòèëôåíèë)-1,1',2',3',4',5-ãåêñàãèäðîñïè-
ðî[ïèððîë-2,5'-ïèððîëî[2,3-d]ïèðèìèäèí]-2',4',5-
òðèîí (54e): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.18 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVf è 183 ìã (1.18 ììîëü) 6-àìèíî-1,3-äèìåòèë-

1,2,3,4-òåòðàãèäðîïèðèìèäèí-2,4-äèîíîì (P24).

Âûõîä 63%, ò.ïë. 263�264°C. ÈÊ ñïåêòð, ν, ñì−1:

3180 (ÎÍ), 1721 (Ñ2'=Î), 1707 (Ñ4'=Î), 1647 (Ñ5=Î,

C3-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.20 c (3H, Me), 2.34 c

(3H, Me), 2.40 c (3H, Me), 3.13 c (3H, Me), 3.50 c (3H, Me), 7.09�7.98 ãð.ñ

(12H, 3C6H4), 12.75 c (1H, ÎH). Íàéäåíî, %: C 70.72; H 5.07; N 9.96.

Ñ33H28N4Î5. Âû÷èñëåíî, %: C 70.70; H 5.03; N 9.99.
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4-Ãèäðîêñè-1',3'-äèìåòèë-3-(4-ìåòèëáåíçîèë)-1-(4-
ìåòèëôåíèë)-6'-(4-ìåòîêñèôåíèë)-1,1',2',3',4',5-
ãåêñàãèäðîñïèðî[ïèððîë-2,5'-ïèððîëî[2,3-
d]ïèðèìèäèí]-2',4',5-òðèîí (54f): ïîëó÷àëè ñîãëàñ-

íî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.14 ììîëü)

1H-ïèððîë-2,3-äèîíà IVg è 177 ìã (1.14 ììîëü)

6-àìèíî-1,3-äèìåòèë-1,2,3,4-òåòðàãèäðîïèðèìèäèí-

2,4-äèîíîì (P24). Âûõîä 58%, ò.ïë. 250�251°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3195 (ÎÍ), 1725 (Ñ2'=Î), 1719
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(Ñ4'=Î), 1651 (Ñ5=Î), 1635 (C3-Ñ=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 2.34 c (3H, Me), 2.40 c (3H, Me), 3.14 c (3H, Me), 3.50 c (3H, Me),

3.67 c (3H, ÎMe), 7.75-8.00 ãð.ñ (12H, 3C6H4), 12.73 c (1H, ÎH). Ñïåêòð

ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 21.16 (Me), 21.40 (Me), 27.39 (Me), 30.73

(Me), 55.20 (ÎMe), 79.11 (C2), 96.28 (C4'a), 114.61 (C3), 115.79�145.06

(Ñàðîì.), 151.70 (C7'a), 156.92 (C2'), 158.98 (C5), 161.19 (C4'), 165.78
(C6'), 184.69 (C4), 188.21 (C5-CO). Íàéäåíî, %: C 68.69; H 4.87; N 9.74.

Ñ33H28N4Î6. Âû÷èñëåíî, %: C 68.72; H 4.89; N 9.72.
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1-(4-Áðîìôåíèë)-4-ãèäðîêñè-1',3'-äèìåòèë-3-(4-
ìåòèëáåíçîèë)-6'-(4-ìåòèëôåíèë)-1,1',2',3',4',5-
ãåêñàãèäðîñïèðî[ïèððîë-2,5'-ïèððîëî[2,3-d]ïè-
ðèìèäèí]-2',4',5-òðèîí (54g): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.02 ììîëü)

1H-ïèððîë-2,3-äèîíà IVh è 195 ìã (1.26 ììîëü)

6-àìèíî-1,3-äèìåòèë-1,2,3,4-òåòðàãèäðîïèðèìèäèí-

2,4-äèîíîì (P24). Âûõîä 68%, ò.ïë. 261�262°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3179, 1736, 1708, 1651, 1627. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.35 ñ (3Í, ÑÍ3), 2.39 ñ (3Í, ÑÍ3), 3.13 ñ

(3Í, ÑÍ3), 3.52 ñ (3Í, ÑÍ3), 6.83�7.97 (12Í, 3C6H4), 12.75 ø (1H, OH).

Íàéäåíî, %: C 61.41; H 4.00; N 12.74. Ñ32H25BrN4Î5. Âû÷èñëåíî, %: C

61.45; H 4.03; N 12.78.

Ñèíòåç 1-àðèë-4-ãèäðîêñè-1',3'-äèìåòèë-3-[(2E)-3-ôåíèëçðîï-2-
åíîèë]-1,1',2',3',4',5,6',7'-îêòàãèäðîñïèðî[ïèððîë-2,5'-ïèððîëî[2,3-
d]ïèðèìèäèí]-2',4',5,6'-òåòðàîíîâ (55). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó

1H-ïèððîë-2,3-äèîíà V â 15 ìë áåçâîäíîãî 1,2-äèõëîðýòàíà äîáàâëÿëè

3-àðèëàìèíî-5,5-äèìåòèëöèêëîãåêñ-2-åí-1-îí (P23). Ðåàêöèîííóþ ìàññó

êèïÿòèëè â òå÷åíèå 5�6 ÷àñîâ, çàòåì îõëàæäàëè äî êîìíàòíîé òåìïåðàòó-

ðû. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè

èç ýòèëàöåòàòà.
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O

OH

Ph

O
O

NH

N
Me

O N

Me

O

N

Me

4-Ãèäðîêñè-1',3'-äèìåòèë-1-(4-ìåòèëôåíèë)-3-
[(2E)-3-ôåíèëçðîï-2-åíîèë]-1,1',2',3',4',5,6',7'-
îêòàãèäðîñïèðî[ïèððîë-2,5'-ïèððîëî[2,3-
d]ïèðèìèäèí]-2',4',5,6'-òåòðàîí (55a): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 375 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà Vb è 155 ìã (1.0 ììîëü)

6-àìèíî-1,3-äèìåòèë-1,2,3,4-òåòðàãèäðîïèðèìèäèí-

2,4-äèîí (P24). Âûõîä 73%, ò.ïë. 255�256°Ñ. ÈÊ

ñïåêòð, ν, ñì−1: 3167 (OH), 1755 (C2=O), 1719 (C5'=O), 1668 (C4=O),

1641 (C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.29 ñ (3Í, Ìå), 3.08

ñ (3Í, Ìå), 3.30 ñ (3Í, Ìå), 6.95�7.66 ãð.ñ (9Í, C6H5 + C6H4), 7.57 ä (1Í,

ÑÎÑÍ=ÑÍPh, J = 15.8 Ãö), 7.70 ä (1Í, ÑÎÑÍ=ÑÍPh, J = 15.8 Ãö), 12.14 c

(1H, NH). Íàéäåíî, %: C 67.77; H 4.84; N 11.21. Ñ28H24N4Î5. Âû÷èñëåíî,

%: C 67.73; H 4.87; N 11.28.

Ñèíòåç ìåòèë 1-àðèë-2,5-äèîêñî-3-[(àðèëêàðáàìîèë)êàðáîíèë]-1,2,5-

òðèãèäðîèíäåíî[1,2-b]ïèðèäèí-4-êàðáêñèëàòîâ (56). Îáùàÿ ìåòîäèêà.

Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà III â 20 ìë áåçâîäíîãî ì-êñèëîëà äîáàâ-

ëÿëè 3-(àðèëàìèíî)-1H-èíäåí-1-îí P25. Ðåàêöèîííóþ ìàññó êèïÿòèëè â

òå÷åíèå 6�7 ÷àñîâ è îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâ-

øèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç òîëóîëà.

N

Me

O

O

O NH
OOMe

O

Ìåòèë 1-(4-ìåòèëôåíèë)-2,5-äèîêñî-3-[(ôåíèëêàð-

áàìîèë)êàðáîíèë]-1,2,5-òðèãèäðîèíäåíî[1,2-b]-

ïèðèäèí-4-êàðáîêñèëàò (56a): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.63 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIb è 384 ìã (1.63 ììîëü)

3-[(4-ìåòèëôåíèë)àìèíî]-1H-èíäåí-1-îíà (P25a).

Âûõîä 80%,ò.ïë. 276�277°C. ÈÊ ñïåêòð, ν, ñì−1:

3314, 1734, 1719, 1673. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 2.47 c (3H, Me), 3.95 c (3H, COOMe), 5.76 ä

(1H, C9H, J 7.7 Ãö), 7.07�7.77 ãð.ñ (12H, C6H5 + C6H4 + C6H + C7H +

C8H), 10.63 c (1H, NH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.45 (Me),

52.77 (OMe), 108.22 (C4à), 119.68�143.32 (Carom), 161.08 (C2), 163.78

(CO-NH), 164.41 (COO), 185.53 (C5), 187.41 (Ñ3-ÑÎ). Íàéäåíî, %: C

66.74; H 3.35; N 4.42. Ñ29H20N2Î6. Âû÷èñëåíî, %: C 70.73; H 4.09; N 5.69.
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N

OMe

O

O

O NH
OOMe

O

Ìåòèë 1-(4-ìåòîêñèôåíèë)-2,5-äèîêñî-3-[(ôåíèë-

êàðáàìîèë)êàðáîíèë]-1,2,5-òðèãèäðîèíäåíî[1,2-

b]ïèðèäèí-4-êàðáîêñèëàò (56b): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.63 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIb è 410 ìã (1.63 ììîëü)

3-[(4-ìåòîêñèôåíèë)àìèíî]-1H-èíäåí-1-îíà (P25b).

Âûõîä 77%,ò.ïë. 252�253°C. ÈÊ ñïåêòð, ν, ñì−1:

3304, 1734, 1718, 1671. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 3.87 c (3H, OMe), 3.95 c (3H, COOMe), 5.84 ä (1H, C9H, J = 7.7

Ãö), 7.07�7.71 ãð.ñ (12H, C6H5 + C6H4 + C6H + C7H + C8H), 10.62 c (1H,

NH). Íàéäåíî, %: C 68.43; H 3.95; N 4.48. Ñ29H20N2Î7. Âû÷èñëåíî, %: C

68.50; H 3.96; N 5.51.

N O

O

O NH

Me

OOMe
O

Ìåòèë 3-{(4-ìåòèëôåíèë)êàðáàìîèë]êàðáîíèë}-

2,5-äèîêñî-1-ôåíèë-1,2,5-òðèãèäðîèíäåíî[1,2-b]-

ïèðèäèí-4-êàðáîêñèëàò (56c): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.56 ììîëü)

1H-ïèððîë-2,3-äèîíà IIIc è 345 ìã (1.56 ììîëü)

3-(ôåíèëàìèíî)-1H-èíäåí-1-îíà (P25c). Âûõîä

79%,ò.ïë. 266�267°C. ÈÊ ñïåêòð, ν, ñì−1: 3339, 1748,

1736, 1709, 1673. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.24 c (3H, Me), 3.96 c (3H, COOMe), 5.64 ä (1H, C9H,

J = 7.9 Ãö), 7.12�7.70 ãð.ñ (12H, C6H5 + C6H4 + C6H + C7H + C8H), 10.55

c (1H, NH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.43, 52.79, 108.31,

116.13, 119.70�143.39, 161.08, 163.15, 163.78, 164.41, 185.53, 187.41.

Íàéäåíî, %: C 70.78; H 4.08; N 5.67. Ñ29H20N2Î6. Âû÷èñëåíî, %: C 70.73;

H 4.09; N 5.69.
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N

Me

O

O

O NH

Me

OOMe
O

Ìåòèë 1-(4-ìåòèëôåíèë)-3-{(4-ìåòèëôåíèë)-

êàðáàìîèë]êàðáîíèë}-2,5-äèîêñî-1,2,5-òðèãèä-

ðîèíäåíî[1,2-b]ïèðèäèí-4-êàðáîêñèëàò (56d):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIc è 367 ìã (1.56

ììîëü) 3-[(4-ìåòèëôåíèë)àìèíî]-1H-èíäåí-1-îíà

(P25a). Âûõîä 84%,ò.ïë. 260�262°C. ir: 3346, 1754,
1709, 1674, 1657. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.24 c (3H, Me), 2.46 c (3H, Me), 3.95 c (3H, COOMe),

5.76 ä (1H, C9H, J = 7.7 Ãö), 7.11�7.69 ãð.ñ (11H, 2C6H4 + C6H + C7H +

C8H), 10.52 c (1H, NH). Íàéäåíî, %: C 71.12; H 4.38; N 5.50. Ñ30H22N2Î6.

Âû÷èñëåíî, %: C 71.14; H 4.38; N 5.53.

N

OMe

O

O

O NH

Me

OOMe
O

Ìåòèë 3-{(4-ìåòèëôåíèë)êàðáàìîèë]êàðáî-

íèë}-1-(4-ìåòîêñèôåíèë)-2,5-äèîêñî-1,2,5-òðè-

ãèäðîèíäåíî[1,2-b]ïèðèäèí-4-êàðáîêñèëàò (56e):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.56 ììîëü) 1H-ïèððîë-2,3-äèîíà IIIc è 392 ìã (1.56

ììîëü) 3-[(4-ìåòîêñèôåíèë)àìèíî]-1H-èíäåí-1-îíà

(P25b). Âûõîä 78%,ò.ïë. 238�239°C. ÈÊ ñïåêòð, ν,

ñì−1: 3370, 1759, 1719, 1711, 1680, 1661, 1605. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.25 c (3H, Me), 3.87

c (3H, OMe), 3.95 c (3H, COOMe), 5.83 ä (1H, C9H,

J = 8.0 Ãö), 7.11�7.69 ãð.ñ (11H, 2C6H4 + C6H + C7H + C8H), 10.52 c (1H,

NH). Íàéäåíî, %: C 69.03; H 4.20; N 5.30. Ñ30H22N2Î7. Âû÷èñëåíî, %: C

68.96; H 4.24; N 5.36.

N

Me

O

O

O NH

OMe

OOMe
O

Ìåòèë 3-{(4-ìåòîêñèôåíèë)êàðáàìîèë]êàðáîíèë}-

1-(4-ìåòèëôåíèë)-2,5-äèîêñî-1,2,5-òðèãèäðîèíäå-

íî[1,2-b]ïèðèäèí-4-êàðáîêñèëàò (56f): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.48

ììîëü) 1H-ïèððîë-2,3-äèîíà IIId è 348 ìã (1.48

ììîëü) 3-[(4-ìåòèëôåíèë)àìèíî]-1H-èíäåí-1-îíà

(P25a). Âûõîä 85%,ò.ïë. 259�261°C. ÈÊ ñïåêòð, ν,

ñì−1: 3314, 1736, 1721, 1674, 1665. Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.46 c (3H, Me), 3.71 c (3H,
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OMe), 3.95 c (3H, COOMe), 5.75 ä (1H, C9H, J = 7.7

Ãö), 6.88�7.69 ãð.ñ (11H, 2C6H4 + C6H + C7H + C8H), 10.48 c (1H, NH).

Íàéäåíî, %: C 68.93; H 4.21; N 5.37. Ñ30H22N2Î7. Âû÷èñëåíî, %: C 68.96;

H 4.24; N 5.36.

N

OMe

O

O

O NH

OMe

OOMe
O

Ìåòèë 1-(4-ìåòîêñèôåíèë)-3-{(4-ìåòîêñèôå-

íèë)êàðáàìîèë]êàðáîíèë}-2,5-äèîêñî-1,2,5-

òðèãèäðîèíäåíî[1,2-b]ïèðèäèí-4-êàðáîêñèëàò

(56g): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ

èç 500 ìã (1.48 ììîëü) 1H-ïèððîë-2,3-äèîíà IIId è

372 ìã (1.48 ììîëü) 3-[(4-ìåòîêñèôåíèë)àìèíî]-1H-

èíäåí-1-îíà (P25b). Âûõîä 81%,ò.ïë. 270�272°C. ÈÊ
ñïåêòð, ν, ñì−1: 3306, 1763, 1736, 1721, 1665. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.71 c (3H, OMe), 3.87

c (3H, OMe), 3.95 c (3H, COOMe), 5.83 ä (1H, C9H,

J = 7.7 Ãö), 6.89�7.69 ãð.ñ (11H, 2C6H4 + C6H + C7H + C8H), 10.48 c (1H,

NH). Íàéäåíî, %: C 66.87; H 4.11; N 5.18. Ñ30H22N2Î8. Âû÷èñëåíî, %: C

66.91; H 4.12; N 5.20.

Ñèíòåç 1,1'-äèàðèë-3'-öèííàìîèë-4'-ãèäðîêñè-1',2,4,5'-òåòðàãèä-
ðî-1H-ñïèðî[èíäåíî[1,2-b]ïèððîë-3,2'-ïèððîë]-2,4,5'-òðèîíîâ (57).

Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1Hïèððîë-2,3-äèîíà V â 20 ìë áåçâîäíîãî

òîëóîëà äîáàâëÿëè 3-(àðèëàìèíî)-1H-èíäåí-1-îíà P25. Ðåàêöèîííóþ

ìàññó êèïÿòèëè â òå÷åíèå 6�7 ÷àñîâ, çàòåì îõëàæäàëè äî êîìíàòíîé

òåìïåðàòóðû. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàë-

ëèçîâûâàëè èç òîëóîëà.

O

OH

Ph

O
O

N

Br

O

N

1-(4-Áðîìôåíèë)-3'-öèííàìîèë-4'-ãèäðîêñè-1'-
ôåíèë-1',2,4,5'-òåòðàãèäðî-1H-ñïèðî[èíäåíî[1,2-

b]ïèððîë-3,2'-ïèððîë]-2,4,5'-òðèîí (57a): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.38

ììîëü) 1H-ïèððîë-2,3-äèîíà Va è 414 ìã (1.38 ììîëü)

3-[(4-áðîìôåíèë)àìèíî]-1H-èíäåí-1-îíà (P25d). Âû-

õîä 80%, ò.ïë. 272�274°C. ÈÊ ñïåêòð, ν, ñì−1: 3173

(OH), 1768 (C2=O), 1726 (C5'=O), 1671 (C4=O), 1642

(C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 6.51 ä (1Í, C8H, J = 7.3

Ãö), 7.13�7.89 ì (17H, 2C6H5 + C6H4 + C5H + C6H + C7H), 7.66 ä (1Í,
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COCH=CHPh, J = 15.8 Ãö), 7.75 ä (1Í, COCH=CHPh, J = 15.8 Ãö), 13.35 ñ

(1Í, ÎÍ). Íàéäåíî, %: C 66.74; H 3.35; N 4.42. Ñ35H21BrN2Î5. Âû÷èñëåíî,

%: C 66.78; H 3.36; N 4.45.

O

OH

Ph

O
O

N

O

N

Me

3'-Öèííàìîèë-4'-ãèäðîêñè-1'-(4-ìåòèëôåíèë)-1-
ôåíèë-1',2,4,5'-òåòðàãèäðî-1H-ñïèðî[èíäåíî[1,2-b]-

ïèððîë-3,2'-ïèððîë]-2,4,5'-òðèîí (57b): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33

ììîëü) 1H-ïèððîë-2,3-äèîíà Vb è 294 ìã (1.33

ììîëü) 3-(ôåíèëàìèíî)-1H-èíäåí-1-îíà (P25c). Âû-

õîä 82%, ò.ïë. 274�275°C. ÈÊ ñïåêòð, ν, ñì−1: 3174

(OH), 1781 (C2=O), 1725 (C5'=O), 1674 (C4=O), 1642

(C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.29 ñ (3H, Me), 6.38 ä

(1Í, C8H, J = 7.2 Ãö), 7.02�7.69 ì (17H, 2C6H5 + C6H4 + C5H + C6H +

C7H), 7.65 ä (1Í, COCH=CHPh, J = 16.1 Ãö), 7.74 ä (1Í, COCH=CHPh,

J = 16.1 Ãö), 13.40 ñ (1Í, ÎÍ). Íàéäåíî, %: C 76.55; H 4.30; N 4.93.

Ñ36H24N2Î5. Âû÷èñëåíî, %: C 76.58; H 4.28; N 4.96.

O

OH

Ph

O
O

N

Me

O

N

Me

3'-Öèííàìîèë-4'-ãèäðîêñè-1,1'-äè(4-ìåòèëôåíèë)-
1',2,4,5'-òåòðàãèäðî-1H-ñïèðî[èíäåíî[1,2-b]ïèððîë-

3,2'-ïèððîë]-2,4,5'-òðèîí (57c): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33 ììîëü)

1H-ïèððîë-2,3-äèîíà Vb è 313 ìã (1.33 ììîëü)

3-[(4-ìåòèëôåíèë)àìèíî]-1H-èíäåí-1-îíà (P25a).

Âûõîä 79%, ò.ïë. 280�283°C. ÈÊ ñïåêòð, ν, ñì−1: 3174

(OH), 1763 (C2=O), 1727 (C5'=O), 1678 (C4=O), 1647

(C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.28 ñ (3H, Me), 2.43 ñ

(3H, Me), 6.39 ä (1Í, C8H, J = 7.3 Ãö), 7.01�7.69 ì (16H, C6H5 + 2C6H4 +

C5H + C6H + C7H), 7.64 ä (1Í, COCH=CHPh, J = 15.8 Ãö), 7.74 ä (1Í,

COCH=CHPh, J = 15.8 Ãö), 13.31 ñ (1Í, ÎÍ). Íàéäåíî, %: C 76.77; H

4.51; N 4.83. Ñ37H26N2Î5. Âû÷èñëåíî, %: C 76.80; H 4.53; N 4.84.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 57c ïðîâåä¼í íà àâòî-

ìàòè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå ¾Xcalibur-

3¿ ñ CCD äåòåêòîðîì (λ(MoKα) 0.71073 �A, Ò 295(2) Ê, ãðàôèòî-

âûé ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°). Äëÿ àíàëè-

çà èñïîëüçîâàëñÿ îáëîìîê êðàñíîãî ïðèçìàòè÷åñêîãî êðèñòàëëà ðàçìåðîì
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0.25 × 0.20 × 0.15 ìì. Ïîïðàâêà íà ïîãëîùåíèå íå ââîäèëàñü èç-çà å¼

ìàëîñòè (µ 0.079 ìì−1). Íà óãëàõ ðàññåÿíèÿ 2.57 < θ < 26.40° ñîáðàíî
23715 îòðàæåíèé, èç íèõ 13082 íåçàâèñèìûõ (Rint 0.0361), 5076 ñ I>2σ(I).

