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ÂÂÅÄÅÍÈÅ

Îñíîâíîå íàïðàâëåíèå èñïîëüçîâàíèÿ ëåã-
êîäîñòóïíîãî òðèòåðïåíîèäà áåòóëèíà çàêëþ-
÷àåòñÿ â ïîëó÷åíèè áèîëîãè÷åñêè àêòèâíûõ
äîáàâîê è â ðàçðàáîòêå ïåðñïåêòèâíûõ ïðå-
ïàðàòîâ ñ ïðîòèâîâèðóñíûì è ïðîòèâîîïóõî-
ëåâûì äåéñòâèåì [1�3]. Äðóãèì âàæíûì íà-
ïðàâëåíèåì ìîæåò ñòàòü ïîëó÷åíèå îëèãîìåð-
íûõ ïðîèçâîäíûõ ñ ïðàêòè÷åñêè öåííûìè
ñâîéñòâàìè. Òàê, ïóòåì êîíäåíñàöèè áåòóëè-
íà ñ àäèïèíîâîé êèñëîòîé ïîëó÷åí ïîëèýôèð
ñ ìîëåêóëÿðíîé ìàññîé 18 000�20 000 [4, 5].
Èìåþòñÿ ïðèìåðû ñèíòåçà äèãëèöèäèëîâûõ
ýôèðîâ áåòóëèíà è ïðîèçâîäíûõ ôòàëåâîãî
àíãèäðèäà äëÿ äàëüíåéøåãî ïîëó÷åíèÿ ýïîê-
ñèïîëèìåðîâ [6].

Ïîëèâèíèëõëîðèä � îäèí èç øèðîêî èñ-
ïîëüçóåìûõ è ïðîèçâîäèìûõ âî âñåì ìèðå
ïîëèìåðîâ áëàãîäàðÿ ñâîåé äåøåâèçíå, ñïî-
ñîáíîñòè ê õèìè÷åñêîé è ôèçè÷åñêîé ìîäè-
ôèêàöèè è öåëîìó íàáîðó äðóãèõ öåííûõ
ñâîéñòâ. Ìîäèôèöèðîâàííûå àíàëîãè ïîëèâè-
íèëõëîðèäà ìîãóò îáëàäàòü äðóãèì êîìïëåê-
ñîì õàðàêòåðèñòèê.

Â íàñòîÿùåé ðàáîòå îïèñàí ñèíòåç âîçìîæ-
íûõ ìîíîìåðîâ äëÿ ñèíòåçà ñîïîëèìåðîâ �
ïðîèçâîäíûõ áåòóëèíà ñ õëîðâèíèëîâûì
ôðàãìåíòîì.
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Àííîòàöèÿ

Â ðåçóëüòàòå âçàèìîäåéñòâèÿ äèàöåòîêñè-29-íîð-20-îêñîáåòóëèíà è 2-öèàíî-3,4-ñåêî-23-íîð-4,28-
äèîêñî-19β,28-ýïîêñèîëåàíà ñ ïåíòàõëîðèäîì ôîñôîðà ïðè êèïÿ÷åíèè â õëîðîôîðìå ñèíòåçèðîâàíû òðè-
òåðïåíîèäû ñ õëîðâèíèëîâûì ôðàãìåíòîì.
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ÐÅÇÓËÜÒÀÒÛ È ÎÁÑÓÆÄÅÍÈÅ

