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Ñ öåëüþ ïîèñêà àíòàãîíèñòîâ 5-ÍÒ
6

ðåöåïòîðîâ îñóùåñòâëåí âûñîêîïðîèçâîäèòåëüíûé

ñêðèíèíã ñôîêóñèðîâàííîé âûáîðêè, âêëþ÷àþùåé 78 êîìáèíàòîðíûõ áèáëèîòåê ãåòåðî-

öèêëè÷åñêèõ ñîåäèíåíèé, ñîäåðæàùèõ àëêèëñóëüôîíèëüíûé ôðàãìåíò (âñåãî 2827 âå-

ùåñòâ). Â ðåçóëüòàòå ñêðèíèíãà îáíàðóæåí ðÿä ñîåäèíåíèé, ïðîÿâëÿþùèõ âûðàæåííûå

èíãèáèðóþùèå ñâîéñòâà ïî îòíîøåíèþ ê 5-ÍÒ
6

ðåöåïòîðàì, ÷òî ïîçâîëÿåò èñïîëüçîâàòü

äàííûå ñòðóêòóðû äëÿ ðàçðàáîòêè íîâûõ âûñîêîýôôåêòèâíûõ ëåêàðñòâåííûõ ñðåäñòâ

äëÿ ëå÷åíèÿ íàðóøåíèé öåíòðàëüíîé íåðâíîé ñèñòåìû. Ñòðóêòóðà áîëüøèíñòâà îáíàðó-

æåííûõ àíòàãîíèñòîâ ñîîòâåòñòâóåò ôàðìàêîôîðíîé ìîäåëè PhM2, ÷òî ïîäòâåðæäàåò åå

ïåðñïåêòèâíîñòü ïðè ïîèñêå âûñîêîýôôåêòèâíûõ àíòàãîíèñòîâ 5-ÍÒ
6

ðåöåïòîðîâ. Óñòà-

íîâëåíî, ÷òî íà ôàðìàêîëîãè÷åñêóþ àêòèâíîñòü ñîåäèíåíèé îêàçûâàåò âëèÿíèå ñòðóêòó-

ðà çàìåñòèòåëÿ, íàõîäÿùåãîñÿ â âèöèíàëüíîì ïîëîæåíèè ê ñóëüôîíèëüíîé ãðóïïå. Â ÷à-

ñòíîñòè, îáúåìíûå ýëåêòðîíîäîíîðíûå çàìåñòèòåëè ñíèæàþò àêòèâíîñòü, â òî âðåìÿ êàê

ìåòèëàìèíîãðóïïà äîñòîâåðíî ïîâûøàåò 5-ÍÒ
6

àíòàãîíèñòè÷åñêóþ àêòèâíîñòü. Íà îñ-

íîâàíèè ïîëó÷åííûõ ðåçóëüòàòîâ ïðåäëîæåíà íîâàÿ ôàðìàêîôîðíàÿ ìîäåëü äëÿ 5-ÍÒ
6

àíòàãîíèñòîâ PhM3. Ïîêàçàíà áåñïåðñïåêòèâíîñòü ïîèñêà àíòàãîíèñòîâ 5-ÍÒ
6

ðåöåïòî-

ðîâ ñðåäè ñëåäóþùèõ êëàññîâ ñîåäèíåíèé: ñîåäèíåíèÿ, ó êîòîðûõ ñóëüôîíèëüíûé ôðàã-

ìåíò îòäåëåí îò ãåòåðîöèêëè÷åñêîãî è/èëè àðîìàòè÷åñêîãî ôðàãìåíòîâ îäíîé èëè íå-

ñêîëüêèìè ìåòèëåíîâûìè ãðóïïàìè; ãåòåðîöèêëè÷åñêèå ñîåäèíåíèÿ, ñîäåðæàùèå àë-

êèëñóëüôîíèëüíûé ôðàãìåíò èëè ýíäîöèêëè÷åñêóþ ñóëüôîíèëüíóþ ãðóïïó; (5-àðèë-

ñóëüôîíèë-3H-[1,2,3]òðèàçîë-4-èë)àìèíû, è àçîëû, çàìåùåííûå îäíîâðåìåíííî àðèë-

ñóëüôîíèëüíîé è àëêèëñóëüôîíèëüíîé ãðóïïàìè.

Êëþ÷åâûå ñëîâà: âûñîêîïðîèçâîäèòåëüíûé ñêðèíèíã, ãåòåðîöèêëè÷åñêèå ñîåäèíåíèÿ,

ñóëüôîíèëüíàÿ ãðóïïà, ñåðîòîíèíîâûå ðåöåïòîðû, àíòàãîíèñòû, ôàðìàêîôîðíàÿ ìîäåëü

5-ÍÒ
6

ëèãàíäîâ, öÀÌÔ, êëåòî÷íûé òåñò.

Ñåðîòîíèí (5-ãèäðîêñèòðèïòàìèí — 5-HT) — îäèí

èç âàæíåéøèõ íåéðîìåäèàòîðîâ, êîíòðîëèðóþùèé, â

÷àñòíîñòè, êîãíèòèâíûå ôóíêöèè. Íà ñåãîäíÿøíèé

äåíü èçâåñòíî 14 ïîäòèïîâ ñåðîòîíèíîâûõ ðåöåïòî-

ðîâ, îáúåäèíåííûõ â 7 òèïîâ (5-HT
1

– 5-HT
7

) [1]. Âñå

îíè, çà èñêëþ÷åíèåì 5-ÍÒ
3

ðåöåïòîðîâ, îòíîñÿòñÿ ê

ìåòàáîòðîïíûì ðåöåïòîðàì [2]. Â ÷àñòíîñòè, 5-ÍÒ
6

ðåöåïòîð ñâÿçàí ñ G
s

-áåëêîì è àêòèâèðóåò àäåíèëàò-

öèêëàçó [3]. 5-ÍÒ
6

ðåöåïòîðû ïî÷òè èñêëþ÷èòåëüíî

ëîêàëèçîâàíû â öåíòðàëüíîé íåðâíîé ñèñòåìå (ÖÍÑ),

ïðè÷åì íàèáîëåå âûñîêàÿ èõ êîíöåíòðàöèÿ íàáëþäà-

åòñÿ â îáëàñòÿõ, èãðàþùèõ ñóùåñòâåííóþ ðîëü â êîã-

íèòèâíûõ ïðîöåññàõ [4, 5]. Àâòîðàäèîãðàôèÿ, ïðîâå-

äåííàÿ íà ïðåïàðàòàõ ìîçãà êðûñ, ïîêàçàëà âûñîêèé

óðîâåíü ñïåöèôè÷åñêîãî ñâÿçûâàíèÿ ìå÷åíûõ ëèãàí-

äîâ 5-ÍÒ
6

ðåöåïòîðîâ âíóòðè ïîëîñàòîãî òåëà, ïðèëå-

æàùåãî ÿäðà, îñòðîâêàõ Êàëåõà è îëüôàêòîðíîãî áó-

ãîðêà [6]. Ýòè ðåçóëüòàòû, â öåëîì, ñîãëàñóþòñÿ ñ âû-

âîäàìè èììóíîëîãè÷åñêèõ èññëåäîâàíèé [7].

Óñòàíîâëåíî, ÷òî 5-ÍÒ
6

ðåöåïòîðû âëèÿþò íà íå-

ñêîëüêî íåéðîìåäèàòîðíûõ ïóòåé, âêëþ÷àÿ õîëèíåðãè-

÷åñêèå, íîðàäðåíåðãè÷åñêèå, ãëóòàìàòåðãè÷åñêèå è

äîôàìèíåðãè÷åñêèå ñèñòåìû [8]. Ýòî, à òàêæå íèçêàÿ

âåðîÿòíîñòü âåãåòàòèâíûõ ïîáî÷íûõ ýôôåêòîâ, ïîçâî-

ëÿåò ðàññìàòðèâàòü äàííûé òèï ðåöåïòîðîâ êàê îñî-

áåííî ïðèâëåêàòåëüíóþ ìèøåíü äëÿ ðàçðàáîòêè

íîâûõ ëåêàðñòâåííûõ ñðåäñòâ äëÿ ëå÷åíèÿ ðàçëè÷íûõ

çàáîëåâàíèé ÖÍÑ [9 – 11]. Òàêîé âûâîä ïîäòâåðæäàåò-

ñÿ è ñóùåñòâåííûì óâåëè÷åíèåì çà ïîñëåäíèå ãîäû êî-

ëè÷åñòâà îïóáëèêîâàííûõ ñòàòåé è ïàòåíòîâ, ïîñâÿ-

ùåííûõ ëèãàíäàì 5-ÍÒ
6

ðåöåïòîðîâ, ÷òî îòðàæàåò ïî-

âûøåííûé èíòåðåñ ê îáñóæäàåìîìó íàïðàâëåíèþ [12].

Ïåðâûå 5-ÍÒ
6

àíòàãîíèñòû (RO-04-6790, K
i

=

26 íÌ è SB-271046, K
i

= 1,3 íÌ) áûëè ðàçðàáîòàíû

êîìïàíèÿìè Roche è GlaxoSmithKline â êîíöå 90-õ ãî-

äîâ â ðåçóëüòàòå ðåàëèçàöèè ïðîãðàìì âûñîêîïðîèçâî-

äèòåëüíîãî ñêðèíèíãà [13, 14]. Ïîñëåäóþùèå èññëå-

äîâàíèÿ ïðèâåëè ê ñîçäàíèþ áîëåå ýôôåêòèâíûõ

5-ÍÒ
6

àíòàãîíèñòîâ, õàðàêòåðèçóþùèõñÿ óëó÷øåííîé

ñïîñîáíîñòüþ ïðîíèêàòü ÷åðåç ãåìàòîýíöåôàëè÷å-

ñêèé áàðüåð, âêëþ÷àÿ RO-65-7674 [15], SB-742457 [6]

è PRX-07034 [16]. Ñëåäóåò îòìåòèòü, ÷òî PRX-07034 è

SB-742457 äîøëè äî êëèíè÷åñêèõ èñïûòàíèé â êà÷å-

ñòâå ïðåïàðàòîâ äëÿ ëå÷åíèÿ îæèðåíèÿ è áîëåçíè

Àëüöãåéìåðà ñîîòâåòñòâåííî [17, 18], îäíàêî áûëè îò-

êëîíåíû ïîñëå ôàçû I [19] èëè íå ïîêàçàëè îæèäàåìîé

ýôôåêòèâíîñòè ïîñëå ôàçû II [20].

