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Äàòà ïîñòóïëåíèÿ 08.07.21

Îáíàðóæåíî, ÷òî âçàèìîäåéñòâèå N,N-äèçàìå-
ùåííûõ ïðîïàðãèëàìèíîâ ñ 3 ýêâèâ. ìåòàëëè-
÷åñêîãî ìàãíèÿ è 4 ýêâèâ. õëîðèäà íèîáèÿ(V)
â ðàñòâîðå áåíçîëà è 1,2-äèìåòîêñèýòàíà ñîïðî-
âîæäàåòñÿ ðåãèî- è ñòåðåîñåëåêòèâíûì îáðàçî-
âàíèåì ïðîäóêòîâ âîññòàíîâëåíèÿ òðîéíîé ñâÿ-
çè – (Z)-àëëèàìèíîâ ñ âûñîêèì âûõîäîì.
Â ðåçóëüòàòå äåéòåðîëèçà ðåàêöèèîííîé ìàññû
à ïîëó÷åíû ñîîòâåòñòâóþùèå äèäåéòåðèðîâàí-
íûå (Z)-àëëèëàìèíû. Èç ðåçóëüòàòîâ ïðîâåäåí-
íîãî èññëåäîâàíèÿ ñëåäóåò, ÷òî ðåàêöèÿ çàìå-
ùåííûõ ïðîïàðãèëàìèíîâ ñ ãåíåðèðîâàííûì
in situ êîìïëåêñîì íèçêîâàëåíòíîãî íèîáèÿ
(íà îñíîâå âçàèìîäåéñòâèÿ NbCl5 ñ ìåòàëëè÷åñ-
êèì ìàãíèåì) ÿâëÿåòñÿ ýôôåêòèâíûì èíñòðó-
ìåíòîì äëÿ ïîëó÷åíèÿ àëëèëàìèíîâ ñ 1,2-äèçà-
ìåùåííîé äâîéíîé ñâÿçüþ. Óñòàíîâëåíî, ÷òî
õîðîøî èçâåñòíûé ïîäõîä  äëÿ âîññòàíîâëåíèÿ
àëêèíîâ, îñíîâàííûé íà ïðèìåíåíèè ñèñòåìû
ðåàãåíòîâ TaCl5-Mg, íå ðàáîòàåò ïî îòíîøåíèþ
ê 2-àëêèíèëàìèíàì. Òàêèì îáðàçîì, â äàííîé
ñòàòüå âûÿâëåíî ðàçëè÷èå â ïîâåäåíèè äâóõ ñè-
ñòåì ðåàãåíòîâ – NbCl5-Mg è TaCl5-Mg, ïî îò-
íîøåíèþ ê àçîòñîäåðæàùèì àöåòèëåíàì.

Êëþ÷åâûå ñëîâà: çàìåùåííûå òðåòè÷íûå ïðî-
ïàðãèëàìèíû; ìåòàëëè÷åñêèé ìàãíèé; õëîðèä
íèîáèÿ(V).

It was found, that the reaction of N,N-
disubstituted propargylamines with 3 equiv. of
metallic magnesium and 4 equiv. of niobium(V)
chloride in a solution of benzene and 1,2-
dimethoxyethane is accompanied  by regio- and
stereoselective formation of triple bond reduction
products – (Z)-alliamines in high yield. It
follows from the study that the reaction of
substituted propargylamines with an in situ
generated low-valence niobium complex (based
on the interaction of NbCl5 with metallic
magnesium) is an effective tool for obtaining
allylamines with a 1,2-disubstituted double bond.
It was found that the well-known approach for
the reduction of alkynes based on the use of the
TaCl5-Mg reagent system does not work for 2-
alkynylamines. Thus, this article reveals a
difference in the behavior of two reagent systems –
NbCl5-Mg and TaCl5-Mg, in relation to nitrogen-
containing alkynes.

Key words: metallic magnesium; niobium(V)
chloride; substituted tertiary propargylamines.
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Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé
ïîääåðæêå Ðîññèéñêîãî íàó÷íîãî ôîíäà
(Ïðîåêò ¹ 19-73-10113). Ñèíòåç èñõîäíûõ
ñóáñòðàòîâ - çàìåùåííûõ 2-àëêèíèëàìè-
íîâ áûë îñóùåñòâëåí íà îñíîâå CuI-êàòà-
ëèçèðóåìîé ðåàêöèè àìèíîìåòèëèðîâà-
íèÿ òåðìèíàëüíûõ àöåòèëåíîâ ñ ïîìîùüþ
âîäíîãî ðàñòâîðà ôîðìàëüäåãèäà è âòî-
ðè÷íîãî àìèíà â ðàìêàõ ãîñóäàðñòâåííîãî
çàäàíèÿ Ìèíèñòåðñòâà îáðàçîâàíèÿ è íà-
óêè ÐÔ (¹ÀÀÀÀ-À19-119022290009-3,
¹AAAA-A19-119022290008-6 (2019-2021)).
Èññëåäîâàíèå ñòðóêòóðû ñèíòåçèðîâàí-
íûõ ñîåäèíåíèé âûïîëíåíî ñ èñïîëüçîâàíè-
åì îáîðóäîâàíèÿ Ðåãèîíàëüíîãî öåíòðà
êîëëåêòèâíîãî ïîëüçîâàíèÿ «Àãèäåëü»
(Èíñòèòóò íåôòåõèìèè è êàòàëèçà ÐÀÍ).

This work was financially supported
by the Russian Science Foundation
(Project No. 19-73-10113). The synthesis of
the starting substrates – substituted 2-
alkynylamines was carried out on the basis
of the CuI-catalyzed reaction of
aminomethylation of terminal acetylenes
using an aqueous solution of formaldehyde
and a secondary amine carried out within
the RF state assignment, reg. no. AAAA-
A19-119022290009-3, no. AAAA-A19-
119022290008-6 (2019-2021). The
structural studies of the synthesized
compounds were performed with the use of
Collective Usage Centre «Agidel» at the
Institute of Petrochemistry and Catalysis
of RAS.

