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Èññëåäîâàíà âîçìîæíîñòü ñòåðåîíàïðàâëåííîãî
ñèíòåçà (2E)-3-ôåíèëïðîï-2-åí-1-èëàìèíîâ íà
îñíîâå Fe-êàòàëèçèðóåìîãî êðîññ-ñî÷åòàíèÿ
èçîìåðíî ÷èñòûõ 3-õëîðïðîï-2-åí-1-èëàìèíîâ ñ
ôåíèëìàãíèéáðîìèäîì. Óñòàíîâëåíî, ÷òî ïðè
âçàèìîäåéñòâèè PhMgBr ñ (2E)-N-áåíçèë-3-
õëîð-N-ìåòèëïðîï-2-åí-1-àìèíîì è 1-[(2E)-3-
õëîðïðîï-2-åí-1-èë]ïèððîëèäèíîì  â ïðèñóò-
ñòâèè 2% ìîë. Fe(acac)3 è 10% ìîë. N,N,N′,N′-
òåòðàìåòèëýòèëåíäèàìèíà â òåòðàãèäðîôóðàíå
îáðàçóþòñÿ ñîîòâåòñòâóþùèå (2E)-N-áåíçèë-N-
ìåòèë-3-ôåíèëïðîï-2-åí-1-àìèí è 1-[(2E)-3-ôå-
íèëïðîï-2-åí-1-èë]ïèððîëèäèí ñ âûõîäàìè 86–
88 % è èçîìåðíîé ÷èñòîòîé áîëåå 98%.

Êëþ÷åâûå ñëîâà: 1,3-äèõëîðïðîïåí; Fe-êàòà-
ëèç; êðîññ-ñî÷åòàíèå; 3-ôåíèëïðîï-2-åí-1-èë-
àìèíû.

Äàòà ïîñòóïëåíèÿ 17.06.19

The possibility of stereoselective synthesis
of (2E)-3-phenylprop-2-en-1-ylamines based on
Fe-catalyzed cross-coupling of isomerically pure
3-chloro-prop-2-en-1-ylamines with phenylmagne-
sium bromide was investigated. It was established
that PhMgBr interacts with (2E)-N-benzyl-3-
chloro-N-methylprop-2-en-1-amine and 1-[(2E)-3-
chloro-prop-2-en-1-yl]pyrrolidine in the presence
of 2% mol. Fe(acac)3 and 10% mol. TMEDA in
tetra-hydrofuran to form the corresponding (2E)-
N-benzyl-N-methyl-3-phenylprop-2-en-1-amine
and 1-[(2E)-3-phenylprop-2-en-1-yl]pyrrolidine
with yields of 86–88 % and isomeric purity over
98%.

Key words: Fe-catalysis; cross-coupling; 1,3-di-
chloropropene; 3-phenylprop-2-en-1-ylamines.

Àëëèëàìèíû ÷àñòî âñòðå÷àþòñÿ â ïðèðî-
äå, èñïîëüçóþòñÿ â ñèíòåçå áèîëîãè÷åñêè àê-
òèâíûõ âåùåñòâ è øèðîêî ïðèìåíÿþòñÿ â ìå-
äèöèíå 1–5. Îñîáîå ïðàêòè÷åñêîå çíà÷åíèå
èìåþò ïðîìûøëåííûå ëåêàðñòâåííûå ïðåïà-
ðàòû, îòíîñÿùèåñÿ ê ãðóïïå (2E)-3-ôåíèëï-
ðîï-2-åí-1-èëàìèíîâ. Â ÷àñòíîñòè, íàôòèôèí
[(2E)-N-ìåòèë-N-(íàôòàëèí-1-èëìåòèë)-3-ôå-
íèëïðîï-2-åí-1-àìèí] øèðîêî ïðèìåíÿåòñÿ â
ìåäèöèíå êàê ïðîòèâîãðèáêîâîå ñðåäñòâî ïðè
ëå÷åíèè ðàçëè÷íûõ ìèêîçîâ 6, áëîêàòîðû
êàëüöèåâûõ êàíàëîâ öèííàðèçèí [(E)-1-(äè-
ôåíèëìåòèë)-4-(3-ôåíèëïðîï-2-åí-1-èë)ïèïå-
ðàçèí] è åãî ôòîðñîäåðæàùèé àíàëîã ôëóíà-
ðèçèí èñïîëüçóþòñÿ ïðè èøåìè÷åñêîì èíñóëü-

