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Â çàäà÷è íàñòîÿùåé ðàáîòû âõîäèë ñèíòåç ïðîèçâîäíûõ áàðáèòóðîâîé êèñëîòû, çàìå-
ùåííûõ ïî àòîìó Ñ5 �-ôåíèëñêàòèëüíûì îñòàòêîì. Â êà÷åñòâå èñõîäíîãî ñîåäèíåíèÿ
áûë èñïîëüçîâàí �-ôåíèë-íîð-ãðàìèí, êîòîðûé ðàíåå áûë ñ óñïåõîì ïðèìåíåí äëÿ àëêè-
ëèðîâàíèÿ ðÿäà ÑÍ-êèñëîòíûõ ñîåäèíåíèé, â òîì ÷èñëå äëÿ ïîëó÷åíèÿ äèýòèë-1H-èí-
äîë-3-èë(ôåíèë)ìåòèëìàëîíàòà, íà îñíîâå êîòîðîãî ìû ñèíòåçèðîâàëè ðÿä ïðîèçâîäíûõ
2-òèîáàðáèòóðîâîé êèñëîòû ñ ïðåäïîëàãàåìûìè àíòèîêñèäàíòíûìè, ìåìáðàíîïðîòåê-
òîðíûìè è ðàäèîïðîòåêòîðíûìè ñâîéñòâàìè.

Ðàçðàáîòêà ïîäõîäîâ ê ñèíòåçó ïðîèçâîäíûõ ïåð-
ãèäðîïèðèìèäèí-2,4,6-òðèîíà (áàðáèòóðîâîé êèñëî-
òû) è èõ 2-òèîàíàëîãîâ, ñîäåðæàùèõ èíäîëèëàëêèëü-
íûé ôðàãìåíò, ïðåäñòàâëÿåòñÿ ïåðñïåêòèâíûì ñ òî÷êè
çðåíèÿ ïîèñêà íîâûõ ôàðìàöåâòè÷åñêèõ ñðåäñòâ. Êàê
èçâåñòíî, ìíîãèå àëêèëçàìåùåííûå ïðîèçâîäíûå áàð-
áèòóðîâîé è 2-òèîáàðáèòóðîâîé êèñëîò äîñòàòî÷íî
ïðîñòîãî ñòðîåíèÿ îáëàäàþò âûðàæåííîé ôèçèîëîãè-
÷åñêîé àêòèâíîñòüþ è èñïîëüçóþòñÿ â êà÷åñòâå ñíî-
òâîðíûõ, îáåçáîëèâàþùèõ, ïðîòèâîñóäîðîæíûõ ïðå-
ïàðàòîâ [1]. Òàê æå è èíäîëèëìåòèëüíûé (ñêàòèëüíûé)
ôðàãìåíò âõîäèò â ìîëåêóëû íåêîòîðûõ ôàðìàöåâòè-
÷åñêèõ (ïñèõîòðîïíûõ, ïðîòèâîâîñïàëèòåëüíûõ, ïðî-
òèâîâèðóñíûõ) ñðåäñòâ è ÿâëÿåòñÿ ñòðóêòóðíîé îñíî-
âîé ðÿäà ïðèðîäíûõ ñîåäèíåíèé [2].

Â çàäà÷è íàñòîÿùåé ðàáîòû âõîäèë ñèíòåç ïðîèç-
âîäíûõ áàðáèòóðîâîé êèñëîòû, çàìåùåííûõ ïî àòîìó
Ñ5 �-ôåíèëñêàòèëüíûì îñòàòêîì. Äëÿ ïîëó÷åíèÿ òà-
êèõ ñèñòåì ìû èçáðàëè ñòðàòåãèþ, îñíîâàííóþ íà èñ-
ïîëüçîâàíèè �-ôåíèë-íîð-ãðàìèíà (I) [3], êîòîðûé ðà-
íåå áûë ñ óñïåõîì ïðèìåíåí äëÿ àëêèëèðîâàíèÿ ðÿäà
ÑÍ-êèñëîòíûõ ñîåäèíåíèé. Îñíîâàíèå Ìàííèõà I ëåã-
êî àëêèëèðóåò äèýòèëîâûé ýôèð ìàëîíîâîé êèñëîòû
(III) ñ îáðàçîâàíèåì äèýòèë-1Í-èíäîë-3-èë(ôåíèë)ìå-
òèë-ìàëîíàòà (IV) ñ âûõîäîì 70 %. Ðåàêöèÿ îñóùåñòâ-
ëÿåòñÿ ïðè êèïÿ÷åíèè ðåàãåíòîâ â ñïèðòå â ïðèñóòñò-
âèè ïîòàøà, íà ïðîìåæóòî÷íîé ñòàäèè, ïî-âèäèìîìó,
ïðîòåêàåò äåçàìèíèðîâàíèå ñ îáðàçîâàíèåì 3-[(Z)-ôå-
íèëìåòèëèäåí]-3-Í-èíäîëà (II), ïðèñîåäèíåíèå ê êî-
òîðîìó ïî Ìèõàýëþ àíèîíà III ñ ïîñëåäóþùèì ïðîòî-
íèðîâàíèåì ïðèâîäèò ê êîíå÷íîìó ïðîäóêòó IV [4].

Ìîæíî áûëî îæèäàòü, ÷òî ââåäåíèå �-ôåíèëñêàòèëü-
íîãî îñòàòêà â áàðáèòóðîâûå êèñëîòû (V) òàêæå íå áó-
äåò ïðåäñòàâëÿòü ñëîæíîñòè, òåì áîëåå ÷òî âîçìîæ-
íîñòü àëêèëèðîâàíèÿ ýòèõ ñîåäèíåíèé ïî àòîìó Ñ(5)
îñíîâàíèÿìè Ìàííèõà, òàêèìè êàê ãðàìèí (VI) è åãî
èîäìåòèëàò, ñ îáðàçîâàíèåì ïðîèçâîäíûõ (VII), áûëà
ïðîäåìîíñòðèðîâàíà â ðàáîòå [5].

