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Òàêñîë, âûäåëÿåìûé èç ýêñòðàêòîâ êîðû Taxus
brevifolia, – îäèí èç íàèáîëåå ýôôåêòèâíûõ ïðîòèâî-
îïóõîëåâûõ ïðåïàðàòîâ. Â ðàìêàõ ïðîãðàììû ïî ñèí-
òåçó ñòðóêòóðíî óïðîùåííûõ àíàëîãîâ ýòîãî ñîåäèíå-
íèÿ ìû ïîëó÷èëè ïðîèçâîäíûå áèöèêëî[3.3.1]íîíàíà,
ñîäåðæàùèå (2R,3S)-N-áåíçîèë-β-ôåíèëèçîñåðèë (çà-
ìåñòèòåëü ïðè Ñ13 â òàêñîëå), ãðóïïû, ìîäåëèðóþ-
ùèå çàìåñòèòåëè ïðè Ñ2 è Ñ4, è îêñåòàíîâûé ôðàã-
ìåíò òàêñîëà [5]. Â íàøåé ðàáîòå ïðåäñòàâëåíî îïè-
ñàíèå ñèíòåçà è ðåçóëüòàòû òåñòèðîâàíèÿ ñîåäèíåíèÿ
1 ñ ãèäðîêñèëüíîé ãðóïïîé, ñîîòâåòñòâóþùåé çàìåñ-
òèòåëþ ïðè Ñ1 òàêñîëà, è ñòðóêòóð 2à–â (ñõåìà 1).

Ñîåäèíåíèå 1 áûëî ïîëó÷åíî â ïÿòü ñòàäèé èç
öèêëîãåêñåí-2-îíà 3 ïî ñõåìå 2. Â ðåçóëüòàòå êîí-
äåíñàöèè ñîåäèíåíèÿ 3 ñ àöåòîóêñóñíûì ýôèðîì áûë
ñèíòåçèðîâàí áèöèêëî[3.3.1]íîíàíîâûé β-êåòîýôèð 4
[6,7]. Åãî äåêàðáîêñèëèðîâàíèå ñ îáðàçîâàíèåì 1-áè-
öèêëî[3.3.1]íîíàí-3-îíà 5 è âîññòàíîâëåíèå ïîñëåäíå-
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ãî àëþìîãèäðèäîì ëèòèÿ ïðèâåëî ê ñìåñè äèàñòåðåî-
èçîìåðíûõ äèîëîâ 6 â ñîîòíîøåíèè ýíäî-:ýêçî- 2:1.
Ýòåðèôèêàöèþ äèîëà 6 îñóùåñòâëÿëè ïî ìåòîäó [8]
çàùèùåííîé ôîðìîé àìèíîêèñëîòû 7 [1,8] ñ äàëüíåé-
øèì ðàñêðûòèåì îêñàçîëèäèíîâîãî öèêëà â ñîåäèíå-
íèè 8 (ñõåìà 2).

Ñòðóêòóðû 2à–â ñèíòåçèðîâàëè îäíîòèïíûì ìåòî-
äîì èç íåçàìåùåííîé (9à, R1=R2=H) èëè çàìåùåííîé
(9á, R1=OH, R2=H, 9â, R1= H, R2=OBn) 7-ýíäî-ãèä-
ðîêñèáèöèêëî[3.3.1]íîíàí-3-ýêçî-êàðáîíîâîé êèñëîòû
(êîòîðóþ ïîëó÷àëè ùåëî÷íûì ðàñêðûòèåì 2-îêñàãî-
ìîàäàìàíòàí-3-îíà èëè åãî çàìåùåííûõ ïðîèçâîäíûõ
[9,10]). Ýòåðèôèêàöèþ ìåòèëîâûõ ýôèðîâ êèñëîò
9à–â (ñòðóêòóðû 10à–â) ïðîâîäèëè ñîãëàñíî óïîìÿ-
íóòîìó âûøå ìåòîäó (ñõåìà 3).

