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Ñ öåëüþ èññëåäîâàíèé âîçìîæíîñòåé âíóòðèìî-
ëåêóëÿðíûõ ïðåâðàùåíèé äëÿ ïîëó÷åíèÿ õè-
ðàëüíûõ êàðáîöèêëè÷åñêèõ ñîåäèíåíèé ñ îáû÷-
íûì ðàçìåðîì öèêëà èçó÷åíî ââåäåíèå â
α-ïîëîæåíèå ê êåòîãðóïïå â äèãèäðîïðîèçâîä-
íîì ëåâîãëþêîçåíîíà – öèðåíå – ñòåðè÷åñêè
áîëåå ñâîáîäíîãî àëëèëüíîãî çàìåñòèòåëÿ. Èçó-
÷åíî âçàèìîäåéñòâèå öèðåíà ñ êðîòîíàëåì è
áðîìèñòûì àëëèëîì ïîä äåéñòâèåì ButOK è
LDA â THF. Óñòàíîâëåíî, ÷òî ïðè âçàèìîäåé-
ñòâèè öèðåíà â THF ñ êðîòîíàëåì ïðè äåéñòâèè
LDA ïðîòåêàåò êðîòîíîâàÿ êîíäåíñàöèÿ, à ïðè
äåéñòâèè ButOK ñ áðîìèñòûì àëëèëîì ðåàêöèÿ
ñïîíòàííî çàâåðøàåòñÿ îáðàçîâàíèåì 3-äèàëëèë-
ïðîèçâîäíîãî öèðåíà. Óñòàíîâëåíî, ÷òî íà ðå-
çóëüòàò ðåàêöèè, êàê ïî ñòðóêòóðå, òàê è ïî âûõî-
äó îáðàçóþùåãîñÿ ïðîäóêòà êîëè÷åñòâî
ââåäåííîãî â ðåàêöèþ áðîìèñòîãî àëëèëà íå âëèÿ-
åò – ïðîäóêò ìîíîçàìåùåíèÿ íå áûë îáíàðóæåí.

Êëþ÷åâûå ñëîâà: äèàëëèëïðîèçâîäíîå; åíî-
ëèçàöèÿ; åíîí; êðîòîíîâûé àëüäåãèä; ëåâîãëþ-
êîçåíîí; öèðåí.

In order to investigate the possibilities of
intramolecular transformations in the direction of
obtaining îf chiral carbocyclic compounds with
the usual ring size, the introduction of a sterically
more free allyl substituent into the α-position to
the keto group in the dihydro derivative of
levoglucosenone – cyren – was studied. The
interaction of cyren with crotonal and allyl
bromide was studied under the action of ButOK
and LDA in THF. It was found that the
interaction of cyren in THF with crotonal under
the action of LDA leads to croton condensation,
and under the action of ButOK with allyl bromide,
the reaction spontaneously ends with the formation
of a 3-diallyl derivative of cyrene. The amount of
allyl bromide introduced into the reaction does not
affect the result of the reaction, both in structure
and in the yield of the resulting product – the
monosubstitution product was not detected.

Key words: crotonic aldehyde; cyren; diallyl
derivative. enolization; enon; levoglucosenone.
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Àíàëèçû âûïîëíåíû íà îáîðóäîâàíèè
ÖÊÏ «Õèìèÿ» ÓôÈÕ ÐÀÍ è ÐÖÊÏ «Àãè-
äåëü» ÓÔÈÖ ÐÀÍ. Ðàáîòà âûïîëíåíà
ïî òåìå ¹AAAA-A20-120012090028-3 ãîñ-
çàäàíèÿ.

The analyzes were carried out on the
equipment of the Center «Khimiya» of the Ufa
Institute of Chemistry and the RCKP
«Agidel» of the UFRC of the RAS. The work
was carried out on the topic No.AAAA-A20-
120012090028-3 of the state assignment.