Òåì íå ìåíåå, ïîïûòêè àëêèëèðîâàíèÿ êèñëîò (V,
R = H, Et) �-ôåíèë-íîð-ãðàìèíîì (I) îêàçàëèñü íåó-
äà÷íû. Âî âñåõ ñëó÷àÿõ, âìåñòî îæèäàåìûõ ñîåäèíå-

íèé (VIII), áûëè ïîëó÷åíû íåèäåíòèôèöèðóåìûå ñìå-
ñè ïðîäóêòîâ.

Ñîåäèíåíèå (VIII ïðè R = H) íå óäàëîñü ïîëó÷èòü è
ïðè èñïîëüçîâàíèè ñòàíäàðòíîãî ïîäõîäà, îñíîâàííî-
ãî íà êîíäåíñàöèè ïðîèçâîäíîãî äèýòèëìàëîíîâîãî
ýôèðà IV ñ ìî÷åâèíîé â àáñîëþòíîì ñïèðòå â ïðèñóò-
ñòâèè àëêîãîëÿòà íàòðèÿ. Íåóäà÷à â ïîñëåäíåì ñëó÷àå
ïîäòâåðæäàåò ìíåíèå [6] î òîì, ÷òî öèêëèçàöèÿ �-äè-
àðèëìåòèëçàìåùåííûõ ïðîèçâîäíûõ ìàëîíîâîé êèñ-
ëîòû â ñîîòâåòñòâóþùèå áàðáèòóðîâûå êèñëîòû çà-
òðóäíåíà.

Ó÷èòûâàÿ, ÷òî â ïîäîáíûõ ðåàêöèÿõ îáðàçîâàíèå
2-òèîáàðáèòóðîâûõ êèñëîò îáû÷íî ïðîòåêàåò íåñêîëü-
êî ëåã÷å, ÷åì èõ êèñëîðîäíûõ àíàëîãîâ [6], ìû îñóùå-
ñòâèëè êîíäåíñàöèþ çàìåùåííîãî ìàëîíàòà IV ñ òèî-
ìî÷åâèíîé â ìåòàíîëå â ïðèñóòñòâèè ìåòèëàòà íàòðèÿ.
Ïðè ýòîì áûëî âûäåëåíî äèíàòðèåâîå ïðîèçâîäíîå,
äàííûå ñïåêòðà ßÌÐ 1Í êîòîðîãî íå ïðîòèâîðå÷èëè
ïðåäïîëàãàåìîé ñòðóêòóðå ñîëè 5-[1H-èíäîë-3-èë(ôå-
íèë)ìåòèë]-2-òèîáàðáèòóðîâîé êèñëîòû (IX). Áîëåå
ñòðîãàÿ èäåíòèôèêàöèÿ â äàííîì ñëó÷àå áûëà çàòðóä-
íåíà èç-çà íèçêîé ðàñòâîðèìîñòè ýòîé ñîëè â
ÄÌÑÎ-d6, ÷òî íå ïîçâîëèëî èñïîëüçîâàòü ñïåêòðîñêî-
ïèþ ßÌÐ 13Ñ.

Ïðè ïîïûòêå âûäåëèòü êèñëîòó IXa â ñâîáîäíîì
âèäå âåùåñòâî ðàçëàãàëîñü. Ïîäêèñëåíèå ñâåæåãî
(áåñöâåòíîãî) âîäíîãî ðàñòâîðà ñîëè IX ñîëÿíîé êèñ-
ëîòîé ïðèâîäèëî ê âûïàäåíèþ êîðè÷íåâî-êðàñíîãî
îñàäêà, ñîäåðæàùåãî ïî äàííûì ÒÑÕ è ßÌÐ 1Í, ñëîæ-
íóþ ñìåñü ïðîäóêòîâ. Ñîëü IX â òâåðäîì âèäå áûëà
óñòîé÷èâà, íî â âîäíûõ ðàñòâîðàõ ðàçëàãàëàñü â òå÷å-
íèå íåñêîëüêèõ ÷àñîâ.

Ñ öåëüþ ïîëó÷åíèÿ áîëåå ñòàáèëüíûõ ñîåäèíåíèé
ýòîãî ðÿäà ìû ïðîâåëè ìåòèëèðîâàíèå ñîëè IX äèìå-
òèëñóëüôàòîì â ìåòàíîëå. Èç ïîëó÷åííîé ñìåñè áûëè
âûäåëåíû òðè ñîåäèíåíèÿ: 5-[1H-èíäîë-3-èë(ôåíèë)-
ìåòèë]-2-ìåòèëòèî-6-ãèäðîêñè-1Í-ïèðèìèäèí-4-îí (X),
5-[1H-èíäîë-3-èë(ôåíèë)ìåòèë]-1-ìåòèë-2-ìåòèëòèî-
6-ãèäðîêñè-1Í-ïèðèìèäèí-4-îí (XI) è 5-[1H-èíäîë-3-
èë(ôåíèë)ìåòèë]-1-ìåòèë-2-ìåòèëòèî-6-ìåòîêñè-1Í-
ïèðèìèäèí-4-îí (XII), ñòðîåíèå êîòîðûõ áûëî óñòà-
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íîâëåíî íà îñíîâå ñïåêòðîâ ßÌÐ 1Í, 13Ñ è ìàñc-ñïåêò-
ðîâ.