Èñïîëüçîâàíèå ìåòàëëè÷åñêîãî ìàãíèÿ â
êà÷åñòâå âîññòàíîâèòåëÿ â ðåàêöèÿõ ãåíåðèðî-
âàíèÿ êîìïëåêñîâ íèçêîâàëåíòíîãî ïåðåõîäíî-
ãî ìåòàëëà õîðîøî ïðåäñòàâëåíî íà ìíîãî÷èñ-
ëåííûõ ïðèìåðàõ ïîëó÷åíèÿ òèòàíîöåí- è öèð-
êîíîöåí-àëêèíîâûõ êîìïëåêñîâ. Ðîçåíòàëåì è
Áóðëàêîâûì 1,2 îñóùåñòâëåí îáøèðíûé öèêë
ðàáîò ïî ïîëó÷åíèþ àëêèíîâûõ êîìïëåêñîâ
òèòàíîöåíà è öèðêîíîöåíà, îñíîâàííûé íà
ïåðâîíà÷àëüíûõ èññëåäîâàíèÿõ Âîëüïèíà è
Øóðà 3,4. Çà÷àñòóþ öåííîñòü ïîëó÷àåìûõ ìå-
òàëë-àëêèíîâûõ êîìïëåêñîâ ïåðåõîäíûõ ìå-
òàëëîâ çàêëþ÷àåòñÿ â òîì, ÷òî äàííûå ìåòàëëà-
öèêëîïðîïåíû ÿâëÿþòñÿ èñòî÷íèêîì âûñîêî-
àêòèâíîãî ìåòàëëîöåíà, ÿâëÿþùåãîñÿ ïðåêóð-
ñîðîì äëÿ ñèíòåçà ìíîæåñòâà îðãàíè÷åñêèõ
ñîåäèíåíèé 1,4–14. Â òî æå âðåìÿ, õèìèÿ êîìï-
ëåêñîâ íèçêîâàëåíòíîãî íèîáèÿ ñ íåíàñûùåí-
íûìè ñóáñòðàòàìè ðàçâèòà ñëàáî, â ëèòåðàòóðå
îòñóòñòâóåò îïèñàíèå ñïîñîáîâ ïîëó÷åíèÿ íèî-
áèéöèêëîïðîïåíîâûõ êîìïëåêñîâ íà îñíîâå
ôóíêöèîíàëüíî çàìåùåííûõ àöåòèëåíîâûõ ñî-
åäèíåíèé. Èññëåäîâàíèÿ â îáëàñòè õèìèè íèç-
êîâàëåíòíîãî íèîáèÿ çà÷àñòóþ ñîïðÿæåíû ñ
èçó÷åíèåì àíàëîãè÷íûõ êîìïëåêñîâ òàíòàëà,
÷òî îáóñëîâëåíî ñõîæåñòüþ èõ ýëåêòðîííûõ è
õèìè÷åñêèõ ñâîéñòâ. Îäíèì èç ðàñïðîñòðàíåí-
íûõ ïîäõîäîâ ê ãåíåðàöèè íèçêîâàëåíòíûõ
ñîåäèíåíèé ïåðåõîäíûõ ìåòàëëîâ ÿâëÿåòñÿ
âîññòàíîâëåíèå ñîëåé âûñîêîâàëåíòíîãî íèî-
áèÿ ñ ïîìîùüþ òàêèõ ìåòàëëîâ, êàê Zn, Mg, Al
èëè Na/Hg àìàëüãàìà. ×òî êàñàåòñÿ ïîëó÷å-
íèÿ íèîáèé-àëêèíîâûõ êîìïëåêñîâ íà îñíîâå
âîññòàíîâëåíèÿ ñîëåé âûñîêîâàëåíòíîãî íèî-
áèÿ ïîä äåéñòâèåì ìåòàëëîâ, òî èçâåñòíî èñ-
ïîëüçîâàíèå òàêèõ ìåòàëëîâ-âîññòàíîâèòåëåé,
êàê Al 15–17, àìàëüãàìà Na/Hg 18–22 è Zn 23. Èç

èçâåñòíûõ â ëèòåðàòóðå ïîäõîäîâ ê ïîëó÷åíèþ
íèîáèé-àëêèíîâûõ êîìïëåêñîâ, ìîæíî ñêà-
çàòü, ÷òî ðåàêöèè âîññòàíîâëåíèÿ àëêèíîâ ñ
ïîìîùüþ íèçêîâàëåíòíûõ êîìïëåêñîâ íèîáèÿ
ìîãóò ïðåäñòàâëÿòü èíòåðåñ äëÿ ñåëåêòèâíîãî
ïîëó÷åíèÿ îëåôèíîâûõ ñîåäèíåíèé. Îäíàêî
ñâåäåíèÿ î âîçìîæíîñòè âîññòàíîâëåíèÿ ôóíê-
öèîíàëüíî çàìåùåííûõ àöåòèëåíîâûõ ñîåäè-
íåíèé, à òàêæå íåôóíêöèîíàëèçèðîâàííûõ àë-
êèíîâ, íà îñíîâå ðåàêöèè àëêèíîâ ñ íèçêîâà-
ëåíòíûìè êîìïëåêñàìè íèîáèÿ, ãåíåðèðîâàí-
íûìè íà îñíîâå âçàèìîäåéñòâèÿ õëîðèäà
íèîáèÿ (V) ñ ìåòàëëè÷åñêèì ìàãíèåì, ê íà÷àëó
íàøèõ èññëåäîâàíèé â ëèòåðàòóðå îòñóòñòâîâà-
ëè. Â òî æå âðåìÿ ìåòîäîëîãèÿ ïîëó÷åíèÿ òàí-
òàë-àëêèíîâûõ êîìïëåêñîâ èç õëîðèäà òàíòàëà
(V) è ìåòàëëè÷åñêîãî ìàãíèÿ ðàçâèòà î÷åíü
õîðîøî 24. Ðàíåå áûë ðàçðàáîòàí ñåëåêòèâíûé
ìåòîä êàòàëèçèðóåìîãî ñèñòåìîé EtMgBr-
NbCl5 âîññòàíîâëåíèÿ çàìåùåííûõ 2-àëêèíè-
ëàìèíîâ ñ ïîìîùüþ Et2Zn 25. Â ñâÿçè ñ óñòîé-
÷èâîñòüþ àìèííîé ôóíêöèè â â óñëîâèÿõ íèî-
áèé-ìàãíèåâîãî êàòàëèçà, ïðåäñòàâëÿëîñü èí-
òåðåñíûì èçó÷èòü ïðåâðàùåíèå ïðîïàðãèë-
àìèíîâ ïîä äåéñòâèåì íèçêîâàëåíòíîãî íèî-
áèÿ, ãåíåðèðîâàííîãî ðåàêöèåé õëîðèäà íèî-
áèÿ (V) ñ ìåòàëëè÷åñêèì ìàãíèåì.

