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Ðåàêöèåé ìåòèë 6-àöèë-7-àðèë-4,7-äèãèäðîòåòðàçîëî[1,5-à]ïèðèìèäèí-5-êàðáîêñèëàòîâ

ñ ãèäðàçèíãèäðàòîì ñèíòåçèðîâàíû 8-ìåòèë-9-àðèë- è 8,9-äèàðèë-4,9-äèãèäðîòåòðàçî-

ëî[1�,5�:1,2]ïèðèìèäèíî[4,5-d]ïèðàçèí-5-îíû (I – XXX). Óñòàíîâëåíî, ÷òî ñîåäèíåíèÿ

I – XXX ïðîÿâëÿþò óìåðåííóþ ïðîòèâîìèêðîáíóþ àêòèâíîñòü.

Êëþ÷åâûå ñëîâà: ñèíòåç, ïðîèçâîäíûå òåòðàçîëà, ïðîòèâîìèêðîáíàÿ àêòèâíîñòü.

Èçâåñòíî, ÷òî â ðÿäó òåòðàçîëîâ íàéäåíû âûñîêîýô-

ôåêòèâíûå ïðîòèâîâèðóñíûå ïðåïàðàòû [1]. Çíà÷èòåëü-

íûå ðåçóëüòàòû ïîëó÷åíû â ñèíòåçå òåòðàçîëñîäåðæà-

ùèõ �-ëàêòàìíûõ àíòèáèîòèêîâ ðÿäà öåôàëîñïîðèíà

[2 – 5].

Ïîëó÷åíû 3-òåòðàçîëüíûå àíàëîãè àçèäîòèìèäèíà

(AZT), äëÿ êîòîðûõ ïðîãíîçèðóåòñÿ àêòèâíîñòü ïî îò-

íîøåíèþ ê âèðóñó ÑÏÈÄ [6]. Îïèñàíû Ñ-ãëèêîçèë-

òåòðàçîëû — ïîòåíöèàëüíûå èíãèáèòîðû äåãèäðîêè-

íàò-ñèíòåòàçû E.coli [7].

Â ïðîäîëæåíèå ïîèñêà íîâûõ áèîëîãè÷åñêè àêòèâ-

íûõ ñîåäèíåíèé ñðåäè ìîíî- è áèöèêëè÷åñêèõ ïðîèç-

âîäíûõ òåòðàçîëà [8] áûëî èçó÷åíî âçàèìîäåéñòâèå

ïîëó÷åííûõ ðàíåå ìåòèë-6-àöèë-7-àðèë-4,7-äèãèäðî-

òåòðàçîëî[1,5-à]ïèðèìèäèí-5-êàðáîêñèëàòîâ [9] ñ ãèä-

ðàçèíãèäðàòîì. Îáíàðóæåíî, ÷òî ðåàêöèÿ ïðîòåêàåò

ïðè âûäåðæèâàíèè èñõîäíûõ êîìïîíåíòîâ ïðè

170 – 180 °C â òå÷åíèå 15 – 20 ìèí ñ îáðàçîâàíèåì

8-ìåòèë-9-àðèë- è 8,9-äèàðèë-4,9-äèãèäðîòåòðàçîëî-

[1�,5�:1,2]ïèðèìèäèíî[4,5-d]ïèðàçèí-5-îíîâ (I – XXX).

Çíà÷åíèÿ R1 è R2 ïðèâåäåíû â òàáë.1.

Ïîëó÷åííûå ñîåäèíåíèÿ I – XXX ïðåäñòàâëÿþò ñî-

áîé áåñöâåòíûå èëè îêðàøåííûå êðèñòàëëè÷åñêèå âå-

ùåñòâà, ëåãêîðàñòâîðèìûå â ÄÌÑÎ, ÄÌÔÀ, ðàñòâî-

ðèìûå ïðè íàãðåâàíèè â óêñóñíîé êèñëîòå, íåðàñòâî-

ðèìûå â ýòàíîëå, âîäå.

Â ÈÊ-ñïåêòðàõ ñîåäèíåíèé I – XXX ïðèñóòñòâóþò

ïîëîñû ïîãëîùåíèÿ êàðáîíèëüíîé ãðóïïû ïðè

1670 – 1690 ñì – 1, ñâÿçè NH ïðè 3080 – 3220 ñì – 1.

