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Ðàçðàáîòàíû ìåòîäû òðàíñôîðìàöèè â îêñåòà-
íîâûé öèêë åíîíîâîé ñîïðÿæåííîé ñèñòåìû
ïðîäóêòà öèêëîïåíòààííåëèðîâàíèÿ ïî òàíäåì-
íîé ðåàêöèè Ìèõàýëÿ-íóêëåîôèëüíîãî çàìåùå-
íèÿ ëåâîãëþêîçåíîíà 2,2-äèìåòèë-1,3-äèíèò-
ðîïðîïàíîì. Ïîñëåäóþùèå ðåàêöèè ðàñêðûòèÿ
1,6-àíãèäðîìîñòèêà, ïðåâðàùåíèÿ ïîëó÷åííûõ
ïðîäóêòîâ â ñìåñü ãèäðîêñèàíîìåðîâ è ñåëåê-
òèâíîãî îêèñëåíèÿ ïîëóêåòàëüíîé ôóíêöèè
ïðèâåëè ê ïîëó÷åíèþ ïàíòàíîëèäà, êîíäåíñèðî-
âàííîãî ñ öèêëîïåíòàíîâûì è îêñåòàíîâûì
êîëüöàìè. Ïîëó÷åííûé íîâûé ëàêòîí, îáëàäàþ-
ùèé òîïîëîãèåé ðÿäà èðèäîèäîâ òèïà Dà ïåðå-
âåäåí â ãëèêîçèä, ñîäåðæàùèé ôðàãìåíò òåòðàà-
öåòèëãëþêîçû.

Êëþ÷åâûå ñëîâà: àääóêòû Ìèõàýëÿ; ãëèêîçè-
äû; èðèäîèäû; ëåâîãëþêîçåíîí; íèòðîãðóïïà.

Methods have been developed for the
transformation of the conjugated enone system
into the oxetane ring of the cyclopentaannelation
product by the tandem Michael reaction -
nucleophilic substitution of levoglucosenone with
2,2-dimethyl-1,3-dinitropropane. Subsequent
reactions of opening the 1,6-anhydro bridge,
conversion of the obtained products into a
mixture of hydroxyanomers, and selective
oxidation of the semi-ketal function led to the
production of pantanolide condensed with cyclo-
pentane and oxetane rings. The resulting new
lactone, which has the topology of a number
of type Da of iridoids, was converted into a gly-
coside containing a tetraacetylglucose fragment.

Key words: Michael adducts; glycosides;
iridoids; levoglucosenone; nitro group.

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

Ðàáîòà âûïîëíåíà ïî òåìå ¹AAAA-
A20-120012090028-3 ãîñçàäàíèÿ.

The analyzes were performed on the
equipment of the Center for Collective Use
«Khimiya» of the Ufa Institute of Chemistry
of the RAS and the RCKP «Agidel» of the
Ural Federal Research Center of the RAS.
The work was carried out on the state
assignment No. AAAA-A20-120012090028-3.
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Èðèäîèäû îáðàçóþò îáøèðíóþ è âàæíóþ
ãðóïïó èçîïðåíîèäîâ, îáëàäàþùèõ øèðîêèì
ñïåêòðîì áèîëîãè÷åñêîãî äåéñòâèÿ 1–3. Îíè
âõîäÿò â ñîñòàâ ìíîãèõ ëåêàðñòâåííûõ ðàñòå-
íèé, èçäàâíà èñïîëüçóåìûõ â íàðîäíîé ìåäè-
öèíå. Ðÿä èðèäîèäîâ, íàïðèìåð, ëîãàíèí è
ðîäñòâåííûå ñîåäèíåíèÿ, ïðîÿâëÿþò ïðîòèâî-
îïóõîëåâóþ àêòèâíîñòü. Ñ òî÷êè çðåíèÿ ñòðóê-
òóðíîãî ñõîäñòâà èðèäîèäîâ ñ ïðîäóêòîì öèê-
ëîïåíòààííåëèðîâàíèÿ ëåâîãëþêîçåíîíà 1, ïî-
ëó÷åííîãî ðàíåå â íàøåé ëàáîðàòîðèè 4,5, ìîæ-
íî îòìåòèòü íàëè÷èå òàêèõ îáùèõ ýëåìåíòîâ,
êàê öèêëîïåíòàíîâîå ÿäðî, ñî÷ëåíåííîå ñ ïè-
ðàíîâûì öèêëîì, àöåòàëüíûé öåíòð, ìåòèëü-
íûå çàìåñòèòåëè.
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Ó÷èòûâàÿ òî îáñòîÿòåëüñòâî, ÷òî ëàêòîí-
íûé ôðàãìåíò âõîäèò â ñòðóêòóðó íå òîëüêî
èðèäîèäîâ, íî è ðÿäà ïðèðîäíûõ ñîåäèíåíèé,
îáëàäàþùèõ ïðîòèâîîïóõîëåâûì äåéñòâèåì, â

