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Ñèíòåçèðîâàíû  íîâûå àëêèíèëüíûå  ïðîèçâîä-
íûå òðèòåðïåíîèäîâ èç  Ñ2-ïðîïàðãèëüíîãî ïðî-
èçâîäíîãî áåòóëèíîâîé êèñëîòû ðåàêöèåé êðîññ-
ñî÷åòàíèÿ ïî Ñîíîãàøèðà. Ðåàêöèè ïðîòåêàëè çà
êîðîòêèé ïðîìåæóòîê âðåìåíè â ñðåäå DMF ïîä
äåéñòâèåì êàòàëèçàòîðîâ PdCl2(PPh3)2, CuI è îñ-
íîâàíèÿ Et3N. Âûõîä ïðîäóêòîâ êðîññ-ñî÷åòà-
íèÿ 5a-g ñîñòàâèë 50–78 %. Ïîëó÷åííûå ñîåäè-
íåíèÿ èñïûòàíû íà ïðîòèâîîïóõîëåâóþ àêòèâ-
íîñòü â íàöèîíàëüíîì èíñòèòóòå ðàêà ÑØÀ
(NCI) â îòíîøåíèè äåâÿòè ðàçëè÷íûõ îïóõîëåé
÷åëîâåêà. Òðè ñîåäèíåíèÿ áûëè èäåíòèôèöèðî-
âàíû êàê «àêòèâíûå» è îòîáðàíû íà âòîðîé ýòàï
èñïûòàíèé in vitro. Cîåäèíåíèÿ 4 è 5g ïðîÿâè-
ëè çíà÷èòåëüíóþ àêòèâíîñòü â îòíîøåíèè êëå-
òîê ëåéêåìèè, íåìåëêîêëåòî÷íîãî ðàêà ëåãêèõ,
ðàêà öíñ, ðàêà ÿè÷íèêîâ, ðàêà ïî÷åê è ðàêà ìî-
ëî÷íûõ æåëåç.

Êëþ÷åâûå ñëîâà: àëêèíèëüíûå ïðîèçâîäíûå
òðèòåðïåíîèäîâ; áåòóëèí; áåòóëèíîâàÿ êèñëîòà;
öèòîòîêñè÷åñêàÿ àêòèâíîñòü.
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New alkynyl derivatives of triterpenoids are
synthesized from C2 propargyl derivative of
betulinic acid via Sonogashira cross-coupling
reaction. The reactions proceeded in a short time
in DMF under the action of PdCl2(PPh3)2, CuI,
and Et3N base. A yield of cross-coupling products
5a-g was 50–78 %. The resulting compounds were
tested in vitro for antitumor activity at the
National Cancer Institute (NCI, United States)
against nine different human tumors. Three
compounds were identified as «active» and
selected for the second stage of in vitro tests.
Compounds 4 and 5g have significant activity
against leukemia cells, non-small cell lung cancer,
cancer of CNS, ovarian cancer, renal cancer and
breast cancer.
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Áåòóëèí 1, áåòóëèíîâàÿ è áåòóëîíîâàÿ 2
êèñëîòû îòíîñÿòñÿ ê êëàññó ëóïàíîâûõ òðèòåð-
ïåíîèäîâ, îáëàäàþùèõ ðàçíîîáðàçíîé áèîëîãè-
÷åñêîé àêòèâíîñòüþ, íàïðèìåð, òàêîé, êàê ïðî-
òèâîâîñïàëèòåëüíàÿ, ãåïàòîïðîòåêòîðíàÿ, àíòè-
âèðóñíàÿ, àíòèïàðàçèòàðíàÿ è àíòèðàêîâàÿ 1–4.
Ñðåäè ýòèõ áèîëîãè÷åñêèõ ñâîéñòâ, ïðîòèâîîïó-
õîëåâûå ñâîéñòâà áåòóëèíîâîé êèñëîòû è åå ïðî-
èçâîäíûõ ïðèâëåêàþò çíà÷èòåëüíîå âíèìàíèå
âî âñåì ìèðå, ïîñêîëüêó íåêîòîðûå èç íèõ ïîêà-
çàëè âåñüìà ìíîãîîáåùàþùèå ðåçóëüòàòû â ëå÷å-
íèè ðàçëè÷íûõ òèïîâ ðàêà 4,5. Â ñâÿçè ñ ýòèì, â
ïîñëåäíèå ãîäû â íàøåé èññëåäîâàòåëüñêîé
ãðóïïå ïðîâîäÿòñÿ ñèñòåìàòè÷åñêèå èññëåäîâà-
íèÿ ïî âûÿâëåíèþ íîâûõ áèîëîãè÷åñêè àêòèâ-
íûõ âåùåñòâ, ïîëó÷åííûõ ñèíòåòè÷åñêèìè
òðàíñôîðìàöèÿìè äîñòóïíûõ ðàñòèòåëüíûõ âòî-
ðè÷íûõ ìåòàáîëèòîâ – òðèòåðïåíîèäîâ ëóïàíî-
âîãî, óðñàíîâîãî è îëåàíîâîãî ñåìåéñòâà 6–11.

