
16 Башкирский химический журнал. 2022. Том 29. №1

Äàòà ïîñòóïëåíèÿ 13.10.21

Âïåðâûå îñóùåñòâëåíà ðåàêöèÿ êàðáîìåòàëëè-
ðîâàíèÿ äèàëêèëçàìåùåííûõ àöåòèëåíîâ ñ ïî-
ìîùüþ Et2Zn â ïðèñóòñòâèè êàòàëèòè÷åñêèõ êî-
ëè÷åñòâ Ti(O-iPr)4 è EtMgBr. Óñòàíîâëåíî, ÷òî
êàòàëèçèðóåìàÿ Ti(O-iPr)4-EtMgBr ðåàêöèÿ
êàðáîöèíêèðîâàíèÿ äåöèíà-5 ñ Et2Zn â ðàñòâîðå
ãåêñàí–äèýòèëîâûé ýôèð èëè õëîðèñòûé ìåòè-
ëåí–äèýòèëîâûé ýôèð ïðèâîäèò ê êîëè÷åñòâåí-
íîìó îáðàçîâàíèþ ñòåðåîèçîìåðíûõ òåòðààë-
êèëçàìåùåííûõ ãåêñà-1,3-äèåíîâûõ ïðîèçâîä-
íûõ â ñîîòíîøåíèè ~1.5 : 1. Èçó÷åíî âëèÿíèå
ïðèðîäû ðàñòâîðèòåëÿ íà êàðáîìåòàëëèðîâàíèå
çàìåùåííûõ àöåòèëåíîâ â óñëîâèÿõ òèòàí-ìàã-
íèåâîãî êàòàëèçà. Ïðåäëîæåí ìåõàíèçì îáíàðó-
æåííîãî ïðåâðàùåíèÿ äèàëêèëçàìåùåííûõ àë-
êèíîâ â ãåêñà-1,3-äèåíû â óñëîâèÿõ Ti-Mg-
êàòàëèçèðóåìîãî öèíêîðãàíè÷åñêîãî ñèíòåçà.

Êëþ÷åâûå ñëîâà: äèçàìåùåííûå àöåòèëåíû;
äèýòèëöèíê; òåòðààëêèëçàìåùåííûå ãåêñà-1,3-
äèåíîâûå ïðîèçâîäíûå; êàðáîöèíêèðîâàíèå,
òèòàíà(IV) èçîïðîïîêñèä; ýòèëìàãíèéáðîìèä.

For the first time, the reaction of carbometallation
of dialkyl-substituted acetylene with Et2Zn in the
presence of catalytic amounts of Ti(O-iPr)4 and
EtMgBr was established. It was demonstrated that
Ti(O-iPr)4-EtMgBr-catalyzed carbometallation
of dialkyl-substituted acetylene does not stop at
the stage of ethylzincation of the triple bond, but
accompanied by the involvement of a second
acetylene molecule with the formation of two
stereoisomeric hexa-1,3-diene derivatives in a ratio
of ~1.5: 1. The effect of the nature of the solvent on
the carbometallation of substituted acetylene under
the conditions of titanium-magnesium catalysis was
studied. The possible mechanism of the detected
conversion of dialkyl-substituted alkyne to hexa-
1,3-dienes under conditions of Ti-Mg-catalyzed
organozinc synthesis is proposed.

Key worlds: carbozincation; diethylzinc;
disubstituted acetylenes; ethylmagnesium
bromide; tetra-alkyl-substituted hexa-1,3-diene
derivatives; titanium(IV) isopropoxide.
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Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé
ïîääåðæêå Ðîññèéñêîãî íàó÷íîãî ôîíäà
(Ïðîåêò ¹ 19-73-10113). Ñèíòåç òåòðà-
àëêèëãåêñà-1,3-äèåíîâûõ ñîåäèíåíèé íà
îñíîâå Ti(O-iPr)4-EtMgBr-êàòàëèçèðóå-
ìîé ðåàêöèè äåöèíà-5 ñ Et2Zn áûë îñóùå-
ñòâëåí â ðàìêàõ ãîñóäàðñòâåííîãî çàäà-
íèÿ Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè
(¹ÀÀÀÀ-À19-119022290009-3, ¹AAAA-
A19-119022290008-6 (2019–2021)).