Â îòëè÷èå îò êèñëîòû IXa, ìåòèëïðîèçâîäíûå
X – XII îêàçàëèñü óñòîé÷èâûìè êàê â ñâîáîäíîì âèäå,
òàê è â âèäå ñîëåé, õðîìàòîãðàôèðîâàëèñü íà ïëàñòè-
íàõ Silufol áåç ðàçëîæåíèÿ (â èíåðòíîé àòìîñôåðå). Â
ïðèñóòñòâèè ñèëüíûõ êèñëîò ñîåäèíåíèÿ X, XI è â ìå-
íüøåé ñòåïåíè XII áûñòðî ðàçëàãàëèñü. Ïîñëåäíåå
ñâîéñòâî îêàçàëîñü âåñüìà óäîáíûì äëÿ èäåíòèôèêà-
öèè äàííûõ ñîåäèíåíèé íà õðîìàòîãðàììàõ, ïðè îáðà-
áîòêå êîòîðûõ ïàðàìè HCl ïðîèçâîäíûå X è XI ïðàê-
òè÷åñêè ìãíîâåííî ïðîÿâëÿëèñü â âèäå áóðûõ ïÿòåí
(ïðåäåë îáíàðóæåíèÿ 0,5 – 1,0 ìêã).

Ïðåäñòàâëÿåòñÿ î÷åâèäíûì, ÷òî ìåòèëèðîâàíèå
ñîëè IX äèìåòèëñóëüôàòîì ïðîòåêàåò íà ïåðâîì ýòàïå
ïî àòîìó ñåðû ñ îáðàçîâàíèåì ñîåäèíåíèÿ X. Ìåòèëè-
ðîâàíèå ïîñëåäíåãî â óñëîâèÿõ èçáûòêà îñíîâàíèÿ

ïðîòåêàåò ïðåèìóùåñòâåííî ïî àòîìó àçîòà, ïðèâîäÿ ê
ïðîèçâîäíîìó XI. Íà ïîñëåäíåì ýòàïå â ðåàêöèþ âñòó-
ïàåò àòîì êèñëîðîäà ñ îáðàçîâàíèåì ñîîòâåòñòâóþùå-
ãî 1-ìåòèë-2-ìåòèëòèî-4-ìåòîêñèïèðèìèäèíà XII.
Äàííàÿ ïîñëåäîâàòåëüíîñòü áûëà ïîäòâåðæäåíà íàìè
ïóòåì õðîìàòîãðàôè÷åñêîãî êîíòðîëÿ ðåàêöèè â ïðî-
öåññå ïðèáàâëåíèÿ ìåòèëèðóþùåãî àãåíòà. Ñîïîñòàâ-
ëåíèå ýòîé ñõåìû ñ äàííûìè ðàáîòû [7] ïîçâîëÿåò îò-
ìåòèòü, ÷òî âçàèìîäåéñòâèå ñîëè IX ñ äèìåòèëñóëüôà-
òîì, êàê è ìåòèëèðîâàíèå íåçàìåùåííîé 2-òèîáàðáè-
òóðîâîé êèñëîòû â ïðèñóòñòâèè èçáûòêà ùåëî÷è, ïðî-
òåêàåò â îäíîé è òîé æå ïîñëåäîâàòåëüíîñòè (ñåðà —
àçîò — êèñëîðîä), ò.å. íàëè÷èå 1Í-èíäîë-3-èë(ôåíèë)-
ìåòèëüíîãî ôðàãìåíòà ïðè àòîìå Ñ5 íå èçìåíÿåò ñóùå-
ñòâåííûì îáðàçîì îòíîñèòåëüíóþ íóêëåîôèëüíîñòü
ðåàêöèîííûõ öåíòðîâ â àìáèäåíòíîé ïèðèìèäèíîâîé
ñèñòåìå ìîëåêóëû.
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Êîíäåíñàöèåé çàìåùåííîãî ìàëîíàòà IV ñ N-ýòèë-
òèîìî÷åâèíîé íàìè áûëà ïîëó÷åíà äèíàòðèåâàÿ ñîëü
5-[1H-èíäîë-3-èë(ôåíèë)ìåòèë]-1-ýòèë-2-òèîáàðáèòó-
ðîâîé êèñëîòû (XIII), êîòîðàÿ, êàê è åå àíàëîã IXa, â
ñâîáîäíîì âèäå áûñòðî ðàçëàãàëàñü. Ïðè ìåòèëèðîâà-
íèè in situ ýòîãî ïðîèçâîäíîãî ýêâèìîëüíûì êîëè÷åñò-
âîì äèìåòèëñóëüôàòà óäàëîñü ïîëó÷èòü ñòàáèëüíîå
ñîåäèíåíèå — 5-[1H-èíäîë-3-èë(ôåíèë)ìåòèë]-1-
ýòèë-2-ìåòèëòèî-6-ãèäðîêñè-1Í-ïèðèìèäèí-4-îí
(XIV).

Òàêèì îáðàçîì, ïîëó÷åííûå äàííûå ñâèäåòåëüñòâó-
þò î ñëåäóþùåé çàêîíîìåðíîñòè: 5-[1H-èíäîë-3-èë-
(ôåíèë)ìåòèë]-2-òèîáàðáèòóðîâûå êèñëîòû íåóñòîé-
÷èâû â ñâîáîäíîì ñîñòîÿíèè è ìîãóò áûòü ïîëó÷åíû
òîëüêî â âèäå ñîëåé (òàêèõ êàê IX, XIII), íî ïîñëå àë-
êèëèðîâàíèÿ ýòè ñèñòåìû ïðèîáðåòàþò ñòàáèëüíîñòü.

