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Óñòàíîâëåíî, ÷òî ðåàêöèÿ 4-(íîí-2-èí-1-èë)-
ìîðôîëèíà ñ 3 ýêâèâ. ìåòàíñóëüôîíèëõëîðèäà
â ïðèñóòñòâèè 3 ýêâèâ. ìåòàëëè÷åñêîãî Mg è 4
ýêâèâ. NbCl5 â ñìåñè äâóõ ðàñòâîðèòåëåé - áåí-
çîëà è õëîðèñòîãî ìåòèëåíà (1:1), ñîïðîâîæäà-
åòñÿ îáðàçîâàíèåì ïðîäóêòà õëîðòèîëèðîâàíèÿ
òðîéíîé ñâÿçè – (E)-4-(2-õëîð-3-(ìåòèëòèî)-
íîí-2-åí-1-èë)ìîðôîëèíà – ñ âûõîäîì 18%. Ðå-
àêöèÿ 4-(íîí-2-èí-1-èë)ìîðôîëèíà ñ 3 ýêâèâ.
ìåòàíñóëüôîíèëõëîðèäà â ïðèñóòñòâèè õëîðèäà
íèîáèÿ(V) è ìåòàëëè÷åñêîãî ìàãíèÿ â ñìåñè
áåíçîëà è 1,2-äèìåòîêñèýòàíà (1:1) ïðèâîäèò ê
èñêëþ÷èòåëüíîìó îáðàçîâàíèþ ïðîäóêòà âîñ-
ñòàíîâëåíèÿ òðîéíîé ñâÿçè – (Z)-4-(íîí-2-åí-1-
èë)ìîðôîëèíà. Â ðåçóëüòàòå èññëåäîâàíèÿ ðàç-
ðàáîòàí ðåãèî- è ñòåðåîñåëåêòèâíûé ìåòîä
ïîëó÷åíèÿ àçîòñîäåðæàùèõ (E)-β-õëîðâèíèë-
ñóëüôèäîâ íà îñíîâå ïðåâðàùåíèÿ 2-àëêèíèëà-
ìèíîâ ïîä äåéñòâèåì ìåòàíñóëüôîíèëõëîðèäà â

It was found that the reaction of 4-(non-2-yn-1-
yl)morpholine with 3 equiv. methanesulfonyl
chloride in the presence of 3 equiv. metallic Mg
and 4 equiv. NbCl5 in a mixture of two solvents -
benzene and methylene chloride (1:1),
accompanied by the formation of a triple bond
chlorothiolation product – (E)-4-(2-chloro-3-
(methylthio)non-2-en-1-yl)morpholine, with a
yield of 18%. The reaction of 4-(non-2-yn-1-
yl)morpholine with 3 equiv. methanesulfonyl
chloride in the presence of niobium(V) chloride
and metallic magnesium in benzene and 1,2-
dimethoxyethane (1:1) leads to the exceptional
formation of the triple bond reduction product -
(Z)-4-(non-2-en-1-yl)morpholine. As a result of
studying the chlorothiolation reaction of
substituted propargylamines of various structures
in a medium of solvents of different nature, a
regio- and stereoselective method for the
preparation of nitrogen-containing (E)-β-
chlorovinyl sulfides was developed based on the
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ðàñòâîðå òîëóîëà â ïðèñóòñòâèè ñòåõèîìåòðè-
÷åñêèõ êîëè÷åñòâ NbCl5 è Mg. Ïðåäëîæåí ìåõà-
íèçì ðåàêöèè õëîðòèîëèðîâàíèÿ 2-àëêèíèëàìè-
íîâ ìåòàíñóëüôîíèëõëîðèäîì â ïðèñóòñòâèè
NbCl5 è ìåòàëëè÷åñêîî ìàãíèÿ.

Êëþ÷åâûå ñëîâà: àçîòñîäåðæàùèå (E)-β-ãàëî-
ãåíàëêåíèëñóëüôèäû; çàìåùåííûå ïðîïàðãèëà-
ìèíû; ìåòàëëè÷åñêèé ìàãíèé; ìåòàíñóëüôîíèë-
õëîðèä; ïàðàìàãíèòíûé êîìïëåêñ íèîáèÿ.

conversion of 2-alkynyl amines under the action of
methanesulfonyl chloride in a toluene solution in
the presence of stoichiometric amounts of NbCl5 and
Mg. A mechanism for the reaction of chlorothiolation
of 2-alkynylamines with methanesulfonyl chloride
with niobium(V) chloride and metallic magnesium
has been proposed.

