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Êè¿âñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ Òàðàñà Øåâ÷åíêà, Êè¿â, Óêðà¿íà

Ç âèêîðèñòàííÿì íîâîãî ï³äõîäó, ÿêèé áàçóºòüñÿ íà öèêë³çàö³¿ ñîëåé 4H-1,2,4-

òð³àçîë-4-àì³íó íà îñíîâ³ ìåòèë (E)-4-áðîìî-2-áóòåíîàòó òà ìåòèë 2-(áðîìîìå-

òèë)áåíçîàòó, ñèíòåçîâàíî çàì³ùåí³ â ïåð³-ïîëîæåííÿõ àì³íî-ã³äðîêñèïîõ³äí³

[1,2,4]òð³àçîëîàçèí³â. Âñòàíîâëåíî, ùî ñïîëóêè º ÷óòëèâèìè äî çì³íè ïîëÿðíîãî

îòî÷åííÿ ó ðîç÷èíàõ ³ õàðàêòåðèçóþòüñÿ ïîçèòèâíîþ ñîëüâàòîõðîì³ºþ ïðè

çá³ëüøåíí³ ïîëÿðíîñò³ ðîç÷èííèêà. Ðîç÷èíè ñïîëóê ó ÄÌÑÎ ïðîÿâëÿþòü ³íòåí-

ñèâíó áëàêèòíó ôëþîðåñöåíö³þ (em=460–468 íì), ùî çàòóõàº ç ÷àñîì. Ïîêàçàíî,

ùî âîäà ãàñèòü ôëþîðåñöåíö³þ 1-àì³íî[1,2,4]òð³àçîëî[1,5-b]³çîõ³íîë³í-1-³é-10-oëàòó

â îðãàí³÷íèõ ðîç÷èííèêàõ. ²íòåíñèâí³ñòü ôëþîðåñöåíö³¿ 1-àì³íî-10-ã³äðîêñè-

1H,5H,10H-[1,2,4]òð³àçîëî[1,5-b]³çîõ³íîë³í-4-³þ ç³ çá³ëüøåííÿì êîíöåíòðàö³¿ âîäè

â ÄÌÑÎ â ìåæàõ â³ä 0,05 äî 0,5% (v/v) çðîñòàº. Òîìó öÿ ñïîëóêà º âèñîêî÷óòëèâèì

çîíäîì äëÿ êîíòðîëþ ñòóïåíÿ îñóøåííÿ äèìåòèëñóëüôîêñèäó.

