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Ãèäðîëèç àöåòàëåé α-àöåòèëåíîâûõ àëüäåãèäîâ
ïðîòåêàåò â ñìåñè âîäà-óêñóñíàÿ êèñëîòà â ìÿã-
êèõ óñëîâèÿõ. Ðàçðàáîòàíà óäîáíàÿ ïðåïàðà-
òèâíàÿ ìåòîäèêà ñèíòåçà àëêèë-, àðèë-, ôóðèë-
è òðèìåòèëñèëèëçàìåùåííûõ α-àöåòèëåíîâûõ
àëüäåãèäîâ ñ âûõîäàìè 86–99 %. Ìåòîäèêà õà-
ðàêòåðèçóåòñÿ ïðîñòîòîé è ýêñïðåññíîñòüþ, ëåã-
êî ìàñøòàáèðóåòñÿ äî ìóëüòèãðàììîâûõ êîëè-
÷åñòâ; ïðîäóêòû ðåàêöèè íå òðåáóþò
õðîìàòîãðàôè÷åñêîé î÷èñòêè. Ñ èñïîëüçîâàíè-
åì äàííîé ìåòîäèêè óäàëîñü ïîëó÷èòü ñ õîðî-
øèì âûõîäàìè ëàáèëüíûå α-àöåòèëåíîâûå àëü-
äåãèäû – áóò-2-èí-1-àëü, à òàêæå (5-áðîìôóðàí-
2-èë)ïðîïèíàëü.

Êëþ÷åâûå ñëîâà: α-àöåòèëåíîâûå àëüäåãèäû;
(5-áðîìôóðàí-2-èë)ïðîïèíàëü; ãèäðîëèç;
1,3-äèîêñàíû; 1,3-äèîêñîëàíû; ñïåêòðîñêîïèÿ
ßÌÐ; óêñóñíàÿ êèñëîòà, ýòèëàöåòàëè.

Hydrolysis of α-acetylenic aldehydes acetals
proceeds in a mixture of water-acetic acid in mild
conditions. A convenient preparative procedure
for the synthesis of alkyl-, aryl-, furyl- and
trimethylsilyl-substituted α-acetylene aldehydes
with yields of 86–99 % has been developed. The
procedure is characterized by simplicity and
speed, easily scaled to multigram quantities; the
reaction products do not require chromatographic
purification. The labile α-acetylene aldehydes-
but-2-yn-1-al and (5-bromo-furan-2-yl)propynal
were obtained using this procedure in good yields.

Key words: α-acetylenic aldehydes, ethyl
acetals, 1,3-dioxolanes, 1,3-dioxanes, hydrolysis,
acetic acid, (5-bromofuran-2-yl)propynal, NMR
spectroscopy.
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α-Àöåòèëåíîâûå àëüäåãèäû íàõîäÿò ïðè-
ìåíåíèå â íàïðàâëåííîì ñèíòåçå ìíîãèõ âå-
ùåñòâ, â òîì ÷èñëå ïîòåíöèàëüíî áèîëîãè÷åñêè
àêòèâíûõ ãåòåðîöèêëîâ 1–4 è ìàòåðèàëîâ äëÿ
íåëèíåéíîé îïòèêè 5,6.Ïîëó÷àþò èõ îáû÷íî
îêèñëåíèåì ïåðâè÷íûõ ïðîïàðãèëîâûõ ñïèð-
òîâ 7, ðåàêöèåé àöåòèëåíèäîâ ëèòèÿ ñ ÄÌÔÀ
8, ãèäðîëèçîì àöåòèëåíîâûõ ôåíèëñóëüôèäîâ
9 èëè ñîîòâåòñòâóþùèõ àöåòàëåé 10,11. Ïîñëå-

äíèé âàðèàíò âûçûâàåò îñîáûé èíòåðåñ, ïî-
ñêîëüêó èñõîäíûå ñîåäèíåíèÿ äëÿ ýòîãî ñèíòå-
çà ìîãóò áûòü ïîëó÷åíû ñ õîðîøèì âûõîäîì
êëàññè÷åñêèì ìåòîäîì ×è÷èáàáèíà-Áîäðó 12.
Èçâåñòåí ðÿä ñïîñîáîâ ïðîâåäåíèÿ ãèäðîëèçà
àöåòèëåíîâûõ àöåòàëåé: â ïðèñóòñòâèè ðàñòâî-
ðà H2SO4 