Key words: metallic magnesium; methanesulfo-
nyl chloride; nitrogen-containing (E)-β-halo-
alkenyl sulfides; paramagnetic niobium complex;
substituted propargylamines.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé
ïîääåðæêå Ðîññèéñêîãî íàó÷íîãî ôîíäà
(Ïðîåêò ¹19-73-10113). 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 íàóêè (¹ÀÀÀÀ-À19-11902229 0009-3,
¹AAAA-A19-119022290008-6 (2019-2021)).
Èññëåäîâàíèå ñòðóêòóðû ñèíòåçèðî-
âàííûõ ñîåäèíåíèé âûïîëíåíî ñ èñïîëü-
çîâàíèåì îáîðóäîâàíèÿ Ðåãèîíàëüíîãî
öåíòðà êîëëåêòèâíîãî ïîëüçîâàíèÿ
«Àãèäåëü» (Èíñòèòóò íåôòåõèìèè è êà-
òàëèçà 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-A19-1190
22290008-6 (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.

Ðàçðàáîòêà ýôôåêòèâíûõ ìåòîäîâ ïîëó÷å-
íèÿ β-ãàëîãåíàëêåíèëñóëüôèäîâ ÿâëÿåòñÿ âàæ-
íîé çàäà÷åé îðãàíè÷åñêîãî ñèíòåçà, òàê êàê
àòîì ãàëîãåíà ìîæåò áûòü ëåãêî ïðåîáðàçîâàí
â ðàçëè÷íûå ôóíêöèîíàëüíî çàìåùåííûå ïðî-
èçâîäíûå àëêåíèëñóëüôèäîâ. Ïðåäñòàâëåí-
íûé â äàííîé ñòàòüå ìåòîä ïîëó÷åíèÿ (E)-β-
õëîðâèíèëñóëüôèäîâ, â îòëè÷èå îò òàêèõ èçâå-
ñòíûõ â ëèòåðàòóðå ìåòîäîâ õëîðòèîëèðîâà-
íèÿ àöåòèëåíîâ, êàê ýëåêòðîôèëüíîå
õëîðòèîëèðîâàíèå òåðìèíàëüíûõ àöåòèëåíîâ ñ
ïîìîùüþ ñóëüôåíèëõëîðèäà 1, áðîìòèîëèðî-
âàíèå ñ ïîìîùüþ ñóëüôåíèëáðîìèäà 2, à òàêæå
Pd- è Fe-êàòàëèçèðóåìîå ðåãèî- è ñòåðåîñåëåê-
òèâíîå ïðèñîåäèíåíèå ñóëüôåíèëõëîðèäîâ ê
òåðìèíàëüíûì àöåòèëåíàì 3,4, ïîçâîëÿåò îñó-
ùåñòâèòü îäíîðåàêòîðíîå ðåãèî- è ñòåðåîñå-
ëåêòèâíîå ïðåâðàùåíèå àöåòèëåíîâ â àçîòñî-
äåðæàùèå (E)-β-õëîðâèíèëñóëüôèäû. Ðàíåå
íàìè áûëî ïðîäåìîíñòðèðîâàíî, ÷òî òàêèå
ïðîèçâîäíûå ñóëüôîíîâûõ êèñëîò, êàê ñóëü-
ôîíèëãàëîãåíèäû, êðåìíèéîðãàíè÷åñêèå ýôè-
ðû ñóëüôîíîâûõ êèñëîò, àëêèëòèîñóëüôîíà-
òû, à òàêæå îðãàíè÷åñêèå äèñóëüôèäû è äèñå-
ëåíèäû ÿâëÿþòñÿ ýôôåêòèâíûìè ýëåêòðî-

