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Âçàèìîäåéñòâèåì ëèòèéïðîèçâîäíîãî ýòèëîâîãî
ýôèðà ïðîïèîëîâîé êèñëîòû, ãåíåðèðîâàííîãî
äåéñòâèåì ëèòèéäèèçîïðîïèëàìèäà, ñ óêñóñíûì
àëüäåãèäîì â òåòðàãèäðîôóðàíå ïðè (–78) îÑ
ïîëó÷åíû ýòèë 4-ãèäðîêñèïåíò-2-èíîàò, ýòèë
(2Z)-2-(äèèçîïðîïèëàìèíî)-4-îêñîãåêñ-2-åí-5-
èíîàò è ýòèë (2E)-3-(äèèçîïðîïèëàìèíî)àêðè-
ëàò â ðàçëè÷íûõ ñîîòíîøåíèÿõ. Ïðîâåäåíèå ðå-
àêöèè äåéñòâèåì í-áóòèëëèòèÿ áåç äèèçîïðî-
ïèëàìèíà â ñìåñè ÒÃÔ–äèýòèëîâûé ýôèð– ïåí-
òàí ïðè (–100) îÑ ïðèâåëî ê ïîëó÷åíèþ öåëåâîãî
ýòèë 4-ãèäðîêñèïåíò-2-èíîàòà ñ âûõîäîì 60%.

Êëþ÷åâûå ñëîâà: àöåòàëüäåãèä; äèèçîïðîïè-
ëàìèä ëèòèÿ; ðåàêöèè êîíäåíñàöèè; ñèíòåç;,
ýòèëïðîïèîëàò; ýòèë 4-ãèäðîêñèïåíò-2-èíîàò.

Interaction of ethyl propiolate lithium derivative
generated by the action of lithium
diisopropylamide, with acetaldehyde depending
upon the reaction conditions leads to the mixture
of ethyl 4-hydroxy-pent-2-ynoate, ethyl (2Z)-2-
(diisopropylamino)-4-oxohexyl-2-ene-5-ynoate
and ethyl (2E)-3-(diisopropylamino)acrylate in
various ratios. Carrying out the reaction by the
action of n-butyllithium without diisopropyl-
amine in a THF – diethyl ether – pentane
mixture at (–100) îÑ led to the target ethyl
4-hydroxypent-2-inoate in 60% yield.

Key words: acetaldehyde; condensation
reactions; ethyl propiolate; ethyl 4-hydroxypent-
2-inoate; lithium diisopropylamide, synthesis.
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Â ðÿäó àíòèáèîòèêîâ beta-ëàêòàìîâîãî
ðÿäà ïðåäñòàâèòåëè êàðáåïåíåìîâ èçâåñòíû
êàê íàèáîëåå ýôôåêòèâíûå è íèçêîòîêñè÷íûå
àíòèáèîòèêè øèðîêîãî ñïåêòðà äåéñòâèÿ 1,2.

Â ñèíòåçå êàðáàïåíåìîâ îäíèì èç îñíîâ-
íûõ áëîêîâ ÿâëÿåòñÿ áèöèêëè÷åñêèé ïðåäøå-
ñòâåííèê 2 (ñõåìà 1), äëÿ ïîñòðîåíèÿ êîòîðîãî
ðàçðàáîòàíû ðàçëè÷íûå ïîäõîäû 3–6, â ò.÷.
âíóòðèìîëåêóëÿðíàÿ N–C-öèêëèçàöèÿ áîêî-
âîé öåïè, ñîäåðæàùåé àöåòèëåíîâóþ äâîéíóþ
ñâÿçü 7.

Ðàíåå íàìè áûë îñóùåñòâëåí ñèíòåç àçåòè-
äèíîâîãî áëîêà 3 íà îñíîâå ïðîïàðãèëîâîãî
ñïèðòà 8. Ñ öåëüþ ïîëó÷åíèÿ íîâîãî àöåòèëå-
íîâîãî áëîêà 4, ñîäåðæàùåãî áîëåå ïîäõîäÿ-

ùóþ êàðáîêñèëüíóþ ãðóïïó è íåîáõîäèìîãî â
çàïëàíèðîâàííûõ  íàìè  ïîäõîäàõ   ê  êàðáàïå-
íåìàì,  ìû  èññëåäîâàëè  ðåàêöèè ëèòèéïðîèç-
âîäíîãî ýòèëïðîïèîëàòà, ãåíåðèðóåìîãî â
ÒÃÔ ïðè (–78) îÑ äåéñòâèåì äèèçîïðîïèëàìè-
äà ëèòèÿ (LDA), ñ àöåòàëüäåãèäîì. Ïðè ýòîì
íàðÿäó ñ îñíîâíûì ïðîäóêòîì 4 áûëè âûäåëå-
íû ìèíîðíûå ñîåäèíåíèÿ 5 è 6 (ñõåìà 2).