Îáùèé ïîäõîä ê ïîëó÷åíèþ õëîðâèíèëî-
âûõ òðèòåðïåíîèäîâ çàêëþ÷àëñÿ âî âçàèìî-
äåéñòâèè ìåòèëêåòîíîâ 3 è 4 ñ ïåíòàõëîðè-
äîì ôîñôîðà ïðè êèïÿ÷åíèè â õëîðîôîðìå
(ñõåìà 1). Â ñâîþ î÷åðåäü, ìåòèëêåòîíû 3, 4
ïðåäñòàâëÿþò ñîáîé äîñòóïíûå ïðîäóêòû îçî-
íîëèçà áåòóëèíà 1 è åãî ïðîèçâîäíîãî 2-öèà-
íî-3,4-ñåêî-4(23)-åí-28-îêñîàëëîáåòóëèíà 2.
Âåðîÿòíî, îáðàçîâàíèå õëîðâèíèëîâûõ òðè-
òåðïåíîèäîâ 5, 7 ïðîòåêàåò ÷åðåç ñòàäèþ ãåì-
äèõëîðïðîèçâîäíûõ ñ ïîñëåäóþùèì äåãèäðî-
õëîðèðîâàíèåì, ïðè ýòîì äåãèäðîãàëîãåíèðî-
âàíèå ãåì-äèõëîðèäà ïðîòåêàåò ñ òåðìè÷åñ-
êèì îòùåïëåíèåì òîëüêî îäíîé ìîëåêóëû HCl
è îñòàíàâëèâàåòñÿ íà ñòàäèè îáðàçîâàíèÿ âè-
íèëõëîðèäà. Âîçìîæíî, ýòî ñâÿçàíî ñ ïîíè-
æåííîé ðåàêöèîííîé ñïîñîáíîñòüþ ïðîìåæó-
òî÷íîãî ïðîèçâîäíîãî áåòóëèíà ñ õëîðâèíè-
ëîâûì ôðàãìåíòîì, òàê êàê äàëüíåéøåå îòùåï-
ëåíèå âòîðîé ìîëåêóëû HCl çàòðóäíåíî è òðå-
áóåò ïðèñóòñòâèÿ îñíîâíîãî ýëèìèíèðóþùåãî
àãåíòà. Èç ñîåäèíåíèÿ 5 ïîñëå äåáëîêèðîâàíèÿ
àöåòèëüíîé çàùèòû ïîëó÷åí âèíèëõëîðèä 6.

ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÀß ×ÀÑÒÜ

Ñïåêòðû 1Í è 13Ñ ßÌÐ ðåãèñòðèðîâàëè íà
ñïåêòðîìåòðå Bruker AM-300 (300.13 è 75.47
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ÌÃö ñîîòâåòñòâåííî) â äåéòåðîõëîðîôîðìå,
âíóòðåííèé ñòàíäàðò � òåòðàìåòèëñèëàí. Òåì-
ïåðàòóðû ïëàâëåíèÿ îïðåäåëÿëè íà ìèêðîñòî-
ëèêå Boetius. Îïòè÷åñêóþ ïëîòíîñòü èçìåðÿ-
ëè ñ ïîìîùüþ ïîëÿðèìåòðà Perkin-Elmer 241 MC
â òðóáêå äëèíîé 1 äì. Àíàëèç ÒÑÕ ïðîâîäè-
ëè íà ïëàñòèíêàõ �Ñîðáôèë� (ôèðìà �Ñîðáïî-
ëèìåð�, Ðîññèÿ), èñïîëüçóÿ ñèñòåìó ðàñòâîðè-
òåëåé õëîðîôîðì � ýòèëàöåòàò â ñîîòíîøåíèè
40 : 1. Ýëåìåíòíûé àíàëèç ïðîâîäèëè ñ èñïîëü-
çîâàíèåì ÑHNS-àíàëèçàòîðà EuruEA-3000,
îñíîâíîé ñòàíäàðò � àöåòàíèëèä. Âåùåñòâà îá-
íàðóæèâàëè ñ ïðèìåíåíèåì 10 % ðàñòâîðà H2SO4

è ïîñëåäóþùåãî íàãðåâàíèÿ ïðè 100�120 °Ñ â òå-
÷åíèå 2�3 ìèí. Äèàöåòîêñè-29-íîð-20-îêñîáåòó-
ëèí 3 ïîëó÷àëè ïî ìåòîäèêå, îïèñàííîé â ðàáî-
òå [7], îêñèì 28-îêñîàëëîáåòóëîíà ñèíòåçèðîâà-
ëè ïî ìåòîäèêå, ïðèâåäåííîé àâòîðàìè [8].