ôèëüíûìè ðåàãåíòàìè äëÿ ôóíêöèîíàëèçàöèè
àëþìèíèéîðãàíè÷åñêèõ ñîåäèíåíèé – 1-àëêå-
íèëàëàíîâ, ïîçâîëÿþùèå â ìÿãêèõ óñëîâèÿõ è
ñ âûñîêèìè âûõîäàìè ïîëó÷àòü ñîîòâåòñòâóþ-
ùèå àëêåíèëãàëîãåíèäû 5, àëêåíèëñèëàíû 6, à
òàêæå àëêåíèëñóëüôèäû 7,8 è àëêåíèëñåëåíè-
äû 9. Â ñâÿçè ñ ýòèì ìû âûäâèíóëè ïðåäïîëî-
æåíèå, ÷òî ñóëüôîíèëãàëîãåíèäû òàêæå áóäóò
àêòèâíû ïî îòíîøåíèþ ê íèîáèéîðãàíè÷åñêèì
èíòåðìåäèàòàì, îáðàçóþùèìñÿ â õîäå ðåàêöèè
âîññòàíîâëåíèÿ 2-àëêèíèëàìèíîâ ñ ïîìîùüþ
ñèñòåìû ðåàãåíòîâ NbCl5-Mg. Îäíàêî âñå
íàøè ïîïûòêè îñóùåñòâèòü ðåàêöèþ íèîáèé-
öèêëîïðîïåíà, ïîëó÷åííîãî âîññòàíîâëåíèåì
2-àëêèíèëàìèíà 1à (ñõåìà 1), ñ ìåòàíñóëüôî-
íèëõëîðèäîì îêàçàëèñü áåçóñïåøíûìè. Òàê,
ðåàêöèÿ íèîáèéîðãàíè÷åñêîãî èíòåðìåäèàòà
(ïîëó÷åííîãî âîññòàíîâëåíèåì 4-(íîí-2-èí-1-
èë)ìîðôîëèíà 1à ñ 4 ýêâèâàëåíòàìè NbCl5 è 3
ýêâèâàëåíòàìè ìåòàëëè÷åñêîãî Mg â ñðåäå áåí-
çîëà è 1,2-äèìåòîêñèýòàíà (DME)) ñ 3 ýêâèâà-
ëåíòàìè ìåòàíñóëüôîíèëõëîðèäà (MsCl) ïðè
êîìíàòíîé òåìïåðàòóðå c ïîñëåäóþùèì ùåëî÷-
íûì ãèäðîëèçîì ÷åðåç 7 ÷ ïðèâîäèò ê èñêëþ-
÷èòåëüíîìó îáðàçîâàíèþ ïðîäóêòà âîññòàíîâ-
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ëåíèÿ 2à ñ âûõîäîì 82%. Â òî æå âðåìÿ æåëà-
åìàÿ ôóíêöèîíàëèçàöèÿ íèîáèéîðãàíè÷åñêîãî
èíòåðìåäèàòà ñ ïîìîùüþ MsCl íå ïðîõîäèëà è
â ñëó÷àå ïðîâåäåíèÿ ðåàêöèè â ñðåäå äèýòèëî-
âîãî ýôèðà è áåíçîëà (1:1). Âîññòàíîâëåíèå
2-àëêèíèëàìèíîâ ñ ïîìîùüþ ñèñòåìû ðåàãåí-
òîâ NbCl5-Mg îñóùåñòâëÿåòñÿ è â ñðåäå ñìåñè
äâóõ ðàñòâîðèòåëåé – õëîðèñòîãî ìåòèëåíà è
áåíçîëà. Ïðè ïðîâåäåíèè ðåàêöèè â ñìåñè õëî-
ðèñòîãî ìåòèëåíà è áåíçîëà (1:1), âçàèìîäåé-
ñòâèå ñ 3 ýêâèâàëåíòàìè ìåòàíñóëüôîíèëõëî-
ðèäà (MsCl) ïðè êîìíàòíîé òåìïåðàòóðå ïðè-
âîäèëî ê îáðàçîâàíèþ ïðîäóêòà õëîðòèîëèðî-
âàíèÿ – (E)-4-(2-õëîð-3-(ìåòèëòèî)íîí-2-åí-1-
èë)-ìîðôîëèíà 3à ñ èçîëèðîâàííûì âûõîäîì
18% çà 8 ÷. Îáðàçîâàíèå â äàííîì ñëó÷àå ïðî-
äóêòà õëîðòèîëèðîâàíèÿ ñ E-êîíôèãóðàöèåé
äâîéíîé ñâÿçè, à òàêæå îòñóòñòâèå ïðîäóêòîâ
êðîññ-ñî÷åòàíèÿ ñ MsCl â òàêèõ äâóõêîìïîíåò-
íûõ ðàñòâîðèòåëÿõ, êàê DME-áåíçîë è Et2O-
áåíçîë ñòàâèëî ïîä ñîìíåíèå ó÷àñòèå â ðåàê-
öèè õëîðòèîëèðîâàíèÿ ïðåäïîëàãàåìîãî íèî-
áèéöèêëîïðîïåíîâîãî èíòåðìåäèàòà.