13, íåîðãàíè÷åñêèõ ñîëåé 14–18, ìóðà-
âüèíîé êèñëîòû 19–22 èëè æå èîíîîáìåííîé
ñìîëû Amberlyst 15 â âîäíîì àöåòîíå 23. Îäíà-
êî ýòè ñïîñîáû íå âñåãäà äàþò âûñîêèå âûõî-
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äû, ñëîæíû â èñïîëíåíèè 24, à îáðàçóþùèåñÿ
àëüäåãèäû çà÷àñòóþ òðåáóþò õðîìàòîãðàôè-
÷åñêîé î÷èñòêè. Íàìè îáíàðóæåíî, ÷òî ãèäðî-
ëèç ýòèë- è ìåòèëàöåòàëåé àöåòèëåíîâûõ àëü-
äåãèäîâ 1–3,5,6 è 8–12 ëåãêî èäåò ïðè íàãðå-
âàíèè (60–95 %) â âîäíîé óêñóñíîé êèñëîòå.
Ðåàêöèÿ çàêàí÷èâàåòñÿ çà 10–15 ìèí.

Îáðàçóþùèåñÿ àëüäåãèäû 13–21 âûäåëÿ-
þòñÿ èç ðåàêöèîííîé ñìåñè ïåðåãîíêîé (ñîåäè-
íåíèÿ 13–17 è 21) èëè æå êðèñòàëëèçóþòñÿ
(18–20) ïîñëå íåéòðàëèçàöèè ðåàêöèîííîé
ñìåñè ãèäðîêàðáîíàòîì íàòðèÿ. Àëêèëàöåòèëå-
íîâûå àëüäåãèäû 13–15 îáðàçóþòñÿ ñ âûõîäà-
ìè 80–90 %, âûõîä àðèëàöåòèëåíîâûõ àëüäå-
ãèäîâ 16–19 ïî÷òè êîëè÷åñòâåííûé. Ïðåäëî-
æåííàÿ ìåòîäèêà ïîçâîëÿåò ïðîâîäèòü ãèäðî-
ëèç íåóñòîé÷èâûõ ñîåäèíåíèé, êîãäà
èñïîëüçîâàíèå ñèëüíûõ êèñëîò íåâîçìîæíî.
Íàì óäàëîñü ïîëó÷èòü ñ âûõîäîì 86% ëàáèëü-
íûé áðîìôóðèëàöåòèëåíîâûé àëüäåãèä 20.
Ðàíåå «ñûðîé» àëüäåãèä 20 ïîëó÷àëè ëèøü ñ
óìåðåííûì âûõîäîì (66%) ïóòåì îêèñëåíèÿ
ñîîòâåòñòâóþùåãî ñïèðòà 25.

Öèêëè÷åñêèé àöåòàëü ôåíèëïðîïèíàëÿ 7
ãèäðîëèçóåòñÿ ñ òðóäîì è âûõîä ñîîòâåòñòâóþ-
ùåãî àëüäåãèäà 16 â ýòîì ñëó÷àå íå ïðåâûøàåò
70% (òàáë.).

 

OR2

OR2

R1

AcOH-H2O
80-90°C, 10-20 min

-R2OAc
CHOR1

1-12 13-21
R1 = CH3, R2 = C2H5 (1); n-C3H7, R2 = C2H5 (2); R1 = n-C4H9, R2 = C2H5 (3); R1 = n-C4H9, R2 = -CH2CH2-

(4); R1 = C6H5, R2 = CH3 (5); R1 = C6H5, R2 = C2H5 (6); R1 = C6H5, R2 = -CH2CH2CH(CH3)- (7); R1 = 4-
MeC6H4, R2 = C2H5 (8); R1 = 4-FC6H4, R2 = C2H5 (9); R1 = 4-ClC6H4, R2 = C2H5 (10); R1 = 5-BrFuran-2-
yl, R2 = C2H5 (11); R1 = (CH3)3Si, R2 = C2H5 (12). R1 = CH3 (13); R1 = n-C3H7 (14); n-C4H9 (15); C6H5