Íàëè÷èå äâîéíîé ñâÿçè â R-ãèäðîêñèïðî-
èçâîäíûõ àääóêòîâ Äèëüñà-Àëüäåðà ëåâîãëþ-
êîçåíîíà è áóòàäèåíà 1, èçîïðåíà 2, à òàêæå

R-ãèäðîêñè-ýíäî-àääóêòå ëåâîãëþêîçåíîíà è
öèêëîïåíòàäèåíà, ïîëó÷åííûõ âîññòàíîâëåíè-
åì êåòîãðóïïû, ïîçâîëÿåò îñóùåñòâëÿòü âíóò-
ðèìîëåêóëÿðíûå ðåàêöèè êàðáî- 3 è îêñàöèê-
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ëîì ïðèâîäèò ê ñïîíòàííîìó îáðàçîâàíèþ
α-äèàëëèë ïðîèçâîäíîãî öèðåíà.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Ñïåêòðû ßÌÐ 1Í è 13Ñ çàïèñûâàëè íà
ñïåêòðîìåòðå Bruker Avance III 500 MHz (500
ÌÃö) ñ ðàáî÷èìè ÷àñòîòàìè 500.13 ÌÃö (1H) è
125.47 ÌÃö (13C). Ýëåìåíòíûé àíàëèç ïðîâî-
äèëè íà CHNS(O)-àíàëèçàòîðå Åâðî-2000. ÈÊ
ñïåêòðû ñíèìàëè íà ïðèáîðàõ UR-20 è Specord
M-80 (â ïëåíêå èëè â âàçåëèíîâîì ìàñëå).
Óãëû îïòè÷åñêîãî âðàùåíèÿ èçìåðåíû íà ïî-
ëÿðèìåòðå Perkin-Elmer-341. Òåìïåðàòóðû
ïëàâëåíèÿ îïðåäåëåíû íà ïðèáîðå Boetius c âè-
çóàëüíûì óñòðîéñòâîì ÐÍÌÊ 05.Äëÿ àíàëèòè-
÷åñêîé ÒÑÕ ïðèìåíÿëè ïëàñòèíû Sorbfil ìàðêè
ÏÒÑÕ-ÀÔ-À, èçãîòîâèòåëü ÇÀÎ «Ñîðáïîëè-
ìåð» (ã. Êðàñíîäàð). Êîëîíî÷íàÿ õðîìàòîãðà-
ôèÿ ïðîâåäåíà ñ èñïîëüçîâàíèåì ñèëèêàãåëÿ
Macherey-Nagel 60 (ðàçìåð ÷àñòèö 0.063-0.2 ìì).
Â ðàáîòå èñïîëüçîâàí öèðåí (1) (äèãèäðîëåâî-
ãëþêîçåíîí, 6,8-äèîêñàáèöèêëî[3.2.1]îêòàí-4-
îí, CAS ¹53716-82-8) ôèðìû Circa Group (Àâ-
ñòðàëèÿ), Òêèï. 231.6 îÑ, d 1.25 ã/ìë.

1,6-Àíãèäðî-3,4-äèäåçîêñè-α-D-ãëèöåðî-
ãåêñ-3-((E)-1-ãèäðîêñèáóò-2-åíèë)ïèðàíîç-2-
óëîçà (2) è 1,6-àíãèäðî-3,4-äèäåçîêñè-α-D-
ãëèöåðî-ãåêñ-3-(E)-áóò-2-åíîëèäèí)-ïèðà-
íîç-2-óëîçà (3). Ê ðàñòâîðó LDA, ïîëó÷åííî-
ìó â àòìîñôåðå àðãîíà ïðè ìèíóñ 20 îÑ
èç 0.6 ìë (0.004 ìîëü) äèèçîïðîïèëàìèíà, 3.0
ìë (0.006 ìîëü) 1.1 Ì ðàñòâîðà n-BuLi â ãåêñà-
íå â 6.0 ìë ÒÃÔ, ïîñëå ïåðåìåøèâàíèÿ â òå÷å-
íèå 20 ìèí, ïðè ìèíóñ 20 îÑ äîáàâèëè ðàñòâîð
0.3 ã (0.0023 ìîëü) öèðåíà 1 â 2.0 ìë ÒÃÔ è
ïðîäîëæèëè ïåðåìåøèâàíèå ïðè ýòîé òåìïåðà-
òóðå â òå÷åíèå 20 ìèí. Çàòåì òåìïåðàòóðó
äîâåëè äî ìèíóñ 78 îÑ è äîáàâèëè 0.4 ìë
(0.0046 ìîëü) êðîòîíàëÿ. Ïðè ýòîé òåìïåðàòó-
ðå ïåðåìåøèâàëè â òå÷åíèå 20 ìèí (êîíòðîëü
ìåòîäîì ÒÑÕ). Ðåàêöèîííóþ ìàññó îáðàáîòà-
ëè 3%-íûì âîäíûì ðàñòâîðîì HCl, ïðîäóêòû
ðåàêöèè ýêñòðàãèðîâàëè EtOAc (3 × 7.0 ìë),
ýêñòðàêò ñóøèëè MgSO4, êîíöåíòðèðîâàëè íà
ðîòîðíîì èñïàðèòåëå, îñòàòîê õðîìàòîãðàôè-
ðîâàëè íà ñèëèêàãåëå, èñïîëüçóÿ ìåòîä êîëî-
íî÷íîé õðîìàòîãðàôèè. Âûõîä ñïèðòà 2 0.08 ã
(17%) è åíîíà 3 0.242 ã (57%).