Ðàíåå íàìè áûëè ñèíòåçèðîâàíû Ñ2-ïðî-
ïàðãèëüíûå ïðîèçâîäíûå 3-îêñî-òðèòåðïåíî-
âûõ êèñëîò. Èçâåñòíî, ÷òî ìíîãèå ïðèðîäíûå
àöåòèëåíîâûå ìåòàáîëèòû ïðîÿâëÿþò âûñîêóþ
àíòèðàêîâóþ àêòèâíîñòü 12. Ïîýòîìó íàìè
áûëè ïðîâåäåíû èññëåäîâàíèÿ ïî ìîäèôèêà-
öèè ïîëó÷åííîãî Ñ2-ïðîïàðãèëüíîãî ïðîèç-
âîäíîãî áåòóëîíîâîé êèñëîòû ñ ïîëó÷åíèåì àë-
êèíèëüíûõ ïðîèçâîäíûõ, êîòîðûå áûëè ïðîòåñ-
òèðîâàíû íà ïðîòèâîîïóõîëåâóþ àêòèâíîñòü â
íàöèîíàëüíîì èíñòèòóòå ðàêà ÑØÀ (NCI) ïðî-
òèâ ñëåäóþùèõ ðàêîâûõ êëåòî÷íûõ ëèíèé: ëåé-
êåìèè, ðàêà ëåãêèõ, òîëñòîé êèøêè, öåíòðàëü-
íîé íåðâíîé ñèñòåìû, ìåëàíîìû, ðàêà ÿè÷íè-
êîâ, ïî÷åê, ïðîñòàòû è ðàêà ìîëî÷íûõ æåëåç.

Â êà÷åñòâå èñõîäíîãî ñóáñòðàòà ìû èñ-
ïîëüçîâàëè áåòóëèí 1, êîòîðûé â íåñêîëüêî
ñòàäèé ìîäèôèöèðîâàëè â àöåòèëåíîâîå ïðî-
èçâîäíîå áåòóëèíîâîé êèñëîòû 3 âçàèìîäåé-
ñòâèåì ïðîïàðãèëáðîìèäà ñ åíîëÿò-àíèîíîì,
ïîëó÷åííûì îáðàáîòêîé ìåòèëîâîãî ýôèðà áå-

òóëîíîâîé êèñëîòû 2 ðåàãåíòîì KN(SiMe3)2-
Et3B â 1,2-äèìåòîêñèýòàíå â ðàçðàáîòàííûõ
íàìè ðàíåå óñëîâèÿõ 6 (ñõåìà 1).

Ïîëó÷åííîå ïðîïàðãèëüíîå ïðîèçâîäíîå 3
òðàíñôîðìèðîâàëè â ñîåäèíåíèå 4 ãàëîãåíîëè-
çîì â ïðèñóòñòâèè LiI â ÄÌÔÀ. Ñèíòåç àëêè-
íèëüíûõ ïðîèçâîäíûõ òðèòåðïåíîèäîâ 5a-g
îñóùåñòâëÿëè êðîññ-ñî÷åòàíèåì ñ àðèëèîäèäà-
ìè ïî ðåàêöèè Ñîíîãàøèðà. Ðåàêöèÿ ïðîòåêà-
ëà â òå÷åíèå 1–3 ÷ ïðè êîìíàòíîé òåìïåðàòóðå
â ñðåäå ÄÌÔÀ ïîä äåéñòâèåì êàòàëèçàòîðîâ
PdCl2(PPh3)2, CuI è îñíîâàíèÿ Et3N. Âûõîä
êîíå÷íûõ ïðîäóêòîâ êðîññ-ñî÷åòàíèÿ 5a-g ñî-
ñòàâèë 50–78 % (ñõåìà 1).

Ïðîòèâîîïóõîëåâàÿ àêòèâíîñòü ñèíòåçè-
ðîâàííûõ àëêèíèëüíûõ ïðîèçâîäíûõ òðèòåð-
ïåíîèäîâ (7 ñîåäèíåíèé) áûëà èçó÷åíà â Íà-
öèîíàëüíîì èíñòèòóòå ðàêà ÑØÀ (NCI) â îò-
íîøåíèè êëåòî÷íûõ êóëüòóð (ïðèáëèçèòåëüíî
60 ëèíèé) äåâÿòè ðàçëè÷íûõ îïóõîëåé ÷åëîâå-
êà (ëåéêåìèè, ðàêà ëåãêèõ, òîëñòîé êèøêè,
öåíòðàëüíîé íåðâíîé ñèñòåìû, ìåëàíîìû, ÿè÷-
íèêîâ, ïî÷åê, ïðîñòàòû, ìîëî÷íîé æåëåçû) ïî
ìåòîäèêå, îïèñàííîé â NCI 13–18.

Ïðè ïåðâè÷íîì òåñòèðîâàíèè àêòèâíîñòè
ñîåäèíåíèÿ âíîñèëè â ñðåäó êóëüòèâèðîâàíèÿ
êëåòîê â êîíå÷íîé êîíöåíòðàöèè 10-5 ìîëü⋅ë-1.
Êàæäóþ êëåòî÷íóþ ëèíèþ ïðåäâàðèòåëüíî
èíêóáèðîâàëè íà ìèêðîòèòðîâàëüíîé ïëàñòèí-
êå, ïîñëå ÷åãî äîáàâëÿëè èñïûòóåìîå ñîåäèíå-
íèå è êóëüòóðó èíêóáèðîâàëè 48 ÷.

