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Ðåàêöèåé N,N′-áèñ(ïèïåðàçèíîýòèë)ýòèëåíäèà-
ìèíà ñ íèòðèëàìè àêðèëîâîé è ìîíîõëîðóêñóñ-
íîé êèñëîò ïîëó÷åíû íîâûå àëêèëåíàìèíîïîëè-
êàðáîíîâûå êèñëîòû. Êîíäåíñàöèÿ ïîñëåäíèõ ñ
î-ôåíèëåíäèàìèíîì ïðèâåëà ê ïîëó÷åíèþ ïðî-
èçâîäíûõ áåíçèìèäàçîëà, îáëàäàþùèõ âûñîêîé
àíòèãåëüìèíòíîé àêòèâíîñòüþ. Ñ âûñîêèì âû-
õîäîì ïîëó÷åíû è âûäåëåíû ñîîòâåòñòâóþùèå
áåíçèìèäàçîëû. Ïîäîáðàíû îïòèìàëüíûå óñëî-
âèÿ äëÿ ñèíòåçà áåíçèìèäàçîëîâ íà îñíîâå
ãåêñàìèíîäè- è òåòðàêèñëîò è î-ôåíèëåíäèàìè-
íà (î-ÔÄÀ). Îïðåäåëåíû ôèçèêî-õèìè÷åñêèå
õàðàêòåðèñòèêè ïîëó÷åííûõ ñîåäèíåíèé.

Êëþ÷åâûå ñëîâà: àíòèãåëüìèíòíûå ïðåïàðà-
òû; áåíçèìèäàçîë; äèàìèí; î-, ì- è ï-êñèëîëû;
íèòðèë àêðèëîâîé êèñëîòû; íèòðèë ìîíîõëî-
ðóêñóñíîé êèñëîòû; ïèïåðàçèí; ïîëèàìèí;
î-ôåíèëåíäèàìèí; ýòèëåíäèàìèí.
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Ïèïåðàçèí è åãî ïðîèçâîäíûå íå îòíîñÿò-
ñÿ ê ÷èñëó êðóïíîòîííàæíûõ ïðîäóêòîâ ïðî-
ìûøëåííîñòè îðãàíè÷åñêîãî ñèíòåçà, îäíàêî
íà èõ îñíîâå ñîçäàíî íåìàëî àíòèãåëüìèíòíûõ
è ëåêàðñòâåííûõ ïðåïàðàòîâ. Ïðàêòè÷åñêèé
èíòåðåñ ê ïèïåðàçèíó è ïðåïàðàòàì íà åãî îñ-
íîâå íà÷èíàåòñÿ ñ 1950-õ ãã.

Â èíñòèòóòå îðãàíè÷åñêîãî ñèíòåçà ÀÍ
Ëàòâèéñêîé ÑÑÐ ïîä ðóêîâîäñòâîì àêàäåìèêà
Ñ.À. Ãèëëåðà íà ëàáîðàòîðíîé óñòàíîâêå îñó-
ùåñòâèëåí  ïðîöåññ äåàìèíèðîâàíèÿ äèýòèëåí-
òðèàìèíà â ïèïåðàçèí 1, òàêæå ïðîâåäåíà äå-
ãèäðàòàöèÿ ýòàíîëàìèíà íà îêèñíûõ êàòàëèçà-
òîðàõ 2. Â èíñòèòóòå Îðãàíè÷åñêîé õèìèè èì.
Í.Ä. Çåëèíñêîãî ÀÍ ÑÑÑÐ ïîä ðóêîâîäñòâîì
àêàäåìèêà À.À. Áàëàíäèíà ïèïåðàçèí ïîëó÷à-
ëè öèêëèçàöèåé ìîíîýòàíîëàìèíà 3. Âñå ïåðå-
÷èñëåííûå ìåòîäû ïîëó÷åíèÿ ïèïåðàçèíà íå
íàøëè ïðîìûøëåííîãî ïðèìåíåíèÿ ââèäó
ñèëüíîé êîððîçèè îáîðóäîâàíèÿ îòíîñèòåëüíî
íèçêîãî âûõîäà öåëåâîãî ïðîäóêòà, òðóäíîñòè
îñóùåñòâëåíèÿ íåïðåðûâíîãî ïðîöåññà.