1,6-Àíãèäðî-3,4-äèäåçîêñè-ααααα-D-ãëèöåðî-
ãåêñ-3-((E)-1-ãèäðîêñèáóò-2-åíèë)ïèðàíîç-2-
óëîçà (2). Æåëòîå ìàñëî, [α]D

24 – 153î (c 0.85,
CHCl3). Rf 0.38 (ïåòðîëåéíûé ýôèð-ýòèëàöå-
òàò, 1:1). Ñïåêòð ßÌÐ 1Í (CDCl3), δ, ì.ä.:
1.67 ä.ä. (3Í, ÑÍ3, 3J6.5, 1.1 Ãö), 1.87 ä.ä.ä.
(1Í, Í4À, 2J4À,4Â 14.0, 3J4À,3 12.0, 3J4À,5

ëèçàöèè 4. Â ïîñëåäíåì ñëó÷àå ðåàëèçóþòñÿ
îáå ðåàêöèè âíóòðèìîëåêóëÿðíîé ïîñëåäîâà-
òåëüíîé öèêëèçàöèè â òåòðàãèäðî- ôóðàíîâûé
è öèêëîãåêñàíîâûé ôðàãìåíòû.

Ââåäåíèå â α-ïîëîæåíèå ê êåòîãðóïïå â
äèãèäðîïðîèçâîäíîì ëåâîãëþêîçåíîíà öèðåíå 1
ñòåðè÷åñêè áîëåå ñâîáîäíîãî àëëèëüíîãî çàìåñ-
òèòåëÿ ïåðñïåêòèâíî â ïëàíå èçó÷åíèÿ âîçìîæ-
íîñòåé âíóòðèìîëåêóëÿðíûõ ïðåâðàùåíèé â íà-
ïðàâëåíèè ïîëó÷åíèÿ õèðàëüíûõ êàðáîöèêëè-
÷åñêèõ ñîåäèíåíèé ñ îáû÷íûì ðàçìåðîì öèêëà.

Òàê, ðåàêöèÿ ñ êðîòîíàëåì ïðè äåéñòâèè
LDA â THF ïðèâåëà ê îáðàçîâàíèþ äâóõ ñî-
åäèíåíèé – ïðîäóêòîâ àëüäîëüíîé 2 è êðîòî-
íîâîé 3 êîíäåíñàöèé. Ïåðâîå ñîåäèíåíèå îêà-
çàëîñü êðàéíå íåñòàáèëüíûì è óæå ïðè õðàíå-
íèè ïåðåõîäèò âî âòîðîé ïðîäóêò 3. Òðàíñ-
îðèåíòàöèÿ äâîéíîé ñâÿçè â ïðîäóêòå
êðîòîíîâîé êîíäåíñàöèè 3 äåëàåò íåâîçìîæ-
íîé íà ýòîì ýòàïå ðåàëèçàöèþ âíóòðèìîëåêó-
ëÿðíîé öèêëèçàöèè ïðîèçâîäíûõ ïî êåòîãðóï-
ïå èëè àöåòàëüíîìó öåíòðó (ñõåìà 1).
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Ñõåìà 1

Äîêàçàòåëüñòâîì S- è R-êîíôèãóðàöèé öåí-
òðîâ Ñ3 è Ñ1′, ñîîòâåòñòâåííî, â ñïèðòå 2, ÿâëÿ-
þòñÿ çíà÷åíèÿ ÊÑÑÂ 3J3,4A 12.0 Ãö è 3J3,1 7.6.

Îá îáðàçîâàíèè äèåíîíîâîé ñèñòåìû â
ïðîäóêòå 3 ñâèäåòåëüñòâóþò ñèãíàëû äâîéíûõ
ñâÿçåé ïðè 124.55, 126.13, 139.69 è 142.31
ì.ä., è êàðáîíèëà ïðè 189.51 ì.ä.