This work was financially supported
by the Russian Science Foundation
(Project No. 19-73-10113). The synthesis of
tetra-alkylhexa-1,3-diene compounds based
on Ti(O-iPr)4-EtMgBr-catalyzed reaction
of decine-5 with Et2Zn was carried out
within the RF state assignment, reg.
no.AAAA-A19-119022290009-3, no.AAA-
A19-119022290008-6 (2019–2021).
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Êàòàëèòè÷åñêàÿ ðåàêöèÿ êàðáîöèíêèðîâà-
íèÿ àëêèíîâ ÿâëÿåòñÿ ýôôåêòèâíûì èíñòðó-
ìåíòîì äëÿ ñèíòåçà ìóëüòèçàìåùåííûõ îëåôè-
íîâ ðàçëè÷íîãî ñòðîåíèÿ. Âûñîêàÿ òîëåðàíò-
íîñòü öèíêîðãàíè÷åñêèõ ðåàãåíòîâ ê ïðèñóò-
ñòâèþ ôóíêöèîíàëüíûõ ãðóïï â ñòðóêòóðå
àöåòèëåíîâîé ìîëåêóëû ïîçâîëèëà íàì âïåð-
âûå îñóùåñòâèòü Ti(O-iPr)4-EtMgBr-êàòàëèçè-
ðóåìîå 2-öèíêîýòèëöèíêèðîâàíèå òàêèõ ãåòå-
ðîôóíêöèîíàëüíûõ àëêèíîâ, êàê 1-àëêèíèë-
ôîñôèíû, 2-àëêèíèëàìèíû 1 è ýòèëöèíêèðî-
âàíèå 1-àëêèíèëôîñôîôðñóëüôèäîâ 2.
Ïðèìåíåíèå êàòàëèòè÷åñêîé ñèñòåìû íà îñíî-
âå Ti(O-iPr)4 è EtMgBr äëÿ êàðáîöèêëèçàöèè
íåôóíêöèîíàëèçèðîâàííûõ è êèñëîðîäñîäåð-
æàùèõ åíèíîâ áûëî âïåðâûå îñóùåñòâëåíî
Íåãèøè 3. Íåñìîòðÿ íà øèðîêèé êðóã 4,5 èçâå-
ñòíûõ â íàñòîÿùåå âðåìÿ êàòàëèòè÷åñêèõ ñèñ-
òåì äëÿ ëèíåéíîãî êàðáîöèíêèðîâàíèÿ ôóíê-
öèîíàëüíî çàìåùåííûõ àëêèíîâ ñ ïîìîùüþ
äèàëêèëüíûõ è ãàëîãåíñîäåðæàùèõ ïðîèçâîä-
íûõ öèíêà, êàðáîöèíêèðîâàíèå íåàêòèâèðî-
âàííûõ àëêèíîâ ðàçâèòî ñëàáî. Â ëèòåðàòóðå 6

îïèñàí åäèíñòâåííûé ïðèìåð Cp2ZrCl2-
EtMgBr-êàòàëèçèðóåìîãî ðåãèî- è ñòåðåîñå-
ëåêòèâíîãî 2-öèíêîýòèëöèíêèðîâàíèÿ 5-äåöè-
íà ñ ïîìîùüþ Et2Zn. Â íàñòîÿùåé ðàáîòå íàìè
âïåðâûå èçó÷åíî êàòàëèçèðóåìîå Ti(O-iPr)4-
EtMgBr âçàèìîäåéñòâèå äèàëêèëçàìåùåííûõ
àëêèíîâ ñ Et2Zn.