Â ñîîòâåòñòâèè ñ êðèòåðèåì, ïðèíÿòûì â
NCI (âåùåñòâà ñ÷èòàþòñÿ àêòèâíûìè â ñëó÷àå,
åñëè îíè èíãèáèðóþò ðîñò êëåòîê äî 32% îò
êîíòðîëÿ èëè âûçûâàþò èõ ãèáåëü), ñîåäèíå-
íèÿ 5a-e îêàçàëèñü íåàêòèâíûìè. Òðè ñîåäèíå-
íèÿ 4, 5f, 5g, êîòîðûå èíãèáèðîâàëè ðîñò êëå-
òîê èëè óáèâàëè íåêîòîðûå êëåòî÷íûå ëèíèè,
áûëè èäåíòèôèöèðîâàíû êàê «àêòèâíûå».
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Reagents and conditions : 
a, CrO3, H2SO4, acetone; 
b, CH2N2, Et2O; 
c, KN(SiMe3)2-Et3B, propargyl bromide, DME; 
d, NaBH 4, CeCl3.7H2O, MeOH/THF, -30 oC to 20 
oC, Ar, 2 h; 
e, LiI, DMF, reflux, Ar, 2 h.
f,ArI, PdCl 2(PPh3)2, CuI, Et3N, DMF, Ar, 20 oC;

c,d

5a-g

e

5a R = Ph 
5b R = 4-ClC6H4
5c R = 4-FC6H4
5d R = 4-Cl-2-BrC6H4
5e R = 2-methylphenyl
5f R = 4-BrC6H4
5g R = 4-F3CC6H4
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Âñå òðè ñîåäèíåíèÿ áûëè îòîáðàíû íà
âòîðîé ýòàï èñïûòàíèé íà òîé æå ïàíåëè îïó-
õîëåâûõ êëåòîê ÷åëîâåêà, íî óæå â ïÿòè ëîãà-
ðèôìè÷åñêèõ êîíöåíòðàöèÿõ (10-4, 10-5, 10-6,
10-7, 10-8 ìîëü⋅ë-1). Îöåíêà â ïÿòè êîíöåíòðàöè-
ÿõ ïðîâîäèëàñü ïî òðåì ïàðàìåòðàì GI50 (êîí-
öåíòðàöèÿ ñîåäèíåíèÿ, âûçûâàþùàÿ óìåíüøå-
íèå ðîñòà êëåòîê íà 50%), TGI (êîíöåíòðàöèÿ
ñîåäèíåíèÿ, âûçûâàþùàÿ 100% èíãèáèðîâàíèå
ðîñòà êëåòîê) è LC50 (êîíöåíòðàöèÿ, âûçûâàþ-
ùàÿ ãèáåëü 50% ðàêîâûõ êëåòîê â êîíöå èíêóáà-
öèîííîãî ïåðèîäà, 48 ÷). Ñîåäèíåíèÿ 4 è 5g ïî-
êàçàëè çíà÷èòåëüíóþ àêòèâíîñòü áîëåå ÷åì â 5
ðàçëè÷íûõ êëåòî÷íûõ ëèíèÿõ ïðè êîíöåíòðà-
öèè GI50 ìåíüøåé, ÷åì 2μM. Ñîåäèíåíèå 5f ïðî-
äåìîíñòðèðîâàëî àêòèâíîñòü â ÷åòûðåõ ðàçëè÷-
íûõ êëåòî÷íûõ ëèíèÿõ ïðè êîíöåíòðàöèè GI50
ìåíüøåé, ÷åì 3 μM (òàáë. 1).

Òàêèì îáðàçîì íàìè ïîëó÷åíî ñåìü íîâûõ
ïðîèçâîäíûõ áåòóëèíîâîé êèñëîòû ïóòåì ìîäè-
ôèêàöèè ïî Ñ-2 ïîçèöèè êîëüöà À. Ïîëó÷åííûå
ñîåäèíåíèÿ èñïûòàíû in vitro íà ïðîòèâîîïóõî-
ëåâóþ àêòèâíîñòü â Íàöèîíàëüíîì èíñòèòóòå
ðàêà ÑØÀ (NCI) â îòíîøåíèè äåâÿòè ðàçëè÷-
íûõ îïóõîëåé ÷åëîâåêà. Òðè ñîåäèíåíèÿ áûëè
èäåíòèôèöèðîâàíû êàê «àêòèâíûå» è îòîáðàíû