Êëþ÷îâ³ ñëîâà: òð³àçîëîàçèíè, ôëþîðåñöåíö³ÿ, ôëþîðåñöåíòíèé çîíä, âèçíà÷åííÿ

âîäè, ñèíòåç.
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Âñòóï

Ïîõ³äí³ [1,2,4]òð³àçîëî[1,5-a]ï³ðèäèíó òà
ñïîð³äíåíèõ ñèñòåì òð³àçîëîàçèí³â ³íòåíñèâíî
âèâ÷àþòüñÿ â îñòàíí³ ðîêè ó çâ’ÿçêó ç â³äêðèò-
òÿì ñåðåä íèõ ñïîëóê ç âèñîêèì ð³âíåì á³îëîã³-
÷íî¿ àêòèâíîñò³. Çîêðåìà, ñòðóêòóðíèé ôðàãìåíò
[1,2,4]òð³àçîëî[1,5-a]ï³ðèäèíó º îñíîâîþ ñïîëóê,
ÿê³ òåñòóþòüñÿ äëÿ ë³êóâàííÿ çàõâîðþâàíü ð³çíî¿
åò³îëîã³¿ [1–3]. Íàéá³ëüø øèðîêå çàñòîñóâàííÿ
â àíàë³òè÷í³é õ³ì³¿ òð³àçîëüí³ ôðàãìåíòè çíàé-
øëè ÿê êîìïëåêñîóòâîðþâàëüí³ ë³íêåðè, ùî ïðè-
ùåïëåí³ äî ôëþîðåñöåíòíîãî ÿäðà, äëÿ âèçíà-
÷åííÿ âàæêèõ ìåòàë³â, çîêðåìà ³îí³â Cu2+ [4,5],
Zn2+, Fe3+ [6] òà Sn2+ [7]. Ðåàêö³ÿ óòâîðåííÿ êîí-
äåíñîâàíîãî òð³àçîëüíîãî ÿäðà çàïðîïîíîâàíà
äëÿ ðîçðîáêè õåì³ëþì³í³ñöåíòíîãî çîíäó äëÿ
âèçíà÷åííÿ í³òðîãåí(²²) îêñèäó [8]. Îïèñàíî
âèêîðèñòàííÿ êîíäåíñîâàíîãî áàðâíèêà íà îñ-
íîâ³ òð³àçîëó äëÿ á³îâ³çóàë³çàö³¿ ðîçïîä³ëó ãë³êî-
êîí’þãàòó ó êë³òèí³ [9]. Ç îãëÿäó íà ñòðóêòóðí³
îñîáëèâîñò³, íîâ³ çàì³ùåí³ â ïåð³-ïîëîæåííÿõ
àì³íî-ã³äðîêñèïîõ³äí³ êîíäåíñîâàíèõ [1,2,4]òð³-
àçîëîàçèí³â ìîæóòü ïðîÿâëÿòè âëàñòèâîñò³, ïðè-
òàìàíí³ ëþì³íåñöåíòíèì çîíäàì, ³ ìàòè ïåð-
ñïåêòèâè âèêîðèñòàííÿ â ïðàêòèö³ àíàë³çó.

Âïðîäîâæ îñòàíí³õ äåñÿòèë³òü ðîçðîáëåíî

íèçêó ñèíòåòè÷íèõ øëÿõ³â äëÿ êîíñòðóþâàííÿ
ñèñòåìè [1,2,4]òð³àçîëîàçèí³â, ç ÿêèõ àíåëþâàí-
íÿ òð³àçîëüíîãî äî àçèíîâîãî öèêëó º íàéá³ëüø
ïîïóëÿðíèì [10]. Ïðîòå òàêèé ï³äõ³ä íå äàº ìîæ-
ëèâîñò³ îäíî÷àñíîãî ââåäåííÿ àì³íî- òà ã³äðîê-
ñèëüíèõ ãðóï â ïåð³-ïîëîæåííÿõ á³öèêë³÷íî¿
ñèñòåìè [1,2,4]òð³àçîëî[1,5-a]ï³ðèäèíó. Äëÿ
âèð³øåííÿ öüîãî çàâäàííÿ ìè âèêîðèñòàëè ðîç-
ðîáëåíèé íàìè ðàí³øå ìåòîä äîáóäîâè ï³ðèäè-
íîâîãî òà ³çîõ³íîë³íîâîãî öèêë³â äî àçîë³â, ÿêèé
áàçóºòüñÿ íà öèêë³çàö³¿ ñîëåé 1,3-ä³àçîë³þ íà
îñíîâ³ ìåòèë (E)-4-áðîìî-2-áóòåíîàòó [11] òà
ìåòèë 2-(áðîìîìåòèë)áåíçîàòó [12], â³äïîâ³äíî.
Ñèíòåç ö³ëüîâèõ ñïîëóê ïðîâåäåíî â äâ³ ñòàä³¿
â³äïîâ³äíî äî ñõåìè (ðèñ. 1).