Áîëüøèíñòâî îïèñàííûõ â ëèòåðàòóðå ê íàñòîÿùå-

ìó ìîìåíòó àíòàãîíèñòîâ 5-ÍÒ
6

ðåöåïòîðîâ ÿâëÿþòñÿ

àðîìàòè÷åñêèìè èëè ãåòåðîöèêëè÷åñêèìè ñîåäèíå-
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íèÿìè, ñîäåðæàùèìè èíäîëüíûé è ñóëüôîíèëüíûé

ôðàãìåíòû [10, 21 – 24]. Íà îñíîâàíèè àíàëèçà èõ

ñòðóêòóðû ðàçðàáîòàíû ôàðìàêîôîðíûå ìîäåëè

(PhM), ýòàïû ðàçðàáîòêè êîòîðûõ ïîäðîáíî ðàññìîò-

ðåíû â îáçîðå [25]. Ñîãëàñíî ïðåäëîæåííîé â [25, 26]

2D ãèïîòåòè÷åñêîé PhM äëÿ àíòàãîíèñòîâ 5-ÍÒ
6

ðå-

öåïòîðîâ (ðèñ. 1), ìîëåêóëà èíãèáèòîðà äîëæíà ñîäåð-

æàòü 4 ñòðóêòóðíûõ ôðàãìåíòà: 2 ãèäðîôîáíûå îáëàñ-

òè; äâîéíîé àêöåïòîð ïðîòîíîâ (îáû÷íî ñóëüôîíàìèä-

íûé îñòàòîê), ðàñïîëîæåííûé ìåæäó ýòèìè ãèäðîôîá-

íûìè îáëàñòÿìè è ýëåêòðîíîäîíîðíóþ ãðóïïó (îáû÷-

íî àìèíîãðóïïó, ñïîñîáíóþ ïðîòîíèðîâàòüñÿ ïðè

ôèçèîëîãè÷åñêèõ çíà÷åíèÿõ ðÍ).

Àíàëîãè÷íàÿ ìîäåëü áûëà ðàçðàáîòàíà â [27]; êðî-

ìå òîãî, áûëè îïðåäåëåíû âîçìîæíûå àìèíîêèñëîòû

àêòèâíîãî öåíòðà 5-HT
6

ðåöåïòîðà, ôîðìèðóþùèå

ñâÿçè ñ ýòèìè ôðàãìåíòàìè (ðèñ. 2.)

Ïîñêîëüêó ñðåäè èçâåñòíûõ 5-ÍÒ
6

ëèãàíäîâ [25] ñ

íàíîìîëÿðíîé àêòèâíîñòüþ èìåþòñÿ çàìåùåííûå

áèñ-ôåíèëñóëüôîíû, íàïðèìåð, SB-214111, ó êîòîðîãî

è HYD è Ar ïðåäñòàâëåíû àðèëüíûìè ãðóïïàìè èëè

áèñ-ãåòàðèëñóëüôîíû, íàïðèìåð, WAY-181187, ó êîòî-

ðîãî è HYD, è Ar ïðåäñòàâëåíû ãåòàðèëüíûìè îñòàò-

êàìè, íàì ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì îáúåäè-

íèòü îáå ïðåäëîæåííûå PhM 5-ÍÒ
6

ëèãàíäîâ [26, 27] â

íåñêîëüêî ìîäèôèöèðîâàííîì âèäå PhM1 (ðèñ. 3).

Íà ïðèìåðå çàìåùåííûõ 2-ìåòèëòèî-3-ôåíèëñóëü-

ôîíèë-7,8-äèãèäðî-6H-öèêëîïåíòà[e]ïèðàçîëî[1,5-a]-

ïèðèìèäèíîâ íàìè óñòàíîâëåíî, ÷òî äëÿ ïðîÿâëåíèÿ

àíòàãîíèñòè÷åñêîé àêòèâíîñòè ïî îòíîøåíèþ ê 5-ÍÒ
6

ðåöåïòîðàì íå îáÿçàòåëüíî íàëè÷èå PI ôðàãìåíòà â

ñòðóêòóðå èíãèáèòîðà [28]. Ýòî ïîçâîëèëî íàì ïðåäëî-

æèòü ìîäèôèöèðîâàííóþ ãèïîòåòè÷åñêóþ ìîäåëü

PhM2 (ðèñ. 3) [28, 29]. Ñëåäóåò îòìåòèòü, ÷òî â ïîäàâ-

ëÿþùåì ÷èñëå ðàáîò, ïîñâÿùåííûõ èçó÷åíèþ âçàèìî-

ñâÿçè ñòðóêòóðà — àíòàãîíèñòè÷åñêàÿ àêòèâíîñòü ïî

îòíîøåíèþ ê 5-ÍÒ
6

ðåöåïòîðàì, ðàññìàòðèâàëèñü ñî-

åäèíåíèÿ, ó êîòîðûõ ôðàãìåíò ÍÂÀ íåïîñðåäñòâåííî

ñâÿçàí è íàõîäèòñÿ ìåæäó ôðàãìåíòàìè HYD
1

è HYD
2

.

Â íàñòîÿùåé ðàáîòå ìû ïðåäñòàâëÿåì ðåçóëüòàòû

èçó÷åíèÿ 5-ÍÒ
6

àíòàãîíèñòè÷åñêîé àêòèâíîñòè ñîåäè-

íåíèé, ïîëó÷åííûõ ïóòåì êîìáèíàòîðíîãî ñèíòåçà è

ñîäåðæàùèõ ñóëüôîíèëüíóþ ãðóïïó â ðàçëè÷íûõ ïî-

ëîæåíèÿõ. Ñòðóêòóðà âñåõ èçó÷åííûõ ñîåäèíåíèé íå

ñîîòâåòñòâóåò PhM1. Äàííîå èññëåäîâàíèå ïðîâîäè-

ëîñü â ðàìêàõ ïîèñêà íîâûõ ôàðìàêîëîãè÷åñêè çíà÷è-

ìûõ âåùåñòâ öåíòðàëüíîãî äåéñòâèÿ.

Ñîåäèíåíèÿ áûëè îòîáðàíû èç êîììåð÷åñêè äîñ-

òóïíîé êîëëåêöèè ChemDiv, Inc. (áîëåå 1 200 000 âå-

ùåñòâ) [30]. Ïîèñê ïî ñòðóêòóðíûì ãðóïïàì ïîêàçàë

íàëè÷èå 78 êîìáèíàòîðíûõ áèáëèîòåê (ÊÁ), ñîäåðæà-

ùèõ ñóëüôîãðóïïó è ðàçíîîáðàçíûå ãåòåðîöèêëè÷å-

ñêèå è àðèëüíûå îñòàòêè. Íàëè÷èå â êàæäîé ÊÁ ñåðèé

àíàëîãîâ ïîçâîëèëî âûÿâèòü çàêîíîìåðíîñòè âçàèìî-

ñâÿçè ñòðóêòóðà — àíòàãîíèñòè÷åñêàÿ àêòèâíîñòü ïî

îòíîøåíèþ ê 5-ÍÒ
6

ðåöåïòîðàì. Èç êàæäîé ÊÁ áûëè

îòîáðàíû ìàêñèìàëüíî ðàçëè÷àþùèåñÿ ïî ñâîèì ôè-
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Ðèñ. 1. Ãèïîòåòè÷åñêàÿ ìîäåëü PhM äëÿ àíòàãîíèñòîâ ïî îòíî-

øåíèþ ê 5-ÍÒ

6

ðåöåïòîðàì [26]. Ôðàãìåíòû I è IV ïðåäñòàâëÿ-

þò ñîáîé ãèäðîôîáíûå îáëàñòè, ôðàãìåíò II ïðåäñòàâëÿåò ñî-

áîé äâîéíîé àêöåïòîð ïðîòîíîâ, è ôðàãìåíò III ïðåäñòàâëÿåò

ñîáîé äîíîð ïðîòîíîâ (Y = C èëè N, Z = N èëè Ñ).
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Ðèñ. 2. Ñõåìàòè÷åñêàÿ ìîäåëü PhM äëÿ àíòàãîíèñòîâ ïî îòíî-

øåíèþ ê 5-ÍÒ

6

ðåöåïòîðàì [27]. Àìèíîêèñëîòû àêòèâíîãî öåí-

òðà 5-HT

6

ðåöåïòîðà, ôîðìèðóþùèå õèìè÷åñêèå ñâÿçè ñ ó÷àñò-

êàìè ìîëåêóëû àíòàãîíèñòà: HYD (ãèäðîôîáíûé ôðàãìåíò),

HBA (àêöåïòîð âîäîðîäíûõ ñâÿçåé), Ar (âòîðîé ãèäðîôîáíûé

ôðàãìåíò, ïðåäñòàâëåííûé àðîìàòè÷åñêèì êîëüöîì), è PI (ïî-

ëîæèòåëüíî-èîíèçèðîâàííûé àòîì).



çèêî-õèìè÷åñêèì è ñòðóêòóðíûì õàðàêòåðèñòèêàì

ïðåäñòàâèòåëè, è áûëà ñôîðìèðîâàíà ñôîêóñèðîâàí-

íàÿ âûáîðêà (ÑÂ), ñîñòîÿùàÿ èç 2827 âåùåñòâ ñ êîýô-

ôèöèåíòîì ðàçíîîáðàçèÿ 0,90924, êîòîðûé ðàññ÷èòàí

ñ èñïîëüçîâàíèåì ïðîãðàììû ChemoSoft [31].

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïåðâàÿ ÷àñòü èññëåäîâàííîé ÑÂ âêëþ÷àëà 9 ÊÁ —

âñåãî 155 âåùåñòâ îáùåé ôîðìóëû I, ñîäåðæàùèõ

ñóëüôîíèëüíûå ôðàãìåíòû, íàõîäÿùèåñÿ íà ðàçëè÷-

íûõ ðàññòîÿíèÿõ îò ãåòåðîöèêëè÷åñêîãî ÿäðà.

Óñòàíîâëåíî, ÷òî íåçàâèñèìî îò çíà÷åíèé n è m, ñî-

åäèíåíèÿ I ìàëîïåðñïåêòèâíû äëÿ ïîèñêà 5-ÍÒ
6

àíòà-

ãîíèñòîâ, òàê êàê èç 155 ïðîòåñòèðîâàííûõ âåùåñòâ

ëèøü 2 âåùåñòâà (Ià è Iá, n = m = 0) (òàáë. 1) ïðîÿâèëè

ñëàáóþ àíòàãîíèñòè÷åñêóþ àêòèâíîñòü (çäåñü è äàëåå

ñëàáàÿ àêòèâíîñòü ñîîòâåòñòâóåò IC
50

> 10 
Ì), (÷àñ-

òîòà ïîÿâëåíèÿ àêòèâíûõ èíãèáèòîðîâ ðàâíà 1,3 %).

I: n = 0, 1, 2; m = 0, 1, 2; X = CH
2
, S; R

1

= àëêèë, çàìåùåííûé àëêèë, áåí-

çèë, çàìåùåííûé áåíçèë, öèêëîàëêèë, àðèë, ãåòàðèë; Het = àðèë, ãåòàðèë.