(16); 4-MeC6H4 (17); 4-FC6H4 (18); 4-ClC6H4 (19); 5-BrFuran-2-yl (20); (CH3)3Si (21)

Таблица
Условия проведения гидролиза ацеталей ацетиленовых альдегидов

№ Ацеталь Альдегид Время, мин Температура, °С Выход альдегида, % 
1 1 13 10 90–95 80 
2 2 14 15 90–95 89 
3 3 15 15 90–95 91 
4 4 15 15 90–95 87 
5 5 16 10 90–95 94 
6 6 16 10 90–95 96 
7 72 16 50 90–95 < 701 
8 8 17 10 90–95 95 
9 9 18 10 90–95 99 
10 10 19 10 90–95 98 
11 11 20 15 60–65 86 
12 12 21 10 90–95 95 

1 – ïî ðåçóëüòàòàì àíàëèçà ðåàêöèîííîé ñìåñè;
2 – ñìåñü öèñ- è òðàíñ-èçîìåðîâ.

Ñòðóêòóðà ïîëó÷åííûõ ñîåäèíåíèé íà-
äåæíî ïîäòâåðæäàåòñÿ ñîâîêóïíîñòüþ ñïåêò-
ðîñêîïè÷åñêèõ äàííûõ (ìàññ-, ßÌÐ 1Í, 13Ñ è
19F, ÈÊ), à òàêæå ñîâïàäåíèåì ôèçè÷åñêèõ
êîíñòàíò ñ ðàíåå èçâåñòíûìè ëèòåðàòóðíûìè
äàííûìè. Âûäåëåííûå àëüäåãèäû ñîäåðæàò íå
ìåíåå 96% îñíîâíîãî âåùåñòâà è íå òðåáóþò
äîïîëíèòåëüíîé î÷èñòêè.

Òàêèì îáðàçîì, ðàçðàáîòàíà óäîáíàÿ ïðå-
ïàðàòèâíàÿ ìåòîäèêà ñèíòåçà α-àöåòèëåíîâûõ
àëüäåãèäîâ íà îñíîâå ñîîòâåòñòâóþùèõ àöåòà-
ëåé. Ìåòîäèêà õîðîøî ìàñøòàáèðóåòñÿ äî
ìóëüòèãðàììîâûõ êîëè÷åñòâ (äî 0.5 ìîëü èñ-
õîäíîãî àöåòàëÿ).

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

ÈÊ ñïåêòðû ñíèìàëè íà ïðèáîðå ÔÑÌ-
1201 (â âèäå òîíêîãî ñëîÿ äëÿ æèäêîñòåé è â
òàáëåòêå KBr äëÿ òâåðäûõ ñîåäèíåíèé). Ìàññ-
ñïåêòðû ýëåêòðîííîé èîíèçàöèè (70 ýÂ) ðåãè-
ñòðèðîâàëè íà õðîìàòî-ìàññ-ñïåêòðîìåòðå
Shimadzu GCMS-QP2010 Ultra ñ êîëîíêîé
Rtx-5MS (30 ì). Ñîñòàâ ðåàêöèîííûõ ñìåñåé,
à òàêæå ÷èñòîòó ïîëó÷åííûõ ñîåäèíåíèé îïðå-
äåëÿëè ìåòîäîì ÃÆÕ íà õðîìàòîãðàôå Êðèñ-
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òàëëþêñ 4000Ì ñ êàïèëëÿðíîé êîëîíêîé ZB-1
(äëèíà 50 ì, âíóòðåííèé äèàìåòð 0.25 ìì, òîë-
ùèíà ïëåíêè íåïîäâèæíîé ôàçû (100% ïîëè-
äèìåòèëñèëîêñàí) 0.5 ìêì).Ñïåêòðû ßÌÐ 1Í,
13Ñ è 19F ðåãèñòðèðîâàëè íà ïðèáîðå Bruker
AM-300 (300.13, 75.00 è 282.00 ÌÃö ñîîòâåò-
ñòâåííî), ðàñòâîðèòåëü – CDCl3.

Äëÿ ñèíòåçà èñõîäíûõ àöåòàëåé 10,11 èñ-
ïîëüçîâàëè êîììåð÷åñêè äîñòóïíûå, ëèáî ïî-
ëó÷åííûå èçâåñòíûìè ìåòîäàìè (íàïðèìåð, 26)
àëêèíû.

