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Ðåàêöèåé 2,3-äèîêñîïèððîëî[2,1-a]èçîõèíîëèíîâ ñ àìèíàìè è àðèëãèäðàçèíàìè ñèíòå-
çèðîâàíû ñîîòâåòñòâóþùèå àìèäû è ãèäðàçèäû 2-îêñî-3-(3,3-äèìåòèë-1,2,3,4-òåòðàãèä-
ðîèçîõèíîëèí-1-èäåí)ïðîïàíîâîé êèñëîòû. Ïîêàçàíî, ÷òî íåêîòîðûå ñîåäèíåíèÿ ïðîÿâ-
ëÿþò ôóíãèöèäíîå äåéñòâèå â îòíîøåíèè Candida albicans, íàèáîëåå àêòèâíûì ñðåäè
íèõ îêàçàëñÿ àìèä, ñîäåðæàùèé îñòàòîê òèìîëà, ïðîÿâëÿþùèé äåéñòâèå â êîíöåíòðàöèè
125 ìêã2ìë.

Êëþ÷åâûå ñëîâà: 2,3-äèîêñîïèððîëî[2,1-a]èçîõèíîëèíû, ðåàêöèÿ ñ àìèíàìè è àðèëãèä-
ðàçèíàìè, àìèäû è ãèäðàçèäû 2-îêñî-3-(3,3-äèìåòèë-1,2,3,4-òåòðàãèäðîèçîõèíîëèí-1-
èäåí)-ïðîïàíîâîé êèñëîòû, àíòèãðèáêîâîå äåéñòâèå â îòíîøåíèè Candida albicans, ìàê-
ñèìàëüíûé ýôôåêò â êîíöåíòðàöèè 125 ìêã/ìë.

Èññëåäîâàíèÿ, ïðîâåäåííûå â Íàó÷íîì öåíòðå àêó-
øåðñòâà, ãèíåêîëîãèè è ïåðèíàòîëîãèè ÐÀÌÍ (Ìîñê-
âà) â ïåðèîä ñ 1997 – 2003 ãã. ïîêàçàëè óâåëè÷åíèå
çàáîëåâàåìîñòè êàíäèäîçíûì âóëüâîâàãèíèòîì [1].
Áîëüøèíñòâî âûäåëåííûõ øòàììîâ ðîäà Candida íå-
÷óâñòâèòåëüíû ê ñóùåñòâóþùèì àíòèìèêîòèêàì â òå-
ðàïåâòè÷åñêèõ äîçàõ. Èçâåñòíûå ëåêàðñòâåííûå ïðå-
ïàðàòû õèíîëèíîâîãî ðÿäà (õèíîçîë, õèíîêñèäèí, ýí-
òåðîñåïòîë, íèòðîêñîëèí è äð.) îêàçûâàþò îáùåòîêñè-
÷åñêîå äåéñòâèå íà îðãàíèçì ÷åëîâåêà [2, 3]. Ïîýòîìó
ïîèñê íîâûõ ýôôåêòèâíûõ àíòèãðèáêîâûõ ïðåïàðàòîâ
ÿâëÿåòñÿ àêòóàëüíûì.

Öåëü äàííîé ðàáîòû — âûÿâëåíèå ôóíãèöèäíîé àê-
òèâíîñòè â ðÿäó àìèäîâ è ãèäðàçèäîâ 2-(3,3-äèìå-
òèë-1,2,3,4-òåòðàãèäðîèçîõèíîëèí-1-èäåí)-2-îêñîïðî-
ïàíîâîé êèñëîòû è âûÿñíåíèå ñâÿçè ñòðîåíèÿ ñ äåéñò-
âèåì.

