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ÂÂÅÄÅÍÈÅ

Ðÿä ðàñòåíèé, ïðîèçðàñòàþùèõ â Öåíò-
ðàëüíîé Àçèè, èñïîëüçóåòñÿ â íàðîäíîé ìå-
äèöèíå â êà÷åñòâå íåéðîëåïòè÷åñêèõ è ïñè-
õîìèìåòè÷åñêèõ ñðåäñòâ. Äåéñòâóþùèìè íà-
÷àëàìè, îïðåäåëÿþùèìè íàçâàííûå ñâîéñòâà
ýòèõ ñîåäèíåíèé, ÿâëÿþòñÿ ôóðàíîäèòåðïå-
íîèäû êëåðîäàíîâîãî, íåîêëåðîäàíîâîãî è
ëàáäàíîâîãî ðÿäîâ [1–4]. Â ïîñëåäíåå äåñÿ-
òèëåòèå âíèìàíèå èññëåäîâàòåëåé ïðèâëåê-
ëî áðàçèëüñêîå ðàñòåíèå ðîäà Salvia minorum
(psychoactive mint), ëèñòüÿ êîòîðîãî ïðèìå-
íÿþòñÿ íàðîäàìè ðàéîíîâ Àìàçîíèè âî âðå-
ìÿ òðàäèöèîííûõ ïðîöåäóð, âåäóùèõ ê ñî-
ñòîÿíèþ ãàëëþöèíàöèé [5]. Ðàñòåíèå ïðîäó-
öèðóåò ñëîæíóþ ñìåñü äèòåðïåíîèäîâ íåîêëå-
ðîäàíîâîãî òèïà, â òîì ÷èñëå 24 ìåòàáîëè-
òà, ìîëåêóëû êîòîðûõ âêëþ÷àþò ôóðàíîâûé
ñòðóêòóðíûé ôðàãìåíò [5, 6]. Îñîáûé èíòå-
ðåñ âûçâàë îäèí èç íèõ – ñàëüâèíîðèí À I,
ïðîÿâëÿþùèé óíèêàëüíóþ àêòèâíîñòü â êà-
÷åñòâå ìîùíîãî ñåëåêòèâíîãî àãîíèñòà êàï-
ïà-îïèîèäíûõ ðåöåïòîðîâ [5, 7]. Äîñòóïíûìè
ðàñòèòåëüíûìè ôóðàíîëàáäàíîèäàìè ÿâëÿþò-
ñÿ ëàìáåðòèàíîâàÿ êèñëîòà II è åå ìåòèëî-
âûé ýôèð III – ìåòàáîëèòû êåäðà ñèáèðñêî-
ãî [8]. Ëàìáåðòèàíîâàÿ êèñëîòà ëåãêî ïðåâðà-
ùàåòñÿ â äðóãîé ôóðàíñîäåðæàùèé ìåòàáî-
ëèò – ôëîìèçîèêîâóþ êèñëîòó IV. Ýòî ñîåäè-
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Àííîòàöèÿ

Ïîëó÷åíû ïðîèçâîäíûå ëàáäàíîâûõ äèòåðïåíîèäîâ – ëàìáåðòèàíîâîé è ôëîìèçîèêîâîé êèñëîò è èõ
ýôèðîâ, ìîäèôèöèðîâàííûå â ãåòåðîöèêëè÷åñêîì ôðàãìåíòå ìîëåêóëû. Èññëåäîâàíà èõ àíàëüãåòè÷åñ-
êàÿ àêòèâíîñòü.

Êëþ÷åâûå ñëîâà: ëàìáåðòèàíîâàÿ êèñëîòà, ôëîìèçîèêîâàÿ êèñëîòà, àíàëüãåòè÷åñêàÿ àêòèâíîñòü

íåíèå îáðàçóåòñÿ â ðåçóëüòàòå ôåðìåíòàòèâíî-
ãî ãèäðîëèçà ðàñòèòåëüíûõ ãëèêîçèäîâ, êîòîðûå
ñîäåðæàòñÿ â ëåêàðñòâåííûõ ðàñòåíèÿõ ñåìåéñòâà
ãóáîöâåòíûõ (Lamiaceae): Phlomis sp. è Eremo-
stachys sp. [9, 10]. Äëÿ ýêñòðàêòîâ ýòèõ ðàñòåíèé
õàðàêòåðíû ðàçëè÷íûå âèäû áèîëîãè÷åñêîé àê-
òèâíîñòè, â òîì ÷èñëå àíàëüãåòè÷åñêàÿ.

Ïðîâåäåííûå íàìè ðàíåå èññëåäîâàíèÿ
ôàðìàêîëîãè÷åñêîé àêòèâíîñòè ëàìáåðòèàíî-
âîé êèñëîòû II è åå ýôèðà III, à òàêæå àìè-
íîïðîèçâîäíûõ ëàáäàíîèäîâ V–VII âûÿâèëè
àíòèäåïðåññàíòíóþ è íåéðîòðîïíóþ àêòèâ-
íîñòü ýòèõ ñîåäèíåíèé [11, 12].

