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Íà îñíîâå Pd-êàòàëèçèðóåìîãî ñî÷åòàíèÿ (Z)-2-
èîä-3-ôåíèëïðîï-2-åíàëÿ ñ 3,3-äèìåòèëáóò-1-
èíîì è ñòèðîëîì îñóùåñòâëåí ñòåðåîñåëåêòèâíûé
ñèíòåç (2E)-5,5-äèìåòèë(ôåíèëìåòèëèäåí)ãåêñ-3-
èíàëÿ è (2E,3E)-4-ôåíèë-2-(ôåíèëìåòèëèäåí)-
áóò-3-åíàëÿ ñîîòâåòñòâåííî. Pd-êàòàëèçèðóåìîå
àëêåíèëèðîâàíèå (ðåàêöèÿ Õåêà) (Z)-2-èîä-3-ôå-
íèëïðîï-2-åíàëÿ ñî ñòèðîëîì â ïðèñóòñòâèè êàòà-
ëèòè÷åñêîé ñèñòåìû Pd(OAc)2/P(o-Tol)3 è òðèý-
òèëàìèíà â ÄÌÀ ïðè 100 oC çà 6 ÷ ïðèâîäèò ê
öåëåâîìó (2E,3E)-4-ôåíèë-2-(ôåíèëìåòèëèäåí)-
áóò-3-åíàëþ ñ õîðîøèì âûõîäîì (75%). Pd-êàòà-
ëèçèðóåìîå àëêèíèëèðîâàíèå (ðåàêöèÿ Ñîíîãà-
øèðà) (Z)-2-èîä-3-ôåíèëïðîï-2-åíàëÿ 3,3-äèìå-
òèëáóò-1-èíîì â ïðèñóòñòâèè êàòàëèòè÷åñêîé ñèñ-
òåìû Pd(PPh3)2Cl2/CuI è äèèçîïðîïèëàìèíà â
êà÷åñòâå îñíîâàíèÿ â àöåòîíèòðèëå ïðè êîìíàò-
íîé òåìïåðàòóðå äàåò (2E)-5,5-äèìåòèë(ôåíèëìå-
òèëèäåí)ãåêñ-3-èíàëü ñ âûõîäîì 85%.

Êëþ÷åâûå ñëîâà: àëêåíèëèðîâàíèå; àëêèíèëè-
ðîâàíèå; Pd-êàòàëèç; ðåàêöèÿ Ñîíîãàøèðà; ðåàê-
öèÿ Õåêà; ñî÷åòàíèå.

Based on the Pd-catalyzed coupling of (Z)-2-iodo-
3-phenylprop-2-enal with 3,3-dimethylbut-1-yne
and styrene, stereoselective synthesis of (2E)-5,5-
dimethyl-2-(phenylmethylidene)hex-3-ynal and
(2E,3E)-4-phenyl-2-(phenylmethylidene)but-3-
enal, respectively, was carried out. Pd-catalyzed
alkenylation (Heck reaction) of (Z)-2-iodo-3-
phenylprop-2-enal with styrene in the presence of
the Pd(OAc)2/P(o-Tol)3 catalytic system and
triethylamine in DMA at 100 oC for 6 h leads to
the target (2E,3E)-4-phenyl-2-(phenylmethyl-
idene)but-3-enal in good yield (75%). Pd-cata-
lyzed alkynylation (Sonogashira reaction) of (Z)-
2-iodo-3-phenylprop-2-enal with 3,3-dimethyl-
but-1-yne in the presence of Pd(PPh3)2Cl2/CuI
catalytic system and diisopropylamine as a base in
acetonitrile at room temperature gives (2E)-5,5-
dimethyl-2-(phenylmethylidene)hex-3-ynal in
85% yield.