Áðîì³äè 4-àì³íî-1-[4-ìåòîêñè-4-îêñî-2-
áóòåí³ë]-4Í-1,2,4-òðèàçîë-1-³óì (²) òà 4-àì³íî-
1-[2-(ìåòîêñ³êàðáîí³ë)áåíçèë]-4Í-1,2,4-òðèàçîë-
1-³óì (²²) óòâîðþþòüñÿ ïðè âèòðèìóâàíí³ ðîç-
÷èí³â 4H-1,2,4-òð³àçîë-4-àì³íó òà áðîìîåñòåð³â
â àöåòîí³òðèë³ çà ê³ìíàòíî¿ òåìïåðàòóðè. Íàñòóï-
íó öèêë³çàö³þ çä³éñíåíî áåç âèä³ëåííÿ ïðî-
ì³æíèõ ïðîäóêò³â êâàòåðí³çàö³¿ â ³íäèâ³äóàëüíîìó
ñòàí³ ïðè íàãð³âàíí³ ñîëåé ², ²² ç ïîòàøåì. Çà
äàíèìè ìàñ-ñïåêòðîìåòð³¿ òà åëåìåíòíîãî àíàë³-
çó ïðîäóêòè ðåàêö³¿ âèä³ëåí³ â ³íäèâ³äóàëüíîìó
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ñòàí³ ³ íå ì³ñòèëè áðîì. Íà îñíîâ³ àíàë³çó ñïåê-
òðàëüíèõ õàðàêòåðèñòèê ¿õ ñòðóêòóðó â³äíåñåíî
äî áåòà¿í³â – 1-àì³íî[1,2,4]òð³àçîëî[1,5-a]-ï³ðè-
äèí-1-³é-8-oëàòó (²²²) òà 1-àì³íî[1,2,4]òð³àçî-
ëî[1,5-b]³çîõ³íîë³í-1-³é-10-oëàòó (²V). Òàê, â ²×
ñïåêòðàõ ñïîëóê III òà IV ñïîñòåð³ãàþòüñÿ ³íòåí-
ñèâí³ ñìóãè ïðè 1494 òà 1470 ñì-1, õàðàêòåðí³
äëÿ êîëèâàíü êàðáîêñèãðóï àí³îííîãî òèïó.
Ïîëîæåííÿ ñèãíàë³â ïðîòîí³â ó ñïåêòðàõ ßÌÐ
1Í â³äïîâ³äàº î÷³êóâàíèì çã³äíî ç äàíèìè äëÿ
ñïîð³äíåíèõ ñïîëóê – ïîõ³äíèõ 1R-1H-³ì³äà-
çî[1,2-a]ï³ðèäèí-4-³é-8-îëàò³â [10] òà 1-R-1H-
³ì³äàçî[1,2-b]³çîõ³íîë³í-4-³é-10-îëàò³â [12].

Ñïîëóêè III ³ IV º ìàëîðîç÷èííèìè ó ìà-
ëîïîëÿðíèõ ðîç÷èííèêàõ. Ç ìåòîþ ðîçøèðåííÿ
êîëà ðîç÷èííèê³â äëÿ ïîäàëüøîãî äîñë³äæåííÿ
ïîõ³äíèõ òð³àçîëîàçèí³â ìåòîäàìè àáñîðáö³éíî¿
³ åì³ñ³éíî¿ ìîëåêóëÿðíî¿ ñïåêòðîñêîï³¿ íàìè
âèâ÷åíî ìîæëèâ³ñòü îòðèìàííÿ ïðîäóêò³â
â³äíîâëåííÿ îëàò³â III ³ IV. Äëÿ öüîãî âèêîðèñ-
òàíî ìåòîä êàòàë³òè÷íîãî (Pd(C)) â³äíîâëåííÿ
âîäíåì. Ó âèïàäêó ïîõ³äíî¿ [1,2,4]òð³àçîëî-
[1,5-a]ï³ðèäèí³þ (III) îòðèìàíî ñêëàäíó ñóì³ø
ïðîäóêò³â, ÿêó íå âäàëîñÿ ïîâí³ñòþ ðîçä³ëèòè.
[1,2,4]Òð³àçîëî[1,5-b]³çîõ³íîë³í-1-³é-10-oëàò (IV)
çà öèõ óìîâ ðåàãóº á³ëüø îäíîçíà÷íî, ùî äàëî
çìîãó îòðèìàòè ïðîäóêò â³äíîâëåííÿ õëîðèä
1-àì³íî-10-ã³äðîêñè-1H,5H,10H-[1,2,4]òð³àçî-
ëî[1,5-b]³çîõ³íîë³í-4-³þ (V) ç âèñîêèì âèõîäîì
(88%). Áóäîâó ñïîëóêè V âñòàíîâëåíî çà ñïåêò-
ðàëüíèìè äàíèìè, ÿê³ â³äïîâ³äàþòü î÷³êóâàíèì
äëÿ ñîëåé 10-ã³äðîêñè-1-R-1H,5H,10H-[1,2,4]òð³-
àçîëî³çîõ³íîë³í³þ [13].