Âïåðâûå ïèïåðàçèí áûë âûäåëåí èç îòõî-
äîâ êðóïíîòîííàæíîãî ïðîèçâîäñòâà ýòèëåí-
äèàìèíà â ã. Ñòåðëèòàìàêå íà ÎÀÎ «Êàóñòèê»
(ÎÀÎ «Áàøêèðñêàÿ ñîäîâàÿ êîìïàíèÿ», Ðåñ-
ïóáëèêà Áàøêîðòîñòàí) 4. Ïèïåðàçèí ïîñòàâ-
ëÿëñÿ íà ïðåäïðèÿòèÿ âíóòðè ñòðàíû, â òîì
÷èñëå â Ëàòâèþ, à ÷àñòü ïðîäóêöèè – íà ýêñ-
ïîðò. Ê ñîæàëåíèþ, ïîñëå ïðåêðàùåíèÿ  ñóùå-
ñòâîâàíèÿ ÑÑÑÐ åäèíñòâåííîå ïðîèçâîäñòâî
ïèïåðàçèíà áûëî çàêðûòî âìåñòå ñ êðóïíûì
ïðîèçâîäñòâîì äè- è ïîëèàìèíîâ. Ñîòíè ïðåä-
ïðèÿòèé â íàñòîÿùåå âðåìÿ ïðèîáðåòàþò ýòè
àìèíû çà ðóáåæîì 5.

Öåëüþ äàííîãî èññëåäîâàíèÿ ÿâëÿåòñÿ
ðàçðàáîòêà îïòèìàëüíûõ óñëîâèé ñèíòåçà áåí-
çèìèäàçîëîâ íà îñíîâå ãåêñàìèíîäè- è òåòðà-
êèñëîò è î-ôåíèëåíäèàìèíà.

Ïðåäñòàâëÿëîñü èíòåðåñíûì ñèíòåçèðî-
âàòü áåíçèìèäàçîëû 6 íà îñíîâå êèñëîò 1–6
è î-ôåíèëåíäèàìèíà (î-ÔÄÀ). Áåíçèìèäàçî-
ëû ìîãóò íàéòè ïðèìåíåíèå â õèìèêî-ôàðìà-
öåâòè÷åñêîé ïðîìûøëåííîñòè â ñîñòàâå ëåêàð-
ñòâåííûõ è àíòèãåëüìèíòíûõ ïðåïàðàòîâ 7.

Îïèñàíî ïîëó÷åíèå ãèäðîõëîðèäîâ 2-áåí-
çèë èëè 2-ñòåðèë-áåíçèìèäàçîëà êîíäåíñàöèåé
î-ÔÄÀ ñ êàðáîíîâûìè êèñëîòàìè â ïðèñóò-
ñòâèè õëîðîêèñè ôîñôîðà ïðè òåìïåðàòóðå
80–90 îÑ 8. Íåäîñòàòêîì ñïîñîáà ïîëó÷åíèÿ
ÿâëÿåòñÿ ïðèìåíåíèå ñèëüíî ÿäîâèòîé õëîðî-
êèñè ôîñôîðà POCl3 è äåôèöèòíûõ êàðáîíî-
âûõ êèñëîò - êîðè÷íîé, ôåðóëîâîé, ìåòîêñèêî-
ðè÷íîé, 2,4-äèìåòîêñèêîðè÷íîé, 4-íèòðîêî-
ðè÷íîé è äð.

Èçâåñòíî ïîëó÷åíèå áåíçèìèäàçîëîâ ïó-
òåì âçàèìîäåéñòâèÿ ñ î-ÔÄÀ 9 êàðáîíîâûõ
êèñëîò, â êà÷åñòâå êîòîðûõ èñïîëüçóþò ïèððî-
ëî- è èìèäî-ïèïåðàçèíîêèñëîòû. Âûäåëåíèå
öåëåâûõ ïðîäóêòîâ ïðîâîäÿò ïóòåì êðèñòàëëè-
çàöèè èç ñìåñè àöåòîíà è ãåêñàíà, âçÿòûõ â
ñîîòíîøåíèè 2:1 â òå÷åíèå 8–12 ÷. Íåäîñòàò-
êàìè äàííîãî ñïîñîáà ïîëó÷åíèÿ áåíçèìèäàçî-
ëîâ ÿâëÿþòñÿ íåîáõîäèìîñòü èñïîëüçîâàíèÿ
ëåãêîâîñïëàìåíÿþùèõñÿ ïîæàðîîïàñíûõ ðà-
ñòâîðèòåëåé è äëèòåëüíîñòü ïðîöåññà âûäåëå-
íèÿ öåëåâîãî ïðîäóêòà.