Íàìè óñòàíîâëåíî, ÷òî ðåàêöèÿ äåöèíà-5
1 ñ 2,5 ýêâèâàëåíòàìè Et2Zn (1M ðàñòâîð â ãåê-
ñàíå) â ïðèñóòñòâèè 15% ìîë. Ti(O-iPr)4, (0.3
M ðàñòâîð â ãåêñàíå) è 20 ìîë. % EtMgBr
(2.5M ðàñòâîð â Et2O) â ðàñòâîðå ãåêñàíà ïðè
êîìíàòíîé òåìïåðàòóðå çà 6 ÷ ïîñëå äåéòåðîëè-
çà èëè ãèäðîëèçà äàåò ñòåðåîèçîìåðíûå ãåêñà-
1,3-äèåíîâûå ïðîèçâîäíûå 2a,b,3à,b â ñîîòíî-
øåíèè ~1.5 : 1 (Ñõåìà 1).

Ñòðóêòóðà îáðàçóþùèõñÿ ñîåäèíåíèé óñ-
òàíîâëåíà ñ ïîìîùüþ 1D- è 2D-ßÌÐ ñïåêòðî-
ñêîïèè ïðîäóêòîâ èõ äåéòåðîëèçà 3a,b è ãèä-
ðîëèçà 2à,b. Íåîáõîäèìî ïîä÷åðêíóòü, ÷òî ðà-
ñòâîðèòåëü ðåàêöèîííîé ñèñòåìû ÿâëÿåòñÿ
äâóõôàçíûì – ãåêñàí–äèýòèëîâûé ýôèð (â

ïðèìåðíîì îáúåìíîì ñîîòíîøåíèè 30 : 1), òàê
êàê èñïîëüçóåìûé â ðåàêöèè ðåàãåíò Ãðèíüÿðà
ïðåäñòàâëÿåò ñîáîé 2.5M ðàñòâîð â Et2O. Óñ-
òàíîâëåíî, ÷òî ðåàêöèÿ ïðîõîäèò îäèíàêîâî
ýôôåêòèâíî è â ðàñòâîðå ñìåñè õëîðèñòîãî
ìåòèëåíà ñ äèýòèëîâûì ýôèðîì (ãåêñàí çàìå-
íÿåòñÿ õëîðèñòûì ìåòèëåíîì), òîãäà êàê â ðà-
ñòâîðå äèýòèëîâûé ýôèð–ãåêñàí (â ïðèìåðíîì
îáúåìíîì ñîîòíîøåíèè 30 : 1), ñîãëàñíî ðàáî-
òå 3, âçàèìîäåéñòâèå 5-äåöèíà ñ Et2Zn â ïðè-
ñóòñòâèè êàòàëèòè÷åñêèõ êîëè÷åñòâ Ti(O-iPr)4
(0.1 ýêâèâ.), è EtMgBr (0.2 ýêâèâ.) ïðîõîäèò
ïî êëàññè÷åñêîìó ìàðøðóòó ðåàêöèè êàðáî-
öèíêèðîâàíèÿ è ïðèâîäèò ê îáðàçîâàíèþ ïðî-
äóêòà êàðáîöèíêèðîâàíèÿ (ñõåìà 2). Òàêèì
îáðàçîì, 30-êðàòíûé èçáûòîê ãåêñàíà íàä äèý-
òèëîâûì ýôèðîì â äâóõôàçíîé ñèñòåìå ðàñòâî-
ðèòåëåé - ãåêñàí - äèýòèëîâûé ýôèð ñïîñîá-
ñòâóåò èçìåíåíèþ ìàðøðóòà èçó÷àåìîé ðåàê-
öèè ñ îáðàçîâàíèåì ñòåðåîèçîìåðíûõ ãåêñà-
1,3-äèåíîâûõ ïðîèçâîäíûõ (ñõåìà 1). Â ñëó÷àå
æå èñïîëüçîâàíèÿ 30 êðàòíîãî èçáûòêà äèýòè-
ëîâîãî ýôèðà íàä ãåêñàíîì â äâóõôàçíîé ñèñ-
òåìå ðàñòâîðèòåëåé äèýòèëîâûé ýôèð–ãåêñàí
â Ti(O-iPr)4-EtMgBr-êàòàëèçèðóåìîé ðåàêöèè
äåöèíà-5 ñ Et2Zn îáðàçóåòñÿ ïðîäóêò ýòèëöèí-
êèðîâàíèÿ (ñõåìà 2) 3.