ïëàíå èçó÷åíèÿ âçàèìîñâÿçè ñòðóêòóðà–öèòî-
òîêñè÷åñêàÿ àêòèâíîñòü ìû èññëåäîâàëè âîç-
ìîæíîñòè òðàíñôîðìàöèè óãëåâîäíîé ÷àñòè
àääóêòà 1 â ëàêòîííûé ôðàãìåíò.

Äëÿ èñêëþ÷åíèÿ îñëîæíåíèÿ, âûçâàííî-
ãî, ïî âñåé âåðîÿòíîñòè, íàëè÷èåì êåòîãðóï-
ïû, áîðîãèäðèäíûì âîññòàíîâëåíèåì àääóêòà
1, ïîëó÷èëè ñìåñü ñïèðòîâ 2a,b (α:β=2:1) 6

(ñõåìà 1).
Äëÿ óïðîùåíèÿ ñîñòàâà ñìåñè ðàñêðûòèå

1,6-àíãèäðîìîñòèêà îñóùåñòâèëè òîëüêî ó α-
ñïèðòà 2à ïóòåì îáðàáîòêè åãî ðàñòâîðà â Ac2O
äåéñòâèåì BF3⋅Et2O (ñõåìà 2).

Ýïîêñèäèðîâàíèå äâîéíîé ñâÿçè â àöåòà-
òàõ 3a,b ïðîâåëè äåéñòâèåì m-CPBA â ÑÍÑl3.
Êîëîíî÷íûì õðîìàòîãðàôèðîâàíèåì íà SiO2
èç ðåàêöèîííîé ìàññû óäàëîñü âûäåëèòü àíî-
ìåðíóþ ñìåñü 4a,b ñ âûõîäîì 64%. Ãèäðîëèç
ýïîêñèäîâ 4a,b âîäíî-ñïèðòîâûì ðàñòâîðîì
ÊÎÍ ïðèâåë ê îáðàçîâàíèþ îêñåòàíîâ 5a,b â
ñîîòíîøåíèè 1:7 (α:β) (ñõåìà 3).

Îáðàçîâàíèå îêñåòàíîâ 5a,b, ïî âñåé âåðî-
ÿòíîñòè, ïðîòåêàåò âñëåäñòâèå ëàáèëüíîñòè
ïðîìåæóòî÷íîãî òåòðàîëà À, ïðåâðàùàþùåãî-
ñÿ â åíäèîë Â çà ñ÷åò çíà÷èòåëüíîé ñáëèæåííî-
ñòè ýëèìèíèðîâàíèÿ òðåòè÷íîé ãèäðîêñèëüíîé
ãðóïïû (ñõåìà 4).
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Îêèñëåíèåì ãèäðîêñèëüíîé ãðóïïû ïðè
àöåòàëüíîì öåíòðå äåéñòâèåì Br2 â ñèñòåìå
äèîêñàí–âîäà ïîëó÷èëè ëàêòîí 6 (Ñõåìà 3).

Ãëèêîçèëèðîâàíèå – çàâåðøàþùàÿ ñòàäèÿ
ïîëó÷åíèÿ ãëèêîçèäíûõ èðèäîèäîâ. Ýòà ïðî-
öåäóðà, ïîìèìî äîñòèæåíèÿ ñîîòâåòñòâèÿ ïðî-
òîòèïó ïî îñíîâíîìó ôðàãìåíòíîìó ñîñòàâó,
ïåðñïåêòèâíà â ïëàíå êîððåêöèè ðàñòâîðèìîñ-
òè è åå âëèÿíèÿ íà áèîëîãè÷åñêèå ñâîéñòâà 7.