Key words: alkenylation; alkynylation; Heck
reaction; Pd catalysis; coupling; Sonogashira
reaction.
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Ñîïðÿæåííûå äèåíû è åíèíû øèðîêî ðàñ-
ïðîñòðàíåíû â ïðèðîäå, ïðîÿâëÿþò ðàçíîîá-
ðàçíóþ áèîëîãè÷åñêóþ àêòèâíîñòü è èñïîëüçó-
þòñÿ äëÿ ïîëó÷åíèÿ ëåêàðñòâåííûõ ñóáñòàí-
öèé, àãðîõèìèêàòîâ è äðóãèõ ïðàêòè÷åñêè çíà-
÷èìûõ ñîåäèíåíèé 1–4. Â íàñòîÿùåå âðåìÿ

íàèáîëåå ýôôåêòèâíûìè è ñòåðåîñåëåêòèâíû-
ìè ìåòîäàìè ïîëó÷åíèÿ ïîäîáíûõ íåíàñûùåí-
íûõ ñîåäèíåíèé ÿâëÿþòñÿ ìåòàëëîêàòàëèçèðó-
åìûå ñî÷åòàíèÿ âèíèëãàëîãåíèäîâ ñ àëêåíàìè
(ðåàêöèÿ Õåêà) 5–7, àëêèíàìè (ðåàêöèÿ Ñîíî-
ãàøèðà) 8–11 è ìåòàëëîðãàíè÷åñêèìè ñîåäèíå-
íèÿìè 12–16.
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Íàìè èññëåäîâàíà âîçìîæíîñòü ñòåðåî-
íàïðàâëåííîãî ñèíòåçà (2E)-5,5-äèìåòèë(ôå-
íèëìåòèëèäåí)ãåêñ-3-èíàëÿ (1) è (2E,3E)-4-
ôåíèë-2-(ôåíèëìåòèëèäåí)áóò-3-åíàëÿ (2) íà
îñíîâå Pd-êàòàëèçèðóåìîãî ñî÷åòàíèÿ (Z)-2-
èîä-3-ôåíèëïðîï-2-åíàëÿ (3)  ñ 3,3-äèìåòèë-
áóò-1-èíîì è ñòèðîëîì ñîîòâåòñòâåííî. Íàëè-
÷èå àëüäåãèäíîé ãðóïïû â åíèíå 1 è äèåíå 2
ïîçâîëÿåò èõ äàëüíåéøóþ ôóíêöèîíàëèçàöèþ
è äåëàåò èõ ïåðñïåêòèâíûìè ïðåäøåñòâåííè-
êàìè õðîìîôîðîâ, äåíäðàëåíîâ è 2-àëêèíèë-
1,3-áóòàäèåíîâ 17–19.  Èñõîäíûé (Z)-2-èîä-3-
ôåíèëïðîï-2-åíàëü (3) ïîëó÷àëè èîäèðîâàíè-
åì äîñòóïíîãî êîðè÷íîãî àëüäåãèäà ìîëåêó-
ëÿðíûì èîäîì â ïðèñóòñòâèè 4-äèìåòèë-
àìèíîïèðèäèíà (DMAP) â êà÷åñòâå íóêëåî-
ôèëüíîãî êàòàëèçàòîðà.

 Pd-êàòàëèçèðóåìîå àëêåíèëèðîâàíèå (ðå-
àêöèÿ Õåêà) âèíèëèîäèäà 3 ñî ñòèðîëîì â ïðè-
ñóòñòâèè êàòàëèòè÷åñêîé ñèñòåìû Pd(OAc)2/
P(o-Tol)3 è òðèýòèëàìèíà â ÄÌÀ ïðè 100 oC çà
6 ÷ ïðèâîäèò ê öåëåâîìó (2E,3E)-4-ôåíèë-2-
(ôåíèëìåòèëèäåí)áóò-3-åíàëþ (2) ñ õîðîøèì
âûõîäîì (75%). Pd-êàòàëèçèðóåìîå àëêèíèëè-
ðîâàíèå (ðåàêöèÿ Ñîíîãàøèðà) ñîåäèíåíèÿ 3 ñ
3,3-äèìåòèëáóò-1-èíîì â ïðèñóòñòâèè êàòàëè-
òè÷åñêîé ñèñòåìû Pd(PPh3)2Cl2/CuI è äèèçîï-
ðîïèëàìèíà â êà÷åñòâå îñíîâàíèÿ â àöåòîíèò-
ðèëå ïðè êîìíàòíîé òåìïåðàòóðå äàåò (2E)-
5,5-äèìåòèë(ôåíèëìåòèëèäåí)ãåêñ-3-èíàëü (1)
ñ âûõîäîì 85%. Îáå ðåàêöèè ïðîòåêàþò ñ âû-
ñîêîé ñòåðåîñåëåêòèâíîñòüþ, èçîìåðíàÿ ÷èñòî-
òà äèåíà 2 è åíèíà 1 ïðåâûøàåò 98% (ñõåìà).