1,1-Äèýòîêñèãåêñ-2-èí (2) ïîëó÷èëè ïî
ìåòîäèêå 11 èç 16.9 ã ïåíòèíà-1 è 40.7 ã òðèýòè-
ëîðòîôîðìèàòà. Âûõîä 34.0 ã (80%), áåñöâåò-
íàÿ æèäêîñòü, ò.êèï. 117–120 îÑ (29 ìì ðò.
ñò.). Ñïåêòð ßÌÐ 1Í, δ, ì.ä.: 0.97 ò (3Í, J 6.6
Ãö, CH3), 1.20-1.29 ì (6Í, ÑÍ3), 1.57 ê (2Í, J
6.62 Ãö, ÑÍ2), 2.19-2.23 ì (2Í, ÑÍ2), 3.54-
3.76 ì (4Í, ÑÍ2), 5.25 ñ (1Í, Ñ≡ÑÑÍ
(OC2H5)2).Ñïåêòð ßÌÐ 13Ñ, δÑ, ì.ä.:15.1,
21.7, 60.5, 75.8, 86.3, 91.4.

(3,3-Äèýòîêñèïðîï-1-èí-1-èë)-4-ôòîð-
áåíçîë (9) ïîëó÷åí ïî ìåòîäèêå 11 èç 6.0 ã
4-ôòîðôåíèëàöåòèëåíà è 8.1 ã òðèýòèëîðòî-
ôîðìèàòà. Âûõîä 8.3 ã (75%), áåñöâåòíàÿ æèä-
êîñòü, ò.êèï. 139–142 îÑ (10 ìì ðò. ñò.). ÈÊ
ñïåêòð, ν, ñì-1: 2236 (Ñ≡Ñ). Ñïåêòð ßÌÐ 1Í, δ,
ì.ä.:1.23 ò (6Í, J 6.9 Ãö, CH3), 3.59-3.80 ì
(4Í, ÑÍ2), 5.44 ñ (1Í, Ñ≡ÑÑÍ(OC2H5)2),6.93-
6.99 (2Í, Íàðîì.), 7.39-7.44 ì (2Í, Íàðîì.).
Ñïåêòð ßÌÐ 13Ñ, δÑ, ì.ä.: 15.0, 60.8, 84.0, 84.2,
91.7, 115.5 ä (JCF 22.1 Ãö), 117.9 ä (JCF 3.3 Ãö),
133.8 ä (JCF 8.3 Ãö), 162.7 (JCF 250.5 Ãö). Ñïåêòð
ßÌÐ 19F, δF, ì.ä.: -110.89. Ìàññ-ñïåêòð, m/z
(Iîòí., %): 221 (1) [Ì–1]+, 177 (88), 163 (6),
149 (100), 137 (8), 121 (21), 101 (26).

(3,3-Äèýòîêñèïðîï-1-èí-1-èë)-4-õëîð-
áåíçîë (10) ïîëó÷åí ïî ìåòîäèêå 11 èç 6.8 ã
4-õëîðôåíèëàöåòèëåíà è 8.1 ã òðèýòèëîðòî-
ôîðìèàòà. Âûõîä 8.5 ã (71%), áåñöâåòíàÿ æèä-
êîñòü, ò.êèï. 162–166 îÑ (5 ìì ðò. ñò.). ÈÊ
ñïåêòð, ν, ñì-1: 2241 (Ñ≡Ñ). Ñïåêòð ßÌÐ 1Í, δ,
ì.ä.: 1.10-1.21 ì (6Í, ÑÍ3), 3.53-3.61 ì (2Í,
ÑÍ2), 3.69-3.74 ì (2Í, ÑÍ2), 5.37 ñ (1Í,
Ñ≡ÑÑÍ (OC2H5)2), 7.20-7.25 ì (2Í, Íàðîì.),
7.30-7.34 ì (2Í, Íàðîì.). Ñïåêòð ßÌÐ 13Ñ, δÑ,
ì.ä.: 14.3, 60.5, 83.3, 84.9, 91.1, 120.3, 122.6,
131.1, 133.0.