Ìû ïîëàãàåì, ÷òî íåîáû÷íûå ñâîéñòâà èçó÷åííûõ
ñîåäèíåíèé íåïîñðåäñòâåííî ñâÿçàíû ñ êèñëîòíîñòüþ
ïèðèìèäèíîâîãî ôðàãìåíòà ìîëåêóëû. Êàê èçâåñòíî,
íåçàìåùåííàÿ 2-òèîáàðáèòóðîâàÿ êèñëîòà îáëàäàåò
àíîìàëüíî âûñîêîé êèñëîòíîñòü (ðÊà 2,2 [8]), ââåäå-
íèå îäíîé àðèëìåòèëüíîé èëè äèàðèëìåòèëüíîé ãðóï-
ïû â ïîëîæåíèå 5 ïðèâîäèò ê åùå áîëüøåìó ñíèæå-
íèþ ðÊà, ïîýòîìó äëÿ ñîåäèíåíèÿ IXa ìîæíî îæèäàòü
çíà÷åíèå ïîêàçàòåëÿ êèñëîòíîñòè â ïðåäåëàõ 1,5 – 2,0.
Ó÷èòûâàÿ ïðèñóòñòâèå â ìîëåêóëå IXa âûñîêî êèñëîò-
íîãî ïèðèìèäèíîâîãî ôðàãìåíòà ðÿäîì ñ èíäîë-3-
èë(ôåíèë)ìåòèëüíûì, ìîæíî îæèäàòü ïðîòîíèðîâà-
íèÿ ïîñëåäíåãî ñ ïîñëåäóþùèì åãî îòùåïëåíèåì â
âèäå 3-[(Z)-ôåíèëìåòèëèäåí]-3-H-èíäîëà, äèìåðèçó-
þùåãîñÿ äàëåå â ïðîèçâîäíîå ýòèëåíà (XV). Ìû ïîêà-
çàëè, ÷òî ñîåäèíåíèå XV äåéñòâèòåëüíî ïðèñóòñòâóåò
â ñìåñè ïðîäóêòîâ ðàçëîæåíèÿ êèñëîòû IXa è îáíàðó-
æèâàåòñÿ òàêæå ñðåäè ïðîäóêòîâ òåðìè÷åñêîé äåñò-
ðóêöèè ñîåäèíåíèé X, XI, XIV (ïî äàííûì ìàññ-ñïåê-
òðîâ).

Ìåòèëèðîâàíèå 2-òèîáàðáèòóðîâûõ êèñëîò ïî àòî-
ìó ñåðû ïðèâîäèò ê ñîåäèíåíèÿì, êèñëîòíîñòü êîòî-
ðûõ íà íåñêîëüêî ïîðÿäêîâ ñëàáåå ïî ñðàâíåíèþ ñ èñ-
õîäíûìè. Äëÿ ïðîèçâîäíûõ X è XI ìû ïîëó÷èëè çíà-
÷åíèÿ ðÊà, ïî äàííûì ïîòåíöèîìåòðè÷åñêîãî
òèòðîâàíèÿ (âîäà, 20 °Ñ) 5, 15 è 5,91, ñîîòâåòñòâåííî.
Ìàññ-ñïåêòð ñîåäèíåíèÿ X, ïîëó÷åííûé â óñëîâèÿõ
ïðÿìîãî ââîäà îáðàçöà â èîííûé èñòî÷íèê ïðè 150 °Ñ,
ñîäåðæèò èíòåíñèâíûå ïèêè ïðîäóêòîâ ðàçëîæåíèÿ
XV è XVI (R = H), òîãäà êàê ìîëåêóëÿðíûé èîí ñàìîãî
5-[1H-èíäîë-3-èë(ôåíèë)ìåòèë]-2-ìåòèëòèî-6-ãèäðî-
êñè-1Í-ïèðèìèäèí-4-îíà (X) âûðàæåí î÷åíü ñëàáî.
1-Ìåòèë-2-ìåòèëòèîïðîèçâîäíîå XI áîëåå óñòîé÷èâî,
â àíàëîãè÷íûõ óñëîâèÿõ åãî ìîëåêóëÿðíûé èîí äîñòà-
òî÷íî èíòåíñèâåí, õîòÿ â ìàññ-ñïåêòðå òàêæå îáíàðó-
æèâàþòñÿ èîíû äðóãèõ ñîåäèíåíèé — ïðîäóêòîâ ðàç-
ëîæåíèÿ XV è XVI (R = Me). Èíòåðåñíî îòìåòèòü, ÷òî
â îòëè÷èå îò ïðîèçâîäíûõ X è XI, ñîåäèíåíèå XII èìå-
åò ÷èñòûé ìàññ-ñïåêòð, áåç ïðèìåñåé èíîðîäíûõ
èîíîâ. Âåðîÿòíî, ïîâûøåííàÿ òåðìè÷åñêàÿ ñòàáèëü-
íîñòü ñîåäèíåíèÿ XII ñâÿçàíà ñ îòñóòñòâèåì â åãî ìî-
ëåêóëå êèñëîòíûõ ïðîòîíîâ, íàëè÷èå êîòîðûõ èíèöèè-
ðóåò ðàñïàä ñîåäèíåíèé IXa, X, XI, XIII, XIV.

Åùå îäíèì çàñëóæèâàþùèì âíèìàíèÿ ñâîéñòâîì
ñîåäèíåíèé X, XI, XIV ÿâëÿåòñÿ èõ ñêëîííîñòü ê âçàè-
ìîäåéñòâèþ ñ êèñëîðîäîì. Â îòëè÷èå îò êèñëîòíîé
äåñòðóêöèè, ñîïðîâîæäàþùåéñÿ áóðûì îêðàøèâàíè-
åì, îêèñëåíèå íà ñâåòó ïðèâîäèò ê îáðàçîâàíèþ êðàñ-
íîãî õðîìîôîðà ñ Å ïîðÿäêà 30 000, âåðîÿòíî, èìåþ-
ùåãî èëèäåíîâîå ñòðîåíèå (XVII).

Îòíîñèòåëüíóþ ñêîðîñòü ïðîöåññîâ îêèñëåíèÿ ìû
îöåíèâàëè ïî èíòåíñèâíîñòè îêðàøèâàíèÿ ñîåäèíå-
íèé, íàíåñåííûõ íà ïëàñòèíû Silufol. Ïÿòíà ïðîèçâîä-
íîãî Õ ïðè 20 °Ñ äîñòèãàëè ìàêñèìàëüíîé îêðàñêè
ïðèìåðíî ÷åðåç ñóòêè, ïðîèçâîäíîãî XI — ÷åðåç 2 ñó-
òîê, ïÿòíî ìàëîíàòà IV — ÷åðåç 25 ñóòîê, à ñîåäèíå-
íèå XII ïðàêòè÷åñêè íå îêðàøèâàëîñü (äëÿ ñðàâíåíèÿ
— ñîåäèíåíèå Õ îêèñëÿåòñÿ ïðèìåðíî â 4 – 5 ðàç ìåä-
ëåííåå, ÷åì �-êàðîòèí â òàêèõ æå óñëîâèÿõ).