Âòîðóþ ÷àñòü ÑÂ ñîñòàâèëè 18 ÊÁ, âêëþ÷àþùèõ

1084 ãåòåðîöèêëè÷åñêèõ ñîåäèíåíèÿ îáùåé ôîðìóëû

II (òàáë. 1), ñîäåðæàùèõ ýíäîöèêëè÷åñêóþ ñóëüôî-

íèëüíóþ ãðóïïó, â òîì ÷èñëå ñîåäèíåíèÿ, âêëþ÷àþ-

ùèå ãèäðèðîâàííûå òèîôåí-1,1-äèîêñèäíûå, 2Í-[1,4]-

òèàçèí-1,1-äèîêñèäíûå è [1,4]òèàçåïèí-1,1-äèîêñèä-

íûå öèêëû.
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Àíòàãîíèñòè÷åñêàÿ àêòèâíîñòü ñîåäèíåíèé I – III ïî îòíîøåíèþ ê 5-ÍÒ
6

ðåöåïòîðàì

Ñîåäèíåíèå Ñòðóêòóðíàÿ ôîðìóëà IC
50

, 
M

SB-742457* 0,002

PRX-07034* 0,23

Ià 16,7

Iá 18,1

IIà R=H 24,3

IIá R=2-Me 13,1

IIâ R=3-Me 10,6

IIã R=4-Me 18,9

IIä R=2-F 7,3

IIå R=2-Cl 3,7

IIæ R=2-Cl 12,2

IIIà R=H 21,0

IIIá R=3,5-äè-Me 10,0

IIIâ R=2-EtO-5-i-Pr 1,92

IIIã R=2,5-äè-EtO 19,4

IIIä R=2,4,5-òðè-Me 8,27

IIIå R=2,4,6-òðè-Me 15,3

IIIæ R=2,5-äè-Me-4-Cl 14,2

IIIç R=3,4,6-òðè-Me 15,6

IIIè R = 3,4-O(CH
2
)
2
O 18,5

* Çäåñü è äàëåå — ïðåïàðàòû ñðàâíåíèÿ.
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Ðèñ. 3. Óïðîùåííàÿ ôàðìàêîôîðíàÿ ìîäåëü PhM1 (â ìîäèôè-

öèðîâàíîì âèäå) è ãèïîòåòè÷åñêàÿ ôàðìàêîôîðíàÿ ìîäåëü

PhM2 äëÿ àíòàãîíèñòîâ ïî îòíîøåíèþ ê 5-ÍÒ

6

ðåöåïòîðàì.

HYD

1

è HYD

2

ïðåäñòàâëÿþò ñîáîé àðîìàòè÷åñêèå èëè ãåòåðî-

öèêëè÷åñêèå ãèäðîôîáíûå ôðàãìåíòû. HBA — àêöåïòîð âîäî-

ðîäíîé ñâÿçè, ïðåäñòàâëåííûé ëèáî ñóëüôîíàìèäíîé, ëèáî ñóëü-

ôîíèëüíîé ãðóïïîé. PI — ïîëîæèòåëüíî-èîíèçèðóåìûé àòîì,

ïðåäñòàâëåííûé â îñíîâíîì àìèíîãðóïïîé, ïðîòîíèðóåìîé

ïðè ôèçèîëîãè÷åñêèõ çíà÷åíèÿõ ðÍ.
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Óñòàíîâëåíî, ÷òî ýòîò ðÿä ñîåäèíåíèé áåñïåðñïåê-

òèâåí â êà÷åñòâå 5-ÍÒ
6

àíòàãîíèñòîâ, òàê êàê èç 1084

èçó÷åííûõ ñîåäèíåíèé II ëèøü 7 ñîåäèíåíèé (IIà – æ,

òàáë. 1) ïðîÿâèëè ìèêðîìîëÿðíóþ àíòàãîíèñòè÷åñêóþ

àêòèâíîñòü ïî îòíîøåíèþ ê 5-ÍÒ
6

ðåöåïòîðàì (÷àñòî-

òà ïîÿâëåíèÿ àêòèâíûõ èíãèáèòîðîâ — 0,6 %). Àêòèâ-

íîñòü ìåòèëçàìåùåííûõ ñîåäèíåíèé IIá – ã îêàçàëàñü

íåçíà÷èòåëüíîé è ïðàêòè÷åñêè íå çàâèñÿùåé îò ïîëî-

æåíèÿ ìåòèëüíîé ãðóïïû. Íàèáîëüøóþ æå ýôôåêòèâ-

íîñòü ïðîÿâèëè ñîåäèíåíèÿ IIä (IÑ
50

= 7,30 
M) è IIå

(IÑ
50

= 3,70 
M), à íàèìåíüøóþ — ñîåäèíåíèå IIà

(IÑ
50

= 24,30 
M). Ñëåäóåò îòìåòèòü, ÷òî àêòèâíîñòü

ñîåäèíåíèé IIà – æ îáóñëîâëåíà ñêîðåå íå íàëè÷èåì

òåòðàãèäðîòèîôåí-1,1-äèîêñèäíîãî ôðàãìåíòà, à ïðè-

ñóòñòâèåì 4-ôåíèëìåòèëñóëüôîíèë-1,5,6,7-òåòðàãèä-

ðîöèêëîïåíòàïèðèìèäèí-2-îíîâîãî îñòàòêà è, ñëåäî-

âàòåëüíî, ñîåäèíåíèÿ IIà – æ ìîæíî ðàññìàòðèâàòü êàê

ïðèíàäëåæàùèå ê ãðóïïå âåùåñòâ îáùåé ôîðìóëû I, ó

êîòîðûõ n = m = 0.

Òðåòüþ ÷àñòü ÑÂ ñîñòàâëÿþò 33 ÊÁ, ñîäåðæàùèõ

838 àëêèëñóëüôîíèëãåòåðîöèêëè÷åñêèõ ñîåäèíåíèé

îáùåé ôîðìóëû III.

III: R

1

= àëêèë, çàìåùåííûé àëêèë, áåíçèë, çàìåùåííûé áåíçèë;

Het = ãåòàðèë.

Ýòà ÷àñòü ÑÂ, êàê è ïðåäûäóùèå, íå ñîäåðæèò ïåð-

ñïåêòèâíûõ èíãèáèòîðîâ. Ñëàáóþ 5-ÍÒ
6

àíòàãîíèñòè-

÷åñêóþ àêòèâíîñòü ïðîÿâèëè ëèøü N-[3-(6-ìåòèëñóëü-

ôîíèëïèðèäàçèí-3-èë)ôåíèë]àðèëñóëüôîíàìèäû

IIIà – è (÷àñòîòà âñòðå÷àåìîñòè àêòèâíûõ èíãèáèòîðîâ –

1,1 %). Îäíàêî íàáëþäàåìàÿ àêòèâíîñòü ýòîãî ðÿäà ñî-

åäèíåíèé îáúÿñíÿåòñÿ íå ñòîëüêî íàëè÷èåì 3-(6-ìå-

òèëñóëüôîíèëïèðèäàçèí-3-èë)ôåíèëüíîãî ôðàãìåíòà,

ñêîëüêî N-(ïèðèäàçèí-3-èëôåíèë)àðèëñóëüôîíàìèä-

íûì îñòàòêîì, ÷òî ñîîòâåòñòâóåò ðàññìîòðåííîé âûøå

ôàðìàêîôîðíîé ìîäåëè (PhM2) äëÿ 5-ÍÒ
6

àíòàãîíè-

ñòîâ. Â îáñóæäàåìîì ðÿäó ñîåäèíåíèé IIIà – è íàè-

áîëüøóþ àêòèâíîñòü ïðîäåìîíñòðèðîâàëè èíãèáèòî-

ðû IIIâ (IC
50

= 1,92 
M) è IIIä (IC
50

= 8,27 
M).

Â ÷åòâåðòîé ÷àñòè ÑÂ, ñîñòîÿùåé èç 5 ÊÁ (V – IX) è

âêëþ÷àþùåé 162 àðèëñóëüôîíèëàçîëà îáùåé ôîðìó-

ëû IV, ýôôåêòèâíûìè àíòàãîíèñòàìè îêàçàëèñü 36 ñî-

åäèíåíèé (ñðåäíÿÿ ÷àñòîòà âñòðå÷àåìîñòè àêòèâíûõ

ñîåäèíåíèé — 22,2 %).

IV: Ar = çàìåùåííûé ôåíèë, Azolyl = çàìåùåííûå ïèðàçîë-4-èë, îêñà-

çîë-4-èë, 1,2,3-òðèàçîë-4-èë, òèàçîë-4-èë.

Ñðåäè 13 ñîåäèíåíèé (5-àðèëñóëüôîíèë-3H-

[1,2,3]òðèàçîë-4-èë)àìèíîâ (V), àêòèâíûõ ñîåäèíåíèé

îáíàðóæåíî íå áûëî, à â ÊÁ (4-àðèëñóëüôîíèë-2-ýòèë-

ñóëüôàíèëòèàçîë-5-èë)àìèíîâ (VI), ñîäåðæàùåé 34

ñîåäèíåíèÿ, ñëàáóþ 5-ÍÒ
6

ðåöåïòîðíóþ àíòàãîíèñòè-

÷åñêóþ àêòèâíîñòü (IC
50

= 27,6 
M) ïðîÿâèë ëèøü 1

ëèãàíä VIà.

V, VI: R

1

=H, àëêèë, Hal; R

2

= àëêèë, àðèë; R

3

, R

4

=H, àëêèë, çàìåùåííûé

àëêèë, NR

3

R

4

= ãåòåðîöèêëèë.

Ïåðñïåêòèâíûìè îêàçàëèñü ÊÁ VII – IX, ñîäåðæà-

ùèå ñîîòâåòñòâåííî 33,3, 37,1 è 28,9 % àêòèâíûõ èí-

ãèáèòîðîâ â ìèêðîìîëÿðíîì è íàíîìîëÿðíîì äèàïàçî-

íå àíòàãîíèñòè÷åñêîé àêòèâíîñòè (òàáë. 2).

Â ðåçóëüòàòå ñêðèíèíãà ÊÁ VIII, âêëþ÷àþùåé 15 âå-

ùåñòâ, áûëî âûÿâëåíî, ÷òî çàìåñòèòåëè ôåíèëñóëüôî-

íèëüíîãî ôðàãìåíòà îêàçûâàþò ñëàáîå âëèÿíèå íà èõ

àíòàãîíèñòè÷åñêóþ àêòèâíîñòü (òàáë. 2). Â ýòîì ðÿäó

íàèáîëåå àêòèâíûì îêàçàëñÿ àíòàãîíèñò VIIIå ñ

IC
50

= 1,21 
Ì, à ìèíèìàëüíóþ àêòèâíîñòü

(IC
50

= 15,2 
Ì) ïðîÿâèë àíòàãîíèñò VIIIæ.

Â ÊÁ 5-àëêèëòèî-2-ôóðàí-2-èë- è 5-ìåòèëòèî-4-

òèîôåí-2-èë-4-àðèëñóëüôîíèëîêñàçîëîâ IX, ñîñòîÿ-

ùåé èç 35 cîåäèíåíèé, áûëî îáíàðóæåíî 13 âåùåñòâ,

ïðîÿâëÿþùèõ äîñòîâåðíóþ àíòàãîíèñòè÷åñêóþ àêòèâ-

íîñòü ïî îòíîøåíèþ ê 5-ÍÒ
6

ðåöåïòîðàì, ïðè÷åì íàè-

áîëåå àêòèâíûì îêàçàëñÿ 5-ìåòèëòèî-4-ôåíèëñóëüôî-

íèë-2-ôóðàí-2-èëîêñàçîë IXa (IC
50

= 1,81 
Ì). Â îòëè-

÷èå îò àíòàãîíèñòîâ VIIIà – è, â ðÿäó ñîåäèíåíèé

IXà – í íàáëþäàëîñü çàìåòíîå âëèÿíèå ïðèðîäû çà-

ìåñòèòåëåé. Òàê, óâåëè÷åíèå ðàçìåðà àëêèëüíîé ãðóï-

ïû ëèáî åãî ðàçâåòâëåíèå â 5-àëêèëòèî-4-(4-áðîìôå-

íèëñóëüôîíèë)-2-ôóðàí-2-èëîêñàçîëàõ IXà – ã ïðèâî-

äèëè ê çàìåòíîìó ñíèæåíèþ àêòèâíîñòè. Ïåðåõîä îò

5-ìåòèë- IXç ê 5-ýòèë- IXè è 5-ïðîïèëïðîèçâîäíûì

IXê ñîïðîâîæäàëñÿ ñíèæåíèåì àêòèâíîñòè IC
50

ñ 7,67,

äî 12,17 è 32,42 
Ì ñîîòâåòñòâåííî.