Íàìè óñòàíîâëåíî, ÷òî ðåàêöèÿ 2-àëêèíè-
ëàìèíîâ 1 ñ 4 ýêâèâ. NbCl5 è 3 ýêâèâ. ìåòàëëè-
÷åñêîãî Mg â ñìåñè áåíçîëà è 1,2-äèìåòîêñèý-
òàíà (DME) (1:1) ïðè 40 îÑ â òå÷åíèå 7 ÷ ïðè-
âîäèò ïîñëå ãèäðîëèçà ê ðåãèî- è ñòåðåîñåëåê-
òèâíîé ñìåñè ïðîäóêòîâ 2a-f, 3c,e ñ âûñîêèìè
(73–89 %) âûõîäàìè (ñõåìà 1). Òàêèì îáðà-
çîì, íàëè÷èå àòîìà àçîòà â ñòðóêòóðå àöåòèëå-
íà íå ïðåïÿòñòâóåò îáðàçîâàíèþ íèîáèé-àëêè-
íîâîãî êîìïëåêñà.
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Ñòðóêòóðíàÿ èäåíòèôèêàöèÿ ïîëó÷åííûõ
ñîåäèíåíèé ïðîâîäèëàñü ñ ïîìîùüþ 1D è 2D
ìåòîäîâ ßÌÐ-ñïåêòðîñêîïèè. Íà îñíîâàíèè
äàííûõ ýêñïåðèìåíòà NOESY äëÿ âñåõ ïðî-
äóêòîâ ãèäðîëèçà 2a-2f óñòàíîâëåíà Z-êîíôè-
ãóðàöèÿ äâîéíîé ñâÿçè. Â ÷àñòíîñòè, íà îáðà-
çîâàíèå äèàñòåðåîìåðà ñ Z-êîíôèãóðàöèåé
äâîéíîé ñâÿçè 2f óêàçûâàþò ÿäåðíûå ýôôåêòû
Îâåðõàóçåðà, íàáëþäàåìûå â ñïåêòðå NOESY,
ìåæäó ìåòèëåíîâîé ãðóïïîé (δ = 3.29–3.31
ì.ä.) ïðè sp2-ãèáðèäèçîâàííîì àòîìå óãëåðîäà
äâîéíîé ñâÿçè è ïðîòîíàìè ôåíèëüíîé ãðóïïû
(δ  = 7.20–7.38 ì.ä.). Îòñóòñòâèå ñèãíàëîâ àòî-
ìîâ óãëåðîäà â îáëàñòè δ  = 123.39–137.80 ì.ä.
â ñïåêòðàõ ßÌÐ 13Ñ ïðîäóêòîâ äåéòåðîëèçà 3c
è 3e ñâèäåòåëüñòâóþò î ïðèñóòñòâèè äâóõ àòî-
ìîâ äåéòåðèÿ ïðè äâîéíîé ñâÿçè. Èòàê, íàìè
óñòàíîâëåíî, ÷òî ïðèñóòñòâèå êèñëîðîäñîäåð-
æàùåãî ìîðôîëèëüíîãî çàìåñòèòåëÿ â ñòðóêòó-
ðå 2-àëêèíèëàìèíà íå ïðåïÿòñòâóåò ñåëåêòèâ-
íîìó âîññòàíîâëåíèþ òðîéíîé ñâÿçè â óñëîâè-
ÿõ íèîáèé-ìàãíèåâîãî ñèíòåçà (ñõåìà 1). Íà-
ëè÷èå äâóõ âèöèíàëüíûõ àòîìîâ äåéòåðèÿ ïðè
äâîéíîé ñâÿçè â ñòðóêòóðå îáðàçóþùèõñÿ äè-
äåéòåðèðîâàííûõ àëëèëàìèíîâ ìîæåò óêàçû-
âàòü íà îáðàçîâàíèå ïðîìåæóòî÷íîãî íèîáèé-
öèêëîïðîïåíîãî èíòåðìåäèàòà À (ñõåìà 2). Èç
ëèòåðàòóðíûõ äàííûõ 26 èçâåñòíî, ÷òî õëîðèä
íèîáèÿ(V) âîññòàíàâëèâàåòñÿ äî ñîåäèíåíèÿ
íèîáèÿ(III) ïîä äåéñòâèå ìåòàëëè÷åñêîãî ìàã-
íèÿ, àêòèâèðîâàííîãî ðòóòüþ. Îáðàçîâàíèå
êîìïëåêñà íèîáèÿ(III) ïðîäåìîíñòðèðîâàíî
òàêæå íà ïðèìåðå ðåàêöèè Nb(η-C5Me5)Cl4 c
ìåòàëëè÷åñêèì Mg 27. Ñ äðóãîé ñòîðîíû,
TaCl5-êàòàëèçèðóåìîå êàðáîìàãíèðîâàíèå îëå-
ôèíîâ ñ ïîìîùüþ n-àëêèë-çàìåùåííûõ ðåà-
ãåíòîâ Ãðèíüÿðà èíèöèèðóåòñÿ îáðàçóþùèìè-
ñÿ in situ àëêåíèëüíûìè êîìïëåêñàìè õëîðèäà
òàíòàëà(III) 28,29. Â ñâÿçè ñ ýòèì ìû ïðåäïîëî-

æèëè, ÷òî ðåàêöèÿ õëîðèäà íèîáèÿ(V) ñ ìåòàë-
ëè÷åñêèì ìàãíèåì òàêæå ïðèâîäèò ê ãåíåðàöèè
íèçêîâàëåíòíîãî êîìïëåêñà íèîáèÿ(III). Äàëü-
íåéøàÿ êîîðäèíàöèÿ ïîñëåäíåãî ñ ìîëåêóëîé
ïðîïàðãèëàìèíà ïðèâîäèò ê îáðàçîâàíèþ íèî-
áèéîðãàíè÷åñêîãî èíòåðìåäèàòà A (cõåìà 2).
Äåéòåðîëèç êîìïëåêñà À ïðèâîäèò ê îáðàçîâà-
íèþ äèäåéòåðèðîâàííîãî (2Z)-àëêåíèëàìèíà B.
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Ñõåìà 2