Êîìïëåêòíîñòü äëÿ θ < 26.00° ñîñòàâëÿåò 98.8 %. Êðèñòàëë ìîíîêëèí-

íûé, ïð.ãð. P21/n, ïàðàìåòðû ÿ÷åéêè: a 15.2533(6) �A, b 16.6750(12) �A,

c 26.0000(19) �A, β 101.496(4)°, V = 6480.4(7) �A3, Z = 8, dcalc = 1.186

g/cm3. Ñòðóêòóðà ðàñøèôðîâàíà è óòî÷íåíà ñ èñïîëüçîâàíèåì ïðîãðàìì-

íîãî ïàêåòà SHELXTL (âåðñèÿ 5.1) [201]. Ïîçèöèîííûå è òåìïåðàòóðíûå

ïàðàìåòðû íåâîäîðîäíûõ àòîìîâ óòî÷íåíû â èçîòðîïíîì, à çàòåì â àíèçî-

òðîïíîì ïðèáëèæåíèè ïîëíîìàòðè÷íûì ÌÍÊ ïî F 2. Àòîìû âîäîðîäà, çà

èñêëþ÷åíèåì âîäîðîäà ãðóïïû ÎÍ, ëîêàëèçîâàíû ïî ìàêñèìóìàì ýëåê-

òðîííîé ïëîòíîñòè è âêëþ÷åíû â óòî÷íåíèå â ìîäåëè ¾íàåçäíèêà¿ â èçî-

òðîïíîì ïðèáëèæåíèè. Àòîì âîäîðîäà ãðóïïû ÎÍ óòî÷íÿëñÿ íåçàâèñèìî

â èçîòðîïíîì ïðèáëèæåíèè. Â êðèñòàëëå ìîëåêóëû îáúåäèíåíû â äèìå-

ðû ïîñðåäñòâîì ìåæìîëåêóëÿðíûõ âîäîðîäíûõ ñâÿçåé O1-H1-O4A [O1-

H1 1.05(3), H1-O4A 1.71(2), O1-O4A 2.644(3) �A, óãîë O1H1O4A 144(1)°] è
O1A-H1A-O4 [O1A-H1A 0.71(3), H1A-O4 1.98(3), O1A-O4 2.622(3) �A, óãîë

O1AH1AO4 151(1)°]. Àòîìàì âòîðîé ìîëåêóëû ïðèñâîåí èíäåêñ �À�. Óãîë

ìåæäó ïëîñêîñòÿìè àçàöèêëîâ 89.5°. Îêîí÷àòåëüíûå ïàðàìåòðû óòî÷íå-

íèÿ: R1 0.0456 (äëÿ I>2σ(I)), R1 0.1174 (äëÿ âñåõ îòðàæåíèé), wR2 0.1037

(äëÿ I>2σ(I)), wR2 0.1085 (äëÿ âñåõ îòðàæåíèé) ïðè ôàêòîðå äîáðîòíîñòè

S 1.019.

Ðåçóëüòàòû ÐÑÀ çàðåãèñòðèðîâàíû â Êåìáðèäæñêîì öåíòðå êðè-

ñòàëëîãðàôè÷åñêèõ äàííûõ, CCDC � 909605. Ýòè ìàòåðèàëû íà-

õîäÿòñÿ â ñâîáîäíîì äîñòóïå è ìîãóò áûòü çàïðîøåíû ïî àäðåñó

www.ccdc.cam.ac.uk/data_request/cif.

O

OH

Ph

O
O

N

OMe

O

N

Me

3'-Öèííàìîèë-4'-ãèäðîêñè-1-(4-ìåòîêñèôåíèë)-
1'-(4-ìåòèëôåíèë)-1',2,4,5'-òåòðàãèäðî-1H-ñïè-

ðî[èíäåíî[1,2-b]ïèððîë-3,2'-ïèððîë]-2,4,5'-òðèîí
(57d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.33 ììîëü) 1H-ïèððîë-2,3-äèîíà Vb è 334 ìã

(1.33 ììîëü) 3-[(4-ìåòîêñèôåíèë)àìèíî]-1H-èíäåí-

1-îíà (P25b). Âûõîä 84%, mp 275�276°C. ÈÊ ñïåêòð,

ν, ñì−1: 3180 (OH), 1777 (C2=O), 1732 (C5'=O), 1680
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(C4=O), 1640 (C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.29 ñ

(3H, Me), 3.87 ñ (3H, OMe), 6.40 ä (1Í, C8H, J = 7.5 Ãö), 7.02�7.69 ì

(16H, C6H5 + 2C6H4 + C5H + C6H + C7H), 7.65 ä (1Í, COCH=CHPh,

J = 15.7 Ãö), 7.74 ä (1Í, COCH=CHPh, J = 15.7 Ãö), 13.35 ñ (1Í, ÎÍ).

Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.54 (Me), 55.47 (OMe), 68.34

(C-3), 108.08 (C-3a), 115.03 (CmAr2), 117.72 (C-3'), 120.52�138.40, 142.74
(CO-CH=CH-Ph), 155.63 (C-8b), 159.89 (CipAr2), 165.38 (C-5'), 171.89
(C-2), 177.22 (C-4'), 182.46 (C3'-C=O), 183.74 (C-4). Íàéäåíî, %: C 76.76;

H 4.42; N 4.68. Ñ37H26N2Î6. Âû÷èñëåíî, %: C 74.74; H 4.41; N 4.71.

O

OH

Ph

O
O

N

O

N

OMe

3'-Öèííàìîèë-4'-ãèäðîêñè-1'-(4-ìåòîêñèôåíèë)-1-
ôåíèë-1',2,4,5'-òåòðàãèäðî-1H-ñïèðî[èíäåíî[1,2-

b]ïèððîë-3,2'-ïèððîë]-2,4,5'-òðèîí (57e): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28

ììîëü) 1H-ïèððîë-2,3-äèîíà Vc è 283 ìã (1.28 ììîëü)

3-(ôåíèëàìèíî)-1H-èíäåí-1-îíà (P25c). Âûõîä 81%,

ò.ïë. 269�270°C. ÈÊ ñïåêòð, ν, ñì−1: 3180 (OH), 1773

(C2=O), 1715 (C5'=O), 1669 (C4=O), 1640 (C3'-C=O).
Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.74 ñ (3H, OMe), 6.38 ä (1Í, C8H,

J = 7.5 Ãö), 7.36�7.69 ì (17H, 2C6H5 + C6H4 + C5H + C6H + C7H), 7.65 ä

(1Í, COCH=CHPh, J = 16.0 Ãö), 7.73 ä (1Í, COCH=CHPh, J = 16.0 Ãö),

13.40 ñ (1Í, ÎÍ). Íàéäåíî, %: C 74.43; H 4.15; N 4.81. Ñ36H24N2Î6.

Âû÷èñëåíî, %: C 74.47; H 4.17; N 4.83.

O

OH

Ph

O
O

N

Me

O

N

OMe

3'-Öèííàìîèë-4'-ãèäðîêñè-1'-(4-ìåòîêñèôåíèë)-
1-(4-ìåòèëôåíèë)-1',2,4,5'-òåòðàãèäðî-1H-ñïèðî-

[èíäåíî[1,2-b]ïèððîë-3,2'-ïèððîë]-2,4,5'-òðèîí
(57f): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.28 ììîëü) 1H-ïèððîë-2,3-äèîíà Vc è 301

ìã (1.28 ììîëü) 3-[(4-ìåòèëôåíèë)àìèíî]-1H-èíäåí-

1-îíà (P25e). Âûõîä 80%, ò.ïë. 252�253°C. ÈÊ ñïåêòð,

ν, ñì−1: 3161 (OH), 1773 (C2=O), 1725 (C5'=O), 1671
(C4=O), 1644 (C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.43 ñ (3H,

Me), 3.74 ñ (3H, OMe), 6.39 ä (1Í, C8H, J = 7.3 Ãö), 7.03�7.69 ì (16H,

C6H5 + 2C6H4 + C5H + C6H + C7H), 7.65 ä (1Í, COCH=CHPh, J = 16.2

Ãö), 7.73 ä (1Í, COCH=CHPh, J = 16.2 Ãö), 13.35 ñ (1Í, ÎÍ). Íàéäåíî,
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%: C 76.70; H 4.38; N 4.69. Ñ37H26N2Î6. Âû÷èñëåíî, %: C 74.74; H 4.41;

N 4.71.

O

OH

Ph

O
O

N

OMe

O

N

OMe

3'-Öèííàìîèë-4'-ãèäðîêñè-1,1'-äè(4-ìåòîêñèôå-
íèë)-1',2,4,5'-òåòðàãèäðî-1H-ñïèðî[èíäåíî[1,2-b]-

ïèððîë-3,2'-ïèððîë]-2,4,5'-òðèîí (57g): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28

ììîëü) 1H-ïèððîë-2,3-äèîíà Vc è 322 ìã (1.28 ììîëü)

3-[(4-ìåòîêñèôåíèë)àìèíî]-1H-èíäåí-1-îíà (P25f).

Âûõîä 79%, ò.ïë. 259�260°C. ÈÊ ñïåêòð, ν, ñì−1: 3161

(OH), 1773 (C2=O), 1717 (C5'=O), 1667 (C4=O), 1642

(C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.74 ñ (3H, OMe), 3.86 ñ

(3H, OMe), 6.40 ä (1Í, C8H, J = 7.6 Ãö), 7.03�7.73 ì (16H, C6H5 + 2C6H4

+ C5H + C6H + C7H), 7.65 ä (1Í, COCH=CHPh, J = 15.7 Ãö), 7.73 ä (1Í,

COCH=CHPh, J = 15.7 Ãö), 13.30 ñ (1Í, ÎÍ). Íàéäåíî, %: C 76.75; H

4.31; N 4.55. Ñ37H26N2Î7. Âû÷èñëåíî, %: C 72.78; H 4.29; N 4.59.

O

OH

Ph

O
O

N

Br

O

N

OMe

1-(4-Áðîìôåíèë)-3'-öèííàìîèë-4'-ãèäðîêñè-
1'-(4-ìåòîêñèôåíèë)-1',2,4,5'-òåòðàãèäðî-1H-

ñïèðî[èíäåíî[1,2-b]ïèððîë-3,2'-ïèððîë]-2,4,5'-
òðèîí (57h): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.28 ììîëü) 1H-ïèððîë-2,3-äèîíà

Vc è 384 ìã (1.28 ììîëü) 3-[(4-áðîìôåíèë)àìèíî]-

1H-èíäåí-1-îíà (P25g). Âûõîä 83%, ò.ïë. 256�257°C.
ÈÊ ñïåêòð, ν, ñì−1: 3188 (OH), 1777 (C2=O), 1732

(C5'=O), 1673 (C4=O), 1644 (C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 3.74 ñ (3H, OMe), 6.51 ä (1Í, C8H, J = 7.1 Ãö), 7.02�7.87 ì (16H,

C6H5 + 2C6H4 + C5H + C6H + C7H), 7.64 ä (1Í, COCH=CHPh, J = 16.0

Ãö), 7.72 ä (1Í, COCH=CHPh, J = 16.0 Ãö), 13.45 ñ (1Í, ÎÍ). Íàéäåíî, %:

C 65.55; H 3.50; N 4.22. Ñ36H23BrN2Î6. Âû÷èñëåíî, %: C 65.56; H 3.52; N

4.25.



327

O

OH

Ph

O
O

N

Me

O

N

Br

1'-(4-Áðîìôåíèë)-1-(4-ìåòèëôåíèë)-3'-öèí-
íàìîèë-4'-ãèäðîêñè-1',2,4,5'-òåòðàãèäðî-1H-

ñïèðî[èíäåíî[1,2-b]ïèððîë-3,2'-ïèððîë]-2,4,5'-
òðèîí (57i): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.14 ììîëü) 1H-ïèððîë-2,3-äèîíà

Vd è 268 ìã (1.14 ììîëü) 3-[(4-ìåòèëôåíèë)àìèíî]-

1H-èíäåí-1-îíà (P25e). Âûõîä 86%, ò.ïë. 234�235°C.
ÈÊ ñïåêòð, ν, ñì−1: 3188 (OH), 1777 (C2=O), 1732

(C5'=O), 1673 (C4=O), 1644 (C3'-C=O). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 2.44 ñ (3H, Me), 6.42 ä (1Í, C8H, J = 7.3 Ãö), 7.10�7.76 ãð.ñ (16H,

C6H5 + 2C6H4 + C5H + C6H + C7H), 7.64 ä (1Í, COCH=CHPh, J = 15.9

Ãö), 7.74 ä (1Í, COCH=CHPh, J = 15.9 Ãö), 13.39 ñ (1Í, ÎÍ). Íàéäåíî, %:

C 67.14; H 3.63; N 4.30. Ñ36H23BrN2Î5. Âû÷èñëåíî, %: C 67.19; H 3.60; N

4.35.

Ñèíòåç ìåòèë 3-(àðèëèìèíî)-3'-ãèäðîêñè-1,2',4'-òðèîêñî-1',6'-
äèôåíèë-1,2',3,4',5',6'-ãåêñàãèäðîñïèðî[èíäåí-2,7'-èíäîë]-7a'(1'H)-

êàðáîêñèëàòîâ] (58). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1Hïèððîë-2,3-äèîíà

V â 20 ìë áåçâîäíîãî òîëóîëà äîáàâëÿëè 3-(àðèëàìèíî)-1H-èíäåí-1-îíà

P25. Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå 6�7 ÷àñîâ, çàòåì îõëàæäàëè

äî êîìíàòíîé òåìïåðàòóðû. Îòôèëüòðîâûâàëè îáðàçîâàâøèéñÿ îñàäîê

ñîåäèíåíèÿ 57, ðàñòâîð óïàðèâàëè, îõëàæäàëè, îðàçîâàâøèéñÿ îñàäîê

îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç ýòèëàöåòàòà.

OOH

O

Ph
N

Br

O
COOMe

N

Ìåòèë 3-[(4-áðîìôåíèë)èìèíî]-3'-ãèäðîêñè-
1,2',4'-òðèîêñî-1',6'-äèôåíèë-1,2',3,4',5',6'-ãåêñà-
ãèäðîñïèðî[èíäåí-2,7'-èíäîë]-7a'(1'H)-êàðáîêñèëàò

(58a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà Va è 414 ìã

(1.38 ììîëü) 3-[(4-áðîìôåíèë)àìèíî]-1H-èíäåí-1-îíà

(P25d). Âûõîä 18%, ò.ïë. 193�195°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3187 (OH), 1729 (COOMe), 1715, (C2'=O) 1694
(C4'=O), 1662 (C1=O), 1639 (C3=N). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.79 ä.ä (1Í, J = 17.7, 5.5 Ãö), 3.30 ä.ä (1Í, J = 17.7, 12.3 Ãö), 3.88 ñ (3Í,

OMe), 4.83 ä.ä (1Í, J = 12.3, 5.5 Ãö), 6.67�7.62 ãð.ñ (18H, 2C6H5 + 2C6H4).
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OOH

O

Ph
N

Me

O
COOMe

N

Me Ìåòèë 3'-ãèäðîêñè-1'-(4-ìåòèëôåíèë)-3-[(4-ìåòèë-
ôåíèë)èìèíî]-1,2',4'-òðèîêñî-6'-ôåíèë-1,2',3,4',5',6'-
ãåêñàãèäðîñïèðî[èíäåí-2,7'-èíäîë]-7a'(1'H)-

êàðáîêñèëàò (58b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäè-

êå, èñõîäÿ èç 500 ìã (1.33 ììîëü) 1H-ïèððîë-2,3-äèîíà

Vb è 313 ìã (1.33 ììîëü) 3-[(4-ìåòèëôåíèë)àìèíî]-

1H-èíäåí-1-îíà (P25a). Âûõîä 16%, ò.ïë. 227�228°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3404 (OH), 1726 (COOMe), 1706

(C2'=O), 1674 (C4'=O), 1655 (C1=O), 1627(C3=N). Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 1.90 c (3H, Me), 2.33 c (3H, Me), 2.78 ä.ä (1Í,

J = 17.7, 5.5 Ãö), 3.30 ä.ä (1Í, J = 17.7, 12.3 Ãö), 3.86 ñ (3Í, OMe), 4.80 ä.ä

(1Í, J = 12.3, 5.5 Ãö), 6.08�7.52 ãð.ñ (17H, Ph, 3C6H4). Ñïåêòð ßÌÐ 13C

(ÄÌÑÎ-d6), δ, ì.ä.: 20.13 (Me), 20.43 (Me), 42.84 (C6'), 46.22 (C5'), 53.30
(OMe), 58.38 (C7'a), 73.51 (Cspiro), 115.20 , 117.40�140.55, 146.81, 149.16
(C2'), 164.10 (C3), 165.06 (COOMe), 169.46 (C3'), 190.91 (C4'), 198.89
(C1).

Ñèíòåç ýòèë 2',11-äèîêñî-5'-ôåíèë-1',2',5,11-òåòðàãèäðîñïèðî{èíäå-
íî[1,2-b]õèíîëèí-10,3'-ïèððîë}-4'-êàðáîêñèëàòîâ (59). Îáùàÿ ìåòîäè-

êà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà I â 15 ìë áåçâîäíîãî ì-êñèëîëà äîáàâ-

ëÿëè 3-àðèëàìèíîèíäåí-1-îí P25. Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷å-

íèå 5�7 ÷, îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâøèéñÿ îñàäîê

îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç ýòèëàöåòàòà.

Ph N
O

O

NHO

OEt

Ýòèë 2',11-äèîêñî-1'-áåíçèë-5'-ôåíèë-1',2',5,11-
òåòðàãèäðîñïèðî{èíäåíî[1,2-b]õèíîëèí-10,3'-ïèð-
ðîë}-4'-êàðáîêñèëàò (59a): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.49 ììîëü)

1H-ïèððîë-2,3-äèîíà Ia è 330 ìã (1.49 ììîëü)

3-(ôåíèëàìèíî)èíäåí-1-îíà P25c. Âûõîä 54%, ò.ïë.

239�241°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3252, 1694, 1688,

1626. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.60 ò (3Í, ÑÍ2CH3, J = 7.1

Ãö), 3.58 ê (2Í, ÑÍ2CH3, J = 7.1 Ãö), 4.51 ä (1H, CH2Ph, J = 16.3 Ãö), 4.67

ä (1H, CH2Ph, J = 16.3 Ãö), 7.08�7.67 ãð.ñ (18H, 2C6H5 + 2C6H4), 11.02 c

(1H, NH). Íàéäåíî, %: C 77.98; H 4.84; N 5.15. Ñ35H26N2Î4. Âû÷èñëåíî,

%: C 78.05; H 4.87; N 5.20.
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Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 59a. Õîðîøî îãðà-

íåííûå â âèäå ïðèçì êðèñòàëëû îðàíæåâîãî öâåòà ïîëó÷åíû èç àöåòîíà.

Êðèñòàëëû òðèêëèííûå. a 10.078(2), b 12.255(2), c 13.335(2) �A, α 72.24(1),

β 77.11(1), γ 81.97(1)°, V 1524.4(5) �A3, Z 2, ïðîñòðàíñòâåííàÿ ãðóïïà Ð-1.

Âñåãî èçìåðåíî 4737 íåçàâèñèìûõ îòðàæåíèé. Èç íèõ 2762 ñ I>2σ(I). Ïðè

ðàñøèôðîâêå ñòðóêòóðû êðèñòàëëà âûÿâèëàñü ãðóïïà ïèêîâ ýëåêòðîííîé

ïëîòíîñòè â öåíòðå ñèììåòðèè ñ êîîðäèíàòàìè 0 0.5 0.5. Èäåíòèôèöèðî-

âàòü èõ â âèäå ðàçóìíîé ìîëåêóëû íå ïðåäñòàâèëîñü âîçìîæíûì. Âìåñòå

ñ òåì, íåó÷åò ýòèõ ïèêîâ ïðèâîäèò ê ïîâûøåíèþ R-ôàêòîðà ïðè óòî÷íå-

íèè áîëåå ÷åì íà 5%. Óòî÷íåíèå ÌÍÊ çàâåðøåíî ïðè R1 0.0573 ïî 2762

îòðàæåíèÿ ñ I>2σ(I) è R 0.1187 ïî âñåì îòðàæåíèÿì. GooF 0.993. Ýòèì

êðèòåðèÿì ñîîòâåòñòâóåò ñîñòàâ Ñ35Í26N2O4·(C3.5).

Íàáîðû ýêñïåðèìåíòàëüíûõ îòðàæåíèé ïîëó÷åíû â àâòîìàòè÷å-

ñêîì 4-õ êðóæíîì äèôðàêòîìåòðå ÊÌ-4 (KUMA DIFFRACTION) ñ

χ-ãåîìåòðèåé ìåòîäîì ω/2Θ ñêàíèðîâàíèÿ íà ìîíîõðîìàòèçèðîâàííîì

ÌîKα-èçëó÷åíèè. Ïîïðàâêè íà ïîãëîùåíèå íå ââîäèëè. Ñòðóêòóðû îïðå-

äåëåíû ïðÿìûì ìåòîäîì ïî ïðîãðàììå SIR92 [199] ñ ïîñëåäóþùåé ñåðèåé

ðàñ÷åòîâ êàðò ýëåêòðîííîé ïëîòíîñòè. Àòîìû âîäîðîäà çàäàíû ãåîìåò-

ðè÷åñêè. Óòî÷íåíèå ÌÍÊ ïîëíîìàòðè÷íîå àíèçîòðîïíîå (íåâîäîðîäíûõ

àòîìîâ) ïî ïðîãðàììå SHELXL-97 [198].

Ph N
O

O

NH
Me
O

OEt

Ýòèë 2',11-äèîêñî-1'-áåíçèë-8-ìåòèë-5'-ôåíèë-
1',2',5,11-òåòðàãèäðîñïèðî{èíäåíî[1,2-b]õèíî-
ëèí-10,3'-ïèððîë}-4'-êàðáîêñèëàò (59b): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 335 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà Ia è 235 ìã (1.0 ììîëü)

3-[(4-ìåòèëôåíèë)àìèíî]èíäåí-1-îíà P25a. Âûõîä

61%, ò.ïë. 290�292°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3191,

1678, 1626. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.61 ò (3Í, ÑÍ2CH3,

J = 7.2 Ãö), 2.24 ñ (3H, Me), 3.58 ì (2Í, ÑÍ2CH3), 4.57 ä (1H, CH2Ph,

J = 16.7 Ãö), 4.61 ä (1H, CH2Ph, J = 16.7 Ãö), 6.79�7.65 ãð.ñ (17H, 2C6H5

+ C6H4 +C6H3), 10.96 c (1H, NH). Íàéäåíî, %: C 78.15; H 5.08; N 5.03.

Ñ36H28N2Î4. Âû÷èñëåíî, %: C 78.24; H 5.11; N 5.07.
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Ph N
O

O

NH
OMe
O

OEt

Ýòèë 2',11-äèîêñî-1'-áåíçèë-8-ìåòîêñè-5'-ôåíèë-
1',2',5,11-òåòðàãèäðîñïèðî{èíäåíî[1,2-b]õèíî-
ëèí-10,3'-ïèððîë}-4'-êàðáîêñèëàò (59c): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 335 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà Ia è 251 ìã (1.0 ììîëü)

3-[(4-ìåòîêñèôåíèë)àìèíî]èíäåí-1-îíà P25b. Âûõîä

59%, ò.ïë. 293�294°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3195, 1686, 1622. Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.61 ò (3Í, ÑÍ2CH3, J = 7.0 Ãö), 3.58 ì (2Í,

ÑÍ2CH3), 3.69 ñ (3H, OMe), 4.57 ä (1H, CH2Ph, J = 16.1 Ãö), 4.61 ä (1H,

CH2Ph, J = 16.1 Ãö), 6.50�7.64 ãð.ñ (17H, 2C6H5 + C6H4 + C6H3), 11.02 c

(1H, NH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 13.12 (CH3CH2), 43.88

(C10), 51.56 (CH2Ph), 55.13 (OMe), 58.48 (OCH2), 99.19 (C4′), 111.51 (C10a),

114.12�136.70, 153.56 (C5′), 155.85 (C8), 156.19 (C4b), 161.48 (C2′), 179.75

(COOEt), 187.83 (C11). Íàéäåíî, %: C 75.97; H 4.91; N 4.90. Ñ36H28N2Î5.