Ïðè ïåðåõîäå îò ôåíèëñóëüôîíèëüíîãî ïðîèçâîä-

íîãî IXa (IC
50

= 1,81 
Ì) ê åãî ãàëîãåíïðîèçâîäíûì –

4-ôòîð- (IXä), 4-õëîð- (IXæ) è 4-áðîì- (IXç) – òàêæå

íàáëþäàëîñü ñíèæåíèå àíòàãîíèñòè÷åñêîé àêòèâíî-

ñòè äî IC
50

= 7,17, 7,46 è 7,67 
Ì ñîîòâåòñòâåííî. Ïà-

äåíèåì àêòèâíîñòè ïðèìåðíî â 2 – 3,5 ðàçà îòìå÷åí

òàêæå ïåðåõîä îò ýòèõ æå 2-ôóðàí-2-èëçàìåùåííûõ

àíòàãîíèñòîâ (IXa, ä, æ) ê ñîîòâåòñòâóþùèì 2-òèî-

ôåí-2-èë-ïðîèçâîäíûì (IXë – í), äëÿ êîòîðûõ

IC
50

= 4,27, 7,80 è 25,25 
M ñîîòâåòñòâåííî.

Â ðåçóëüòàòå èññëåäîâàíèÿ ñîåäèíåíèé îáùåé ôîð-

ìóëû IX ìû òàêæå îáíàðóæèëè, ÷òî çàìåíà 5-ìåòèë-

òèîãðóïïû (IXë, IC
50

= 4,27 
Ì) íà 5-ìåòèëñóëüôî-

íèëüíóþ (XI) ïðèâîäèëà ê ïîëíîé ïîòåðå ïîñëåäíèì

5-ÍÒ
6

àíòàãîíèñòè÷åñêîé àêòèâíîñòè.
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Âûñîêèé ïðîöåíò íàíîìîëÿðíûõ àíòàãîíèñòîâ (5 èç

38 ñîåäèíåíèé, ò.å. 13 %) áûë îáíàðóæåí â ÊÁ (4-àðèë-

ñóëüôîíèëîêñàçîë-5-èë)àìèíîâ X. Â ýòîì ðÿäó ñîåäè-

íåíèé íàèáîëåå àêòèâíûì îêàçàëñÿ àíòàãîíèñò Xæ

(IC
50

= 8 íÌ). Ôóðèëüíûå àíàëîãè Xà è Xá íåñêîëüêî

óñòóïàëè åìó ïî àêòèâíîñòè: IC
50

= 12 è 19 íÌ ñîîò-

âåòñòâåííî.

Â ðÿäó 4-àðèëñóëüôîíèëîêñàçîëîâ Xà – ë ñèëüíîå

ñíèæåíèå àêòèâíîñòè íàáëþäàëîñü ïðè ïåðåõîäå îò

âòîðè÷íûõ àìèíîâ ê òðåòè÷íûì. Íàïðèìåð, àêòèâ-

íîñòü óïîìÿíóòîãî âûøå íàèáîëåå àêòèâíîãî âòîðè÷-

íîãî àìèíà Xæ (IC
50

= 8 íÌ) â 1939 ðàç (IC
50

=

15,51 
Ì) ïðåâûøàåò òàêîâóþ òðåòè÷íîãî àìèíà Xê.

Îòìåòèì, ÷òî îáíàðóæåííàÿ íàìè â ðÿäó 4-àðèë-

ñóëüôîíèëîêñàçîëîâ X âûñîêàÿ 5-ÍÒ
6

àíòàãîíèñòè÷å-

ñêàÿ àêòèâíîñòü õîðîøî ñîãëàñóåòñÿ ñî ñðîäñòâîì ê

5-ÍÒ
6

ðåöåïòîðàì (IC
50

< 4,0 íÌ) èõ ñòðóêòóðíûõ àíà-

ëîãîâ, èçìåðåííûì â óñëîâèÿõ êîíêóðåíòíîãî ðàäèî-

ëèãàíäíîãî ñâÿçûâàíèÿ [34 – 36].

Ïîëó÷åííûå íàìè ðåçóëüòàòû ñâèäåòåëüñòâóþò î

òîì, ÷òî ñîåäèíåíèÿ îáùåé ôîðìóëû X, ñîäåðæàùèå â

âèöèíàëüíîì ïîëîæåíèè ê ñóëüôîíèëüíîé ãðóïïå àë-

êèë- (è îñîáåííî ìåòèë-)àìèíî ãðóïïó (Xà è Xæ), îá-

ëàäàþò âûñîêîé àíòàãîíèñòè÷åñêîé àêòèâíîñòüþ ïî

îòíîøåíèþ ê 5-ÍÒ
6

ðåöåïòîðàì. Äàííûé ôàêò ìîæíî

îáúÿñíèòü ñòàáèëèçàöèåé êîíôîðìàöèîííîé ïîäâèæ-

íîñòè ìîëåêóë ýòèõ àíòàãîíèñòîâ çà ñ÷åò âíóòðèìîëå-
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Ò à á ë è ö à 2

Àíòàãîíèñòè÷åñêàÿ àêòèâíîñòü (3-àëêèëòèî-4-ôåíèëñóëüôîíèë-1Í-ïèðàçîë-5-èë)àìèíîâ VIIIà – ê, 5-àëêèëòèî-4-ôóðàí-2-èë-

IXà – ê è 5-ìåòèëòèî-4-òèîôåí-2-èëñóëüôîíèëîêñàçîëîâ Xë – í ïî îòíîøåíèþ ê 5-ÍÒ
6

ðåöåïòîðàì

Ñîåäèíåíèå Ñòðóêòóðíàÿ ôîðìóëà IC
50

, 
Ì

SB-742457 0,002

PRX-07034 0,23

R

1

R

2

R

3

R

4

VIIIà H Me H 5,72

VIIIá H Me MeO 12,82

VIIIâ H Et H 4,00

VIIIã H Et Me 4,54

VIIIä H Et Cl 5,08

VIIIå Et Me Me 1,21

VIIIæ 4-ÌåC
6
H

4
-CH

2
Me Me 15,25

VIIIç Me Me MeO 6,32

VIIIä 4-BrC
6
H

4
-CH

2
Et Me 4,68

VIIIè H Et MeO 2,65

IXà Me H

à

Fu 1,81

IXá i-Pr H Fu 11,72

IXâ sec-Bu H Fu 11,51

IXã Am H Fu 9,42

IXä Me F Fu 7,17

IXå Et F Fu 9,77

IXæ Me Cl Fu 7,46

IXç Me Br Fu 7,67

IXè Et Br Fu 12,17

IXê Pr Br Fu 32,42

IXë Me H

á

Th 4,27

IXì Me F Th 7,80

IXí Me Cl Th 25,52

Xà H Me H Fu 0,012

Xá H CH
2
=CHCH

2
H Fu 0,019

Xâ H THFu-CH
2

H Fu 2,79

Xã H THFu-CH
2

Cl Fu 10,60

Xä H Fu-CH
2

H Fu 0,034

Xå H Fu-CH
2

F Fu 0,066

Xæ H Me H Th 0,008

Xç H

â

THFu-CH
2

H Th 1,59

Xè R

1

R

2

N =

ã

THIQ H Th 1,31

Xê R

1

R

2

N =

ä

ÌÐÐ Cl Th 15,51

Xë H

å

3-Im-(CH
2
)
3

H

æ

2-F-Ph 25,14

à

Fu — ôóðàí-2-èë,

á

Th — òèîôåí-2-èë,

â

THFu — òåòðàãèäðîôóðàí-2-èë,

ã

THIQ — 1,2,3,4-òåòðàãèäðîèçîõèíîëèí-2-èë,

ä

ÌÐÐ — 4-ìåòèëïèïåðà-

çèí-1-èë,

å

Im — èìèäàçîë-1-èë,

æ

2-F-Ph — 2-ôòîðôåíèë.

H SO O

NH

N N

SR
2

R
1

R
3

S

N

O

O O

S

R
2

R
1

R
3

SO O

R
1
R

2
N

O

N

R
3

R
4

Me

S

O

O

SN

O

O

O

S

Ph
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êóëÿðíîé âîäîðîäíîé ñâÿçè (ÂÂÑ), îáðàçóåìîé âîäî-

ðîäîì ìåòèëàìèíîãðóïïû è êèñëîðîäîì ñóëüôîíèëü-

íîé ãðóïïû, ÷òî ïðèâîäèò ê ôèêñàöèè ìîëåêóëû â

áîëåå âûãîäíîé äëÿ âçàèìîäåéñòâèÿ ñ 5-ÍÒ
6

ðåöåïòî-

ðàìè êîíôîðìàöèè.

Àíàëèç ëèòåðàòóðíûõ äàííûõ ïîçâîëèë íàì îáíà-

ðóæèòü çíà÷èòåëüíîå ÷èñëî ïðèìåðîâ ìîùíûõ (íàíî-

è ïèêîìîëÿðíûõ) 5-ÍÒ
6

ëèãàíäîâ, ñîäåðæàùèõ â âè-

öèíàëüíîì ïîëîæåíèè ê ñóëüôîíèëüíîìó ôðàãìåíòó

âòîðè÷íóþ àìèíîãðóïïó, îáðàçóþùóþ ñ íåé ÂÂÑ

[34 – 37], íàïðèìåð, ëèãàíäû XII – XIV. Ýòî äàåò íàì

îñíîâàíèå ïðåäëîæèòü íîâóþ ãèïîòåòè÷åñêóþ ìîäåëü

(PhM3) äëÿ 5-ÍÒ
6

àíòàãîíèñòîâ (ðèñ. 4), íå ñîäåðæà-

ùóþ ôðàãìåíòà PI, íî ñîäåðæàùóþ âòîðè÷íóþ àìèíî-

èëè èìèíîãðóïïó (HBD — äîíîð âîäîðîäíîé ñâÿçè) â

âèöèíàëüíîì ïîëîæåíèè ê ñóëüôîíèëüíîé ãðóïïå, ìå-

æäó êîòîðûìè ìîæåò îáðàçîâûâàòüñÿ ÂÂÑ.

Îáùèì ñòðóêòóðíûì ïðèçíàêîì ñîåäèíåíèé ïÿòîé

÷àñòè ÑÂ, âêëþ÷àþùåé 7 ÊÁ XV – XXI, ÿâëÿåòñÿ íà-

ëè÷èå â èõ ìîëåêóëàõ ýêçîöèêëè÷åñêîé (ÊÁ XV, XXI),

ëèáî ýíäîöèêëè÷åñêîé (ÊÁ XVI – XX) êàðáîíèëüíîé

ãðóïïû, ðàñïîëîæåííîé â âèöèíàëüíîì ïîëîæåíèè ê

ñóëüôîíèëüíîìó ôðàãìåíòó (ÊÁ XVI, XVII,

XIX – XXI), ëèáî äîñòàòî÷íî óäàëåííîé îò íåå (ÊÁ

XV, XVIII). Îòìåòèì, ÷òî ñîåäèíåíèÿ èç ÊÁ XV – XXI

ñîîòâåòñòâóþò PhM2.