Ïåðâîíà÷àëüíî íàøè ýêñïåðèìåíòû ïðî-
âîäèëèñü â äâóõêîìïîíåíòíîé ñèñòåìå ðàñòâî-
ðèòåëåé – áåíçîëà è ÄÌÅ. Õîðîøî èçâåñòíî,
÷òî ãåíåðàöèÿ Ta- è Nb-àëêèíîâûõ êîìïëåêñîâ
íà îñíîâå ñîîòâåòñòâóþùèõ ðåàêöèé TaCl5 ñ
Mg è NbCl5 ñ Zn â ñðåäå áåíçîëà è DME ïðî-
õîäèò ñ âûñîêîé ñåëåêòèâíîñòüþ è âûñîêèìè
âûõîäàìè 24. Ïðèìåíåíèå äàííîé äâóõêîìïî-
íåíòíîé ñèñòåìû ðàñòâîðèòåëåé îáóñëîâëåíî
õîðîøåé ðàñòâîðèìîñòüþ ãàëîãåíèäîâ òàíòàëà
è íèîáèÿ, à òàêæå ñîîòâåòñòâóþùèõ ïðîìåæó-
òî÷íûõ ìåòàëëîîðãàíè÷åñêèõ èíòåðìåäèàòîâ â
äàííîé ñðåäå. Êðîìå òîãî, øèðîêîå ïðèìåíå-
íèå ÄÌÅ â êà÷åñòâå ðàñòâîðèòåëÿ ïðè ãåíåðà-

 

R CH2NR'22.
бензол-DME (1:1)
3. 25% KOH

R

XX

2,3 (73-89%)

NR'
2

1

1a : R = n-Hex, NR'
2 = морфолил

1b: R = n-Bu, NR'2 = N(CH2)5
1c: R = n-Bu, NR'

2 = морфолил
1d: R = c-Pr, NR'

2 = морфолил

1e: R = Ph, NR'2 = морфолил
1f: R = Ph, NR'

2 = N(CH2)5

2a: R = n-Hex, NR'
2 = морфолил, X = H, 76%

2b: R = n-Bu, NR'2 = N(CH2)5, X = H, 84%

2c: R = n-Bu, NR'
2 = морфолил, X = H, 89%

2d: R = c-Pr, NR'2 = морфолил, X = H, 80%
2e: R = Ph, NR'

2 = морфолил, X = H, 75%

2f: R = Ph, NR'2 = N(CH2)5, X = H, 73%
3c: R = n-Bu, NR'2 = морфолил, X = D, 82%
3e: R = Ph, NR'

2 = морфолил, X = D, 77%

NbCl5 (4 эквив.)
1. Mg (3 эквив.)

1. NbCl5 (4 эквив.), Mg (3 эквив.), бензол-DME (1:1), комнатная температура, 40 мин.
2. 2-алкиниламин (1 эквив.), 40 oC, 7ч.

Ñõåìà 1
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öèè íèîáèé-àëêèíîâûõ êîìïëåêñîâ îáóñëîâëå-
íî ñòàáèëèçèðóþùèì âëèÿíèåì ìîëåêóë DME
íà íèîáèåâûå êîìïëåêñû çà ñ÷åò êîîðäèíàöè-
îííîãî âçàèìîäåéñòâèÿ àòîìîâ êèñëîðîäà è
àòîìà íèîáèÿ, îáóñëàâëèâàþùåãî òåðìè÷åñêóþ
ñòàáèëüíîñòü Nb- è Ta-àëêèíîâûõ êîìïëåêñîâ,
à òàêæå ëåãêîñòü è ïðîñòîòó ïðåâðàùåíèé àë-
êèíîâûõ êîìïëåêñîâ V ãðóïïû â ðàçëè÷íûå
êëàññû îðãàíè÷åñêèõ ñîåäèíåíèé, â îòëè÷èå îò
àíàëîãè÷íûõ êîìïëåêñîâ Ti è Zr.

Íà ïðèìåðå ðåàêöèè 4-(íîí-2-èí-1-èë)-
ìîðôîëèíà 1à ñ 4 ýêâèâ. NbCl5 è 3 ýêâèâ. ìå-
òàëëè÷åñêîãî Mg íàìè èçó÷åíî âëèÿíèå ïðèðî-
äû ðàñòâîðèòåëÿ íà âîçìîæíîñòü âîññòàíîâëå-
íèÿ òðîéíîé ñâÿçè â óñëîâèÿõ íèîáèéîðãàíè-
÷åñêîãî ñèíòåçà (òàáë. 1).

Таблица 1
Влияние природы растворителей

на восстановление 2�алкиниламина 1а
под действием системы NbCl5�Mga

Пример Растворитель Конверсия  
1а(%) 

Выход  
2a (%) 

1 DMEb : Бензолb (1:1) >99 89 
2 Et2Ob : Бензолb >80 81 

3 CH2Cl2b : Бензолb >99 72 
4 Толуол <5 4с 

5 Бензол <5 3с 

a: óñëîâèÿ ðåàêöèè: 1 – NbCl5 (4 ýêâèâ.), Mg
(3 ýêâèâ.), ðàñòâîðèòåëü, êîìíàòíàÿ òåìïåðàòó-
ðà, 40 ìèí; 2 – 2-àëêèíèëàìèí (1 ýêâèâ.),
40 oC, 7 ÷; 3 – 25% KOH.
b: Ðàñòâîðèòåëü 1: Ðàñòâîðèòåëü 2 (1:1).
ñ: âûõîä îïðåäåëÿëñÿ íà îñíîâå äàíûõ ÃÆÕ àíàëè-
çà ðåàêöèîííîé ìàññû.