Âû÷èñëåíî, %: C 76.04; H 4.96; N 4.93.

Ph N
O

O

NHO

OEt

Ýòèë 2',11-äèîêñî-1'-ôåíèë-5'-ôåíèë-1',2',5,11-
òåòðàãèäðîñïèðî{èíäåíî[1,2-b]õèíîëèí-10,3'-
ïèððîë}-4'-êàðáîêñèëàò (59d): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 321 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà Ic è 221 ìã (1.0 ììîëü) 3-

(ôåíèëàìèíî)èíäåí-1-îíà P25c. Âûõîä 53%, ò.ïë.

279�281°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3200, 1697, 1628.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.66 ò (3Í, ÑÍ2CH3, J = 7.1 Ãö), 3.63

ì (2Í, ÑÍ2CH3), 7.11�7.87 ãð.ñ (18H, 2C6H5 + 2C6H4), 11.07 c (1H, NH).

Íàéäåíî, %: C 77.81; H 4.58; N 5.35. Ñ34H24N2Î4. Âû÷èñëåíî, %: C 77.85;

H 4.61; N 5.34.

Ph N
O

O

NH
Me
O

OEt

Ýòèë 2',11-äèîêñî-8-ìåòèë-1'-ôåíèë-5'-ôåíèë-
1',2',5,11-òåòðàãèäðîñïèðî{èíäåíî[1,2-b]õèíî-
ëèí-10,3'-ïèððîë}-4'-êàðáîêñèëàò (59e): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 321 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà Ic è 235 ìã (1.0 ììîëü)

3-[(4-ìåòèëôåíèë)àìèíî]èíäåí-1-îíà P25a. Âûõîä

50%, ò.ïë. 307�308°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3200, 1694,

1630. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.66 ò (3Í, ÑÍ2CH3, J = 7.0
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Ãö), 2.32 ñ (3H, Me), 3.63 ì (2Í, ÑÍ2CH3), 7.05�7.66 ãð.ñ (17H, 2C6H5

+ C6H4 + C6H3), 11.02 c (1H, NH). Íàéäåíî, %: C 77.01; H 4.88; N 5.18.

Ñ35H26N2Î4. Âû÷èñëåíî, %: C 77.05; H 4.87; N 5.20.

Ph N
O

O

NH
OMe
O

OEt

Ýòèë 2',11-äèîêñî-8-ìåòîêñè-1'-ôåíèë-5'-ôåíèë-
1',2',5,11-òåòðàãèäðîñïèðî{èíäåíî[1,2-b]õèíî-
ëèí-10,3'-ïèððîë}-4'-êàðáîêñèëàò (59f): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 321 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà Ic è 251 ìã (1.0 ììîëü)

3-[(4-ìåòîêñèôåíèë)àìèíî]èíäåí-1-îíà P25b. Âûõîä

52%, ò.ïë. 287�289°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3200, 1692,

1618. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.67 ò (3Í, ÑÍ2CH3, J = 7.2

Ãö), 3.64 ì (2Í, ÑÍ2CH3), 3.78 ñ (3H, OMe), 6.74�7.65 ãð.ñ (17H, 2C6H5

+ C6H4 + C6H3), 11.04 c (1H, NH). Íàéäåíî, %: C 75.81; H 4.68; N 5.01.

Ñ35H26N2Î5. Âû÷èñëåíî, %: C 75.80; H 4.73; N 5.05.

Ñèíòåç ýòèë 5-àðèë-2',10,12-òðèîêñî-1',5'-äèôåíèë-1',2',10,12-òåòðà-
ãèäðî-5H-ñïèðî{äèèíäåíî[1,2-b:2',1'-e]ïèðèäèí-11,3'-ïèððîë}-4'-
êàðáîêñèëàò (60a). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà

I â 15 ìë áåçâîäíîãî ì-êñèëîëà äîáàâëÿëè 3-àðèëàìèíîèíäåí-1-îí P25.

Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå 5�7 ÷, îõëàæäàëè äî êîìíàòíîé

òåìïåðàòóðû. Îáðàçîâàâøèéñÿ îñàäîê ñîåäèíåíèÿ 59 îòôèëüòðîâûâàëè.

Ìàòî÷íûé ðàñòâîð óïàðèâàëè äîñóõà, îñòàòîê ðàñòâîðÿëè â 10 ìë êèïÿ-

ùåãî ýòèëàöåòàòà, îõëàæäàëè, îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè

è ïåðåêðèñòàëëèçîâûâàëè èç ýòèëàöåòàòà.

Ph N
O

O

N
OO

OEt

Ýòèë 2',10,12-òðèîêñî-1',5',5-òðèôåíèë-1',2',10,12-
òåòðàãèäðî-5H-ñïèðî{äèèíäåíî[1,2-b:2',1'-
e]ïèðèäèí-11,3'-ïèððîë}-4'-êàðáîêñèëàò (60a):

Îáùàÿ ìåòîäèêà. ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 321 ìã (1.0 ììîëü) 1H-

ïèððîë-2,3-äèîíà Ic è 221 ìã (1.0 ììîëü) 3-

(ôåíèëàìèíî)èíäåí-1-îíà P25c. Âûõîä 14%, ò.ïë.

336�337°C. ÈÊ ñïåêòð, ν, ñì−1: 1734 (COO, Ñ2'=Î),
1694 (Ñ10=Î, Ñ12=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.72 ò (3Í,

OCH2CH3, J = 7.2 Ãö), 3.87 ê (2Í, OÑÍ2CH3, J = 7.2 Ãö), 5.55 ä (2H, C4H

+ C6H, J = 7.5 Ãö), 7.16�8.07 ãð.ñ (21Í, 3C6H5 + 2C6H4). Íàéäåíî, %: C
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79.05; H 4.28; N 4.24. C43H28N2O5. Âû÷èñëåíî, %: C 79.13; H 4.32; N 4.29.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 60a. Òåìíî-

êðàñíûå â âèäå òîíêèõ ïëàñòèíîê (0.05�0.06 ìì) êðèñòàëëû C43H28N2O5

ïðèíàäëåæàò ê ðîìáè÷åñêîé ñèíãîíèè: a 15.254(3), b 15.577(3), c 28.335(6)
�A, V 6733(2) �A3, 652.676, dcalc 1.288 ã/ñì3, Z 8, ïðîñòðàíñòâåííàÿ ãðóïïà

Pbca. µ 0.085 mm−1. Âñåãî èçìåðåíî 5632 îòðàæåíèé, èç êîòîðûõ 4534

íåçàâèñèìûõ [Rint 0.090], à îòðàæåíèé ñ I>2σ(I) îêàçàëîñü ëèøü 1349.

ÌàõΘ 25.05°, ÷òî ñîñòàâèëî 76.1% îáðàòíîãî ïðîñòðàíñòâà. R1 0.0767.

GooF 0.938.

Íàáîðû ýêñïåðèìåíòàëüíûõ îòðàæåíèé ïîëó÷åíû â àâòîìàòè÷å-

ñêîì 4-õ êðóæíîì äèôðàêòîìåòðå ÊÌ-4 (KUMA DIFFRACTION) ñ

χ-ãåîìåòðèåé ìåòîäîì ω/2Θ ñêàíèðîâàíèÿ íà ìîíîõðîìàòèçèðîâàííîì

ÌîKα-èçëó÷åíèè. Ïîïðàâêè íà ïîãëîùåíèå íå ââîäèëè. Ñòðóêòóðû îïðå-

äåëåíû ïðÿìûì ìåòîäîì ïî ïðîãðàììå SIR92 [199] ñ ïîñëåäóþùåé ñåðèåé

ðàñ÷åòîâ êàðò ýëåêòðîííîé ïëîòíîñòè. Àòîìû âîäîðîäà çàäàíû ãåîìåò-

ðè÷åñêè. Óòî÷íåíèå ÌÍÊ ïîëíîìàòðè÷íîå àíèçîòðîïíîå (íåâîäîðîäíûõ

àòîìîâ) ïî ïðîãðàììå SHELXL-97 [198].

Ph N
O

O

N

Me

OO

OEt

Ýòèë 2',10,12-òðèîêñî-5-(4-ìåòèëôåíèë)-1',5'-
äèôåíèë-1',2',10,12-òåòðàãèäðî-5H-ñïèðî-

{äèèíäåíî[1,2-b:2',1'-e]ïèðèäèí-11,3'-ïèððîë}-
4'-êàðáîêñèëàò (60b): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 321 ìã (1.0 ììîëü) 1H-

ïèððîë-2,3-äèîíà Ic è 235 ìã (1.0 ììîëü) 3-[(4-

ìåòèëôåíèë)àìèíî]èíäåí-1-îíà P25a. Âûõîä 17%,

ò.ïë. 338�339°C. ÈÊ ñïåêòð, ν, ñì−1: 1740 (COO,

Ñ2'=Î), 1688 (Ñ10=Î, Ñ12=Î). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.71

ò (3Í, CH2CH3, J = 7.0 Ãö), 2.58 c (3H, Me), 3.86 ê (2Í, OÑÍ2CH3, J = 7.0

Ãö), 5.61 ä (2H, C4H + C6H, J = 7.5 Ãö), 7.16�7.91 ãð.ñ (20Í, 2C6H5 +

3C6H4). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 13.47 (CH3CH2), 21.01

(Me), 46.90 (C3'), 58.92 (CH3CH2), 110.11�141.55 (Ñ, C4', C5', C10a,
C11a), 156.98 (C4b, C5a), 162.10 (C2'), 177.58 (COOEt), 189.88 (C10, C12).
Íàéäåíî, %: C 79.20; H 4.51; N 4.15. C44H30N2O5. Âû÷èñëåíî, %: C 79.26;

H 4.54; N 4.20.
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Ph N
O

O

N

OMe

OO

OEt

Ýòèë 2',10,12-òðèîêñî-5-(4-ìåòîêñèôåíèë)-
1',5'-äèôåíèë-1',2',10,12-òåòðàãèäðî-5H-

ñïèðî{äèèíäåíî[1,2-b:2',1'-e]ïèðèäèí-11,3'-
ïèððîë}-4'-êàðáîêñèëàò (60c): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 321 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà Ic è 251 ìã (1.0 ììîëü) 3-[(4-

ìåòîêñèôåíèë)àìèíî]èíäåí-1-îíà P25b. ×èñòèëè

ïåðåêðèñòàëëèçàöèåé èç ñìåñè áåíçîëà ñ ýòèëàöåòà-

òîì â ñîîòíîøåíèè 1:2. Âûõîä 16%, ò.ïë. 305�307°C. ÈÊ ñïåêòð, ν, ñì−1:

1742, 1692. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.72 ò (3Í, CH2CH3,

J = 7.0 Ãö), 3.86 ê (2Í, OÑÍ2, J = 7.0 Ãö), 3.97 c (3H, OMe), 5.69 ä (2H,

C4H + C6H, J = 7.6 Ãö), 7.19�7.95 ãð.ñ (20Í, 2C6H5 + 3C6H4). Íàéäåíî,

%: C 77.35; H 4.40; N 4.15. C44H30N2O6. Âû÷èñëåíî, %: C 77.41; H 4.43;

N 4.10.

Ñèíòåç ìåòèë 3-ìåòèë-1-ôåíèë-5-[(àðèëêàðáàìîèë)êàðáîíèë]-6-[(E)-

2-ôåíèëýòåíèë]-1H-ïèðàçîëî[3,4-b]ïèðèäèí-4-êàðáîêñèëàòîâ 61. Îá-

ùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà V â 20 ìë áåçâîäíîãî

áåíçîëà äîáàâëÿëè 5-àìèíî-1H-ïèðàçîë P26 [185]. Ðåàêöèîííóþ ìàññó

êèïÿòèëè â òå÷åíèå 4�5 ÷àñîâ, çàòåì îõëàæäàëè äî êîìíàòíîé òåìïåðàòó-

ðû. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè

èç òîëóîëà.

Me

N
N N

Ph

O

O NH
OOMe

Ìåòèë 3-ìåòèë-1-ôåíèë-5-[(ôåíèëêàðáàìîèë)êàð-

áîíèë]-6-[(E)-2-ôåíèëýòåíèë]-1H-ïèðàçîëî[3,4-

b]ïèðèäèí-4-êàðáîêñèëàò (61a): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.38 ììîëü)

1H-ïèððîë-2,3-äèîíà Va è 239 ìã (1.38 ììîëü) 5-

àìèíî-1H-ïèðàçîëà P26a. Âûõîä 78%, ò.ïë. 219�220°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3324, 1740, 1705, 1667, 1632.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.64 ñ (3Í, Ìå),

3.89 ñ (3Í, COOÌå), 7.17�8.31 ãð.ñ (17H, 3C6H5 + -CH=CH-), 11.01 c (1Í,

NH). Íàéäåíî, %: C 72.02; H 4.65; N 10.81. C31H24N4O4. Âû÷èñëåíî, %:

C 72.08; H 4.68; N 10.85.
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N
N N

Ph

O

O NH

Me

OOMe

Ìåòèë 3-ìåòèë-1-ôåíèë-5-[(4-ìåòèëôåíèë)êàð-

áàìîèë]êàðáîíèë-6-[(E)-2-ôåíèëýòåíèë]-1H-

ïèðàçîëî[3,4-b]ïèðèäèí-4-êàðáîêñèëàò (61b):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.33 ììîëü) 1H-ïèððîë-2,3-äèîíà Vb è 230 ìã

(1.33 ììîëü) 5-àìèíî-1H-ïèðàçîëà P26a. Âûõîä 80%,

ò.ïë. 219�220°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3328, 1719, 1697,

1669, 1626. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.29 ñ

(3Í, Ìå), 2.64 ñ (3Í, Ìå), 3.88 ñ (3Í, COOÌå), 7.19�8.30 ãð.ñ (16H, 2C6H5

+ C6H4 + -CH=CH-), 10.94 c (1Í, NH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ,

ì.ä.: 15.01, 20.38, 53.05, 110.43, 120.25�138.27, 143.07, 150.25, 152.86,

159.13, 164.40, 191.18. Íàéäåíî, %: C 72.40; H 4.96; N 10.54. C32H26N4O4.

Âû÷èñëåíî, %: C 72.44; H 4.94; N 10.56.
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Ph

O

O NH
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OOMe

Ìåòèë 3-ìåòèë-1-ôåíèë-5-[(4-ìåòîêñèôåíèë)-

êàðáàìîèë]êàðáîíèë-6-[(E)-2-ôåíèëýòåíèë]-1H-

ïèðàçîëî[3,4-b]ïèðèäèí-4-êàðáîêñèëàò (61c): ïî-

ëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.28 ììîëü) 1H-ïèððîë-2,3-äèîíà Vc è 222 ìã (1.28

ììîëü) 5-àìèíî-1H-ïèðàçîëà P26a. Âûõîä 82%, ò.ïë.

202�203°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3293, 1740, 1688, 1667,

1636. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.63 ñ (3Í,

Ìå), 3.76 ñ (3Í, OÌå), 3.88 ñ (3Í, COOÌå), 6.97�8.30

ãð.ñ (16H, 2C6H5 + C6H4 + -CH=CH-), 10.92 c (1Í, NH). Íàéäåíî, %: C

70.28; H 4.73; N 10.21. C32H26N4O5. Âû÷èñëåíî, %: C 70.32; H 4.79; N

10.25.
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Ìåòèë 1-áåíçèë-3-ìåòèë-5-[(ôåíèëêàðáàìîèë)-

êàðáîíèë]-6-[(E)-2-ôåíèëýòåíèë]-1H-ïèðàçîëî[3,4-

b]ïèðèäèí-4-êàðáîêñèëàò (61d): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.38 ììîëü)

1H-ïèððîë-2,3-äèîíà Va è 258 ìã (1.38 ììîëü) 5-

àìèíî-1H-ïèðàçîëà P26b. Âûõîä 74%, ò.ïë. 185�186°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3296 (NÍ), 1740 (COOMe), 1698

(C5-Ñ=Î), 1668 (CONH), 1629 (C6-CH=CH-). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.54 ñ (3Í, Ìå), 3.85 ñ
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(3Í, COOÌå), 5.75 c (2H, CH2Ph), 7.15�7.85 ãð.ñ (15Í, 3C6H5), 7.33 ä (1H,

C6CH=CHPh, J = 15.5 Ãö), 7.98 ä (1H, C6CH=CHPh, J = 15.5 Ãö), 10.98 ñ

(1Í, NÍ). Íàéäåíî, %: C 72.40; H 4.99; N 10.62. C32H26N4O4. Âû÷èñëåíî,

%: C 72.44; H 4.94; N 10.56.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 61d ïðîâåä¼í íà àâòî-

ìàòè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå Xcalibur S

Single Crystal Diffraction System ñ CCD äåòåêòîðîì (λ(MoKα) 0.71073 �A, Ò

295(2) Ê, ãðàôèòîâûé ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ

1°). Äëÿ àíàëèçà èñïîëüçîâàëñÿ ñâåòëî-æåëòûé ïðèçìàòè÷åñêèé ìîíîêðè-

ñòàëë ðàçìåðîì 0.25 × 0.20 × 0.15 ìì. Ïîïðàâêà íà ïîãëîùåíèå íå ââî-

äèëàñü èç-çà å¼ ìàëîñòè (µ 0.088 ìì−1). Íà óãëàõ ðàññåÿíèÿ 2.38 < θ <

27.70° ñîáðàíî 26467 îòðàæåíèé, èç íèõ 14757 íåçàâèñèìûõ (Rint 0.0267),
6569 ñ I>2σ(I). Êîìïëåêòíîñòü äëÿ θ < 28.22° ñîñòàâëÿåò 99.9 %. Êðèñòàëë

òðèêëèííûé, ïð.ãð. P-1, ïàðàìåòðû ÿ÷åéêè: à 10.1282(6) �A, b 13.7608(7)
�A, c 20.5351(11) �A, α 89.866(4)°, β 83.594(5)°, γ 72.052(5)°, V = 2704.2(3)
�A3, Z = 4, dcalc = 1.303 g/cm3. Ñòðóêòóðà ðàñøèôðîâàíà è óòî÷íåíà ñ

èñïîëüçîâàíèåì ïðîãðàììíîãî ïàêåòà SHELXTL (âåðñèÿ 5.1) [201]. Ïîçè-

öèîííûå è òåìïåðàòóðíûå ïàðàìåòðû íåâîäîðîäíûõ àòîìîâ óòî÷íåíû â

èçîòðîïíîì, à çàòåì â àíèçîòðîïíîì ïðèáëèæåíèè ïîëíîìàòðè÷íûìÌÍÊ

ïî F 2. Àòîìû âîäîðîäà, çà èñêëþ÷åíèåì âîäîðîäà ãðóïïû ÎÍ, ëîêàëè-

çîâàíû ïî ìàêñèìóìàì ýëåêòðîííîé ïëîòíîñòè è âêëþ÷åíû â óòî÷íåíèå

â ìîäåëè ¾íàåçäíèêà¿ â èçîòðîïíîì ïðèáëèæåíèè. Àòîì âîäîðîäà ãðóï-

ïû ÎÍ óòî÷íÿëñÿ íåçàâèñèìî â èçîòðîïíîì ïðèáëèæåíèè. Â êðèñòàëëå

ìîëåêóëû îáúåäèíåíû ïîñðåäñòâîì ìåæìîëåêóëÿðíîé âîäîðîäíîé ñâÿ-

çè O1-H3A-N3A [O1-H3A 2.244, H3A-N3A 0.891, O1-N3A 3.037 �A, óãîë

O1-H3A-N3A 148.02°]. Àòîìàì âòîðîé ìîëåêóëû ïðèñâîåí èíäåêñ �À�.

Îêîí÷àòåëüíûå ïàðàìåòðû óòî÷íåíèÿ: R1 0.0625 (äëÿ I>2σ(I)), R1 0.1567

(äëÿ âñåõ îòðàæåíèé), wR2 0.1486 (äëÿ I>2σ(I)), wR2 0.2128 (äëÿ âñåõ

îòðàæåíèé) ïðè ôàêòîðå äîáðîòíîñòè S 1.005.
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Ìåòèë 3-ìåòèë-1-áåíçèë-5-[(4-ìåòèëôåíèë)-

êàðáàìîèë]êàðáîíèë-6-[(E)-2-ôåíèëýòåíèë]-1H-

ïèðàçîëî[3,4-b]ïèðèäèí-4-êàðáîêñèëàò (61e): ïîëó-

÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33

ììîëü) 1H-ïèððîë-2,3-äèîíà Vb è 249 ìã (1.33 ììîëü)

5-àìèíî-1H-ïèðàçîëà P26b. Âûõîä 78%, ò.ïë. 213-

214°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3300 (NÍ), 1735 (COOMe),

1707 (C5-Ñ=Î), 1663 (CONH), 1631 (C6-CH=CH-).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.28 ñ (3H, Ìå),

2.53 ñ (3H, Ìå), 3.84 c (3H, COOMe), 5.75 c (2H, CH2Ph), 7.17�7.73

ãð.ñ (14H, 2C6H5 + C6H4), 7.32 ä (1H, C6CH=CHPh, J = 15.5 Ãö), 7.97

ä (1H, C6CH=CHPh, J = 15.5 Ãö), 10.90 ñ (1Í, NÍ). Ñïåêòð ßÌÐ 13C

(ÄÌÑÎ-d6), δ, ì.ä.: 14.90 (Ìå-C3), 20.43 (Ìå), 49.77 (CH2Ph), 52.99

(OÌå), 108.63 (C3a), 120.28�137.03 (Ñarom.), 123.77 (C6C=CPh), 125.21

(C5), 135.01 (C4), 136.45 (C6C=CPh), 141.38 (C3), 150.81 (C7a), 152.34

(C6), 159.29 (C5-COCO), 164.71 (ÑÎÎMe), 191.50 (Ñ5-C=O). Íàéäåíî, %:

C 72.83; H 5.24; N 10.35. C33H28N4O4. Âû÷èñëåíî, %: C 72.78; H 5.18; N

10.29.
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O NH
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OOMe

Ìåòèë 3-ìåòèë-1-ôåíèë-5-[(4-ìåòîêñèôåíèë)-

êàðáàìîèë]êàðáîíèë-6-[(E)-2-ôåíèëýòåíèë]-1H-

ïèðàçîëî[3,4-b]ïèðèäèí-4-êàðáîêñèëàò (61f): ïîëó-

÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28

ììîëü) 1H-ïèððîë-2,3-äèîíà Vc è 240 ìã (1.28 ììîëü)

5-àìèíî-1H-ïèðàçîëà P26b. Âûõîä 78%, ò.ïë. 186�

187°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3303 (NÍ), 1734 (COOMe),

1709 (C5-Ñ=Î), 1664 (CONH), 1630 (C6-CH=CH-).