Ñòðóêòóðà è ñòåðåîõèìè÷åñêàÿ ÷èñòîòà
ïîëó÷åííûõ ñîåäèíåíèé áûëà ïîäòâåðæäåíà
âûñîêîýôôåêòèâíûì ÃÆÕ-àíàëèçîì, ßÌÐ-
ñïåêòðîñêîïèåé è õðîìàòî-ìàññ-ñïåêòðîìåòðè-
åé. Äàííûå äâóìåðíûõ ßÌÐ-ýêñïåðèìåíòîâ
NOESY è áîëüøàÿ êîíñòàíòà ÑÑÂ (16.5 Ãö)
âèíèëüíûõ ïðîòîíîâ ñîåäèíåíèÿ 2 îäíîçíà÷íî
ïîäòâåðæäàþò (E,E)-êîíôèãóðàöèþ äèåíà 2 è
(E)-êîíôèãóðàöèþ åíèíà 1.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Ñïåêòðû ßÌÐ 1Í è 13Ñ çàïèñàíû â CDCl3
íà ïðèáîðå AV-500 [500.13 (1H) ÌÃö è 125.76

ÌÃö (13C)]. Õèìè÷åñêèå ñäâèãè â ñïåêòðàõ
ßÌÐ èçìåðÿëè îòíîñèòåëüíî ÒÌÑ. Õðîìàòî-
ìàññ-ñïåêòðàëüíûé àíàëèç ïðîâîäèëè íà ïðè-
áîðå GCMS-QP2010S Shimadzu (ýëåêòðîííàÿ
èîíèçàöèÿ ïðè 70 ýÂ, äèàïàçîí äåòåêòèðóåìûõ
ìàññ 33–500 Äà). Èñïîëüçîâàëè êàïèëëÿðíóþ
êîëîíêó HP-1MS (30 ì × 0.25 ìì × 0.25 ìêì),
òåìïåðàòóðà èñïàðèòåëÿ 300 îC, òåìïåðàòóðà
èîíèçàöèîííîé êàìåðû 200 îC. Àíàëèç ïðîâî-
äèëè â ðåæèìå ïðîãðàììèðîâàíèÿ òåìïåðàòó-
ðû îò 50 äî 300 îC ñî ñêîðîñòüþ 10 îÑ/ìèí,
çàòåì ïðè 300 îC â òå÷åíèå 5 ìèí, ãàç-íîñèòåëü –
ãåëèé (1.1 ìë/ìèí).

(2Z)-2-Èîä-3-ôåíèëïðîï-2-åíàëü (3).
Ñìåñü 1.32 ã (0.01 ìîëü) êîðè÷íîãî àëüäåãèäà,
3.81 ã (0.015 ìîëü) èîäà, 1.66 ã (0.012 ììîëü)
K2CO3 è 0.244 ã (2 ììîëü) DMAP â 40 ìë ñìå-
ñè âîäíîãî òåòðàãèäðîôóðàíà (1:1) ïåðåìåøè-
âàëè ïðè êîìíàòíîé òåìïåðàòóðå 24 ÷. Çàòåì
ðåàêöèîííóþ ñìåñü ïîñëåäîâàòåëüíî îáðàáà-
òûâàëè íàñûùåííûì ðàñòâîðîì òèîñóëüôàòà
íàòðèÿ è äèõëîðìåòàíîì (3 × 20 ìë), îáúåäè-
íåííûå îðãàíè÷åñêèå ôàçû ñóøèëè MgSO4 è
êîíöåíòðèðîâàëè.  Ïðîäóêò ðåàêöèè î÷èùàëè
ìåòîäîì êîëîíî÷íîé õðîìàòîãðàôèè (SiO2,
ãåêñàí–ýòèëàöåòàò, 9:1). Âûõîä (3)  1.98 ã
(77%). Ñïåêòð ßÌÐ 1H, δ, ì. ä.: 7.47-7.53 ì
(3H, CHàðîì.), 7.98-8.02 ì (2H, CHàðîì.), 8.09 ñ
(1H, C3H), 8.78 ñ (1H, C1H). Ñïåêòð ßÌÐ 13Ñ,
δ, ì.ä.: 105.8 (C2), 128.6 (2CHàðîì.), 130.4
(2CHàðîì.), 131.6 (CHàðîì.), 134.0 (Càðîì.),
155.8 (C3), 189.0 (C1).