òå, àòåðîñêëåðîçå ñîñóäîâ ãîëîâíîãî ìîçãà, ÷å-
ðåïíî-ìîçãîâûõ òðàâìàõ, ýïèëåïñèè, ìèãðåíè
è äðóãèõ çàáîëåâàíèÿõ 7–9.

Èçâåñòíû äîñòàòî÷íî ìíîãî÷èñëåííûå
ïðèìåðû ñèíòåçà 3-ôåíèëïðîï-2-åí-1-èëàìè-
íîâ íà îñíîâå àëëèëüíîãî çàìåùåíèÿ, ýëåêòðî-
ôèëüíîãî àìèíèðîâàíèÿ àëêåíîâ, ñèãìàòðîï-
íûõ ïåðåãðóïïèðîâîê, ìåòîäîâ Ñ-H-àêòèâàöèè
è äð. 10,11. Îäíàêî ñâåäåíèÿ î ñòåðåîíàïðàâ-
ëåííûõ ìåòîäàõ ñèíòåçà ýòèõ ñîåäèíåíèé âåñü-
ìà îãðàíè÷åíû 12–15.

Íàìè èññëåäîâàíà âîçìîæíîñòü ñòåðåî-
íàïðàâëåííîãî ñèíòåçà (2E)-3-ôåíèëïðîï-2-
åí-1-èëàìèíîâ íà îñíîâå Fe-êàòàëèçèðóåìîãî
êðîññ-ñî÷åòàíèÿ èçîìåðíî ÷èñòûõ 3-õëîðïðîï-
2-åí-1-èëàìèíîâ 16 ñ ôåíèëìàãíèéáðîìèäîì.
Óñòàíîâëåíî, ÷òî ïðè âçàèìîäåéñòâèè PhMgBr
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ñ (2E)-N-áåíçèë-3-õëîð-N-ìåòèëïðîï-2-åí-1-
àìèíîì 1à è 1-[(2E)-3-õëîðïðîï-2-åí-1-èë]-
ïèððîëèäèíîì 1b â ïðèñóòñòâèè 2% ìîë.
Fe(acac)3 è 10 ìîë % N,N,N′,N′-òåòðàìåòèëýòè-
ëåíäèàìèíà (TMEDA) â òåòðàãèäðîôóðàíå îá-
ðàçóþòñÿ ñîîòâåòñòâóþùèå (2E)-N-áåíçèë-N-
ìåòèë-3-ôåíèëïðîï-2-åí-1-àìèí 2a è 1-[(2E)-3-
ôåíèëïðîï-2-åí-1-èë]ïèððîëèäèí 2b (ñõåìà 1)
ñ âûõîäàìè 86–88% è èçîìåðíîé ÷èñòîòîé áî-
ëåå 98%.