Ïîïûòêà íàðàáîòêè ãèäðîêñèýôèðà 4 â
âûøåíàçâàííûõ óñëîâèÿõ ïðèâîäèëà ñ íèçêèì
âûõîäîì ê ñóììå ðàçëè÷àþùèõñÿ ñîîòíîøåíè-
åì ñîåäèíåíèé 4-6. Ñåëåêòèâíîñòü áûëà äîñ-
òèãíóòà èñïîëüçîâàíèåì äëÿ ãåíåðèðîâàíèÿ
ëèòèéïðîèçâîäíîãî ýòèëïðîïèîëàòà ðàñòâîðà
n-BuLi áåç äîáàâëåíèÿ äèèçîïðîïèëàìèíà è
ïðîâåäåíèåì ðåàêöèè ïðè (–100) îÑ â ñìåñè
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ÒÃÔ-äèýòèëîâûé ýôèð-ïåíòàí 9, ðåàêöèîííóþ
ìàññó ðàçëàãàëè äîáàâëåíèåì Me3SiCl, âûõîä
öåëåâîãî ñîåäèíåíèÿ 4 ñîñòàâèë ∼∼∼∼∼60% (ñõåìà 2).

Òàêèì îáðàçîì, áûë ïîëó÷åí öåííûé áëîê
äëÿ ïîñòðîåíèÿ áîêîâîé öåïè 1-ìåòèëêàðáàïå-
íåìîâ ñ ïðèåìëåìûì âûõîäîì. Ñëåäóåò îòìå-
òèòü, ÷òî êðîìå öåëåâîãî ñîåäèíåíèÿ 4 ïðåä-
ñòàâëÿåò èíòåðåñ òàêæå ôóíêöèîíàëèçèðîâàí-
íûé åíèíîí 5, ïðåæäå âñåãî ñêðûòûì ñèíòåòè-
÷åñêèì ïîòåíöèàëîì.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

ÈÊ ñïåêòðû ñíÿòû íà ñïåêòðîôîòîìåòðå
«Shimadzu IR Prestige-21» â ïëåíêå èëè âàçå-
ëèíîâîì ìàñëå. Ñïåêòðû ßÌÐ çàïèñàíû íà
ñïåêòðîìåòðå Bruker AVANCE-500 [ðàáî÷èå
÷àñòîòû 500.13 (1H) è 125.77 ÌÃö (13Ñ)] â
CDCl3 èëè àöåòîí-d6, â ñïåêòðå ßÌÐ 13Ñ çà
âíóòðåííèé ñòàíäàðò ïðèíÿòî çíà÷åíèå ñèãíà-
ëîâ CDCl3, àöåòîí-d6 ( Ñ 77.00 è 28.83 ì.ä.), â
ñïåêòðå ßÌÐ 1H çà âíóòðåííèé ñòàíäàðò ïðè-
íÿòî çíà÷åíèå ñèãíàëîâ îñòàòî÷íûõ ïðîòîíîâ â
CDCl3, àöåòîí-d6 ( Í 7.27 è 2.07 ì.ä.). Ýëå-
ìåíòíûé àíàëèç âûïîëíåí íà CHNS-àíàëèçà-
òîðå «Euro-EA 3000». Ìàññ-ñïåêòðû èîíèçà-
öèè ýëåêòðîðàñïûëåíèåì (ÈÝÐ, ESI
[electrospray ionization]) áûëè ïîëó÷åíû íà

ÂÝÆÕ ìàññ-ñïåêòðîìåòðå LCMS-2010EV
(Shimadzu) (øïðèöåâîé ââîä, ðàñòâîð îáðàçöà
â õëîðîôîðìå/àöåòîíèòðèëå  ïðè ðàñõîäå
0.1 ìë/ìèí, ýëþåíò – àöåòîíèòðèë/âîäà (95/
5)) â ðåæèìå ðåãèñòðàöèè ïîëîæèòåëüíûõ
èîíîâ ïðè ïîòåíöèàëå èãîëü÷àòîãî èîíèçèðóþ-
ùåãî ýëåêòðîäà 4.5 êÂ. Ïðîòåêàíèå ðåàêöèé
êîíòðîëèðîâàëè ìåòîäîì ÒÑÕ íà ïëàñòèíêàõ
«Sorbfil» (Ðîññèÿ) ñ îáíàðóæåíèåì âåùåñòâ ñ
ïîìîùüþ 10%-íîãî ðàñòâîðà àíèñîâîãî àëüäå-
ãèäà â ýòàíîëå ñ äîáàâêîé ñåðíîé êèñëîòû èëè
ùåëî÷íûì ðàñòâîðîì KMnO4. Ïðîäóêòû ðåàê-
öèè âûäåëÿëè ìåòîäîì êîëîíî÷íîé õðîìàòîã-
ðàôèè íà ñèëèêàãåëå ôèðìû Macherey-Nagel
(30-60 ã àäñîðáåíòà íà 1.0 ã âåùåñòâà).