Öåëüþ íàñòîÿùåé ðàáîòû áûëî èçó÷åíèå
àíàëüãåòè÷åñêîé àêòèâíîñòè ëàáäàíîèäîâ II–
IV è èõ ñèíòåòè÷åñêèõ àçîòñîäåðæàùèõ ïðî-
èçâîäíûõ V–XI (ñõåìà 1).

ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÀß ×ÀÑÒÜ

Õèìèÿ

Äëÿ èññëåäîâàíèÿ ñèíòåçèðîâàíû ðàçíîîá-
ðàçíûå àçîòñîäåðæàùèå ïðîèçâîäíûå ëàì-
áåðòèàíîâîé è ôëîìèçîèêîâîé êèñëîò. Ôëîìè-
çîèêîâóþ êèñëîòó IV ïîëó÷àëè èçîìåðèçàöè-
åé ëàìáåðòèàíîâîé êèñëîòû II ïîä äåéñòâèåì
ï-òîëóîëñóëüôîêèñëîòû ïðè íàãðåâàíèè â áåí-
çîëå (âûõîä 86 %).
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Ñîåäèíåíèÿ V–VII, IX è X ïîëó÷àëè ðå-
àêöèåé Ìàííèõà ìåòèëëàìáåðòèàíàòà III c ðàç-
ëè÷íûìè àìèíàìè ïî ìåòîäèêàì, îïèñàííûì
â ðàáîòå [13]. Ñèíòåç ñîåäèíåíèÿ VIII ïðîâî-
äèëè ïî ñõåìå 2 ñ èñïîëüçîâàíèåì â êà÷åñòâå
èñõîäíîãî ñîåäèíåíèÿ 16-ôîðìèëìåòèëëàì-
áåðòèàíàòà XII. Îáðàáîòêà àëüäåãèäà XII ãèä-
ðîêñèëàìèíîì êîëè÷åñòâåííî äàåò îêñèì XIII,
âîññòàíîâëåíèå êîòîðîãî ïðèâîäèò ê ïîëó÷åíèþ
àìèíîìåòèëëàìáåðòèàíàòà VIII (âûõîä 97 %).

Ñõåìà 1.

Ñõåìà 2.

Ñõåìà 3.

Êëþ÷åâûì ñîåäèíåíèåì â ñèíòåçå äèòåð-
ïåíîâîãî åíàìèíîýôèðà XI ÿâëÿåòñÿ 16-öèà-
íîìåòèëëàìáåðòèàíàò XIV, êîòîðûé ïîëó÷à-
ëè îáðàáîòêîé 16-ôîðìèëìåòèëëàìáåðòèàíà-
òà XII âîäíûì ðàñòâîðîì àììèàêà â ïðèñóò-
ñòâèè éîäà â òåòðàãèäðîôóðàíå (âûõîä 91 %)
(cõåìà 3). Ïðè âçàèìîäåéñòâèè íèòðèëà XIV
ñ öèíêîâûì åíîëÿòîì èç ýòèëáðîìàöåòàòà
(4 ýêâ.) â ðàñòâîðå ÒÃÔ è ïîñëåäóþùåì ãèä-
ðîëèçå äåéñòâèåì K2CO3 îáðàçóåòñÿ åíàìè-
íîýôèð XI, êîòîðûé âûäåëèëè ñ âûõîäîì
92 % ïîñëå êîëîíî÷íîé õðîìàòîãðàôèè. Ñî-
åäèíåíèå XI îáðàçóåòñÿ â âèäå èíäèâèäóàëü-
íîãî ñòåðåîèçîìåðà.

Ëàìáåðòèàíîâóþ êèñëîòó II âûäåëÿëè ïî
ìåòîäèêå, îïèñàííîé â ðàáîòå [14]. Ôèçèêî-
õèìè÷åñêèå õàðàêòåðèñòèêè ñîåäèíåíèé
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V–II, IX è X ïðèâåäåíû â ðàáîòå [13]. Ñî-
åäèíåíèÿ VII è VIII âûäåëÿëè è äàëåå èñ-
ñëåäîâàëè â âèäå îêñàëàòîâ.

(1S,4aS,5S,8aR)-5-[2-(ôóðàí-3-èë)ýòèë]-
1,4a,6-òðèìåòèë-1,2,3,4,4a,7,8,8a-îêòàãèäðî-
íàôòàëèí-1-êàðáîíîâàÿ êèñëîòà [15,16-ýïîê-
ñè-8(9),13(16),14-ëàáäàòðèåí-18-îâàÿ êèñëîòà,
ôëîìèçîèêîâàÿ êèñëîòà] IV. Ê ðàñòâîðó 8.88 ã
(28.1 ììîëü) ëàìáåðòèàíîâîé êèñëîòû II â
30 ìë áåíçîëà äîáàâèëè 0.24 ã (1.4 ììîëü)
p-òîëóîëñóëüôîêèñëîòû. Ðåàêöèîííóþ ñìåñü
êèïÿòèëè 8 ÷, ðàñòâîðèòåëü óïàðèëè â âàêó-
óìå, îñòàòîê õðîìàòîãðàôèðîâàëè íà êîëîí-
êå ñ ñèëèêàãåëåì (ýëþåíò – õëîðîôîðì). Êðèñ-
òàëëèçàöèåé ôðàêöèè ïðîäóêòà èç ãåêñàíà
âûäåëèëè 7.66 ã (86 %) ñîåäèíåíèÿ IV. Ò. ïë.
119–122 îÑ, 22.1