Îêàçàëîñü, ÷òî âîññòàíîâëåíèå 4-(íîí-2-
èí-1-èë)ìîðôîëèíà ïðîõîäèò îäèíàêîâî ýô-
ôåêòèâíî è ïðè çàìåíå 1,2-äèìåòîêñèýòàíà íà
äèýòèëîâûé ýôèð â äâóõêîìïîíåíòîé ñèñòåìå
ðàñòâîðèòåëåé DME-áåíçîë ñ îáðàçîâàíèåì
àëëèëàìèíà 2a ñ âûõîäîì 81% (ïðèìåð 2, òàáë.
1). Íåîáõîäèìî îòìåòèòü, ÷òî øèðîêî èçâåñò-
íûå ìåòîäû âîññòàíîâëåíèÿ íå ôóíêöèîíàëè-
çèðîâàííûõ àëêèíîâ ñ ïîìîùüþ òàêèõ ñèñòåì
ðåàãåíòîâ, êàê TaCl5-Zn, TaCl5-Mg è NbCl5-Zn
îñóùåñòâëÿþòñÿ, êàê ïðàâèëî, â ñðåäå ðàñòâî-
ðèòåëåé DME-áåíçîë, DME-òîëóîë 24. Ðåàê-
öèÿ âîññòàíîâëåíèÿ 2-àëêèíèëàìèíà 1à äî 2a
õîðîøî ïðîõîäèò è â ñðåäå õëîðèñòûé ìåòè-
ëåí/áåíçîë (ïðèìåð 3, òàáë. 1). Òàêèì îáðà-
çîì, âîññòàíîâëåíèå 2-àëêèíèëàìèíîâ ñ ïîìî-
ùüþ ñèñòåìû ðåàãåíòîâ NbCl5-Mg íå òðåáóåò
îáÿçàòåëüíîãî ïðèñóòñòâèÿ ýôèðíîãî ðàñòâî-
ðèòåëÿ. Îäíàêî èñïîëüçîâàíèå ïîëÿðíîãî
õëîðñîäåðæàùåãî ðàñòâîðèòåëÿ ñîïðîâîæäàåò-
ñÿ íåçíà÷èòåëüíûì ñíèæåíèåì âûõîäà ïðîäóê-
òà âîññòàíîâëåíèÿ, ÷òî îáóñëîâëåíî ïðîõîæäå-
íèåì ïîáî÷íûõ ðåàêöèé îáðàçîâàíèÿ òðóäíî

àíàëèçèðóåìîé ñìåñè âûñîêîìîëåêóëÿðíûõ
ñîåäèíåíèé, ïðåäñòàâëÿþùèõ ñîáîé, ïî-âèäè-
ìîìó, ïðîäóêòû ïîëèìåðèçàöèè 2-àëêèíèëà-
ìèíà ñ ó÷àñòèåì íèçêîâàëåíòíûõ êîìïëåêñîâ
íèîáèÿ (ñîãëàñíî äàííûì ÃÆÕ-àíàëèçà âûõîä
2a ñîñòàâëÿåò 72%, (ïðèìåð 3, òàáë. 1)). Â òî
æå âðåìÿ, ïðè èñïîëüçîâàíèè â êà÷åñòâå ðà-
ñòâîðèòåëÿ òîëüêî òîëóîëà èëè áåíçîëà êîí-
âåðñèÿ èñõîäíîãî ïðîïàðãèëàìèíà íå ïðåâû-
øàåò 5%, è 2b îáðàçóåòñÿ â ñëåäîâûõ êîëè÷å-
ñòâàõ (ïðèìåðû 4, 5, òàáë. 1). Íàáëþäàåìàÿ
íèçêàÿ êîíâåðñèÿ ïðîïàðãèëàìèíà â èçó÷àå-
ìîé ðåàêöèè â ñðåäå àðîìàòè÷åñêèõ ðàñòâîðè-
òåëåé, ïî-âèäèìîìó, ñâÿçàíà ñ ïëîõîé ðàñòâî-
ðèìîñòüþ õëîðñîäåðæàùèõ êîìïëåêñîâ íèî-
áèÿ â òîëóîëå è áåíçîëå. Óñòàíîâëåíî, ÷òî ðå-
àêöèÿ âîññòàíîâëåíèÿ 2-àëêèíèëàìèíîâ
èíãèáèðóåòñÿ â ïðèñóòñòâè ñèñòåìû ðåàãåíòîâ
TaCl5-Mg. Òàê, â ñëó÷àå ðåàêöèè 4-(íîí-2-èí-1-
èë)ìîðôîëèíà 1a ñ 4 ýêâèâàëåíòàìè TaCl5 è 3
ýêâèâàëåíòàìè ìåòàëëè÷åñêîãî Mg â ñìåñè áåí-
çîëà è 1,2-ÄÌÅ (1:1) ïðè êîìíàòíîé òåìïåðàòó-
ðå ñ ïîñëåäóþùèì íàãðåâàíèåì äî 40 îÑ â òå÷å-
íèå 7 ÷, 2b îáðàçóåòñÿ â ìèíîðíûõ êîëè÷åñòâàõ.

Òàêèì îáðàçîì, íàìè âïåðâûå îáíàðóæå-
íî, ÷òî ñèñòåìà ðåàãåíòîâ NbCl5-Mg ÿâëÿåòñÿ
ýôôåêòèâíûì èíñòðóìåíòîì äëÿ ðåãèî- è ñòå-
ðåîñåëåêòèâíîãî âîññòàíîâëåíèÿ çàìåùåííûõ
2-àëêèíèëàìèíîâ äî (2Z)-àëêåíèëàìèíîâ.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Ïðîäóêòû ðåàêöèè àíàëèçèðîâàëè ìåòî-
äîì ãàçîæèäêîñòíîé õðîìàòîãðàôèè íà õðîìà-
òîãðàôå «Carlo Erba» (ñòåêëÿííàÿ êàïèëëÿð-
íàÿ êîëîíêà «Ultra-1», «Hewlett Packard»
25×0.2 ìì, ïëàìåííî-èîíèçàöèîííûé äåòåê-
òîð, ðàáî÷àÿ òåìïåðàòóðà 50–170 îÑ, ãàç-íîñè-
òåëü – ãåëèé), «Chroì-5» è «Öâåò-102», äåòåê-
òîðû ïëàìåííî-èîíèçàöèîííûå, êîëîíêè äëè-
íîé 1.2 ì è 3 ì, äèàìåòðîì 3 ìì; íåïîäâèæíàÿ
ôàçà – ñèëèêîí ÑE-30 (5%) íà Chroìaton N-
AW-HÌDÑ (0.125–0.160 ìì), ãàç íîñèòåëü-ãå-
ëèé (50 ìë/ìèí), òåìïåðàòóðà êîëîíêè 50–
220 oÑ. Ìàññ-ñïåêòðû èçìåðåíû ñ ïîìîùüþ
ïðèáîðà «Finnigan 4021» ñ ýíåðãèåé èîíèçèðó-
þùèõ ýëåêòðîíîâ 70 ýÂ è òåìïåðàòóðîé êàìå-
ðû èîíèçàöèè 200 îÑ. Ñïåêòðû ßÌÐ 1Í è 13Ñ
çàðåãèñòðèðîâàíû íà ñïåêòðîìåòðàõ «Bruker
Advance  500» ñ ðàáî÷åé ÷àñòîòîé 125.78 ÌÃö
äëÿ 13Ñ è 500.17 ÌÃö äëÿ 1Í. Ïðè ðåãèñòðàöèè
ñïåêòðîâ ßÌÐ 1Í è 13Ñ â êà÷åñòâå âíóòðåííåãî
ñòàíäàðòà èñïîëüçîâàëè SiÌe4 è CDCl3, ñîîò-
âåòñòâåííî. Õèìè÷åñêèå ñäâèãè (δ) äàíû â ì.ä.
Ýëåìåíòíûé ñîñòàâ ñîåäèíåíèé îïðåäåëÿëè ñ
ïîìîùüþ ïðèáîðà «CARLO ERBA-1106». Âû-