Ñòðîåíèå âñåõ ïîëó÷åííûõ, â òîì ÷èñëå íå îïè-
ñàííûõ ðàíåå, ñîåäèíåíèé (1, 2à–â, 8, 11à–â) äîêàçà-
íî ñ ïîìîùüþ äàííûõ ÈÊ- è ßÌÐ-ñïåêòðîñêîïèè,

*Ñîîáùåíèÿ I–IV ñì. [1–4].
**Èíñòèòóò  êëåòî÷íîé áèîëîãèè è áèîëîãè÷åñêèõ ñèñòåì, Ðîñòîêñêèé óíèâåðñèòåò, ã. Ðîñòîê, Ãåðìàíèÿ.
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ìàññ-ñïåêòðîìåòðèè è ýëåìåíòíîãî àíàëèçà (ñì. ýêñ-
ïåðèìåíòàëüíóþ ÷àñòü).

Èñïûòàíèÿ áèîëîãè÷åñêîé àêòèâíîñòè íà ñïîñîá-
íîñòü âåùåñòâ 1, 2à–â ïðîÿâëÿòü òàêñîëüíóþ àêòèâ-
íîñòü, à èìåííî, ñòèìóëèðîâàòü ïîëèìåðèçàöèþ áåëêà
òóáóëèíà in vitro ñ îáðàçîâàíèåì ñòàáèëüíûõ ìèêðî-
òðóáî÷åê áûëè ïðîâåäåíû ñíà÷àëà ìåòîäîì ñåäèìåí-
òàöèîííîãî àíàëèçà. Ïîñëå èíêóáàöèè î÷èùåííîãî òó-
áóëèíà ñ òåñòèðóåìûìè âåùåñòâàìè â òå÷åíèå 1 ÷
ïðè 37°Ñ ðàñòâîðû öåíòðèôóãèðîâàëè ÷åðåç ñëîé
10%-é ñàõàðîçû, è ïîëó÷åííûå îñàäêè àíàëèçèðîâàëè
ìåòîäîì ýëåêòðîôîðåçà â ïðèñóòñòâèè äîäåöèëñóëü-
ôàòà íàòðèÿ. ×åòêàÿ ïîëîñà òóáóëèíà ñ ìîëåêóëÿð-
íûì âåñîì 55 êÄà áûëà îáíàðóæåíà âî âñåõ îáðàç-
öàõ. Îäíàêî åå èíòåíñèâíîñòü â îáðàçöàõ ñ òåñòèðó-
åìûìè âåùåñòâàìè áûëà çíà÷èòåëüíî íèæå òàêîâîé
äëÿ îáðàçöà ñ òàêñîëîì. Ýòî îçíà÷àåò, ÷òî ýôèðû 1,
2à–â âûçûâàþò ëèøü ñëàáóþ àãðåãàöèþ (îëèãîìåðè-
çàöèþ) òóáóëèíà. Áîëåå òîãî, ñ ïîìîùüþ ñâåòîâîé
âèäåîìèêðîñêîïèè ñ óñèëåííûì êîíòðàñòîì (ñì. ýêñ-

ïåðèìåíòàëüíóþ ÷àñòü) áûëî ïîêàçàíî, ÷òî ñîåäèíå-
íèÿ 1, 2 à–â, â îòëè÷èå îò òàêñîëà, íå ñïîñîáíû
âûçûâàòü ïîëèìåðèçàöèþ òóáóëèíà äî âèäèìûõ â
ìèêðîñêîï àãðåãàòîâ èëè ìèêðîòðóáî÷åê. Òàêèì îáðà-
çîì, ïîëó÷åííûé ðåçóëüòàò ñâèäåòåëüñòâóåò î ñëèø-
êîì ñèëüíîì óïðîùåíèè ïðåäëîæåííûõ ñòðóêòóð ïî
ñðàâíåíèþ ñ ïðèðîäíîé ìîëåêóëîé.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü
Ñïåêòðû ßÌÐ 1Í è 13Ñ ðåãèñòðèðîâàëèñü íà ïðè-