589[ ]α +181.50 (c 0.23, CHCl3). (Ïî
äàííûì [9], 14[ ]Dα +116.9 (c 0.31, CH3OH).) ÓÔ-
ñïåêòð (ýòàíîë), λìàêñ, íì (lg ε): 203 (4.05). ÈÊ-
ñïåêòð, ñì–1: 3430 (OH), 1695 (CO). Ñïåêòð
ßÌÐ 1Í (δ, ì.ä., J, Ãö): 0.91 c (3H, Ñ20Í3),
1.06 ò.ä (1H, H3, J 13.9, 4.6), 1.24 ò (1H, H1, J
13.1), 1.30 c (3H, Ñ19Í3), 1.41 ä (1H, H5, J 11.9),
1.58 ä.ì (2H, H2,2, J 11.0), 1.66 c (3H, Ñ17Í3),
1.82 ò.ä (1H, H11,  J 12.3,  5.5), 1.93 ä.ì (2H,
H1,11, J 13.3), 2.01 ä (1H, H7, J 5.7), 2.07–2.34 ì
(4H, H3,6,6,7), 2.47 ò (2H, H12,12, J 7.0), 6.31 c
(1H, H14), 7.25 c (1H, H15), 7.37 c (1H, H16).
Ñïåêòð ßÌÐ 13C (δ, ì. ä.): 17.41 ê (C20), 19.06
ò (C2), 19.29 ê (C17), 20.26 ò (C11), 25.27 ò (C12),
28.17 ê (C19), 28.48 ò (C6), 33.79 ò (C7), 36.72 ò
(C1), 36.92 ò (C3), 39.32 ñ (C10), 43.38 ñ (C4),
53.13 ä (Ñ5), 110.35 ä (C14), 125.09 ñ (C13), 126.91
c (C8), 137.94 ä (Ñ15), 138.38 c (C9), 142.21 ä
(C16), 184.31 c (C18). Ìàññ-ñïåêòð, m/z (Iîòí, %):
317 (21), 316 (94), 301 (22), 235 (37), 234 (36),
221 (31), 189 (100), 188 (36), 133 (62), 119 (45),
105 (33), 91 (35), 82 (39), 81 (60), 56 (37), 43
(61). Íàéäåíî: [M]  316.2040. Ñ20Í28O3. Âû÷èñëå-
íî: 316.2033.

(1S,10R,5S,9S)-Ìåòèë-5-{2-[2-(ãèäðîêñèà-
ìèíîìåòèë)-ôóðàí-3-èë]ýòèë}-1,4à-äèìåòèë-
6-ìåòèëåí-äåêàãèäðîíàôòàëèí-1-êàðáîêñè-
ëàò XIII. Ê ïåðåìåøèâàåìîìó ðàñòâîðó 1.00 ã
(2.8 ììîëü) àëüäåãèäà XII â âîäíîì ýòàíîëå
(EtOH–H2O = 1 : 1) äîáàâèëè 0.20 ã (2.8 ììîëü)
ãèäðîêñèëàìèíà ñîëÿíîêèñëîãî è 0.12 ã
(2.8 ììîëü) NaOH. Ðåàêöèîííóþ ñìåñü  ïåðå-
ìåøèâàëè ïðè êîìíàòíîé òåìïåðàòóðå â òå-
÷åíèå 5 ÷, çàòåì äîáàâèëè 50 ìë âîäû, ïðî-
äóêò èçâëåêàëè õëîðîôîðìîì (3×50 ìë). Îðãà-