Ðåàêöèÿ ìåæäó áðîìèñòûì àëëèëîì è öè-
ðåíîì 1 â ïðèñóòñòâèè ButOK â ðàñòâîðå ÒÍF
ïðîòåêàåò ñ âûõîäîì 50% è ñ òîé æå êîíâåðñè-
åé, ïðèâîäÿ ê ïîëó÷åíèþ α-äèàëëèëüíîãî ïðî-
èçâîäíîãî 4, àíàëîãè÷íî âçàèìîäåéñòâèþ öè-
ðåíà ñ áåíçèëáðîìèäîì 5. Íà ðåçóëüòàò ðåàê-
öèè, êàê ïî ñòðóêòóðå, òàê è âûõîäó îáðàçóþ-
ùåãîñÿ ïðîäóêòà êîëè÷åñòâî ââåäåííîãî â
ðåàêöèþ áðîìèñòîãî àëëèëà íå âëèÿåò – ïðî-
äóêò ìîíîçàìåùåíèÿ íå áûë îáíàðóæåí.

Îá îáðàçîâàíèè α-äèàëëèëüíîãî ïðîèç-
âîäíîãî 4 ñâèäåòåëüñòâóþò ñèãíàëû óçëîâîãî
÷åòâåðòè÷íîãî àòîìà óãëåðîäà Ñ3 ïðè 46.64
ì.ä. è äâóõ àëëèëüíûõ ôðàãìåíòîâ ïðè 43.69,
44.20, 119.10, 119.17, 133.27 è 133.38 ì.ä.

Òàêèì îáðàçîì, â ðåçóëüòàòå ðåàêöèè öè-
ðåíà 1 ñ êðîòîíîâûì àëüäåãèäîì îñíîâíûì
ïðîäóêòîì ÿâëÿåòñÿ ïðîäóêò êðîòîíîâîé êîí-
äåíñàöèè, à âçàèìîäåéñòâèå ñ áðîìèñòûì àëëè-
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3.8 Ãö), 1.96 ä.ä.ä. (1H, H4B, 2J4B,4A 14.0, 3J4B,3
7.6, 3J4B,6B 1.0 Ãö), 2.75 ä.ò. (1Í, Í3, 3J3,4A
12.0, 3J3,4B 7.6, 3J3,1′ 7.6 Ãö), 3.90 ä.ä.ä. (1Í,
Í6B, 2J6B,6A 7.6, 3J6B,5 3.8, 3J6B,4B 1.0 Ãö), 4.01
ä. (1Í, Í6A, 2J6A,6B 7.6 Ãö), 4.24 ò. (1Í, Í1′,
3J1′,2′ 7.6, 3J1′,3 7.6 Ãö), 4.68 ò. (1Í, Í5, 3J5,6B
3.8, 3J5,4A 3.8 Ãö), 5.07 c (1Í, Í1), 5.37 ä.ä.ä.
(1Í, Í2′, 3J2′,3′ 15.2, 3J2′,1′ 7.6, 4J2′,4′ 1.1 Ãö),
5.70 ä.êâ. (1Í, Í3′, 3J3′,2′ 15.2, 3J3′,4′ 6.5 Ãö).
Ñïåêòð ßÌÐ 13Ñ (CDCl3), δ, ì.ä.: 17.73
(CH3), 33.94 (C4), 45.88 (C3), 67.73 (C6), 72.93
(Ñ5), 73.14 (C1′), 101.11 (C1), 129.41 (C3′),
129.73 (Ñ2′), 204.11 (C=O). Ìàññ-ñïåêòð, m/z:
199 [M+Í]+. Íàéäåíî, %: Ñ 66.60, H 7.09.
C10H14O4. Âû÷èñëåíî: C 66.59, H 7.12.

1,6-àíãèäðî-3,4-äèäåçîêñè-α-D-ãëèöåðî-
ãåêñ-3-(E)-áóò-2-åíîëèäèí)-ïèðàíîç-2-óëîçà
(3). Æåëòîå ìàñëî, [α]D

24 – 176î (c 1.1,
CHCl3). Rf 0.60 (ïåòðîëåéíûé ýôèð–ýòèëàöå-
òàò, 1:1). Ñïåêòð ßÌÐ 1Í (CDCl3), δ, ì.ä.:
1.81 ä (3Í, ÑÍ3, 

3J 4.6 Ãö), 2.54 ä (1H, H4B,
2J4B,4A 16.7 Ãö), 2.92 ä.ò. (1Í, Í4À, 2J4À,4Â 16.7,
3J4À,5 5.0, 4J4À,1′ 3.0 Ãö), 3.69 ä (1Í, Í6, 2J6B,6A
7.0 Ãö), 3.83 ä.ä. (1Í, Í6A, 2J6A,6B 7.0, 3J6A,5 5.0
Ãö), 4.76 ä.ä. (1Í, Í5, 2J5,6A 5.0, 

3J5,4A 5.0 Ãö),
5.17 c (1Í, Í1), 6.10-6.10 ì (2Í, Í2′, Í3′), 7.18
ä.ò. (1Í, Í1′, 3J1′,2′ 8.8, 

4J1′,4A 3.0, 
4J1′,3′ 3.0 Ãö).