Â ñïåêòðàõ ßÌÐ 1Í 8-ìåòèë-9-àðèë- è 8,9-äèà-

ðèë-4,9-äèãèäðîòåòðàçîëî[1�,5�:1,2]ïèðèìèäèíî[4,5-d]ïèðà-

çèí-5-îíîâ (I – XXX) ïðèñóòñòâóþò ñèíãëåò ÑÍ ïðîòîíà

â ïîëîæåíèè 9 ãåòåðîöèêëà ïðè 6,59 – 7,11 ì. ä., ãðóïïà

ëèíèé àðîìàòè÷åñêèõ ïðîòîíîâ ñ öåíòðîì ïðè

6,50 – 7,40 ì. ä., ñèíãëåò NH ïðîòîíà â ïîëîæåíèè 4 ãå-

òåðîöèêëà ïðè 11,47 – 11,95 ì. ä., ñèíãëåò NH ïðîòîíà â

ïîëîæåíèè 6 ãåòåðîöèêëà ïðè 12,94 – 13,39 ì. ä.

(òàáë. 2).

Â ñïåêòðå ßÌÐ 13Ñ 8-(4-ýòîêñèôåíèë)-9-(4-áðîìôå-

íèë)-4,9-äèãèäðîòåòðàçîëî[1�,5�:1,2]ïèðèìèäèíî[4,5-d]-

ïèðàçèí-5-îíà (XXV) ïðèñóòñòâóþò õèìè÷åñêèå ñäâèãè

àìèäíîé ãðóïïû ïðè 158,72 ì. ä., ÑÍ â ïîëîæåíèè 9 ãå-

òåðîöèêëà ïðè 63,15 ì. ä., ãðóïïà ëèíèé àðîìàòè÷åñêèõ

ñèãíàëîâ ïðè 131,35 – 114,22 ì. ä., ñèãíàë CH3CH2O

ïðè 14,35 ì. ä. è ñèãíàë CH3CH2O ïðè 58,11 ì. ä.

Äàííûå ÈÊ, ßÌÐ 1Í è ßÌÐ 13Ñ ñïåêòðîâ ïîçâîëÿ-

þò ñäåëàòü âûâîä î ñóùåñòâîâàíèè ïîëó÷åííûõ ñîåäè-

íåíèé ïðåèìóùåñòâåííî â ëàêòàìíîé ôîðìå (À).

Â ìàññ-ñïåêòðå 8,9-äè(4-ôòîðôåíèë)-4,9-äèãèäðî-

òåòðàçîëî[1�,5�:1,2]ïèðèìèäèíî[4,5-d]ïèðàçèí-5-îíà

(XXX) ïðèñóòñòâóþò ïèê ìîëåêóëÿðíîãî èîíà ñ m3z
379[M]+, ïèêè ôðàãìåíòíûõ èîíîâ ñ m3z 351[Ì-ÑÎ]+,

284[Ì-C6H4F]+, 256[Ì-CO-C6H4F]+, 77[Ph]+, ïîäòâåð-

æäàþùèå äàííóþ ñòðóêòóðó.

Ýêñïåðèìåíòàëüíàÿ õèìè÷åñêàÿ ÷àñòü

Ñïåêòðû ßÌÐ 1Í è ßÌÐ 13Ñ ïîëó÷åíû íà ñïåêòðî-

ìåòðå Bruker DRX 500 (500,13 ÌÃö) â ÄÌÑÎ-d6, âíóò-

ðåííèé ñòàíäàðò — ÒÌÑ. ÈÊ-ñïåêòðû ñèíòåçèðîâàí-

íûõ ñîåäèíåíèé çàïèñàíû íà ñïåêòðîôîòîìåòðå Spe-

cord-80 â âèäå ñóñïåíçèè â âàçåëèíîâîì ìàñëå.

Ìàññ-ñïåêòð ïîëó÷åí íà ïðèáîðå Finnigan MAT, IN-

COS=50 ñ ýíåðãèåé èîíèçèðóþùåãî èçëó÷åíèÿ 70 ýÂ.
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Ò à á ë è ö à 1
Ôèçèêî-õèìè÷åñêèå õàðàêòåðèñòèêè ñîåäèíåíèé I – XXX