Íàìè óñòàíîâëåíî, ÷òî ðåàêöèÿ 4-(íîí-2-
èí-1-èë)ìîðôîëèíà 1à ñ 4 ýêâèâàëåíòàìè NbCl5
è 3 ýêâèâàëåíòàìè ìåòàëëè÷åñêîãî Mg â ðàñòâî-
ðå òîëóîëà ñ ïîñëåäóþùèì äîáàâëåíèåì 3 ýêâè-
âàëåíòîâ MsCl ïðè êîìíàòíîé òåìïåðàòóðå ñî-
ïðîâîæäàåòñÿ îáðàçîâàíèåì ïîñëå ùåëî÷íîãî
ãèäðîëèçà. (E)-4-(2-õëîð-3-(ìåòèëòèî)íîí-2-åí-

1-èë)ìîðôîëèíà 3à ñ âûõîäîì 78% çà 8 ÷. Êîíâåð-
ñèÿ èñõîäíîãî ïðîïàðãèëàìèíà 1a ñîñòàâèëà 88%.

Óâåëè÷åíèå âðåìåíè ïðîâåäåíèÿ ðåàêöèè
è êîíöåíòðàöèè èñïîëüçóåìîãî ìåòàíñóëüôî-
íèëõëîðèäà äî 6 ýêâ. íå ïðèâåëè ê ïîëíîé êîí-
âåðñèè èñõîäíîãî àëêèíà. Â òî æå âðåìÿ ðåàê-
öèÿ âîññòàíîâëåíèÿ 4-(íîí-2-èí-1-èë)ìîðôî-
ëèíà 1à ñ ïîìîùüþ ñèñòåìû ðåàãåíòîâ NbCl5-
Mg èíãèáèðóåòñÿ â ðàñòâîðå òîëóîëà.
Íàáëþäàåìàÿ èíåðòíîñòü 2-àëêèíèëàìèíà â
èçó÷àåìîé ðåàêöèè âîññòàíîâëåíèÿ â ðàñòâîðå
òîëóîëà ñëóæèò äîïîëíèòåëüíûì äîâîäîì â
ïîëüçó ïðåäïîëîæåíèÿ î òîì, ÷òî íèîáèéöèê-
ëîïðîïàíîâûé èíòåðìåäèàò íå ïðèíèìàåò ó÷à-
ñòèÿ â ðåàêöèè ñ MsCl, à íàáëþäàåìîå ïðåâðà-
ùåíèå ïðîõîäèò ïî äðóãîìó íåòðèâèàëüíîìó
ìåõàíèçìó. Óñòàíîâëåíî, ÷òî äëÿ ïðåâðàùå-
íèÿ èñõîäíîãî ïðîïàðãèëàìèíà ïîä äåéñòâèåì
MsCl íåîáõîäèìî èñïîëüçîâàíèå ñòåõèîìåòðè-
÷åñêèõ êîëè÷åñòâ NbCl5 è Mg. Â òî æå âðåìÿ
äëÿ ïðåâðàùåíèÿ èñõîäíîãî àëêèíà íåîáõîäè-
ìî äîáàâëåíèå MsCl (3 ýêâèâ.) ê ïðåäâàðè-
òåëüíî âûäåðæàííîé ïðè 40 îÑ â òå÷åíèå 4 ÷
ñèñòåìå ðåàãåíòîâ  2-àëêèíèëàìèí – NbCl5 –
ìåòàëëè÷åñêèé Mg â ðàñòâîðå òîëóîëà. Âîç-
ìîæíî, ÷òî ïîâûøåíèå òåìïåðàòóðû äî 40 îÑ
íåîáõîäèìî äëÿ ãåíåðàöèè êîìïëåêñà íèçêîâà-
ëåíòíîãî ìåòàëëà, àêòèâíîãî â õëîðòèîëèðîâà-
íèè ïðîïàðãèëàìèíîâ. Ê ïðèìåðó, èçâåñòíî,
÷òî îáðàçîâàíèå NbCl4  íà îñíîâå ðåàêöèè ãà-
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Cl3Nb