Ñèíòåç êàðáîíèëüíûõ ïðîèçâîäíûõ èçîõèíîëèíà
IIà – ë îñóùåñòâëåí èçâåñòíûì ìåòîäîì [2 – 5]. Àðî-
ìàòè÷åñêèå àìèäû IIà – ã îáðàçóþòñÿ ïðè êèïÿ÷åíèè
ñîåäèíåíèé Ià – â â ëåäÿíîé óêñóñíîé êèñëîòå, àìèä
IIä è ôåíèëãèäðàçèäû IIå – ç — ïðè ïðîñòîì ñìåøå-
íèè ñïèðòîâîé ñóñïåíçèè âåùåñòâ Ià – â ñ ñîîòâåòñòâó-
þùèì íóêëåîôèëîì ïðè 20 °C. Ìåíåå àêòèâåí â êà÷å-
ñòâå íóêëåîôèëà 2,4-äèíèòðîôåíèëãèäðàçèí: â ýòîì
ñëó÷àå ðåàêöèÿ íàáëþäàåòñÿ ëèøü ïðè êèïÿ÷åíèè â
ëåäÿíîé óêñóñíîé êèñëîòå (ãèäðàçèäû IIè – ë). Õîä ðå-
àêöèè ëåãêî êîíòðîëèðóåòñÿ ïî èçìåíåíèþ îêðàñêè
ðàñòâîðà: èñõîäíûå äèîêñîïèððîëèíû Ià – â îêðàøåíû
â êðàñíûé öâåò, ïðè ðàñêðûòèè ïèððîëäèîíîâîãî öèê-
ëà ðàñòâîð ñòàíîâèòñÿ æåëòûì, çà èñêëþ÷åíèåì ïðî-

èçâîäíûõ 2,4-äèíèòðîôåíèëãèäðàçèíà IIè – ë,
èìåþùèõ ìàëèíîâûé öâåò. Õàðàêòåðèñòèêè ïîëó÷åí-
íûõ âåùåñòâ è çíà÷åíèÿ ðàäèêàëîâ R, X è Ar ïðåäñòàâ-
ëåíû â òàáë. 1.

Ñòðóêòóðà ñèíòåçèðîâàííûõ ñîåäèíåíèé äîêàçàíà
äàííûìè ñïåêòðîñêîïèè ÏÌÐ (òàáë. 2). Âñå ñïåêòðû
ñîäåðæàò ñèíãëåòû ãðóïï NH èçîõèíîëèíîâîãî öèêëà
â îáëàñòè 11,62 – 12,90 ì.ä., êîòîðûå ñìåùàþòñÿ â áîëåå
ñëàáîå ïîëå íà 2 – 3 ì.ä. ïðè äîáàâëåíèè CF3COOH. Â
ñïåêòðàõ àìèäîâ IIà – ä ïðèñóòñòâóþò ñèíãëåòû àìèä-
íîé ãðóïïû NH â îáëàñòè 8,55 – 9,15. Â ñïåêòðàõ ãèä-
ðàçèäîâ IIå – ë ãèäðàçèäíîé ãðóïïå ñîîòâåòñòâóþò
ñèíãëåòû ïðîòîíîâ, îäèí èç êîòîðûõ ÿâëÿåòñÿ áîëåå
êèñëûì â îáëàñòè 8,45 – 10,66 ì.ä. (CONH), âòîðîé
ïðèíàäëåæèò ïðîòîíó CONHNH (6,10 – 6,80 ì.ä.).
Ñïåêòðû ïðîèçâîäíûõ òèìîëà IIá – ã ñîäåðæàò ñèãíà-
ëû ïðîòîíîâ çàìåñòèòåëåé ïðè àðîìàòè÷åñêîì öèêëå:
ìåòèëüíîé è èçîïðîïèëüíîé ãðóïï, à òàêæå ôåíîëüíîé
ÎÍ. Â ñïåêòðå ïðîèçâîäíîãî 2-ôåíèëýòèëàìèíà èìå-
þòñÿ ñèãíàëû ýòèëüíîé è ìåòîêñèãðóïï. Ñïåêòðû åíà-
ìèíîàìèäîâ IIâ – ä, æ, ç, ê, ë ñîäåðæàò ñèãíàëû ïðîòî-
íîâ ïèïåðèäèíîâîãî è ìîðôîëèíîâîãî öèêëîâ.