XV – XX: * — ìåñòî ïðèñîåäèíåíèÿ àðèëñóëüôîíèëüíîãî ôðàãìåíòà.

Ar — ôåíèë, çàìåùåííûé ôåíèë. XV, XVI: R

1

, R

2

=H, àëêèë, àðèë. XVII:

R

1

= ôåíèë, çàìåùåííûé ôåíèë. XVIII, XIX: R

1

=H, àëêèë, àðèë. XX:

R

1

=H, àëêèë, Hal, MeO. XXI: n = 1, 2; R

1

=H, àëêèë, Hal, MeO; X=CH
2
, O, S.

Â ðåçóëüòàòå ñêðèíèíãà ÊÁ XV – XVIII áûëî îáíà-

ðóæåíî ïî îäíîìó ñëàáîìó ìèêðîìîëÿðíîìó

(IÑ
50

> 10 
Ì) 5-ÍÒ
6

àíòàãîíèñòó, â ÊÁ XIX — äâà, â

ÊÁ XVII — íàíîìîëÿðíûé àíòàãîíèñò XVIIa

(IÑ
50

= 0,68 
Ì, òàáë. 3). Â ÊÁ XX ýôôåêòèâíûå àíòà-

ãîíèñòû îòñóòñòâîâàëè.

Ñêðèíèíã ÊÁ 4-àðèëñóëüôîíèëõèíîëèí-3-êàðáîêñà-

ìèäîâ XXI, âêëþ÷àþùåé 44 ñîåäèíåíèÿ, îáíàðóæèë

12 ýôôåêòèâíûõ èíãèáèòîðîâ, àêòèâíîñòü êîòîðûõ èç-

ìåíÿåòñÿ â èíòåðâàëå çíà÷åíèé IÑ
50

îò 1,32 äî 47,8 
Ì

(òàáë. 4). Íàèáîëåå àêòèâíûìè îêàçàëèñü àíòàãîíèñòû

XXIå (IÑ
50

= 1,32 
Ì) è XXIè (IÑ
50

= 1,62 
Ì).

Øåñòàÿ ÷àñòü ÑÂ ñîäåðæèò 3 ÊÁ: çàìåùåííûå

6-àðèëñóëüôîíèëïèðèäàçèí-3-èëàìèíû (XXII),
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5-ÍÒ
6

àíòàãîíèñòè÷åñêàÿ àêòèâíîñòü ñîåäèíåíèé èç ÊÁ

XV – XIX

Ñîåäèíåíèå

×èñëî

ñîåäèíå-

íèé â ÊÁ

Àíòàãîíèñò IC
50

, 
Ì

SB-742457 0,002

PRX-07034 0,23

ÕVà 55 12,3

ÕVIà 7 11,3

XVIIà 1 0,68

XVIIIà 14 24,8

XIXà 59 24,2

XIXá 59 29,5
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Xn
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R
1
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R
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O

Me

Me

N

N

N

Me

N
H

S
O

O

Xæ: IC
50

= 8 íM XII: IC
50

= 4 íM

XIII: K
i
= 0,2 íM XIV: K

i
= 0,088 íM

HBD

HYD
1

HBA HYD
2

PhM3

Ðèñ. 4. Ãèïîòåòè÷åñêàÿ ôàðìàêîôîðíàÿ ìîäåëü PhM3 5-ÍÒ

6

àíòàãîíèñòîâ. HYD

1

, HYD

2

è HBA ðàññìîòðåíû âûøå, à HBD

— äîíîð âîäîðîäíîé ñâÿçè (ïðåäïî÷òèòåëüíî ìåòèëàìèíî- èëè

èìèíîãðóïïà, îáðàçóþùàÿ ñ HBA âíóòðèìîëåêóëÿðíóþ âîäî-

ðîäíóþ ñâÿçü).



5-àðèëñóëüôîíèëïèðèìèäèí-3-èëàìèíû (XXIII) è

3-àðèëñóëüôîíèëõèíîëèí-4-èëàìèíû (XXIV).

XXII: Ar = ôåíèë, 4-õëîðôåíèë, 3,4-äèìåòèëôåíèë, çàìåùåííûé ôå-

íèë, òèîôåí-2-èë; R

1

=H, R

2

= öèêëîïðîïèë, 2-ïèððîëèäèí-1-èë, ôó-

ðàí-2-èëìåòèë, áåíçî[1,3]äèîêñîë-5-èëìåòèë; R

1

+ R

2

= ïèïåðèäèí-1-

èë, 1-áåíçî[1,3]äèîêñîë-5-èëìåòèëïèïåðàçèí-4-èë. XXIII: Ar = ôåíèë,

òèîôåí-2-èë; R

1

=H, Ph-NH, 4-CH
3
C

6
H

4
-NH, 4-FC

6
H

4
-NH; R

2

=NH
2
, ìîð-

ôîëèí-4-èë, ïèððîëèäèí-1-èë, ïèïåðèäèí-1-èë, SCH
2
C(O)NHBu,

SCH
2
C(O)NHÑH

2
ÑH

2
ÑH(ÑH

3
)

2
, SCH

2
C(O)NHCH

2
(ôóðàí-2-èë). XXIV:

Ar = ôåíèë, 4-õëîðôåíèë; R

1

=H; R

2

=2,3-äèãèäðîáåíçî[1,4]äèîêñèí-

6-èë; R

1

R

2

N = 2-ìåòèëïèïåðèäèí-1-èë, 3-ìåòèëïèïåðèäèí-1-èë, ïèððî-

ëèäèí-1-èë, ìîðôîëèí-4-èë, 4-ìåòèëïèïåðàçèí-1-èë; ïèðèäèë; R

3

=H,

MeO, äè-MeO, -O(CH
2
)

2
-.

Ñêðèíèíã ÊÁ çàìåùåííûõ 6-àðèëñóëüôîíèëïèðè-

äàçèí-3-èëàìèíîâ XXII, ñîäåðæàùåé 76 ñîåäèíåíèé,

âûÿâèë 7 ìèêðîìîëÿðíûõ àíòàãîíèñòîâ (òàáë. 5), àê-

òèâíîñòü êîòîðûõ çàâèñèëà îò ïðèðîäû çàìåñòèòåëåé

3-àìèíîãðóïïû. Íàèáîëåå àêòèâíûì îêàçàëñÿ àíòàãî-

íèñò XXIIæ (IÑ
50

= 1,42 
Ì); çíà÷åíèå IÑ
50

îñòàëüíûõ

ñîåäèíåíèé âàðüèðîâàëî îò 5,3 äî 33,7 
Ì.

Â ÊÁ 5-àðèëñóëüôîíèëïèðèìèäèí-2,4-äèàìèíîâ

XXIII, âêëþ÷àþùåé 28 ñîåäèíåíèé, îáíàðóæåíî 12

àíòàãîíèñòîâ 5-ÍÒ
6

ðåöåïòîðîâ (òàáë. 6), â òîì ÷èñëå

5-(òèîôåí-2-èëñóëüôîíèë)ïèðèìèäèí-2,4-äèàìèíû è

5-ôåíèëñóëüôîíèëïèðèìèäèí-2,4,6-òðèàìèíû. Âûÿâ-

ëåíî, ÷òî 5-ÍÒ
6

àíòàãîíèñòè÷åñêàÿ àêòèâíîñòü 5-òèî-

ôåí-2-èëñóëüôîíèëïèðèìèäèíîâ XXIII â çíà÷èòåëü-

íîé ìåðå îáóñëîâëåíà ïðèðîäîé çàìåñòèòåëÿ R
2

. Òàê, â

ðÿäó ñîåäèíåíèé XXIIIà-å (Àr = òèîôåí-2-èë), íàè-

áîëüøóþ àêòèâíîñòü ïðîäåìîíñòðèðîâàë àíòàãîíèñò

XXIIIâ (IC
50

= 0,95 
Ì), à íàèìåíüøóþ (IC
50

=

17,8 
Ì) — àíòàãîíèñò XXIIIå, ñîäåðæàùèé â ïîëîæå-

íèè 4 ñàìûé îáúåìíûé çàìåñòèòåëü, âåðîÿòíî, ïðåïÿò-

ñòâóþùèé ñâÿçûâàíèþ ñ àêòèâíûì öåíòðîì 5-ÍÒ
6

ðå-

öåïòîðà.

Ïîêàçàíî, ÷òî â ÊÁ ñîåäèíåíèé îáùåé ôîðìóëû

XXIII 5-àðèëñóëüôîíèëïèðèìèäèíû óñòóïàëè ïî àê-

òèâíîñòè 5-(òèåíèë-2-èëñóëüôîíèë)ïèðèìèäèíàì,

ïðè÷åì, 5-ÍÒ
6

àíòàãîíèñòè÷åñêèå ñâîéñòâà íàèáîëåå

ÿðêî âûðàæåíû ó 5-ôåíèëñóëüôîíèë-4-(4-ôòîðôåíèë-

àìèíî)ïèðèìèäèí-2-èëàìèíà XXIIIè (IC
50

= 2,01 
Ì),

à ó 5-(4-õëîðôåíèëñóëüôîíèë)-4-(3-ìåòèëôåíèëàìè-

íî)ïèðèìèäèí-2-èëàìèíà XXVIIIì àêòèâíîñòü ñíèçè-

ëàñü äî 25,2 
Ì. Îòìåòèì, ÷òî ñõîäíûå ñâîéñòâà ïðî-

ÿâèë è 4-áðîì-(6-äèìåòèëàìèíîôåíèëñóëüôîíèëïèðè-

ìèäèí-2-èë)äèìåòèëàìèí, îïèñàííûé â ðàáîòå [24].

Â ÊÁ 3-àðèëñóëüôîíèëõèíîëèí-4-èëàìèíîâ XXIV,

ñîñòîÿùåé èç 55 ñîåäèíåíèé, îáíàðóæåíî 11 ìèêðîìî-

ëÿðíûõ àíòàãîíèñòîâ (òàáë. 7). Íàèáîëåå àêòèâíûì àí-

òàãîíèñòîì îêàçàëñÿ 6,7-äèìåòîêñè-4-(4-ìåòèëïèïåðà-

çèí-1-èë)-3-ôåíèëñóëüôîíèëõèíîëèí XXIVè (IC
50

=

1,70 
Ì), à íàèìåíåå àêòèâíûì — (6,7-äèìåòîê-

ñè-3-ôåíèëñóëüôîíèëõèíîëèí-4-èë)-(2,3-äèãèäðîáåí-

çîë[1,4]äèîêñèí-6-èë)àìèí XXIVá (IC
50

= 54,6 
Ì).