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.53 ñ (3Í, Ìå),

3.75 ñ (3Í, OÌå), 3.85 ñ (3Í, COOÌå), 5.75 c (2H, CH2Ph), 6.94�7.77 ãð.ñ

(14Í, 2C6H5 + C6H4), 7.31 ä (1H, C6CH=CHPh, J = 15.5 Ãö), 7.97 ä (1H,

C6CH=CHPh, J = 15.5 Ãö), 10.88 ñ (1Í, NÍ). Íàéäåíî, %: C 70.65; H 4.97;

N 9.91. C33H28N4O5. Âû÷èñëåíî, %: C 70.70; H 5.03; N 9.99.

Ñèíòåç ìåòèë 3-ìåòèë-5-[(àðèëêàðáàìîèë)êàðáîíèë]-6-[(E)-2-ôå-

íèëýòåíèë]-[1,2]îêñàçîëî[5,4-b]ïèðèäèí-4-êàðáîêñèëàòîâ (62). Îáùàÿ

ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà V â 30 ìë áåçâîäíîãî òîëóîëà
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äîáàâëÿëè 5-àìèíî-1,2-îêñàçîë P27. Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷å-

íèå 4�5 ÷àñîâ è îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâøèéñÿ

îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâàëè èç ñìåñè òîëóîëà ñ

ýòèëàöåòàòîì â ñîîòíîøåíèè 2 : 1.

Me
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O N

Ph

O

O NH
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Ìåòèë 3-ìåòèë-5-[(ôåíèëêàðáàìîèë)êàðáîíèë]-6-

[(E)-2-ôåíèëýòåíèë]-[1,2]îêñàçîëî[5,4-b]ïèðèäèí-4-

êàðáîêñèëàò (62a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäè-

êå, èñõîäÿ èç 500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà

Va è 135 ìã (1.38 ììîëü) 5-àìèíî-1,2-îêñàçîëîì P27.

Âûõîä 79%, ò.ïë. 200�201°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3358

(NÍ), 1720 (COOMe), 1695 (C5-Ñ=Î), 1658 (CONH),

1624 (C6-CH=CH-). Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.62 ñ (3Í, Ìå),

3.87 ñ (3Í, COOÌå), 7.16�7.87 ãð.ñ (10Í, 2C6H5), 7.33 ä (1H, -CH=CH-Ph,

J = 15.4 Ãö), 8.02 ä (1H, -CH=CH-Ph, J = 15.4 Ãö), 11.01 ñ (1Í, NÍ).

Íàéäåíî, %: C 68.09; H 4.37; N 9.48. C25H19N3O5. Âû÷èñëåíî, %: C 68.02;

H 4.34; N 9.52.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 62a ïðîâåä¼í íà àâ-

òîìàòè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå Xcalibur

R-Mo ñ CCD äåòåêòîðîì (λ(MoKα) 0.71073 �A, Ò 293(2) Ê, ãðàôèòî-

âûé ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°). Äëÿ àíàëè-

çà èñïîëüçîâàëñÿ ñâåòëî-æåëòûé ïðèçìàòè÷åñêèé ìîíîêðèñòàëë ðàçìå-

ðîì 0.35 × 0.30 × 0.20 ìì. Ïîãëîùåíèå ó÷òåíî ýìïèðè÷åñêè c èñ-

ïîëüçîâàíèåì àëãîðèòìà SCALE3 ABSPACK [200]. Íà óãëàõ ðàññåÿíèÿ

3.10 < θ < 25.02° ñîáðàíî 27487 îòðàæåíèé, èç íèõ 10783 íåçàâèñèìûõ

(Rint 0.0322), 5734 ñ I>2σ(I). Êîìïëåêòíîñòü äëÿ θ < 26.00° ñîñòàâëÿ-

åò 99.9%. Êðèñòàëë ìîíîêëèííûé, ïð.ãð. P21/n, ïàðàìåòðû ÿ÷åéêè: a

10.9219(11) �A, b 19.8193(18) �A, c 20.4690(2) �A, α 90.00°, β 93.329(9)°,
γ 90.00°, V = 4423.3(8) �A3, Z = 8, dcalc = 1.326 g/cm3. Ñòðóêòóðà ðàñ-

øèôðîâàíà è óòî÷íåíà ñ èñïîëüçîâàíèåì ïðîãðàììíîãî ïàêåòà SHELXTL

(âåðñèÿ 5.1) [201]. Ïîçèöèîííûå è òåìïåðàòóðíûå ïàðàìåòðû íåâîäîðîä-

íûõ àòîìîâ óòî÷íåíû â èçîòðîïíîì, à çàòåì â àíèçîòðîïíîì ïðèáëèæåíèè

ïîëíîìàòðè÷íûì ÌÍÊ ïî F 2. Àòîìû âîäîðîäà, çà èñêëþ÷åíèåì âîäîðî-

äà ãðóïïû ÎÍ, ëîêàëèçîâàíû ïî ìàêñèìóìàì ýëåêòðîííîé ïëîòíîñòè è

âêëþ÷åíû â óòî÷íåíèå â ìîäåëè ¾íàåçäíèêà¿ â èçîòðîïíîì ïðèáëèæåíèè.
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Àòîì âîäîðîäà ãðóïïû ÎÍ óòî÷íÿëñÿ íåçàâèñèìî â èçîòðîïíîì ïðèáëè-

æåíèè. Â êðèñòàëëå ìîëåêóëû îáúåäèíåíû â äèìåðû ïîñðåäñòâîì ìåæìî-

ëåêóëÿðíîé âîäîðîäíîé ñâÿçè O5A-H1B-N1B [O5A-H1B 2.225, H1B-N1B

0.860, O5A-N1B 3.051 �A, óãîë O5A-H1B-N1B 161.16°]. Àòîìàì ðàçíûõ

ìîëåêóë ïðèñâîåíû èíäåêñû �À� è �Â�. Îêîí÷àòåëüíûå ïàðàìåòðû óòî÷-

íåíèÿ:R1 0.0578 (äëÿ I>2σ(I)),R1 0.1156 (äëÿ âñåõ îòðàæåíèé), wR2 0.1507

(äëÿ I>2σ(I)), wR2 0.1939 (äëÿ âñåõ îòðàæåíèé) ïðè ôàêòîðå äîáðîòíîñòè

S 1.023.
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Ìåòèë 3-ìåòèë-5-{[(4-ìåòèëôåíèë)êàðáàìîèë]-

êàðáîíèë}-6-[(E)-2-ôåíèëýòåíèë]-[1,2]îêñàçîëî[5,4-

b]ïèðèäèí-4-êàðáîêñèëàò (62b): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33 ììîëü)

1H-ïèððîë-2,3-äèîíà Vb è 130 ìã (1.33 ììîëü) 5-

àìèíî-1,2-îêñàçîëîì P27. Âûõîä 76%, ò.ïë. 219�220°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3410 (NÍ), 1739 (COOMe), 1718

(C5-Ñ=Î), 1651 (CONH), 1632 (C6-CH=CH-). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.30 ñ (3Í, Ìå), 2.62 ñ (3Í, Ìå), 3.86 ñ (3Í,

COOÌå), 7.14�7.87 ãð.ñ (9Í, C6H5, C6H4), 7.34 ä (1H, -CH=CH-Ph, J = 15.5

Ãö), 8.03 ä (1H, -CH=CH-Ph, J = 15.5 Ãö), 10.94 ñ (1Í, NÍ). Ñïåêòð ßÌÐ

13C (ÄÌÑÎ-d6), δ, ì.ä.: 13.26 (Me), 20.51 (Me), 53.36 (OMe), 108.36

(C3a), 120.36�138.40 (Carom), 124.02 (-CH=CH-Ph), 125.28 (C5), 135.29

(C4), 136.89 (-CH=CH-Ph), 154.84 (C3), 156.34 (-CO-CO-NH-), 158.74

(C6), 163.44 (ÑÎÎMe), 169.12 (C7a), 190.70 (-CO-CO-NH-). Íàéäåíî, %:

C 68.58; H 4.60; N 9.20. C26H21N3O5. Âû÷èñëåíî, %: C 68.56; H 4.65; N

9.23.

Me

N
O N

Ph

O

O NH

OMe

OOMe

Ìåòèë 3-ìåòèë-5-{[(4-ìåòîêñèôåíèë)êàðáàìîèë]-

êàðáîíèë}-6-[(E)-2-ôåíèëýòåíèë]-[1,2]îêñàçîëî[5,4-

b]ïèðèäèí-4-êàðáîêñèëàò (62c): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.28 ììîëü)

1H-ïèððîë-2,3-äèîíà Vc è 126 ìã (1.28 ììîëü) 5-

àìèíî-1,2-îêñàçîëîì P27. Âûõîä 81%, ò.ïë. 202�203°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3325 (NÍ), 1737 (COOMe), 1709

(C5-Ñ=Î), 1679 (CONH), 1624 (C6-CH=CH-). Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.61 ñ (3Í, Ìå), 3.75 ñ (3Í, OÌå), 3.86 ñ
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(3Í, COOÌå), 6.95�7.79 ãð.ñ (9Í, C6H5, C6H4), 7.32 ä (1H, -CH=CH-Ph,

J = 15.5 Ãö), 8.02 ä (1H, -CH=CH-Ph, J = 15.5 Ãö), 10.92 ñ (1Í, NÍ).

Íàéäåíî, %: C 68.18; H 4.45; N 8.86. C26H21N3O6. Âû÷èñëåíî, %: C 66.24;

H 4.49; N 8.91.

Ñèíòåç 2-{4-Àðîèë-3-ìåòèë-1-ôåíèë-6-àðèë-1H-ïèðàçîëî[3,4-b]ïèðè-

äèí-5-èë}-2-îêñî-N-àðèëàöåòàìèäîâ (63). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó

1H-ïèððîë-2,3-äèîíà IV â 20 ìë áåçâîäíîãî áåíçîëà äîáàâëÿëè 3-ìåòèë-

1H-ïèðàçîë-5-àìèí P26 [185]. Ðåàêöèîííóþ ìàññó êèïÿòèëè 3�4 ÷àñà,

ðàçáàâëÿëè â äâà ðàçà ïåòðîëåéíûì ýôèðîì, îõëàæäàëè, îáðàçîâàâøèé-

ñÿ îñàäîê îòôèëüòðîâûâàëè, ïðîìûâàëè 2 ìë õîëîäíîãî áåíçîëà è ïåðå-

êðèñòàëëèçîâûâàëè èç ñìåñè ðàñòâîðèòåëåé áåíçîë-èçîîêòàí, âçÿòûìè â

ñîîòíîøåíèè 2 : 1.

Me

N
N N

O

O NH
O

2-{4-Áåíçîèë-3-ìåòèë-1,6-äèôåíèë-1H-ïèðàçî-

ëî[3,4-b]ïèðèäèí-5-èë}-2-îêñî-N-ôåíèëàöåòàìèä

(63a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.31 ììîëü) 1H-ïèððîë-2,3-äèîíà IVa è 227

ìã (1.31 ììîëü) 5-àìèíî-1H-ïèðàçîëà P26. Ïðîäóêò

÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç áåíçîëà. Âûõîä 84%,

ò.ïë. 233�234°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3348, 1686, 1671,

1664. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.15 ñ (3H,

CH3), 7.03�8.30 ãð.ñ (20Í, 4C6H5), 10.56 ñ (1Í, NH). Íàéäåíî, %: C 76.13;

H 4.54; N 10.39. Ñ34H24N4Î3. Âû÷èñëåíî, %: C 76.11; H 4.51; N 10.44.

Me

N
N N

O

O NH

Me

O

2-{4-Áåíçîèë-3-ìåòèë-1,6-äèôåíèë-1H-ïèðàçîëî-

[3,4-b]ïèðèäèí-5-èë}-N-(4-ìåòèëôåíèë)-2-îêñîàöåò-

àìèä (63b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.26 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVb è 218 ìã (1.26 ììîëü) 5-àìèíî-1H-ïèðàçîëà P26.

Âûõîä 89%, ò.ïë. 234�235°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3315,

1696, 1678, 1667. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.15 ñ (3H, CH3), 2.19 ñ (3Í, ÑÍ3), 7.00�8.30 ãð.ñ (19Í,

3C6H5 + C6H4), 10.47 ñ (1Í, NH). Íàéäåíî, %: C 76.28;

H 4.73; N 10.15. Ñ35H26N4Î3. Âû÷èñëåíî, %: C 76.35; H 4.76; N 10.18.
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Me

N
N N

O

O NH

OMe

O

2-{4-Áåíçîèë-3-ìåòèë-1,6-äèôåíèë-1H-ïèðàçî-

ëî[3,4-b]ïèðèäèí-5-èë}-N-(4-ìåòîêñèôåíèë)-2-

îêñîàöåòàìèä (63c): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 500 ìã (1.22 ììîëü) 1H-ïèððîë-

2,3-äèîíà IVc è 211 ìã (1.22 ììîëü) 5-àìèíî-1H-

ïèðàçîëà P26. Ïðîäóêò ÷èñòèëè ïåðåêðèñòàëëèçàöèåé

èç ñìåñè ðàñòâîðèòåëåé áåíçîë-èçîîêòàí, âçÿòûìè â

ñîîòíîøåíèè 1 : 1. Âûõîä 93%, ò.ïë. 221�222°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3335, 1673, 1655. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

2.14 ñ (3H, CH3), 3.68 ñ (3Í, OÑÍ3), 6.77�8.30 ãð.ñ (19Í, 3C6H5 + C6H4),

10.42 ñ (1Í, NH). Íàéäåíî, %: C 74.26; H 4.66; N 9.83. Ñ35H26N4Î4.

Âû÷èñëåíî, %: C 74.19; H 4.63; N 9.89.

Me

N
N N

O

O NH

Br

O

2-{4-Áåíçîèë-3-ìåòèë-1,6-äèôåíèë-1H-ïèðàçî-

ëî[3,4-b]ïèðèäèí-5-èë}-N-(4-áðîìôåíèë)-2-îêñî-

àöåòàìèä (63d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.09 ììîëü) 1H-ïèððîë-2,3-äèîíà

IVd è 189 ìã (1.09 ììîëü) 5-àìèíî-1H-ïèðàçîëà P26.

Âûõîä 87%, ò.ïë. 239�240°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3330,

1686, 1669. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.15

ñ (3Í, Me), 7.21�8.29 ãð.ñ (19Í, 3C6H5 + C6H4), 10.71

ñ (1Í, NH). Íàéäåíî, %: C 66.30; H 3.75; N 9.07.

Ñ34H23BrN4Î3. Âû÷èñëåíî, %: C 66.35; H 3.77; N 9.10.

Me

N
N N

Me

O

O NH
O

Me

2-{3-Ìåòèë-4-(4-ìåòèëáåíçîèë)-6-(4-ìåòèëôå-

íèë)-1-ôåíèë-1H-ïèðàçîëî[3,4-b]ïèðèäèí-5-èë}-

2-îêñî-N-ôåíèëàöåòàìèä (63e): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.22 ììîëü)

1H-ïèððîë-2,3-äèîíà IVe è 211 ìã (1.22 ììîëü) 5-

àìèíî-1H-ïèðàçîëà P26. Âûõîä 82%, ò.ïë. 243�244°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3297, 1665, 1655. Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.15 ñ (3H, CH3), 2.16 ñ (3Í,

ÑÍ3), 2.39 ñ (3Í, ÑÍ3), 7.05�8.30 ãð.ñ (18Í, 2C6H5 + 2C6H4), 10.51 ñ (1Í,

NH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 13.62, 20.64, 21.31, 111.64,

120.32, 120.91, 122.66, 124.38, 126.38, 128.38, 129.19, 129.28, 129.33 (br.s),

129.70, 129.77, 133.47, 136.06, 138.38, 139.62, 142.70, 145.61, 145.83,
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150.04, 159.37, 160.41, 191.02, 193.20. Íàéäåíî, %: C 76.52; H 4.94; N

9.88. Ñ36H28N4Î3. Âû÷èñëåíî, %: C 76.58; H 5.00; N 9.92.

Me

N
N N

Me

O

O NH

Me

O

Me

2-{3-Ìåòèë-4-(4-ìåòèëáåíçîèë)-6-(4-ìåòèëôåíèë)-

1-ôåíèë-1H-ïèðàçîëî[3,4-b]ïèðèäèí-5-èë}-N-

(4-ìåòèëôåíèë)-2-îêñîàöåòàìèä (63f): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.18

ììîëü) 1H-ïèððîë-2,3-äèîíà IVf è 204 ìã (1.18

ììîëü) 5-àìèíî-1H-ïèðàçîëà P26. Ïðîäóêò ÷èñòèëè

ïåðåêðèñòàëëèçàöèåé èç áåíçîëà. Âûõîä 83%, ò.ïë.

223�224°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3318, 1669, 1655.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.14 ñ (3H,

CH3), 2.19 ñ (3Í, ÑÍ3), 2.21 ñ (3Í, ÑÍ3), 2.39 ñ (3Í, ÑÍ3), 7.02�8.30 ãð.ñ

(17Í, C6H5 + 3C6H4), 10.42 ñ (1Í, NH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6),

δ, ì.ä.: 13.52 (Me), 20.32 (Me), 20.58 (Me), 21.21 (Me), 111.52 (C3a),

120.28�142.58, 145.51 (C3), 145.64 (C4), 149.93 (C6), 159.21 (C7a), 160.09

(CON), 191.08 (CO), 193.10 (CO). Íàéäåíî, %: C 76.77; H 5.20; N 9.67.

Ñ37H30N4Î3. Âû÷èñëåíî, %: C 76.80; H 5.23; N 9.68.

Me

N
N N

Me

O

O NH

OMe

O

Me

2-{3-Ìåòèë-4-(4-ìåòèëáåíçîèë)-6-(4-ìåòèëôåíèë)-

1-ôåíèë-1H-ïèðàçîëî[3,4-b]ïèðèäèí-5-èë}-N-(4-

ìåòîêñèôåíèë)-2-îêñîàöåòàìèä (63g): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.14

ììîëü) 1H-ïèððîë-2,3-äèîíà IVg è 197 ìã (1.14

ììîëü) 5-àìèíî-1H-ïèðàçîëà P26. Âûõîä 91%, ò.ïë.

258�259°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3291, 1678, 1657.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.14 ñ (3H,

CH3), 2.21 ñ (3Í, ÑÍ3), 2.39 ñ (3Í, ÑÍ3), 3.69 ñ (3Í,

OÑÍ3), 6.79�8.29 ãð.ñ (17Í, C6H5 + 3C6H4), 10.37 ñ (1Í, NH). Íàéäåíî,

%: C 74.78; H 5.11; N 9.40. Ñ37H30N4Î4. Âû÷èñëåíî, %: C 74.73; H 5.08;

N 9.42.
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Me

N
N N

Me

Me

O

O NH

OMe

O

Me

Me

2-{3-Ìåòèë-4-(4-ìåòèëáåíçîèë)-6-(4-ìåòèëôåíèë)-

1-ôåíèë-1H-ïèðàçîëî[3,4-b]ïèðèäèí-5-èë}-N-(4-

ìåòîêñèôåíèë)-2-îêñîàöåòàìèä (63h): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.07

ììîëü) 1H-ïèððîë-2,3-äèîíà IVs è 185 ìã (1.07

ììîëü) 5-àìèíî-1H-ïèðàçîëà P26. Âûõîä 76%, ò.ïë.

259�260°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3225, 1667, 1640.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.13 ñ (3H, CH3),

2.27 ñ (3Í, ÑÍ3), 2.29 ñ (3Í, ÑÍ3), 2.38 ñ (3Í, ÑÍ3), 3.74 ñ (3Í, ÑÍ3),

6.90�8.05 ãð.ñ (15Í, C6H5 + C6H4 + C6H3), 10.82 ñ (1Í, NH). Íàéäåíî, %:

C 75.26; H 5.51; N 8.96. Ñ39H34N4Î4. Âû÷èñëåíî, %: C 75.22; H 5.50; N

9.00.

Ñèíòåç ìåòèë 3'-ãèäðîêñè-1,2',3,4'-òåòðàîêñî-1'-àðèë-6'-ôåíèë-
1,1',2',3,4',5',6',7'a-îêñòàãèäðîñïèðî[èíäåí-2,7'-èíäîë]-7'a-êàðáîêñè-
ëàòîâ] (64). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà V â 30

ìë áåçâîäíîãî òîëóîëà äîáàâëÿëè èíäàí-1,3-äèîí P28 [189], êèïÿòèëè

8�9 ÷àñîâ, îõëàæäàëè. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðå-

êðèñòàëëèçîâàëè èç ñìåñè ðàñòâîðèòåëåé òîëóîë-ýòèëàöåòàò, âçÿòûìè â

ñîîòíîøåíèè 1 : 1.

O

OH

O
Ph

O

O

OOMe

N

Ìåòèë 3'-ãèäðîêñè-1,2',3,4'-òåòðàîêñî-1',6'-äèôå-
íèë-1,1',2',3,4',5',6',7'a-îêòàãèäðîñïèðî[èíäåí-2,7'-
èíäîë]-7'a-êàðáîêñèëàò (64a): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 361 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà Va è 146 ìã (1.0 ììîëü)

èíäàí-1,3-äèîíà P28. Âûõîä 67%, ò.ïë. 215�216°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 3244, 1748, 1738, 1727, 1703, 1679, 1662. Ñïåêòð ßÌÐ

1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.80 ä.ä. (1H, Ñ6Í, J = 17.3, 4.2 Ãö), 3.27 ä.ä (1Í,

Ñ5Í, J = 16.8, 12.8 Ãö), 4.00 ñ (3H, COOCH3), 4.81 ä.ä (1Í, Ñ5Í, J = 11.1,

4.6 Ãö), 6.83�7.55 ãð.ñ (14H, 2C6H5 + C6H4), 10.56 ñ (1H, OH). Ñïåêòð

ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 40.09, 42.14, 44.13, 53.96, 59.72, 72.02,

114.29, 121.84, 122.12, 127.34, 127.51, 127.78, 128.01, 128.16, 126.56,

134.09, 135.44, 135.50, 135.82, 140.76, 141.98, 150.41, 164.61, 169.12,

190.05, 197.27, 199.20. Íàéäåíî, %: C 69.94; H 4.14; N 2.73. C30H21NO7.