áîðå “BRUKER AVANCE-400” ñ ðàáî÷åé ÷àñòîòîé
400 ÌÃö â CDCl3. Êîíòðîëü çà õîäîì ðåàêöèé îñó-
ùåñòâëÿëè ñ ïîìîùüþ òîíêîñëîéíîé õðîìàòîãðàôèè
íà ïëàñòèíàõ “Silufol”. Äëÿ âñåõ âåùåñòâ ïðîâîäè-
ëîñü õðîìàòîãðàôè÷åñêîå ðàçäåëåíèå íà êîëîíêàõ ñ
ñèëèêàãåëåì “Merck 60” (220–440 mesh ASTM), ýëþ-
åíò – ýòèëàöåòàò:ïåòðîëåéíûé ýôèð (40–70°Ñ) è/èëè
äèýòèëîâûé ýôèð:ïåòðîëåéíûé ýôèð (40–70°Ñ) â ðàç-
íûõ ñîîòíîøåíèÿõ. ÈÊ-ñïåêòðû ðåãèñòðèðîâàëè íà
ïðèáîðå “UR-20” (â âàçåëèíîâîì ìàñëå). Ìàññ-ñïåê-
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òðû ðåãèñòðèðîâàëè íà õðîìàòî-ìàññ-ñïåêòðîìåòðå
“JMS-D300”.

5-(1-Ãèäðîêñèáèöèêëî[3.3.1]íîíàí-3-èë)-3-
òðåò-áóòèëîâûé ýôèð (4S,5R)-äèãèäðî-2,2-äèìå-
òèë-4-ôåíèë-3,5-(2Í)-îêñàçîëäèíêàðáîíîâîé êèñ-
ëîòû (8) ñèíòåçèðîâàí ïî ìåòîäèêàì [1, 6] èç 0,35 ã
(1,8 ììîëü) äèîëà 6 è 0,35 ã (1,06 ììîëü) êèñëîòû 7
â àáñ. CH2Cl2. Ïîëó÷åíî 0,35 ã (âûõîä 67%) 7,
áåñöâ. êðèñò., Òïë = 56–57°Ñ. Íàéäåíî, %: Ñ 67.52;
H, 8.10; N, 2.99, C26H37NO6. Âû÷èñëåíî, %: C,
67.97; H, 8.11; N, 3.05. Ñïåêòð ßÌÐ 1Í (δ, ì.ä.): 1.07
c (9Í, t-Bu); 1.65 c (3H, Me); 1.71 ñ (3Í, Me); 1.22–
2.21 ì (14Í, ñêåë. + ÎÍ); 4.37 ä (1Í, J = 5.3 Ãö,
NCHÑÍÎ); 4.96 ì (1H, NCHÑÍÎ); 5.17 ì (0.7Í,
W = 7Ãö, ÑÍÎýíäî); 5.53 ì (0.3Í, W = 11 Ãö,
ÑÍÎýêçî); 7.19–7.30 ì. (5Í, àðîì.).

3-((2R,3S)-N-Áåíçîèë-βββββ-ôåíèëèçîñåðèëîêñè)-1-
ãèäðîêñèáèöèêëî[3.3.1]íîíàí (1) ñèíòåçèðîâàí ïî
ìåòîäèêàì [1, 8] èç 0,35 ã (0,7 ììîëü) 8 â 10 ìë
85%-é ìóðàâüèíîé êèñëîòû è 0,1 ã (0,7 ììîëü) áåíçî-
èëõëîðèäà. Ïîëó÷åíî 0,25 ã (âûõîä 78%) 1, áåë. êðèñò.,
Òïë = 78–80°Ñ. Íàéäåíî, %: Ñ, 70.81; H, 6.56; N, 3.31.
C25H29NO5. Âû÷èñëåíî, %: C, 70.90; H, 6.90; N, 3.31.
Ñïåêòð ßÌÐ 1Í (δ, ì.ä.) 1.22–2.26 ì (14Í, ñêåë. +
ÎÍ); 3.62 ì (1Í, ÎÍ); 4.56 ä (1Í, J = 1.6 Ãö,
ÑÍÎH); 5.18 ì (0.7H, W = 8Ãö, CHOýíäî); 5.53 ì
(0.3Í, W = 11Ãö, CHOýêçî); 5.72 ä (1H, J = 9.3 Ãö,
HNCH); 7.10 ì (1Í, NH); 7.24–7.72 ì. (10Í, àðîì.).
Ñïåêòð ßÌÐ 13Ñ äëÿ ýíäî èçîìåðà (δ, ì.ä.): 28.35–
42.08; 54.72 (ÑHN); 69.40 (Ñ3HO); 71.23 (C1OH); 73.42
(ÑHOH); 126.89–143.21 (àðîì.); 168.16 (NHOCBz);
173.58 (CO2). Ìàññ-ñïåêòð (EI, m/z, %): 432 (M+, 3),
415 (5), 355 (10), 286 (20), 210 (70), 105 (100).