Ðåàêöèÿ îáðàçîâàíèÿ áåíçèìèäàçîëîâ
7–12 ïðîõîäèò ãëàäêî ïðè íàãðåâàíèè êèñëîò
1–6 ñ î-ÔÄÀ ñíà÷àëà ïðè òåìïåðàòóðå
100–125 îÑ â òå÷åíèå 0.6–1.5 ÷, çàòåì ïðè
130–150 îÑ â òå÷åíèå 2.5–3.5 ÷ â ñðåäå àðîìà-
òè÷åñêèõ óãëåâîäîðîäîâ (î-, ì-, ï-êñèëîëîâ
èëè èõ ñìåñåé) ïðè ìîëüíîì ñîîòíîøåíèè ãåê-
ñàìèíäèêèñëîòà 1, 3, 5 : î-ÔÄÀ=1:2.1-2.15 è
ãåêñàìèíòåòðàêèñëîòà 2, 4, 6 : î-ÔÄÀ=1:4.1-
4.15. Â àíàëîãè÷íûõ óñëîâèÿõ èç êèñëîò 5, 6
ïîëó÷àþò N,N′-áèñ{N,N′-áèñ[áåíçèìèäàçîëèë-
ìåòèë]ïèïåðàçèíîýòèë}áåíçèìèäàçîëèëý-
òèëýòèëåíäèàìèí (11), N,N′-áèñ{N,N′-áèñ[N-
[áåíçèìèäàçîëèëýòèë]ïèïåðàçèíîýòèë}áåíçè-
ìèäàçîëèëìåòèëýòèëåíäèàìèí (12) (ðèñ. 1).
Âûäåëåíèå öåëåâûõ ïðîäóêòîâ 7–12 îñóùåñòâ-
ëÿþò îòãîíêîé èç ðåàêöèîííîé ìàññû ëåãêîêè-
ïÿùèõ ïðèìåñåé è âûäåëèâøåéñÿ âîäû.

Â òàáë. 1 ïðèâåäåíû ýëåìåíòíûé àíàëèç,
ÈÊ ñïåêòð è âûõîä áåíçèìèäàçîëîâ (7–12).

Èç òàáë. 1 âèäíî, ÷òî ðàçíèöà ìåæäó çíà-
÷åíèÿìè «Íàéäåíî» è «Âû÷èñëåíî» ñîñòàâëÿåò
0.37–0.46, ÷òî äîïóñòèìî äëÿ êîððåêòíûõ äàí-
íûõ ýëåìåíòíîãî àíàëèçà. Âûõîä ïðîäóêòîâ
(7–12) ñîñòàâëÿåò 83.8–87.3 %.

ÓÔ ñïåêòðû áåíçèìèäàçîëîâ 7–12 ñîäåð-
æàò ïîëîñû ïîãëîùåíèÿ ñ ìàêñèìóìàìè ïðè
247, 277, 284 íì, õàðàêòåðíûå äëÿ õðîìîôîðà
áåíçèìèäàçîëà.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

ÈÊ ñïåêòðû çàïèñàíû íà ïðèáîðå UR-20 â
òîíêîì ñëîå èëè ñóñïåíçèè â íóéîëå. ÓÔ ñïåê-
òðû ñíÿòû íà ïðèáîðå Specord Uv-Vis äëÿ
ñïèðòîâûõ ðàñòâîðîâ. Ñïåêòðû ßÌÐ 1Í è 13Ñ
(ðåæèì JMOD) ðåãèñòðèðîâàëè íà ñïåêòðî-
ìåòðå «Bruker AM-500» (500.13 è 75.47 ÌÃö
ñîîòâåòñòâåííî) â CDCl3, âíóòðåííèé ñòàíäàðò
– Me4Si. Ýëåìåíòíûé àíàëèç áûë âûïîëíåí íà
ïðèáîðå PE-2400 CHN. Îïðåäåëåíèå ïåðâè÷-
íûõ, âòîðè÷íûõ è òðåòè÷íûõ àìèíîãðóïï ïðî-
âîäèëè ïîòåíöèîìåòðè÷åñêèì òèòðîâàíèåì ïî
ÒÓ 6-02-594-85.
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Таблица 1
Характеристики синтезированных соединений