Âû÷èñëåíî, %: C 71.00; H 4.17; N 2.76.
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O

OH

O
Ph

O

O

OOMe

N

Me

Ìåòèë 3'-ãèäðîêñè-1,2',3,4'-òåòðàîêñî-1'-(4-
ìåòèëôåíèë)-6'-ôåíèë-1,1',2',3,4',5',6',7'a-îêòà-
ãèäðîñïèðî[èíäåí-2,7'-èíäîë]-7'a-êàðáîêñèëàò
(64b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

375 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà Vb è 146

ìã (1.0 ììîëü) èíäàí-1,3-äèîíà P28. Âûõîä 71%,

ò.ïë. 200�201°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3259, 1784, 1748, 1728, 1702, 1679,

1663. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.91 ñ (3Í, Ìå), 2.76 ä.ä. (1H,

Ñ6Í, J = 17.8, 5.8 Ãö), 3.21 ä.ä (1Í, Ñ5Í, J = 17.8, 12.1 Ãö), 3.97 ñ (3H,

COOCH3), 4.79 ä.ä (1Í, Ñ5Í, J = 12.0, 5.8 Ãö), 6.55�7.75 ãð.ñ (13H, C6H5

+ 2C6H4), 10.73 ñ (1H, OH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.09

(Me), 42.20 (C6'), 44.08 (C5'), 53.92 (COOMe), 59.56 (Cspiro), 72.40 (C7'a),
114.31, 121.82, 122.14, 127.50, 127.77, 128.16, 128.43, 128.57, 131.53,

134.77, 135.51, 135.69, 136.91, 140.80, 142.02, 150.31 (COOMe), 164.52

(C2'=O), 169.17 (C3'-OH), 190.04 (C4'=O), 197.39 (C3=O), 199.17 (C1=O).
Íàéäåíî, %: C 71.35; H 4.41; N 2.66. C31H23NO7. Âû÷èñëåíî, %: C 71.39;

H 4.45; N 2.69.

O

OH

O
Ph

O

O

OOMe

N

OMe

Ìåòèë 3'-ãèäðîêñè-1,2',3,4'-òåòðàîêñî-1'-(4-
ìåòîêñèôåíèë)-6'-ôåíèë-1,1',2',3,4',5',6',7'a-îêòà-
ãèäðîñïèðî[èíäåí-2,7'-èíäîë]-7'a-êàðáîêñèëàò
(64c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

391 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà Vc è 146 ìã

(1.0 ììîëü) èíäàí-1,3-äèîíà P28. Âûõîä 74%, ò.ïë.

224�225°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3287, 1747, 1736,

1705, 1698, 1668. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.79 ä.ä. (1H, Ñ6Í,

J = 17.8, 5.5 Ãö), 3.26 ä.ä (1Í, Ñ5Í, J = 17.8, 12.3 Ãö), 3.47 ñ (3Í, ÎÌå),

3.99 ñ (3H, COOCH3), 4.75 ä.ä (1Í, Ñ5Í, J = 12.2, 5.5 Ãö), 6.32�7.585 ãð.ñ

(13H, C6H5 + 2C6H4), 10.71 ñ (1H, OH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ,

ì.ä.: 39.00, 40.00, 42.17, 44.10, 53.90, 55.06, 59.56, 72.55, 113.23, 114.20,

121.87, 122.14, 126.53, 127.78, 128.17, 128.54, 129.20, 135.50, 135.76,

140.76, 142.14, 150.39, 157.92, 164.59, 169.26, 189.93, 197.44, 199.18.

Íàéäåíî, %: C 69.22; H 4.28; N 2.63. C31H23NO8. Âû÷èñëåíî, %: C 69.27;

H 4.31; N 2.61.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 64c ïðîâåä¼í íà àâòî-
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ìàòè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå ¾Xcalibur-

3¿ ñ CCD äåòåêòîðîì (λ(MoKα) 0.71073 �A, Ò 295(2) Ê, ãðàôèòî-

âûé ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°). Äëÿ àíàëè-

çà èñïîëüçîâàëñÿ ñâåòëî-æåëòûé ïðèçìàòè÷åñêèé ìîíîêðèñòàëë ðàçìåðîì

0.25 × 0.20 × 0.15 ìì. Ïîïðàâêà íà ïîãëîùåíèå íå ââîäèëàñü èç-çà å¼

ìàëîñòè (µ 0.103 ìì−1). Íà óãëàõ ðàññåÿíèÿ 2.46 < θ < 30.96° ñîáðàíî

22870 îòðàæåíèé, èç íèõ 7104 íåçàâèñèìûõ (Rint 0.0536), 4009 ñ I>2σ(I).

Êîìïëåêòíîñòü äëÿ θ < 27.00° ñîñòàâëÿåò 99.9%. Êðèñòàëë ìîíîêëèí-

íûé, ïð.ãð. Ñ2/ñ (no. 15), ïàðàìåòðû ÿ÷åéêè: a 18.3177(8) �A, b 8.3474(4)
�A, c 33.1642(11) �A, β 93.190(3)°, V = 5062.9(4) �A3, Z = 8, dcalc = 1.410

g/cm3. Ñòðóêòóðà ðàñøèôðîâàíà è óòî÷íåíà ñ èñïîëüçîâàíèåì ïðîãðàìì-

íîãî ïàêåòà SHELXTL (âåðñèÿ 5.1) [201]. Ïîçèöèîííûå è òåìïåðàòóðíûå

ïàðàìåòðû íåâîäîðîäíûõ àòîìîâ óòî÷íåíû â èçîòðîïíîì, à çàòåì â àíè-

çîòðîïíîì ïðèáëèæåíèè ïîëíîìàòðè÷íûì ÌÍÊ ïî F 2. Àòîìû âîäîðî-

äà, çà èñêëþ÷åíèåì âîäîðîäà ãðóïïû ÎÍ, ëîêàëèçîâàíû ïî ìàêñèìóìàì

ýëåêòðîííîé ïëîòíîñòè è âêëþ÷åíû â óòî÷íåíèå â ìîäåëè ¾íàåçäíèêà¿ â

èçîòðîïíîì ïðèáëèæåíèè. Àòîì âîäîðîäà ãðóïïû ÎÍ óòî÷íÿëñÿ íåçàâè-

ñèìî â èçîòðîïíîì ïðèáëèæåíèè. Â êðèñòàëëå ìîëåêóëû îáúåäèíåíû ïî-

ñðåäñòâîì ìåæìîëåêóëÿðíîé âîäîðîäíîé ñâÿçè O4-H4-O2 [O4-H4 0.897,

H4-O2 2.018, O4-O2 2.779 �A, óãîë O4-H4-O2 141.92°]. Îêîí÷àòåëüíûå
ïàðàìåòðû óòî÷íåíèÿ: R1 0.0645 (äëÿ I>2σ(I)), R1 0.1209 (äëÿ âñåõ îòðà-

æåíèé), wR2 0.1449 (äëÿ I>2σ(I)), wR2 0.1765 (äëÿ âñåõ îòðàæåíèé) ïðè

ôàêòîðå äîáðîòíîñòè S 1.010.

Ñèíòåç ìåòèë 3-ãèäðîêñè-3'-ìåòèë-2,4,5'-òðèîêñî-1,1',6-
òðèôåíèë-1,1',2,4,5,5',6,7a-îêòàãèäðîñïèðî[èíäîë-7,4'-ïèðàçîë]-7a-
êàðáîêñèëàòîâ (65). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà

V â 20 ìë àáñîëþòíîãî òîëóîëà äîáàâëÿëè 3-ìåòèë-1-áåíçèë- P29a èëè

3-ìåòèë-1-ôåíèë-1H-ïèðàçîë-5-îëà P29b. Ðåàêöèîííóþ ìàññó êèïÿòèëè

â òå÷åíèå 5�6 ÷àñîâ, çàòåì îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû.

Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç

òîëóîëà.
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Ìåòèë 3-ãèäðîêñè-3'-ìåòèë-2,4,5'-òðèîêñî-1,1',6-
òðèôåíèë-1,1',2,4,5,5',6,7a-îêòàãèäðîñïèðî[èíäîë-
7,4'-ïèðàçîë]-7a-êàðáîêñèëàò (65a): ïîëó÷àëè ñîãëàñ-

íî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.38 ììîëü)

1H-ïèððîë-2,3-äèîíà Va è 240 ìã (1.38 ììîëü) 3-

ìåòèë-1-ôåíèë-1H-ïèðàçîë-5-îëà P29b. Âûõîä 76%, ò.ïë. 221�222°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3143, 1750, 1698, 1651. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 1.91 c (3H, Me), 2.77 ä.ä (1Í, Ñ6Í, J = 17.9, 6.1 Ãö), 3.19 ä.ä (1Í,

C5Í, J = 17.9, 11.7 Ãö), 4.00 ñ (3Í, ÑÎÎÌå), 4.82 ä.ä (1Í, Ñ6Í, J = 11.7,

6.1 Ãö), 6.97�7.36 ãð.ñ (15H, 3C6H5), 10.54 c (1Í, ÎÍ). Ñïåêòð ßÌÐ 13C

(ÄÌÑÎ-d6), δ, ì.ä.: 16.95, 38.99, 39.16, 39.33, 39.49, 39.66, 39.83, 39.99,

40.43, 42.12, 54.43, 61.02, 69.98, 112.45, 118.78, 125.32, 126.47, 128.10,

128.16, 128.26, 128.44, 128.59, 128.62, 133.91, 136.11, 136.17, 153.61,

157.16, 164.52, 168.70, 168.86, 188.58. Íàéäåíî, %: C 69.49; H 4.70; N

7.81. C31H25N3O6. Âû÷èñëåíî, %: C 69.52; H 4.71; N 7.85.
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Ìåòèë 3-ãèäðîêñè-3'-ìåòèë-1-(4-ìåòèëôåíèë)-
2,4,5'-òðèîêñî-1',6-äèôåíèë-1,1',2,4,5,5',6,7a-
îêòàãèäðîñïèðî[èíäîë-7,4'-ïèðàçîë]-7a-
êàðáîêñèëàò (65b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäè-

êå, èñõîäÿ èç 500 ìã (1.33 ììîëü) 1H-ïèððîë-2,3-äèîíà

Vb è 232 ìã (1.33 ììîëü) 3-ìåòèë-1-ôåíèë-1H-

ïèðàçîë-5-îëà P29b. Âûõîä 79%, ò.ïë. 202�203°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3164, 1741, 1727, 1702, 1634. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 1.91 c (3H, Me), 2.24 ñ (3Í, Ìå), 2.76 ä.ä (1Í, Ñ6Í, J 17.9, 6.1

Ãö), 3.18 ä.ä (1Í, C5Í, J 17.9, 11.7 Ãö), 3.99 ñ (3Í, ÑÎÎÌå), 4.79 ä.ä (1Í,

Ñ6Í, J 11.7, 6.1 Ãö), 6.70�7.75 ãð.ñ (14H, 2C6H5, C6H4), 10.73 c (1Í, ÎÍ).

Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 16.88, 20.63, 38.99, 39.16, 39.33,

39.50, 39.59, 39.66, 39.75, 39.83, 39.92, 40.00, 40.08, 40.46, 42.15, 54.39,

60.97, 70.06, 112.48, 118.82, 125.34, 126.44, 128.11, 128.19, 128.26, 128.88,

129.06, 131.28, 136.12, 137.96, 153.52, 157.19, 164.62, 168.76, 168.90,

188.64. Íàéäåíî, %: C 69.88; H 4.90; N 7.61. C32H27N3O6. Âû÷èñëåíî, %:

C 69.93; H 4.95; N 7.65.
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Ìåòèë 3-ãèäðîêñè-3'-ìåòèë-1-(4-ìåòîêñèôåíèë)-
2,4,5'-òðèîêñî-1',6-äèôåíèë-1,1',2,4,5,5',6,7a-
îêòàãèäðîñïèðî[èíäîë-7,4'-ïèðàçîë]-7a-
êàðáîêñèëàò (65c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäè-

êå, èñõîäÿ èç 500 ìã (1.28 ììîëü) 1H-ïèððîë-2,3-äèîíà

Vc è 223 ìã (1.28 ììîëü) 3-ìåòèë-1-ôåíèë-1H-ïèðàçîë-

5-îëà P29b. Âûõîä 81%, ò.ïë. 216�217°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3169, 1743,

1699, 1657, 1606. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.90 c (3H, Me),

2.76 ä.ä (1Í, Ñ6Í, J = 17.9, 6.1 Ãö), 3.20 ä.ä (1Í, C5Í, J = 17.9, 11.7 Ãö),

3.67 c (3H, OMe), 3.99 ñ (3Í, ÑÎÎÌå), 4.80 ä.ä (1Í, Ñ6Í, J = 11.7, 6.1

Ãö), 6.66�7.37 ãð.ñ (14H, 2C6H5 + C6H4), 10.71 c (1Í, ÎÍ). Ñïåêòð ßÌÐ

13C (ÄÌÑÎ-d6), δ, ì.ä.: 16.78, 38.99, 39.16, 39.32, 39.49, 39.66, 39.75,

39.83, 39.92, 39.99, 40.42, 42.17, 54.35, 55.24, 60.95, 70.30, 112.42, 113.72,

118.68, 125.28, 126.37, 128.12, 128.17, 128.23, 128.64, 128.86, 136.06,

136.28, 137.32, 153.56, 157.18, 164.68, 168.79, 168.95, 188.55. Íàéäåíî, %:

C 69.90; H 4.79; N 7.41. C32H27N3O7. Âû÷èñëåíî, %: C 67.96; H 4.81; N

7.43.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 65c ïðîâåä¼í íà àâòî-

ìàòè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå Xcalibur S

Single Crystal Diffraction System ñ CCD äåòåêòîðîì (λ(MoKα) 0.71073 �A,

Ò 295(2) Ê, ãðàôèòîâûé ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðî-

âàíèÿ 1°). Ðåíòãåíîâñêèå ëó÷è áûëè íàïðàâëåíû òîíêîé ôîêóñèðîâêîé

ðåíòãåíîâñêîé òðóáêîé, ðàáîòàþùåé ïðè 50 êÂ è 40 ìÀ. Äëÿ àíàëè-

çà èñïîëüçîâàëñÿ áåñöâåòíûé ïðèçìàòè÷åñêèé ìîíîêðèñòàëë ðàçìåðîì

0.25 × 0.20 × 0.15 ìì. Ïîïðàâêà íà ïîãëîùåíèå íå ââîäèëàñü èç-çà

å¼ ìàëîñòè (µ 0.090 ìì−1). Íà óãëàõ ðàññåÿíèÿ 2.73 < θ < 28.28° ñî-

áðàíî 16688 îòðàæåíèé, èç íèõ 8228 íåçàâèñèìûõ (Rint 0.0241), 3515 ñ

I>2σ(I). Êîìïëåêòíîñòü äëÿ θ<28.28° ñîñòàâëÿåò 98.2%. Êðèñòàëë òðè-

êëèííûé, ïð.ãð. P-1, ïàðàìåòðû ÿ÷åéêè: a 9.7499(8) �A, b 11.6095(10) �A,

c 15.5507(14) �A, α 78.841(7)°, β 78.155(7)°, γ 89.738(7)°, V = 1689.0(3)
�A3, Z = 2, dcalc = 1.293 g/cm3. Ñòðóêòóðà ðàñøèôðîâàíà è óòî÷íåíà ñ

èñïîëüçîâàíèåì ïðîãðàììíîãî ïàêåòà SHELXTL (âåðñèÿ 5.1) [201]. Ïîçè-

öèîííûå è òåìïåðàòóðíûå ïàðàìåòðû íåâîäîðîäíûõ àòîìîâ óòî÷íåíû â

èçîòðîïíîì, à çàòåì â àíèçîòðîïíîì ïðèáëèæåíèè ïîëíîìàòðè÷íûìÌÍÊ
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ïî F 2. Àòîìû âîäîðîäà, çà èñêëþ÷åíèåì âîäîðîäà ãðóïïû ÎÍ, ëîêàëèçî-

âàíû ïî ìàêñèìóìàì ýëåêòðîííîé ïëîòíîñòè è âêëþ÷åíû â óòî÷íåíèå â

ìîäåëè ¾íàåçäíèêà¿ â èçîòðîïíîì ïðèáëèæåíèè. Àòîì âîäîðîäà ãðóïïû

ÎÍ óòî÷íÿëñÿ íåçàâèñèìî â èçîòðîïíîì ïðèáëèæåíèè. Ñîåäèíåíèå 65c

êðèñòàëëèçóåòñÿ â ýêâèìîëÿðíîì ñîîòíîøåíèè ñ ìîëåêóëîé òîëóîëà. Àòî-

ìû ìîëåêóëû òîëóîëà èìåþò âûñîêèå ïàðàìåòðû ñìåùåíèÿ (U(eq)>0.1 �A),

õîòÿ, èõ óòî÷íåíèÿ áûëè ñäåëàíû àíèçîòðîïè÷åñêè áåç êàêèõ-ëèáî îãðà-

íè÷åíèé ñ õîðîøèì êà÷åñòâîì. Â êðèñòàëëå ìîëåêóëû îáúåäèíåíû â äè-

ìåðû ïîñðåäñòâîì ìåæìîëåêóëÿðíîé âîäîðîäíîé ñâÿçè O2-H2-O1 [O2-H2

0.888, H2-O1 1.767, O2-O1 2.630 �A, óãîë O2H2O1 163.09°]. Îêîí÷àòåëü-
íûå ïàðàìåòðû óòî÷íåíèÿ: R1 0.0415 (äëÿ I>2σ(I)), R1 0.1010 (äëÿ âñåõ

îòðàæåíèé), wR2 0.0886 (äëÿ I>2σ(I)), wR2 0.0933 (äëÿ âñåõ îòðàæåíèé)

ïðè ôàêòîðå äîáðîòíîñòè S 1.000.
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Ìåòèë 1'-áåíçèë-3-ãèäðîêñè-3'-ìåòèë-
2,4,5'-òðèîêñî-1,6-äèôåíèë-1,1',2,4,5,5',6,7a-
îêòàãèäðîñïèðî[èíäîë-7,4'-ïèðàçîë]-7a-êàðáîê-
ñèëàò (65d): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.38 ììîëü) 1H-ïèððîë-2,3-äèîíà Va

è 258 ìã (1.38 ììîëü) 1-áåíçèë-3-ìåòèë-1H-ïèðàçîë-5-

îëà P29a. Âûõîä 77%, ò.ïë. 193�194°Ñ. ÈÊ ñïåêòð, ν,

ñì−1: 3455, 1742, 1721, 1708, 1693. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.:

1.77 ñ (3H, Me), 2.67 ä.ä (1H, J = 6.3, 17.9 Ãö), 3.07 ä.ä (1H, J = 11.6, 17.9

Ãö), 3.95 ñ (3H, COOMe), 3.99 ä (1H, ÑÍ2Ph, J = 15.2 Ãö), 4.60 ä (1H,

ÑÍ2Ph, J = 15.2 Ãö), 4.72 ä.ä (1H, J = 6.3, 11.6 Ãö), 6.87�7.31 ãð.ñ (15H,

3C6H5), 10.71 c (1Í, ÎÍ). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 17.05,

40.65, 41.34, 47.41, 54.26, 59.68, 69.80, 112.51, 125.29, 126.32, 127.38,

127.71, 128.14, 128.18, 128.21, 128.31, 128.37, 128.48, 128.55, 128.87,

133.95, 135.16, 136.48, 137.32, 153.94, 155.80, 164.51, 168.86, 169.95,

188.58. Íàéäåíî, %: C 69.89; H 4.93; N 7.67. C32H27N3O6. Âû÷èñëåíî, %:

C 69.93; H 4.95; N 7.65.
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Ìåòèë 1'-áåíçèë-3-ãèäðîêñè-3'-ìåòèë-1-
(4-ìåòèëôåíèë)-2,4,5'-òðèîêñî-6-ôåíèë-
1,1',2,4,5,5',6,7a-îêòàãèäðîñïèðî[èíäîë-7,4'-ïè-
ðàçîë]-7a-êàðáîêñèëàò (65e): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.33 ììîëü)

1H-ïèððîë-2,3-äèîíà Vb è 249 ìã (1.33 ììîëü) 1-

áåíçèë-3-ìåòèë-1H-ïèðàçîë-5-îëà P29a. Âûõîä 81%, ò.ïë. 161�162°Ñ. ÈÊ
ñïåêòð, ν, ñì−1: 3455, 1743, 1716, 1695, 1683. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 1.77 c (3H, Me), 2.25 ñ (3Í, Ìå), 2.66 ä.ä (1Í, Ñ6Í, J = 17.9, 6.3

Ãö), 3.08 ä.ä (1Í, C5Í, J = 17.9, 11.6 Ãö), 3.93 ñ (3Í, ÑÎÎÌå), 4.06 ä (1Í,

ÑÍ2Ph, J = 15.2 Ãö), 4.55 ä (1Í, ÑÍ2Ph, J = 15.2 Ãö), 4.71 ä.ä (1Í, Ñ6Í,

J = 11.6, 6.3 Ãö), 6.68�7.43 ãð.ñ (14H, 2C6H5 + C6H4), 10.73 c (1Í, ÎÍ).

Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 17.00, 20.69, 39.00, 39.16, 39.33,

39.50, 39.59, 39.67, 39.76, 39.83, 39.92, 40.00, 40.64, 41.40, 47.39, 54.19,

59.67, 69.85, 112.53, 125.29, 126.26, 127.38, 127.74, 128.15, 128.20, 128.31,

128.58, 128.93, 131.33, 135.17, 136.49, 137.77, 153.90, 155.82, 164.61,

168.89, 169.99, 188.62. Íàéäåíî, %: C 70.30; H 5.15; N 7.47. C33H29N3O6.

Âû÷èñëåíî, %: C 70.33; H 5.19; N 7.46.

O

OH

OPh

ON
N

Me

OOMe

N

OMe

Ìåòèë 1'-áåíçèë-3-ãèäðîêñè-3'-ìåòèë-1-(4-ìåòîêñè-
ôåíèë)-2,4,5'-òðèîêñî-6-ôåíèë-1,1',2,4,5,5',6,7a-
îêòàãèäðîñïèðî[èíäîë-7,4'-ïèðàçîë]-7a-
êàðáîêñèëàò (65f): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 500 ìã (1.28 ììîëü) 1H-ïèððîë-2,3-äèîíà Vc

è 240 ìã (1.28 ììîëü) 1-áåíçèë-3-ìåòèë-1H-ïèðàçîë-

5-îëà P29a. Âûõîä 83%, ò.ïë. 199�200°Ñ. ÈÊ ñïåêòð,

ν, ñì−1: 3291, 1757, 1730, 1713, 1676. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 1.75 c (3H, Me), 2.66 ä.ä (1Í, Ñ6Í, J = 17.9, 6.3 Ãö), 3.07 ä.ä (1Í,

C5Í, J = 17.9, 11.6 Ãö), 3.71 ñ (3Í, ÎÌå), 3.93 ñ (3Í, ÑÎÎÌå), 4.12 ä

(1Í, ÑÍ2Ph, J = 15.1 Ãö), 4.54 ä (1Í, ÑÍ2Ph, J = 15.1 Ãö), 4.71 ä.ä (1Í,

Ñ6Í, J = 11.6, 6.3 Ãö), 6.73�7.29 ãð.ñ (14H, 2C6H5 + C6H4), 10.71 c (1Í,

ÎÍ). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 16.91, 20.69, 39.00, 39.17,

39.33, 39.50, 39.59, 39.67, 39.76, 39.83, 39.92, 40.00, 40.56, 41.41, 47.44,

54.17, 55.23, 59.63, 70.03, 112.42, 113.60, 125.29, 126.40, 127.41, 127.74,

127.97, 128.16, 128.18, 128.24, 128.29, 128.69, 128.88, 135.19, 136.44,
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137.33, 154.05, 155.81, 158.83, 164.67, 168.96, 169.99, 188.49. Íàéäåíî, %:

C 69.88; H 4.90; N 7.61. C32H27N3O6. Âû÷èñëåíî, %: C 69.93; H 4.95; N

7.65.

