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ÃÅÌÎËÈÒÈ×ÅÑÊÀß ÀÊÒÈÂÍÎÑÒÜ 4-(1H-ÁÅÍÇÈÌÈÄÀÇÎË-1-ÈËÌÅÒÈË)- È
4-(2-ÌÅÒÈË-1H-ÁÅÍÇÈÌÈÄÀÇÎË-1-ÈËÌÅÒÈË)ÔÅÍÎËÎÂ È ÈÕ ÃËÈÊÎÇÈÄÎÂ

Ñàìàðñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò

Ñèíòåçèðîâàíû 4-(1H-áåíçèìèäàçîë-1-èëìåòèë)- è 4-(2-ìåòèë-1H-áåíçèìèäàçîë-1-èëìå-
òèë)ôåíèë-�-D-ãëþêîïèðàíîçèäû ãëèêîçèëèðîâàíèåì ñîîòâåòñòâóþùèõ 4-(1H-áåíçèìè-
äàçîë-1-èëìåòèë)ôåíîëà è 4-(2-ìåòèë-1H-áåíçèìèäàçîë-1-èëìåòèë)ôåíîëà. Èçó÷åíà èõ
ãåìîëèòè÷åñêàÿ àêòèâíîñòü íà öåëüíîé âåíîçíîé äîíîðñêîé êðîâè ÷åëîâåêà â êîíöåíòðà-
öèÿõ 100, 200, 300 ìêã5ìë. Âûÿâëåíî, ÷òî ãëèêîçèäû ïðîÿâëÿþò áîëüøóþ áèîëîãè÷å-
ñêóþ àêòèâíîñòü è áûñòðåå ïîñòóïàþò â ýðèòðîöèòû, ÷åì èñõîäíûå ôåíîëû. Ýòî äåëàåò
âîçìîæíûì ïåðñïåêòèâó ðàçðàáîòêè íà èõ îñíîâå íîâûõ ëåêàðñòâåííûõ ñðåäñòâ.

Ïðîèçâîäíûå áåíçèìèäàçîëà ÿâëÿþòñÿ ñòðóêòóðíû-
ìè êîìïîíåíòàìè ìíîãèõ ëåêàðñòâåííûõ ïðåïàðàòîâ,
â òîì ÷èñëå ïðîòèâîîïóõîëåâûõ è àíòèãðèáêîâûõ [1].
Ðàíåå íàìè áûë ðàçðàáîòàí ìåòîä ñèíòåçà
4-(1Í-àçîë-1-èëìåòèë)ôåíîëîâ [2] è èçó÷åíà èõ ãåíî-
òîêñè÷íîñòü [3].

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ ñèíòåç ôåíèëãëèêî-
çèäîâ — ïðîèçâîäíûõ áåíçèìèäàçîëà è �-D-ãëþêîïè-
ðàíîçû è èçó÷åíèå èõ ãåìîëèòè÷åñêèõ ñâîéñòâ.

Ñèíòåç 4-(1H-áåíçèìèäàçîë-1-èëìåòèë)- è 4-(2-ìå-
òèë-1H-áåíçèìèäàçîë-1-èëìåòèë)ôåíèë-�-D-ãëþêîïè-
ðàíîçèäîâ îñóùåñòâëÿëè ïî ïðèâåäåííîé ñõåìå.

Ýêñïåðèìåíòàëüíàÿ õèìè÷åñêàÿ ÷àñòü

ÈÊ-ñïåêòðû çàïèñàíû íà ñïåêòðîìåòðå Shimadzu
FTIR-8400S (ßïîíèÿ) â òàáëåòêàõ áðîìèäà êàëèÿ.
Ñïåêòðû ßÌÐ 1H ñíÿòû íà ïðèáîðå Brucker ñ ðàáî÷åé
÷àñòîòîé 400 ÌÃö ïî 1H â ÄÌÑÎ-d6, âíóòðåííèé ñòàí-
äàðò — ÃÌÄÑ. ×èñòîòó ïîëó÷åííûõ ñîåäèíåíèé îïðå-
äåëÿëè ìåòîäîì ÒÑÕ íà ïëàñòèíêàõ “Silufol UV-254”.