Найдено, % Вычислено, % Соеди-
нение N 

Брутто- 
формула N 

ИК спектры 
(ν,  см-1) Выход, % 

7 15.02 C32H48N8 15.44 1570 (NH) 84.5 
8 10.81 C46H56N14 10.34 отс. (NH) 83.8 
9 25.29 C30H44N10 25.73 1565 (NH) 86.2 
10 25.74 C46H56N14 26.20 отс. (NH) 87.3 
11 24.01 C48H60N14 23.55 отс. (NH) 85.8 
12 23.98 C48H60N14 23.55 отс. (NH) 84.7 

Ôèçèêî-õèìè÷åñêèå êîíñòàíòû, ìåòîäèêà
ïîëó÷åíèÿ è àíòèãåëüìèíòíàÿ àêòèâíîñòü
N,N′-áèñ(ïèïåðàçèíîýòèë)]ýòèëåíäèàìèíà (1)
îïèñàíû â ðàáîòå 10. Ñîåäèíåíèÿ 2–6 ïîëó÷å-
íû ïî èçâåñòíîé ìåòîäèêå 9.

N,N′′′′′-áèñ-áåíçèìèäàçîëèëýòèë-N,N′′′′′-áèñ-
(ïèïåðàçèíîýòèë)-ýòèëåíäèàìèí (7). Ðàñòâîð
42.8 ã (0.1 ìîëü) ñîåäèíåíèÿ 1 â 100 ìë ì-êñè-
ëîëà è 23.76 ã (0.22 ìîëü) î-ÔÄÀ (ìîëüíîå
ñîîòíîøåíèå 1:î-ÔÄÀ=1:2.2) íàãðåâàëè â òå-
÷åíèå 1.5 ÷, ïðè 115-120 îÑ, çàòåì â òå÷åíèå 2.5
÷ ïðè 140-145 îÑ è ïðîèçâîäèëè îòãîí àçåîò-
ðîïíîé ñìåñè êñèëîëà è âîäû. Ïîëó÷èëè 49.3 ã
(âûõîä 86.2%) ñîåäèíåíèÿ 7 â âèäå âÿçêîé ìàñ-
ñû. Íàéäåíî, %: Ñ 67.56%; Í 8.8%; N 15.05.
Ñ32H48N10. Âû÷èñëåíî, %: Ñ 67.13; Í 8.39; N
24.47. Ñïåêòð ßÌÐ 1Í (CDCl3, δ, ì.ä., J/Ãö):
2.32 (óø. ñ., 2Í, NÍ-Ñ1H2, NÍ-Ñ2H2), 2.16-
2.36 (ì.,16Í, ïèïåðàçèí), 2.53-2.58 (ä.ä. 4Í,
Ñ11Í2, Ñ13Í2 2J 13.9, 3J 6.8),  2.50-2.58 (ì.,
4Í, Ñ4Í2, Ñ6Í2), 2.60-2.66 (ä.ä. 4Í, Ñ12Í2,
Ñ14Í2 2J 16.6, 3J 6.9), 2.77-2.85 (ì., 4Í, Ñ3Í2,
Ñ5Í2), 4.24-4.40 (ò., 4Í, Ñ1Í2, Ñ2Í2, 2J 6.0, 3J
11.8), 5.53 (ñ. 2H, 2NH), 7.00-7.35  (ì., 8Í,
2Ph). Ñïåêòð ßÌÐ 13Ñ (CDCl3; δ, ì.ä.): 16.42
(C12), 16.44 (C14), 45.60 (C8, C8′, C10, C10′), 48.10
(Ñ1), 48.23 (Ñ2), 49.14 (C11), 49.20 (C13), 52.26
(Ñ4), 52.32 (Ñ6), 53.00 (Ñ3), 53.18 (Ñ5), 45.75
(C7, C7′, C9, C9′), 114.43 (C18, C21, C24, C27),
122.70 (C19, C20, C25, C26), 136.12 (C17, C22),
136.25 (C23, C28), 157.45 (C15), 157.60 (C16).