Âçàèìîäåéñòâèå Li-ïðîèçâîäíîãî ýòèëï-
ðîïèîëàòà ñ àöåòàëüäåãèäîì.

1) Ê îõëàæäåííîìó äî (–78) îÑ ðàñòâîðó
0.85 ìë (6.10 ììîëü) i-Pr2NH â 10 ìë áåçâîä-
íîãî ÒÃÔ ïðè ïåðåìåøèâàíèè äîáàâëÿëè 4.96
ìë (6.1 ììîëü) 1.24 Ì ðàñòâîðà BuLi â ãåêñà-
íå, ðåàêöèîííóþ  ñìåñü  ïåðåìåøèâàëè  30
ìèí  ïðè (–30) îÑ, çàòåì  ìàññó  ñíîâà îõëàæ-
äàëè äî (–78) îÑ è ïî êàïëÿì äîáàâëÿëè ðà-
ñòâîð 0.5 ã (5.1 ììîëü) ýòèëïðîïèîëàòà â 5 ìë
àáñîëþòíîãî ÒÃÔ, ðåàêöèîííóþ  ñìåñü ïåðå-
ìåøèâàëè 10 ìèí ïðè (–78) îÑ è 30 ìèí ïðè
(–20) îÑ. Çàòåì ìàññó ñíîâà îõëàæäàëè äî
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(–78) îÑ è äîáàâëÿëè ïî êàïëÿì ðàñòâîð
0.34 ìë (6.1 ììîëü) àöåòàëüäåãèäà, ðåàêöèîí-
íóþ ñìåñü ïåðåìåøèâàëè 30 ìèí ïðè (–78) îÑ,
çàòåì 1 ÷ ïðè (–40) îÑ, ðàçëàãàëè äîáàâëåíèåì
3-4 ìë íàñûùåííîãî ðàñòâîðà NH4Cl, ÒÃÔ
óïàðèëè. Ïðîäóêò ýêñòðàãèðîâàëè CH2Cl2
(3 × 10 ìë), îáúåäèíåííûå ýêñòðàêòû ñóøèëè
MgSO4, óïàðèëè, îñòàòîê äåëèëè êîëîíî÷íîé
õðîìàòîãðàôèåé íà SiO2. Ïîëó÷èëè 0.30 ã
(40%) ñîåäèíåíèÿ 4, 90 ìã (8%) àìèäà 5 è
0.13 ã (22%) àêðèëàìèäà 6.

2) Ê ðàñòâîðó 0.3 ã (3.06 ììîëü) ýòèëïðî-
ïèîëàòà â 10 ìë ñìåñè ÒÃÔ-äèýòèëîâûé ýôèð-
ïåíòàí (4:1:1), îõëàæäåííîé äî (–100) îÑ, ïî
êàïëÿì ïðèáàâëÿëè 2.7 ìë (3.3 ììîëü) 1.24 M
ðàñòâîðà n-BuLi â ãåêñàíå, ðåàêöèîííóþ ìàññó
ïåðåìåøèâàëè 10 ìèí ïðè ýòîé òåìïåðàòóðå.
Çàòåì ê ñìåñè äîáàâëÿëè ïî êàïëÿì 0.18 ìë
(3.3 ììîëü) àöåòàëüäåãèäà è ïåðåìåøèâàëè 30-
40 ìèí ïðè (–120) îÑ, äîáàâëÿëè 1.7 ã (4.5
ììîëü) Me3SiCl, ïåðåìåøèâàëè 5 ìèí, òåìïå-
ðàòóðó äîâåëè äî êîìíàòíîé. Ðåàêöèîííóþ
ìàññó ïðîìûâàëè âîäîé, îðãàíè÷åñêèé ñëîé
ñóøèëè MgSO4, óïàðèëè ðàñòâîðèòåëè, îñòà-
òîê õðîìàòîãðàôèðîâàëè íà êîëîíêå ñ SiO2
(ýëþåíò – ïåòðîëåéíûé ýôèð–ýòèëàöåòàò,
4:1), âûäåëèëè 0.23 ã (60%) ñîåäèíåíèÿ 4.