Åêñïåðèìåíòàëüíà ÷àñòèíà

Ðåàãåíòè òà àïàðàòóðà
Ìåòèë (E)-4-áðîìî-2-áóòåíîàò òà ìåòèë

2-(áðîìîìåòèë)áåíçîàò ñèíòåçîâàíî çà â³äîìîþ
ìåòîäèêîþ [14], øëÿõîì áðîìóâàííÿ â³äïîâ³ä-
íèõ åñòåð³â êèñëîò. 4H-1,2,4-òð³àçîë-4-àì³í, ìå-
òèë êðîòîíàò, ìåòèë 2-ìåòèëáåíçîàò áóëî âèêî-
ðèñòàíî ÿê êîìåðö³éí³ ïðåïàðàòè ô³ðìè
«Åíàì³í». Âèõ³äí³ ðîç÷èíè ñïîëóê ²²²-V ç êîí-
öåíòðàö³ºþ 0,20 ììîëü/ë ãîòóâàëè ðîç÷èíåííÿì
¿õ òî÷íèõ íàâàæîê ó äèìåòèëñóëüôîêñèä³
(ÄÌÑÎ), àöåòîí³òðèë³ (êâàë³ô³êàö³¿ «äëÿ ÂÅÐÕ»)
àáî åòàíîë³ (êâàë³ô³êàö³¿ «ôàðì.») áåçïîñåðåä-
íüî ïåðåä çä³éñíåííÿì åêñïåðèìåíòó.

²×-ñïåêòðè òàáëåòîê ñïîëóê ç KBr ðåºñòðó-
âàëè çà äîïîìîãîþ Perkin Elmer «Spectrum BX».
Ñïåêòðè ßÌÐ 1H áóëî çàïèñàíî ç âèêîðèñòàí-
íÿì Mercury 400 (Varian) (400 ÌÃö), âíóòð³øí³é
ñòàíäàðò ÒÌÑ, õ³ì³÷í³ çñóâè íàâåäåíî ó øêàë³
. Òåìïåðàòóðè òîïëåííÿ íå âèïðàâëåí³, âèì³-
ðÿí³ â ï³ðåêñîâûõ êàï³ëÿðàõ íà ïðèëàä³ Ò³ëå.
×èñòîòó îäåðæàíèõ ñïîëóê êîíòðîëþâàëè ìåòî-
äîì ÂÅÐÕ-ÌÑ íà ïðèëàä³ Agilent 1100 Series, ç
ñåëåêòèâíèì äåòåêòîðîì Agilent LC/MSDSL
(çðàçîê ââîäèâñÿ ó ìàòðèöþ CF3CO2H, ³îí³çàö³ÿ
ÅÓ). Åëåìåíòíèé àíàë³ç âèêîíàíî ³ç çàñòîñóâàí-
íÿì óí³âåðñàëüíîãî CHNS-àíàë³çàòîðà Vario
MIÑRO Cube, äëÿ âèçíà÷åííÿ õëîðó âèêîðèñòà-
íî ìåòîä Øåí³ãåðà.