N,N ′′′′′-òåòðàêèñ-áåíçèìèäàçîëèëýòèë-
N,N′′′′′-áèñ(ïèïåðàçèíîýòèë)-ýòèëåíäèàìèí (8).
Ðàñòâîð 57.2 ã (0.1 ìîëü) ñîåäèíåíèÿ 2 â 150
ìë ì-êñèëîëà è 44.82 ã (0.415 ìîëü) î-ÔÄÀ
(ìîëüíîå ñîîòíîøåíèå 2:î-ÔÄÀ=1:4.15).
Ñìåñü íàãðåâàëè ñíà÷àëà ïðè 125 îÑ â òå÷åíèå
0.6 ÷, çàòåì ïðè 150 îÑ â òå÷åíèå 3.4 ÷ è ïðîèç-
âîäèëè îòãîí àçåîòðîïíîé ñìåñè  ñîëüâåíòà ñ
âîäîé. Ïîëó÷èëè 75.0 ã (âûõîä 87.3%) ñîåäè-
íåíèÿ 8 â âèäå ãóñòîé ìàññû. Íàéäåíî, %: Ñ
70.15%; Í 7.80%; N 22.37. Ñ50H64N14. Âû÷èñ-
ëåíî, %: Ñ 69.76; Í 7.44; N 22.79.

Ñïåêòð ßÌÐ 1Í (CDCl3, δ, ì.ä., J/Ãö):
2.30 (óø. ñ., 2Í, NÍ-Ñ1H2), 2.16-2.36 (ì.,16Í,
ïèïåðàçèí), 2.51-2.58 (ì. 6Í, Ñ11Í2, Ñ13Í2,

Ñ29Í2), 2.60-2.68 (ì. 6Í, Ñ12Í2, Ñ14Í2, Ñ30Í2),
2.50-2.64 (ì., 4Í, Ñ4Í2, Ñ6Í2), 2.77-2.85 (ì.,
4Í, Ñ3Í2, Ñ5Í2), 4.24-4.40 (ò., 4Í, Ñ1Í2,
Ñ2Í2, 2J 6.0, 3J 11.8), 5.55 (ñ. 3H, 3NH), 7.10-
7.45  (ì., 12Í, 3Ph).

Ñïåêòð ßÌÐ 13Ñ (CDCl3; δ, ì.ä.): 16.40
(C12, Ñ14), 16.42 (C30), 45.60 (C8, C8′, C10, C10′),
48.10 (Ñ1), 48.23 (Ñ2), 49.14 (C29), 49.20 (C11,
C13), 52.26 (Ñ4), 52.32 (Ñ6), 53.00 (Ñ3), 53.18
(Ñ5), 45.75 (C7, C7′, C9, C9′), 114.43 (C18, C21,
C24, C27), 122.70 (C19, C20, C25, C26), 136.12 (C17,
C22), 136.25 (C23, C28), 145.05 (C32, C37), 157.45
(C15), 157.60 (C16), 157.62 (C31).

N,N′′′′′-áèñ-áåíçèìèäàçîëèëìåòèë-N,N′′′′′-áèñ-
(ïèïåðàçèíîýòèë)-ýòèëåíäè-àìèí (9). Ñìåñü 40
ã (0.1 ìîëü) ñîåäèíåíèÿ 3 â 80 ìë ï-êñèëîëà,
23.76 ã (0.22 ìîëü) î-ÔÄÀ (ìîëüíîå ñîîòíîøå-
íèå 3 :î-ÔÄÀ=1:2.2), íàãðåâàëè ïðè 100-110 îÑ
â òå÷åíèå 1.5 ÷, çàòåì ïðè 130 îÑ â òå÷åíèå 3 ÷ ,
ïîñëå ÷åãî îòãîíÿëè àçåòðîïíóþ ñìåñü ï-êñèëîëà
ñ âîäîé. Ïîëó÷àþò 45.96 ã (âûõîä 84.5%) ñîåäè-
íåíèÿ 9 â âèäå âÿçêîé æèäêîñòè. Íàéäåíî, %: Ñ
66.63%; Í 8.46%; N 25.31. Ñ30H44N10. Âû÷èñëå-
íî, %: Ñ 66.17; Í 8.08; N 25.73.

Ñïåêòð ßÌÐ 1Í (CDCl3, δ, ì.ä., J/Ãö):
2.31 (óø. Ñ., 2Í, NÍ-Ñ1H2, NÍ-Ñ2H2), 2.16-
2.36 (ì.,16Í, ïèïåðàçèí), 2.53-2.56 (ä.ä. 4Í,
Ñ11Í2, Ñ13Í2 2J 13.9, 3J 6.8),  2.50-2.58 (ì., 4Í,
Ñ4Í2, Ñ6Í2), 2.78-2.86 (ì., 4Í, Ñ3Í2, Ñ5Í2),
4.24-4.40 (ò., 4Í, Ñ1Í2, Ñ2Í2, 2J 6.0, 3J 11.8),
5.53 (ñ. 2H, 2NH), 7.00-7.35  (ì., 8Í, 2Ph).