 

BuBu
Et2O-гексан, 
комнатная температура, 4 дня.
2. H2O (D2O)

1. Et2Zn (2,5 эквив, 1M в гексане)
Ti(O-iPr)4 (20 мол.%, 0,5 M в гексане)
EtMgBr (20 мол.%, 2,5 M в Et2O)

H

BuBu

Et
64%

Ñõåìà 2

Ìû ïîëàãàåì, ÷òî îáðàçîâàíèå òåòðààë-
êèëãåêñà-1,3-äèåíîâûõ ïðîèçâîäíûõ â èçó÷àå-
ìîé ðåàêöèè ïðîèñõîäèò ñëåäóþùèì îáðàçîì.
Ñîãëàñíî ïðèâåäåííîé ñõåìå 3, áûñòðûé ëè-
ãàíäíûé îáìåí ìåæäó èçîïðîïîêñèäîì òèòàíà
(IV) A è ýòèëìàãíèéáðîìèäîì B äàåò íåñòà-
áèëüíûé äèýòèëòèòàíîâûé èíòåðìåäèàò C, êî-
òîðûé äàëåå ïðåâðàùàåòñÿ â òèòàíàöèêëîïðî-
ïàíîâûé èíòåðìåäèàò D (òèòàí (II)-ýòèëåíî-

 

BuBu
гексан , комнатная температура

6 ч.

1. Et2Zn (2,5 эквив, 1M в гексане)
Ti(O-iPr)4 (0,15 эквив, 0,5 M в гексане)
EtMgBr (0,2 эквив, 2,5 M в Et2O)

2. H2O (D2O)

BuBu

Bu R

Bu
BuBu

Bu X

Bu+

1 XX

1,5                 : 1 ГХ общий
выход, %

2a                  : 2b 91
3a : 3b 86

2a и 2b: R = Bu, X = H
3a и 3b: R = Bu, X = D

Ñõåìà 1



18 Башкирский химический журнал. 2022. Том 29. №1

âûé êîìïëåêñ). Âïåðâûå ïðåäïîëîæåíèå î ãå-
íåðàöèè òèòàíàöèêëîïðîïàíîâîãî èíòåðìåäèà-
òà D ïðè âçàèìîäåéñòâèè ðåàêòèâîâ Ãðèíüÿðà
ñ àëêîêñèäàìè òèòàíà(IV) áûëî âûñêàçàíî Êó-
ëèíêîâè÷åì 7. Ñîãëàñíî ñõåìå 3, äàëüíåéøåå
âíåäðåíèå òðîéíîé ñâÿçè àëêèíà ïî Ti–C ñâÿ-
çè òèòàíàöèêëîïðîïàíîâîãî èíòåðìåäèàòà D
ïðèâîäèò ê îáðàçîâàíèþ òèòàíàöèêëîïåíòåíî-
âîãî èíòåðìåäèàòà E. Â ðåçóëüòàòå äåéòåðîëè-
çà ïðîäóêòîâ ðåàêöèè êàðáîìåòàëëèðîâàíèÿ
5-äåöèíà ìû ïîëó÷èëè ñìåñü äâóõ äèäåéòåðè-
ðîâàííûõ ñîåäèíåíèé – (5E,7E)-6,7-äèáóòèë-
5-(ýòèë-2-d)äîäåêà-5,7-äèåí-8-d 3a è (5E,7Z)-
6,7-äèáóòèë-5-ýòèëäîäåêà-5,7-äèåí 3b. Èñõîäÿ
èç íàáëþäàåìîé ðåãèîõèìèè ðåàêöèè, ìîæíî
ïðåäïîëîæèòü, ÷òî îáðàçîâàíèå äèåíîâûõ
ñòðóêòóð 3a, 3b ïðîèñõîäèò â ðåçóëüòàòå âíå-
äðåíèÿ òðîéíîé ñâÿçè âòîðîé àöåòèëåíîâîé
ìîëåêóëû ïî ñâÿçè Ti-C(sp2) òèòàíàöèêëîïåí-
òåíîâîãî èíòåðìåäèàòà E. Î÷åâèäíî, ìåòàëë-
óãëåðîäíàÿ ñâÿçü èíòåðìåäèàòà Å, ãäå àòîì òè-
òàíà ñâÿçàí ñ áîëåå íóêëåîôèëüíûì sp2-ãèáðè-
äèçîâàííûì àòîìîì óãëåðîäà, ÿâëÿåòñÿ áîëåå
ðåàêöèîííîñïîñîáíîé ïî îòíîøåíèþ êî âòîðîé
ìîëåêóëå àëêèíà. Ìîæíî ïðåäïîëîæèòü, ÷òî