R

CH2NR'
2

4. 25% KOH 
(водный)

3a: R = n-Hex, NR'
2 = морфолил (78%)

3b: R = n-Bu, NR'2 = N(CH2)5 (80%)
3c : R = n-Bu, NR'

2 = морфолил (79%)

Ñõåìà 1
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ëîãåíèäîâ íèîáèÿ(V) c ìåòàëëè÷åñêèì àëþìè-
íèåì ïðè ïîíèæåííîì äàâëåíèè òðåáóåò ïîâû-
øåíèÿ òåìïåðàòóðû äî 250 îÑ 10. Â äàííîé ðà-
áîòå ìû ïðåäñòàâèëè ýêñïåðèìåíòàëüíûå ðå-
çóëüòàòû ïî ðåàêöèè õëîðòèîëèðîâàíèÿ àëêè-
íîâ ëèøü íà ïðîïàðãèëàìèíàõ. Â íàñòîÿùåå
âðåìÿ íàìè îáíàðóæåíî, ÷òî ðåàêöèÿ äåöèíà-5
è îêòèíà-4 ñ ìåòàíñóëüôîíèëõëîðèäîì â ðà-
ñòâîðå òîëóîëà ïðèâîäèò ê îáðàçîâàíèþ ïðî-
äóêòîâ ï-òîëèëòèîëèðîâàíèÿ, ÷òî ãîâîðèò îá
ó÷àñòèè â ðåàêöèè íåïîñðåäñòâåííî ìîëåêóë
ðàñòâîðèòåëÿ. Â ñâÿçè ñ ýòèì, èçó÷åíèå ðåàê-
öèè ñóëüôîíèëõëîðèäîâ ðàçëè÷íîãî ñòðîåíèÿ
ñ äðóãèìè ãåòåðîàòîìñîäåðæàùèìè àëêèíàìè
è íåôóíêöèîíàëèçèðîâàííûìè àëêèíàìè, òðå-
áóåò îòäåëüíîãî èññëåäîâàíèÿ.

 

NbCl5 + Mg ''NbCl4'' + MgCl2

MeSO2Cl
NbCl5 - Mg

MeSCl

R CH2NR'2

''NbCl4''

NbCl5

MeSCl

MeS

R

CH2NR'2

R Cl

CH2NR'2MeS

MeS

(1)

(2)
A

B

C

R

MeS

CH2NR'2
Ñõåìà 2

Íà ñõåìå 2 ïðåäñòàâëåíà ñõåìà õëîðòèî-
ëèðîâàíèÿ 2-àëêèíèëàìèíîâ. Âîçìîæíî, ÷òî
âîññòàíîâëåíèå ñóëüôîíîâîé ãðóïïû äî ñóëü-
ôèäíîé ïðîèñõîäèò ïîä äåéñòâèåì ñèñòåìû ðå-
àãåíòîâ NbCl5-Mg (ñõåìà 2, óðàâíåíèå 1). Ñî-
ãëàñíî ëèòåðàòóðíûì äàííûì 4, 11, 12, êëþ÷åâîé
ñòàäèåé Cu-êàòàëèçèðóåìîãî õëîðòèîëèðîâà-
íèÿ àöåòèëåíîâ, à òàêæå FeCl2-êàòàëèçèðóåìîãî
õëîðñóëüôîíèðîâàíèÿ 1-àëêèíèëõëîðèäîâ 13 ÿâ-
ëÿåòñÿ ïðèñîåäèíåíèå ñóëüôîíèë-ðàäèêàëà ê
òðîéíîé ñâÿçè. Â ñâÿçè ñ ýòèì ìû ïðåäïîëîæè-
ëè, ÷òî îáíàðóæåííîå ïðåâðàùåíèå ìîæåò
èíèöèèðîâàòüñÿ êîìïëåêñîì «NbCl4» À, ãåíå-
ðèðóåìûì â ðåçóëüòàòå ðåàêöèè âîññòàíîâëå-
íèÿ NbCl5 c ïîìîùüþ ìåòàëëè÷åñêîãî ìàãíèÿ
â ðàñòâîðå òîëóîëà (ñõåìà 2, (2)). Ñãåíåðèðî-