Ìíîãèå èðèäîèäû, â òîì ÷èñëå ëîãàíèí,
èìåþò β-D-ãëèêîïèðàíîçèëüíûé ðàäèêàë, ïî-
ýòîìó ëàêòîí 6 èðèäîèäíîãî ðÿäà D ìû ãëèêî-
çèëèðîâàëè ïåíòààöåòàòîì D-ãëþêîçû 7.

Òàê, îáðàáîòêîé ðàñòâîðà ëàêòîíà 6 ïåíòàà-
öåòàòîì D-ãëþêîçû 7 â ïðèñóòñòâèè SnCl4 ïîëó-
÷èëè ãëþêîçèä 8 ñ âûõîäîì 45% (ñõåìà 5).

Òàêèì îáðàçîì, íà îñíîâå öèêëîïåíòààí-
íåëèðîâàííîãî àääóêòà 1 ñèíòåçèðîâàí ëàêòîí
8, îáëàäàþùèé ñòðóêòóðîé ïèðàíîâîãî ôðàã-
ìåíòà ðÿäà ìèðìèöåíà, ãèááîçèäà è äðóãèõ
ëàêòîííûõ èðèäîèäîâ.

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
âèçóàëüíûì óñòðîéñòâîì ÐÍÌÊ 05.Äëÿ àíà-
ëèòè÷åñêîé ÒÑÕ ïðèìåíÿëè ïëàñòèíû Sorbfil
ìàðêè ÏÒÑÕ-ÀÔ-À, èçãîòîâèòåëü ÇÀÎ «Ñîðá-
ïîëèìåð» (ã. Êðàñíîäàð). Êîëîíî÷íàÿ õðîìà-
òîãðàôèÿ ïðîâåäåíà ñ èñïîëüçîâàíèåì ñèëèêà-
ãåëÿ Macherey-Nagel 60 (ðàçìåð ÷àñòèö 0.063–
0.2 ìì).

(–)-(1S,2R,3S,8R)-4,4-Äèìåòèë-3-íèò-
ðî-9,11-äèîêñàòðèöèêëî-[6.2.1.02,6]óíäåö-5-
åí-7-îí (1). Ïîëó÷åí ñîãëàñíî 4.