Таблица 1
Противораковая активность полученных соединений

4 5f 5g 4 5f 5g 4 5f 5g Панель / 
клеточная  
линия 

GI50 
Панель / 
клеточная  
линия 

GI50 
Панель /   
клеточная  
линия 

GI50 

Лейкемия Рак толстой кишки Рак яичников 
CCRF-CEM 2.36 3.57 2.99 SW -620 1.98 3.73 2.85 OVCAR-8 2.17 5.84 3.55 
HL-60(TB) 2.57 22.4 6.2 Рак ЦНС    NCI/ADR-RES 2.03 62.6 4.73 
K-562 2.32 15.6 1.93 SF-268 2.81 6.23 2.54 SK-OV-3 2.39 20.2  
MOLT-4 3.16 4.44 2.75 SF-295 1.45 12.6 2 Рак почек 
RPMI-8226 1.68 9.09 4.01 SF-539 2.68 22.5 2.22 786-0 1.71 5.27 3.2 
SR 3.12 9.33 3.23 SNB-19 3.04 6.19 3.29 A498 1.88 2.42 3.16 
Немелкоклеточный рак легкого SNB-75 1.95 13.5 1.73 ACHN 1.5 13.5 4.04 
A549/ATCC 1.31 2.8 2.6 U251 1.57 2.12 1.98 CAKI-1  15.6 2.63 
EKVX 2.63  3.82 Меланома RXF 393 1.7 5.5 2.39 
HOP-62 2.08 12.4 2.37 LOX IMVI 2.63 5.65 2.09 SN12C 2.98 2.99 2.12 
HOP-92 1.7 17 3.09 MALME-3M 2.53 3.48 2.11 TK-10 1.85 23.7 6.11 
NCI-H226 2.05 24.2 2.91 M14 2.05 2.66 1.86 UO-31 1.83 > 

100 
6.52 

NCI-H23 1.38 3.83 2.93 MDA-MB-
435 

3.03 4.94  Рак простаты 

NCI-H322M 3.09 15.5 4.38 SK-MEL-2 2.4 2.58 2.08 PC-3 1.5 3.31 1.58 
NCI-H460 1.62 57.1 3.38 SK-MEL-28 2.75 2.62 1.79 DU-145 3.23 7.59 3.52 
NCI-H522 2.95 29.5 1.9 SK-MEL-5 2.27 32.4 8.97 Рак молочной железы 
Рак толстой кишки UACC-257 3.73 > 

100 
 MCF7  4.94 2.89 

COLO 205 2.09 18.2 3.72 UACC-62 2.64 2.69 2.03 MDA-MB-
231/ATCC 

2.32 3.67 2.02 

HCC-2998 4.44 36 8.48 Рак яичников HS 578T 2.34 6.26 3.88 
HCT-116  4.34 2.34 IGROV1 4.21 4.07 3.56 BT-549 2.52 21 10.9 
HCT-15 1.89 25.8 3.95 OVCAR-3 1.7 4.73 2.49 T-47D 1.79 9.02 4.75 
HT29 1.93 4.83 3.01 OVCAR-4 1.93 4.95 2.18 MDA-MB-468 2.21 7.25 2.68 
KM12 1.64 4.54 2.78 OVCAR-5 3.07 94.3 2.39     

íà âòîðîé ýòàï èñïûòàíèé in vitro. Äâà èç íèõ
ïðîÿâèëè çíà÷èòåëüíóþ àêòèâíîñòü áîëåå ÷åì â
5 ðàçëè÷íûõ êëåòî÷íûõ ëèíèÿõ ïðè êîíöåíòðà-
öèè GI50 ìåíüøå, ÷åì 2 M. Ïîëó÷åííûå ðåçóëü-
òàòû â äàëüíåéøåì ïëàíèðóåòñÿ èñïîëüçîâàòü
äëÿ ñèíòåçà íîâûõ ïðîèçâîäíûõ áåòóëèíîâîé
êèñëîòû ñ áîëåå ïåðñïåêòèâíûìè ïðîòèâîîïóõî-
ëåâûìè ñâîéñòâàìè.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

ÈÊ-ñïåêòðû ïîëó÷àëè íà ñïåêòðîìåòðå
«Bruker Vertex 70v» â òîíêîì ñëîå èëè â ðàñòâî-
ðå CHCl3. Ñïåêòðû ßÌÐ 1Í è 13Ñ ðåãèñòðèðîâà-
ëè íà ïðèáîðå «Bruker ÀVANCE-500» (ðàáî÷àÿ
÷àñòîòà äëÿ 1Í 500.13 ÌÃö; äëÿ 13Ñ 125.78 ÌÃö)
èëè íà «Bruker ÀVANCE-400» (ðàáî÷àÿ ÷àñòîòà
äëÿ 1Í 400.13 ÌÃö; äëÿ 13Ñ 100.62 ÌÃö), âíóò-
ðåííèé ñòàíäàðò Ìe4Ñi, ðàñòâîðèòåëü CDCl3.
Ìàññ-ñïåêòðû çàïèñûâàëè íà ñïåêòðîìåòðå
«Bruker-Autoflex III» â ðåæèìå ÌALDI TOF ñ
ðåãèñòðàöèåé ïîëîæèòåëüíûõ èîíîâ è èñïîëüçî-
âàíèåì â êà÷åñòâå ìàòðèö 2.5-äèãèäðîêñèáåíçîé-
íîé è α-öèàí-4-ãèäðîêñèöèííàìîâîé êèñëîò.
Îïòè÷åñêîå âðàùåíèå îïðåäåëÿëè íà ïîëÿðèìåò-
ðå «Perkin-Elìer-141», [α]D – óäåëüíîå âðàùå-
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íèå, (ãðàä⋅ìë⋅(ã⋅äì)-1, ñ – êîíöåíòðàöèÿ ðàñòâî-
ðà, ã⋅(100 ìë)-1. Ýëåìåíòíûé àíàëèç âûïîëíåí
íà àíàëèçàòîðå «Karlo Erba 1106». Ðåàêòèâû è
ðàñòâîðèòåëè áûëè ïðèîáðåòåíû ó êîììåð÷åñ-
êèõ ïîñòàâùèêîâ (Aldrich, Sigma è ò.ä.) è èñ-
ïîëüçîâàëèñü áåç äàëüíåéøåé î÷èñòêè. Òðèòåð-
ïåíîèäû 3 è 4 ïîëó÷àëè, êàê îïèñàíî ðàíåå 6.
Äàííûå àíàëèçà âñåõ íîâûõ ñîåäèíåíèé îòâå÷à-
ëè âû÷èñëåííûì.