5-(3-ýêçî-ìåòîêñèêàðáîíèëáèöèêëî[3.3.1]íî-
íàí-7-ýíäî-èëîâûé) 3-òðåò-áóòèëîâûé ýôèð
(4S,5R)-äèãèäðî-2,2-äèìåòèë-4-ôåíèë-3,5-(2Í)-
îêñàçîëäèíêàðáîíîâîé êèñëîòû (11a) ïîëó÷àëè
àíàëîãè÷íî 8 èç 0,20 ã (1 ììîëü) 10a [11] è 0,33 ã
(1 ììîëü) 7. Ïîëó÷èëè 0,43 ã 11à (áåñöâ. æèäê.).
Âûõîä 85%. Ñïåêòð ßÌÐ 1Í (δ, ì.ä.): 1.07 ñ (9H,
Me2); 1.04–2.09 ì (18H, ñêåë. + Me2); 3,06 ì (1H, W
= 13Ãö, Í-3ñêåë.); 3.56 ñ (3H, ÎMe); 4.37 ä (1Í, J =
5.4 Ãö, NCÍÑÍÎ); 5.09 ì (1H, NÑÍÑÍÎ); 5.12 ì
(1Í, W = 8Ãö, H-7ñêåë.); 7.2–7.4 ì (5H, àðîì.).

7-ýíäî-((2R,3S)-N-Áåíçîèë-βββββ-ôåíèëèçîñåðèëîê-
ñè)-3-ýêçî-ìåòîêñèêàðáîíèëáèöèêëî[3.3.1]íîíàí
(2à) ïîëó÷àëè àíàëîãè÷íî 1 èç 0,2 ã (0,3 ììîëü) 11à
â 10 ìë 85%-é HCOOH è 0,06 ã (0,4 ììîëü) áåíçîèë-
õëîðèäà. Ïîëó÷åíî 0,08 ã (âûõîä 57%) 2à, áåñöâ.
êðèñò., Òïë = 136–138°Ñ. Íàéäåíî, %: Ñ, 69.16; H,

6,13; N, 2.21. C27H31NO6. Âû÷èñëåíî, %: C, 69.66; H,
6.71; N, 3.01. Ñïåêòð ßÌÐ 1Í (δ, ì.ä.): 1.31 ì (1H);
1.46–1.67 ì (5H); 1.77 ì (1H); 1.91 ì (1H); 2.11–2.23
ì (4H); 3.17 ì (1H, W = 12Ãö, Í-3ñêåë.); 3.31 ñ (1H,
OH); 3.60 ñ (3Í, ÎMe); 4.54 ä (1Í, J = 1.8 Ãö,
NCÍÑÍÎ); 5.09 ì (1Í, W = 7Ãö, Í-7ñêåë.); 5.70 ää
(1Í, J = 1.8, 9.1 Ãö, NÑÍÑÍÎ); 6.94 ä (1Í, J = 9.1
Ãö, NH); 7.29–7.71 ì (10H, àðîì.). Ñïåêòð ßÌÐ
13Ñ(δ, ì.ä.): 25.64; 25.73; 29.91; 32.76; 33.03; 34.02;
34.31; 34.35; 51.56 (OÌå); 54.71 (1Ñ, ÑÍNH); 70.26
(CHOH); 73.62 (C-7) ; 126.89; 127.02; 127.86; 128.62;
128.66; 131.68; 134.21; 138.81; 166.70 (C=O); 172.21
(C=O); 177.18 (C=O).