Ñèíòåç ìåòèë 1-àðèë-3-ãèäðîêñè-4'-ìåòèë-2,2',4-òðèîêñî-6-äèôåíèë-
1,2,4,5,6,7a-ãåêñàãèäðî-2'H-ñïèðî[èíäîë-7,3'-[1,5]îêñàçîë]-7a-
êàðáîêñèëàò (66). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà

V â 20 ìë áåçâîäíîãî òîëóîëà äîáàâëÿëè 3-ìåòèë-4,5-äèãèäðî-1,2-

îêñàçîë-5-îí P30 [193]. Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå 3�4 ÷,

çàòåì îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâøèéñÿ îñàäîê

îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç ýòèëàöåòàòà.
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Ìåòèë 3-ãèäðîêñè-4'-ìåòèë-2,2',4-òðèîêñî-1,6-
äèôåíèë-1,2,4,5,6,7a-ãåêñàãèäðî-2'H-ñïèðî[èíäîë-

7,3'-[1,5]îêñàçîë]-7a-êàðáîêñèëàò (66a): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.38

ììîëü) 1H-ïèððîë-2,3-äèîíà Va è 137 ìã (1.38 ììîëü)

3-ìåòèë-4,5-äèãèäðî-1,2-îêñàçîë-5-îíà P30. Âûõîä

80%, ò.ïë. 202�203°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3604, 3395, 1785, 1771, 1738,

1711, 1691, 1621. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.81 ñ (3Í, Ìå), 2.85

ä.ä. (1H, Ñ6Í, J = 18.3, 6.6 Ãö), 3.01 ä.ä (1Í, Ñ5Í, J = 18.3, 11.2 Ãö), 3.98

ñ (3H, COOCH3), 4.77 ä.ä (1Í, Ñ5Í, J = 11.3, 6.6 Ãö), 6.96�7.43 ãð.ñ (10H,

2C6H5), 10.82 ñ (1H, OH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 15.22,

41.63, 54.55, 59.05, 69.19, 87.74, 111.48, 126.58, 128.00, 128.53, 128.85,

128.96, 129.14, 133.27, 135.89, 155.53, 164.46, 164.99, 167.96, 174.17,

187.08. Íàéäåíî, %: C 65.17; H 4.35; N 6.06. C25H20N2O7. Âû÷èñëåíî, %:

C 65.21; H 4.38; N 6.08.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 66a ïðîâåä¼í íà àâòî-

ìàòè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå Xcalibur S

Single Crystal Diffraction System ñ CCD äåòåêòîðîì (λ(MoKα) 0.71073 �A,

Ò 295(2) Ê, ãðàôèòîâûé ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðî-

âàíèÿ 1°). Ðåíòãåíîâñêèå ëó÷è áûëè íàïðàâëåíû òîíêîé ôîêóñèðîâêîé

ðåíòãåíîâñêîé òðóáêîé, ðàáîòàþùåé ïðè 50 êÂ è 40 ìÀ. Äëÿ àíàëè-

çà èñïîëüçîâàëñÿ áåñöâåòíûé ïðèçìàòè÷åñêèé ìîíîêðèñòàëë ðàçìåðîì

0.25 × 0.20 × 0.15 ìì. Ïîïðàâêà íà ïîãëîùåíèå íå ââîäèëàñü èç-çà å¼

ìàëîñòè (µ 0.102 ìì−1). Íà óãëàõ ðàññåÿíèÿ 2.68 < θ < 26.37° ñîáðàíî
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9920 îòðàæåíèé, èç íèõ 5352 íåçàâèñèìûõ (Rint 0.0212), 3053 ñ I>2σ(I).

Êîìïëåêòíîñòü äëÿ θ < 26.37° ñîñòàâëÿåò 97.7%. Êðèñòàëë òðèêëèííûé,

ïð.ãð. P-1, ïàðàìåòðû ÿ÷åéêè: a 9.6976(12) �A, b 11.6191(7) �A, c 13.1264(11)
�A, α 110.276(7)°, β 103.027(9)°, γ 92.578(8)°, V = 1339.4(2) �A3, Z = 2, dcalc

= 1.360 g/cm3. Ñòðóêòóðà ðàñøèôðîâàíà è óòî÷íåíà ñ èñïîëüçîâàíèåì

ïðîãðàììíîãî ïàêåòà SHELXTL (âåðñèÿ 5.1) [201]. Ïîçèöèîííûå è òåì-

ïåðàòóðíûå ïàðàìåòðû íåâîäîðîäíûõ àòîìîâ óòî÷íåíû â èçîòðîïíîì, à

çàòåì â àíèçîòðîïíîì ïðèáëèæåíèè ïîëíîìàòðè÷íûì ÌÍÊ ïî F 2. Àòîìû

âîäîðîäà, çà èñêëþ÷åíèåì âîäîðîäà ãðóïïû ÎÍ, ëîêàëèçîâàíû ïî ìàêñè-

ìóìàì ýëåêòðîííîé ïëîòíîñòè è âêëþ÷åíû â óòî÷íåíèå â ìîäåëè ¾íàåçä-

íèêà¿ â èçîòðîïíîì ïðèáëèæåíèè. Àòîì âîäîðîäà ãðóïïû ÎÍ óòî÷íÿëñÿ

íåçàâèñèìî â èçîòðîïíîì ïðèáëèæåíèè. Ñîåäèíåíèå 66a êðèñòàëëèçóåò-

ñÿ â ýêâèìîëÿðíîì ñîîòíîøåíèè ñ ìîëåêóëîé ýòèëàöåòàòà. Àòîìû ìîëå-

êóëû ýòèëàöåòàòà ðàçóïîðÿäî÷åíû â 2-õ ïîëîæåíèÿõ ñ êîýôôèöèåíòàìè

çàíÿòîñòè 0.5/0.5. Âûñîêèå ïàðàìåòðû ñìåùåíèÿ (U(eq) > 0.1 �A), íå ïîç-

âîëÿþò ñäåëàòü óòî÷íåíèÿ àíèçîòðîïè÷åñêè áåç êàêèõ-ëèáî îãðàíè÷åíèé.

Ïîýòîìó áûëè ïðèìåíåíû îãðàíè÷åíèÿ íà äëèíû ñâÿçè è ïåðåìåùåíèÿ

ïàðàìåòðîâ. Äëÿ àòîìîâ ðàñòâîðèòåëÿ êîìàíäû DFIX 1.3 (äëÿ C-O ñâÿ-

çåé), DFIX 1.5 (äëÿ C-C ñâÿçåé) è êîìàíäà ISOR 0.01 äëÿ ïåðåìåùåíèÿ

ïàðàìåòðîâ áûëè äîáàâëåíû â èíñòðóêöèè äëÿ ShelXL. Â êðèñòàëëå ìî-

ëåêóëû óïàêîâàíû ñ ìåæìîëåêóëÿðíîé âîäîðîäíîé ñâÿçüþ ñ ìîëåêóëîé

ýòèëàöåòàòà O2-H2-O1S [O2-H2 0.894, H2-O1S 2.067, O2-O1S 2.701 �A,

óãîë O2H2O1S 127.03°]. Òàêæå ìîëåêóëà ñîåäèíåíèÿ 66a èìååò âíóòðè-

ìîëåêóëÿðíóþ âîäîðîäíóþ ñâÿçü O2-H2-O1 [O2-H2 0.894, H2-O1 2.247,

O2-O1 2.934 �A, óãîë O2H2O1 133.38°]. Àòîìàì ìîëåêóëû ýòèëàöåòàòà ïðè-

ñâîåí èíäåêñ �S�. Îêîí÷àòåëüíûå ïàðàìåòðû óòî÷íåíèÿ: R1 0.0371 (äëÿ

I>2σ(I)), R1 0.0749 (äëÿ âñåõ îòðàæåíèé), wR2 0.0816 (äëÿ I>2σ(I)), wR2

0.0866 (äëÿ âñåõ îòðàæåíèé) ïðè ôàêòîðå äîáðîòíîñòè S 1.038.
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Ìåòèë 3-ãèäðîêñè-4'-ìåòèë-2,2',4-òðèîêñî-1-(4-ìå-
òèëôåíèë)-6-ôåíèë-1,2,4,5,6,7a-ãåêñàãèäðî-2'H-

ñïèðî[èíäîë-7,3'-[1,5]îêñàçîë]-7a-êàðáîêñèëàò
(66b): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç

500 ìã (1.33 ììîëü) 1H-ïèððîë-2,3-äèîíà Vb è 132

ìã (1.33 ììîëü) 3-ìåòèë-4,5-äèãèäðî-1,2-îêñàçîë-5-îíà
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P30. Âûõîä 83%, ò.ïë. 173�174°Ñ. ÈÊ ñïåêòð, ν, ñì−1:

3635, 3373, 1782, 1740, 1720, 1689, 1614. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 1.80 ñ (3Í, Ìå), 2.29 c (3H, Me), 2.84 ä.ä. (1H, Ñ6Í, J = 18.3, 6.6 Ãö),

2.99 ä.ä (1Í, Ñ5Í, J = 18.3, 11.1 Ãö), 3.97 ñ (3H, COOCH3), 4.75 ä.ä (1Í,

Ñ5Í, J = 11.1, 6.6 Ãö), 6.83�7.46 ãð.ñ (9H, C6H5 + C6H4), 10.77 ñ (1H, OH).

Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 15.26, 20.66, 39.00, 40.12, 41.63,

54.53, 59.04, 69.24, 111.39, 126.51, 128.04, 128.56, 128.88, 129.61, 130.67,

135.95, 138.58, 155.63, 164.63, 165.08, 168.01, 174.22, 187.11. Íàéäåíî, %:

C 65.80; H 4.65; N 5.06. C26H22N2O7. Âû÷èñëåíî, %: C 65.82; H 4.67; N

5.09.
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Ìåòèë 3-ãèäðîêñè-4'-ìåòèë-2,2',4-òðèîêñî-1-(4-
ìåòîêñèôåíèë)-6-ôåíèë-1,2,4,5,6,7a-ãåêñàãèäðî-2'H-

ñïèðî[èíäîë-7,3'-[1,5]îêñàçîë]-7a-êàðáîêñèëàò (66c):
ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã

(1.28 ììîëü) 1H-ïèððîë-2,3-äèîíà Vc è 127 ìã (1.28

ììîëü) 3-ìåòèë-4,5-äèãèäðî-1,2-îêñàçîë-5-îíà P30.

Âûõîä 84%, ò.ïë. 199�200°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3647,

3347, 1780, 1770, 1740, 1722, 1686, 1614. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6),

δ, ì.ä.: 1.79 ñ (3Í, Ìå), 2.85 ä.ä. (1H, Ñ6Í, J = 18.3, 6.5 Ãö), 3.00 ä.ä

(1Í, Ñ5Í, J = 18.3, 11.1 Ãö), 3.74 ñ (3Í, ÎÌå), 3.96 ñ (3H, COOCH3),

4.75 ä.ä (1Í, Ñ5Í, J = 11.1, 6.5 Ãö), 6.93�7.72 ãð.ñ (9H, C6H5 + C6H4),

10.77 ñ (1H, OH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 15.20, 39.16,

39.83, 40.00, 40.08, 41.67, 54.52, 55.36, 59.05, 69.51, 111.42, 114.32, 125.69,

128.06, 128.29, 128.58, 128.88, 135.93, 155.67, 159.36, 164.74, 165.13,

168.04, 174.26, 187.09. Íàéäåíî, %: C 63.69; H 4.55; N 5.70. C26H22N2O8.

Âû÷èñëåíî, %: C 63.67; H 4.52; N 5.71.

Ñèíòåç 4'-ãèäðîêñè-1'-àðèë-3'-[(2E)-3-ôåíèëïðîï-2-åíîèë]-1',2,4,5'-
òåòðàãèäðîñïèðî[ôóðî[3,2-c]õðîìåí-3,2'-ïèððîë]-2,4,5'-òðèîíîâ (67).

Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà V â 20 ìë áåçâîäíîãî

òîëóîëà äîáàâëÿëè 4-ãèäðîêñè-2H-õðîìåí-2-îí P31 [194]. Ðåàêöèîííóþ

ìàññó êèïÿòèëè â òå÷åíèå 3�4 ÷àñîâ, çàòåì îõëàæäàëè äî êîìíàòíîé

òåìïåðàòóðû. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðè-

ñòàëëèçîâûâàëè èç ñìåñè ðàñòâîðèòåëåé òîëóîë-ýòèëàöåòàò, âçÿòûõ â

ñîîòíîøåíèè 1 : 1.
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4'-Ãèäðîêñè-1'-ôåíèë-3'-[(2E)-3-ôåíèëïðîï-2-
åíîèë]-1',2,4,5'-òåòðàãèäðîñïèðî[ôóðî[3,2-c]õðî-
ìåí-3,2'-ïèððîë]-2,4,5'-òðèîí (67a): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 361 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà Va è 162 ìã (1.0 ììîëü)

4-ãèäðîêñè-2H-õðîìåí-2-îí P31. Âûõîä 78%, ò.ïë.

253�254°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3208, 1852, 1725, 1715, 1675, 1650. Ñïåêòð

ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 7.12�7.88 ãð.ñ. (14H, 2C6H5, C6H4), 7.57 ä

(1H, COCH=CHPh, J = 15.8 Ãö), 7.75 ä (1H, COCH=CHPh, J = 15.8 Ãö).

Íàéäåíî, %: C 70.81; H 3.53; N 2.82. Ñ29H17NÎ7. Âû÷èñëåíî, %: C 70.87;

H 3.49; N 2.85.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 67a ïðîâåä¼í íà àâ-

òîìàòè÷åñêîì ÷åòûð¼õêðóæíîì ðåíòãåíîâñêîì äèôðàêòîìåòðå Xcalibur

R-Mî ñ CCD äåòåêòîðîì (λ(MoKα) 0.71073 �A, Ò 293(2) Ê, ãðàôèòî-

âûé ìîíîõðîìàòîð, ω-ñêàíèðîâàíèå, øàã ñêàíèðîâàíèÿ 1°). Äëÿ àíàëè-

çà èñïîëüçîâàëñÿ áåñöâåòíûé ïðèçìàòè÷åñêèé ìîíîêðèñòàëë ðàçìåðîì

0.50× 0.30× 0.25 ìì. Ïîãëîùåíèå ó÷òåíî ýìïèðè÷åñêè c èñïîëüçîâàíèåì

àëãîðèòìà SCALE3 ABSPACK [202]. Íà óãëàõ ðàññåÿíèÿ 2.80 < θ < 29.72°
ñîáðàíî 17572 îòðàæåíèé, èç íèõ 6457 íåçàâèñèìûõ (Rint 0.0312), 4133 ñ

I >2σ(I). Êîìïëåêòíîñòü äëÿ θ <26.00°ñîñòàâëÿåò 99.8 %. Êðèñòàëë ìîíî-

êëèííûé, ïðîñòðàíñòâåííàÿ ãðóïïà P2/ñ, ïàðàìåòðû ÿ÷åéêè: a 12.838(2)
�A, b 10.0251(14) �A, c 21.167(3) �A, α 90.00°, β 95.215(16)°, γ 90.00°, V =

2712.9(7) �A3, Z = 4, dcalc = 1.316 g/cm3. Ñòðóêòóðà ðàñøèôðîâàíà è óòî÷íå-

íà ñ èñïîëüçîâàíèåì ïðîãðàììíîãî ïàêåòà SHELXTL (âåðñèÿ 5.1) [198].

Ïîçèöèîííûå è òåìïåðàòóðíûå ïàðàìåòðû íåâîäîðîäíûõ àòîìîâ óòî÷íå-

íû â èçîòðîïíîì, à çàòåì â àíèçîòðîïíîì ïðèáëèæåíèè ïîëíîìàòðè÷íûì

ÌÍÊ ïî F2. Àòîìû âîäîðîäà, çà èñêëþ÷åíèåì âîäîðîäà ãðóïïû ÎÍ, ëîêà-

ëèçîâàíû ïî ìàêñèìóìàì ýëåêòðîííîé ïëîòíîñòè è âêëþ÷åíû â óòî÷íåíèå

â ìîäåëè ¾íàåçäíèêà¿ â èçîòðîïíîì ïðèáëèæåíèè. Àòîì âîäîðîäà ãðóïïû

ÎÍ óòî÷íÿëñÿ íåçàâèñèìî â èçîòðîïíîì ïðèáëèæåíèè. Ñîåäèíåíèå 67a

êðèñòàëëèçóåòñÿ â ýêâèìîëÿðíîì ñîîòíîøåíèè ñ ìîëåêóëîé òîëóîëà. Â

êðèñòàëëå ìîëåêóëû óïàêîâàíû â äèìåðû ñ ìåæìîëåêóëÿðíîé âîäîðîä-

íîé ñâÿçüþ ñ ìîëåêóëîé ýòèëàöåòàòà O2-H2C-O5 [O2-H2C 0.866, H2C-O5

1.845, O2-O5 2.641 �A, óãîë O2H2CO5 152.00°]. Óãîë ìåæäó ïëîñêîñòÿ-
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ìè öèêëîâ â ñïèðîàòîìå 88.9°. Îêîí÷àòåëüíûå ïàðàìåòðû óòî÷íåíèÿ: R1

0.0594 (äëÿ I >2σ(I)), R1 0.0957 (äëÿ âñåõ îòðàæåíèé), wR2 0.1476 (äëÿ

I >2σ(I)), wR2 0.1652 (äëÿ âñåõ îòðàæåíèé) ïðè ôàêòîðå äîáðîòíîñòè S

1.056.
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4'-Ãèäðîêñè-1'-(4-ìåòèëôåíèë)-3'-[(2E)-3-ôåíèë-
ïðîï-2-åíîèë]-1',2,4,5'-òåòðàãèäðîñïèðî[ôóðî[3,2-
c]õðîìåí-3,2'-ïèððîë]-2,4,5'-òðèîí (67b): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 375 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà Vb è 162 ìã (1.0 ììîëü)

4-ãèäðîêñè-2H-õðîìåí-2-îí P31. Âûõîä 80%, ò.ïë.

236�237 °Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3183, 1840, 1738,

1717, 1664, 1651. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.24 c (3H, Me),

7.01�7.88 ãð.ñ. (13H, C6H5 + 2C6H4), 7.60 ä (1H, COCH=CHPh, J = 15.8

Ãö), 7.74 ä (1H, COCH=CHPh, J = 15.8 Ãö). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6),

δ, ì.ä.: 20.59, 67.85, 101.80, 109.30, 115.54, 117.54, 123.31, 125.61, 126.63,

128.47, 129.12, 130.54, 130.83, 131.21, 134.29, 135.35, 139.06, 143.04,

154.83, 155.18, 157.63, 163.53, 165.82, 170.89, 181.96. Íàéäåíî, %: C

71.32; H 3.76; N 2.75. Ñ30H19NÎ7. Âû÷èñëåíî, %: C 71.28; H 3.79; N 2.77.
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4'-Ãèäðîêñè-1'-(4-ìåòîêñèôåíèë)-3'-[(2E)-3-ôåíèë-
ïðîï-2-åíîèë]-1',2,4,5'-òåòðàãèäðîñïèðî[ôóðî[3,2-
c]õðîìåí-3,2'-ïèððîë]-2,4,5'-òðèîí (67c): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 391 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà Vb è 162 ìã (1.0 ììîëü)

4-ãèäðîêñè-2H-õðîìåí-2-îí P31. Âûõîä 81%, ò.ïë.

238�239°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3185, 1839, 1733,

1717, 1670, 1654. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.71 c (3H, OMe),

6.98�7.88 ãð.ñ. (13H, C6H5 + 2C6H4), 7.59 ä (1H, COCH=CHPh, J = 15.8

Ãö), 7.73 ä (1H, COCH=CHPh, J = 15.8 Ãö). Íàéäåíî, %: C 69.03; H 3.61;

N 2.73. Ñ30H19NÎ8. Âû÷èñëåíî, %: C 69.10; H 3.67; N 2.69.

Ñèíòåç 4'-ãèäðîêñè-1'-(4-ìåòîêñèôåíèë)-3'-öèííàìîèë-2H-

ñïèðî[ôóðî[3,2-c]õèíîëèí-3,2'-ïèððîë]-2,4,5'(1'H,5H)-òðèîíîâ (68).

Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà V â 10 ìë áåç-

âîäíîãî òîëóîëà äîáàâëÿëè 4-ãèäðîêñè-1,2-äèãèäðîõèíîëèí-2-îí P32.

Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå 3�4 ÷àñîâ, çàòåì îõëàæäàëè äî
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êîìíàòíîé òåìïåðàòóðû. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è

ïåðåêðèñòàëëèçîâûâàëè èç òîëóîëà.
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4'-Ãèäðîêñè-1'-(4-ìåòîêñèôåíèë)-5-ìåòèë-3'-
öèííàìîèë-2H-ñïèðî[ôóðî[3,2-c]õèíîëèí-3,2'-
ïèððîë]-2,4,5'(1'H,5H)-òðèîí (68a): ïîëó÷àëè ñî-

ãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 391 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà Vc è 175 ìã (1.0 ììîëü) 4-

ãèäðîêñè-1-ìåòèë-1,2-äèãèäðîõèíîëèí-2-îíà (P32a.)

Âûõîä 78%, ò.ïë. 297�298°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3187,

1839, 1727, 1662, 1639. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.60 c (3H,

Me), 3.68 c (3H, OMe) 6.93�7.82 ãð.ñ. (15H, C6H5, 2C6H4, CH=CH). Ñïåêòð

ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 182.00, 171.91, 165.84, 159.35, 159.04,

156.80, 156.63, 142.95, 141.02, 134.29, 133.50, 130.76, 129.09, 128.38,

126.43, 123.45, 122.88, 122.76, 116.48, 116.04, 114.96, 109.14, 106.15,

68.96, 55.26, 28.90. Íàéäåíî, %: C 69.61; H 4.17; N 5.20. Ñ31H22N2Î7.

Âû÷èñëåíî, %: C 69.66; H 4.15; N 5.24.
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4'-Ãèäðîêñè-1'-(4-ìåòîêñèôåíèë)-5-ôåíèë-3'-
öèííàìîèë-2H-ñïèðî[ôóðî[3,2-c]õèíîëèí-3,2'-
ïèððîë]-2,4,5'(1'H,5H)-òðèîí (68b): ïîëó÷àëè ñî-

ãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 391 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà Vc è 237 ìã (1.0 ììîëü) 4-

ãèäðîêñè-1-ôåíèë-1,2-äèãèäðîõèíîëèí-2-îíà (P32b).