Îáùàÿ ìåòîäèêà ñèíòåçà 2ααααα-àëêèíèëüíûõ
ïðîèçâîäíûõ òðèòåðïåíîâ 5a-g â óñëîâèÿõ ðå-
àêöèè Ñîíîãàøèðû.

Ê ðàñòâîðó òðèòåðïåíîèäà 4 (0.3 ììîëü) â
4,5 ìë DÌF ïîî÷åðåäíî äîáàâèëè àðèëèîäèä
(0.25 ììîëü) è 0.34 ìë Et3N (2.47 ììîëü). Çàòåì
ê ðåàêöèîííîé ñìåñè äîáàâèëè 4.6 ìã CuI (0.03
ììîëü) è 8.6 ìã PdCl2(PPh3)2 (0.01 ììîëü). Ðå-
àêöèîííóþ ñìåñü ïåðåìåøèâàëè ïðè êîìíàòíîé
òåìïåðàòóðå â òå÷åíèå 1–3 ÷ â àòìîñôåðå àðãîíà
(êîíòðîëü – ÒÑÕ). Ïîñëå çàâåðøåíèÿ ðåàêöèè
äîáàâèëè H2O (6 ìë) è ýêñòðàãèðîâàëè EtOAc
(3×10 ìë). Îðãàíè÷åñêóþ ôàçó ñóøèëè íàä áåç-
âîäíûì ñóëüôàòîì ìàãíèÿ. Ïðîäóêòû î÷èùàëè
êîëîíî÷íîé õðîìàòîãðàôèåé íà ñèëèêàãåëå
(ýëþåíò ãåêñàí–EtOAc 5:1). Ïîëó÷èëè ñîåäèíå-
íèÿ 5a-g.

2ααααα-ôåíèëïðîïèíèë-3βββββ-ãèäðîêñèëóï-
20(29)-åí-28-îâàÿ êèñëîòà (5a). Âûõîä 0.06 ã
(68%), áåëûé ïîðîøîê, ò.ïë. 228-230 îC. [α]D

25-
10 (c 0.37, CHCl3). Ñïåêòð ßÌÐ 1H (δ, ì.ä.,
CDCl3, 400 ÌÃö): 0.78 (1H, ä, J = 8.8 Ãö, H-5),
0.83, 0.92, 0.98, 1.01, 1.03 (ïî 3H, âñå ñ, H-23-H-
27), 1.72 (3H, ñ, H-30), 2.33-0.88 (22H, ì, CH,
CH2 â ïåíòàöèêëè÷åñêîì ñêåëåòå è 2H, Ha-1,
Hb-1), 2.56 (1H, ää, J = 16.8, 6.4 Ãö, Hb-1′), 2.65
(1H, ää, J = 16.8, 3.6 Ãö, Ha-1′), 3.04 (1H, ì, H-
19), 3.10 (1H, ä, J = 10.4 Ãö, H-3), 4.77, 4.63
(2H, îáà óø ñ, H-29), 7.30 (3H, ì, àðîì), 7.43
(2H, ì, àðîì). Ñïåêòð ßÌÐ 13Ñ (δ, ì.ä., CDCl3,
100 ÌÃö): 14.8 (C-27), 16.1 (C-24), 16.3 (C-25),
17.0 (C-26), 18.5 (C-6), 19.4 (C-30), 20.9 (C-11),
23.5 (C-1′), 25.5 (C-12), 28.4 (C-23), 29.7 (C-15),
30.6 (C-21), 32.2 (C-16), 34.3 (C-7), 35.4 (C-2),
37.1 (C-22), 37.5 (C-4), 38.5 (C-13), 39.2 (C-10),
40.7 (C-8), 42.5 (C-14), 45.2 (C-1), 47 (C-19),
49.3 (C-18), 50.5 (C-9), 55.5 (C-17), 56.4 (C-5),
81.9 (C-3), 82.3 (C-3′), 88.6 (C-2′), 109.8 (C-29),
124.0, 127.5, 128.2, 131.7 (Àðîì), 150.4 (C-20),
182.5 (C-28). ÈÊ (CHCl3): 1697 (C=O) cì-1. Âû-
÷èñëåíî C39H54O3: C, 82.06; H, 9.54. Íàéäåíî:
C, 82.29; H, 9.52.