Башкирский химический журнал. 2021. Том 28. № 4 27

õîäû ïðîäóêòîâ îïðåäåëÿëè ìåòîäîì ÃÆÕ-
àíàëèçà ïðîäóêòîâ ãèäðîëèçà ðåàêöèîííîé ìàñ-
ñû ñ èñïîëüçîâàíèåì âíóòðåííåãî ñòàíäàðòà.

Îáùàÿ ìåòîäèêà âîññòàíîâëåíèÿ
àëêèíèëàìèíîâ.

Â óñòàíîâëåííûé íà ìàãíèòíîé ìåøàëêå
ñòåêëÿííûé ðåàêòîð îáúåìîì 50 ìë â àòìîñôåðå
àðãîíà ïîñëåäîâàòåëüíî çàãðóæàëè ïðè 23 oC
2160 ìã (8 ììîëü) NbCl5, áåíçîë (12 ìë) è
DME (12 ìë), ïîðîøîê ìàãíèÿ (144 ìã, 6
ììîëü) è ïåðåìåøèâàëè ïðè êîìíàòíîé òåìïå-
ðàòóðå â òå÷åíèå 40 ìèí, ïîñëå ÷åãî ê ðåàêöè-
îííîé ñìåñè ïðè êîìíàòíîé òåìïåðàòóðå áûë
äîáàâëåí 4-(íîí-2-èí-1-èë)ìîðôîëèí 1à (418
ìã, 2.0 ììîëü) è ðåàêöèîííóþ ñìåñü ïåðåìå-
øèâàëè ïðè 40 îÑ â òå÷åíèå 7 ÷. Çàòåì ñîäåð-
æèìîå ðåàêòîðà ðàçáàâèëè 20 ìë Et2O  è ïðè
îõëàæäåíèè ðåàêòîðà â ëåäÿíîé áàíå ðàçëàãà-
ëè 25%-íûì ðàñòâîðîì KOH (15 ìë). Âîäíûé
ñëîé ýêñòðàãèðîâàëè äèýòèëîâûì ýôèðîì, ýê-
ñòðàêò ñîåäèíÿëè ñ îðãàíè÷åñêèì ñëîåì, ýôèð-
íûå âûòÿæêè ñóøèëè íàä áåçâîäíûì CaCl2,
îòôèëüòðîâûâàëè è óïàðèâàëè â âàêóóìå.

4-(íîí-2-åí-1-èë)ìîðôîëèí 2à âûäåëÿëè
ïåðåãîíêîé ïðè 126–127 îC (2.4 ìì ðò. ñò.) è
èäåíòèôèöèðîâàëè ïóòåì àíàëèçà ñïåêòðîâ
ßÌÐ 13C è 1H. Âûõîä ïðîäóêòà ðåàêöèè (321
ìã, 76%) îïðåäåëÿëè ìåòîäîì ÃÆÕ ñ èñïîëü-
çîâàíèåì âíóòðåííåãî ñòàíäàðòà (í-ãåêñàäå-
êàí). Ñïåêòð 1H ßÌÐ (δ, ì.ä., J/Ãö): δ = 0.83
(ò, J = 6 Hz, 3H, C(13)H3), 1.22–1.25 (ì, 6H,
C(10–12)H2), 1.26–1.30 (ì, 2H, C(4)H2), 1.98
- 2.02 (êâ, J = 7 Ãö, 2H, C(3)H2), 2.39 (ñ, 4H,
C(6,7)H2), 2.94 (ä, J = 7 Hz, 2H, C(5)H2),
3.64–3.66 (ì, 4H, C(8,9)H2), 5.36–5.40 (ì,
1H, C(1)H), 5.49–5.53 (ì, 1H, C(2)H).
Ñïåêòð 13C ßÌÐ (δ ì.ä., J/Ãö): δ = 13.99
(C(13)), 22.55 (C(12)), 27.45 (C(3)), 28.87
(C(10)), 29.43 (C(4)), 31.65 (C(11)), 55.43
(Ñ(5)), 53.59 (C(6,7)), 66.94 (C(8,9)), 125.33
(C(1)), 133.67 (C(2)). Ìàññ-ñïåêòð (ÝÓ, 70
ýÂ): m/z, % = 211 (3) [M+], 126 (5), 87 (100),
86 (40), 57 (30), 40 (15). Âû÷èñëåíî
C13H25NO, (%): C, 73.88; H, 11.92; N, 6.63.
Íàéäåíî, %: C, 74.03; H, 12.08; N, 6.77.

Àíàëîãè÷íûì ìåòîäîì ñ èñïîëüçîâàíèåì
358 ìã 1-(ãåïò-2-èí-1-èë)ïèïåðèäèíà (1b)  (2
ììîëü)  ïîëó÷åí (Z)-1-(ãåïò-2-åí-1-èë)ïèïå-
ðèäèí (2b) (304 ìã, 84%). â âèäå áåñöâåòíîãî
ìàñëà,  Òêèï 107–110 îC ïðè 3.4 ìì ðò. ñò.