Âûõîä 73%, ò.ïë. 290�291°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3223,

1839, 1716, 1667, 1639. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 3.78 c (3H,

OMe) 6.73�7.92 ãð.ñ. (20H, 2C6H5, 2C6H4, CH=CH). Ñïåêòð ßÌÐ 13C

(ÄÌÑÎ-d6), δ, ì.ä.: 182.7, 170.5, 165.3, 160.8, 159.6, 157.0, 144.0, 142.2,

136.0, 134.1, 132.2, 130.2, 129.7, 128.8, 128.6, 128.4, 128.37, 128.3, 128.2,

125.9, 123.01, 122.97, 122.4, 117.2, 116.3, 114.5, 109.7, 105.7, 69.4, 54.9.

Íàéäåíî, %: C 72.50; H 4.01; N 4.64. Ñ36H24N2Î7. Âû÷èñëåíî, %: C 72.48;

H 4.05; N 4.70.

Ñèíòåç 4'-ãèäðîêñè-1'-àðèë-3'-(3-àðèëïðîï-2-åíîèë)-2H-

ñïèðî[íàôòî[2,3-b]ôóðàí-3,2'-ïèððîë]-2,4,5',9(1'H)-òåòðàîíîâ (69).

Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-2,3-äèîíà V â 10 ìë áåçâîäíîãî

òîëóîëà äîáàâëÿëè 2-ãèäðîêñèíàôòîõèíîíîì P33. Ðåàêöèîííóþ ìàññó
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êèïÿòèëè â òå÷åíèå 5�6 ÷àñîâ, çàòåì îõëàæäàëè äî êîìíàòíîé òåìïåðàòó-

ðû. Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè

èç òîëóîëà.
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4'-Ãèäðîêñè-1'-(4-ìåòèëôåíèë)-3'-(3-ôåíèëïðîï-2-
åíîèë)-2H-ñïèðî[íàôòî[2,3-b]ôóðàí-3,2'-ïèððîë]-
2,4,5',9(1'H)-òåòðàîí (69a): ïîëó÷àëè ñîãëàñíî

îáùåé ìåòîäèêå, èñõîäÿ èç 375 ìã (1.0 ììîëü)

1H-ïèððîë-2,3-äèîíà Vb è 174 ìã (1.0 ììîëü)

2-ãèäðîêñèíàôòîõèíîíîì P33.) Âûõîä 75%, ò.ïë.

246�247°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 2951, 1854, 1732, 1681,

1637. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.25 c (3H, Me), 6.98�8.04 ãð.ñ

(15H, C6H5 + 2C6H4 + CH=CH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.:

20.57, 68.63, 115.35, 122.67, 123.69, 126.18, 126.24, 126.56, 128.15, 128.31,

128.85, 129.05, 130.41, 130.56, 130.70, 131.23, 131.62, 134.49, 134.68,

135.27, 138.63, 142.30, 156.62, 158.77, 166.05, 170.84, 174.33, 179.08,

181.32. Íàéäåíî, %: C 71.91; H 3.73; N 2.75. Ñ31H19NÎ7. Âû÷èñëåíî, %:

C 71.95; H 3.70; N 2.71.
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4'-Ãèäðîêñè-1'-(4-ìåòèëôåíèë)-3'-(3-(4-ìåòîêñèôå-
íèë)ïðîï-2-åíîèë)-2H-ñïèðî[íàôòî[2,3-b]ôóðàí-

3,2'-ïèððîë]-2,4,5',9(1'H)-òåòðàîí (69b): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 405 ìã (1.0

ììîëü) 1H-ïèððîë-2,3-äèîíà Ve è 174 ìã (1.0 ììîëü)

2-ãèäðîêñèíàôòîõèíîíîì P33.) Âûõîä 72%, ò.ïë.

232�233°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 3296, 1838, 1726, 1681,

1641. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 2.24 c (3H,

Me), 3.80 ñ (3Í, ÎÌå), 6.99�8.04 ãð.ñ (14H, 3C6H4 +

CH=CH). Ñïåêòð ßÌÐ 13C (ÄÌÑÎ-d6), δ, ì.ä.: 20.6, 55.4, 68.6, 114.6,

116.0, 116.2, 121.0, 122.5, 126.2, 126.6, 126.9, 130.4, 130.7, 131.2, 131.5,

134.7, 135.3, 138.7, 142.8, 156.6, 157.4, 161.5, 166.0, 170.7, 174.3, 179.1,

181.5. Íàéäåíî, %: C 70.15; H 3.89; N 2.55. Ñ32H21NÎ8. Âû÷èñëåíî, %: C

70.20; H 3.87; N 2.56.

Ñèíòåç ñïèðî[ïèððîë-3,9'-êñàíòåíîâ]. Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó

1H-ïèððîë-2,3-äèîíà II â 15 ìë àáñîëüòíîãî õëîðîôîðìà äîáàâëÿëè äè-

ìåäîí. Ðåàêöèîííóþ ìàññó êèïÿòèëè â òå÷åíèå 4 ÷, çàòåì ðàñòâîðèòåëü
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óäàëÿëè. Îñòàòîê ðàñòèðàëè ñ ãåêñàíîì. Îáðàçîâàâøèéñÿ îñàäîê îòôèëü-

òðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç ìåòàíîëà.
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2-Ïðîïèëîâûé ýôèð 2-îêñî-2-{3',3',6',6'-
òåòðàìåòèë-1',2,8'-òðèîêñî-1,5-äèôåíèë-
1,1',2,2',3',4',5',6',7',8'-äåêàãèäðîñïèðî[ïèððîë-3,9'-
êñàíòåí]-4-èë}óêñóñíîé êèñëîòû (70a): ïîëó÷àëè

ñîãëàñíî îáùåé ìåòîäèêå, èñõîäÿ èç 500 ìã (1.38

ììîëü) 1Í-ïèððîë-2,3-äèîíà IIa è 387 ìã (2.76

ììîëü) äèìåäîíà P34. Âûõîä 69%, ò.ïë. 227�228°Ñ.
ÈÊ ñïåêòð, ν, ñì−1: 1721, 1651. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 0.86

ä (6H, 2ÑÍ3, J = 6.5 Ãö), 0.96 ñ (6H, 2ÑÍ3), 1.07 ñ (6H, 2ÑÍ3), 2.24 ä (3Í,

CH2 + CH, J = 16.2 Ãö), 2.36 ä (3Í, CH2 + CH, J = 16.1 Ãö), 2.49 ä (1Í,

ÑÍ, J = 18.2 Ãö), 2.69 ä (1Í, ÑÍ, J = 18.2 Ãö), 4.00 ì (1H, OCH), 7.09�7.35

ãð.ñ. (10H, 2C6H5). Íàéäåíî, %: C 73.15; H 6.12; N 2.28. Ñ37H37NÎ7.

Âû÷èñëåíî, %: C 73.13; H 6.14; N 2.30.

Ðåíòãåíîñòðóêòóðíîå èññëåäîâàíèå ñîåäèíåíèÿ 70a. Áåñöâåòíûå

õîðîøî îãðàíåííûå â âèäå ÷åòûðåõãðàííûõ ïðèçì êðèñòàëëû Ñ37H37NO7

ïðèíàäëåæàò ê ìîíîêëèííîé ñèíãîíèè: a = 12.626(2), b = 12.831(2), c =

20.202(4) �A, β = 94.37(1)°, V = 3263.3(10) �A33, M = 607.68, dcalc. = 1.237

ã/ñì3, Z = 4, ïðîñòðàíñòâåííàÿ ãðóïïà P2(1)/ñ. Íàáîð ýêñïåðèìåíòàëü-

íûõ îòðàæåíèé ïîëó÷åí â àâòîìàòè÷åñêîì 4-õ êðóæíîì äèôðàêòîìåòðå

ÊÌ-4 (KUMA DIFFRACTION) ñ χ-ãåîìåòðèåé ìåòîäîì ω/2Θ ñêàíèðîâà-

íèÿ íà ìîíîõðîìàòèçèðîâàííîì ÌîKα-èçëó÷åíèè â îáëàñòè óãëîâ 1.88�

25.02°(99.9% îáðàòíîãî ïðîñòðàíñòâà). Âñåãî èçìåðåíî 7219 îòðàæåíèÿ,

èç êîòîðûõ 5739 íåçàâèñèìûõ (Rint = 0.0359). Ïîïðàâêè íà ïîãëîùåíèå

íå ââîäèëè (µ = 0.085 ìì−1). Ñòðóêòóðà îïðåäåëåíà ïðÿìûì ìåòîäîì ïî

ïðîãðàììå SIR92 [199] ñ ïîñëåäóþùåé ñåðèåé ðàñ÷åòîâ êàðò ýëåêòðîííîé

ïëîòíîñòè. Àòîìû âîäîðîäà çàäàíû ãåîìåòðè÷åñêè è óòî÷íÿëèñü ïî ïðèí-

öèïó ¾íàåçäíèêà¿. Ïîëíîìàòðè÷íîå àíèçîòðîïíîå (íåâîäîðîäíûõ àòîìîâ)

óòî÷íåíèå ÌÍÊ ïî ïðîãðàììå SHELXL-97 [198] çàâåðøåíî ïðè R1 =

0.0478, wR2 = 0.1159 ïî 3533 îòðàæåíèÿì ñ I≤2σ(I) è R1 = 0.0894, wR2

= 0.1452 ïî âñåì 5739 îòðàæåíèÿì (360 óòî÷íÿåìûõ ïàðàìåòðà). GooF

0.954. Ìàêñèìàëüíûé ïèê íà ðàçíîñòíîì ñèíòåçå ýëåêòðîííîé ïëîòíîñòè

ðàâåí 0.177 ē �A−3.
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2-Ïðîïèëîâûé ýôèð 2-îêñî-2-{3',3',6',6'-
òåòðàìåòèë-1',2,8'-òðèîêñî-1-(4-áðîìôåíèë)-
5-äèôåíèë-1,1',2,2',3',4',5',6',7',8'-äåêàãèäðî-
ñïèðî[ïèððîë-3,9'-êñàíòåí]-4-èë}óêñóñíîé êèñ-

ëîòû (70b): Ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå

èñõîäÿ èç 500 ìã (1.13 ììîëü) 1Í-ïèððîë-2,3-äèîíà

IId è 317 ìã (2.26 ììîëü) äèìåäîíà P34. Ïðîäóêò

÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç àöåòîíèòðèëà. Âûõîä 81%, ò.ïë. 267�

268°Ñ. ÈÊ ñïåêòð, ν, ñì−1: 1717, 1656. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ,

ì.ä.: 0.86 ä (6H, 2ÑÍ3, J = 6.3 Ãö), 0.95 c (6H, 2ÑÍ3), 1.07 ñ (6H, 2ÑÍ3),

2.23 ä (3Í, CH2 + CH, J = 16.1 Ãö), 2.36 ä (3Í, CH2 + CH, J = 16.1 Ãö),

2.49 ä (1Í, ÑÍ, J = 17.8 Ãö), 2.70 ä (1Í, ÑÍ, J = 17.8 Ãö), 4.01 ì (1H,

OCH), 7.09�7.58 ãð.ñ. (9H, C6H5 + C6H4). Íàéäåíî, %: C 64.65; H 5.24; N

2.06. Ñ37H36BrNÎ7. Âû÷èñëåíî, %: C 64.73; H 5.28; N 2.04.

Ñèíòåç 4-{[(4Z)-3-ìåòèë-5-îêñî-1-ôåíèë-4,5-äèãèäðî-1H-ïèðàçîë-4-

èëèäåí](ôåíèë)ìåòèë}-1-àðèë-2,5-äèîêñî-2,5-äèãèäðî-1H-ïèððîë-3-

îëÿò òðèýòèëàììîíèÿ (71). Îáùàÿ ìåòîäèêà. Ê ðàñòâîðó 1H-ïèððîë-

2,3-äèîíà Ic â 15 ìë áåçâîäíîãî áåíçîëà äîáàâëÿëè ïèðàçîë-5-îë P29

è ýêâèìîëÿðíîå êîëè÷åñòâî òðèýòèëàìèíà. Ðåàêöèîííóþ ìàññó êèïÿ-

òèëè â òå÷åíèå 40 ìèíóò è îõëàæäàëè äî êîìíàòíîé òåìïåðàòóðû.

Îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè è ïåðåêðèñòàëëèçîâûâàëè èç

àöåòîíà.
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4-{[(4Z)-3-Ìåòèë-5-îêñî-1-ôåíèë-4,5-äèãèäðî-1H-

ïèðàçîë-4-èëèäåí](ôåíèë)ìåòèë}-2,5-äèîêñî-1-

ôåíèë-2,5-äèãèäðî-1H-ïèððîë-3-îëÿò òðèýòèëàì-

ìîíèÿ (71a): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå,

èñõîäÿ èç 321 ìã (1.0 ììîëü) 1H-ïèððîë-2,3-äèîíà Ic

è 174 ìã (1.0 ììîëü) 3-ìåòèë-1-ôåíèë-1H-ïèðàçîëà-

5-îëà P29b. Ïðîäóêò ÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç

ñìåñè àöåòîíà ñ áåíçîëîì, âçÿòûìè â ñîîòíîøåíèè 1

: 1. Âûõîä 89%, ò.ïë. 206�208°C. ÈÊ ñïåêòð, ν, ñì−1: 1750, 1707, 1663.

Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.14 ò (9Í, 3ÑÍ2CH3, J = 6.9 Ãö), 1.39

ñ (3H, Me), 3.07 ê (6Í, 3ÑÍ2CH3, J = 6.9 Ãö), 7.05�8.02 ãð.ñ (15H, 3C6H5),

8.81 óø.c (1H, NH). Íàéäåíî, %: C 71.95; H 6.24; N 10.14. C33H34N4O4.
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Âû÷èñëåíî, %: C 71.98; H 6.22; N 10.17.

Ðåíòãåíîñòðóêòóðíûé àíàëèç ñîåäèíåíèÿ 71a. ïðîâîäèëè íà àâ-

òîìàòè÷åñêîì äèôðàêòîìåòðå �Xcalibur 3� ñ CCD äåòåêòîðîì (ÌîKα èç-

ëó÷åíèå, λ = 0.71073 �A, ãðàôèòîâûé ìîíîõðîìàòîð, ω/2Θ-ñêàíèðîâàíèå,

øàã ñêàíèðîâàíèÿ 1°) Íàáîð îòðàæåíèé ïîëó÷åí è îáðàáîòàí ñ èñïîëü-

çîâàíèåì ïðîãðàììíîãî ïàêåòà CrysAlis [203]. Ñòðóêòóðà ðàñøèôðîâàíà

ïðÿìûì ìåòîäîì è óòî÷íåíû ïîëíîìàòðè÷íûì ÌÍÊ âíà÷àëå â èçîòðîï-

íîì, à çàòåì â àíèçîòðîïíîì ïðèáëèæåíèè ïî F2 äëÿ âñåõ íåâîäîðîäíûõ

àòîìîâ ïî ïðîãðàììàì SHELXS�97, SHELXL-97 [198]. ×àñòü àòîìîâ âî-

äîðîäà âûÿâëåíà â ðàçíîñòíîì ñèíòåçå è âêëþ÷åíà â óòî÷íåíèå â èçî-

òðîïíîì ïðèáëèæåíèè, ÷àñòü ïîìåùåíà â ãåîìåòðè÷åñêè ðàññ÷èòàííûå

ïîëîæåíèÿ è óòî÷íÿëèñü ñ èñïîëüçîâàíèåì ìîäåëè �íàåçäíèêà�. Êðèñòàë-

ëû Ñ33H34N4O4 ïðèíàäëåæàò ê ìîíîêëèííîé ñèíãîíèè: a = 18.0491(18),

b = 15.0300(13), c = 10.7998(12) �A, α = 90°, β = 91.714(8)°, γ = 90°, V =

2928.4(5) �A3, dcalc = 1.249 ã/ñì3, Z = 4, ïðîñòðàíñòâåííàÿ ãðóïïà P2(1)/ñ.

Âñåãî èçìåðåíî 11959 îòðàæåíèÿ, èç êîòîðûõ 5828 íåçàâèñèìûõ [R(int)

= 0.0441]. Ïîïðàâêè íà ïîãëîùåíèå íå ââîäèëè (µ = 0.083 ìì−1). Ïîë-

íîìàòðè÷íîå àíèçîòðîïíîå (íåâîäîðîäíûõ àòîìîâ) óòî÷íåíèå ÌÍÊ ïî

ïðîãðàììå SHELXL-97 [198] çàâåðøåíî ïðè R1 = 0.0460, wR2 = 0.1077

ïî 2626 îòðàæåíèÿì ñ I≤2σ(I) è R1 = 0.1275, wR2 = 0.1186 ïî âñåì îò-

ðàæåíèÿì (392 óòî÷íÿåìûõ ïàðàìåòðà). S 1.006. Ìàêñèìóì è ìèíèìóì

îñòàòî÷íî ýëåêòðîííîé ïëîòíîñòè 0.239 è -0.247 ē �A−3.
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4-{[(4Z)-3-Ìåòèë-5-îêñî-1-ôåíèë-4,5-äèãèäðî-1H-

ïèðàçîë-4-èëèäåí](ôåíèë)ìåòèë}-1-(4-ìåòèëôå-

íèë)-2,5-äèîêñî-2,5-äèãèäðî-1H-ïèððîë-3-îëÿò

òðèýòèëàììîíèÿ (71b): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 335 ìã (1.0 ììîëü) 1H-ïèððîë-

2,3-äèîíà Id è 174 ìã (1.0 ììîëü) 3-ìåòèë-1-ôåíèë-

1H-ïèðàçîëà-5-îëà P29b. Âûõîä 86%, ò.ïë. 206�208°C.
ÈÊ ñïåêòð, ν, ñì−1: 1750, 1707, 1659. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 1.14 ò (9Í, 3ÑÍ2CH3, J = 7.3 Ãö), 1.38 ñ (3H, Me),

2.32 ñ (3Í, Ìå), 3.07 ê (6Í, 3ÑÍ2CH3, J = 7.3 Ãö), 7.03�8.02 ãð.ñ (14H,

2C6H5 + C6H4), 8.81 óø.c (1H, NH). Íàéäåíî, %: C 72.27; H 6.39; N 9.90.

C34H36N4O4. Âû÷èñëåíî, %: C 72.32; H 6.43; N 9.92.
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4-{[(4Z)-3-Ìåòèë-5-îêñî-1-ôåíèë-4,5-äèãèäðî-1H-

ïèðàçîë-4-èëèäåí](ôåíèë)ìåòèë}-1-(4-ìåòîêñè-

ôåíèë)-2,5-äèîêñî-2,5-äèãèäðî-1H-ïèððîë-3-îëÿò

òðèýòèëàììîíèÿ (71c): ïîëó÷àëè ñîãëàñíî îáùåé

ìåòîäèêå, èñõîäÿ èç 351 ìã (1.0 ììîëü) 1H-ïèððîë-

2,3-äèîíà Ie è 174 ìã (1.0 ììîëü) 3-ìåòèë-1-ôåíèë-

1H-ïèðàçîëà-5-îëà P29b. Âûõîä 81%, ò.ïë. 209�211°C.
ÈÊ ñïåêòð, ν, ñì−1: 1750, 1703, 1659. Ñïåêòð ßÌÐ 1Í

(ÄÌÑÎ-d6), δ, ì.ä.: 1.15 ò (9Í, 3ÑÍ2CH3, J = 7.3 Ãö), 1.38 ñ (3H, Me),

3.07 ê (6Í, 3ÑÍ2CH3, J = 7.3 Ãö), 3.77 ñ (3Í, ÎÌå), 6.98�8.02 ãð.ñ (14H,

2C6H5 + C6H4), 8.81 óø.c (1H, NH). Íàéäåíî, %: C 70.35; H 6.22; N 9.66.

C34H36N4O5. Âû÷èñëåíî, %: C 70.33; H 6.25; N 9.65.

Ñèíòåç 3-ãèäðîêñè-4-{[(4Z)-3-ìåòèë-5-îêñî-4,5-äèãèäðî-1H-ïèðàçîë-

4-èëèäåí]-(ôåíèë)ìåòèë}-1-àðèë-2,5-äèãèäðî-1H-ïèððîë-2,5-äèîí

(72). Îáùàÿ ìåòîäèêà Ê ðàñòâîðó ñîåäèíåíèÿ 71 â 150 ìë êèïÿùåé âîäû

ïðèëèâàëè 3 ìë 5% ñîëÿíîé êèñëîòû. Ðåàêöèîííóþ ìàññó îõëàæäàëè,

îáðàçîâàâøèéñÿ îñàäîê îòôèëüòðîâûâàëè, ñóøèëè è ïåðåêðèñòàëëèçîâû-

âàëè èç âîäû.
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3-Ãèäðîêñè-4-{[(4Z)-3-ìåòèë-5-îêñî-1-ôåíèë-4,5-

äèãèäðî-1H-ïèðàçîë-4-èëèäåí]-(ôåíèë)ìåòèë}-1-

ôåíèë-2,5-äèãèäðî-1H-ïèððîë-2,5-äèîí (72a): Ïîëó-

÷àëè èñõîäÿ èç 150 ìã (0.27 ììîëü) ñîåäèíåíèÿ 71a.

Ïðîäóêò ÷èñòèëè ïåðåêðèñòàëëèçàöèåé èç ñìåñè àöåòîíà

ñ ýòèëàöåòàòîì, âçÿòûìè â ñîîòíîøåíèè 1 : 1. Âûõîä

93%, ò.ïë. 258�260°C. ÈÊ ñïåêòð, ν, ñì−1: 3197, 1779,

1728, 1694. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.51 ñ

(3Í, Ìå), 6.84 óø.ñ (1H, ÎÍ), 6.99�7.88 ãð.ñ (15H, 3C6H5). Íàéäåíî, %: C

72.09; H 4.22; N 9.31. C27H19N3O4. Âû÷èñëåíî, %: C 72.15; H 4.26; N 9.35.
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3-Ãèäðîêñè-4-{[(4Z)-3-ìåòèë-5-îêñî-1-ôåíèë-4,5-

äèãèäðî-1H-ïèðàçîë-4-èëèäåí]-(ôåíèë)ìåòèë}-1-(4-

ìåòèëôåíèë)-2,5-äèãèäðî-1H-ïèððîë-2,5-äèîí (72b):

ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå èñõîäÿ èç 150

ìã (0.27 ììîëü) ñîåäèíåíèÿ 71b Âûõîä 91%, ò.ïë.

225�227°C (âîäà). ÈÊ ñïåêòð, ν, ñì−1: 3174, 1771, 1717,

1696. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.50 ñ (3Í,

Ìå), 2.34 ñ (3Í, Ìå), 6.87 óø.ñ (1H, ÎÍ), 7.00�7.87 ãð.ñ

(14H, 2C6H5 + C6H4). Íàéäåíî, %: C 72.51; H 4.55; N 9.04. C28H21N3O4.