Òàêèì îáðàçîì, â íàñòîÿùåé ðàáîòå íàéäåíû ñèíòå-
òè÷åñêèå ïîäõîäû, îòêðûâàþùèå ïóòü äëÿ ïîëó÷åíèÿ
òðóäíîäîñòóïíûõ 5-[1H-èíäîë-3-èë(ôåíèë)ìåòèë]ïðî-
èçâîäíûõ ïèðèìèäèíîâîãî ðÿäà, ïðåäñòàâëÿþùèõ ïî-
òåíöèàëüíûé èíòåðåñ äëÿ ñêðèíèíãîâûõ èññëåäîâà-
íèé. Îòìå÷åííûå ñâîéñòâà ñèíòåçèðîâàííûõ âåùåñòâ
ïîçâîëÿþò, â ÷àñòíîñòè, ïðåäïîëàãàòü ïåðñïåêòèâ-
íîñòü èõ èçó÷åíèÿ â êà÷åñòâå àãåíòîâ, çàùèùàþùèõ
êëåòêè îò ïîâðåæäåíèé ñâîáîäíûìè ðàäèêàëàìè (àí-
òèîêñèäàíòîâ, ìåìáðàíîïðîòåêòîðîâ, ðàäèîïðîòåêòî-
ðîâ è ò.ï.).

Ýêñïåðèìåíòàëüíàÿ õèìè÷åñêàÿ ÷àñòü

Ñïåêòðû ßÌÐ 1Í ñíèìàëè íà ïðèáîðå “Bruker
WM-250” ñ ðàáî÷åé ÷àñòîòîé 250 ÌÃö, ñïåêòðû ßÌÐ
13Ñ — íà ÀÌ-500 “Bruker” ñ ðàáî÷åé ÷àñòîòîé
200 ÌÃö, ìàññ-ñïåêòðû — íà ïðèáîðå SSQ-710 (Fini-
gan MAT) ñ ñèñòåìîé ïðÿìîãî ââîäà îáðàçöà â èîííûé
èñòî÷íèê ïðè 150 °Ñ è èîíèçèðóþùåì íàïðÿæåíèè
70 ýÂ.
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×èñòîòó ïîëó÷åííûõ ñîåäèíåíèé êîíòðîëèðîâàëè ñ
ïîìîùüþ ìåòîäà ÒÑÕ (íà ïëàñòèíêàõ Silufol UV-254 â
ñèñòåìàõ õëîðîôîðì è õëîðîôîðì – ýòèëàöåòàò, 3:1.
Äàííûå ýëåìåíòíîãî àíàëèçà óäîâëåòâîðÿþò âû÷èñ-
ëåííûì çíà÷åíèÿì.

�-Ôåíèë-íîð-ãðàìèí (I) è äèýòèë-1Í-èíäîë-3-èë-
(ôåíèë)ìåòèëìàëîíàò (IV) ïîëó÷åíû ïî ìåòîäàì [3] è
[4].

Äèíàòðèåâàÿ ñîëü 5-[1H-èíäîë-3-èë(ôåíèë)ìå-

òèë]-2-òèîáàðáèòóðîâîé êèñëîòû (IÕ). Ê ðàñòâîðó
20 ììîëü íàòðèÿ â 10 ìë àáñîëþòíîãî ìåòàíîëà ïðè-
áàâëÿþò 5 ììîëü ñîåäèíåíèÿ IV, ïåðåìåøèâàþò ïðè
íàãðåâàíèè 5 ìèí è ïðèáàâëÿþò 8 ììîëü ñóõîé òèîìî-
÷åâèíû. Ñìåñü êèïÿòÿò ïðè ïåðåìåøèâàíèè, êîíòðî-
ëèðóÿ ïðîòåêàíèå ðåàêöèè ñ ïîìîùüþ ÒÑÕ. Ïîñëå èñ-
÷åçíîâåíèÿ èñõîäíîãî ñîåäèíåíèÿ IV (ïðèìåðíî 1 ÷)
êèïÿòÿò åùå 30 ìèí è çàòåì îõëàæäàþò è ïîëó÷àþò
ñóñïåíöèþ (ñìåñü 1). Ïðè 10 °Ñ îòôèëüòðîâûâàþò
îñàäîê, ïðîìûâàþò õîëîäíûì àáñîëþòíûì ìåòàíî-
ëîì, çàòåì ýôèðîì è ñóøàò â âàêóóì-ýêñèêàòîðå íàä
KOH. Ïîëó÷àþò 0,62 ã ñîåäèíåíèÿ IX, âûõîä 41 %.
Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), �, ì.ä.: 5,69 (c, 1H, CH);
6,77 (ò, 1H), 6,95 (ä, 1H), 7,06 (ä, 1H), 7,15 – 7,34 (ì,
6H), 8,32 (c, 1H) (âñå ñèãíàëû óøèðåíû èç-çà îáìåíà).