íè÷åñêèå âûòÿæêè ïðîìûâàëè âîäîé
(3×40 ìë), ñóøèëè MgSO4 è óïàðèâàëè. Â îñ-
òàòêå ïîëó÷èëè 1.04 ã (100 %) ñîåäèíåíèÿ VI
â âèäå ìàñëà. Ñïåêòð ßÌÐ 1Í (δ, ì.ä., J, Ãö):
0.49 ñ (3Í, Ñ20Í3), 1.00 ì (2H, H1,3), 1.15 ñ
(3Í, Ñ19Í3), 1.26 ä.ä (1Í, H5, J 12, 3), 1.46 ì,
1.51 ì  (3Í, Í2,9,11), 1.55 ì (1H, H11), 1.56 ä.ä
(1Í, Í1, J 8, 2), 1.74 ì, 1.78 ì, 1.82 ì, (3Í,
Í2,6,7), 1.88 ì (1Í, Í6), 1.96 ì (1Í, Í12), 2.13
ä.ì (1Í, Í3, Jãåì 13), 2.41 ì  (1Í, Í7), 2.50 ì
(1Í, Í12), 3.59 c (3Í, OCH3), 4.57 ñ, 4.91 ñ
(2Í, Í17,17), 6.30 ä (1Í, Í14, J 2),  7.38 ä (1Í,
Í15, J 2), 7.96 ñ (1Í, ÑÍNOH). Ñïåêòð ßÌÐ
13C, δ, ì.ä.: 12.19 ê (C20), 19.44 ò (Ñ2), 22.56 ò
(Ñ12), 23.71 ò (Ñ11), 25.78 ò (C6), 28.28 ê (C19),
37.65 ò (C3), 38.13 ò (C7), 38.54 ò (C1), 39.67 ñ
(C4), 43.82 ñ (Ñ10), 50.72 ê (ÎÑÍ3), 54.27 ä (Ñ9),
55.70 ä (Ñ5), 106.17 ò (Ñ17), 112.22 ä (Ñ14), 128.69
ñ (Ñ13), 138.39 ä (ÑÍ=), 142.37 ñ (Ñ16), 143.36 ä
(Ñ15), 147.23 ñ (Ñ8), 177.37 ñ (Ñ18).

(1S,10R,5S,9S)-Ìåòèë-5-{2-[2-(àìèíîìå-
òèë)-ôóðàí-3-èë]ýòèë}-1,4à-äèìåòèë-6-ìå-
òèëåí-äåêàãèäðîíàôòàëèí-1-êàðáîêñèëàò
VIII. Ê ðàñòâîðó 1.00 ã (2.8 ììîëü) îêñèìà XIII
â ýòàíîëå äîáàâèëè 10 ìë âîäíîãî ðàñòâîðà
2 Ì NaOH è 1 ã íèêåëÿ Ðèíåÿ. Ðåàêöèîííóþ
ñìåñü ïåðåìåøèâàëè ïðè êîìíàòíîé òåìïåðà-
òóðå â àòìîñôåðå âîäîðîäà â òå÷åíèå 5 ÷. Êà-
òàëèçàòîð îòôèëüòðîâàëè, ðàñòâîðèòåëü óïà-
ðèëè. Ê îñòàòêó äîáàâèëè ðàñòâîð ùàâåëå-
âîé êèñëîòû â ýôèðå. Âûïàâøèé îñàäîê îò-
ôèëüòðîâàëè. Ïîëó÷èëè 1.17 ã (97 %) îêñàëà-
òà àìèíà VIII. Ò. ïë. 165–168 îÑ. [α]580 +0.18o

(c 13.90, ÑÍCl3). ÓÔ-ñïåêòð, λìàêñ, íì (lg ε):
193 (2.55), 212 (2.30), 226 (2.37), 242 (2.39). ÈÊ-
ñïåêòð, ñì–1: 1156, 1229, 1724 (C=O), 2946

( +
3N H ). Ñïåêòð ßÌÐ 1Í (δ, ì.ä., J, Ãö): 0.49 ñ

(3Í, Ñ20Í3), 1.01 ä.ò (1H, H1, J 13.5, 3.2), 1.01
ä.ò (1H, H3 J 13.5, 3.2), 1.16 ñ (3Í, Ñ19Í3),
1.28 ä (1Í, H5, J 11.2), 1.51 ì (3Í, Í2,9,11),
1.57 ì (1H, H11), 1.74 ì, 1.82 ì, (3Í, Í2,6,1),
1.87 ì (1Í, Í7), 1.98 ì (1Í, Í6), 2.13 ä.ì (1Í,
Í3, Jãåì 13.2), 2.28 ì (1Í, Í12), 2.40 ä  (1Í,
Í7, J 11.1), 2.53 ì (1Í, Í12), 3.60 c (3Í, OCH3),
4.03 ø.ñ (2Í, ÑÍ2N), 4.56 ñ, 4.90 ñ (2Í, Í17,17),
4.76 ø.ñ (2Í, NH2), 6.28 ñ (1Í, Í14), 7.24 ñ
(1Í, Í15). Ñïåêòð ßÌÐ 13C, δ, ì.ä.: 11.65 ê
(C20), 19.01 ò (Ñ2), 21.93 ò (Ñ12), 23.33 ò (Ñ11),
25.43 ò (C6), 27.81 ê (C19), 33.01 ò (ÑÍ2N), 37.20
ò (C3), 37.77 ò (C7), 38.14 ò (C1), 39.30 ñ (C4),
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43.89 ñ (Ñ10), 50.32 ê (ÎÑÍ3), 54.11 ä (Ñ9), 55.35
ä (Ñ5),  105.67 ò (Ñ17), 110.86 ä (Ñ14), 124.49 ñ
(Ñ13), 141.08 ñ (Ñ16), 142.46 ä (Ñ15), 146.86 ñ
(Ñ8), 177.54 ñ (Ñ18). Ìàññ-ñïåêòð, m/z (Iîòí, %):
359.3 (10), 342.3  (14), 330.3 (17), 329.2 (47),
269.2 (25), 161.1 (30), 160.1 (21), 147.1 (49), 123.1
(18), 122.1 (58), 121.1 (72), 119.1 (19), 109.1
(100), 108.1 (18), 107.1 (26), 105.1 (21), 95.1 (23),
94.1 (51), 93.1 (23), 91.1 (25), 83.1 (33), 81.1
(28), 79.1 (22), 67.1 (16), 55.0 (29), 46.0 (14),
45.0 (28), 41.0 (18), 30.0 (20). Íàéäåíî: [M]+