ÈÊ-ñïåêòðû åíàìèíîâ IIà – ë, ñíÿòûå â 0,01 ì ðàñ-
òâîðå CHCl3, ñîäåðæàò ïîëîñû âàëåíòíûõ êîëåáàíèé
êàðáîíèëüíûõ ãðóïï â îáëàñòè 1620 – 1640 ñì – 1

(óøèðåííàÿ ïîëîñà õåëàòèðîâàííîé êåòîííîé ãðóï-
ïû), 1680 – 1690 ñì – 1 (Ñ=Î àìèäíîé è ãèäðàçèäíîé
ãðóïï) è 3150 ñì – 1 (óøèðåííàÿ ïîëîñà õåëàòèðîâàí-
íîé ãðóïïû NH öèêëà). Òàêèì îáðàçîì, îñíîâàíèÿ
IIà – ì ñóùåñòâóþò â êîíôèãóðàöèè, ñòàáèëèçèðîâàí-
íîé âíóòðèìîëåêóëÿðíîé âîäîðîäíîé ñâÿçüþ.

ÈÊ-ñïåêòðû ñîäåðæàò òàêæå ïîëîñû ïîãëîùåíèÿ
ãðóïï NH àìèäà è ãèäðàçèäà â îáëàñòè
3300 – 3350 ñì – 1.

Ýêñïåðèìåíòàëüíàÿ õèìè÷åñêàÿ ÷àñòü

ÈÊ-ñïåêòðû ñíÿòû íà ñïåêòðîìåòðå Specord Ì-80,
ñïåêòðû ÏÌÐ çàïèñàíû íà ïðèáîðå Tesla BS-567A
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(100 Ìãö) â ðàñòâîðå ÄÌÑÎ-d6 (ãèäðàçèä IIå) è CDCl3

(âñå îñòàëüíûå), âíóòðåííèé ñòàíäàðò — ÃÌÄÑ
(0,05 ì.ä. îòíîñèòåëüíî ÒÌÑ).

Âåùåñòâà ïåðåêðèñòàëëèçîâàíû èç ðàñòâîðèòåëåé,
ïðåäñòàâëåííûõ â òàáë. 1. Äàííûå ýëåìåíòíîãî àíàëè-
çà (Ñ, Í, N) ñîîòâåòñòâóþò âû÷èñëåííûì. Êîíòðîëü çà
õîäîì ðåàêöèé è ÷èñòîòîé ïîëó÷åííûõ ïðîäóêòîâ îñó-
ùåñòâëåí ñ ïîìîùüþ ÒÑÕ â ñèñòåìå õëîðîôîðì —
àöåòîí, 9:1, èñõîäíûå âåùåñòâà è îáðàçóþùèåñÿ ïðî-
äóêòû îêðàøåíû.

N-àðèëàìèäû (IIà – ã) è N-(2,4-äèíèòðîôåíèë)-

ãèäðàçèäû (IIè – ë) 2-îêñî-3-R-3-(3,3-äèìåòèë-3,4-

äèãèäðîèçîõèíîëèí-1-èäåí)ïðîïàíîâîé êèñëîòû. Ê
êèïÿùåìó ðàñòâîðó 0,01 ìîëü ñîîòâåòñòâóþùåãî äè-
îêñîïèððîëèíà Ià – â 20 ìë óêñóñíîé êèñëîòû ïðèáàâ-
ëÿþò 0,015 ìîëü î-íèòðîàíèëèíà (àìèä IIà), ãèäðîõëî-