2-Öèàíî-3,4-ñåêî-4(23)-åí-19βββββ,28-ýïîêñè-
28-îêñîîëåàí 2. Ê ðàñòâîðó 0.45 ã (1.00 ììîëü)
îêñèìà 28-îêñîàëëîáåòóëîíà â 15 ìë ñóõîãî
ïèðèäèíà äîáàâëÿëè 0.88 ã (4.62 ììîëü) ï-òî-
ëóîëñóëüôîõëîðèäà è êèïÿòèëè â òå÷åíèå 6 ÷
ñ îáðàòíûì õîëîäèëüíèêîì. Ðåàêöèîííóþ ìàñ-
ñó âûëèâàëè â 100 ìë îõëàæäåííîãî 5 % ðàñ-
òâîðà HCl, îñàäîê ôèëüòðîâàëè, ïðîìûâàëè
âîäîé, ñóøèëè. Ïðîäóêò õðîìàòîãðàôèðîâà-
ëè íà êîëîíêå ñ Al2O3, ýëþåíòû � ïåòðîëåé-

Óñëîâèÿ: à � Ac2O, ïèðèäèí; b � O3, CH2Cl2; c � PCl5/CHCl3; d � ðåàêòèâ Äæîíñà/àöåòîí; e � HCOOH;
f � NH2OH HCl/EtOH, ï-TsCl/ïèðèäèí; g � 5 % KOH/EtOH.

Ñõåìà 1.

íûé ýôèð, áåíçîë. Âûõîä 0.39 ã (86 %). Ò. ïë.

221�222 °Ñ. 20[ ]Dα  +60° (c 0.50, CHCl3). Íàéäå-

íî, %: Ñ 79.75, Í 10.06, N 3.08. C30H45NO2

(Ì 451.681). Âû÷èñëåíî, %: C 79.77, H 10.04,
N 3.10. Ñïåêòð ßÌÐ 1Í (CDCl3, δ, ì. ä.): 0.75 ñ
(3Í, Í25), 0.81 ñ (3Í, Í26), 0.86 ñ (3Í, Í29), 0.86 ñ
(3Í, Í27), 0.93 ñ (1Í, Í30), 0.93�2.25 ì (26Í, ÑÍ,
ÑÍ2), 1.61 ñ (3Í, Í24), 3.84 ñ (1Í, Í19), 4.53 è
4.78, îáà óø. ñ (2Í, Í23). Ñïåêòð ßÌÐ 13Ñ
(CDCl3, δ, ì. ä.): 11.1 (Ñ2), 13.3 (Ñ27), 15.3 (Ñ26),
19.5 (Ñ22), 21.4 (Ñ11), 22.5 (Ñ25), 23.7 (Ñ24), 23.8
(Ñ29), 25.2 (Ñ12), 25.6 (Ñ6), 27.5 (Ñ30), 28.5 (Ñ15),
31.6 (Ñ16), 31.8 (Ñ1), 32.1 (Ñ21), 33.3 (Ñ7), 34.1 (Ñ13),
35.8 (Ñ5), 39.8 (Ñ8), 39.8 (Ñ14), 40.5 (Ñ10), 40.7 (Ñ20),
46.3 (Ñ17), 47.3 (Ñ18), 47.5 (Ñ9), 85.6 (Ñ19), 113.9
(Ñ23), 119.9 (Ñ3), 146.6 (Ñ4), 179.4 (Ñ28).