(1S,2R,3S,7R,8R)-4,4-Äèìåòèë-3-íèò-
ðî-9,11-äèîêñàòðèöèêëî-[6.2.1.02,6]óíäåö-5-
åí-7-îë (2a) è (1S,2R,3S,7S,8R)-4,4-äèìå-
ò è ë - 3 - í è ò ð î - 9 , 1 1 - ä è î ê ñ à ò ð è ö è ê -
ëî[6.2.1.02,6]-óíäåö-5-åí-7-îë (2b). Ê ñóñ-
ïåíçèè 0.43 ã (1.80 ììîëü) àääóêòà 1 â 20.0 ìë
EtOH ïðè ýíåðãè÷íîì ïåðåìåøèâàíèè ïîðöè-
ÿìè äîáàâèëè 0.14 ã (3.60 ììîëü) NaBH4. Ïîñ-
ëå îêîí÷àíèÿ ðåàêöèè (êîíòðîëü ìåòîäîì
ÒÑÕ) äîáàâèëè 1.0 ìë àöåòîíà, ðåàêöèîííóþ
ìàññó óïàðèëè, îñòàòîê õðîìàòîãðàôèðîâàëè
íà SiO2, ïîëó÷èëè 0.40 ã (92%) ñïèðòîâ 2a,b
â ñîîòíîøåíèè 2:1 (α:β). Rf 0.30 (ïåòðîëåéíûé
ýôèð-ýòèëàöåòàò, 3:1). 2a: Ñïåêòð ßÌÐ 1Í
â CD3COCD3 (δ, ì.ä., J/Ãö): 0.97 (c, 3Í,
CÍ3), 1.38 (c, 3Í, CÍ3), 3.49 (äò, 1Í,
3J2-3=9.1, 4J2-5=2.0, 4J2-7=2.0, Í2), 3.63 (ää, 1Í,
2J10a-10b=7.1, 3J10a-1=4.6, Í10a), 3.83 (ä, 1Í,
2J10b-10a=7.1, Í10b), 4.06 (ää, 1Í, 3J7-2=2.0,
3J7-5=2.0, Í7), 4.64 (ä, 1Í, 3J1-10a=4.6, Í1),
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4.86 (ä, 1Í, 3J3-2=9.1, Í3), 5.19 (ñ, 1Í, Í8),
5.66 (ää, 1Í, 4J5-2=2.0, 3J5-7=2.0, Í5). Ñïåêòð
ßÌÐ 13Ñ â CD3COCD3 (δ, ì.ä.): 21.87 (ÑH3),
27.89 (ÑH3), 48.34 (C4), 49.37 (Ñ2), 70.93
(Ñ10), 72.92 (Ñ7), 75.31 (C1), 98.94 (Ñ3), 106.05
(Ñ8), 135.07 (Ñ5), 136.71 (Ñ6). 2b: Ñïåêòð
ßÌÐ 1Í â CD3COCD3 (δ, ì.ä., J/Ãö): 0.96 (c,
3Í, CÍ3), 1.38 (c, 3Í, CÍ3), 3.70 (ää, 1Í,
3J2-3=9.1, 4J2-5=2.3, Í2), 3.71 (ää, 1Í,
2J10a-10b=7.1, 3J10a-1=4.6, Í10a), 3.93 (ä, 1Í,
2J10b-10a=7.1, Í10b), 4.16 (ä, 1Í, 3J7-8=4.6, Í7),
4.65 (ä, 1Í, 3J1-10a=4.8, Í10a), 4.86 (ä, 1Í,
3J3-2=9.1, Í3), 5.41 (ä, 1Í, 3J8-7=4.8, Í8), 5.65
(ä, 1Í, 4J5-2=2.3, Í5). Ñïåêòð ßÌÐ 13Ñ
â CD3COCD3 (δ, ì.ä.): 21.59 (ÑH3), 27.68
(ÑH3), 48.99 (C4), 50.55 (Ñ2), 67.89 (Ñ7), 71.90
(Ñ10), 75.37 (C1), 98.87 (Ñ3), 99.70 (Ñ8), 135.75
(Ñ6), 139.08 (Ñ5). Íàéäåíî (%): Ñ 54.72,
Í 6.71, N 5.47. Ñ11Í15NO5. Âû÷èñëåíî (%):
Ñ 54.77, Í 6.27, N 5.81.