2-Áðîì-5-(3,3-äèýòîêñèïðîï-1-èí-1-èë)-
ôóðàí (11) ïîëó÷åí àíàëîãè÷íî èç 14.0 ã 5-
áðîì-2-ýòèíèëôóðàíà è 13.4 ã òðèýòèëîðòî-
ôîðìèàòà. Âûõîä 10.8 ã (47%), æåëòîâàòàÿ
æèäêîñòü, ò.êèï. 136–138 îÑ (3 ìì ðò. ñò.) ÈÊ
ñïåêòð, ν, ñì-1: 2185 (Ñ≡Ñ). Ñïåêòð ßÌÐ 1Í, δ,
ì.ä.:1.26 ò (6Í, J 7.0 Ãö, ÑH3), 3.62-3.83 ì
(4Í, ÑÍ2), 5.47 ñ (1Í, Ñ≡ÑÑÍ(OC2H5)2), 6.37

ä (1Í, J 3.42 Ãö, Hôóðàí.), 6.75 ä (1Í, J 3.42
Ãö, Hôóðàí.).Ñïåêòð ßÌÐ 13Ñ, δÑ, ì.ä.:15.1,
61.2, 74.5, 89.9, 91.6, 112.8, 118.5, 123.0,
137.9. Íàéäåíî, %: Ñ 48.30; Í 4.91.
C11H13BrO3. Âû÷èñëåíî, %: Ñ 48.37; Í 4.80.

(3,3-Äèýòîêñèïðîï-1-èí-1-èë)òðèìåòèë-
ñèëàí (12) ïîëó÷åí àíàëîãè÷íî èç 10.1 ã òðè-
ìåòèëñèëèëàöåòèëåíà è 16.9 ã òðèýòèëîðòî-
ôîðìèàòà. Âûõîä 5.2 ã (82%), áåñöâåòíàÿ æèä-
êîñòü, ò.êèï. 90–91 oÑ (22 ìì ðò. ñò.) 27. ÈÊ
ñïåêòð, ν, ñì-1: 2184 (Ñ≡Ñ).Ìàññ-ñïåêòð, m/z
(Iîòí., %):199 (2) [Ì–1]+, 171 (9), 155 (100),
127 (59), 111 (29), 99 (91), 83 (15), 73 (36), 59
(11), 43 (15).

Áóò-2-èíàëü (13). Ðàñòâîð 17.02 ã (0.12
ìîëü) äèýòèëàöåòàëÿòåòðîëîâîãî àëüäåãèäà 1 â
120 ìë ñìåñè AcOH-H2O (2.5 : 1) íàãðåâàëè íà
êèïÿùåé âîäÿíîé áàíå 10 ìèí, ïîñëå ÷åãî ðå-
àêöèîííóþ ñìåñü âûëèâàëè â 120 ã òâåðäîãî
NaHCO3, äîáàâëÿëè ïðè ïåðåìåøèâàíèè âîäó
äî ïðåêðàùåíèÿ âûäåëåíèÿ ãàçà è ïðàêòè÷åñêè
ïîëíîãî ðàñòâîðåíèÿ ñîëè.Àëüäåãèä ýêñòðàãè-
ðîâàëè Et2O (4 × 50 ìë), ýêñòðàêò ïðîìûâàëè
ðàñòâîðîì NaHCO3 äî íåéòðàëüíîãî ðÍ è ñó-
øèëè Na2SO4. Ýôèð óäàëÿëè â âàêóóìå, îñòà-
òîê ïåðåãîíÿëè.  Ïîëó÷èëè 6.53 ã (80%) áåñ-
öâåòíîé æèäêîñòè ñ ðåçêèì çàïàõîì, ò.êèï.
107–109 oÑ 28.

Àëüäåãèäû 14–21 ïîëó÷àëè àíàëîãè÷íûì
ñïîñîáîì. Ôèçèêî-õèìè÷åñêèå õàðàêòåðèñòè-
êè ïðîäóêòîâ 14–17 ñîâïàäàþò ñ ëèòåðàòóðíû-
ìè äàííûìè.