Ìåòèë 3-ýêçî-7-ýíäî-1,7-äèãèäðîêñèáèöèê-
ëî[3.3.1]íîíàí-3-êàðáîêñèëàò (10á) ñèíòåçèðîâàí
ïî ìåòîäèêå [10] èç 1,9 ã (11 ììîëü) ëàêòîíà êåìàí-
òàíà. Ïîëó÷èëè 0,69 ã 10á (âûõîä 29%). Íàéäåíî, %:
Ñ, 61.66; H, 8.47; O 29.87. C11H18O4. Âû÷èñëåíî, %:
C, 61.68; H, 8.52; O, 29.80. Ñïåêòð ßÌÐ 1Í (δ, ì.ä.):
1.34–2.01 ì (12Í); 2.34 ì (1Í, Í-3); 3.46 c (1H, OH);
3.65 ñ (3H, Me), 4.18 ì (1H, W = 7Ãö, Í-7). Ñïåêòð
ÈÊ (KBr, ñì –1) 1730 (C=O), 3450 óø. (OH).

5-((1R*,3S*,5R*,7S*)-1-ãèäðîêñè-3-ìåòîêñè-
êàðáîíèëáèöèêëî[3.3.1]íîíàí-7-èëîâûé)-3-
òðåò-áóòèëîâûé ýôèð (4S,5R)-äèãèäðî-2,2-äè-
ìåòèë-4-ôåíèë-3,5-(2Í)-îêñàçîëäèêàðáîíîâîé
êèñëîòû (11á) ñèíòåçèðîâàí àíàëîãè÷íî 8 èç 0,40 ã
(1,9 ììîëü) 10á è 0,33 ã (1 ììîëü) êèñëîòû 7. Ïî-
ëó÷èëè 0,35 ã 11á â âèäå ñìåñè äèàñòåðåîìåðîâ (âû-
õîä 67%). Â ßÌÐ-ñïåêòðå äëÿ íåêîòîðûõ ïðîòîíîâ
íàáëþäàëè äâà íàáîðà ñèãíàëîâ â ñîîòíîøåíèè 3:1.
Ñïåêòð ßÌÐ 1Í (δ, ì.ä.): 1.11 ñ (9H, t-Bu); 1.42–2.06
ì (18Í); 3.22 ì (0.75Í, H-3ñêåë); 3.33 ì (0.25Í, H-
3ñêåë); 3.60 c (2Í, ÎMe); 3.60 c (2Í, ÎMe); 3.66
(1H, OMe); 4.33 ä (1Í, J = 6.03 Ãö, ÎÑHÑHN); 4.99
ì (1Í, ÎÑHÑHN); 5.12 ì (0.25H, Í-7ñêåë.); 5.12 ì
(0.75H, Í-7ñêåë.); 7,25–7.34 ñ (5H, Ph).

(1R*,3S*,5R*,7S*)-7-((2R,3S)-N-Áåíçîèë-βββββ-ôåíè-
ëèçîñåðèëîêñè)-1-ãèäðîêñè-3-ìåòîêñè-êàðáîíèë-
áèöèêëî[3.3.1]íîíàí (2á) ñèíòåçèðîâàí àíàëîãè÷íî
2à èç 0,2 ã (0,39 ììîëü) 11á. Ïîëó÷åíî 0,67 ã (âûõîä
89%) 2á, áåñöâ. êðèñò., Òïë = 172°Ñ. Íàéäåíî, %: Ñ,
67.34; H, 6,49; N, 2.91. C27H31NO7. Âû÷èñëåíî, %: C,
66.98; H, 6.37; N, 2.85. Ñïåêòð ßÌÐ 1Í (δ, ì.ä.):
1.42–1.64 ì (5Í); 1.72–2.15 ì (7H); 2.35 ì (1Í,
OH); 3.36 óø ì (1H, W = 12Ãö, Í-3ñêåë.); 3.62 c.
(3Í, ÎÑH3); 4.59 ì (1H, J = 2.4 Ãö, CHOH); 5.18 ì
(1H, W = 7Ãö,  Í-7ñêåë.); 5.75 äò (1Í, J = 2.4, 9.0
Ãö, ÑHN); 7.00 ä (1H,  J = 9.0 Ãö, NH); 7,28–7.50 ì
(8H, àðîì.); 7.73–7.76 ì (2H, àðîì.). Ñïåêòð ßÌÐ
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13Ñ (δ, ì.ä.): 29.10–42.67; 51.40 (Me); 54.72 (ÑHN);
68.37 (C-7cêåë.); 72.29 (CHOH); 73.67 (Ñ-1cêåë.);
126.93–138.79 (àðîì.); 166.93(C=O); 173.12 (C=O);
176.19 (C=O). Ñïåêòð ÈÊ (KBr, ñì –1): 1470; 1525;
1580 è 1605 (ìàë. èíò.); 1650 óø.; 1720–1740 óø.;
3300–3400 óø.