Ñïåêòð 1H ßÌÐ (δ, ì.ä., J/Ãö): δ = 0.88
(ò, J = 7 Ãö, 3H, C(11)H3), 1.31 (ñ, 4H,
C(4,10)H2), 1.41 (ì, 2H, C(12)H2), 1.55–1.59
(ì, 4H, C(8,9)H2), 2.03 (êâ, J = 6 Ãö, 2H,
C(3)H2), 2.36 (ñ, 4H, C(6,7)H2), 2.95 (ä, J = 6
Ãö, 2H, C(5)H2), 5.43–5.53 (m, 1H, C(1,2)H).

Ñïåêòð 13C ßÌÐ (δ, ì.ä., J/Ãö): δ = 13.93
(C(11)), 22.68 (C(10)), 24.37 (C(12)), 25.99
(C(8,9)), 27.16 (C(3)), 31.73 (C(4)), 54.51
(C(6,7)), 55.88 (C(5)), 126.43 ((Ñ(1)), 132.71
(C(2)). Ìàññ-ñïåêòð (ÝÓ, 70 ýÂ): m/z, % =
181 (7) [M+], 138 (4), 124 (10), 98 (29), 84
(100), 55 (30), 41 (15). Âû÷èñëåíî C12H23N,
(%): C, 79.49; H, 12.79; N, 7.72. Íàéäåíî, %:
C, 79.45; H, 12.92; N, 7.52.

Àíàëîãè÷íûì ìåòîäîì ñ èñïîëüçîâàíèåì
362 ìã (2 ììîëü) 4-(ãåïò-2-èí-1-èë)ìîðôîëèíà
(1c) ïîëó÷åí (Z)-4-(ãåïò-2-åí-1-èë)ìîðôîëèí
(2ñ) (326 ìã, 89%).  Òêèï. 109–111 îC ïðè 5 ìì
ðò. ñò. â âèäå áåñöâåòíîãî ìàñëà. Ñïåêòð 1H
ßÌÐ (δ, ì.ä., J/Ãö): δ = 0.89 (ñ, 3H,
C(11)H3), 1.21–1.25 (ì, 4H, C(4, 10)H2), 2.04-
2.07 (ì, 2H, C(3)H2), 2.45 (ñ, 4H, C(6,7)H2),
3.01 (ä, J = 6 Ãö, 2H, C(5)H2), 3.72 (ñ, 4H,
C(8,9)H2), 5.42–5.46 (ì, 1H, C(1)H), 5.55–
5.59 (ì, 1H, C(2)H). Ñïåêòð 13C ßÌÐ (δ, ì.ä.,
J/Ãö): δ = 13.94 (C(11)), 22.29 (C(10)), 27.20
(C(3)), 31.68 (C(4)), 53.46 (C(5)), 53.59
(C(6,7)), 66.98 (C(8,9)), 125.26 ((Ñ(1)),
133.79 (C(2)). Ìàññ-ñïåêòð (ÝÓ, 70 ýÂ): m/z,
% = 183 (10) [M+], 140 (4), 110 (28), 87 (100),
57 (70), 41 (21). Âû÷èñëåíî C11H21NO, (%): C,
72.08; H, 11.55; N, 7.64. Íàéäåíî, %: C, 72.22;
H, 11.56; N, 7.37.

Àíàëîãè÷íûì ìåòîäîì ñ èñïîëüçîâàíèåì
330 ìã (2 ììîëü)  4-(3-öèêëîïðîïèëïðîï-2-èí-
1-èë)ìîðôîëèíà (1d) ïîëó÷åí  (Z)-4-(3-öèê-
ëîïðîïèëàëëèë)ìîðôèëèí (2d) (267 ìã, 80%).
â âèäå áåñöâåòíîãî ìàñëà. Òêèï 91–93 îC
ïðè 4 ìì ðò. ñò.

Ñïåêòð 1H ßÌÐ (δ, ì.ä., J/Ãö): δ = 0.26 -
0.28 (ì, 2H (A), C(4,10)H2), 0.68–0.71 (ì, 2H
(B), C(4,10)H2), 1.26–1.30 (ì, 2H, C(4)H2),
1.49–1.57 (ì, 1H, C(3)H), 2.44 (ñ, 4H,
C(6,7)H2), 3.08 (ä, J = 7 Ãö, 2H, C(5)H2),
3.66–3.67 (ì, 4H, C(8,9)H2), 5.29–5.34 (ì,
1H, C(1)H), 4.87 (ò, J = 10 Ãö, 1H, C(2)H).
Ñïåêòð 13C ßÌÐ (δ, ì.ä., J/Ãö): δ = 6.46
(C(4,10)), 9.76 (C(3)), 53.61 (C(6,7)), 55.84
(C(5)), 66.98 (C(8,9)), 123.39 (C(1)), 137.76
(Ñ(2)). Ìàññ-ñïåêòð (ÝÓ, 70 ýÂ): m/z, % =
167 (10) [M+], 138 (33), 87 (70), 79 (87), 56
(69), 40 (100). Âû÷èñëåíî C10H17NO, (%): C,
71.81; H, 10.25; N, 8.37. Íàéäåíî, %: C, 71.98;
H, 10.35; N, 8.35.