âàííûé ïàðàìàãíèòíûé «NbCl4» A ìîæåò, â
ñâîþ î÷åðåäü, èíèöèèðîâàòü ãîìîëèç S–Cl
ñâÿçè ñóëüôåíèëõëîðèäà c îáðàçîâàíèåì ñóëü-
ôåíèë-ðàäèêàëà B è NbCl5. Õîðîøî èçâåñòíî,
÷òî òàêèå ìîíîìåðíûå êîîðäèíàöèîííûå êîì-
ïëåêñû íèçêîâàëåíòíîãî íèîáèÿ, êàê NbCl4L2
ÿâëÿþòñÿ ïàðàìàãíèòíûìè 14. C äðóãîé ñòîðî-
íû, ïðîäóêò âîññòàíîâëåíèÿ 2à â ñëó÷àå ðåàê-
öèè 2-àëêèíèëàìèíà 1à ñ ñèñòåìîé ðåàãåíòîâ
NbCl5-Mg â ðàñòâîðå òîëóîëà îáðàçóåòñÿ â
ìèíîðíûõ êîëè÷åñòâàõ (ñîãëàñíî äàííûì õðî-
ìàòî-ìàññ-ñïåêòðîìåòðèè), ÷òî ñâèäåòåëüñòâó-
åò î ïîäàâëåíèè ìàðøðóòà îáðàçîâàíèÿ ïðåä-
ïîëàãàåìîãî íèîáèéöèêëîïðîïåíîâîãî èíòåð-
ìåäèàòà. Ïðèñîåäèíåíèå ñóëüôåíèë-ðàäèêàëà
B ê 2-àëêèíèëàìèíó ñîïðîâîæäàåòñÿ îáðàçîâà-
íèåì àëêèë-ðàäèêàëà Ñ. Äàëåå àëêèë-ðàäèêàë
C ïðåòåðïåâàåò ïðåâðàùåíèå ñ îáðàçîâàíèåì
β-ãàëîàëêåíèëñóëüôèäà è ðåãåíåðàöèåé
«NbCl4». Àíàëîãè÷íîå òðàíñ-ïðèñîåäèíåíèå
ñóëüôîíèëõëîðèäîâ ê òðîéíîé ñâÿçè îïèñàíî
â ëèòåðàòóðå 11, 15, 16.

Òàêèì îáðàçîì, íàìè âïåðâûå ïðåäëîæåí
ðåãèî- è ñòåðåîñåëåêòèâíûé ìåòîä ïîëó÷åíèÿ
àçîòñîäåðæàùèõ E-β-õëîðâèíèëñóëüôèäîâ íà
îñíîâå ðåàêöèè 2-àëêèíèëàìèíîâ ñ ìåòàíñóëü-
ôîíèëõëîðèäîì â ïðèñóòñòâèè ñòåõèîìåòðè-
÷åñêèõ êîëè÷åñòâ õëîðèäà íèîáèÿ (V) è ìåòàë-
ëè÷åñêîãî ìàãíèÿ â ðàñòâîðå òîëóîëà.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Ïðîäóêòû ðåàêöèè àíàëèçèðîâàëè ìåòî-
äîì ãàçîæèäêîñòíîé õðîìàòîãðàôèè íà õðîìà-
òîãðàôàõ «Carlo Erba» (ñòåêëÿííàÿ êàïèëëÿð-
íàÿ êîëîíêà «Ultra-1» «Hewlett Packard» 25 ×
0.2 ìì, ïëàìåííî-èîíèçàöèîííûé äåòåêòîð,
ðàáî÷àÿ òåìïåðàòóðà 50–170 îÑ, ãàç-íîñèòåëü
– ãåëèé), «Chroì-5» è «Öâåò-102», äåòåêòîðû
ïëàìåííî-èîíèçàöèîííûå, êîëîíêè äëèíîé 1.2
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-
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õîäû ïðîäóêòîâ îïðåäåëÿëè ìåòîäîì ÃÆÕ-
àíàëèçà ïðîäóêòîâ ãèäðîëèçà ñîîòâåòñòâóþ-
ùèõ ñîåäèíåíèé ñ èñïîëüçîâàíèåì âíóòðåííå-
ãî ñòàíäàðòà. ÒÑÕ ïðîâîäèëè íà ïëàñòèíàõ
Silufol UV-254.