2ααααα-(4-õëîðôåíèëïðîïèíèë)-3βββββ-ãèäðîêñè-
ëóï-20(29)-åí-28-îâàÿ êèñëîòà (5b). Âûõîä
0.06 ã (70%), ñâåòëî-æåëòûé ïîðîøîê, ò.ïë. 251-
253 îC. [α]D

23-11 (c 0.08, CHCl3). Ñïåêòð ßÌÐ

1H (δ, ì.ä., CDCl3, 500 ÌÃö): 0.77 (1H, ä, J =
9.0 Ãö, H-5), 0.82, 0.91, 0.97, 1.00, 1.02 (ïî 3H,
âñå ñ, H-23-H-27), 1.71 (3H, ñ, H-30), 2.31-0.85
(22H, ì, CH, CH2 â ïåíòàöèêëè÷åñêîì ñêåëåòå è
2H, Ha-1, Hb-1), 2.51 (1H, ää, J = 17.0, 7.0 Ãö,
Hb-1′), 2.65 (1H, ää, J = 17.0, 4.0 Ãö, Ha-1′), 3.02
(1H, ì, H-19), 3.06 (1H, ä, J = 10.5 Ãö, H-3),
4.76, 4.62 (2H, îáà óø ñ, H-29), 7.28 (2H, ì,
àðîì), 7.35 (2H, ä, J = 8.0 Ãö, àðîì). Ñïåêòð
ßÌÐ 13Ñ (δ, ì.ä., CDCl3, 125 ÌÃö): 14.8 (C-27),
16.1 (C-24), 16.2 (C-25), 17.0 (C-26), 18.5 (C-6),
19.4 (C-30), 20.9 (C-11), 23.5 (C-1′), 25.5 (C-12),
28.4 (C-23), 29.7 (C-15), 30.5 (C-21), 32.2 (C-
16), 34.2 (C-7), 35.4 (C-2), 37.1 (C-22), 37.5 (C-
4), 38.4 (C-13), 39.2 (C-10), 40.7 (C-8), 42.5 (C-
14), 45.2 (C-1), 46.9 (C-19), 49.3 (C-18), 50.5 (C-
9), 55.5 (C-17), 56.4 (C-5), 81.2 (C-3′), 81.9 (C-
3), 89.8 (C-2′), 109.8 (C-29), 122.5, 128.5, 132.9,
133.5 (Àðîì), 150.4 (C-20), 182.2 (C-28). ÈÊ
(CHCl3): 1695 (C=O) cì-1. Âû÷èñëåíî
C39H53ClO3: C, 77.39; H, 8.83. Íàéäåíî: C,
77.15; H, 8.87.

2ααααα-(4-ôòîðôåíèëïðîïèíèë)-3βββββ-ãèäðîêñè-
ëóï-20(29)-åí-28-îâàÿ êèñëîòà (5c). Âûõîä 0.06
ã (67%), áåëûé ïîðîøîê, ò.ïë. 141-143 îC.
[α]D22-37 (c 0.49, CHCl3). Ñïåêòð ßÌÐ 1H (δ,
ì.ä., CDCl3, 500 ÌÃö): 0.77 (1H, ì, H-5), 0.81,
0.91, 0.97, 1.01, 1.02 (ïî 3H, âñå ñ, H-23-H-27),
1.71 (3H, ñ, H-30), 2.31-0.85 (22H, ì, CH, CH2 â
ïåíòàöèêëè÷åñêîì ñêåëåòå è 2H, Ha-1, Hb-1),
2.50 (1H, ää, J = 16.8, 6.9 Ãö, Hb-1′), 2.65 (1H,
ää, J = 16.8, 3.6 Ãö, Ha-1′), 3.03 (1H, ì, H-19),
3.07 (1H, ä, J = 10.5 Ãö, H-3), 4.76, 4.62 (2H,
îáà óø ñ, H-29), 7.00 (2H, t, J = 8.5 Ãö, àðîì),
7.40 (2H, ì, àðîì). Ñïåêòð ßÌÐ 13Ñ (δ, ì.ä.,
CDCl3, 125 ÌÃö): 14.8 (C-27), 16.1 (C-24), 16.2
(C-25), 17.0 (C-26), 18.5 (C-6), 19.4 (C-30), 20.9
(C-11), 23.4 (C-1'), 25.5 (C-12), 28.4 (C-23), 29.7
(C-15), 30.6 (C-21), 32.2 (C-16), 34.2 (C-7), 35.4
(C-2), 37.1 (C-22), 37.5 (C-4), 38.4 (C-13), 39.2
(C-10), 40.7 (C-8), 42.5 (C-14), 45.2 (C-1), 47.0
(C-19), 49.3 (C-18), 50.5 (C-9), 55.5 (C-17), 56.4
(C-5), 81.2 (C-3′), 81.9 (C-3), 88.3 (C-2′), 109.8
(C-29), 115.4, 120.1, 133.4, 162.1 (Àðîì), 150.4
(C-20), 182.5 (C-28). ÈÊ (CHCl3): 1696 (C=O)
cì-1. Âû÷èñëåíî C39H53FO3: C, 79.55; H, 9.07.
Íàéäåíî: C, 79.75; H, 9.11.