ýòîò ôàêò ëåæèò â îñíîâå ýêñïåðèìåíòàëüíî
íàáëþäàåìîé ðåãèîñåëåêòèâíîñòè ðåàêöèè. Â
òî æå âðåìÿ, ïðîöåññ âíåäðåíèÿ âòîðîé ìîëå-
êóëû àöåòèëåíîâîãî ñóáñòðàòà ìîæåò ïðîõî-
äèòü íåñòåðåîñåëåêòèâíî, ÷òî ïðèâîäèò ê îáðà-
çîâàíèþ âòîðîãî ñòåðåîèçîìåðà – (5E,7Z)-6,7-
äèáóòèë-5-ýòèëäîäåêà-5,7-äèåíà. Äàëüíåéøåå
ïåðåìåòàëëèðîâàíèå àòîìà òèòàíà â òåòðàëêèë-
òèòàíàöèêëîãåïòà-2,4-äèåíå Fa,b íà àòîì öèí-
êà è ïîñëåäóþùèé ãèäðîëèç ïðèâîäèò ê îáðà-
çîâàíèþ ñìåñè ñòåðåîèçîìåðîâ – (5E,7E)-6,7-
äèáóòèë-5-ýòèëäîäåêà-5,7-äèåíà 2a è (5E,7Z)-
6,7-äèáóòèë-5-ýòèëäîäåêà-5,7-äèåíà 2b â
ñîîòíîøåíèè 1.5 : 1.