Ñïåêòð ßÌÐ 13Ñ (CDCl3), δ, ì.ä.: 19.16 (CH3),
31.61 (C4), 68.59 (C6), 72.43 (Ñ5), 100.70 (C1),
124.55 (C3), 126.13 (C2′), 139.69 (C1′), 142.31
(Ñ3′), 189.51 (C=O). Ìàññ-ñïåêòð, m/z: 181
[M+Í]+. Íàéäåíî, %: Ñ 66.63, H 6.69.
C10H12O3. Âû÷èñëåíî: C 66.65, H 6.71.

1,6-Àíãèäðî-3,4-äèäåçîêñè-ααααα-D-ãëèöåðî-
ãåêñ-3,3-äèàëëèëïèðàíîç-2-óëîçà (4). Ê ïåðå-
ìåøèâàåìîìó ðàñòâîðó 1.00 ã (0.008 ìîëü) öè-
ðåíà 1 è (9.7 ã, 0.08 ìîëü, 10 ýêâ.) àëëèëà áðî-
ìèñòîãî â THF (8 ìë) â èíåðòíîé àòìîñôåðå ïðè
25 îC äîáàâèëè (1.9 ã, 0.017 ìîëü) ButOK è ïðî-
äîëæèëè ïåðåìåøèâàíèå ïðè ýòîé òåìïåðàòóðå 3
÷ (êîíòðîëü ìåòîäîì ÒÑÕ). Çàòåì ðåàêöèîííóþ
ñìåñü îáðàáîòàëè 3%-íûì âîäíûì ðàñòâîðîì
HCl (pH=7), ïðîäóêòû ðåàêöèè ýêñòðàãèðîâàëè
EtOAc (3 × 10.0 ìë), íåáîëüøèìè ïîðöèÿìè 0.26
ã (1.50 ììîëü) m-CPBA. ×åðåç 3 äíÿ îáðàáîòàëè
íàñûùåííûì ðàñòâîðîì NaHCO3, ñóøèëè íàä
MgSO4, îðãàíè÷åñêèé ñëîé óïàðèëè, îñòàòîê
õðîìàòîãðàôèðîâàëè íà SiO2. Âûõîä 0.798 ã
(50%). Æåëòîå ìàñëî, [α]D

24 – 79.2î (c 1.0,
CHCl3). Rf 0.47 (EtOAc–ïåòðîëåéíûé ýôèð,
1:1). Ñïåêòð ßÌÐ 1Í (CDCl3), δ, ì.ä.: 2.08-2.13
ì (1H, H4B), 2.24-2.29 ì (2H, H1B, H4A), 2.42-
2.48 ì (2H, H1B, H4A), 3.78 ä.ò (1H, H6B, J 1.3,
1.6, 3.4, 5.1, 7.2 Ãö), 3.92 ä (1H, H6A, J 7.2 Ãö),
4.71 ò (1H, H5, J 5.3, 5.7, 11.0 Ãö), 5.03-5.13 ì
(5H, CH2=CH, H1), 5.58-5.73 ì (2H, CH2=CH).
Ñïåêòð ßÌÐ 13Ñ (CDCl3), δ, ì.ä.: 34.84 (C4),
43.69 (CH2=CH), 44.20 (CH2=CH), 46.64 (C3),
68.37 (C6), 73.15 (C5), 100.46 (C1), 119.11
(CH2=CH), 119.18 (CH2=CH), 133.27
(CH2=CH), 133.38 (CH2=CH), 203.76 (C4).
Ìàññ-ñïåêòð, m/z: 209 [M+Í]+. Íàéäåíî, %: Ñ
69.19, H 7.75. C12H16O3. Âû÷èñëåíî, %: C 69.21,
H 7.74. ÈÊ-ñïåêòð (ìàñëî) 3432, 2978, 1715,
1697, 1437, 1364, 1230, 1115, 995, 917, 901, 825,
1100, 600 cm-1.
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