5-[1H-èíäîë-3-èë(ôåíèë)ìåòèë]-2-ìåòèë-

òèî-6-ãèäðîêñè-1Í-ïèðèìèäèí-4-îí (X). Ê ñóñïåí-
çèè 0,5 ã (ïðèìåðíî 2,5 ììîëü) ñîëè IX â 5 ìë àáñî-
ëþòíîãî ìåòàíîëà ïðè ïåðåìåøèâàíèè ïðèáàâëÿþò ïî
êàïëÿì 2,5 ììîëü ñâåæåïåðåãíàííîãî äèìåòèëñóëüôà-
òà. Ïåðåìåøèâàþò ïðè êîìíàòíîé òåìïåðàòóðå
30 ìèí, çàòåì âûëèâàþò ñìåñü â 40 ìë âîäû è ïåðåìå-
øèâàþò. ×åðåç 2 ÷ íåðàñòâîðåííûé îñàäîê îòäåëÿþò,
ðàñòâîð ýêñòðàãèðóþò 10 ìë õëîðîôîðìà, îðãàíè÷å-
ñêèé ñëîé îòáðàñûâàþò, à âîäíûé ðàñòâîð ïîäêèñëÿþò
óêñóñíîé êèñëîòîé. Âûïàâøèé îñàäîê îòôèëüòðîâû-
âàþò, ðàñòâîðÿþò åãî â 30 ìë âîäíîãî ðàñòâîðà, ñîäåð-
æàùåãî 2 ã KHCO3, îòáðàñûâàþò íåðàñòâîðåííóþ
÷àñòü, à ïðîäóêò âûñàæèâàþò èç ðàñòâîðà óêñóñíîé
êèñëîòîé. Îòôèëüòðîâûâàþò ïðîäóêò, ïðîìûâàþò åãî
âîäîé è ñóøàò. Çàòåì ðàñòâîðÿþò âåùåñòâî ïðè íåáî-
ëüøîì íàãðåâàíèè â ìèíèìàëüíîì êîëè÷åñòâå õëîðî-
ôîðìà, îòäåëÿþò îò íåðàñòâîðåííûõ ÷àñòèö è âûñàæè-
âàþò äîáàâëåíèåì CCl4. Âûäåëèâøèéñÿ îñàäîê îòôè-
ëüòðîâûâàþò, ïðîìûâàþò CCl4 è ñóøàò. Ïîëó÷àþò
0.11 ã ñîåäèíåíèÿ X (Òðàçë 170 °Ñ), âûõîä 25 %.
C20H17N3O2S. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), �, ì.ä.: 2,48
(c, 3H, SCH3), 5,85 (c, 1H, CH); 6,84 (ò, J 7,5 Ãö, 1H,
H(5)Ind), 6,98 (ò, J 7,5 Ãö, 1H, H(6)Ind), 7,01 (ä, J
2,7 Ãö, 1H, H(2)Ind), 7,06 (ì, 1H, p-PhH), 7,15 (ì, 2H,
H(4) + H(7)Ind), 7,32 (ì, 4H, o + m-PhH), 10,37 (c, 1H,
NHInd), 11,30 (óø.ñ, 2H, NH + OH). Ñïåêòð ßÌÐ 13Ñ
(ÄÌÑÎ-d6), �, ì.ä.: 12,88 (SCH3), 36,22 (CH), 102,13
(C(5)Pyrim), 110,97 (Ind), 116,34 (Ph), 118,77 (Ind),
119,36 (Ind), 121,41 (Ind), 123,92 (Ind), 125,61 (Ind),
127,34 (Ind), 127,54 (C(3) + C(5), Ph), 128,51
(C(2) + C(6), Ph), 136,44 (Ind), 142,78 (Ind), 159,28
(C(2)Pyrim), 165,21 (C(4) + C(6)Pyrim). Ìàññ-ñïåêòð
m/z (Iîòí): 408 (26), 322 (49), 245 (84), 217 (8), 204 (95),
158 (54), 130 (28), 117 (100), 102 (30), 90 (43).

5-[1H-èíäîë-3-èë(ôåíèë)ìåòèë]-1-ìåòèë-2-ìå-

òèëòèî-6-ãèäðîêñè-1Í-ïèðèìèäèí-4-îí (XI). Ê ñóñ-
ïåíçèè 0,5 ã (ïðèìåðíî 2,5 ììîëü) ñîëè IX â 5 ìë àá-
ñîëþòíîãî ìåòàíîëà ïðè ïåðåìåøèâàíèè ïðèáàâëÿþò
ïî êàïëÿì 2,5 ììîëü ñâåæåïåðåãíàííîãî äèìåòèëñóëü-
ôàòà. Ïåðåìåøèâàþò ïðè êîìíàòíîé òåìïåðàòóðå
20 ìèí, ïîñëå ÷åãî ïðèáàâëÿþò ê ðåàêöèîííîé ñìåñè
ðàñòâîð 2,5 ììîëü ìåòèëàòà íàòðèÿ â 2 ìë ìåòàíîëà è
çàòåì ïðèêàïûâàþò åùå 2,5 ììîëü äèìåòèëñóëüôàòà.
Ïîñëå 30 ìèí ïåðåìåøèâàíèÿ âûëèâàþò ñìåñü â 40 ìë
âîäû, íåðàñòâîðåííûé îñàäîê îòäåëÿþò è äîïîëíèòå-
ëüíî ýêñòðàãèðóþò åãî 30 ìë 1 %-íîãî ðàñòâîðà ùåëî-
÷è. Îáúåäèíåííûé âîäíî-ùåëî÷íîé ðàñòâîð ïðîìûâà-
þò 10 ìë õëîðîôîðìà, îðãàíè÷åñêèé ñëîé îòáðàñûâà-
þò, à âîäíûé ðàñòâîð ïîäêèñëÿþò óêñóñíîé êèñëîòîé.
Âûïàâøèé îñàäîê îòôèëüòðîâûâàþò, îáðàáàòûâàþò
åãî 30 ìë õëîðîôîðìà è ïðîìûâàþò õëîðîôîðìíóþ
âûòÿæêó 10 % âîäíûì ðàñòâîðîì àöåòàòà íàòðèÿ. Õëî-
ðîôîðìíûé ðàñòâîð ñóøàò Na2SO4 è óïàðèâàþò â âà-
êóóìå, òâåðäûé îñòàòîê ïðîìûâàþò CCl4 è ñóøàò. Ïî-
ëó÷àþò 0,14 ã ñîåäèíåíèÿ XI (Òðàçë. 190 °Ñ), âûõîä
32 %. C21H19N3O2S. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), �,
ì.ä.: 2,53 (c, 3H, SCH3), 3,36 (c, 3H, NCH3), 5,83 (c, 1H,
CH); 6,87 (ì, 1H, H(5)Ind), 7,01 (ì, 1H, H(6)Ind), 7,03
(ä, J 2,7 Ãö, 1H, H(2)Ind), 7,11 (ì, 1H, p-PhH), 7,19 (ì,
2H, m-PhH), 7,26 (ì, 1H, H(4)Ind), 7,29 (ì, 2H, o-PhH),
7,34 (ì, 1H, H(7)Ind), 10,50 (óø.ñ., 1H, NHInd), 11,10
(óø.ñ, 1H, OH). Ñïåêòð ßÌÐ 13Ñ (CDCl3), �, ì.ä.: 14,33
(SCH3), 30,70 (NCH3), 37,77 (CH), 100,87 (C(5), Pyrim),
111,28 (Ind), 117,05 (Ph), 119,58 (Ind), 119,91 (Ind),
122,80 (Ind), 123,83 (Ind), 126,52 (Ind), 127,01 (Ind),
128,46 (C(3) + C(5), Ph), 128,48 (C(2) + C(6), Ph),
136,79 (Ind), 141,75 (Ind), 159,38 (C(2)Pyrim), 163,25
(C(4)Pyrim), 163,46 (C(6)Pyrim). Ìàññ-ñïåêòð, m/z
(Iîòí): 408 (2), 377 (2), 322 (7), 259 (35), 245 (6), 220 (2),
217 (2), 204 (100), 176 (24), 172 (30), 157 (8), 151 (9),
130 (8), 127 (19), 117 (23), 102 (18), 88 (16), 83 (26).