359.2450. Ñ22Í33O3N. Âû÷èñëåíî: M 449.2408.
(1S,4aR,5S,8aR)-Ìåòèë-5-[2-(2-öèàíîôó-

ðàí-3-èë)ýòèë]-1,4à-äèìåòèë-6-ìåòèëåíäåêà-
ãèäðîíàôòàëèí-1-êàðáîêñèëàò (ìåòèëîâûé
ýôèð 16-öèàíî-15,16-ýïîêñè-8(9),13(16),14-
ëàáäàòðèåí-18-îâîé êèñëîòû) XIV. Ê ðàñòâî-
ðó 0.50 ã (1.40 ììîëü) 16-ôîðìèëìåòèëëàìáåð-
òèàíàòà XII â 2 ìë ÒÃÔ ïðè èíòåíñèâíîì ïå-
ðåìåøèâàíèè äîáàâèëè 5 ìë âîäíîãî ðàñòâî-
ðà NH3 (70 ììîëü) è 0.39 ã (1.54 ììîëü) I2. Ðå-
àêöèîííóþ ñìåñü ïåðåìåøèâàëè â òå÷åíèå
5 ÷, ðàçáàâèëè 30 ìë âîäû è ýêñòðàãèðîâàëè
õëîðîôîðìîì (3×20 ìë). Îðãàíè÷åñêèå ôðàê-
öèè îáúåäèíèëè, ïðîìûëè âîäîé (3×20 ìë) è
ñóøèëè MgSO4. Ðàñòâîðèòåëü óïàðèëè, îñòà-
òîê êðèñòàëëèçîâàëè èç ãåêñàíà. Ïîëó÷èëè

0.45 ã (91 %) íèòðèëà XIV. Ò. ïë. 72–75 îÑ. 20[ ]Dα

+34.92î (c 1.9, õëô). ÓÔ-ñïåêòð, λìàêñ, íì (lg ε):
201 (4.06), 241 (4.02), 279 (3.06). ÈÊ-ñïåêòð,
ñì–1: 788, 894, 1034, 1091, 1124, 1153, 1166,
1204, 1592, 1644, 1678, 1724, 2224, 3070, 3147.
Ñïåêòð ßÌÐ 1Í (δ, ì.ä., J, Ãö): 0.47 ñ (3Í,
Ñ20Í3), 0.97 ì (1H, H1), 1.00 ì  (1H, H3), 1.14
ñ (3Í, Ñ19Í3), 1.25 ä.ä (1Í,  H5, J 11.7, 2.6),
1.49 ì (1Í, Í2), 1.58 ì (1Í, Í9), 1.63 ì  (1Í,
Í11), 1.73 ì, 1.77 ì, 1.82 ì, (4Í, Í1,2,6,11), 1.87
ì (1Í, Í7), 1.96 ì (1Í, Í6), 2.12 ä.ì (1Í, Í3,
Jãåì 12.3), 2.39 ì (2Í, Í12,7), 2.69 ì (1Í, Í12),
3.57 c (3Í, OCH3), 4.54 ñ, 4.90 ñ  (2Í, Í17),
6.36 ä (1Í, Í14, J 1.8), 7.43 ä (1Í, Í15, J 1.8).
Ñïåêòð ßÌÐ 13C, δ, ì.ä.: 12.13 ê (C20), 19.45 ò
(Ñ2), 23.35 ò (Ñ12), 23.48 ò (Ñ11), 25.77 ò (C6),
28.32 ê (C19), 37.68 ò (C3), 38.16 ò (C7), 38.63 ò
(C1), 39.78 ñ (C4), 43.80 ñ (Ñ10),  50.69 ê (ÎÑÍ3),
54.80 ä (Ñ9), 55.73 ä (Ñ5), 106.22 ò (Ñ17), 111.13
ñ (CN), 112.02 ä (Ñ14), 123.12 ñ (Ñ13), 138.98 ñ
(Ñ16), 146.63 ä (Ñ15), 146.80 ñ (Ñ8), 177.15 ñ (Ñ18).
Ìàññ-ñïåêòð, m/z (Iîòí, %): 357 (0.39), 356(2),
355 (9), 340 (10), 296 (15), 249 (13), 189 (26),

181 (12), 122 (11), 121 (100), 119 (11), 110 (37),
107 (22), 109 (19), 105 (14), 95 (11), 93 (17),
91 (15), 81 (27), 79 (15), 67.0 (12), 55.0 (14),
43.9 (19), 41.0 (14). Íàéäåíî: [M]+ 355.2137.
Ñ22Í29O3N. Âû÷èñëåíî: M 355.2142.