(1R,2S,6R,7S,9S)-9-Àöåòîêñèìåòèë-
6,7-äèàöåòîêñè-3,3-äèìåòèë-2-íèòðî-8-îêñà-
áèöèêëî[4.3.0]íîí-4-åí (3). Ê îõëàæäåííîìó
äî 0 îÑ ðàñòâîðó 0.200 ã (0.83 ììîëü) ñîåäèíå-
íèÿ 2a â 10.0 ìë Àñ2Î ïðè ïåðåìåøèâàíèè ïî
êàïëÿì äîáàâèëè 0.140 ã (1.67 ììîëü)
ÂF3⋅Et2O â 5.0 ìë Àñ2Î. ×åðåç 15 ìèí (êîíò-
ðîëü ìåòîäîì ÒÑÕ) â ðåàêöèîííóþ ñìåñü äîáà-
âèëè ëåä è îáðàáîòàëè íàñûùåííûì ðàñòâîðîì
NaHCO3. Ïîñëå îáðàáîòêè ýêñòðàãèðîâàëè
ÑHCl3 (3×15.0 ìë), ñóøèëè íàä ÑàÑl2, îðãàíè-
÷åñêèé ñëîé óïàðèëè, îñòàòîê õðîìàòîãðàôè-
ðîâàëè íà SiO2, ïîëó÷èëè 0.20 ã (87%) ñîåäè-
íåíèå 3. Ìàñëî. Rf 0.50 (ïåòðîëåéíûé ýôèð-
ýòèëàöåòàò, 1:1). Ñïåêòð ßÌÐ 1Í â CDCl3 (δ,
ì.ä., J/Ãö): 1.0 (c, 3H, CH3), 1.59 (c, 3H,
CH3), 2.0 (c, 3H, CH3), 2.10 (c, 3H, CH3), 2.12
(c, 3H, CH3), 4.19 (ää, 1Í, 3J1′-9=4.8,
2J1′a-1′b=7.3, Í1′a), 4.58 (ä, 1Í, 3J9-1′a=4.8, Í9),
4.68 (ä, 1Í, 2J1′b-1′a=7.3, Í1′b), 5.42 (ä, 1Í,
3J6-7=4.1, Í6), 5.52 (ä, 1Í, 3J2-1=8.3, Í2), 5.59
(óç.ì, 1Í, Í4), 6.34 (ä, 1Í, 3J7-6=4.1, Í7).
Cïåêòð ßÌÐ 13Ñ â CDCl3 (δ, ì.ä.): 21.75,
21.92, 22.27 (OCOCH3), 24.24 (CH3), 29.45
(CH3), 50.12 (C1), 50.81 (Ñ3), 66.21 (C1′),
69.05 (C9), 74.24 (C6), 89.94 (C2), 97.35 (C7),
130.65 (C5), 132.0 (C4), 170.0, 170.96 è 171.71
(OCOCH3). Íàéäåíî (%): Ñ 52.78, Í 6.31,
N 3.15. Ñ17Í23NO9. Âû÷èñëåíî (%): Ñ 52.98,
H 6.02, N 3.63.

(+)-(1R,2S,4R,5S,6R,7R,9S)-9-Àöå-
òîêñèìåòèë-6,7-äèàöåòîêñè-3,3-äèìåòèë-2-
íèòðî-4,5-ýïîêñè-8-îêñàáèöèêëî[4.3.0]íîíàí
(4a) è (-)-(1R,2S,4R,5S,6R,7S,9S)-9-àöå-
òîêñèìåòèë-6,7-äèàöåòîêñè-3,3-äèìåòèë-2-
íèòðî-4,5-ýïîêñè-8-îêñàáèöèêëî[4.3.0]íîíàí

(4b). Ê ïåðåìåøèâàåìîìó ðàñòâîðó 0.58 ã
(2.50 ììîëü) ñîåäèíåíèÿ 3 â ÑHCl3 äîáàâèëè
íåáîëüøèìè ïîðöèÿìè 0.26 ã (1.50 ììîëü)
m-CPBA. ×åðåç 3 äíÿ (êîíòðîëü ìåòîäîì
ÒÑÕ) ðåàêöèîííóþ ñìåñü îáðàáîòàëè íàñû-
ùåííûì ðàñòâîðîì NaHCO3, ñóøèëè íàä
ÑàÑl2, îðãàíè÷åñêèé ñëîé óïàðèëè, îñòàòîê
õðîìàòîãðàôèðîâàëè íà SiO2, ïîëó÷èëè 0.38 ã
(64%) ñîåäèíåíèÿ 4a,b.

4a: Ìàñëî. Rf 0.3 (ïåòðîëåéíûé ýôèð-ýòè-
ëàöåòàò, 1:1). [α]20

D+8.1î (ñ 1.0, CHCl3). ßÌÐ
1Í â CDCl3 (δ, ì.ä., J/Ãö): 0.9 (c, 3H, CH3),
1.41 (c, 3H, CH3), 2.0-2.2 (ì, 9H, COCH3), 3.1
(ì, 1 H, J=7.1, 10.9, H1′b), 3.90 (ä.ä, 1H,
J=8.7, Í2), 4.1 (ì, 2H, H9, H1′a), 5.3 (ä, 1H,
J=3.7, Í6), 6.41 (ä, 1H, H7). Cïåêòð ßÌÐ 13Ñ
â CDCl3 ( , ì.ä.): 20.57, 20.88 (CH3), 20.77,
22.03, 22.16 (COCH3), 39.72 (C3), 44.73 (C1),
64.07 (C5), 65.71 (C4), 66.47 (C1′), 73.72 (C6),
77.22. (C9), 89.78 (C7), 92.30 (C2), 168.92,
169.58, 169.99 (C=O). 4b: Ìàñëî. Rf 0.4 (ïåò-
ðîëåéíûé ýôèð–ýòèëàöåòàò, 1:1). [α]20