4-(1H-Áåíçèìèäàçîë-1-èëìåòèë)ôåíîë (IIa),

4-(1H-áåíçèìèäàçîë-1-èëìåòèë)ôåíèë-2,3,4,6-òåòðà-

Î-àöåòèë-b-D-ãëþêîïèðàíîçèä (IIIa) è 4-(1H-áåíçè-

ìèäàçîë-1-èëìåòèë)ôåíèë-b-D-ãëþêîïèðàíîçèä

(IVa) ïîëó÷àëè ïî ìåòîäèêå [2].

4-(2-Ìåòèë-1H-áåíçèìèäàçîë-1-èëìåòèë)ôåíîë

(IIá). Ñìåñü 13,2 ã (0,1 ìîëü) 2-ìåòèë-1H-áåíçèìèäà-
çîëà (Iá) è 12,4 ã (0,1 ìîëü) 4-ãèäðîêñèáåíçèëîâîãî
ñïèðòà íàãðåâàëè ïðè 155 °C ïðè ýíåðãè÷íîì ïåðåìå-
øèâàíèè â òå÷åíèå 20 – 30 ìèí. Ïîñëå îõëàæäåíèÿ
ðàñïëàâà ïðîäóêò òùàòåëüíî ïðîìûâàëè õîëîäíûì
ýòàíîëîì, à çàòåì ïåðåêðèñòàëëèçîâûâàëè èç ñìåñè
ýòàíîë – ÄÌÔÀ. Âûõîä 73 %, ò. ïë. 237 – 238° Ñ.
ÈÊ-ñïåêòð, ñì – 1: 3120 – 2480 (OH), 1610, 1596 (C=C,
C=N), 1516, 1510, 1454, 1410 (C–OH), 1271, 1245
(C–OH), 740. Ñïåêòð ßÌÐ 1Í, ì. ä.: 2,50 c (3H, CH3),
5,33 ñ (2H, CH2), 6,73 ä (2H, H-2), 7,18 ä (2H, H-3, J23

8,4 Ãö), 7,21 ä, 7,23 ä (2H, Hãåòåð.-4,7), 7,55 ää, 7,61 ää
(2H, Hãåòåð.-5,6), 9,48 ñ (1H, OH). C15H14N2O.

4-(2-Ìåòèë-1H-áåíçèìèäàçîë-1-èëìåòèë)ôåíèë-

2,3,4,6-òåòðà-Î-àöåòèë-b-D-ãëþêîïèðàíîçèä (IIIá).
Ñìåøèâàëè 1,95 ã (5 ììîëü) 1,2,3,4,6-ïåíòà-Î-àöå -
òèë-�-D-ãëþêîïèðàíîçû è 1,19 ã (5 ììîëü) IIá ñ 15 ìë
áåçâîäíîãî õëîðèñòîãî ìåòèëåíà. Ïðè ýíåðãè÷íîì ïå-
ðåìåøèâàíèè íà ìàãíèòíîé ìåøàëêå äîáàâëÿëè
1,88 ìë (15 ììîëü) BF3 · Et2O è ïðîäîëæàëè ïåðåìå-
øèâàòü ïðè êîìíàòíîé òåìïåðàòóðå â òå÷åíèå 24 ÷.
Îñàäîê îòôèëüòðîâûâàëè, à ôèëüòðàò ïðîìûâàëè íå-
ñêîëüêî ðàç 5 % âîäíûì ðàñòâîðîì NaHCO3, çàòåì âî-
äîé, ñóøèëè Na2SO4 è óïàðèâàëè â âàêóóìå. Ïîëó÷åí-
íûé ïðîäóêò ïåðåêðèñòàëëèçîâûâàëè èç 95 % ýòàíîëà.
Âûõîä 73 %, ò. ïë. 237 – 238° Ñ. ÈÊ-ñïåêòð, ñì – 1: 1740
(Ñ=O), 1611, 1510 (C=C, C=N), 1454, 1403, 1237, 1072,
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1050, 927, 907, 893, 765. Ñïåêòð ßÌÐ 1Í, ì. ä.: 1,96 c,
1,97 c, 1,99 c, 2,00 c (12H, AcO), 2,51 c (3H, CH3), 4,04
ì (1H, H-5�), 4,15 – 4,23 ì (2H, H-6�), 5,01 – 5,51 ì (3H,
H-2�/4�), 5,05 ä (1H, H-1�, J12 8,1 Ãö), 5,44 ñ (2H, CH2),
6,97 ä (2H, Hàðîì.-2), 7,21 ì (2H, Hãåòåð.-5,6), 7,34 ä (2H,
Hàðîì.-3, J23 8,4 Ãö), 7,51 ä, 7,68 ä (2H, Hãåòåð.-4,7).
C29H32N2O10.