Âû÷èñëåíî, %: C 72.56; H 4.57; N 9.07.
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3-Ãèäðîêñè-4-{[(4Z)-3-ìåòèë-5-îêñî-1-ôåíèë-4,5-

äèãèäðî-1H-ïèðàçîë-4-èëèäåí]-(ôåíèë)ìåòèë}-1-

(4-ìåòîêñèôåíèë)-2,5-äèãèäðî-1H-ïèððîë-2,5-äèîí

(72c): ïîëó÷àëè ñîãëàñíî îáùåé ìåòîäèêå èñõîäÿ èç

150 ìã (0.26 ììîëü) ñîåäèíåíèÿ 71c Âûõîä 91%, ò.ïë.

182�185°C (âîäà). ÈÊ ñïåêòð, ν, ñì−1: 3182, 1769, 1721,

1685. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), δ, ì.ä.: 1.55 ñ (3Í,

Ìå), 3.83 ñ (3Í, ÎÌå), 7.06�7.90 ãð.ñ (15H, 2C6H5 + C6H4

+ ÎÍ). Íàéäåíî, %: C 70.10; H 4.43; N 8.72. C28H21N3O5. Âû÷èñëåíî, %:

C 70.14; H 4.41; N 8.76.
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Çàêëþ÷åíèå

Àíàëèç ðåçóëüòàòîâ ïðîâåäåííûõ èññëåäîâàíèé, ïîçâîëÿåò âû-

ÿâèòü ñëåäóþùèå íàïðàâëåíèÿ âçàèìîäåéñòâèÿ 4-àöèë- è 4,5-äèàöèë-1H-

ïèððîë-2,3-äèîíîâ ñ áèíóêëåîôèëüíûìè ðåàãåíòàìè:

1) Äëÿ 4-ýòîêñèêàðáîíèë-5-ôåíèë-1H-ïèððîë-2,3-äèîíîâ:

� ïóòü À � ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðåàãåíòà ê àòîìó Ñ5

1H-ïèððîë-2,3-äèîíà, ðàñêðûòèå öèêëà ïî ñâÿçè N1�C5 è ïîñëåäóþùàÿ

öèêëèçàöèÿ ñ ó÷àñòèåì àìèäíîé ãðóïïû NH è ýòîêñèêàðáîíèëüíîé ãðóï-

ïû (äèôåíèëãóàíèäèí, ïèðàçîëÿò òðèýòèëàììîíèÿ);

� ïóòü Á � ïðèñîåäèíåíèå äâóõ íóêëåîôèëüíûõ öåíòðîâ ðåàãåíòà ê

àòîìó Ñ3 1H-ïèððîë-2,3-äèîíà (N-àðèëçàìåùåííûå 5-òè è øåñòè÷ëåííûå

åíàìèíû);

� ïóòü Â � ïñåâäî-òð¼õêîìïîíåíòíàÿ êîíäåíñàöèÿ ñ ó÷àñòè-

åì êåòîííîé êàðáîíèëüíîé ãðóïïû Ñ3=Î 1H-ïèððîë-2,3-äèîíîâ (N-

àðèëçàìåùåííûå 5-òè÷ëåííûå åíàìèíû);

Ñõåìà 3.1

2) äëÿ 4-èçîïðîïîêñàëèë-5-ôåíèë-1H-ïèððîë-2,3-äèîíîâ:

� ïóòü À � ïîñëåäîâàòåëüíîå ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðå-

àãåíòà ê àòîìó Ñ3 è Ñ2 1H-ïèððîë-2,3-äèîíà, ðàñêðûòèå öèêëà ïî ñâÿçè

N1�C2 è ïîñëåäóþùàÿ öèêëèçàöèÿ ñ ó÷àñòèåì ãðóïïû ÎÍ, îáðàçîâàâøåé-
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ñÿ â ðåçóëüòàòå ïåðâîíà÷àëüíîãî ïðèñîåäèíåíèÿ ðåàãåíòà, è ñëîæíîýôèð-

íîé êàðáîíèëüíîé ãðóïïû (òèîìî÷åâèíà, øåñòè÷ëåííûå åíàìèíû);

� ïóòü Á � ïñåâäî-òð¼õêîìïîíåíòíàÿ êîíäåíñàöèÿ ñ ó÷àñòèåì êå-

òîííîé êàðáîíèëüíîé ãðóïïû Ñ3=Î 1H-ïèððîë-2,3-äèîíîâ (äèìåäîí);

Ñõåìà 3.2

3) äëÿ 4,5-äèìåòîêñèêàðáîíèë-1H-ïèððîë-2,3-äèîíîâ:

� ïóòü À � ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðåàãåíòà ê àòîìó Ñ5

1H-ïèððîë-2,3-äèîíà, ðàñêðûòèå öèêëà ïî ñâÿçè N1�C5 è ïîñëåäóþùàÿ

öèêëèçàöèÿ ñ ó÷àñòèåì êåòîííîé êàðáîíèëüíîé ãðóïïû îêñàìîèëüíîãî

ôðàãìåíòà (ãèäðàçèíû);

� ïóòü Á � ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðåàãåíòà ê àòîìó Ñ5

1H-ïèððîë-2,3-äèîíà è ïîñëåäóþùàÿ öèêëèçàöèÿ ñ ó÷àñòèåì ìåòîêñèêàð-

áîíèëüíîé ãðóïïû, íàõîäÿùåéñÿ ïðè ýòîì àòîìå (ìî÷åâèíà, àöèêëè÷åñêèå

è øåñòè÷ëåííûå åíàìèíû);

� ïóòü Â � ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðåàãåíòà ê àòîìó Ñ5 1H-

ïèððîë-2,3-äèîíà, öèêëèçàöèÿ ñ ó÷àñòèåì ìåòîêñèêàðáîíèëüíîé ãðóïïû,

íàõîäÿùåéñÿ ïðè ýòîì àòîìå, è ïîñëåäóþùåå ðàñêðûòèå ïèððîëèäèíîâîãî

öèêëà ïî ñâÿçè N1�C5 (î-ôåíèëåíäèàìèí, î-àìèíîäèôåíîë);

� ïóòü Ã � ïîñëåäîâàòåëüíîå ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðåà-

ãåíòà ê àòîìàì Ñ5 è Ñ3 1H-ïèððîë-2,3-äèîíà (ïåðâè÷íûå àöèêëè÷åñêèå

åíàìèíîêåòîíû);

� ïóòü Ä � ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðåàãåíòà ê àòîìó Ñ5,

öèêëèçàöèÿ ñ ó÷àñòèåì ìåòîêñèêàðáîíèëüíîé ãðóïïû, íàõîäÿùåéñÿ â ÷åò-

âåðòîì ïîëîæåíèè öèêëà, è ïîñëåäóþùåå ðàñêðûòèå ïèððîëèäèíîâîãî

öêèëà ïî ñâÿçè N1�C5 (ïÿòè÷ëåííûå åíàìèíû);
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Ñõåìà 3.3

4) äëÿ 4,5-äèàðîèë-1H-ïèððîë-2,3-äèîíîâ:

� ïóòü À � ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðåàãåíòà ê àòîìó Ñ5,

öèêëèçàöèÿ ñ ó÷àñòèåì àðîèëüíîé ãðóïïû, íàõîäÿùåéñÿ â ÷åòâåðòîì ïî-

ëîæåíèè öèêëà, è ïîñëåäóþùåå ðàñêðûòèå ïèððîëèäèíîâîãî öèêëà ïî

ñâÿçè N1�C5 (ãèäðàçèíû è ïåðâè÷íûå ïÿòè÷ëåííûå åíàìèíû);

� ïóòü Á � ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðåàãåíòà ê àòîìó Ñ5

1H-ïèððîë-2,3-äèîíà è ïîñëåäóþùàÿ öèêëèçàöèÿ ñ ó÷àñòèåì àðîèëüíîé

ãðóïïû, íàõîäÿùåéñÿ ïðè ýòîì àòîìå (ìî÷åâèíà, ïåðâè÷íûå àöèêëè÷åñêèå

è øåñòè÷ëåííûå åíàìèíû);

� ïóòü Â � ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðåàãåíòà ê àòîìó Ñ5

1H-ïèððîë-2,3-äèîíà, ðàñêðûòèå öèêëà ïî ñâÿçè N1�C5 è ïîñëåäóþùàÿ

öèêëèçàöèÿ ñ ó÷àñòèåì êåòîííîé êàðáîíèëüíîé ãðóïïû îêñàìîèëüíîãî

ôðàãìåíòà (ïÿòè÷ëåííûå 1,3-N,N-áèíóêëåîôèëû);

� ïóòü Ã � ïîñëåäîâàòåëüíîå ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðå-

àãåíòà ê àòîìó Ñ3 è Ñ2 1H-ïèððîë-2,3-äèîíà, ðàñêðûòèå öèêëà ïî ñâÿçè

N1�C2 è ïîñëåäóþùàÿ öèêëèçàöèÿ ñ ó÷àñòèåì ãðóïïû ÎÍ, îáðàçîâàâ-

øåéñÿ â ðåçóëüòàòå ïåðâîíà÷àëüíîãî ïðèñîåäèíåíèÿ ðåàãåíòà, è êåòîííîé

êàðáîíèëüíîé ãðóïïû àðîèëüíîãî ôðàãìåíòà, íàõîäèâøåãîñÿ â ïîëîæå-

íèè 5 èñõîäíîãî öèêëà (âòîðè÷íûå øåñòè÷ëåííûå åíàìèíû);
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Ñõåìà 3.4

5) äëÿ 5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-1H-ïèððîë-2,3-äèîíîâ:

� ïóòü À � ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðåàãåíòà ê àòîìó Ñ5

1H-ïèððîë-2,3-äèîíà, ðàñêðûòèå öèêëà ïî ñâÿçè N1�C5 è ïîñëåäóþùàÿ

öèêëèçàöèÿ ñ ó÷àñòèåì êåòîííîé êàðáîíèëüíîé ãðóïïû îêñàìîèëüíîãî

ôðàãìåíòà (ãèäðàçèíû);

� ïóòü Á � ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðåàãåíòà ê àòîìó Ñ5

1H-ïèððîë-2,3-äèîíà è ïîñëåäóþùàÿ öèêëèçàöèÿ ñ ó÷àñòèåì ìåòîêñè-

êàðáîíèëüíîé ãðóïïû (ìî÷åâèíà, àöèêëè÷åñêèå, ïÿòè- è øåñòè÷ëåííûå

åíàìèíû, à òàêæå øåñòè÷ëåííûå åíîëû);

� ïóòü Â � ïîñëåäîâàòåëüíîå ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðå-

àãåíòà ê àòîìó Ñ5 1H-ïèððîë-2,3-äèîíà è äâîéíîé óãëåðîä-óãëåðîäíîé

ñâÿçè öèííàìîèëüíîãî ôðàãìåíòà (ïÿòè÷ëåííûå åíîëû);

� ïóòü Ã � ïðèñîåäèíåíèå íóêëåîôèëüíîãî ðåàãåíòà ê àòîìó Ñ5 1H-

ïèððîë-2,3-äèîíà, öèêëèçàöèÿ ñ ó÷àñòèåì êåòîííîé êàðáîíèëüíîé ãðóïïû

öèííàìîèëüíîãî ôðàãìåíòà è ïîñëåäóþùåå ðàñêðûòèå ïèððîëèäèíîâîãî

öêèëà ïî ñâÿçè N1�C5 (ïåðâè÷íûå ïÿòè÷ëåííûå åíàìèíû).
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Ñõåìà 3.5

Ïî ðåçóëüòàòàì ðàáîòû ñäåëàíû ñëåäóþùèå âûâîäû:

• Ïîêàçàíî, ÷òî 4,5-äèàðîèë- è 5-ìåòîêñèêàðáîíèë-4-öèííàìîèë-1H-

ïèððîë-2,3-äèîíû, êàê è äðóãèå ôóíêöèîíàëüíî çàìåùåííûå 2,3-

äèãèäðî-1H-ïèððîë-2,3-äèîíû, ìîãóò áûòü ïîëó÷åíû âçàèìîäåé-

ñòâèåì îêñàëèëõëîðèäà ñ ñîîòâåòñòâóþùèìè åíàìèíàìè.

• Îñíîâíûì íàïðàâëåíèåì ñòàáèëèçàöèè èìèäîèëêåòåíîâ, ïîëó-

÷åííûõ òåðìîëèçîì ôóíêöèîíàëüíî çàìåùåííûõ 1-àðèë-1H-

ïèððîëäèîíîâ, ÿâëÿåòñÿ âíóòðèìîëåêóëÿðíàÿ öèêëèçàöèÿ ñ îáðàçî-

âàíèåì õèíîëèí-4-îíîâ. Â ñëó÷àå 4-öèííàìîèë-1Í-ïèððîëäèîíîâ

ïðîèñõîäèò áîëåå ãëóáîêàÿ òðàíñôîðìàöèÿ ñ ó÷àñòèåì öèííàìî-

èëüíîãî ôðàãìåíòà, ïðèâîäÿùÿÿ ê ïèðàíî[3,2-c]õèíîëèíàì.

• 4-Àöèëçàìåùåííûå 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíû, íåçàâèñèìî

îò ñòðóêòóðû çàìåñòèòåëÿ â ïîëîæåíèè 5 ïèððîëäèîíîâîãî öèêëà,

ðåàãèðóþò ñ ýëåêòðîíîèçáûòî÷íûìè äèåíîôèëàìè ñèñòåìîé ñîïðÿ-

æåííûõ ñâÿçåé Ñ5=Ñ4-Ñ=Î ñ îáðàçîâàíèåì ïèðàíî[4,3-b]ïèððîëîâ.

Ðåàêöèè ïðîõîäÿò äèàñòåðåîñåëåêòèâíî, ïîä÷èíÿÿñü òåðìîäèíàìè-

÷åñêîìó êîíòðîëþ.

• Ìîíîíóêëåîôèëüíûå ðåàãåíòû ïðè âçàèìîäåéñòâèè ñ ôóíêöèîíàëü-

íî çàìåùåííûìè 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíàìè ïðèñîåäèíÿ-

þòñÿ ê àòîìó Ñ5, ðåæå ê àòîìó Ñ2. Àääóêòû 2,3-äèãèäðî-1H-ïèððîë-

2,3-äèîíîâ ñ ïåðâè÷íûìè àìèíàìè îáû÷íî â óñëîâèÿõ ñèíòåçà ïîä-
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âåðãàþòñÿ ðåöèêëèçàöèÿì ñ ó÷àñòèåì çàìåñòèòåëåé, íàõîäÿùèõñÿ â

ïîëîæåíèè 4 èñõîäíûõ ïèððîëäèîíîâ.

• Óñòàíîâëåíî, ÷òî âçàèìîäåéñòâèå 4,5-äèàöèëçàìåùåííûõ 1H-

ïèððîë-2,3-äèîíîâ ñ áèíóêëåîôèëàìè îáû÷íî íà÷èíàåòñÿ ñ

ïðèñîåäèíåíèÿ ðåàãåíòà ê àòîìó Ñ5. Äàëüíåéøåå íàïðàâëåíèå

òðàíñôîðìàöèè îïðåäåëÿåòñÿ ñòðóêòóðîé çàìåñòèòåëåé, ñòðîåíèåì

ðåàãåíòà è â íåêîòîðûõ ñëó÷àÿõ óñëîâèÿìè (òåìïåðàòóðîé) ïðî-

âåäåíèÿ ñèíòåçà. Àääóêòû 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ ñ

1,2-N,N-áèíóêëåîôèëàìè ïðåòåðïåâàþò ðåöèêëèçàöèþ ñ ó÷àñòèåì

çàìåñòèòåëÿ â ïîëîæåíèè 4 öèêëà èëè êåòîííîé êàðáîíèëüíîé

ãðóïïû Ñ3=Î. Àääóêòû 2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíîâ ñ

1,3-N,N- è 1,3-Ñ,N-áèíóêëåîôèëàìè ïîäâåðãàþòñÿ ñïèðî-áèñ-

ãåòåðîöèêëèçàöèè ñ ó÷àñòèåì çàìåñòèòåëÿ â ïîëîæåíèè 5 öèêëà,

â íåêîòîðûõ ñëó÷àÿõ ïðè ïðîâåäåíèè ðåàêöèè â ìÿãêèõ óñëîâèÿõ

óäàåòñÿ ïîëó÷èòü ïðîäóêòû ïðèñîåäèíåíèÿ âòîðîãî íóêëåîôèëüíîãî

öåíòðà ðåàãåíòà ê àòîìó Ñ3 ïèððîëäèîíà. Àääóêòû 2,3-äèãèäðî-

1H-ïèððîë-2,3-äèîíîâ ñ ïÿòè÷ëåííûìè 1,3-áèíóêëåîôèëàìè

ðåöèêëèçóþòñÿ ñ ó÷àñòèåì çàìåñòèòåëÿ â ïîëîæåíèè 4 èëè ãðóï-

ïû Ñ3=Î. Â ñëó÷àå âçàèìîäåéñòâèÿ ïÿòè÷ëåííîãî åíàìèíà ñ

4-öèííàìîèë-2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíàìè, ïîìèìî îñíîâ-

íîãî íàïðàâëåíèÿ (ñïèðî-áèñ-ãåòåðîöèêëèçàöèè), íàáëþäàåòñÿ

öèêëèçàöèÿ ñ ó÷àñòèåì òîãî æå íóêëåîôèëüíîãî öåíòðà ðåàãåíòà

è äâîéíîé ñâÿçè Ñ=Ñ öèííàìîèëüíîãî ôðàãìåíòà. Íàïðàâëåíèå

òðàíñôîðìàöèè ïðîäóêòîâ ïðèñîåäèíåíèÿ öèêëè÷åñêèõ åíîëîâ

ê 4-öèííàìîèë-2,3-äèãèäðî-1H-ïèððîë-2,3-äèîíàì îïðåäåëÿåòñÿ

ðàçìåðîì öèêëà: ïÿòè÷ëåííûå åíîëû íà âòîðîé ñòàäèè ðåàêöèè

ïðèñîåäèíÿþòñÿ ê äâîéíîé ñâÿçè Ñ=Ñ öèííàìîèëüíîãî ôðàãìåíòà,

à øåñòè÷ëåíûå � ê ìåòîêñèêàðáîíèëüíîé ãðóïïå â ïîëîæåíèè 5

ïèððîëäèîíîâîãî öèêëà ñ ïîñëåäóþùèì îòùåïëåíèåì ìåòàíîëà.

Ïðîäóêòû ïðèñîåäèíåíèÿ 1,4-N,N- è 1,4-N,O-áèíóêëåîôèëîâ

ðåöèêëèçóþòñÿ ñ ó÷àñòèåì çàìåñòèòåëÿ â ïîëîæåíè 5.

• 4-Èçîïðîïîêñàëèë- è 4-ýòîêñèêàðáîíèë-5-ôåíèë-2,3-äèãèäðî-

1H-ïèððîë-2,3-äèîíû íà ïåðâîé ñòàäèè âçàèìîäåéñòâèÿ ñ 1,3-
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áèíóêëåîôèëàìè äàþò àääóêòû ïî ãðóïïå Ñ3=Î. Äàëåå ïðîäóêòû

ïðèñîåäèíåíèÿ åíàìèíîâ ê 4-ýòîêñèêàðáîíèë-2,3-äèãèäðî-1H-

ïèððîë-2,3-äèîíàì ïðåòåðïåâàþò ñïèðî-áèñ-ãåòåðîöèêëèçàöèþ ñ

ó÷àñòèåì àðèëüíîãî çàìåñòèòåëÿ ïðè àòîìå àçîòà ðåàãåíòà è àòîìà

Ñ3 ïèððîëäèîíîâîãî öèêëà, à â ñëó÷àå 4-èçîïðîïîêñàëèë-2,3-

äèãèäðî-1H-ïèððîë-2,3-äèîíîâ ïîäâåðãàþòñÿ êàñêàäíîé ðåöèêëè-

çàöèè ñ ó÷àñòèåì àòîìà Ñ2 è èçîïðîïîêñèêàðáîíèëüíîé ãðóïïû.

Êðîìå ýòîãî â ñëó÷àå 4-ýòîêñèêàðáîíèë-2,3-äèãèäðî-1H-ïèððîë-

2,3-äèîíîâ îáíàðóæåíû ðåöèêëèçàöèè ñ ó÷àñòèåì àòîìà Ñ5 è

ýòîêñèêàðáîíèëüíîé ãðóïïû.

Âûÿâëåíûå çàêîíîìåðíîñòè ïîçâîëÿþò ïðîãíîçèðîâàòü íàïðàâëå-

íèå âçàèìîäåéñòâèÿ ôóíêöèîíàëüíî çàìåùåííûõ 1H-ïèððîë-2,3-äèîíîâ

ñ íóêëåîôèëüíûìè ðåàãåíòàìè è ìîãóò áûòü èñïîëüçîâàíû â íàïðàâëåí-

íîì ñèíòåçå àçàãåòåðîöèêëè÷åñêèõ ñîåäèíåíèé, â òîì ÷èñëå àëêàëîèäîâ è

èõ ñèíòåòè÷åñêèõ àíàëîãîâ. Îäíàêî âîçìîæíîñòè ïðåäëîæåííîãî ïîäõîäà

ê ñèíòåçó àçàãåòåðîöèêëîâ äàëåêî íå èñ÷åðïàíû è áóäóò èñïîëüçîâàíû

â äàëüíåéøåì äëÿ ïîèñêà íîâûõ ïóòåé òðàíñôîðìàöèè 1H-ïèððîë-2,3-

äèîíîâ ïîä äåéñòâèåì íóêëåîôèëüíûõ ðåàãåíòîâ. Â ÷àñòíîñòè, ïåðñïåê-

òèâíûìè ïðåäñòàâëÿþòñÿ èññëåäîâàíèÿ òðåõêîìïîíåíòíûõ êîíäåíñàöèé ñ

ó÷àñòèåì 1H-ïèððîë-2,3-äèîíîâ; ðàçðàáîòêà ìåòîäîâ ïåðåõâàòà èìèäîèë-

êåòåíîâ, ãåíåðèðóåûõ òåðìîëèçîèì 1-àðèë-1H-ïèððîë-2,3-äèîíîâ; ðàçðà-

áîòêà êàòàëèçàòîðîâ, ïîçâîëÿþùèõ èçìåíÿòü íàïðàâëåíèå âçàèìîäåéñòâèÿ

1H-ïèððîë-2,3-äèîíîâ ñ íóêëåîôèëüíûìè ðåàãåíòàìè; ðàçðàáîòêà ìåòî-

äîâ ñèíòåçà 1H-ïèððîë-2,3-äèîíîâ ñ íåäîñòóïíûìè â íàñòîÿùåå âðåìÿ

çàìåñòèòåëÿìè è èçó÷åíèå èõ ðåàêöèîííîé ñïîñîáíîñòè.
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