(E)-4-(2-õëîð-3-(ìåòèëòèî)íîí-2-åí-1-
èë)ìîðôîëèí(3à); îáùàÿ ïðîöåäóðà. Â ñòåê-
ëÿííûé ðåàêòîð îáúåìîì 50 ìë ïðè 23 oC, óñ-
òàíîâëåííûé íà ìàãíèòíîé ìåøàëêå, â àòìîñ-
ôåðå àðãîíà ïîñëåäîâàòåëüíî çàãðóæàëè
NbCl5 (2160 ìã, 8 ììîëü), òîëóîë (12 ìë), ïî-
ðîøîê ìàãíèÿ (144 ìã, 6 ììîëü) è 4-(íîí-2-èí-
1-èë)ìîðôîëèí (418 ìã, 2.0 ììîëü) è ïåðåìå-
øèâàëè ïðè 40 îC â òå÷åíèå 4 ÷. Ïîñëå ïðîõîæ-
äåíèÿ óêàçàííîãî âðåìåíè ê ðåàêöèîííîé ñìå-
ñè, îõëàæäåííûé äî êîìíàòíîé òåìïåðàòóðû,
áûë äîáàâëåí ìåòàíñóëüôîíèëõëîðèä (690 ìã,
6.0 ììîëü) è ðåàêöèîííàÿ ñìåñü ïåðåìåøèâà-
ëàñü ïðè êîìíàòíîé òåìïåðàòóðå â òå÷åíèå 8 ÷.
Çàòåì ê ðåàêöèîííîé ìàññå ïðèëèëè Et2O (20
ìë) è ïðè îõëàæäåíèè ðåàêòîðà â ëåäÿíîé
áàíå äîáàâèëè ïî êàïëÿì 25% ðàñòâîð KOH
(15 ìë). Âîäíûé ñëîé ýêñòðàãèðîâàëè äèýòèëî-
âûì ýôèðîì, ýêñòðàêò ñîåäèíÿëè ñ îðãàíè÷åñ-
êèì ñëîåì, âûäåðæèâàëè íàä áåçâîäíûì
CaCl2, îòôèëüòðîâàëè îò âûïàâøåãî îñàäêà è
êîíöåíòðèðîâàëè â âàêóóìå. Èíäèâèäóàëüíîå
ñîåäèíåíèå 3à âûäåëÿëè ïåðåãîíêîé ïðè 97–
100 îC (1.6 ìì ðò. ñò.) è èäåíòèôèöèðîâàëè
ïóòåì àíàëèçà ñïåêòðîâ ßÌÐ 13C è 1H. Âûõîä
ïðîäóêòà ðåàêöèè (456 ìã, 78%) îïðåäåëÿëè
ìåòîäîì ÃÆÕ ñ èñïîëüçîâàíèåì âíóòðåííåãî
ñòàíäàðòà (í-ãåêñàäåêàí). Ñïåêòð 1H ßÌÐ (δ,
ì.ä., J/Ãö): δ = 0.91 (ò, J = 7 Ãö, 3H,
C(13)H3), 1.33 (ñ, 6H, C(12, 11, 10)H2), 1.56-
1.60 (ì, 2H, C(4)), 2.36 (ñ, 3H, C(14)H3), 2.52
(ò, J = 7 Ãö, 4H, C(6, 7)H2), 2.74 (ò, J = 7 Ãö,
2H, C(3)H2), 3.42 (ñ, 2H, C(5)H2), 3.73 (ò, J =
4 Ãö, C(8, 9)). Ñïåêòð 13C ßÌÐ (δ, ì.ä., J/
Ãö): δ = 14.05 (C(13)), 16.35 (C(14)), 22.57
(C(12)), 27.49 (C(4)), 28.50 (C(10)), 31.58
(C(11)), 37.23(C(3)), 53.19 (C(6, 7)), 59.09
(C(5)), 67.08 (C(8, 9)), 127.42 (C(2)),
136.95(C(1)). Ìàññ-ñïåêòð (ÝÓ, 70 ýÂ): m/z,
% = 292 (<1) [M+], 291 (2), 189 (<1), 100

(100), 86 (7). Âû÷èñëåíî C14H26ClNOS, (%):
C, 57.41; H, 8.98; N, 4.80. Íàéäåíî, %: C,
57.74; H, 8.83; N, 4.89.