Áûëî îáíàðóæåíî, ÷òî â çàâèñèìîñòè îò ïðèðîäû çà-
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Àíòàãîíèñòè÷åñêàÿ àêòèâíîñòü 4-àðèëñóëüôîíèëõèíîëèí-

3-êàðáîêñàìèäîâ XXI ïî îòíîøåíèþ ê 5-HT6 ðåöåïòîðàì

XXI n Õ R

1

R

2

IC
50

, 
Ì

SB-742457 0,002

PRX-07034 0,23

à 1 CH
2

H 4-i-Pr 6,44

á 1 CH
2

H 4–Br 10,2

â 1 CH
2

Cl H 16,6

ã 1 CH
2

Cl 4-i-Pr 47,8

ä 1 CH
2

H 3,5-äè-Me 2,45

å 1 CH
2

Cl 3,5-äè-Me 1,32

æ 1 CH
2

Cl 2,4-äè-Me 21,0

ç 2 CH
2

H 3-F 19,0

è 2 CH
2

H 3,5-äè-Me 1,62

ê 2 CH
2

Cl 3,5-äè-Me 2,74

ë 2 S H 3,5-äè-Me 6,49

ì 2 O Cl 3,5-äè-Me 3,79

N

SO O

N

O

Xn

XXI

R
1

R
2
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Àíòàãîíèñòè÷åñêàÿ àêòèâíîñòü 6-àðèëñóëüôîíèëïèðèäà-

çèí-3-èëàìèíîâ XXII ïî îòíîøåíèþ ê 5-HT6 ðåöåïòîðàì

XXII R

1

R

2

R

3

IC
50

, 
Ì

SB-742457 0,002

PRX-07034 0,23

à H H 2-ïèððîëèäèí-1-èë 9,87

á 3,4-äè-Me H ôóðàí-2-èëìåòèë 20,36

â 3,4-äè-Me H áåíçî[1,3]äèîê-

ñîë-5-èëìåòèë

33,71

ã H H öèêëîïðîïèë 5,62

ä H H öèêëîïðîïèë 5,30

å 4-Cl ïèïåðèäèí-1-èë 5,30

æ 3,4-äè-Me 1-áåíçî[1,3]äèîêñîë-5-èëìå-

òèëïèïåðàçèí-4-èë

1,42

N

S

NO

O

N

R
3

R
2

R
1

XXII

*

N

N

*

N

N
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2

N
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N
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R
3

R
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R
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R
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R
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XXII – XXIV

XXII

XXIII XXIV



ìåñòèòåëåé õèíîëèí-4-èëàìèííîãî ôðàãìåíòà àêòèâ-

íîñòü âàðüèðîâàëà áîëåå ÷åì â 30 ðàç.

Ñëåäóåò îòìåòèòü, ÷òî íàèáîëåå àêòèâíûé â ýòîì

ðÿäó 5-ÍÒ
6

àíòàãîíèñò XXIVè â 750 ðàç óñòóïàåò ïî

àêòèâíîñòè ñâîåìó ñòðóêòóðíîìó àíàëîãó SB-742457 è

â � 170 ðàç ñîåäèíåíèÿì XXV è XXVI [14]. Ýòî ìîæíî

îáúÿñíèòü, â ïåðâóþ î÷åðåäü, ñòåðè÷åñêèì âëèÿíèåì

ïèïåðàçèíîâîãî ôðàãìåíòà â âèöèíàëüíîì ïîëîæåíèè

ê ñóëüôîíèëüíîé ãðóïïå, ïðåïÿòñòâóþùèì áîëåå ýô-

ôåêòèâíîìó âçàèìîäåéñòâèþ ñîåäèíåíèÿ XXIVè ñ àê-

òèâíûì öåíòðîì ðåöåïòîðà.

Â ÊÁ 1-àðèëñóëüôîíèë-2-àðèëèíäîëèçèíîâ XXVII,

ñîñòîÿùåé èç 6 ñîåäèíåíèé, 5 ñîåäèíåíèé ïðîÿâèëè

ìèêðîìîëÿðíóþ 5-ÍÒ
6

àíòàãîíèñòè÷åñêóþ àêòèâ-

íîñòü, ñðåäè êîòîðûõ íàèáîëåå àêòèâíûì îêàçàëñÿ àí-

òàãîíèñò XXVIIä ñ IÑ
50

= 0,2 
Ì.

Â ðåçóëüòàòå ñêðèíèíãà ñîåäèíåíèé èç ÊÁ XXVII

áûëè âûÿâëåíû çàêîíîìåðíîñòè âçàèìîñâÿçè ñòðóêòó-

ðà — àíòàãîíèñòè÷åñêàÿ àêòèâíîñòü. Òàê, ïðè ïåðåõî-

äå îò íàèáîëåå àêòèâíîãî ñîåäèíåíèÿ XXVIIà

(IÑ
50

= 0,2 
Ì) ê ñîåäèíåíèÿì XXVIIá – ã íàáëþäàåò-

ñÿ ñíèæåíèå àêòèâíîñòè â 3 – 28 ðàç, îáóñëîâëåííîå

ïðèñóòñòâèåì ôåíèëüíûõ çàìåñòèòåëåé â âèöèíàëü-

íîì ïîëîæåíèè ê ñóëüôîíèëüíîìó ôðàãìåíòó, ïî-âè-

äèìîìó, ïðåäñòàâëÿþùèõ ñîáîé ñòåðè÷åñêîå ïðåïÿò-

ñòâèå ê ñâÿçûâàíèþ. Ïåðåõîä æå îò ñîåäèíåíèÿ

XXVIIà, ñîäåðæàùåãî ìåòèëüíóþ ãðóïïó, ê ñîåäèíå-

íèþ XXVIIä, ñîäåðæàùåìó 4-ôòîðôåíèëüíûé îñòàòîê

â âèöèíàëüíîì ïîëîæåíèè ê ñóëüôîíèëüíîìó ôðàã-

ìåíòó, ñîïðîâîæäàåòñÿ åùå áîëüøèì, 185-êðàòíûì,

ñíèæåíèåì àêòèâíîñòè.

XXVIIà: R

1

+ R

2

=CH
2
CH

2
CH

2
CH

2
, R

3

=4-F, IC
50

= 0,2 
Ì.

XXVIIá: R

1

=H, R

2

=4-F-Ph, R

3

=4-F, IC
50

=0,78 
Ì.

XXVIIâ: R

1

=H, R

2

=Ph, R

3

=4-MeO, IC
50

= 3,51 
Ì,

XXVIIã: R

1

=H, R

2

=Ph, R

3

=3,4-äè-Me, IC
50

= 5,63 
Ì,

XXVIIä: R

1

=H, R

2

=4-F-Ph, R

3

=2,4-äè-Me, IC
50

= 36,9 
Ì.

Äàííàÿ ÑÂ âêëþ÷àëà òàêæå 1 ïðåäñòàâèòåëÿ ÊÁ

XXVIII (ïðîèçâîäíûå ôåíèëñóëüôàíèëïèðàçîëî-
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Àíòàãîíèñòè÷åñêàÿ àêòèâíîñòü 3-àðèëñóëüôîíèëõèíîëèí-4-

èëàìèíîâ XXIV ïî îòíîøåíèþ ê 5-HT6 ðåöåïòîðàì

XXIV R

1

R

2

R

3

R

4

IC
50

, 
Ì

SB-742457 0,002

PRX-07034 0,23

à H H

à

DHBD 6-MeO 12,7

á H H DHBD 6,7-äè-MeO 54,6

â H

á

2MPPd H 15,6

ã H

â

3MPPd H 33,9

ä H

ã

Pyr 6,7-äè-MeO 4,15

å Cl Pyr 6,7-äè-MeO 2,36

æ H

ä

Mor 6,7-äè-MeO 12,1

ç Cl Mor 6,7-äè-MeO 6,62

è H

å

MPPz 6,7-äè-MeO 1,70

ê Cl MPPz 6,7-äè-MeO 3,15

ë Cl MPPz 6,7-O(CH
2
)
2
O 28,6

à

2,3-äèãèäðîáåíçî[1,4]äèîêñèí-6-èë,

á

2-ìåòèëïèïåðèäèí-1-èë,

â

3-ìåòèëïèïåðèäèí-1-èë,

ã

ïèððîëèäèí-1-èë,

ä

ìîðôîëèí-4-èë,

å

4-ìåòèëïèïåðàçèí-1-èë.

S

N

O

O

N

XXIV

R
4

R
1

R
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3
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S
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O

N
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N
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N
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O

O
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N

N
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N
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O

O

Ph

N

N
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S

N

O

O

Ph

XXIVa: IC
50

= 1700,0 íM

XXV: IC
50

= 10,0 íM XXVI : IC
50

= 10,5 íM

SB-742457: IC
50

= 2 íM
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Àíòàãîíèñòè÷åñêàÿ àêòèâíîñòü 5-ñóëüôîíèëïèðèìèäèí-4-

èëàìèíîâ XXIII ïî îòíîøåíèþ ê 5-HT6 ðåöåïòîðàì

XXIII Ar R

1

R

2

IC
50

, 
Ì

SB-742457 0,002

PRX-07034 0,23

à Th

à

H

â

Ì 5,54

á Th H

ã

Pyr 1,14

â Th H

ä

Pip 0,95

ã Th H

å
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ä Th H

æ
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å Th H
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3
-C

6
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4
-NH NH

2
3,52

è Ph 4-F-C
6
H

4
-NH NH

2
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2
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á
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â
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ã
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ïèððîëèäèí-1-èë,

ä

Pip — ïèïåðèäèí-1-èë,

å

SR — SCH
2
C(O)NHBu,

æ

SR —

SCH
2
C(O)NHÑH

2
ÑH

2
ÑH(ÑH

3
)
2
,

ç

SR — SCH
2
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[1,5-a]ïèðèìèäèíà), êîòîðûé îêàçàëñÿ íàíîìîëÿðíûì

àíòàãîíèñòîì 5-ÍÒ
6

ðåöåïòîðîâ (IÑ
50

= 0,014 
Ì).

Ñëåäóåò îòìåòèòü, ÷òî ñòðóêòóðà îáíàðóæåííûõ â

ðåçóëüòàòå ñêðèíèíãà èíãèáèòîðîâ V – X, XV – XXIV,

XXVII, XXVIII õîðîøî ñîãëàñóåòñÿ ñ ôàðìàêîôîðíîé

ìîäåëüþ PhM2 äëÿ àíòàãîíèñòîâ 5-ÍÒ
6

ðåöåïòîðîâ.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Â ðàáîòå èñïîëüçîâàíû 2827 ãåòåðîöèêëè÷åñêèõ ñî-

åäèíåíèé, ïðèîáðåòåííûõ ó êîìïàíèè ChemDiv, Inc.

(ÑØÀ). Ïî äàííûì õðîìàòîìàññ-ñïåêòðîìåòðèè ÷èñ-

òîòà ñèíòåçèðîâàííûõ ñîåäèíåíèé ñîñòàâëÿåò íå ìå-

íåå 98,0 %, à äàííûå
1

H ßÌÐ ñïåêòðîñêîïèè ñîîòâåò-

ñòâóþò èõ ñòðóêòóðàì.

Õðîìàòîìàññ-ñïåêòðû ïîëó÷åíû ñ ïîìîùüþ æèäêî-

ñòíîãî õðîìàòîãðàôà Shimadzu 10Avp HPLC ñ êîëîí-

êîé Waters XBridge C18 3,5 ìêì (4,6 � 150 ìì) è API

150 EX ìàññ-ñïåêòðîìåòðîì.
1

H ßÌÐ-ñïåêòðû çàïèñà-

íû íà ñïåêòðîìåòðå Varian Unity (400 ÌÃö) â ñðåäå

CDCl
3

ëèáî ÄÌÑÎ-d
6

.