2-Öèàíî-3,4-ñåêî-23-íîð-4,28-äèîêñî-
19βββββ,28-ýïîêñèîëåàí 4. ×åðåç ðàñòâîð 0.45 ã
(1.01 ììîëü) ñîåäèíåíèÿ 2 â 50 ìë ÑÍ2Ñl2 ïðî-
ïóñêàëè îçîí ïðè �60 °Ñ äî èñ÷åçíîâåíèÿ èñ-
õîäíîãî âåùåñòâà (ÒÑÕ-êîíòðîëü), âûäåðæè-
âàëè â òå÷åíèå 24 ÷ ïðè êîìíàòíîé òåìïåðà-
òóðå. Ðàñòâîðèòåëü óïàðèâàëè â âàêóóìå âî-
äîñòðóéíîãî íàñîñà, ïðîäóêò õðîìàòîãðàôè-
ðîâàëè íà êîëîíêå ñ Al2O3, ýëþåíò � áåíçîë.

Âûõîä 0.35 ã (78 %). Ò. ïë. 181�182 °Ñ. 20[ ]Dα  +74°

(c 0.50, CHCl3). Íàéäåíî, %: Ñ 76.77, Í 9.56,
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N 3.11. C29H43NO3 (Ì 453.663). Âû÷èñëåíî, %:
C 76.78, H 9.55, N 3.09. Ñïåêòð ßÌÐ 1Í
(CDCl3, δ, ì. ä.): 0.83 ñ (3Í, Í25), 0.89 ñ (3Í,
Í26), 0.91 ñ (3Í, Í29), 0.95 ñ (3Í, Í27), 0.97 ñ
(3Í, Í30), 1.01�2.47 ì (23Í, ÑÍ, ÑÍ2), 2.06 ñ
(3Í, Í24), 2.31 ò (1Í, Í5, J 7.8 Ãö), 3.88 ñ (1Í,
Í19). Ñïåêòð ßÌÐ 13Ñ (CDCl3, δ, ì.ä.): 11.4(Ñ2),
13.4 (Ñ27), 15.5 (Ñ26), 19.8 (Ñ22), 21.1 (Ñ11), 21.5
(Ñ25), 23.9 (Ñ24), 25.4 (Ñ29), 25.6 (Ñ12), 27.7 (Ñ6),
28.6 (Ñ30), 30.3 (Ñ15), 31.2 (Ñ16), 31.8 (Ñ1), 32.2 (Ñ21),
33.5 (Ñ7), 34.3 (Ñ13), 35.9 (Ñ10), 39.1 (Ñ20), 40.1 (Ñ8),
40.3 (Ñ14), 41.1 (Ñ17), 45.9 (Ñ18), 46.5 (Ñ9), 56.3 (Ñ5),
85.8 (Ñ19), 121.1 (Ñ3), 179.5 (Ñ28), 211.5 (Ñ4).

3βββββ,28-Äè-Î-àöåòèë-20-õëîð-29-íîðëóï-
20(30)-åí 5. Ê ðàñòâîðó 0.51 ã (1.00 ììîëü) ñî-
åäèíåíèÿ 3 â 50 ìë CHCl3 äîáàâëÿëè 0.51 ã
(2.43 ììîëü) PCl5 è êèïÿòèëè ñ îáðàòíûì õî-
ëîäèëüíèêîì â òå÷åíèå 8 ÷. Ðåàêöèîííóþ ìàñ-
ñó ïðîìûâàëè âîäîé, ñóøèëè íàä CaCl2 è óïà-
ðèâàëè â âàêóóìå âîäîñòðóéíîãî íàñîñà. Ïðî-
äóêò õðîìàòîãðàôèðîâàëè íà êîëîíêå ñ Al2O3,
ýëþåíò � áåíçîë. Âûõîä 0.45 ã (83 %). Ò. ïë. 200�

201 °Ñ. 20[ ]Dα  +9° (c 2.60, CHCl3). Íàéäåíî, %:

Ñ 72.45, Í 9.37, Cl 6.46. C33H51ClO4 (Ì 547.216).
Âû÷èñëåíî, %: C 72.43, H 9.39, Cl 6.48. Ñïåêòð
ßÌÐ 1Í (CDCl3, δ, ì. ä.): 0.82 ñ (3Í, Í24), 0.83 ñ
(3Í, Í23), 0.97 ñ (3Í, Í25), 1.01 ñ (3Í, Í26), 1.02
ñ (3Í, Í27), 1.14�1.98 ì (24Í, ÑÍ, ÑÍ2), 2.03
è 2.06, îáà ñ (6Í, 2ÎÀñ), 2.67�2.75 ì (1Í, Í19),
3.81 è 4.21, îáà ä (2Í, Í28, J 11.2 Ãö), 4.44�4.49 ì
(1Í, Í3), 5.03 è 5.14, îáà ä (2Í, Í30, J 1.3 Ãö).
Ñïåêòð ßÌÐ 13Ñ (CDCl3, δ, ì. ä.): 14.5 (Ñ27), 15.9
(Ñ25), 16.1 (Ñ26), 16.4 (Ñ24), 17.9 (Ñ6), 20.5 (Ñ34),
20.9 (Ñ33), 23.6 (Ñ2), 24.8 (Ñ12), 26.8 (Ñ21), 27.8
(Ñ15), 27.8 (Ñ23), 29.6 (Ñ16), 33.2 (Ñ22), 34.0 (Ñ7),
36.9 (Ñ13), 37.1 (Ñ10), 37.7 (Ñ4), 38.3 (Ñ1), 40.7 (Ñ8),
42.7 (Ñ14), 46.1 (Ñ17), 48.2 (Ñ18), 49.8 (Ñ9), 50.4
(Ñ11), 53.1 (Ñ19), 55.2 (Ñ5), 62.8 (Ñ28), 80.7 (Ñ3),
111.5 (Ñ30), 148.7 (Ñ20), 170.8 (Ñ31), 171.3 (Ñ32).

3βββββ,28-Äèãèäðîêñè-20-õëîð-29-íîðëóï-
20(30)-åí 6. Ê ðàñòâîðó 0.58 ã (1.00 ììîëü) ñî-
åäèíåíèÿ 5 â 50 ìë ìåòàíîëà äîáàâëÿëè 0.17 ã
(3.00 ììîëü) KÎÍ è ïåðåìåøèâàëè â òå÷åíèå
3 ÷ (ÒÑÕ-êîíòðîëü). Ðåàêöèîííóþ ìàññó âû-
ëèâàëè â 100 ìë îõëàæäåííîé âîäû, îñàäîê
ôèëüòðîâàëè, ïðîìûâàëè âîäîé, ñóøèëè.
Ïðîäóêò êðèñòàëëèçîâàëè èç ñìåñè õëîðîôîðì �
ìåòàíîë. Âûõîä 0.41 ã (89 %). Ò. ïë. 211�212 °Ñ.