D –
28.1î (ñ 1.0, CHCl3). ßÌÐ 1Í â CDCl3 (δ, ì.ä.,
J/Ãö): 0.95 (c, 3H, CH3), 1.45 (c, 3H, CH3),
2.0, 2.2 è 2.5 (ì, 9H, COCH3), 3.95 (ì, 1 H,
J=7.1, 10.9, H1′b), 4.15 (ää, 1H, J=8.7, Í2),
4.19 (ì, 2H, H9, H1′a), 5.42 (ä, 1H, J=3.7, Í6),
6.4 (ä, 1H, H7). Cïåêòð ßÌÐ 13Ñ â CDCl3 (δ,
ì.ä.): 18.49 (CH3), 20.30, 20.47, 20.96
(COCH3), 22.07 (CH3), 43.71 (C3), 43.03 (C1),
62.28 (C5), 63.95 (C4), 64.19 (C1′), 64.42 (C6),
69.54. (C9), 89.14 (C7), 90.29 (C2), 169.24,
169.67, 170.06 (C=O). ÈÊ-ñïåêòð (ν, ñì-1):
2976, 2868, 1755, 1552, 1371, 1228, 1118. Íàé-
äåíî (%): Ñ 50.67, Í 5.66, N 5.65. Ñ17Í23NO10.
Âû÷èñëåíî (%): Ñ 50.87, H 5.78, N 3.49.

(1R,2S,4S,5S,6R,7S,9S)-9-Ãèäðîêñèìå-
òèë-6,7-äèãèäðîêñè-3,3-äèìåòèë-2-íèòðî-4,6-
ýïîêñè-8-îêñàáèöèêëî[4.3.0]íîíàí (5a) è
(1R,2S,4S,5S,6R,7R,9S)-9-ãèäðîêñèìåòèë-
6,7-äèãèäðîêñè-3,3-äèìåòèë-2-íèòðî-4,6-
ýïîêñè-8-îêñàáèöèêëî[4.3.0]íîíàí (5b).
Ê ðàñòâîðó 0.74 ã (1.85 ììîëü) ñìåñè ýïîêñè-
äîâ 4a,b â 10.0 ìë ñèñòåìû EtOH:H2O (2:1)
äîáàâèëè ïðè 0 îÑ ðàñòâîð, ñîñòîÿùèé èç 0.20 ã
ÊÎÍ, 1.0 ìë H2O è 2.0 ìë EtOH. ×åðåç 30 ìèí
(êîíòðîëü ìåòîäîì ÒÑÕ) ðåàêöèîííóþ ñìåñü
íåéòðàëèçîâàëè 10%-íûì ðàñòâîðîì ÍÑl äî ðÍ
7, ýêñòðàãèðîâàëè ýòèëàöåòàòîì (5 × 10.0 ìë),
îáúåäèíåííûå îðãàíè÷åñêèå ñëîè ïðîìûëè íà-
ñûùåííûì ðàñòâîðîì NaCl, ñóøèëè íàä
ÌgSO4, îðãàíè÷åñêèé ñëîé óïàðèëè, îñòàòîê
õðîìàòîãðàôèðîâàëè íà SiO2, âûäåëèëè 0.18 ã
(46%) ñîåäèíåíèé 5a,b â ñîîòíîøåíèè 1:7
(α:β). Êðèñòàëëû. Tïë = 165 îÑ. Rf 0.47 (ýòèë-
àöåòàò). Ñïåêòð ßÌÐ 1Í â CD3OD (δ, ì.ä.,
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J/Ãö) 5a[5b]: 0.83 (c, 3Í, CÍ3), 1.25 (c, 3Í,
CÍ3), 3.19 (ää, 1Í, 3J5-1=9.4, 3J5-4=5.5, Í5),
3.63 (ä, 2Í, 3J1′-9=4.1, Í1′à, Í1′b), 3.69 (ää, 1Í,
3J1-5=9.4, 3J1-2=8.8, Í1), 4.26 (ò, 1Í, 3J9-1′=4.1,
Í9), 4.32 (ä, 1Í, 3J4-5=5.5, Í4) [3.92 (ä, 1Í,
3J4-5=5.8, Í4)], 4.63 (ä, 1Í, 3J2-1=8.8, Í2)
[4.81 (ä, 1Í, 3J2-1=8.9, Í2)], 5.18 (ñ, 1Í, Í7),
[4.80 (ñ, 1Í, Í7)]. Ñïåêòð ßÌÐ 13Ñ â CD3OD
(δ, ì.ä.) 5a[5b]: 20.27 (ÑH3), 21.04 (ÑH3),
49.62 [50.12] (C3), 50.99 [51.41] (Ñ1), 50.83
[56.19] (Ñ5), 65.48 (Ñ1′), 87.80 [87.74] (C9),
89.81 [83.98] (Ñ4), 97.24 [96.88] (Ñ2), 100.89
[101.64] (Ñ7), 116.37 [112.61] (Ñ6). Íàéäåíî
(%): Ñ 48.19, Í 6.35, N 5.26. Ñ11Í17NO7. Âû-
÷èñëåíî (%): Ñ 48.00, H 6.23, N 5.09.