4-(2-Ìåòèë-1H-áåíçèìèäàçîë-1-èëìåòèë)ôåíèë-
b-D-ãëþêîïèðàíîçèä (IVá). Ê 1 ã (1,76 ììîëü) IIIá â
10 ìë ñóõîãî ìåòàíîëà ïðè ïåðåìåøèâàíèè ïðè êîì-
íàòíîé òåìïåðàòóðå ïðèáàâëÿëè 3 ìë 0,1 í. ðàñòâîðà
ìåòèëàòà íàòðèÿ â ìåòàíîëå. Ñìåñü âûäåðæèâàëè 12 ÷,
à çàòåì ïåðåìåøèâàëè ñî ñìîëîé àìáåðëèò IR-120 (H+)
äî íåéòðàëüíîé ðåàêöèè ðàñòâîðà. Ñìîëó îòôèëüòðî-
âûâàëè, ðàñòâîð óïàðèâàëè â âàêóóìå, îñòàòîê ïåðå-
êðèñòàëëèçîâûâàëè èç âîäû. Âûõîä 86 %, ò. ïë.
222 – 223° Ñ. ÈÊ-ñïåêòð, ñì – 1: 3340 (OH), 1608, 1594
(C=C, C=N), 1512, 1454, 1417, 1271, 1245, 899, 763.
Ñïåêòð ßÌÐ 1Í, ì. ä.: 2,52 c (3H, CH3), 3,19 – 3,58 ì
(6H, H-2�56�), 4,82 ä (1H, H-1�� J12 7,3 Ãö), 5,34 ñ (2H,
CH2), 6,76 ä (2H, Hàðîì.-2), 7,18 ä (2H, Hàðîì.-3, J23

8,4 Ãö), 7,23 ä, 7,26 ä (2H, Hãåòåð.-4,7), 7,57 ää, 7,64 ää
(2H, Hãåòåð.-5,6). C21H24N2O6.

Ýêñïåðèìåíòàëüíàÿ áèîëîãè÷åñêàÿ ÷àñòü

Öåëüíóþ âåíîçíóþ äîíîðñêóþ êðîâü ÷åëîâåêà èí-
êóáèðîâàëè â ïðîáèðêàõ, ñîäåðæàùèõ ïî 5 ìë 0,154 Ì
ðàñòâîðà NaCl, ñ äîáàâëåíèåì 10, 20 è 40 ìêë ðàñòâî-
ðîâ II – IV (à-á) â ÄÌÑÎ, ÷òî ñîñòàâèëî êîíå÷íóþ êîí-
öåíòðàöèþ 100, 200 è 300 ìêã5ìë ñîîòâåòñòâåííî, ïðè
37 °Ñ â òå÷åíèå 5 ìèí. Â êîíòðîëüíûå ïðîáû äîáàâëÿ-
ëè ðàñòâîðèòåëü â òîì æå îáúåìå è îáðàáàòûâàëè òàê
æå, êàê îïûòíûå. Ïîñëå îêîí÷àíèÿ èíêóáàöèè ïðîáû
öåíòðèôóãèðîâàëè â ðåæèìå 600 g 10 ìèí. Îïòè÷å-
ñêóþ ïëîòíîñòü èçìåðÿëè íà ÊÔÊ-3, äëèíà âîëíû
540 íì (îáùèé ìàêñèìóì äëÿ ãåìîãëîáèíà). Ñòåïåíü
ãåìîëèçà âûðàæàëè â ïðîöåíòàõ ïî îòíîøåíèþ ê ïîë-
íîìó ãåìîëèçó, êîòîðûé âûçûâàëè äîáàâëåíèåì 0,1 ìë
20 % òðèòîíà Õ-100. Ðåçóëüòàòû èññëåäîâàíèé ïðèâå-
äåíû â òàáëèöå.