Âûñîêîïðîèçâîäèòåëüíûé ñêðèíèíã

Èçó÷åíèå àíòàãîíèñòè÷åñêîé àêòèâíîñòè 2827 ñî-

åäèíåíèé ïî îòíîøåíèþ ê 5-ÍÒ
6

ðåöåïòîðàì ïðîâîäè-

ëè in vitro â êëåòî÷íîì ôóíêöèîíàëüíîì òåñòå [32]. Â

ýêñïåðèìåíòå èñïîëüçîâàëè êëåòêè ëèíèè

HEK-293-T-Rex/5-ÍÒ
6

, ïðîèçâîäñòâà Etogen Scientific

(ÑØÀ). Ýòè êëåòêè ñòàáèëüíî ýêñïðåññèðóþò ðåêîì-

áèíàíòíûé 5-ÍÒ
6

ðåöåïòîð ÷åëîâåêà â èíäóöèðóåìîé

òåòðàöèêëèíîì T-Rex ñèñòåìå (Invitrogen, ÑØÀ).

Còèìóëÿöèÿ 5-ÍÒ
6

ðåöåïòîðîâ ñåðîòîíèíîì àêòèâèðó-

åò àäåíèëàòöèêëàçó, ÷òî, â ñâîþ î÷åðåäü, ïðèâîäèò ê

àêòèâàöèè ñèíòåçà âíóòðèêëåòî÷íîãî öAMÔ, êîëè÷å-

ñòâî êîòîðîãî îïðåäåëÿëîñü íàìè ñ ïîìîùüþ òåõíîëî-

ãèè LANCE, â ñîîòâåòñòâèè ñ ïðîòîêîëàìè, îïèñàííû-

ìè â [33]. Ïî èçìåíåíèþ êîëè÷åñòâà íàêîïèâøåãîñÿ çà

30 ìèí èíêóáàöèè âíóòðèêëåòî÷íîãî öAMÔ â ïðèñóò-

ñòâèè ñîåäèíåíèé â êîíöåíòðàöèè 10 
Ì, ïî ñðàâíå-

íèþ ñ êîíòðîëåì áåç èíãèáèòîðà, îöåíèâàëè èõ ñïî-

ñîáíîñòü áëîêèðîâàòü ôóíêöèîíàëüíûé îòâåò êëåòîê

íà ñòèìóëÿöèþ ñåðîòîíèíîì. Â êà÷åñòâå ñòàíäàðòîâ

(ñîåäèíåíèé ñðàâíåíèÿ) èñïîëüçîâàëè ñåëåêòèâíûå

àíòàãîíèñòû PRX-07034 [17] è SB-742457 [6]. Ñîåäè-

íåíèÿ, èíãèáèðóþùèå èíäóöèðîâàííûé ñåðîòîíèíîì

ñèíòåç öAMÔ áîëåå ÷åì íà 50 % (ïåðâè÷íûå ýôôåê-

òèâíûå àíòàãîíèñòû — “primary hits”), ïîäâåðãàëè çà-

òåì äîïîëíèòåëüíîìó àíàëèçó íà «ëîæíûé ïîëîæè-

òåëüíûé» îòâåò, è äëÿ âûäåðæàâøèõ ýòó ïîâåðêó ïåð-

ñïåêòèâíûõ ñîåäèíåíèé îïðåäåëÿëè âåëè÷èíû IC
50

,

ñîîòâåòñòâóþùèå êîíöåíòðàöèÿì ñîåäèíåíèé, âûçû-

âàþùèì ïîëóìàêñèìàëüíîå èíãèáèðîâàíèå íàêîïëå-

íèÿ öAMÔ ïðè àêòèâàöèè êëåòîê ñåðîòîíèíîì â êîí-

öåíòðàöèè 50 íÌ.

Êîíòðîëüíûå ýêñïåðèìåíòû ïîêàçàëè, ÷òî íåòðàíñ-

ôåöèðîâàííûå èñõîäíûå êëåòêè (ÍÅÊ 293) èëè èñ-

ïîëüçóåìûå â äàííîé ðàáîòå òðàíñôåöèðîâàííûå

êëåòêè (HEK-293-T-Rex/5-ÍÒ
6

), íî áåç àêòèâàöèè ýêñ-

ïðåññèè 5-ÍÒ
6

ðåöåïòîðîâ, íå ñïîñîáíû ðåàãèðîâàòü

íà ñåðîòîíèí ïîâûøåíèåì óðîâíÿ ñèíòåçà öÀÌÔ. Òà-

êèì îáðàçîì, â óñëîâèÿõ ýêñïåðèìåíòà èçìåðÿëàñü

ñïîñîáíîñòü ñîåäèíåíèé áëîêèðîâàòü èìåííî 5-ÍÒ
6

ðåöåïòîðû.

Â ýêñïåðèìåíòàõ èñïîëüçîâàëèñü ñëåäóþùèå áó-

ôåðíûå ðàñòâîðû — SB1: ðàñòâîð Õýíêñà (ÏàíÝêî),

5 ìÌ HEPES (ðÍ 7,4) (ÏàíÝêî), 0,05 % BSA

(Sigma-Aldrich) (äëÿ âñåõ ðàçâåäåíèé, êðîìå ïðèãîòîâ-

ëåíèÿ ñóñïåíçèè êëåòîê), SB2: SB1 + 1 ìÌ IBMX

(Sigma-Aldrich) (äëÿ ïðèãîòîâëåíèÿ ñóñïåíçèè êëå-

òîê). IBMX (3-èçîáóòèë-1-ìåòèëêñàíòèí) èñïîëüçî-

âàëñÿ äëÿ ïîäàâëåíèÿ àêòèâíîñòè ôîñôîäèýñòåðàç —

ôåðìåíòîâ, îñóùåñòâëÿþùèõ äåãðàäàöèþ öAMÔ.

Êëåòêè, ýêñïðåññèðóþùèå 5-ÍÒ
6

ðåöåïòîðû, âñòðî-

åííûå â òåòðàöèêëèí-àêòèâèðóåìûé TRex âåêòîð,

êóëüòèâèðîâàëè â àòìîñôåðå 5 % ÑÎ
2

â ñðåäå DMEM

(ÏàíÝêî, Ðîññèÿ) ñ äîáàâëåíèåì 10 % FBS (GIBCO),

ïåíèöèëëèí/ñòðåïòîìèöèí (ÏàíÝêî), Áëàñöèòèäèí

(Invitrogen) è Çåîöèí (Invitrogen). Äëÿ àêòèâàöèè ýêñ-

ïðåññèè 5-ÍÒ
6

ðåöåïòîðîâ çà 24 ÷ äî íà÷àëà ýêñïåðè-

ìåíòà ê ñðåäå äîáàâëÿëè ãèäðîõëîðèä òåòðàöèêëèíà

(Spectrum). Ïåðåä ýêñïåðèìåíòîì êëåòêè ñíèìàëè ñ

êóëüòóðàëüíîãî ôëàêîíà ðàñòâîðîì Âåðñåíà (ÏàíÝêî),

ïðîìûâàëè ñðåäîé DMEM (áåç ñûâîðîòêè) è îïðåäå-

ëÿëè êîëè÷åñòâî êëåòîê â ñóñïåíçèè ñ ïîìîùüþ êàìå-

ðû Ãîðÿåâà. Cóñïåíçèþ êëåòîê ðàçâîäèëè äî ïëîòíî-

ñòè 0,83 ìëí êëåòîê â 1 ìë ñ ïîìîùüþ áóôåðà SB2. Ê

êëåòî÷íîé ñóñïåíçèè äîáàâëÿëè (1:100, ïî îáú¸ìó)

êðàñèòåëü Alexa Fluor 467-anti öAMÔ Antibody

(PerkinElmer), è îáðàçîâàâøóþñÿ ñìåñü ðàçëèâàëè â

384-ëóíî÷íûå ïëàíøåòû ïî 6 ìêë (5000 êëåòîê) â êàæ-

äóþ ëóíêó ñ ïîìîùüþ BiomekFX Laboratory

Automation Workstation (Beckman Coulter).

Èññëåäóåìûå ñîåäèíåíèÿ ðàçâåøèâàëè â 96-ëóíî÷-

íûå ïëàíøåòû (National Scientific), îñòàâëÿÿ ïåðâûé è

2 ïîñëåäíèõ âåðòèêàëüíûõ ðÿäà êàæäîãî ïëàíøåòà

ïóñòûìè äëÿ êîíòðîëåé. Âî âñå ëóíêè, âêëþ÷àÿ ïóñ-

òûå, äîáàâëÿëè ÄÌÑÎ, ÷òîáû ïîëó÷èòü êîíöåíòðàöèþ

âåùåñòâ 10 ìÌ. Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ðàñ-

òâîðåíèÿ ñîåäèíåíèé ïëàøêè ïîìåùàëè â óëüòðàçâó-

êîâóþ áàíþ Elmasonic S30H (Elma) íà 10 – 15 ìèí.

Íåîáõîäèìîå êîëè÷åñòâî 10 ìÌ ðàñòâîðîâ âåùåñòâ â

ÄÌÑÎ ïåðåíîñèëè â 96-ëóíî÷íûå íåñîðáèðóþùèå

ïîëèïðîïèëåíîâûå ïëàíøåòû (Matrix), ãäå ïðîâîäèëè

ïðîìåæóòî÷íîå 250-êðàòíîå ðàçâåäåíèå áóôåðîì SB1

(ïðîìåæóòî÷íàÿ êîíöåíòðàöèÿ ñîåäèíåíèé — 40 ìêÌ,

4Õ ðàñòâîð). Ýòè ðàñòâîðû (ïî 3 ìêë) ïåðåíîñèëè â

384-ëóíî÷íûå ïëàíøåòû ñ êëåòêàìè, ïîëó÷àÿ, òàêèì

îáðàçîì, èç ÷åòûð¸õ 96-ëóíî÷íûõ ïëàíøåòîâ ñ ðàñòâî-

ðàìè, îäèí 384-ëóíî÷íûé ïëàíøåò. Ïîñëå äîáàâëåíèÿ

âåùåñòâ ïëàíøåòû öåíòðèôóãèðîâàëè 1 ìèí (öåíòðè-

ôóãà Eppendorf 5810R, 200 îá/ìèí) è èíêóáèðîâàëè

15 ìèí ïðè êîìíàòíîé òåìïåðàòóðå (òåðìîøåéêåð

Biosan, 250 îá/ìèí). Êàæäîå ñîåäèíåíèå òåñòèðîâàëè

ïî 2 ðàçà. Îïåðàöèè îñóùåñòâëÿëè ñ ïîìîùüþ

BiomekFX Laboratory Automation Workstation

(Beckman Coulter).

Äëÿ ñòèìóëÿöèè 5-ÍÒ
6

ðåöåïòîðîâ â ëóíêè ñ âåùå-

ñòâàìè è êëåòêàìè (9 ìêë) äîáàâëÿëè ïî 3 ìêë 200 íÌ

ðàñòâîðà ñåðîòîíèíà â áóôåðå SB1 (êîíå÷íàÿ êîíöåí-
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òðàöèÿ ñåðîòîíèíà — 50 íÌ). Äëÿ êîíòðîëÿ êà÷åñòâà

ñêðèíèíãà êàæäûé ïëàíøåò òàêæå ñîäåðæàë ïî 16 ëó-

íîê ñ êîíòðîëÿìè: áàçîâûé óðîâåíü öÀÌÔ (êëåò-

êè + áóôåð SB1); ñòèìóëèðîâàííûé óðîâåíü öÀÌÔ

(êëåòêè + 50 íÌ ñåðîòîíèí), à òàêæå ëóíêè, â êîòîðûå

äîáàâëÿëèñü óâåëè÷èâàþùèåñÿ êîíöåíòðàöèè ñåðîòî-

íèíà äëÿ ïîñòðîåíèÿ êîíöåíòðàöèîííîé êðèâîé ñòè-

ìóëÿöèè êëåòîê ñåðîòîíèíîì è îïðåäåëåíèÿ âåëè÷èí

ÅÑ
50

äëÿ ñåðîòîíèíà.