2ααααα-(4-õëîð-2-áðîìôåíèëïðîïèíèë)-3βββββ-
ãèäðîêñèëóï-20(29)-åí-28-îâàÿ êèñëîòà (5d).
Âûõîä 0.05 ã (50%), æåëòûé ïîðîøîê, ò.ïë. 158-
160 îC. [α]D

22+1 (c 0.59, CHCl3). Ñïåêòð ßÌÐ
1H (δ, ì.ä., CDCl3, 500 ÌÃö): 0.78 (1H, ì, H-5),
0.82, 0.91, 0.96, 1.00, 1.02 (ïî 3H, âñå ñ, H-23-H-
27), 1.70 (3H, ñ, H-30), 2.31-0.84 (22H, ì, CH,
CH2 â ïåíòàöèêëè÷åñêîì ñêåëåòå è 2H, Ha-1, Hb-
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1), 2.65 (2H, ì, Ha-1′ and Hb-1′), 3.04 (1H, ì, H-
19), 3.21 (1H, ä, J = 10.5 Ãö, H-3), 4.75, 4.62
(2H, îáà óø ñ, H-29), 7.24 (1H, ä, J = 8.0 Ãö,
àðîì), 7.36 (1H, ä, J = 8.0 Ãö, àðîì), 7.60 (1H,
ä, J = 1 Ãö, àðîì). Ñïåêòð ßÌÐ 13Ñ (δ, ì.ä.,
CDCl3, 125 ÌÃö): 14.7 (C-27), 16.1 (C-24), 16.2
(C-25), 17.0 (C-26), 18.5 (C-6), 19.4 (C-30), 20.9
(C-11), 23.5 (C-1′), 25.5 (C-12), 28.4 (C-23), 29.7
(C-15), 30.6 (C-21), 32.2 (C-16), 34.3 (C-7), 35.2
(C-2), 37.1 (C-22), 37.5 (C-4), 38.4 (C-13), 39.2
(C-10), 40.7 (C-8), 42.5 (C-14), 45.0 (C-1), 46.9
(C-19), 49.3 (C-18), 50.5 (C-9), 55.5 (C-17), 56.4
(C-5), 80.1 (C-3′), 81.3 (C-3), 95.0 (C-2′), 109.8
(C-29), 124.7, 126.0, 127.4, 132.1, 133.8 (Àðîì),
150.4 (C-20), 182.4 (C-28). ÈÊ (CHCl3): 1698
(C=O) cì-1. Âû÷èñëåíî C39H52BrClO3: C, 68.46;
H, 7.66. Íàéäåíî: C, 68.32; H, 7.63.

2ααααα-(2-ìåòèëôåíèëïðîïèíèë)-3βββββ-ãèäðî-
êñèëóï-20(29)-åí-28-îâàÿ êèñëîòà (5e). Âû-
õîä 0.07 ã (78%), áåëûé ïîðîøîê, ò.ïë. 241-
242 îC. [α]D

25-12 (c 0.49, CHCl3). Ñïåêòð ßÌÐ
1H (δ, ì.ä., CDCl3, 400 ÌÃö): 0.78 (1H, ä, J =
8.8 Ãö, H-5), 0.83, 0.92, 0.98, 1.01, 1.03 (ïî
3H, âñå ñ, H-23-H-27), 1.72 (3H, ñ, H-30), 2.31-
0.92 (22H, ì, CH, CH2 â ïåíòàöèêëè÷åñêîì
ñêåëåòå è 2H, Ha-1, Hb-1), 2.46 (3H, ñ, ÌePh),
2.58 (1H, ää, J = 16.8, 6.4 Ãö, Hb-1′ ), 2.71
(1H, ää, J = 16.8, 3.2 Ãö, Ha-1′), 3.04 (1H, ì,
H-19), 3.14 (1H, ä, J = 10.8 Ãö, H-3), 4.77,
4.63 (2H, îáà óø ñ, H-29), 7.16 (1H, ì, àðîì),
7.21 (2H, ì, àðîì), 7.39 (1H, ä, J = 7.6 Ãö,
àðîì). Ñïåêòð ßÌÐ 13Ñ (δ, ì.ä., CDCl3, 100
ÌÃö): 14.7 (C-27), 16.1 (C-24), 16.2 (C-25),
17.0 (C-26), 18.5 (C-6), 19.4 (C-30), 20.9 (C-
11), 21.0 (ÌePh), 23.6 (C-1′), 25.5 (C-12), 28.4
(C-23), 29.7 (C-15), 30.6 (C-21), 32.2 (C-16),
34.3 (C-7), 35.5 (C-2), 37.1 (C-22), 37.4 (C-4),
38.5 (C-13), 39.2 (C-10), 40.7 (C-8), 42.5 (C-
14), 45.2 (C-1), 47.0 (C-19), 49.3 (C-18), 50.6
(C-9), 55.6 (C-17), 56.4 (C-5), 81.2 (C-3′), 81.8
(C-3), 92.7 (C-2′), 109.8 (C-29), 123.9, 125.5,
127.5, 129.3, 131.9 (Àðîì), 150.4 (C-20), 182.3
(C-28). ÈÊ (CHCl3): 1696 (C=O) cì-1. Âû÷èñ-
ëåíî C40H56O3: C, 82.14; H, 9.65. Íàéäåíî:
C, 81.94; H, 9.62.