(4-Ôòîðôåíèë)ïðîïèíàëü (18). Ãèäðîëèç
ïðîâîäèëè àíàëîãè÷íî. Ïîñëå íåéòðàëèçàöèè
ðåàêöèîííîé ñìåñè êðèñòàëëè÷åñêèé àëüäåãèä
îòôèëüòðîâûâàëè, ïðîìûâàëè âîäîé è ñóøèëè
â âàêóóìå ïðè êîìíàòíîé òåìïåðàòóðå.Æåëòî-
âàòûå èãëû, ò. ïë. 95–96 oÑ (èç ñìåñè H2O-
EtOH).ÈÊ ñïåêòð, ν, ñì-1: 2236 (Ñ≡Ñ), 1645
(Ñ=Î). Ñïåêòð ßÌÐ 1Í, δ, ì.ä.: 7.07-7.13 ì
(2Í, Íàðîì.), 7.58-7.63 ì (2Í, Íàðîì.), 9.41ñ
(1Í, ÑÍÎ). Ñïåêòð ßÌÐ 13Ñ, δÑ, ì.ä.: 88.4,
93.4, 115.6 ä (JCF 3.9 Ãö), 116.4ä (JCF22.7 Ãö),
135.6 ä (JCF 8.8 Ãö), 164.3 ä (JCF 254.3 Ãö),
176.5 (ÑÍÎ). Ñïåêòð ßÌÐ 19F, δF, ì.ä.:
-105.9. Ìàññ-ñïåêòð, m/z (Iîòí., %): 148 (100)
[Ì]+, 120 (99), 99 (27), 94 (14), 74 (19), 60 (8),
50 (8). Íàéäåíî, %: Ñ 72.84; Í 3.49. C9H5FO.
Âû÷èñëåíî, %: Ñ 72.97; Í 3.40.

(4-Õëîðôåíèë)ïðîïèíàëü (19). Ïîëó÷åí
àíàëîãè÷íî àëüäåãèäó 18. Æåëòîâàòûå èãëû, ò.
ïë. 98–99 oÑ (èç ñìåñè H2O-EtOH). ÈÊ
ñïåêòð, ν, ñì-1: 2237 (Ñ≡Ñ), 1644 (Ñ=Î).
Ñïåêòð ßÌÐ 1Í, δ, ì.ä.: 7.37-7.45 ì (2Í,
Íàðîì.), 7.51-7.59 ì (2Í, Íàðîì.), 9.34 ñ (1Í,
ÑÍÎ). Ñïåêòð ßÌÐ 13Ñ, δÑ, ì.ä.: 88.2, 95.1,
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117.1, 126.2, 133.4, 134.3, 175.9. Ìàññ-ñïåêòð,
m/z (Iîòí., %):%): 164 (43) [Ì]+, 136 (100), 113
(2), 101 (50), 86 (11), 74 (73), 62 (26), 50 (44).

(5-Áðîìôóðàí-2-èë)ïðîïèíàëü (20). Ïî-
ëó÷åí àíàëîãè÷íî àëüäåãèäó 18. Æåëòîâàòûå
èãëû, ò.ïë. 53–54 oÑ (èç ãåêñàíà). ÈÊ ñïåêòð,
ν, ñì-1: 2199 (Ñ≡Ñ), 1652 (Ñ=Î). Ñïåêòð ßÌÐ
1Í, δ, ì.ä.: 6.41 ä (1Í, JÍÍ 3.6 Ãö, Íôóðàí.),
6.92 ä (1Í, JÍÍ 3.6 Ãö, Íôóðàí.),9.39 ñ (1Í,
ÑÍÎ). Ñïåêòð ßÌÐ 13Ñ, δÑ, ì.ä.:83.6, 94.9,

114.1, 124.8, 127.6, 136.3, 175.3. Íàéäåíî, %:
Ñ 42.17; Í 1.54. C7H3BrO2. Âû÷èñëåíî, %: Ñ
42.25; Í 1.52.

Òðèìåòèëñèëèëïðîïèíàëü (21). Ïîëó÷åí
àíàëîãè÷íî àëüäåãèäó 13. ÈÊ ñïåêòð, ν, ñì-1:
2155 (Ñ≡Ñ), 1669 (Ñ=Î).Ìàññ-ñïåêòð, m/z
(Iîòí., %):%): 126 (2) [Ì]+, 111 (100), 97 (96),
83 (75), 67 (20), 55 (35), 43 (45).
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