(2E,3E)-4-ôåíèë-2-(ôåíèëìåòèëèäåí)-
áóò-3-åíàëü (2). Ðàñòâîð 0.129 ã (0.5 ììîëü)
âèíèëèîäèäà 3, 2.2 ìã (0.01 ììîëü) Pd(OAc)2,
6 ìã (0.02 ìîëü) P(o-Tol)3, 0.057 ã (0.55
ììîëü) ñòèðîëà è 0.152 ã (1.5 ììîëü) òðèýòèëà-
ìèíà â 1 ìë ÄÌÀ ïåðåìåøèâàëè â àòìîñôåðå
àðãîíà 6 ÷ ïðè 100 oC äî ïîëíîé êîíâåðñèè
âèíèëèîäèäà 3 (êîíòðîëü ìåòîäîì ÃÆÕ). Ðå-
àêöèîííóþ ñìåñü îáðàáàòûâàëè âîäîé è ýêñò-
ðàãèðîâàëè ýòèëàöåòàòîì (4 × 2 ìë). Îáúåäè-
íåííûå îðãàíè÷åñêèå ôàçû ïðîìûâàëè íàñû-
ùåííûì ðàñòâîðîì NaCl, ñóøèëè MgSO4 è
êîíöåíòðèðîâàëè. Ñûðîé ïðîäóêò î÷èùàëè
ìåòîäîì êîëîíî÷íîé õðîìàòîãðàôèè (SiO2,
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ãåêñàí–ýòèëàöåòàò, 9:1). Âûõîä (2) 0.088 ã
(75%). Ñïåêòð ßÌÐ 1H, δ, ì. ä.: 6.99 ä (1Í,
ÑÍ=, J 16.5 Ãö), 7.25-7.56 ì (11Í, CHàðîì.,
CH=), 7.67 ä (1Í, ÑÍ=, J 16.5 Ãö), 9.75 c (1H,
C1H). Ñïåêòð ßÌÐ 13Ñ, δÑ, ì.ä.: 119.26
(ÑH=), 126.82 (2CHàðîì.), 128.24 (CHàðîì.),
128.70 (2CHàðîì.), 128.79 (2CHàðîì.), 129.85
(CHàðîì.), 130.32 (2CHàðîì.), 135.09 (Càðîì. èëè
Ñ2), 135.94 (ÑH=), 136.26 (Càðîì. èëè Ñ2),
137.36 (Càðîì. èëè Ñ2), 149.81 (ÑH=), 194.08
(Ñ1).

(2E)-5,5-äèìåòèë(ôåíèëìåòèëèäåí)ãåêñ-
3-èíàëü (1). Ê ñóñïåíçèè 0.129 ã (0.5 ììîëü)
âèíèëèîäèäà 3, 5.7 ìã (0.03 ììîëü) CuI, 11 ìã
(0.015 ììîëü) Pd(PPh3)2Cl2 â 1 ìë àöåòîíèòðè-
ëà ïðèáàâèëè 0.049 ã (0.6 ììîëü) 3,3-äèìåòèë-
áóò-1-èíà è 0.152 ã (1.5 ììîëü) äèèçîïðîïèë-
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