Ìåòèë 2-ýíäî-(áåíçèëîêñè)-7-ýíäî-ãèäðîêñèáè-
öèêëî[3.3.1]íîíàí-3-ýêçî-êàðáîêñèëàò (10â). Ñèí-
òåçèðîâàëè ïî ìåòîäèêå [9, 10] êèïÿ÷åíèåì ðàñòâîðà
0,57 ã (3,7 ììîëü) 5-áåíçèëîêñèãîìîàäàìàíòàí-3-îíà
è 6 ã ãèäðîêñèäà íàòðèÿ â 30 ìë ñìåñè ìåòàíîëà è
âîäû (1:3) Ïîëó÷åííóþ êèñëîòó î÷èùàëè õðîìàòîãðà-
ôè÷åñêè, ýëþåíò – õëîðîôîðì:ìåòàíîë (1:9). Ñïåêòð
ßÌÐ 1Í (δ, ì.ä., CDCl3/ÃÌÄÑ): 1.20–2.22 ì (12Í);
2.43 ì (1Í, JH2H3 = 8.4 Ãö, H-3ñêåë.); 3.54 ì (1Í, W
= 7Ãö, Í-7); 4.09 ì (1H, JH2H3 = 8.4 Ãö, H-2ñêåë.);
4.46 ä (1H, Jgem = 12,4 Ãö, CH2Ph); 4.57 ä (1H, Jgem
= 12,4 Ãö, CH2Ph);  7,27–7.55 ì (6H). Ñïåêòð ßÌÐ
13C (δ, ì.ä., CDCl3/ÃÌÄÑ): 25.46; 28.70; 30.72; 33.66;
36.62; 41.00; 63.70 (C-3); 70.57(PhCH2O); 80.19 (C-7);
127.17; 127.26; 127.94; 139.82; 178,86 (Ñ=Î).

Ýòåðèôèêàöèþ 0,5 ã êàðáîíîâîé êèñëîòû ïðîâîäè-
ëè â ðàñòâîðå 50 ìë õëîðîôîðìà è 5 ìë ìåòàíîëà  â
ïðèñóòñòâèè 0,03 ã ï-òîëóîëñóëüôîêèñëîòû ìîíîãèä-
ðàòà. Ðåàêöèîííóþ ñìåñü êèïÿòèëè ñ íàñàäêîé Äèíà–
Ñòàðêà, ÷åðåç 6 ÷ ïðîìûâàëè âîäîé (2×10 ìë), ðà-
ñòâîðèòåëü óïàðèâàëè, îñòàòîê ïîäâåðãëè õðîìàòîãðà-
ôè÷åñêîé î÷èñòêå íà êîëîíêå ñ ñèëèêàãåëåì, ýëþåíò:
äèýòèëîâûé ýôèð:ïåòðîëåéíûé ýôèð (40–60°). Ïîëó÷è-
ëè 0,41 ã (37%) ìåòèëîâîãî ýôèðà 10â â âèäå áåëîãî
êðèñòàëëè÷åñêîãî âåùåñòâà. Òïë = 60–62°Ñ. Íàéäåíî,
%: Ñ, 70.95; H, 7.83 C18H24O4. Âû÷èñëåíî, %: C,
71.03; H, 7.95; O, 21.03 Ñïåêòð ßÌÐ 1Í (δ, ì.ä.,
CDCl3/ÃÌÄÑ): 1.18 – 2.21 ì. (11Í); 2.40 ì (1Í,
JH2H3 = 8.5 Ãö, H-3); 3.64 ñ (3Í, OCH3); 3.70 ì (1Í,
W = 7 Ãö, H-7); 3.94 ì (1H, JH2H1 = 1.2 Ãö, JH3H2 =
8.5 Ãö, H-2); 4.42 ä (1H, Jgem = 12,4 Ãö, CH2Ph);
4.53 ä (1H, Jgem = 12,4 Ãö, CH2Ph); 7,23–7.32 ì (5H,
àðîìàò.). Ñïåêòð ßÌÐ 13Ñ (δ, ì.ä., CDCl3/ÃÌÄÑ):
25.51; 32.40; 33.51; 34.38; 37.87; 41.98; 42.16; 51.54
(Me); 70.62 (CHOH); 73.67 (CH2Ph); 80.48 (C-2);
127.55, 128.13; 128.90; 138.68; 176.39 (CO2).