5-[1H-èíäîë-3-èë(ôåíèë)ìåòèë]-1-ìåòèë-2-ìåòèë-

òèî-6-ìåòîêñè-1Í-ïèðèìèäèí-4-îí (XII). Ñìåñü 1
(ñì. ïîëó÷åíèå ñîåäèíåíèÿ IX) îáðàáàòûâàþò ïðè ïå-
ðåìåøèâàíèè 7,5 ììîëü ñâåæåïåðåãíàííîãî äèìåòèë-
ñóëüôàòà. Ïåðåìåøèâàþò ïðè êîìíàòíîé òåìïåðàòóðå
30 ìèí, ïîñëå ÷åãî ïðèáàâëÿþò ê ðåàêöèîííîé ñìåñè
ðàñòâîð 2,5 ììîëü ìåòèëàòà íàòðèÿ â 2 ìë ìåòàíîëà è
çàòåì ïðèêàïûâàþò åùå 2,5 ììîëü äèìåòèëñóëüôàòà.
Ïîñëå 30 ìèí ïåðåìåøèâàíèÿ âûëèâàþò ñìåñü â 50 ìë
1 % âîäíîãî ðàñòâîðà åäêîãî íàòðà, íåðàñòâîðåííûé
îñàäîê îòäåëÿþò è ïðîìûâàþò åùå 30 ìë 1 %-íîãî
ðàñòâîðà ùåëî÷è, çàòåì âîäîé è ñóøàò. Ïîëó÷åííîå âå-
ùåñòâî ýêñòðàãèðóþò òðèæäû ïî 20 ìë ãîðÿ÷åãî CCl4,
îáúåäèíåííûé ýêñòðàêò óïàðèâàþò â âàêóóìå, à îñòà-
òîê êðèñòàëëèçóþò äîáàâëåíèåì ãåêñàíà. Ïîñëå ïåðå-
êðèñòàëëèçàöèè èç ñìåñè CCl4 — ãåêñàí ïîëó÷àþò
0,63 ã ñîåäèíåíèÿ XII (ò.ïë. 201 – 202 °Ñ), âûõîä 30 %.
C22H21N3O2S. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-d6), �, ì.ä.: 2,59
(c, 3H, SCH3), 3,38 (c, 3H, NCH3), 3,82 (c, 3H, OCH3),
5,86 (c, 1H, CH); 6,87 (ì, 1H, H(5)Ind), 7,01 (ä, J 2,7 Ãö,
1H, H(2)Ind), 7,02 (ì, 1H, H(6)Ind), 7,10 – 7,20 (ì, 5H,
PhH), 7,20 (ì, 1H, H(4)Ind), 7,34 (ì, 1H, H(7)Ind), 10,80
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(óø.ñ., 1H, NHInd). Ñïåêòð ßÌÐ 13Ñ (CDCl3), �, ì.ä.:
14,66 (SCH3), 30,51 (NCH3), 36,36 (CH), 53,88 (OCH3),
102,71 (C(5) Pyrim), 110,90 (Ind), 117,05 (Ph), 119,04
(Ind), 119,48 (Ind), 121,52 (Ind), 123,80 (Ind), 125,69
(Ind), 127,73 (C(3) + C(5), Ph), 127,89 (Ind), 128,50
(C(2) + C(6), Ph), 136,09 (Ind), 143,07 (Ind), 160,44
(C(2)Pyrim), 163,09 (C(4)Pyrim), 163,54 (C(6)Pyrim).
Ìàññ-ñïåêòð, m/z (Iîòí): 391 (100), 376 (8), 360 (12), 314
(77), 272 (11), 259 (9), 246 (10), 217 (25), 204 (71), 189
(12), 176 (23), 151 (5), 144 (12), 139 (13), 129 (10), 117
(17), 88 (65), 83 (16).