Ñîåäèíåíèå

Ðàäèêàë

Âûõîä, % Ò. ïë., °C Áðóòòî-ôîðìóëà

R1 R2

I CH3 Ñ6Í5 83 �325 Ñ13Í11N7O

II 4-FÑ6Í4 Ñ6Í5 92 308 – 310 Ñ18Í12FN7O

III 4-FÑ6Í4 2-CH3ÎÑ6Í4 79 301 – 303 Ñ19Í14FN7O2

IV 4-FÑ6Í4 3-CH3ÎÑ6Í4 80 307 – 308 Ñ19Í14FN7O2

V 4-FÑ6Í4 4-CH3Ñ6Í4 90 310 – 312 Ñ19Í14FN7O

VI 4-FÑ6Í4 4-NO2Ñ6Í4 90 �300 Ñ18Í11FN8O3

VII 4-FÑ6Í4 3-NO2Ñ6Í4 90 �300 Ñ18Í11FN8O3

VIII 4-FÑ6Í4 2-NO2Ñ6Í4 72 300 – 302 Ñ18Í11FN8O3

IX 4-FÑ6Í4 4-Ñ2Í5Ñ6Í4 69 �300 Ñ20Í16FN7O

X 4-FÑ6Í4 2-C4H3S 74 304 – 306 Ñ16Í10FN7OS

XI 4-ÑÍ3ÎÑ6Í4 Ñ6Í5 94 302 – 304 Ñ19Í15N7O2

XII 4-ÑÍ3ÎÑ6Í4 4-ClÑ6Í4 79 304 – 306 Ñ19Í14ClN7O2

XIII 4-ÑÍ3ÎÑ6Í4 4-CH3OÑ6Í4 82 �300 Ñ20Í17N7O3

XIV 4-ÑÍ3ÎÑ6Í4 3-NO2Ñ6Í4 81 �300 Ñ19Í14N8O4

XV C6H5 Ñ6Í5 82 299 – 301 Ñ18Í13N7O

XVI 4-Ñ2Í5ÎÑ6Í4 4-HOÑ6Í4 78 292 – 294 Ñ20Í17N7O3

XVII 4-Ñ2Í5ÎÑ6Í4 3-FÑ6Í4 77 295 – 297 Ñ20Í16FN7O2

XVIII 4-Ñ2Í5ÎÑ6Í4 4-FÑ6Í4 67 297 – 299 Ñ20Í16FN7O2

XIX 4-Ñ2Í5ÎÑ6Í4 2-CH3OÑ6Í4 81 295 – 297 Ñ21Í19N7O3

XX 4-Ñ2Í5ÎÑ6Í4 2-ClÑ6Í4 84 282 – 284 Ñ20Í16ClN7O2

XXI 4-Ñ2Í5ÎÑ6Í4 2-FÑ6Í4 77 280 – 282 Ñ20Í16FN7O2

XXII 4-Ñ2Í5ÎÑ6Í4 4-NO2Ñ6Í4 52 298 – 300 Ñ20Í16N8O4

XXIII 4-Ñ2Í5ÎÑ6Í4 3-(CH3O)-4-(OH)C6H3 52 294 – 296 Ñ21Í19N7O4

XXIV 4-Ñ2Í5ÎÑ6Í4 Ñ6Í5 66 279 – 281 Ñ20Í17N5O2

XXV 4-Ñ2Í5ÎÑ6Í4 4-BrÑ6Í4 79 296 – 298 Ñ20Í16BrN7O2

XXVI 4-Ñ2Í5ÎÑ6Í4 4-ClÑ6Í4 76 292 – 294 Ñ20Í16ÑlN7O2

XXVII 4-Ñ2Í5ÎÑ6Í4 3-NO2Ñ6Í4 73 306 – 308 Ñ20Í16N8O4

XXVIII 4-Ñ2Í5ÎÑ6Í4 2,4-(CH3O)2Ñ6Í4 70 234 – 236 Ñ22Í21N7O4

XXIX 4-HOÑ6Í4 Ñ6Í5 65 295 – 297 Ñ18Í13N7O2

XXX 4-FÑ6Í4 4-FÑ6Í4 94 �300 Ñ18Í11F2N7O

Ò à á ë è ö à 2
Ñïåêòðàëüíûå õàðàêòåðèñòèêè ñîåäèíåíèé I – XXX

Ñîåäè-

íåíèå

Ñïåêòð ÈÊ, �, ñì – 1 Ñïåêòð ßÌÐ 1Í, �, ì.ä.