Ïîñëå äîáàâëåíèÿ ñåðîòîíèíà ïëàíøåòû öåíòðèôó-

ãèðîâàëè, êàê îïèñàíî âûøå, è èíêóáèðîâàëè 30 ìèí

ïðè êîìíàòíîé òåìïåðàòóðå â òåðìîøåéêåðå.

Îïðåäåëåíèå öÀÌÔ

Îáðàçóþùèéñÿ â êëåòêàõ öAMÔ îïðåäåëÿëè êîëè-

÷åñòâåííî ïðè ïîìîùè èìóííî-ôëóîðåñöåíòíîãî íà-

áîðà LANCE cAMP Kit (PerkinElmer, ÑØÀ) â ñîîòâåò-

ñòâèè ñ ìåòîäèêîé, ðåêîìåíäîâàííîé ïðîèçâîäèòåëåì

[33]. Ôëóîðåñöåíòíûé ñèãíàë èçìåðÿëè íà ïðèáîðå

Victor3V (PerkinElmer), èñïîëüçóÿ âñòðîåííóþ ïðî-

ãðàììó “LANCE High Count”.

Âûñîêîïðîèçâîäèòåëüíûé ñêðèíèíã ñîåäèíåíèé

âûÿâèë ñîåäèíåíèÿ, áëîêèðóþùèå âûçâàííóþ ñåðîòî-

íèíîì ñòèìóëÿöèþ ñèíòåçà öÀÌÔ áîëåå ÷åì íà 50 %.

Äàííûå àíòàãîíèñòû âíà÷àëå òåñòèðîâàëè íà “ëîæ-

íûé” ñèãíàë, ïîÿâëåíèå êîòîðîãî ìîãëî áûòü âûçâàíî

ñëåäóþùèìè ïðè÷èíàìè: 1) àâòîôëóîðåñöåíöèåé ñî-

åäèíåíèé èëè 2) èíãèáèðîâàíèåì íåïîñðåäñòâåííî

àäåíèëàòöèêëàçû, à íå 5-ÍÒ
6

ðåöåïòîðîâ.

Âîçìîæíîñòü àâòîôëóîðåñöåíöèè ïðîâîäèëè, èçìå-

ðÿÿ ñèãíàë ðàñòâîðà èññëåäóåìîãî ñîåäèíåíèÿ â èñ-

ïîëüçîâàííîé ïðè ñêðèíèíãå êîíöåíòðàöèè 10 ìêM â

áóôåðå SB1/0,1 % ÄÌÑÎ ïî òîé æå ïðîãðàììå äåòåê-

òèðîâàíèÿ LANCE. Â èòîãå çàìåòíàÿ àâòîôëóîðåñöåí-

öèÿ áûëà îáíàðóæåíà ó 35 ñîåäèíåíèé, êîòîðûå áûëè

èñêëþ÷åíû èç ïîñëåäóþùåãî àíàëèçà.

Èçó÷åíèå ñïîñîáíîñòè ñîåäèíåíèé èíãèáèðîâàòü

àäåíèëàòöèêëàçó îñóùåñòâëÿëè ñëåäóþùèì îáðàçîì:

íåèíäóöèðîâàííûå òåòðàöèêëèíîì êëåòêè, ó êîòîðûõ

ýêñïðåññèÿ 5-ÍÒ
6

ðåöåïòîðîâ îòñóòñòâóåò, ïðåäûíêó-

áèðîâàëè ñ èññëåäóåìûìè ñîåäèíåíèÿìè òàê æå, êàê è

â îñíîâíîì ýêñïåðèìåíòå, à äëÿ àêòèâàöèè àäåíèëàò-

öèêëàçû äîáàâëÿëè ôîðñêîëèí è èíêóáèðîâàëè äîïîë-

íèòåëüíî 30 ìèí. Ïîñëå îïèñàííîé âûøå ïðîöåäóðû

èíêóáàöèè ê êëåòêàì äîáàâëÿëè ðåàãåíòû äëÿ äåòåê-

öèè öAMÔ è ðåãèñòðèðîâàëè ôëóîðåñöåíòíûé ñèãíàë.

Äàííûé òåñò âûÿâèë ëèøü 1 ñîåäèíåíèå, ñïîñîáíîå

èíãèáèðîâàòü àäåíèëàòöèêëàçó (53 % èíãèáèðîâàíèÿ).

Ýòî ñîåäèíåíèå òàêæå áûëî èñêëþ÷åíî èç äàëüíåéøåé

ðàçðàáîòêè. Àêòèâíîñòü îñòàëüíûõ ñîåäèíåíèé áûëà

ïîäòâåðæäåíà â îïûòàõ ïî êîíöåíòðàöèÿ-çàâèñèìîìó

èíãèáèðîâàíèþ êëåòî÷íîãî ñèãíàëà (íàêîïëåíèå

öÀÌÔ), âûçâàííîãî 50 íÌ ñåðîòîíèíîì, è ïî ýòèì çà-

âèñèìîñòÿì áûëè îïðåäåëåíû çíà÷åíèÿ IC
50

.

Â ðåçóëüòàòå ñêðèíèíãà ñôîêóñèðîâàííîé âûáîðêè,

ñîñòîÿùåé èç 2827 âåùåñòâ, ïðåäñòàâëåííûõ 78 êîì-

áèíàòîðíûìè áèáëèîòåêàìè è õàðàêòåðèçóþùåéñÿ êî-

ýôôèöèåíòîì ðàçíîîáðàçèÿ 0,90924, èçó÷åíû âçàèìî-

ñâÿçü ñòðóêòóðà — àíòàãîíèñòè÷åñêàÿ àêòèâíîñòü ïî

îòíîøåíèþ ê 5-ÍÒ
6

ðåöåïòîðó. Ñòðóêòóðà áîëüøèíñò-

âà îáíàðóæåííûõ â ðåçóëüòàòå ñêðèíèíãà èíãèáèòîðîâ

ñîîòâåòñòâóåò ãèïîòåòè÷åñêîé ôàðìàêîôîðíîé ìîäåëè

PhM2, ëèãàíäîâ 5-ÍÒ
6

ðåöåïòîðà, ÷òî ïîäòâåðæäàåò

ïåðñïåêòèâíîñòü ó÷åòà ýòîé ìîäåëè äëÿ ïîèñêà âûñî-

êîýôôåêòèâíûõ àíòàãîíèñòîâ 5-ÍÒ
6

ðåöåïòîðà. Óñòà-

íîâëåíî, ÷òî ââåäåíèå îáúåìíûõ ýëåêòðîí-äîíîðíûõ

çàìåñòèòåëåé â âèöèíàëüíîå ïîëîæåíèå ê ñóëüôîíèëü-

íîé ãðóïïå ó ýòîãî òèïà ñîåäèíåíèé, ñíèæàåò èõ àíòà-

ãîíèñòè÷åñêóþ àêòèâíîñòü ïî îòíîøåíèþ ê 5-ÍÒ
6

ðå-

öåïòîðó.

Îáíàðóæåíî ÷òî ââåäåíèå âòîðè÷íîé àìèíîãðóïïû

â âèöèíàëüíîå ïîëîæåíèå ê ñóëüôîíèëüíîé ãðóïïå ëè-

ãàíäîâ, ïîâûøàåò èõ àíòàãîíèñòè÷åñêóþ àêòèâíîñòü

ïî îòíîøåíèþ ê 5-ÍÒ
6

ðåöåïòîðó. Íà îñíîâàíèè ïîëó-

÷åííûõ ðåçóëüòàòîâ è ëèòåðàòóðíûõ äàííûõ ïðåäëî-

æåíà íîâàÿ ãèïîòåòè÷åñêàÿ ôàðìàêîôîðíàÿ ìîäåëü

(PhM3) äëÿ 5-ÍÒ
6

àíòàãîíèñòîâ, ñîäåðæàùèõ âòîðè÷-

íóþ àìèíîãðóïïó â âèöèíàëüíîì ïîëîæåíèè ê ñóëü-

ôîíèëüíîé ãðóïïå.

Ïîêàçàíî, ÷òî ñîåäèíåíèÿ, â êîòîðûõ ñóëüôîíèëü-

íûé ôðàãìåíò îòäåëåí îò ãåòåðîöèêëè÷åñêèõ è/èëè

àðîìàòè÷åñêèõ ôðàãìåíòîâ îäíîé èëè íåñêîëüêèìè

ìåòèëåíîâûìè ãðóïïàìè, êàê è ãåòåðîöèêëè÷åñêèå ñî-

åäèíåíèÿ, ñîäåðæàùèå àëêèëñóëüôîíèëüíûé ôðàã-

ìåíò èëè ýíäîöèêëè÷åñêóþ ñóëüôîíèëüíóþ ãðóïïó, à

òàêæå (5-àðèëñóëüôîíèë-3H-[1,2,3]òðèàçîë-4-èë)àìè-

íû, è àçîëû, îäíîâðåìåííî çàìåùåííûå àðèëñóëüôî-

íèëîì è àëêèëñóëüôîíèëîì, ìàëîïåðñïåêòèâíû â êà-

÷åñòâå àíòàãîíèñòîâ 5-ÍÒ
6

ðåöåïòîðà.
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5-HT6 RECEPTOR ANTAGONISTS: I. SCREENING OF THE LIBRARY

OF VARIOUS HETEROCYCLIC COMPOUNDS CONTAINING ALKYLSULFONYL MOIETY
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High-throughput screening of a specific set (focused library) of heterocyclic compounds containing alkylsulfonyl moiety (a total of 2827 compounds from 78

combinatorial libraries), has been performed and highly effective 5-ÍÒ
6

receptors antagonists were discovered. The structure of most substances corresponds

to the PhM2 pharmacophore model, which confirms its potential in the search for effective 5-HT
6

receptor antagonists. It is established that the structure of a

substituent introduced in the vicinity of the sulfonyl moiety in PhM2 ligands can affect their pharmacological activity, including the ability to block seroto-

nin-induced 5-HT
6

receptor-mediated cell responses. In particular, bulky electron-donor groups reduce the activity, whereas methylamine group significantly

increases the 5-HT
6

receptor antagonist ability of compounds. Based on these findings, a new conceptual pharmacophore model, PhM3, is proposed. It is

shown that compounds from the combinatorial libraries with (i) sulfonyl moiety separated from the heterocyclic and/or aromatic moiety by one (or more)

methylene carbon(s), (ii) heterocyclic compounds containing alkylsulfonyl moiety or endocyclic sulfonyl group, (iii) (5-arylsulfonyl-3H-[1,2,3]tria-

zol-4-yl)-amines, and (iv) azoles substituted simultaneously with arylsulfonyl and alkylsulfonyl groups—all have low hit rate and, hence, are not promising

for discovery of new 5-HT
6

receptor antagonists.

Key words: high throughput screening, heterocyclic compounds, sulfonyl moiety, serotonin receptor antagonists, pharmacophore model of 5-HT
6

receptor

ligands, cAMP, cell-based assay
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