ðèäà 6-àìèíîòèìîëà (àìèäû IIá – ã) èëè 2,4-äèíèòðî-
ôåíèëãèäðàçèíà (ãèäðàçèäû IIè – ë). Ðàñòâîð êèïÿòÿò
â òå÷åíèå 1 – 1,5 ÷ (àìèäû IIà – ã) èëè 30 ìèí (2,4-äè-
íèòðîôåíèëãèäðàçèäû IIè – ë), êîíòðîëü ÒÑÕ. Ïðè
ýòîì íàáëþäàåòñÿ ïîòåìíåíèå êðàñíîé îêðàñêè. Ðàñ-
òâîð îõëàæäàþò äî 20 °C è ðàçáàâëÿþò 100 ìë âîäû.
Âûïàâøèé îñàäîê îòôèëüòðîâûâàþò, ïðîìûâàþò íà
ôèëüòðå ðàñòâîðîì NaHCO3 (àìèäû IIà – â) èëè àììè-
àêà (âñå îñòàëüíûå), à çàòåì âîäîé, îòôèëüòðîâûâàþò,
ñóøàò è ïåðåêðèñòàëëèçîâûâàþò.

N-(3,4-äèìåòîêñèôåíèëýòèë)àìèä 2-îêñî-3-(3,3-

äèìåòèë-3,4-äèãèäðîèçîõèíîëèí-1-èäåí)ïðîïàíî-

âîé êèñëîòû (IIä) è ôåíèëãèäðàçèäû 2-îêñî-3-R-3-

(3,3-äèìåòèë-3,4-äèãèäðîèçîõèíîëèí-1-èäåí)ïðîïà-

íîâîé êèñëîòû (IIå – ç). Ê ñóñïåíçèè 0,01 ìîëü êàðáî-
íèëüíîãî ñîåäèíåíèÿ Ià – â â 20 ìë áåíçîëà ïðè 20 °C
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Ò à á ë è ö à 1
Ñâîéñòâà ñèíòåçèðîâàííûõ ñîåäèíåíèé

Ñîåäè-
íåíèå

R X NHXAr Âûõîä, % Tïë., °C (ðàñòâîðèòåëü) Áðóòòî-ôîðìóëà

IIà Í – NHC6H4NO2(2) 65 220 – 222 (àöåòîíèòðèë) C20H19N3O4

IIá Í – NHC6H2OH(4)CH3(2)CH(CH3)2(5) 70 78 – 80 (ãåêñàí) C24H28N2O3

IIâ –CON(CH2)5 – NHC6H2OH(4)CH3(2)CH(CH3)2(5) 80 156 – 158 (àöåòîíèòðèë) C30H37N3O4

IIã CON(CH2)2O(CH2)2 – NHC6H2OH(4)CH3(2)CH(CH3)2(5) 82 196 – 198 (ïðîïàíîë-2) C29H35N3O5

IIä CON(CH2)2O(CH2)2 ÑÍ2ÑÍ2 NHCH2CH2C6H3(OCH3)2 (3,4) 60 162 – 164 (ïðîïàíîë-2) C29H35N3O6

IIå Í NH NHNHPh 78 144 – 146 (àöåòîíèòðèë) C20H21N3O2

IIæ CONH(CH2)5 NH NHNHPh 75 174 – 176 (àöåòîíèòðèë) C26H30N4O3

IIç CON(CH2)2O(CH2)2 NH NHNHPh 73 198 – 200 (ïðîïàíîë-2) C25H28N4O4

IIè Í NH NHNHC6H3(NO2)2(2,4) 77 214 – 216 (ïðîïàíîë-2) C20H19N5O6

IIê CON(CH2)5 NH NHNHC6H3(NO2)2(2,4) 71 218 – 220 (ïðîïàíîë-2) C26H28N6O7

IIë CON(CH2)2O(CH2)2 NH NHNHC6H3(NO2)2(2,4) 74 138 – 140 (ïðîïàíîë-2) C25H26N6O8

Ò à á ë è ö à 2
Ñïåêòðû ÏÌÐ ñèíòåçèðîâàííûõ ñîåäèíåíèé, �, ì.ä.