Èñïîëüçîâàíèå TMEDA ÿâëÿåòñÿ êëþ÷å-
âûì äëÿ óñïåøíîãî ïðîòåêàíèÿ ðåàêöèè. Ïðî-
âåäåíèå êðîññ-ñî÷åòàíèÿ â ïðèñóòñòâèè ñòàí-
äàðòíîãî N-ìåòèëïèððîëèäîíà (NMP) ïðèâî-
äèò ê ñíèæåíèþ ñòåðåîñåëåêòèâíîñòè ïðîöåñ-
ñà, à òàêæå îáðàçîâàíèþ çíà÷èòåëüíîãî
êîëè÷åñòâà äèôåíèëà (ïðîäóêòà ãîìîñî÷åòà-
íèÿ PhMgBr) è äðóãèõ ïîáî÷íûõ ïðîäóêòîâ
íóêëåîôèëüíîé àòàêè PhMgBr ïî àìèäíîé
ãðóïïå íå âïîëíå òîëåðàíòíîãî â ýòèõ óñëîâè-
ÿõ NMP. Êðîìå òîãî, N-ìåòèëïèððîëèäîí
ïðèçíàí êàíöåðîãåííûì è íåæåëàòåëüíûì ê
èñïîëüçîâàíèþ, ÷òî âûçâàëî â ïîñëåäíåå âðå-
ìÿ èíòåíñèâíûå èññëåäîâàíèÿ ïî åãî çàìåíå íà
áîëåå áåçîïàñíûå ñîåäèíåíèÿ 17–19.

Ñòðóêòóðà è ñòåðåîõèìè÷åñêàÿ ÷èñòîòà
ïîëó÷åííûõ ñîåäèíåíèé áûëà ïîäòâåðæäåíà
ÃÆÕ-àíàëèçîì, äàííûìè ßÌÐ-ñïåêòðîñêîïèè
è õðîìàòî-ìàñc-ñïåêòðîìåòðèè. E-Êîíôèãóðà-
öèÿ 3-ôåíèëïðîï-2-åí-1-èëàìèíîâ 2a è 2b íà-
äåæíî äîêàçàíà áîëüøèì çíà÷åíèåì êîíñòàí-
òû ÑÑÂ âèíèëüíûõ ïðîòîíîâ (15.8-15.9 Ãö), à
òàêæå ñìåùåíèåì õèìè÷åñêîãî ñäâèãà àëëèëü-
íûõ Ñ-àòîìîâ ïðèìåðíî íà 4 ì.ä. â áîëåå ñëà-
áîå ïîëå ïî ñðàâíåíèþ ñ àíàëîãè÷íûìè àòîìà-
ìè óãëåðîäà Z-èçîìåðîâ 6.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Ñïåêòðû ßÌÐ 1Í è 13Ñ çàïèñàíû â CDCl3
íà ïðèáîðàõ Bruker ÀÌ-300 [300.13 (1H) è
75.47 ÌÃö (13C)],  AV-500 [500.13 (1H) ÌÃö è
125.76 ÌÃö (13C)]. Õèìè÷åñêèå ñäâèãè â ñïåê-
òðàõ ßÌÐ èçìåðÿëè îòíîñèòåëüíî ÒÌÑ, â
ñïåêòðàõ ßÌÐ 13C îòíîñèòåëüíî ñèãíàëà ðà-
ñòâîðèòåëÿ (δC 77.0 ì.ä.). Õðîìàòîãðàôè÷åñ-
êèé è ìàññ-ñïåêòðàëüíûé àíàëèç ïðîâîäèëè íà

õðîìàòîìàññ-ñïåêòðîìåòðå GCMS-QP2010S
SHIMADZU (ýëåêòðîííàÿ èîíèçàöèÿ ïðè 70
ýÂ, äèàïàçîí äåòåêòèðóåìûõ ìàññ 33–350 Äà).
Èñïîëüçîâàëè êàïèëëÿðíóþ êîëîíêó HP-1MS
(30 ì × 0.25 ìì × 0.25 ìêì), òåìïåðàòóðà èñïà-
ðèòåëÿ 280 îC, òåìïåðàòóðà èîíèçàöèîííîé êà-
ìåðû 200 îC. Àíàëèç ïðîâîäèëè â ðåæèìå ïðî-
ãðàììèðîâàíèÿ òåìïåðàòóðû îò 50 äî 300 îC ñî
ñêîðîñòüþ 10 îC/ìèí, ãàç-íîñèòåëü – ãåëèé
(1.1 ìë/ìèí). Â ìàññ-ñïåêòðàõ ïðèâîäÿòñÿ 10
íàèáîëåå èíòåíñèâíûõ ñèãíàëîâ îñêîëî÷íûõ
èîíîâ ïëþñ ñèãíàë ìîëåêóëÿðíîãî èîíà.