Ñïåêòð ßÌÐ 13Ñ (CDCl3; δ, ì.ä.): 45.62
(C8, C8′, C10, C10′), 48.12 (Ñ1), 48.23 (Ñ2), 49.14
(C11), 49.20 (C13), 52.26 (Ñ4), 52.32 (Ñ6), 53.00
(Ñ3), 53.18 (Ñ5), 45.75 (C7, C7′, C9, C9′), 114.43
(C18, C21, C24, C27), 122.71 (C19, C20, C25, C26),
136.12 (C17, C22), 136.25 (C23, C28), 157.45
(C15), 157.60 (C16).

N,N′′′′′-òåòðàêèñ-áåíçèìèäàçîëèëìåòèë-
N,N′′′′′-áèñ(ïèïåðàçèíîýòèë)-ýòèëåíäèàìèí
(10). Ñìåñü 51.6 ã (0.1 ìîëü) ñîåäèíåíèÿ 4 â
150 ìë î-êñèëîëà, 47.52 ã (0.44 ìîëü) î-ÔÄÀ
(ìîëüíîå ñîîòíîøåíèå 4:î-ÔÄÀ=1:4.44), íà-
ãðåâàëè ïðè 120 îÑ â òå÷åíèå 1 ÷, çàòåì ïðè 140
îÑ â òå÷åíèå 3 ÷ è îòãîíÿëè àçåîòðîïíóþ ñìåñü
âîäû ñ î-êñèëîëîì. Ïîëó÷èëè 67.37 ã (âûõîä
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83.8%) ñîåäèíåíèÿ 10 â âèäå âÿçêîé ìàññû. Íàé-
äåíî, %: Ñ 69.04%; Í 7.32%; N 23.96. Ñ46H56N14.
Âû÷èñëåíî, %: Ñ 68.65; Í 6.96; N 24.37.

Ñïåêòð ßÌÐ 1Í (CDCl3; δ, ì.ä., J/Ãö):
2.30 (óø. ñ., 2Í, NÍ-Ñ1H2), 2.16-2.36 (ì.,16Í,
ïèïåðàçèí), 2.51-2.58 (ì. 6Í, Ñ11Í2, Ñ

13Í2,
Ñ29Í2),  2.50-2.60 (ì., 4Í, Ñ4Í2, Ñ

6Í2), 2.77-
2.85 (ì., 4Í, Ñ3Í2, Ñ

5Í2), 4.24-4.40 (ò., 4Í,
Ñ1Í2, Ñ

2Í2, 
2J 6.0, 3J 11.8), 5.55 (ñ. 3H, 3NH),

7.10-7.45  (ì., 12Í, 3Ph).
Ñïåêòð ßÌÐ 13Ñ (CDCl3; δ, ì.ä.): 45.62

(C8, C8′, C10, C10′), 48.12 (Ñ1), 48.23 (Ñ2), 49.14
(C11), 49.20 (C13), 52.26 (Ñ4), 52.32 (Ñ6), 53.00
(Ñ3), 53.18 (Ñ5), 45.75 (C7, C7′, C9, C9′), 114.43
(C18, C21, C24, C27), 122.71 (C19, C20, C25, C26),
136.12 (C17, C22), 136.25 (C23, C28), 157.45
(C15), 157.60 (C16).

N,N′′′′′-áèñ(áåíçèìèäàçîëèëìåòèë)-[N,N′′′′′-
áèñ(áåíçèìèäàçîëèëýòèë)]-ýòèëåíäèàìèí
(11). Ðàñòâîð 54.4 ã (0.1 ìîëü) ñîåäèíåíèÿ 5 â
100 ìë òîëóîëà, 47.52 ã (0.44 ìîëü) î-ÔÄÀ
(ìîëüíîå ñîîòíîøåíèå 5:î-ÔÄÀ=1:4.44), íà-
ãðåâàëè ïðè òåìïåðàòóðå 115 îÑ â òå÷åíèå 1.5
÷, çàòåì ïðè 145 îÑ â òå÷åíèå 4 ÷ è ïðîèçâîäè-
ëè îòãîí âîäû ñ òîëóîëîì. Ïîëó÷èëè 74.54 ã
(âûõîä 89.6%) ñîåäèíåíèÿ 11. Íàéäåíî, %: Ñ
68.83%; Í 7.58%; N 23.16. Ñ48H60N14. Âû÷èñ-
ëåíî, %: Ñ 69.24; Í 7.21; N 23.55.