Ñïåêòðè ïîãëèíàííÿ ðîç÷èí³â ðåºñòðóâàëè
çà äîïîìîãîþ ñïåêòðîôîòîìåòðà UV-2401PC
UV-Vis (Shimadzu), ñïåêòðè çáóäæåííÿ òà ôëþ-
îðåñöåíö³¿ – çà äîïîìîãîþ ëþì³íåñöåíòíîãî

Ðèñ. 1. Ñõåìà ñèíòåçó ïåð³-çàì³ùåíèõ [1,2,4]òð³àçîëîàçèí³â
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ñïåêòðîìåòð Perkin Elmer LS55 (ÑØÀ). Çâàæó-
âàííÿ âèêîíóâàëè íà àíàë³òè÷íèõ âàãàõ ABS 80-4
(Kern & Sohn GmbH, Í³ìå÷÷èíà).

Ìåòîäèêè ñèíòåçó
1-Àì³íî[1,2,4]òð³àçîëî[1,5-a]ï³ðèäèí-1-³é-8-

oëàò (III)
Ñóì³ø 0,25 ã (3 ììîëü) 4H-1,2,4-òð³àçîë-4-

àì³íó ç 0,54 ã (3 ììîëü) ìåòèë (E)-4-áðîìî-2-
áóòåíîàòó â 15 ìë àöåòîí³òðèëó âèòðèìóþòü çà
ê³ìíàòíî¿ òåìïåðàòóðè 2 äîáè. Ðîç÷èííèê óïà-
ðþþòü, çàëèøîê ðîç÷èíÿþòü â åòàíîë³, äîäàþòü
0,41 ã (3 ììîëü) Ê2ÑÎ3 ³ êèï’ÿòÿòü 2 ãîä. Ï³ñëÿ
îõîëîäæåííÿ â³äô³ëüòðîâóþòü îñàä, óïàðþþòü
ðîç÷èííèê ç ô³ëüòðàòó, äî çàëèøêó äîäàþòü 10 ìë
àöåòîíó ³ ðîçòèðàþòü. Îñàä â³äô³ëüòðîâóþòü,
ðåòåëüíî ïðîìèâàþòü ãàðÿ÷îþ âîäîþ òà êðèñòà-
ë³çóþòü ç ÄÌÔÀ. Âèõ³ä: 0,25 ã (55%), áåçáàðâí³
êðèñòàëè, Òòîïë. 167–1700Ñ (ðîçêë., ÄÌÔÀ). ²×
cïåêòð, , ñì–1: 3328 (NH2), 3065, 1561, 1556, 1494
(Ñ–Î–), 1370, 1318, 1171, 734. Ñïåêòð ßÌÐ 1H,
, ì. ä. (J, Ãö): 9,06 (1H, ñ, Í-2); 7,70 (1H, ä,
J=6.5, H-5); 7,11 (2Í, ñ, NH2); 7,03 (1H, ò, J=7,0,
H-6); 6,34 (1H, ä, J=8,0, H-7). MS (CI): m/z=151,2
([Ì+H]+). Çíàéäåíî, %: Ñ 47,87; Í 4,15; N 37,30.
C6H6N4O. Âèðàõóâàíî, %: Ñ 48,00; Í 4,03; N
37,32.

1-Àì³íî[1,2,4]òð³àçîëî[1,5-b]³çîõ³íîë³í-1-³é-
10-oëàò (IV)