20[ ]Dα  �2° (c 2.60, CHCl3). Íàéäåíî, %: C 75.21,

H 10.23, Cl 7.65. C29H47ClO2 (Ì 463.143). Âû-

÷èñëåíî, %: C 75.25, H 10.22, Cl 6.94. Ñïåêòð
ßÌÐ 1Í (CDCl3, δ, ì. ä.): 0.83 ñ (3Í, Í24), 0.98
ñ (3Í, Í23), 1.01 ñ (3Í, Í25), 1.02 ñ (3Í, Í26),
1.02 ñ (3Í, Í27), 1.08�2.07 ì (26Í, ÑÍ, ÑÍ2),
2.62�2.72 ì (1Í, Í19), 3.31 è 3.82 îáà ä (2Í,
Í28, J 10.8 Ãö), 3.17�3.27 ì (1Í, Í3), 5.03 è
5.14, îáà ä (2Í, Í30, J 1.2 Ãö). Ñïåêòð ßÌÐ
13Ñ (CDCl3, δ, ì. ä.): 14.7 (Ñ27), 15.4 (Ñ24), 15.9
(Ñ25), 16.1 (Ñ26), 18.3 (Ñ6), 20.7 (Ñ11), 25.0 (Ñ12),
26.5 (Ñ21), 27.3 (Ñ15), 27.3 (Ñ2), 28.0 (Ñ23), 29.1
(Ñ16), 33.1 (Ñ22), 34.5 (Ñ7), 36.1 (Ñ13), 37.1 (Ñ10),
38.7 (Ñ1), 38.9 (Ñ4), 40.9 (Ñ8), 42.8 (Ñ14), 48.4
(Ñ17), 49.3 (Ñ18), 50.2 (Ñ9), 53.3 (Ñ19), 55.3 (Ñ5),
60.9 (Ñ28), 78.9 (Ñ3), 111.3 (Ñ30), 149.2 (Ñ20).

2-Öèàíî-3,4-ñåêî-23-íîð-4-õëîð-4(24)-åí-
28-îêñî-19βββββ,28-ýïîêñèîëåàí 7 ïîëó÷àëè èç
0.47 ã (1.00 ììîëü) ñîåäèíåíèÿ 4 àíàëîãè÷íî
ñîåäèíåíèþ 5. Âûõîä 0.42 ã (88 %). Ò. ïë. 208 °Ñ.

20[ ]Dα  +154° (c 0.10, CHCl3). Íàéäåíî, %:

C 73.77, H 8.97, Cl 7.49, N 2.95. C29H42ClNO2

(Ì 472.108). Âû÷èñëåíî, %: C 73.78, H 8.97,
Cl 7.51, N 2.97. Ñïåêòð ßÌÐ 1Í (CDCl3, δ,
ì. ä.): 0.87 ñ (3Í, Í25), 0.91 ñ (3Í, Í26), 0.94 ñ
(3Í, Í29), 0.97 ñ (3Í, Í27), 1.04 ñ (3Í, Í30),
1.08�2.41 ì (24Í, ÑÍ, ÑÍ2), 3.95 ñ (1Í, Í19),
5.12 è 5.36, îáà óø. ñ (2Í, Í24). Ñïåêòð ßÌÐ
13Ñ (CDCl3, δ, ì. ä.): 11.5 (Ñ2), 13.4 (Ñ27), 15.5
(Ñ26), 19.5 (Ñ25),  21.6 (Ñ22), 23.9 (Ñ11), 24.6 (Ñ6),
25.4 (Ñ29), 25.8 (Ñ12),  27.7 (Ñ30), 28.7 (Ñ15), 31.9
(Ñ16), 31.9 (Ñ21), 32.3 (Ñ7),  33.5 (Ñ1), 34.2 (Ñ13),
35.9 (Ñ20), 39.7 (Ñ8), 40.2 (Ñ10), 40.3 (Ñ14), 40.9
(Ñ17), 46.1 (Ñ9), 46.5 (Ñ18), 51.9 (Ñ5), 85.9 (Ñ19),
115.1 (Ñ24), 119.9 (Ñ3), 143.4 (Ñ4), 179.6 (Ñ28).

ÇÀÊËÞ×ÅÍÈÅ

Òàêèì îáðàçîì, íà îñíîâå áåòóëèíà ïðåä-
ëîæåí ñèíòåç ïðàêòè÷åñêè öåííûõ òðèòåðïå-
íîèäîâ ñ õëîðâèíèëîâûì ôðàãìåíòîì, çàêëþ-
÷àþùèéñÿ âî âçàèìîäåéñòâèè òðèòåðïåíîâûõ
ìåòèëêåòîíîâ ñ ïåíòàõëîðèäîì ôîñôîðà ïðè
êèïÿ÷åíèè â õëîðîôîðìå.
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