Ñïåêòð ßÌÐ 1Í (CDCl3, δ, ì.ä., J/Ãö):
2.30 (óø. ñ., 2Í, NÍ-Ñ1H2), 2.16-2.38 (ì.,16Í,
ïèïåðàçèí), 2.51-2.58 (ì. 6Í, Ñ11Í2, Ñ

13Í2,
Ñ29Í2),  2.62-2.68 (ì. 6Í, Ñ12Í2, Ñ14Í2,
Ñ30Í2), 2.50-2.64 (ì., 4Í, Ñ4Í2, Ñ

6Í2), 2.77-
2.85 (ì., 4Í, Ñ3Í2, Ñ

5Í2), 4.24-4.40 (ò., 4Í,

Ñ1Í2, Ñ
2Í2, 

2J 6.0, 3J 11.8), 5.55 (ñ. 3H, 3NH),
7.10-7.45  (ì., 12Í, 3Ph).

Ñïåêòð ßÌÐ 13Ñ (CDCl3; δ, ì.ä.): 16.40
(C12, Ñ14), 16.44 (C30), 45.65 (C8, C8′, C10, C10′),
48.10 (Ñ1), 48.23 (Ñ2), 49.14 (C29), 49.20 (C11,
C13), 52.26 (Ñ4), 52.32 (Ñ6), 53.00 (Ñ3), 53.18
(Ñ5), 45.78 (C7, C7′, C9, C9′), 114.43 (C18, C21,
C24, C27), 122.70 (C19, C20, C25, C26), 136.12 (C17,
C22), 136.28 (C23, C28), 145.05 (C32, C37), 157.45
(C15), 157.60 (C16), 157.62 (C31).

N,N′′′′′-áèñ(áåíçèìèäàçîëèëýòèë)-[N,N′′′′′-
áèñ(áåíçèìèäàçîëèëìåòèë)]-ýòèëåíäèàìèí
(12). Â óñëîâèÿõ ïîëó÷åíèÿ ñîåäèíåíèÿ (6) èç
ñìåñè 54.4 ã (0.1 ìîëü) ñîåäèíåíèÿ 6, òîëóîëà,
47.52 ã (0.44 ìîëü) î-ÔÄÀ (ìîëüíîå ñîîòíîøå-
íèå 6:î-ÔÄÀ=1:4.44). Ïîëó÷àþò 74.21 ã (âû-
õîä 90.4%) ñîåäèíåíèÿ 12. Íàéäåíî, %: Ñ
68.87%; Í 7.54%; N 23.14. Ñ48H60N14. Âû÷èñ-
ëåíî, %: Ñ 69.24; Í 7.21; N 23.55.

Ñïåêòð ßÌÐ 1Í (CDCl3, δ, ì.ä., J/Ãö):
2.31 (óø. Ñ., 2Í, NÍ-Ñ1H2, NÍ-Ñ2H2), 2.16-
2.36 (ì.,16Í, ïèïåðàçèí), 2.53-2.56 (ä.ä. 4Í,
Ñ11Í2, Ñ

13Í2, 
2J 13.9, 3J 6.8),  2.50-2.58 (ì.,

4Í, Ñ4Í2, Ñ
6Í2), 2.78-2.86 (ì., 4Í, Ñ3Í2,

Ñ5Í2), 4.24-4.40 (ò., 4Í, Ñ1Í2, Ñ
2Í2, 

2J 6.0, 3J
11.8), 5.53 (ñ. 2H, 2NH), 7.00-7.35  (ì., 8Í,
2Ph).

Ñïåêòð ßÌÐ 13Ñ (CDCl3; δ, ì.ä.): 45.62
(C8, C8′, C10, C10′), 48.12 (Ñ1), 48.23 (Ñ2), 49.14
(C11), 49.20 (C13), 52.26 (Ñ4), 52.32 (Ñ6), 53.00
(Ñ3), 53.18 (Ñ5), 45.75 (C7, C7′, C9, C9′), 114.43
(C18, C21, C24, C27), 122.71 (C19, C20, C25, C26),
136.12 (C17, C22), 136.25 (C23, C28), 157.45
(C15), 157.60 (C16).
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