(1S,4aR,5S,8aR)-Ìåòèë-5-{2-[2-(2-(Z)-1-
àìèíî-3-ýòîêñè-3-îêñîïðîï-1-åí)ôóðàí-3-
èë]ýòèë}-1,4à-äèìåòèë-6-ìåòèëåíäåêàãèäðî-
íàôòàëèí-1-êàðáîêñèëàò XI. Ê ñóñïåíçèè
0.55 ã (8.46 ììîëü) öèíêà â 3 ìë ÒÃÔ â òîêå
àðãîíà äîáàâèëè 2 êàïëè ýòèëîâîãî ýôèðà áðîì-
óêñóñíîé êèñëîòû è êèïÿòèëè â òå÷åíèå
15 ìèí (ðåàêöèîííàÿ ñìåñü ïðèîáðåòàåò çåëå-
íóþ îêðàñêó). Â ãîðÿ÷óþ ðåàêöèîííóþ ìàññó
äîáàâèëè 0.50 ã (1.43 ììîëü) íèòðèëà XIV è ïî
êàïëÿì 0.94 ã (5.63 ììîëü) ýòèëîâîãî ýôèðà
áðîìóêñóñíîé êèñëîòû â òå÷åíèå 1 ÷. Ðåàêöè-
îííóþ ñìåñü êèïÿòèëè åùå 15 ìèí, îõëàäèëè
äî êîìíàòíîé òåìïåðàòóðû, äîáàâèëè 10 ìë
ÒÃÔ è 2 ìë 50 % âîäíîãî ðàñòâîðà K2CO3. Ïå-
ðåìåøèâàëè â òå÷åíèå 30 ìèí. Îðãàíè÷åñêèé
ñëîé îòäåëèëè, âîäíûé ñëîé ýêñòðàãèðîâàëè
äèýòèëîâûì ýôèðîì (3×20 ìë). Îðãàíè÷åñêèå
âûòÿæêè îáúåäèíèëè, ïðîìûëè âîäîé
(3×20 ìë) è ñóøèëè MgSO4. Ðàñòâîðèòåëü óïà-
ðèëè, îñòàòîê õðîìàòîãðàôèðîâàëè íà ñèëè-
êàãåëå (ýëþåíò – õëîðîôîðì). Âûäåëèëè 0.58 ã
(92 %) ñîåäèíåíèÿ XI â âèäå ñâåòëî-æåëòîãî

ìàñëà. 
20[ ]Dα –11.3î (c 2.9, ýòàíîë). ÓÔ-ñïåêòð,

λìàêñ, íì (lg ε): 204 (3.98), 266 (3.81), 316 (2.18).
ÈÊ-ñïåêòð, ñì–1: 757, 788, 893, 1032, 1093,
1164, 1238, 1312, 1496, 1550, 1610, 1663,
1723, 3329, 3460. Ñïåêòð ßÌÐ 1Í (δ, ì.ä., J,
Ãö): 0.50 ñ (3Í, Ñ20Í3), 1.01 ì  (2H, H1,3), 1.16
ñ (3Í, Ñ19Í3), 1.26 ì (1Í, H5), 1.28 ò (3Í,
ÎÑÍ2ÑÍ3, J 7.0), 1.48 ä.ì (1Í Í2, Jãåì 14.3),
1.64 ì  (2Í, Í9,11), 1.77 ì, 1.80 ì, (4Í, Í11,1,2,6),
1.88 ì (1Í, Í7),  1.96 ì (1Í, Í6), 2.15 ä.ì (1Í,
Í3, Jãåì 13.3), 2.42 ì (1Í, Í7), 2.51 ì (1Í, Í12),
2.71 ì (1Í, Í12), 3.60 c (3Í, OCH3), 4.10–4.50
ì (2Í, NH2), 4.14 ê (2H, ÎÑH2, J 7.0), 4.61 ñ,
4.91 ñ  (2Í, Í17), 4.95 ñ (1Í, =ÑÍ), 6.34 ä (1Í,
Í14, J 1.8), 7.37 ä (1Í, Í15, J 1.8). Ñïåêòð ßÌÐ
13C, δ, ì.ä.: 12.45 ê (C20), 14.46 ê (ÑÍ3), 19.81
ò (Ñ2), 23.62 ò (Ñ12), 24.80 ò (Ñ11), 26.06 ò (C6),
28.62 ê (C19),  38.02 ò (C3), 38.50 ò (C7), 38.86 ò
(C1), 40.16 ñ (C10), 44.12 ñ (Ñ4), 50.95 ê (ÎÑÍ3),
55.10 ä (Ñ9), 56.04 ä (Ñ5), 58.59 ò (ÑÍ2), 82.31
ä (ÑÍ=), 106.51 ò (Ñ17), 114.00 ä (Ñ14), 127.06 ñ
(Ñ13), 142.06 ñ (Ñ16), 143.76 ä (Ñ15), 147.68 ñ
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(Ñ8), 149.83 ñ (Ñ=), 170.47 ñ (ÑÎ2ÑÍ2ÑÍ3),
177.47 ñ (Ñ18). Ìàññ-ñïåêòð, m/z (Iîòí, %): 445
(3), 444 (17), 443 (53), 428 (4), 427 (8), 426
(28), 398 (16) 343 (20), 262 (11), 246 (10), 220
(35), 208(52), 195 (100), 123 (30). Íàéäåíî: [M]+