5-((1R*,2S*,3S*,5R*,7S*)-2-áåíçèëîêñè-3-ìå-
òîêñèêàðáîíèëáèöèêëî[3.3.1]íîíàí-7-ëîâûé)-3-
òðåò-áóòèëîâûé ýôèð (4S,5R)-äèãèäðî-2,2-äèìå-
òèë-4-ôåíèë-3,5-(2Í)-îêñàçîëèäèí-êàðáîíîâîé
êèñëîòû (11â) ïîëó÷àëè àíàëîãè÷íî 8 èç 0,11 ã

(0,3 ììîëü) 10â [12] è 0,13 ã (0,04 ììîëü) êèñëîòû 7.
Ïîëó÷èëè 0,17 ã 11â (áåñöâ. æèäê.) â âèäå ñìåñè
äèàñòåðåîèçîìåðîâ. Âûõîä 94%. Ñïåêòð ßÌÐ 1Í (δ,
ì.ä.): 1.11 óø ñ (9H, t-Bu); 1.19–2.09 ì (16Í, Me2 +
ñêåë.); 2.40–2.44 ì (1Í, H-3ñêåë.); 3.63 óø c (3Í,
ÎMe); 3.91–4.06 ì (1H, H-2ñêåë.); 4.41 ì (1Í,
ÎÑHÑHN); 4.42–4.53 ì (1H, CH2Ph); 5.09–5.19 ì
(1H, H-7ñêåë.); 5.29 ì (1Í, ÎÑHÑHN); 7,20–7.49 ì
(10H, Ph).

(1R*,2S*,3S*,5R*,7S*)-7-((2R,3S)-N-Áåíçîèë-βββββ-
ôåíèëèçîñåðèëîêñè)-2-áåíçèëîêñèîêñè-3-ìåòîê-
ñèêàðáîíèëáèöèêëî[3.3.1]íîíàí (2â) ïîëó÷àëè àíà-
ëîãè÷íî 1 èç 0.17 ã (0.28 ììîëü) 11â â 10 ìë 85%
HCOOH è 0.04 ã (0,28 ììîëü) áåíçîèëõëîðèäà. Ïîëó-
÷åíî 0,14 ã (âûõîä 88%) 2â â âèäå ñìåñè äèàñòåðåîè-
çîìåðîâ., áåñöâ. êðèñò., Òïë = 150–152°Ñ. Íàéäåíî, %:
Ñ, 71.91; H, 6.54; N, 2.45. C34H37NO7. Âû÷èñëåíî, %:
C, 71.43; H, 6.52; N, 2.45. Â ßÌÐ ñïåêòðå äëÿ íåêîòî-
ðûõ ïðîòîíîâ íàáëþäàëè äâà íàáîðà ñèãíàëîâ â ñîîò-
íîøåíèè 1:1. Ñïåêòð ßÌÐ 1Í (δ, ì.ä.): 1.30–1.40 ì
(2H); 1.56–1–62 ì (4Í); 1.66–1.72 ì (1Í); 1.94–1.99 ì
(2H); 2.08–2.22 ì (1H); 2.43 ì (1Í); 3.24 ì (0.5H, H-
3ñêåë.); 3.32 ì (0.5H,         H-3ñêåë.); 3.69 óø c (3Í,
ÎMe); 3.64–3.78 ì (1H, JH2H1 = 1.2 Ãö, JH3H2 = 8.5
Ãö, H-2ñêåë.); 4.42 è 4.46 äâà ä (1Í, Jgem = 11.7 Ãö,
CH2Ph); 4.55 è 4.57 äâà ä (1Í, Jgem = 11.7 Ãö,
CH2Ph); 4.62 ì (0.5H, J = 2.7 Ãö, CHOH); 4.65 ì
(0.5H, J = 2.7 Ãö, CHOH); 5.12–5.23 ì (1Í, Í-7); 5.72
ää (0.5Í, J = 2.7, 8.4 Ãö, CHN); 5.83 ää (0.5Í, J =
2.7, 9.8 Ãö, CHN); 7.01 ä (0.5H, J = 9.8 Ãö, NH); 7.08
ä (0.5H, J = 8.4 Ãö, NH); 7,21–7.51 ì (13Í, àðîì.);
7.80 (2H, àðîì.). Ñïåêòð ßÌÐ 13C (δ, ì.ä.): 25.95–
39.10 (ñêåë.); 51.30 è 51.42 (OMe); 54.82 è 54.91
(CHN); 68.37; 68.39; 71.92; 72.04; 73.47;  81.80; 82.03;
126.14–141.85 (àðîì.); 167.56; 167.69; 174.22 (CO2);
177.21 è 177.34(CO2).