Ýòèë 4-ãèäðîêñèïåíò-2-èíîàò (4). Áåñ-
öâåòíîå ìàñëî. ÈÊ ñïåêòð, ν, ñì-1: 3409, 2987,
2940, 2245, 1714, 1466, 1449, 1395, 1369, 1253,
1125, 1064, 1020, 980, 896, 860, 752. Ñïåêòð
ßÌÐ 1Í (CDCl3, δ, ì.ä.): 1.27 ò (3Í, CH3, J
7.1 Ãö), 1.48 ä (3Í, Ñ5Í3, J 6.7 Ãö), 3.10 óø.ñ
(1Í, ÎÍ), 4.20 ê (2Í, ÎÑÍ2, J 7.1 Ãö), 4.61 ê
(1Í, J Ñ4Í, 6.7 Ãö). Ñïåêòð ßÌÐ 13Ñ (CDCl3,
δÑ, ì.ä.): 13.94 (1Ñ, CH3), 23.18 (1Ñ, C5H3),

57.81 (1Ñ, C4), 62.23 (1Ñ, ÎÑÍ2), 75.56 (1Ñ,
C2), 88.74 (1Ñ, C3), 153.63 (1Ñ, C1). Ìàññ-
ñïåêòð (ÕÈ, 250 îÑ), m/z (Iîòí, %): 143 (33)
[M + Í]+, 184 (100) [M + MeCN]+. Íàéäåíî,
%: C 58.89; H 7.16. C7H10O3. Âû÷èñëåíî, %: C
59.14; H 7.09.

Ýòèë (2Z)-2-(äèèçîïðîïèëàìèíî)-4-îê-
ñîãåêñ-2-åí-5-èíîàò (5). ÈÊ ñïåêòð, ν, ñì-1:
3252, 2954, 2854, 2094, 1737, 1607, 1506, 1456,
1394, 1385, 1378, 1374, 1338, 1222, 1187, 1151,
1123, 1017, 903, 787. Ñïåêòð ßÌÐ 1Í (CDCl3,
δ, ì.ä.): 1.33 ò (3Í, J 7.1 Ãö, CH3), 1.32 ä
(12Í, J 6.7 Ãö, ÑÍ3), 2.86 ñ (1Í, Ñ6Í), 3.73 êâ
(2Í, J 6.7 Ãö, NCH), 4.36 ê (2Í, J 6.9 Ãö,
ÎÑÍ2), 5.35 c (1Í, =Ñ3Í). Ñïåêòð ßÌÐ 13Ñ
(àöåòîí-d6, δÑ, ì.ä.): 13.73 (1Ñ, CH3), 19.92
(4Ñ, CH3), 47.35 (1Ñ, NCH), 54.18 (1Ñ,
NCH), 62.40 (1Ñ, ÎÑÍ2), 73.65 (1Ñ, C6),
84.34 (1Ñ, C5), 96.95 (1Ñ, C3), 153.13 (1Ñ, C2),
165.38 (1Ñ, C1), 170.15 (1Ñ, C4). Ìàññ-ñïåêòð
(ÕÈ, 250 îÑ), m/z (Iîòí, %): 252 (100) [M + Í]+.

Ýòèë (2E)-3-(äèèçîïðîïèëàìèíî)àêðè-
ëàò (6). ÈÊ ñïåêòð, ν, ñì-1: 2973, 2963, 2933,
2871, 286, 1696, 1604, 1465, 1458, 1386, 1370,
1346, 1317, 1273, 1245, 1187, 1132, 1096, 1050,
1016, 995, 709. Ñïåêòð ßÌÐ 1Í (CDCl3, δ,
ì.ä.): 1.14 ä (12Í, J 6.6 Ãö, ÑÍ3), 1.19 ò (3Í,
J 7.0 Ãö, CH3), 3.59 ì (2Í, NCH), 4.39 ê (2Í,
J 7.1 Ãö, ÎÑÍ2), 4.60 ä (1Í, J 13.2 Ãö, =Ñ2Í),
7.49 c (1Í, J 13.1 Ãö, =Ñ3Í). Ñïåêòð ßÌÐ 13Ñ
(CDCl3, δÑ, ì.ä.): 14.66 (1Ñ, CH3), 21.10,
21.52, 22.58 è 23.65 (4Ñ, CH3), 47.41 è 47.85
(2Ñ, NCH), 58.63 (1Ñ, ÎÑÍ2), 81.27 (1Ñ, C3),
147.10 (1Ñ, C2), 170.12 (1Ñ, C1). Ìàññ-ñïåêòð
(ÕÈ, 250 îÑ), m/z (Iîòí, %): 200 (100) [M + Í]+.

Àíàëèçû âûïîëíåíû íà îáîðóäîâà-
íèè ÖÊÏ «Õèìèÿ» ÓôÈÕ ÓÔÈÖ ÐÀÍ.
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