Ñîåäèíå-
íèå

(Ìå)2 4-ÑÍ2 Ar, ì
CONHNH,

ñ
NH öèêëà,

ñ

NH,
ñ àìèäà,

CONHNH,
ÎÍ

R Îñòàëüíûå ïðîòîíû

IIà 1,35c (6Í) 2,87c 7,06 – 7,82 (8Í) – 11,50 8,55 6,61c (HC=) –
IIá 1,32c (6Í) 2,85c 6,80 – 7,80 (6Í) – 11,80 9,0 5,10 6,62c (HC=) 1,57ä, (CH3)2ÑÍ, 2,15

ñåïòåò, (CH3)2ÑÍ,
2,30ñ (CH3-Ar)

IIâ 1,41c (6Í) 3,07 7,01 – 7,71 (6Í) – 11,62 9,15 5,20 1,35 – 1,62ì (3CH2-Ñ),
3,70 – 4,15ì (2CH2-N)

1,54ä, (CH3)2ÑÍ, 2,20
ñåïòåò, (CH3)2ÑÍ,
2,28ñ (CH3-Ar)

IIã 1,21c (6Í) 2,93c 6,78 – 7,83 (6Í) – 12,53 9,10 5,20 3,42 – 4,13ì (4CH2) 1,56ä, (CH3)2ÑÍ, 2,20
ñåïòåò, (CH3)2ÑÍ,
2,30ñ (CH3-Ar)

IIä 1,02c (3Í),
1,48c (3Í)

2,82c 2,92c 6,78 – 7,83 (7Í) – 12,50 9,15 3,67 – 3,84ì (4CH2) 3,10ì (CCH2CH2N),
3,10ì (CCH2CH2N),
3,73c è 3,82ñ (2CH3Î)

IIå 1,49c (6Í) 2,90c 7,11 – 7,55 (9Í) 6,72 12,90 10,66 6,57c (HC=) –
IIæ 1,03c (3Í),

1,46c (3Í)
2,74c 2,87c 6,61 – 7,81 (9Í) 6,10 12,57 8,46 1,20 – 1,51ì (3CH2-Ñ),

3,23 – 3,90ì (2CH2-N)
–

IIç 1,04c (3Í),
1,51c (3Í)

2,74c 2,86c 6,78 – 7,83 (6Í) 6,10 12,48 8,45 3,20 – 3,90ì (4CH2) –

IIè 1,61c (6Í) 2,93c 7,06 – 8,25 (7Í) 6,11 11,37 9,04 6,14c (HC=) –
IIê 1,13c (3Í),

1,56c (3Í)
2,90c 2,93c 7,15 – 7,31 (8Í) 6,63 12,30 9,40 1,23 – 1,51ì (3CH2-Ñ),

3,25 – 3,87ì (2CH2-N)
–

IIë 1,15c (3Í),
1,55c (3Í)

2,90c 2,92c 7,06 – 8,25 (7Í) 6,80 12,37 9,15 3,20 – 3,95ì (4CH2) –



è òùàòåëüíîì ïåðåìåøèâàíèè ïðèáàâëÿþò 0,015 ìîëü
ñîîòâåòñòâóþùåãî íóêëåîôèëà. Ïðè ýòîì îêðàøåííàÿ
â êðàñíûé öâåò ðåàêöèîííàÿ ñìåñü îáåñöâå÷èâàåòñÿ â
òå÷åíèå 2 – 3 ìèí. Ïðè ðàçáàâëåíèè 100 ìë ãåêñàíà
âûïàäàåò îñàäîê, êîòîðûé îòôèëüòðîâûâàþò, ñóøàò è
ïåðåêðèñòàëëèçîâûâàþò.
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Èññëåäîâàíèÿ ôóíãèöèäíîé àêòèâíîñòè ïðîâîäèëè
íà ìóçåéíîì øòàììå äðîææåïîäîáíîãî ïàòîãåííîãî
ãðèáêà Candida albicans ìåòîäîì äâóêðàòíûõ ñåðèé-
íûõ ðàçâåäåíèé [6]. Ìèêðîáíàÿ íàãðóçêà ñîîòâåòñòâî-
âàëà 2,5 � 105 ìèêðîáíûõ òåë â 1 ìë ïèòàòåëüíîé æèä-
êîé ñðåäû Ñàáóðî. Ïðåäâàðèòåëüíûå ðåçóëüòàòû ó÷è-
òûâàëè ïîñëå 48 ÷ òåðìîñòàòèðîâàíèÿ ïðè 37 °C.
Îêîí÷àòåëüíûå ðåçóëüòàòû ðåãèñòðèðîâàëè ïîñëå âû-
ñåâà èç îïûòíûõ ïðîáèðîê íà òâåðäóþ ïèòàòåëüíóþ
ñðåäó ñ ïîñëåäóþùåé âûäåðæêîé â òåðìîñòàòå
18 – 24 ÷ ïðè òåìïåðàòóðå 37 °C. Ìàêñèìàëüíî èñïû-
òàííàÿ êîíöåíòðàöèÿ ñîåäèíåíèé ñîîòâåòñòâîâàëà
1000 ìêã2ìë. Ôóíãèöèäíóþ àêòèâíîñòü îöåíèâàëè ïî
ìèíèìàëüíîé ïðîòèâîìèêðîáíîé êîíöåíòðàöèè
(ÌÏÊ) â ìêã2ìë.