Äëÿ èñïûòàíèé áèîëîãè÷åñêîé àêòèâíîñòè ýôèðîâ 1
è 2à–â ãîòîâèëè èñõîäíûå ðàñòâîðû ýòèõ ñîåäèíåíèé
(5 ìÌ) è ðàñòâîð òàêñîëà â ÄÌÑÎ. Òåñòèðîâàíèå
ñïîñîáíîñòè ýôèðîâ 1 è 2à–â â èíòåðâàëå êîíöåíòðà-
öèé 10–100 ìÌ ñòèìóëèðîâàòü ñáîðêó ìèêðîòðóáî÷åê
in vitro ïðîâîäèëè â ïðèñóòñòâèè î÷èùåííîãî òóáóëè-
íà [13] â êîíöåíòðàöèè 1–2 ìã/ìë. Ïðîöåññ îáðàçîâà-
íèÿ ÌÒ àíàëèçèðîâàëè ñ ïîìîùüþ ñâåòîâîé âèäåî-
ìèêðîñêîïèè ñ óñèëåííûì êîíòðàñòîì [14] è ìåòîäà
ñåäèìåíòàöèîííîãî àíàëèçà [15] (â êà÷åñòâå ïîçèòèâ-
íîãî êîíòðîëÿ èñïîëüçîâàëè 25 ìÌ ðàñòâîð òàêñîëà).

Ðàáîòà âûïîëíåíà â ðàìêàõ äîãîâîðà î íàó÷íîì ñîòðóäíè÷åñòâå ìåæäó ÌÃÓ è Ðîñòîêñêèì óíèâåðñè-
òåòîì ïðè ôèíàíñîâîé ïîääåðæêå íåìåöêîé îðãàíèçàöèè DAAD, à òàêæå ïðè ïîääåðæêå ãðàíòîâ ÐÔÔÈ

(ïðîåêò ¹ 09-03-00879) è ÎÕÍÌ 9.
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THE SYNTHESIS OF COMPOUNDS WITH POTENTIAL ANTITUMOUR
ACTIVITY. V. (2R,3S)-N-BENZOYLPHENYLISOSERINE ESTERS WITH
SUBSTITUTED BICYCLO[3.3.1]NONANES.

E.V. Nurieva, O.N. Zefirova, V.N. Nuriev, N.V. Zyk, D.G. Weiss, S.A. Kuznetsov,
N.S. Zefirov
(Division of organic chemistry, division of physical chemistry)

Four (2R,3S)-N-benzoylphenylisoserine esters with substituted bicyclo[3.3.1]nonanes were
synthesized. The compounds were found to be unable to promote tubulin polymerization, but
caused a weak tubulin aggregation (oligomerization).

Key words: simplified taxol analogues, N-benzoylphenylisoserine, bicyclo[3.3.1]nonane
derivatives.
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