CO NH C(9)H, ñ Ar, ì N4H, ñ N6H, ñ Äðóãèå

I 1670 3120 7,08 7,33 11,58 12,94

II 1675 3150 7,06 7,09 11,86 13,39

III 1670 3140 7,03 7,09 11,71 13,31 3,39 (3H, ñ, ÑÍ3Î)

IV 1670 3180 6,85 7,05 11,84 13,38 3,51 (3H, ñ, ÑÍ3Î)

V 1680 3150 6,82 7,06 11,72 13,29 2,13 (3H, ñ, CH3)

VI 1675 3220 6,85 7,09 11,85 13,38

VII 1680 3160 6,72 7,09 11,78 13,29

VIII 1675 3160 6,85 7,09 11,85 13,39

IX 1680 3160

X 1675 3160 6,70 6,8 11,71 13,15

XI 1676 3100 6,70 6,85 11,66 13,19 3,71 (3H, ñ, ÑÍ3Î)

XII 1680 3210 7,00 7,09 11,90 13,39 3,77 (3H, ñ, ÑÍ3Î)

XIII 1670 3180 6,59 6,80 11,61 13,16 3,59 (3H, ñ, ÑÍ3Î) 3,72 (3H, ñ, ÑÍ3Î)

XIV 1675 3120 6,75 7,00 11,76 13,20 3,69 (3H, ñ, ÑÍ3Î)

XV 1675 3160 6,87 7,05 11,69 13,24

XVI 1670 3120 6,82 6,75 11,72 13,21 1,32 (3H, ì, CH3) 4,05 (2H, ì, CH2) 9,49 (1H, ñ, ÎÍ)



8-Ìåòèë-9-àðèë- è 8,9-äèàðèë-4,9-äèãèäðîòåòðàçîëî-

[1�,5�:1,2]ïèðèìèäèíî[4,5-d]ïèðàçèí-5-îíîâ (I – XXX).

Îáùàÿ ìåòîäèêà. Ñìåñü 0,01 ìîëü ìåòèë 6-àöèë-

7-àðèë-4,7-äèãèäðîòåòðàçîëî[1,5-a]ïèðèìèäèí-5-êàð-

áîêñèëàòîâ è 0,02 ìîëü 98 % ãèäðàçèíãèäðàòà âûäåð-

æèâàëè ïðè 170 – 180 °C â òå÷åíèå 15 – 20 ìèí äî ïðå-

êðàùåíèÿ âûäåëåíèÿ ãàçà. Ïîñëå îõëàæäåíèÿ äîáàâëÿ-

ëè ýòàíîë, âûïàâøèé îñàäîê îòôèëüòðîâûâàëè è

ïåðåêðèñòàëëèçîâûâàëè èç óêñóñíîé êèñëîòû.

Ýêñïåðèìåíòàëüíàÿ áèîëîãè÷åñêàÿ ÷àñòü

Ïðîòèâîìèêðîáíóþ àêòèâíîñòü îïðåäåëÿëè â îòíî-

øåíèè St. aureus è E. coli ñ èñïîëüçîâàíèåì ìåòîäà

ñòàíäàðòíûõ ñåðèéíûõ ðàçâåäåíèé â ìÿñîïåïòîííîì

áóëüîíå [10]. Áàêòåðèàëüíàÿ íàãðóçêà íà 1 ìë æèäêî-

ñòè ñîñòàâëÿëà 250000 ìèêðîáíûõ òåë. Ðåçóëüòàòû

îïûòîâ ó÷èòûâàëè ïîñëå 18 – 20 ÷ âûäåðæêè êîíòðîëü-

íûõ è îïûòíûõ êóëüòóð â òåðìîñòàòå ïðè 36 – 37 °C.

Çà äåéñòâóþùóþ äîçó ïðèíèìàëè ìèíèìàëüíóþ èíãè-

áèðóþùóþ êîíöåíòðàöèþ (ÌÈÊ, ìêã3ìë), êîòîðàÿ

çàäåðæèâàåò ðîñò ñîîòâåòñòâóþùåãî òåñò-ìèêðîáà.

Ïðåïàðàòàìè ñðàâíåíèÿ ñëóæèëè äèîêñèäèí è õëîðà-

ìèí Á.

Óñòàíîâëåíî, ÷òî ñîåäèíåíèÿ I – XXX ïðîÿâëÿþò

óìåðåííóþ ïðîòèâîìèêðîáíóþ àêòèâíîñòü (òàáë. 3).
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Ñîåäè-

íåíèå

Ñïåêòð ÈÊ, �, ñì – 1 Ñïåêòð ßÌÐ 1Í, �, ì.ä.