2ααααα-(4-áðîìôåíèëïðîïèíèë)-3βββββ-ãèäðîêñè-
ëóï-20(29)-åí-28-îâàÿ êèñëîòà (5f). Âûõîä
0.07 ã (70%), ñâåòëî-æåëòûé ïîðîøîê, ò.ïë.

247-249 oC. [α]D
25-13 (c 0.45, CHCl3). Ñïåêòð

ßÌÐ 1H (δ, ì.ä., CDCl3, 400 ÌÃö): 0.77 (1H, ä,
J = 9.2 Ãö, H-5), 0.82, 0.91, 0.97, 1.00, 1.01 (ïî
3H, âñå ñ, H-23-H-27), 1.71 (3H, ñ, H-30), 2.32-
0.84 (22H, ì, CH, CH2 â ïåíòàöèêëè÷åñêîì ñêå-
ëåòå è 2H, Ha-1, Hb-1), 2.5 (1H, ää, J = 16.8, 6.4
Ãö, Hb-1'), 2.65 (1H, ää, J = 16.8, 3.6 Ãö, Ha-1'),
3.02 (1H, ì, H-19), 3.06 (1H, ä, J = 10.4 Ãö, H-
3), 4.76, 4.62 (2H, îáà óø ñ, H-29), 7.28 (2H, ì,
àðîì), 7.44 (2H, ä, J = 8.4 Ãö, àðîì). Ñïåêòð
ßÌÐ 13Ñ ( , ì.ä., CDCl3, 100 ÌÃö): 14.2 (C-27),
16.0 (C-24), 16.2 (C-25), 17.0 (C-26), 18.5 (C-6),
19.4 (C-30), 20.9 (C-11), 23.5 (C-1′), 25.5 (C-12),
28.4 (C-23), 29.7 (C-15), 30.5 (C-21), 32.2 (C-
16), 34.2 (C-7), 35.4 (C-2), 37.1 (C-22), 37.5 (C-
4), 38.4 (C-13), 39.2 (C-10), 40.7 (C-8), 42.5 (C-
14), 45.2 (C-1), 46.9 (C-19), 49.3 (C-18), 50.5 (C-
9), 55.5 (C-17), 56.4 (C-5), 81.2 (C-3′), 81.9 (C-
3), 90.0 (C-2′), 109.8 (C-29), 121.7, 123, 131.4,
133.1 (Àðîì), 150.4 (C-20), 181.8 (C-28). ÈÊ
(CHCl3): 1695 (C=O) cì-1. Âû÷èñëåíî
C39H53BrO3: C, 72.09; H, 8.22. Íàéäåíî: C,
71.88; H, 8.23.

2ααααα-(òðèôòîðìåòèëôåíèë)ïðîïèíèë-3βββββ-
ãèäðîêñèëóï-20(29)-åí-28-îâàÿ êèñëîòà (5g).
Âûõîä 0.07 ã (70%), áåëûé ïîðîøîê, ò.ïë. 214-
216 oC. [α]D

25-13 (c 0.51, CHCl3). Ñïåêòð ßÌÐ
1H (δ, ì.ä., CDCl3, 400 ÌÃö): 0.78 (1H, ä, J =
9.2 Ãö, H-5), 0.82, 0.92, 0.97, 1.01, 1.02 (ïî 3H,
âñå ñ, H-23-H-27), 1.71 (3H, ñ, H-30), 2.31-0.85
(22H, ì, CH, CH2 â ïåíòàöèêëè÷åñêîì ñêåëåòå è
2H, Ha-1, Hb-1), 2.53 (1H, ää, J = 16.8, 6.8 Ãö,
Hb-1′), 2.70 (1H, ää, J = 16.8, 3.6 Ãö, Ha-1′), 3.02
(1H, ì, H-19), 3.06 (1H, ä, J = 10.4 Ãö, H-3),
4.76, 4.62 (2H, îáà óø ñ, H-29), 7.54 (4H, ì,
àðîì). Ñïåêòð ßÌÐ 13Ñ (δ, ì.ä., CDCl3, 100
ÌÃö): 14.7 (C-27), 16.1 (C-24), 16.2 (C-25), 16.9
(C-26), 18.5 (C-6), 19.4 (C-30), 20.9 (C-11), 23.5
(C-1′), 25.5 (C-12), 28.4 (C-23), 29.7 (C-15), 30.6
(C-21), 32.2 (C-16), 34.2 (C-7), 35.4 (C-2), 37.1
(C-22), 37.5 (C-4), 38.4 (C-13), 39.2 (C-10), 40.8
(C-8), 42.5 (C-14), 45.2 (C-1), 46.9 (C-19), 49.3
(C-18), 50.5 (C-9), 55.5 (C-17), 56.4 (C-5), 81.1
(C-3′), 81.8 (C-3), 91.6 (C-2'), 109.7 (C-29),
125.1, 127.9, 129.3, 131.9 (Àðîì), 150.4 (C-20),
181.6 (C-28). ÈÊ (CHCl3): 1694 (C=O) cì-1.
Âû÷èñëåíî C40H53F3O3: C, 75.20; H, 8.36. Íàé-
äåíî: C, 75.04; H, 8.40.
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