Èçó÷åíèå ãåìîëèòè÷åñêîé àêòèâíîñòè IIa è IIá ïî-
êàçàëî, ÷òî êîíöåíòðàöèè 100, 200, 300 ìêã5ìë íå ïðè-
âîäÿò ê óâåëè÷åíèþ ïðîöåíòà ãåìîëèçèðîâàííûõ êëå-
òîê ïî îòíîøåíèþ ê äåéñòâèþ ðàñòâîðèòåëÿ. Êðîìå
òîãî, ñîåäèíåíèå IIa â êîíöåíòðàöèè 300 ìêã5ìë ñíè-
æàåò ïðîöåíò ãåìîëèçèðîâàííûõ êëåòîê íà 18,5 %, ÷òî

ïîçâîëÿåò ïðåäïîëîæèòü íàëè÷èå ìåìáðàíîñòàáèëè-
çèðóþùåãî ýôôåêòà.

Ó ñîåäèíåíèÿ IIá ïîäîáíûé ýôôåêò îáíàðóæèâàåòñÿ
óæå ïðè áîëåå íèçêèõ êîíöåíòðàöèÿõ.

Ãëèêîçèäû îáîèõ ñîåäèíåíèé IVa è IVá â êîíöåíò-
ðàöèÿõ 100 ìêã5ìë òàêæå íå óâåëè÷èâàþò ïðîöåíò ïî-
ãèáøèõ. Îäíàêî ñîåäèíåíèå IVa â êîíöåíòðàöèè
200 ìêã5ìë âûçûâàåò óñèëåíèå ìåõàíè÷åñêîãî ãåìî-
ëèçà è ïðîöåíò ïîãèáøèõ êëåòîê ñòàíîâèòñÿ âûøå,
÷åì â êîíòðîëå, íà 33,6 %. Ñîåäèíåíèå IVá äîçîçàâè-
ñèìî ïîâûøàåò ïðîöåíò ïîãèáøèõ êëåòîê ïî îòíîøå-
íèþ ê êîíòðîëþ.
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HEMOLYTIC ACTIVITY OF 4-(1H-BENZIMIDAZOL-1-YL-METHYL)-
AND 4-(2-METHYL-1H-BENZIMIDAZOL-1-YL-METHYL)PHENOLS
AND THEIR GLYCOSIDES

Z. P. Belousova, V. A. Osyanin, and N. A. Klenova

Samara State University, Samara, Russia

4-(1H-Benzimidazol-1yl-methyl)- and 4-(2-methyl-1H-benzimidazol-1-yl-methyl)phenyl-�-D-glucopyranosides have been synthesized by glycosylation of
the corresponding phenols. The hemolitic activity synthesized compounds was studied on whole venous human donor blood in concentrations of 100, 200,
300 �g5ml. It is established that glycosides exhibit high biological activity and enter erythrocytes faster than do the initial phenols, which implies good pro-
spect for the development of new drugs.
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Äåéñòâèå 4-(1H-áåíçèìèäàçîë-1-èëìåòèë)- è 4-(2-ìåòèë-1H-áåíç-

èìèäàçîë-1-èëìåòèë)ôåíèë-�-D-ãëþêîïèðàíîçèäîâ (II – IVà – á)
íà öåëüíóþ äîíîðñêóþ êðîâü

Ñîåäèíå-
íèå

Êîíöåíò-
ðàöèÿ,
ìêã5ìë

×èñëî
ïîâòîðîâ

Ïðîöåíò
ãåìîëèçèðîâàííûõ

êëåòîê
Êîíòðîëü

IIà 100 7 39,02 � 1,97 39,29 � 2,84
200 7 42,95 � 2,93 47,3 � 6,27
300 7 50,12 � 3,171,2,3 61,50 � 4,97

IVà 100 7 39,73 � 1,75 39,29 � 2,84
200 7 63,17 � 2,351,2,3 47,3 � 6,27
300 7 64,53 � 2,353 61,50 � 4,97

IIá 100 14 16,95 � 1,731,4 22,49 � 2,11
200 16 15,70 � 2,261,4 25,06 � 2,71
300 15 20,36 � 1,384 23,03 � 23,03

IVá 100 14 24,04 � 2,52 22,49 � 2,11
200 16 36,27 � 3,531,5 25,06 � 2,71
300 15 43,70 � 4,851,5 23,03 � 23,03

1 P < 0,05 — ïî îòíîøåíèþ ê êîíòðîëüíîé ïðîáå; 2 P < 0,05 — ìåæäó
IIà è IVà; 3 P < 0,05 — ïî îòíîøåíèþ ê êîíöåíòðàöèè 100 ìêã5ìë;
4 P < 0,01 — ìåæäó IIá è IVá; 5 P < 0,01 — ïî îòíîøåíèþ ê êîíöåíòðà-
öèè 100 ìêã5ìë.