443.2668. Ñ26Í37NO5. Âû÷èñëåíî: M 443.2666.

Ôàðìàêîëîãèÿ

Âñå îïûòû ïðîâåäåíû íà ïîëîâîçðåëûõ áå-
ëûõ áåñïîðîäíûõ ìûøàõ ìàññîé 20–25 ã. Äëÿ
èçó÷åíèÿ àíàëüãåòè÷åñêîé àêòèâíîñòè ñîåäè-
íåíèé èñïîëüçîâàíû ñòàíäàðòíûå ìîäåëè [15]:
òåñòû âèñöåðàëüíîé áîëè “óêñóñíûå êîð÷è” (ÓÊ)
è òåðìè÷åñêîé áîëè “ãîðÿ÷àÿ ïëàñòèíà” (ÃÏ).
Èññëåäóåìûå àãåíòû ââîäèëè â äîçå 5 ìã/êã îä-
íîêðàòíî âíóòðèæåëóäî÷íî â âèäå âîäíî-òâè-
íîâîé (òâèí-80) âçâåñè (0.5 %) çà 1 ÷ äî âîñïðî-
èçâåäåíèÿ ìîäåëè. Æèâîòíûå êîíòðîëüíîé ãðóï-
ïû ïîëó÷àëè ýêâèâàëåíòíûé îáúåì âîäû.

Óêñóñíûå êîð÷è âûçûâàëè âíóòðèáðþøèí-
íî ââåäåíèåì óêñóñíîé êèñëîòû (0.75 %, ïî
0.1 ìë/ìûøü), áîëåâóþ ðåàêöèþ îöåíèâàëè ïî
êîëè÷åñòâó ñóäîðîã ñ 5 ïî 8 ìèí ïîñëå ââå-
äåíèÿ óêñóñíîé êèñëîòû. Ïðîöåíò óãíåòåíèÿ
áîëåâîé ðåàêöèè (ÓÁÐ) ðàññ÷èòûâàëè ïî
ôîðìóëå: 100 % ⋅ (À – Á)/À, ãäå À, Á – ñðåä-
íåå êîëè÷åñòâî ñóäîðîã â êîíòðîëüíîé è â
òåñòèðóåìîé ãðóïïàõ ñîîòâåòñòâåííî.

Äëÿ âîñïðîèçâåäåíèÿ òåñòà ÃÏ æèâîòíûõ
ïîìåùàëè íà íàãðåòóþ äî 54 îÑ ïëàòôîðìó è
ðåãèñòðèðîâàëè âðåìÿ äî îáëèçûâàíèÿ çàä-
íåé ëàïû èëè ïîäïðûãèâàíèÿ.

ÐÅÇÓËÜÒÀÒÛ È ÎÁÑÓÆÄÅÍÈÅ

Äëÿ âñåõ ñîåäèíåíèé îïðåäåëåíû ïàðàìåò-
ðû îñòðîé òîêñè÷íîñòè ïðè îäíîêðàòíîì âíóò-
ðèæåëóäî÷íîì ââåäåíèè ìûøàì. Ïîêàçàíî,
÷òî äëÿ èçó÷àåìûõ ñîåäèíåíèé LD50 íàõîäèò-
ñÿ â ïðåäåëàõ 600–1200 ìã/êã, ÷òî ïîçâîëÿåò
îòíåñòè èõ ê 3-ìó (óìåðåííî-òîêñè÷åñêîìó)
êëàññó âåùåñòâ.