CO NH C(9)H, ñ Ar, ì N4H, ñ N6H, ñ Äðóãèå

XVII 1670 3140 6,79 6,75 11,71 13,18 1,32 (3H, ì, CH3) 3,95 (2H, ì, CH2)

XVIII 1690 3180 6,92 6,90 11,71 13,31 1,32 (3H, ì, CH3) 4,05 (2H, ì, CH2)

XIX 1680 3150 7,08 6,85 11,64 13,21 1,34 (3H, ì, CH3) 3,41 (3H, ñ, ÑÍ3Î) 4,06 (2H, ì, CH2)

XX 1675 3080 6,90 7,05 11,87 13,25 1,32 (3H, ì, CH3) 4,03 (2H, ì, CH2)

XXI 1680 3120 6,91 7,05 11,85 13,35 1,32 (3H, ì, CH3) 4,02 (2H, ì, CH2)

XXII 1675 3220 7,11 7,40 11,95 13,39 1,32 (3H, ì, CH3) 4,02 (2H, ì, CH2)

XXIII 1680 3220 6,73 6,98 11,56 13,15 1,33 (3H, ì, CH3) 4,03 (2H, ì, CH2) 3,44 (3H, ñ, ÑÍ3Î)

8,97 (1H, ñ, ÎÍ)

XXIV 1670 3140 6,69 6,85 11,68 13,18 1,32 (3H, ì, CH3) 4,03 (2H, ì, CH2)

XXV 1675 3160 6,79 6,90 11,72 13,20 1,33 (3H, ì, CH3) 4,03 (2H, ì, CH2)

XXVI 1680 3210 6,78 6,90 11,65 13,18 1,33 (3H, ì, CH3) 4,04 (2H, ì, CH2)
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XXVIII 1680 3180 6,72 6,50 11,47 13,06 1,34 (3H, ì, CH3) 4,04 (2H, ì, CH2) 3,39 (3H, ñ, ÑÍ3Î)

3,61(3H, ñ, ÑÍ3Î)

XXIX 1670 3180 6,83 6,90 11,82 13,32 9,63 (1H, ñ, ÎÍ)

XXX 1670 3140 6,81 7,15 11,83 13,39

Ò à á ë è ö à 2 ( ï ð î ä î ë æ å í è å )

Ò à á ë è ö à 3
Ïðîòèâîìèêðîáíàÿ àêòèâíîñòü ñîåäèíåíèé I – XXX

Ñîåäèíåíèå

ÌÈÊ, ìêã3ìë

S. aureus E. coli

I 1000 1000

II 1000 1000

III 1000 1000

IV 1000 1000

V 1000 1000

VI 1000 1000

VII 1000 1000

VIII 1000 1000

IX 1000 1000

X 500 500

XI 1000 1000

XII 1000 1000

XIII 1000 1000

XIV 1000 1000

XV 500 500

XVI 1000 1000

XVII 500 500

XVIII 1000 1000

XIX 500 500

XX 1000 1000

XXI 1000 1000

XXII 500 500

XXIII > 1000 > 1000

XXIV 1000 1000

XXV 500 500

XXVI 1000 1000

XXIX 1000 1000

XXX 500 500

Äèîêñèäèí 62,5 – 1000 3,9 – 62,5

Õëîðàìèí Á 500 250
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SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF 8-METHYL-9-ARYL-
AND 8,9-BISARYL-4,9-DIHYDROTETRAZOLO[1�,5�:1,2]-
PYRIMIDINO[4,5-D]PYRAZIN-5-ONES

V. L. Gein*, O. S. Panova, E. P. Tsyplyakova, and E. V. Voronina

Perm State Pharmaceutical Academy, Perm, Russia

* e-mail: gein148@mail.ru

A series of 8-methyl-9-aryl- and 8,9-bisaryl-4,9-dihydrotetrazolo[1�,5�:1,2]pyrimidino[4,5-d]pyrazin-5-ones (I – XXX) have been synthesized using reacti-
ons of methyl 6-acyl-4,7-dihydro-7-aryltetrazolo[1,5-a]pyrimidine-5-carboxylates with hydrazine hydrate. The structures of obtained compounds (I – XXX)
were established using IR, 1 H NMR, 13 Ñ NMR, and mass spectroscopy methods. The antimicrobial activity of the synthesized compounds was evaluated
by the double serial dilution technique with respect to St. aureus and E. coli. The tested substances exhibited moderate antimicrobial activity.

Key words: synthesis, tetrazole derivatives, antimicrobial activity
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