Òàêèì îáðàçîì, êàòàëèçèðóåìàÿ ñèñòåìîé
Ti(O-iPr)4-EtMgBr ðåàêöèÿ äåöèíà-5 ñ Et2Zn â
ðàñòâîðå ãåêñàí–äèýòèëîâûé ýôèð èëè õëîðè-
ñòûé ìåòèëåí–äèýòèëîâûé ýôèð ñîïðîâîæäà-
åòñÿ êîëè÷åñòâåííûì îáðàçîâàíèåì ñòåðåîèçî-
ìåðíûõ òåòðààëêèëçàìåùåííûõ ãåêñà-1,3-äèå-
íîâûõ ïðîèçâîäíûõ â ñîîòíîøåíèè  ~1.5 : 1.
Ïðåäëîæåí ìåõàíèçì ïðåâðàùåíèÿ äèàëêèëçà-
ìåùåííûõ àëêèíîâ â ãåêñà-1,3-äèåíû â óñëî-
âèÿõ Ti-Mg-êàòàëèçèðóåìîãî öèíêîðãàíè÷åñ-
êîãî ñèíòåçà.
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Ñõåìà 3
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Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Â ðàáîòå èñïîëüçîâàëè êîììåð÷åñêè äîñ-
òóïíûå ìåòàëëîðãàíè÷åñêèå ðåàãåíòû: 1Ì ðà-
ñòâîð Et2Zn ôèðìû «Aldrich», 97% Ti(O-iPr)4
è 98% äåöèí-5 ôèðìû «Aldrich». Äëÿ ñîçäàíèÿ
èíåðòíîé àòìîñôåðû èñïîëüçîâàëè àðãîí ìàð-
êè «÷èñòûé» (ÃÎÑÒ 10157-73), äîïîëíèòåëüíî
î÷èùåííûé îò ñëåäîâ âëàãè è êèñëîðîäà ïðî-
ïóñêàíèåì ÷åðåç êîëîíêó, ñîäåðæàùóþ 30%
ðàñòâîð äèèçîáóòèëàëþìèíèéãèäðèäà â äåêà-
ëèíå. 2.5Ì ðàñòâîð EtMgBr â äèýòèëîâîì ýôè-
ðå ïîëó÷àëè ïî ìåòîäèêå, îïèñàííîé â ëèòåðà-
òóðå 8. Ãåêñàí ñóøèëè ïåðåãîíêîé íàä i-Bu3Al.
Äèýòèëîâûé ýôèð âûäåðæèâàëè íàä NaOH,
ïðîïóñêàëè ÷åðåç Al2O3, êèïÿòèëè íàä íàòðèå-
âîé äðîáüþ, ïåðåãîíÿëè â òîêå àðãîíà íàä
LiAlÍ4. Äèõëîðìåòàí ïåðåãîíÿëè íàä Ð2Î5.
Ïðîäóêòû ðåàêöèè àíàëèçèðîâàëè ìåòîäîì ãà-
çîæèäêîñòíîé õðîìàòîãðàôèè íà õðîìàòîãðà-
ôàõ «Carlo Erba» (ñòåêëÿííàÿ êàïèëëÿðíàÿ
êîëîíêà «Ultra-1» «Hewlett Packard» 25 × 0.2
ìì, ïëàìåííî-èîíèçàöèîííûé äåòåêòîð, ðàáî-
÷àÿ òåìïåðàòóðà 50–170 îÑ, ãàç-íîñèòåëü – ãå-
ëèé), «Chroì-5» è «Öâåò-102», äåòåêòîðû ïëà-
ìåííî-èîíèçàöèîííûå, êîëîíêè äëèíîé 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 ñíÿòû ñ ïîìîùüþ ïðèáî-
ðà «Finnigan 4021» ñ ýíåðãèåé èîíèçèðóþùèõ
ýëåêòðîíîâ 70 ýÂ è òåìïåðàòóðîé êàìåðû
èîíèçàöèè 200 îÑ. Ñïåêòðû ßÌÐ 1Í è 13Ñ çà-
ðåãèñòðèðîâàíû 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-
õîäû ïðîäóêòîâ îïðåäåëÿëè ìåòîäîì ÃÆÕ
ïðîäóêòîâ ãèäðîëèçà ñîîòâåòñòâóþùèõ öèí-
êîðãàíè÷åñêèõ ñîåäèíåíèé ñ èñïîëüçîâàíèåì
âíóòðåííåãî ñòàíäàðòà. ÒÑÕ ïðîâîäèëè íà
ïëàñòèíàõ Silufol UV-254.

 (5E,7E)-6,7-äèáóòèë-5-ýòèëäîäåêà-5,7-
äèåí (3a) è (5E,7Z)-6,7-äèáóòèë-5-ýòèëäîäå-
êà-5,7-äèåí (3b).

Â ñòåêëÿííûé ðåàêòîð îáúåìîì 50 ìë, óñ-
òàíîâëåííûé íà ìàãíèòíîé ìåøàëêå, â àòìîñ-
ôåðå àðãîíà ïðè 23 oC ïîñëåäîâàòåëüíî çàãðó-