Äèíàòðèåâàÿ ñîëü 5-[1H-èíäîë-3-èë(ôåíèë)ìå-

òèë]-1-ýòèë-2-òèîáàðáèòóðîâîé êèñëîòû (XIII). Ê
ðàñòâîðó 20 ììîëü íàòðèÿ â 10 ìë àáñîëþòíîãî ìåòà-
íîëà ïðèáàâëÿþò 5 ììîëü ñîåäèíåíèÿ IV, ïåðåìåøèâà-
þò ïðè íàãðåâàíèè 5 ìèí è ïðèáàâëÿþò 8 ììîëü ñóõîé
N-ýòèëòèîìî÷åâèíû. Ñìåñü êèïÿòÿò ïðè ïåðåìåøèâà-
íèè, ïðèìåðíî ÷åðåç 30 ìèí îñàäîê èñõîäíîãî ñîåäè-
íåíèÿ IV ïîëíîñòüþ ðàñòâîðÿåòñÿ. Ïîñëå ýòîãî êèïÿ-
òÿò åùå 1 ÷, çàòåì îõëàæäàþò äî êîìíàòíîé òåìïåðàòó-
ðû è ðàçáàâëÿþò ðàñòâîð äâóêðàòíûì êîëè÷åñòâîì
àáñîëþòíîãî ýôèðà. Îòôèëüòðîâûâàþò âûäåëèâøèéñÿ
îñàäîê, ïðîìûâàþò åãî ñìåñüþ àáñîëþòíîãî ìåòàíîëà
ñ ýôèðîì 1:2 è ñóøàò â âàêóóì-ýêñèêàòîðå íàä ÊÎÍ.
Ïîëó÷àþò 0,56 ã ñîåäèíåíèÿ XIII (Òðàçë. 150 °Ñ), âûõîä
35 %.

5-[1H-èíäîë-3-èë(ôåíèë)ìåòèë]-1-ýòèë-2-ìåòèë-

òèî-6-ãèäðîêñè-1Í-ïèðèìèäèí-4-îí (XIV). Ê ñóñ-
ïåíçèè 0,55 ã (ïðèìåðíî 2,5 ììîëü) ñîëè XIII â 5 ìë
àáñîëþòíîãî ìåòàíîëà ïðè ïåðåìåøèâàíèè ïðèáàâëÿ-
þò ïî êàïëÿì 2,5 ììîëü ñâåæåïåðåãíàííîãî äèìåòèë-
ñóëüôàòà. Ïåðåìåøèâàþò ïðè êîìíàòíîé òåìïåðàòóðå
30 ìèí, ïîñëå ÷åãî âûëèâàþò ñìåñü â 40 ìë âîäû, íå-
ðàñòâîðåííûé îñàäîê îòäåëÿþò è äîïîëíèòåëüíî ýêñò-
ðàãèðóþò åãî 30 ìë 1 % ðàñòâîðà ùåëî÷è. Îáúåäèíåí-
íûé âîäíî-ùåëî÷íîé ðàñòâîð ýêñòðàãèðóþò 10 ìë õëî-
ðîôîðìà, îðãàíè÷åñêèé ñëîé îòáðàñûâàþò, à âîäíûé
ðàñòâîð ïîäêèñëÿþò óêñóñíîé êèñëîòîé. Âûïàâøèé
îñàäîê îòôèëüòðîâûâàþò, îáðàáàòûâàþò åãî 30 ìë
õëîðîôîðìà è ïðîìûâàþò õëîðîôîðìíóþ âûòÿæêó

10 % âîäíûì ðàñòâîðîì àöåòàòà íàòðèÿ. Õëîðîôîðì-
íûé ðàñòâîð ñóøàò Na2SO4 è óïàðèâàþò â âàêóóìå, ê
îñòàòêó äîáàâëÿþò CCl4 è ãåêñàí, ïîëó÷åííîå òâåðäîå
âåùåñòâî êðèñòàëëèçóþò èç ñìåñè õëîðîôîðì – ãåêñàí.
Ïîëó÷àþò 0,16 ã ñîåäèíåíèÿ XIV (ò. ïë. 171 – 173 °Ñ),
âûõîä 34 %. C22H21N3O2S. Ñïåêòð ßÌÐ 1Í (ÄÌÑÎ-
d6), �, ì.ä.: 1,19 (c, 3H, CH3), 2,54 (c, 3H, SCH3), 3,96 (c,
3H, CH2), 5,86 (c, 1H, CH); 6,87 (ì, 1H, H(5)Ind), 7,02
(ì, 1H, H(6)Ind), 7,02 (ä, J 2,2 Ãö, 1H, H(2)Ind),
7,10 – 7,20 (ì, 5H, PhH), 7,20 (ì, 1H, H(4)Ind), 7,33 (ì,
1H, H(7)Ind), 10,70 (óø.ñ., 1H, NHInd), 10,90 (óø.ñ, 1H,
OH). Ñïåêòð ßÌÐ 13Ñ (CDCl3), �, ì.ä.: 12,91 (CH3),
14,52 (SCH3), 37,58 (CH), 40,20 (CH2), 101,24 (C(5) Py-
rim), 111,25 (Ind), 117,15 (Ph), 119,65 (Ind), 119,87 (Ind),
122,72 (Ind), 123,91 (Ind), 126,57 (Ind), 127,10 (Ind),
128,45 (C(3) + C(5), Ph), 128,48 (C(2) + C(6), Ph),
136,93 (Ind), 141,84 (Ind), 160,65 (C(2)Pyrim), 163,09
(C(4)Pyrim), 163,13 (C(6)Pyrim). Ìàññ-ñïåêòð, m/z
(Iîòí): 408 (12), 391 (3), 322 (26), 273 (49), 245 (26), 217
(6), 204 (100), 186 (11), 176 (23), 171 (52), 158 (7), 151
(9), 139 (8), 130 (11), 117 (34), 102 (25), 89 (14).
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SYNTHESIS OF INDOLE DERIVATIVES 2-THIOXODIHYDRO-4,6(1H,5H)-PYRIMIDINEDIONE
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The synthesis of barbituric acid derivatives containing a phenylskatyl residue substituted at C5 is described. The initial compound was �-phenylnorgramine,
which had been previously successfully used for the alkylation of a series of CH-acids, in particular, for the synthesis of diethyl-1H-indol-3-yl(phenyl)met-
hylmalonate. This compound has been used to obtain a series of 2-thiobarbituric acid derivatives, which are expected to possess antioxidant, membrane pro-
tector, and radioprotector properties.
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