Èç äàííûõ òàáë. 1 âèäíî, ÷òî ñàìà ëàì-
áåðòèàíîâàÿ êèñëîòà II â äîçå 5 ìã/êã íå îá-
ëàäàåò àíàëüãåòè÷åñêîé àêòèâíîñòüþ â òåñòå
êàê íà âèñöåðàëüíóþ, òàê è íà òåðìè÷åñêóþ
áîëü. Ñèíòåçèðîâàííûé èçîìåð ëàìáåðòèàíî-
âîé êèñëîòû IV íà 36 % óãíåòàåò áîëåâóþ
ðåàêöèþ, âûçâàííóþ õèìè÷åñêèì ðàçäðàæå-

íèåì áðþøèíû, íî íå âëèÿåò íà òåðìè÷åñ-
êóþ ÷óâñòâèòåëüíîñòü æèâîòíûõ. Ìåòèëîâûé
ýôèð ëàìáåðòèàíîâîé êèñëîòû III îáëàäàåò
àíàëüãåòè÷åñêîé àêòèâíîñòüþ â îáîèõ òåñòàõ:
â ÓÊ îí óãíåòàåò áîëåâóþ ðåàêöèþ íà 42 %, à
â ÃÏ íà 57.5 % óâåëè÷èâàåò ëàòåíòíîå âðåìÿ
áîëåâîé ðåàêöèè. Íåîáõîäèìî îòìåòèòü, ÷òî
âñå äàëüíåéøèå õèìè÷åñêèå òðàíñôîðìàöèè
ìåòèëëàìáåðòèàíàòà ïðèâîäÿò ê ïîòåðå
àíàëüãåòè÷åñêîé àêòèâíîñòè ïîëó÷åííûõ ñî-
åäèíåíèé â òåñòå íà òåðìè÷åñêóþ áîëü. ×òî
êàñàåòñÿ âèñöåðàëüíîé áîëè, òî ââåäåíèå
ñòðóêòóðíîãî çàìåñòèòåëÿ â ôóðàíîâîå êîëü-
öî ñîåäèíåíèÿ III ó ÷åòûðåõ ñîåäèíåíèé (V,
VII, IX è XI) ïðàêòè÷åñêè íå èçìåíÿåò àíàëü-
ãåòè÷åñêóþ àêòèâíîñòü â òåñòå ÓÊ, à ó äâóõ
ñîåäèíåíèé (VI è X) ïðèâîäèò ê ïîòåðå àíàëü-
ãåòè÷åñêîé àêòèâíîñòè. È òîëüêî ó àãåíòà VIII,
ñîäåðæàùåãî ñâîáîäíóþ àìèíîãðóïïó â áîêî-
âîé öåïè, íàáëþäàåòñÿ ñóùåñòâåííîå óâåëè-
÷åíèå àêòèâíîñòè (íà 31.3 %) ïî ñðàâíåíèþ ñ
ñàìèì ìåòèëëàìáåðòèàíàòîì.

ÇÀÊËÞ×ÅÍÈÅ

Òàêèì îáðàçîì, íà îñíîâàíèè ïðîâåäåííîãî
ñêðèíèíãà àíàëüãåòè÷åñêîé àêòèâíîñòè ïðåä-
ñòàâëåííûõ ñîåäèíåíèé ìîæíî êîíñòàòèðîâàòü,

ÒÀÁËÈÖÀ 1

Àíàëüãåòè÷åñêàÿ àêòèâíîñòü ôóðàíîëàáäàíîèäîâ

è èõ àìèíîïðîèçâîäíûõ â òåñòàõ “óêñóñíûå êîð÷è”
(ÓÊ) è “ãîðÿ÷àÿ ïëàñòèíà” (ÃÊ)

Àãåíò ÓÊ, ÃÏ, îòíîñèòåëüíîå âðåìÿ

% ÓÁÐ áîëåâîé ðåàêöèè, %

II 16.3   10.2

III 41.9**   57.5*

IV 35.9***   23.6

V 33.4** –22.7

VI   0 –20.9

VII 38.9*      5.0

VIII 73.2**   17.7

IX 35.4* –5.0

X   0 –6.1

XI 43***    29.1

*p < 0.05, **p < 0.01, ***p < 0.001 îòíîñèòåëüíî êîíòðîëÿ.

Ïðèìå÷àíèå. Çíàêè “+” è “–” îçíà÷àþò óâåëè÷å-
íèå è óìåíüøåíèå ëàòåíòíîãî âðåìåíè áîëåâîé ðåàê-
öèè îòíîñèòåëüíî êîíòðîëüíîé ãðóïïû ñîîòâåòñòâåííî.
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÷òî ôóðàíîäèòåðïåíîèäû ëàáäàíîâîãî ðÿäà
ïðåäñòàâëÿþò ñîáîé àíàëüãåòèêè íîâîãî ñòðóê-
òóðíîãî òèïà, ïðîÿâëÿþùèå äîñòàòî÷íî âûñî-
êóþ àêòèâíîñòü â òåñòå íà âèñöåðàëüíóþ áîëü.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå
Ìåæäèñöèïëèíàðíîãî èíòåãðàöèîííîãî ïðîåêòà  ÑÎ
ÐÀÍ ¹ 93 (“Ðàçâèòèå èññëåäîâàíèé â îáëàñòè ìå-
äèöèíñêîé õèìèè è ôàðìàêîëîãèè êàê íàó÷íîé îñ-
íîâû ðàçðàáîòêè îòå÷åñòâåííûõ ëåêàðñòâåííûõ
ïðåïàðàòîâ”).
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