Ðåçóëüòàòû èññëåäîâàíèé ïîêàçàëè, ÷òî èç 11 èñïû-
òàííûõ ñîåäèíåíèé (àìèä IIä è ãèäðàçèäû IIæ, ê,è)

ïðîòèâîãðèáêîâîå äåéñòâèå îêàçûâàþò àìèä IIà è ãèä-
ðàçèäû IIå, ç,ë (â êîíöåíòðàöèè 1000 ìêã2ìë), àìèäû —
ïðîèçâîäíûå 6-àìèíîòèìîëà IIâ, ã (â êîíöåíòðàöèè
500 ìêã2ìë) è àìèä IIá áåç çàìåñòèòåëÿ R, èìåþùèé
ïðè àìèäíîì àòîìå àçîòà îñòàòîê òèìîëà, (â êîíöåíò-
ðàöèè 125 ìêã2ìë).

Íà îñíîâàíèè ïîëó÷åííûõ äàííûõ ìîæíî ñäåëàòü
âûâîä î òîì, ÷òî ïîèñê íîâûõ ïðîòèâîãðèáêîâûõ
ñðåäñòâ â ðÿäó àìèäîâ è ãèäðàçèäîâ 2-(3,3-äèìå-
òèë-1,2,3,4-òåòðàãèäðîèçîõèíîëèí-1-èäåí)-2-îêñî-ïðî-
ïàíîâîé êèñëîòû âîçìîæåí äëÿ àìèäîâ, ñîäåðæàùèõ â
àìèäíîì ôðàãìåíòå ñòðóêòóðó ôåíîëà.
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SYNTHESIS AND ANTIFUNGAL ACTIVITY OF AMIDES AND HYDRAZIDES OF
2-(3,3-DIMETHYL-1,2,3,4-TETRAHYDROISOQUINOLINE-1-IDENE)-2-OXOPROPANOIC ACID

O. V. Surikova, A. G. Mikhailovskii, G. A. Aleksandrova, I. N. Kir’yanova, and M. I. Vakhrin

1 Perm State Pharmaceutical Academy, Perm, Russia;
2 Institute for Natural Sciences, Perm State University, Perm, Russia

A series of amides and hydrazides of 2-oxo-3-(3,3-dimethyl-1,2,3,4-tetrahydroisoquinoline-1-idene)propanoic acid have been synthesized via reactions of
2,3-dioxopyrrolo[2,1-a]isoquinolines with the corresponding amines and arylhydrazines. It is established that some of the synthesized compounds produce a
fungicidal effect against Candida albicans. The most active agent is an amide containing thymol radical, which is active in a concentration of 125 	g2ml.

Key words: 2,3-Dioxopyrrolo[2, 1-a]isoquinolines, reaction with amines and arylhydrazines, amides and hydrazides of 2-oxo-3-(3,3-dimethyl-1,2,3,4-tetra-
hydroisoquinoline-1-idene)-propanoic acid, antifungal effect against Candida albicans, effective concentration 125 	g2ml.
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