Àíàëîãè÷íûì ìåòîäîì ñ èñïîëüçîâàíèåì
402 ìã (2 ììîëü) 4-(3-ôåíèëïðîï-2-èí-1-èë)-
ìîðôîëèíà( 1å) ïîëó÷åí (Z)-4-(3-ôåíèëàë-
ëèë)-ìîðôîëèí (2e) (305 ìã, 75%) â âèäå áåñ-
öâåòíîãî ìàñëà, Òêèï 130–132 îC  ïðè 1 ìì ðò.
ñò. Ñïåêòð 1H ßÌÐ (δ, ì.ä., J/Ãö): δ = 0.26–
0.28 (ì, 2H (A), C(4,10)H2), 0.68–0.71 (ì, 2H
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(B), C(4,10)H2), 1.26–1.30 (ì, 2H, C(4)H2),
1.49–1.57 (ì, 1H, C(3)H), 2.44 (ñ, 4H,
C(6,7)H2), 3.08 (ä, J = 7 Ãö, 2H, C(5)H2),
3.66–3.67 (ì, 4H, C(8,9)H2), 5.29–5.34 (ì,
1H, C(1)H), 4.87 (ò, J = 10 Ãö, 1H, C(2)H).
Ñïåêòð 13C ßÌÐ (δ, ì.ä., J/Ãö): δ = 6.46
(C(4,10)), 9.76 (C(3)), 53.61 (C(6,7)), 55.84
(C(5)), 66.98 (C(8,9)), 123.39 (C(1)), 137.76
(Ñ(2)). Ìàññ-ñïåêòð (ÝÓ, 70 ýÂ): m/z, % =
203 (20) [M+], 172 (4), 144 (12), 117 (72), 112
(100), 91 (33), 56 (32). Âû÷èñëåíî C13H17NO,
(%): C, 76.81; H, 8.43; N, 6.89; O, 7.87. Íàéäå-
íî, %: C, 76.90; H, 8.37; N, 7.01.

Àíàëîãè÷íûì ñïîñîáîì èç 398 ìã (2
ììîëü)  1-(3-ôåíèëïðîï-2-èí-1-èë)ïèïåðèäèíà
1f áûë ïîëó÷åí  (Z)-1-(3-ôåíèëàëëèë)ïèïå-
ðèäèí (2f) (293 ìã, 73%) â âèäå áåñöâåòíîãî
ìàñëà, Òêèï  122–124 îC ïðè 1 ìì ðò. ñò.
Ñïåêòð 1H ßÌÐ (δ, ì.ä., J/Ãö): δ = 0.26–0.28
(ì, 2H (A), C(4,10)H2), 0.68–0.71 (ì, 2H (B),
C(4,10)H2), 1.26–1.30 (ì, 2H, C(4)H2), 1.49–
1.57 (ì, 1H, C(3)H), 2.44 (ñ, 4H, C(6,7)H2),
3.08 (ä, J = 7 Ãö, 2H, C(5)H2), 3.66–3.67 (ì,
4H, C(8,9)H2), 5.29–5.34 (ì, 1H, C(1)H), 4.87
(ò, J = 10 Ãö, 1H, C(2)H). Ñïåêòð 13C ßÌÐ (δ,
ì.ä., J/Ãö): δ = 6.46 (C(4,10)), 9.76 (C(3)),
53.61 (C(6,7)), 55.84 (C(5)), 66.98 (C(8,9)),
123.39 (C(1)), 137.76 (Ñ(2)). Ìàññ-ñïåêòð
(ÝÓ, 70 ýÂ): m/z, % = 167 (10) [M+], 138 (33),
87 (70), 79 (87), 56 (69), 40 (100). Âû÷èñëåíî
C14H19N, (%): C, 83.53; H, 9.51; N, 6.96. Íàé-
äåíî, %: C, 83.61; H, 9.47; N, 7.12.

Àíàëîãè÷íûì ñïîñîáîì èç 362 ìã (2 ììîëü)
4-(ãåïò-2-èí-1-èë)ìîðôîëèíà 3à ïîñëå äåéòåðî-

ëèçà ðåàêöèîííîé ìàññû áûë âûäåëåí (Z)-4-
(ãåïò-2-åí-1-èë-2,3-d2)ìîðôîëèí (3c) (303 ìã,
82%) â âèäå áåñöâåòíîãî ìàñëà. Òêèï 118–120 îC
ïðè  2.4 ìì ðò. ñò.

 Ñïåêòð 1H ßÌÐ (δ, ì.ä., J/Ãö): δ = 0.91
(ò, J = 6 Ãö, 3H, C(11)H3), 1.23–1.28 (ì, 4H,
C(4,10)H2), 2.07 (ò, J = 6 Ãö, 2H, C(3)H2),
2.47 (ñ, 4H, C(6,7)H2), 3.03 (ñ, 2H, C(5)H2),
3.73 (ñ, 4H, C(8,9)H2). Ñïåêòð 13C ßÌÐ (δ,
ì.ä., J/Ãö): δ = 13.96 (C(11)), 22.32 (C(10)),
27.07 (C(3)), 31.68 (C(4)), 53.59 (C(6,7)),
55.34 (C(5)), 66.99 (Ñ(8,9)). Ìàññ-ñïåêòð
(ÝÓ, 70 ýÂ): m/z, % = 185 (7) [M+], 156 (1),
128 (6), 112 (19), 87 (100), 57 (70), 57 (70), 42
(13). Âû÷èñëåíî C11H19D2NO, (%): C, 71.30;
N, 7.56. Íàéäåíî, %: C, 71.46; N, 7.42.

Àíàëîãè÷íûì ñëó÷àåì èç 402 ìã (2 ììîëü)
4-(3-ôåíèëïðîï-2-èí-1-èë)ìîðôîëèíà 3à áûë
ïîëó÷åí  (Z)-4-(3-ôåíèëàëëèë-2,3-d2)-ìîð-
ôîëèí (3e) (316 ìã, 77%) â âèäå áåñöâåòíîãî
ìàñëà. Òêèï 118–120 îC ïðè  2.4 ìì ðò. ñò.
Ñïåêòð 1H ßÌÐ (δ, ì.ä., J/Ãö): δ = 0.91 (ò, J
= 6 Ãö, 3H, C(11)H3), 1.23–1.28 (ì, 4H,
C(4,10)H2), 2.07 (ò, J = 6 Ãö, 2H, C(3)H2),
2.47 (ñ, 4H, C(6,7)H2), 3.03 (ñ, 2H, C(5)H2),
3.73 (ñ, 4H, C(8,9)H2). Ñïåêòð 13C ßÌÐ (δ,
ì.ä., J/Ãö): δ = 13.96 (C(11)), 22.32 (C(10)),
27.07 (C(3)), 31.68 (C(4)), 53.59 (C(6,7)),
55.34 (C(5)), 66.99 (Ñ(8,9)). Ìàññ-ñïåêòð
(ÝÓ, 70 ýÂ): m/z, % = 205 (21) [M+], 204 (14),
146 (9), 119 (73), 113 (100), 86 (19), 56 (32).
Âû÷èñëåíî C13H15D2NO, (%): C, 76.06; N,
6.82. Íàéäåíî, %: C, 76.13; N, 6.95.
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