(+)-(1R,2R,5S,7R,9R)-6-Ãèäðîêñè-9-
ãèäðîêñèìåòèë-3,3-äèìåòèë-2-íèòðî-4,6-ýïîê-
ñè-8-îêñàáèöèêëî[4.3.0]íîíàí-7-îí (6).
Ê ðàñòâîðó 0.10 ã (0.38 ììîëü) ëàêòîëîâ 5a,b â
5.0 ìë ñèñòåìû 1,4-äèîêñàí:Í2Î (1:1) äîáàâè-
ëè 0.02 ìë Br2 (0.38 ììîëü). ×åðåç 3 äíÿ (êîí-
òðîëü ïî ÒÑÕ) ðåàêöèîííóþ ñìåñü ýêñòðàãèðî-
âàëè ýòèëàöåòàòîì (3 × 15.0 ìë), îáúåäèíåííûå
îðãàíè÷åñêèå ñëîè ïðîìûëè íàñûùåííûì ðà-
ñòâîðîì Na2SO3, ñóøèëè ÌgSO4, îðãàíè÷åñ-
êèé ñëîé óïàðèëè, îñòàòîê õðîìàòîãðàôèðîâà-
ëè íà SiO2, âûäåëèëè 0.06 ã (62%) ñîåäèíåíèÿ
6. Êðèñòàëëû. Tïë = 138 îÑ. Rf 0.4 (ïåòðîëåé-
íûé ýôèð-ýòèëàöåòàò, 1:1). [α]20

D+13.1î (ñ 2.6,
Me2CO). Ñïåêòð ßÌÐ 1Í â CD3OD (δ, ì.ä.,
J/Ãö): 0.97 (c, 3Í, CÍ3), 1.32 (c, 3Í, CÍ3),
3.63 (ä, 1Í, 3J5-4=6.8, Í5), 3.65 (ä, 2Í,
3J1′-9=4.7, Í1′à, Í1′b), 3.85 (ä, 1Í, 3J1-2=9.6,
Í1), 4.32 (ò, 1Í, 3J1′-9=4.7, Í9), 4.58 (ä, 1Í,
3J4-5=6.8, Í4), 4.72 (ä, 1Í, 3J2-1=9.6, Í2).
Ñïåêòð ßÌÐ 13Ñ â CD3OD (δ, ì.ä.): 19.91
(ÑH3), 21.37 (ÑH3), 49.68 (C3), 51.88 (Ñ1),
52.42 (Ñ5), 64.81 (Ñ1′), 87.37 (C4), 88.21 (Ñ9),
95.16 (Ñ2), 107.13 (Ñ6), 171.59 (Ñ7). Ìàññ-
ñïåêòð, m/z: 274 [ÌÍ+], 272 [ÌÍ–]. Íàéäåíî

(%): Ñ 48.58, Í 5.17, N 5.98. Ñ11Í15NO7. Âû-
÷èñëåíî (%): Ñ 48.35, H 5.53, N 5.13.