(E)-1-(2-õëîð-3-(ìåòèëòèî)ãåïò-2-åí-1-
èë)ïèïåðèäèí (3b). Íà îñíîâå îïèñàííîé
âûøå ïðîöåäóðû ñ èñïîëüçîâàíèåì 358 ìã 1-
(ãåïò-2-èí-1-èë)ïèïåðèäèíà (2 ììîëü) è ïîñëå-
äóþùèé î÷èñòêè ñ ïîìîùüþ ïåðåãîíêè ïðè 2
ìì ðò. ñò. è 97–99 îC áûëî ïîëó÷åíî ñîåäèíå-
íèå 3b (419 ìã, 80%) â âèäå áåñöâåòíîãî ìàñëà.
Ñïåêòð 1H ßÌÐ (δ, ì.ä., J/Ãö): δ = 0.96 (ò, J
= 7 Ãö, 3H, C(11)H3), 1.37 (êâ, J = 7 Ãö, 2H,
C(10)H2), 1.44-1.47 (ì, 2H, C(12)), 1.55-1.61
(ì, 6H, C(4, 8, 9)H2), 2.36 (ñ, 3H, C(13)H3),
2.43 (ñ, 4H, C(6, 7)H2), 2.74 (ò, J = 7 Ãö, 2H,
C(3)H2), 3.36 (ñ, 2H, C(5)H2). Ñïåêòð 13C
ßÌÐ (δ, ì.ä., J/Ãö): δ = 13.95 (C(11)), 16.35
(C(13)), 22.02 (C(10)), 24.45 (C(12)), 26.06
(C(8, 9)), 29.72 (C(4)), 36.98 (C(3)), 54.13
(C(6, 7)), 59.63 (C(5)), 128.52 (C(2)), 135.89
(C(1)). Ìàññ-ñïåêòð (ÝÓ, 70 ýÂ): m/z, % = 262
(1) [M+], 261 (4), 178 (1), 98 (100), 84 (12). Âû-
÷èñëåíî C13H24ClNS, (%): C, 59.63; H, 9.24; N,
5.35. Íàéäåíî, %: C, 59.78; H, 9.41; N, 5.59.

(E)-4-(2-õëîð-3-(ìåòèëòèî)ãåïò-2-åí-1-
èë)ìîðôîëèí (3c). Íà îñíîâå îïèñàííîé
âûøå ïðîöåäóðû ñ èñïîëüçîâàíèåì 362 ìã
4-(ãåïò-2-èí-1-èë)ìîðôîëèíà (2 ììîëü) è ïîñ-
ëåäóþùåé ïåðåãîíêè ïðè 1.9 ìì ðò. ñò. è 128–
130 °C áûëî ïîëó÷åíî ñîåäèíåíèå 3c (375 ìã,
71%) â âèäå áåñöâåòíîãî ìàñëà. Ñïåêòð 1H
ßÌÐ (δ, ì.ä., J/Ãö): δ = 0.96 (ò, J = 7 Ãö, 3H,
C(11)H3), 1.34-1.39 (ì, 2H, C(10)H2), 1.55-
1.61 (ì, 2H, C(4)H2), 2.36 (ñ, 3H, C(12)H3),
2.52 (ñ, 4H, C(6, 7)H2), 2.75 (ò, J = 7 Ãö, 2H,
C(3)H2), 3.42 (ñ, 2H, C(5)H2), 3.74 (ñ, 4H,
C(8, 9)H2). Ñïåêòð 13C ßÌÐ (δ, ì.ä., J/Ãö): δ
= 13.92 (C(11)), 16.35 (C(12)), 22.00 (C(10)),
29.69 (C(4)), 36.99 (C(3)), 53.17 (C(6, 7)),
59.07 (C(5)), 67.06 (C(8, 9)), 127.41 (C(2)),
136.89 (C(1)). Ìàññ-ñïåêòð (ÝÓ, 70 ýÂ) = 264
(13) [M+], 263 (65), 230 (18), 228 (19), 176 (10),
101 (98), 100 (100), 86 (47), 56 (29). Âû÷èñëåíî
C12H22ClNOS, (%): C, 54.63; H, 8.41; N, 5.31.
Íàéäåíî, %: C, 54.78; H, 8.21; N, 5.29.
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