Ðîç÷èíÿþòü 1,45 ã (6,32 ììîëü) ìåòèëîâî-
ãî åñòåðó î-áðîìîìåòèëáåíçîéíî¿ êèñëîòè â
25 ìë àöåòîí³òðèëó ³ äîäàþòü 0,53 ã (6,32 ììîëü)
4H-1,2,4-òð³àçîë-4-àì³íó. Ðîç÷èí âèòðèìóþòü çà
ê³ìíàòíî¿ òåìïåðàòóðè 2 äîáè ³ óïàðþþòü ðîç-
÷èííèê íà 50%. Äîäàþòü 20 ìë ä³åòèëîâîãî åòå-
ðó ³ â³ää³ëÿþòü ðîç÷èí â³ä ìàñëÿíèñòîãî îñàäó,
ùî ì³ñòèòü ñ³ëü òð³àçîë³þ II. Çàëèøîê ðîç÷èíÿ-
þòü â 30 ìë åòàíîëó ³ äîäàþòü 1,74 ã (12,64 ììîëü)
Ê2ÑÎ3. Ñóì³ø êèï’ÿòÿòü 3 ãîä, ï³ñëÿ îõîëîäæåí-
íÿ â³äô³ëüòðîâóþòü îñàä. Óïàðþþòü ðîç÷èííèê
ç ô³ëüòðàòó, äî çàëèøêó äîäàþòü 10 ìë àöåòîí³-
òðèë³ ³ ðîçòèðàþòü. Îñàä â³äô³ëüòðîâóþòü, ðå-
òåëüíî ïðîìèâàþòü ãàðÿ÷îþ âîäîþ òà êðèñòàë³-
çóþòü ç ÄÌÔÀ. Âèõ³ä: 0,80 ã (63%), æîâò³ êðèñ-
òàëè, Òòîïë. 213–2150Ñ (ðîçêë., ÄÌÔÀ). ²× ñïåêòð,
, ñì–1: 3323 (NH2), 3075, 2972, 1576, 1548, 1496,
1470 (Ñ–Î–), 1421, 1385, 1204, 791. Ñïåêòð ßÌÐ
1H, , ì. ä. (J, Ãö): 9,09 (1Í, ñ, Í-2); 8,43 (1Í, ñ,
Í-5); 8,21 (1Í, ä, J=8,0, Í-6); 7,76 (1Í, ä, J=8,0,
Í-9); 7,43 (1Í, ò, J=8,0, Í-8); 7,24 (1Í, ò, J=8,0,
Í-7); 6,70 (2Í, óøèð. ñ, NH2). ). MS (CI):
m/z=201,2 ([Ì+Í]+). Çíàéäåíî, %: Ñ 60,10; Í
4,09; N 28,02. C10H8N4O. Âèðàõóâàíî, %: Ñ 59,99;
Í 4,03; N 27,99.

Õëîðèä 1-àì³íî-10-ã³äðîêñè-1H,5H,10H-

[1,2,4]òð³àçîëî[1,5-b]³çîõ³íîë³í-4-³þ (V)
Ðîç÷èíÿþòü 2 ã (10,0 ììîëü) 1-àì³íî[1,2,4]-

òð³àçîëî[1,5-b]³çîõ³íîë³í-1-³é-10-oëàòó IV â ìå-
òàíîë³, äîäàþòü 0,4 ã 5% ïàëàä³þ íà âóã³ëë³ òà
1,67 ìë 6Ì õëîðèäíî¿ êèñëîòè ³ ëèøàþòü ïðè
ïåðåì³øóâàíí³ ï³ä òèñêîì âîäíþ (~1 àòì) íà í³÷.
Ðîç÷èí â³äô³ëüòðîâóþòü ÷åðåç òîíêèé øàð ñèë³-
êàãåëþ òà óïàðþþòü ðîç÷èííèê. Çàëèøîê ïåðå-
êðèñòàë³çîâóþòü ç 2-ïðîïàíîëó. Âèõ³ä: 2,10 ã
(88%), áë³äî-æîâò³ êðèñòàëè, ò. òîïë. 190–1920Ñ
(i-PrOH). ²× ñïåêòð, , ñì–1: 3266 (NH2), 3152
(ÎÍ), 3033, 2966, 1620, 1543, 1494, 1450, 1042,
1013, 796, 763, 646. Ñïåêòð ßÌÐ 1H, , ì. ä. (J,
Ãö): 9,37 (1Í, ñ, Í-2); 7,69 (1Í, óøèð. ñ, ÎÍ);
7,50–7,43 (4Í, ì, Í-7 – Í-9); 7,23 (2Í, óøèð. ñ,
NH2); 6,20 (1Í, óøèð. ñ, Í-10); 5,72 (1Í, ä,
J=16,5, ÑÍÀÍÂ); 5,61 (1Í, ä, J=16,5, ÑÍÀÍÂ). MS
(CI): m/z=203,2 ([Ì–Cl]+). Çíàéäåíî, %: Ñ 50,49;
Í 4,70; Cl 14,87; N 23,45. C10H11ClN4O. Âèðàõó-
âàíî, %: Ñ 50,32; Í 4,65; Cl 14,85; N 23,47