(2E)-N-áåíçèë-3-õëîð-N-ìåòèëïðîï-2-
åí-1-àìèí (1a). Ñìåñü 1.21 ã (0.01 ìîëü) N-
áåíçèëìåòèëàìèíà, 1.22 ã (0.011 ìîëü) (E)-
1,3-äèõëîðïðîïåíà è 2.07 ã (0.015 ìîëü)
K2CO3 â 20 ìë àáñîëþòíîãî àöåòîíèòðèëà ïå-
ðåìåøèâàëè 1 ÷ ïðè êîìíàòíîé òåìïåðàòóðå,
çàòåì åùå 6 ÷ ïðè êèïåíèè äî ïîëíîé êîíâåð-
ñèè àìèíà (êîíòðîëü ìåòîäîì ÃÆÕ). Ïîñëå
îõëàæäåíèÿ ðàñòâîð ôèëüòðîâàëè, îñàäîê ïðî-
ìûâàëè ýòèëàöåòàòîì è îáúåäèíåííûå îðãàíè-
÷åñêèå ôàçû êîíöåíòðèðîâàëè. Ïðîäóêò ðåàê-
öèè âûäåëÿëè ìåòîäîì êîëîíî÷íîé õðîìàòîãðà-
ôèè. Âûõîä 1.59 ã (81%).  Ñïåêòð ßÌÐ 1H, δ, ì.
ä.: 2.20 ñ (3H, CH3N), 3.03 ä (2H, C1H2, J 6.7
Ãö), 3.50 ñ (2H, CH2N), 6.01 ä.ò (1H, Ñ2H, Jòðàíñ
13.1, 6.7 Ãö), 6.13 ä (1H, Ñ3H, Jòðàíñ 13.1 Ãö),
7.23-7.33 ì (5H, CHàð.). Ñïåêòð ßÌÐ 13Ñ, δ,
ì.ä.: 41.90 (CH3N), 56.91 (C1), 61.46 (CH2N),
120.28 (C3), 127.17 (CHàð.), 128.32 (2CHàð.),
128.97 (2CHàð.), 130.71 (C2), 138.46 (Càð.).
Ìàññ-ñïåêòð, m/z (Iîòí, %): 160 (26), 118 (28),
104 (15), 92 (15), 91 (100), 77 (12), 75 (25), 65
(20), 42 (33), 39 (20).