æàëè äåöèí-5 (276 ìã, 2 ììîëü), Et2Zn (1M â
ãåêñàíå, 5 ìë, 5 ììîëü), ãåêñàí (6 ìë). Ê ïîëó-
÷åííîé ðåàêöèîííîé ñìåñè ïîñëåäîâàòåëüíî
áûëè äîáàâëåíû Ti(O-iPr)4 (0.5 M â ãåêñàíå,
0.6 ìë, 0.3 ììîëü) è EtMgBr (2.5M â Et2O,
0.16 ìë, 0.4 ììîëü). Ïîñëå ïåðåìåøèâàíèÿ â
òå÷åíèå 18 ÷ ïðè êîìíàòíîé òåìïåðàòóðå ê ðå-
àêöèîííîé ñìåñè ïðèëèâàëè Et2O (20 ìë) è
ïðè îõëàæäåíèè â ëåäÿíîé áàíå äîáàâèëè ïî
êàïëÿì 25%-íûé ðàñòâîð KOH (3 ìë). Âîäíûé
ñëîé ýêñòðàãèðîâàëè äèýòèëîâûì ýôèðîì, ýê-
ñòðàêòû ñîåäèíÿëè ñ îðãàíè÷åñêèì ñëîåì, âû-
äåðæèâàëè íàä áåçâîäíûì CaCl2, ôèëüòðîâà-
ëè è êîíöåíòðèðîâàëè â âàêóóìå. Ñìåñü ñòå-
ðåîèçîìåðîâ 2a è 2b âûäåëÿëè ïåðåãîíêîé ïðè
159–161 îC (1.2 ìì ðò. ñò.) è èäåíòèôèöèðîâà-
ëè ïóòåì àíàëèçà ñïåêòðîâ ßÌÐ 13C è 1H.
Âûõîä ïðîäóêòîâ ðåàêöèè (559 ìã, 91%) îïðå-
äåëÿëè ìåòîäîì ÃÆÕ ñ èñïîëüçîâàíèåì âíóò-
ðåííåãî ñòàíäàðòà (í-ãåêñàäåêàí). Ñïåêòð 1H
ßÌÐ (δ, ì.ä., J/Ãö): δ = 0.86-0.99 (ì, 15H),
1.28-1.43 (ì, 8H), 1.99-2.08 (ì, 18H), 4.99-5.03
(êâ., J = 14 Ãö, J =7.05 Ãö, 18H). Ñïåêòð 13C
ßÌÐ (δ, ì.ä., J/Ãö): δ = 13.58 (1C), 13.92,
13.89* (1C), 14.04 (1C), 14.54, 14.34* (1C),
14.65, 14,63* (1C), 21.38 (1C), 21.83, 21.77*
(1Ñ), 22.08 (1C), 22.68 (1C), 23.26, 23.24*
(C(1)), 25.64 (1C), 29.85 (1C), 29.89 (1C),
31.89 (1C), 32.04 (C1), 32.13 (1C), 32.26,
32.22* (1C), 34.89 (1C), 127.44, 127.27* (1C),
136.05, 135.75* (1C), 137.71, 137,48* (1C),
140.06, 139.94 (1C). Ìàññ-ñïåêòð (ÝÓ, 70 ýÂ):
m/z, % = 204 (15) [M+], 161 (11), 147 (13), 117
(18), 105 (100). Âû÷èñëåíî C22H42, (%): C,
86.19; H, 13.81. Íàéäåíî, %: C, 86.25; H, 13.77.

Íà îñíîâå îïèñàííîé âûøå ïðîöåäóðû ñ
èñïîëüçîâàíèåì 276 ìã äåöèíà-5 (2 ììîëü)
ïîñëå äåéòåðîëèçà ðåàêöèîííîé ìàññû è ïîñëå-
äóþùåé ïåðåãîíêè ïðè 1,2 ìì ðò. ñò. è 160–
162 îC áûëà ïîëó÷åíà ñìåñü äâóõ ñòåðåîèçîìå-
ðîâ (5E,7E)-6,7-äèáóòèë-5-(ýòèë-2-d)äîäåêà-
5,7-äèåíà-8-d (3a) è (5E,7Z)-6,7-äèáóòèë-5-
(ýòèë-2-d)äîäåêà-5,7-äèåíà-8-d (3b) (531 ìã,
86%) â âèäå áåñöâåòíîãî ìàñëà. 1H ßÌÐ (δ,
ì.ä., J/Ãö): δ = 0.89-0.94 (ì, 6H), 0.97-1.02
(ì, 2H), 1.31-1.36 (ì, 8H), 1.99-2.04 (ì, 6H).
Ñïåêòð 13C ßÌÐ (δ, ì.ä., J/Ãö): δ = 12.49-
12.95 (1C), 14.06 (2C), 22.44 (1C), 22.87 (1C),
27.26, 27,37* (1C), 29.42, 29.49* (1C), 29.91
(1Ñ), 30.79 (1C), 32.42 (1C), 122.89-123.44 (ò,
J = 22 Ãö, 1C), 140.96, 141.05* (1C) (GAM-
155-2). Âû÷èñëåíî C22H40D2, (%): C, 85.63;
Íàéäåíî, %: C, 85.71
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