(1′R,2′R,5′S,7′R,9′R)-1-O-(5-ãèäðîêñè-
2-ãèäðîêñèìåòèë-8,8-äèìåòèë-9-íèòðî-5,7-
ýïîêñè-3-îêñàáèöèêëî[4.3.0]íîí-4-îíèë)-òåò-
ðààöåòèë-D-ãëþêîçà (8). Ê îõëàæäåííîìó äî
0 îÑ ðàñòâîðó 0.01 ã (0.04 ììîëü) ëàêòîíà 6 â
5.0 ìë õëîðèñòîãî ìåòèëåíà äîáàâèëè 0.02 ã
(0.04 ììîëü) ïåíòààöåòàòà D-ãëþêîçû 7.
Ñìåñü ïåðåìåøèâàëè ïðè êîìíàòíîé òåìïåðà-
òóðå äî èñ÷åçíîâåíèÿ èñõîäíîãî ëàêòîíà (êîí-
òðîëü ìåòîäîì ÒÑÕ). Çàòåì ðàñòâîðèòåëü óïà-
ðèëè, îñòàòîê õðîìàòîãðàôèðîâàëè íà SiO2,
ïîëó÷èëè 0.01 ã (45%) ãëèêîçèäà 8. Ìàñëî.
Rf 0.47 (ïåòðîëåéíûé ýôèð–ýòèëàöåòàò, 1:1).
ßÌÐ 1Í â CDCl3 (δ, ì.ä., J/Ãö): 1.02 (c, 3Í,
CÍ3), 1.43 (c, 3Í, CÍ3), 2.04 (c, 3Í, CÍ3),
2.06 (c, 3Í, CÍ3), 2.11 (c, 3Í, CÍ3), 2.14 (c,
3Í, CÍ3), 3.72 (ää, 1Í, 3J6-10=9.3, 3J6-7=7.3,
Í6), 3.79 (ì, 1Í, Í5′), 3.81 (ää, 2Í,
2J1b-1a=10.4, 3J1b-2=3.2, Í1b), 3.89 (ää, 1Í,
3J10-9=9.3, 3J10-6=9.3, Í10), 4.06 (ää, 2Í,
2J1a-1b=10.4, 3J1a-2=3.2, Í1a), 4.16 (ì, 2Í, Í6′a,
Í6′b), 4.41 (ää, 1Í, 3J2-1a=3.2, 3J2-1b=3.2, Í2),
4.52 (ä, 1Í, 3J7-6=7.3, Í7), 4.58 (ä, 1Í,
3J9-10=9.3, Í9), 4.65 (ä, 1Í, 3J1′-2′=7.9, Í1′),
5.04 (ää, 1Í, 3J2′-3′=9.7, 3J2′-1′=7.9, Í2′), 5.13
(ää, 1Í, 3J4′-5′=9.7, 3J4′-3′=9.7, Í4′), 5.27 (ää,
1Í, 3J3′-4′=9.7, 3J3′-2′=9.7, Í3′). ßÌÐ 13Ñ â
CDCl3 (δ, ì.ä.): 19.73 (ÑH3), 20.48 (ÑH3),
20.58 (ÑH3), 20.65 (ÑH3), 20.66 (ÑH3), 20.98
(ÑH3), 48.48 (C8), 51.03 (Ñ6), 51.54 (Ñ10),
60.42 (Ñ6′), 67.93 (C4′), 71.30 (Ñ2′), 71.88 (Ñ1),
72.01 (Ñ5′), 72.07 (Ñ3′), 84.45 (Ñ2), 86.17 (Ñ7),
93.70 (Ñ9), 100.48 (Ñ1′), 105.54 (Ñ5), 169.36
(Ñ=O), 171.03 (Ñ=O),170.11 (Ñ=O), 170.79
(Ñ=O), 171.23 (Ñ=O). Íàéäåíî (%): Ñ 51.72,
Í 5.71, N 1.98. Ñ25Í33NO16. Âû÷èñëåíî (%):
Ñ 51.91, Í 5.86, N 2.33.
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