1-[(2E)-3-õëîðïðîï-2-åí-1-èë]ïèððîëè-
äèí (1b). Ïîëó÷àëè àíàëîãè÷íî ñîåäèíåíèþ
1a. Âûõîä 1.14 ã (78%).  Ñïåêòð ßÌÐ 1H, δ , ì.
ä.: 1.75-1.82 ì (4H, CH2CH2N), 2.46-2.54 ì
(4H, CH2N), 3.10 ä (2H, C1H2, J 7.0 Ãö ), 6.03
ä.ò (1H, Ñ2H, Jòðàíñ 13.1, 7.0 Ãö), 6.15 ä (1H,
Ñ3H, Jòðàíñ 13.1 Ãö). Ñïåêòð ßÌÐ 13Ñ, δ , ì.ä.:
23.47 (2CH2CH2N), 53.87 (2CH2N), 55.74
(C1), 119.72 (C3), 131.36 (C2). Ìàññ-ñïåêòð,
m/z (Iîòí, %): 145 (29) [M]+, 144 (49), 110
(100), 84 (69), 82 (28), 75 (47), 68 (20), 55
(23), 42 (97), 41 (45), 39 (54).
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(2E)-N-áåíçèë-N-ìåòèë-3-ôåíèëïðîï-2-
åí-1-àìèí (2a). Ê ðàñòâîðó 0.196 ã (1 ììîëü)
(2E)-N-áåíçèë-3-õëîð-N-ìåòèëïðîï-2-åí-1-
àìèíà 1a, 7 ìã (0.02 ììîëü) Fe(acac)3 è 12 ìã
(0.1 ììîëü) ÒÌÝÄÀ â 2 ìë ÒÃÔ ìåäëåííî
ïðèëèâàëè ïðè 0 îÑ â àòìîñôåðå àðãîíà 1.3 ìë
1 Ì ðàñòâîðà PhMgBr â ÒÃÔ. Ðåàêöèîííóþ
ñìåñü ïåðåìåøèâàëè ïðè êîìíàòíîé òåìïåðà-
òóðå â òå÷åíèå 1 ÷, îáðàáàòûâàëè 1 ìë âîäû è 5
ìë ýòèëàöåòàòà, îðãàíè÷åñêèé ñëîé îòäåëÿëè,
âîäíûé ñëîé îáðàáàòûâàëè ýòèëàöåòàòîì (3×5
ìë). Îáúåäèíåííûå îðãàíè÷åñêèå ôàçû ïðî-
ìûâàëè íàñûùåííûì ðàñòâîðîì NaCl, ñóøèëè
MgSO4 è êîíöåíòðèðîâàëè. Ïðîäóêò ðåàêöèè
âûäåëÿëè ìåòîäîì êîëîíî÷íîé õðîìàòîãðà-
ôèè. Âûõîä 0.208 ã (88%). Ñïåêòð ßÌÐ 1H, δ,
ì. ä.: 2.24 ñ (3H, CH3N), 3.19 ä (2H, C1H2, J
6.6 Ãö ), 3.55 ñ (2H, CH2N), 6.31 ä.ò (1H, Ñ2H,
Jòðàíñ 15.9, 6.6 Ãö), 6.54 ä (1H, Ñ3H, Jòðàíñ
15.9 Ãö), 7.17-7.44 ì (10H, CHàð.). Ñïåêòð
ßÌÐ 13Ñ, δ, ì.ä.: 42.16 (CH3N), 59.81 (C1),

61.81 (CH2N), 126.25 (2CHàð.), 126.97 (C2),
127.33 (CHàð.), 127.48 (CHàð.), 128.23
(2CHàð.), 128.49 (2CHàð.), 129.09 (2CHàð.),
132.57 (C3), 137.03 (Càð.), 138.83 (Càð.). Ìàññ-
ñïåêòð, m/z (Iîòí, %): 237 (12) [M]+, 236 (8),
147 (10), 146 (88), 118 (9), 117 (43), 115 (29),
92 (11), 91 (100), 65 (14), 42 (68).

1-[(2Å)-3-ôåíèëïðîï-2-åí-1-èë]ïèððîëè-
äèí (2b). Ïîëó÷àëè àíàëîãè÷íî ñîåäèíåíèþ
2a. Âûõîä 0.161 ã (86%). Ñïåêòð ßÌÐ 1H, δ, ì.
ä.: 1.74-1.86 ì (4H, CH2CH2N), 2.49-2.60 ì
(4H, CH2N), 3.26 ä (2H, C1H2, J 6.6 Ãö), 6.33
ä.ò (1H, Ñ2H, Jòðàíñ 15.8, 6.6 Ãö), 6.53 ä (1H,
Ñ3H, Jòðàíñ 15.8 Ãö), 7.18-7.46 ì (5H, CHàð.).
Ñïåêòð ßÌÐ 13Ñ, δ, ì.ä.: 23.38 (2CH2CH2N),
54.00 (2CH2N), 58.33 (C1), 126.20 (2CHàð.),
127.24 (C2), 127.70 (CHàð.), 128.43 (2CHàð.),
131.71 (C3), 137.05 (Càð.). Ìàññ-ñïåêòð, m/z
(Iîòí, %): 187 (10) [M]+, 186 (13), 117 (38), 115
(36), 110 (11), 96 (100), 91 (18), 84 (23), 44
(62), 42 (17), 40 (21).
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