Ðåçóëüòàòè òà îáãîâîðåííÿ

Îäåðæàí³ ñïîëóêè III-V äîáðå ðîç÷èíÿþòü-
ñÿ ó ÄÌÑÎ, àöåòîí³òðèë³ òà åòàíîë³, ïðè öüîìó
ðîç÷èíè ñïîëóêè III áåçáàðâí³, à ñïîëóê ²V ³ V
– æîâòîãî êîëüîðó. Ñïåêòðè ïîãëèíàííÿ ðîç-
÷èí³â ñïîëóê ²V ³ V â àïðîòîííèõ, ïðîòîíîäî-
íîðíèõ ðîç÷èííèêàõ ³ ¿õ ñóì³øàõ ç âîäîþ õàðàê-
òåðèçóþòüñÿ óøèðåíèìè ñìóãàìè ó ä³àïàçîíàõ
220–250 íì ³ 330–440 íì. Ïðè öüîìó ïðè
çá³ëüøåíí³ ïîëÿðíîñò³ ðîç÷èííèêà ñïîñòåð³-
ãàºòüñÿ ïîçèòèâíà ñîëüâàòîõðîì³ÿ äîâãîõâèëüî-
âîãî ìàêñèìóìó (ðèñ. 2).
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Ðèñ. 2. Íîðìîâàí³ ñïåêòðè ïîãëèíàííÿ ðîç÷èí³â ñïîëóêè

²V ó ñóì³ø³ ÄÌÑÎ–âîäà (1:9) (1), åòàíîë³ (2), ñóì³ø³

àöåòîí³òðèë–âîäà (1:5) (3), àöåòîí³òðèë³ (4) òà ÄÌÑÎ (5)
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Áóëî âñòàíîâëåíî, ùî ç ÷àñîì ðîç÷èíè çíå-
áàðâëþþòüñÿ, ùî ï³äòâåðäæóºòüñÿ ã³ïîñîõðîì-
íèì çñóâîì ³ ã³ïîõðîìíèì åôåêòîì ñìóãè 330–
440 íì ó ñïåêòðàõ ïîãëèíàííÿ. ×åðåç 60 õâ çáå-
ð³ãàííÿ ðîç÷èíó ñïîñòåð³ãàºòüñÿ çìåíøåííÿ îï-
òè÷íî¿ ãóñòèíè ðîç÷èí³â íà 30%.

Ç îãëÿäó íà á³ëüø ðîçâèíåíó -ñèñòåìó êðà-
ùèìè ôëþîðåñöåíòíèìè âëàñòèâîñòÿìè ìàþòü
õàðàêòåðèçóâàòèñü òðèöèêë³÷í³ ïîõ³äí³ ²V ³ V.
Ñïåêòðè çáóäæåííÿ òà âèïðîì³íåííÿ ùîéíî
ïðèãîòîâëåíèõ ðîç÷èí³â ó ÄÌÑÎ íàâåäåíî íà
ðèñ. 3. Âèäíî, ùî ðîç÷èíè ñïîëóêè ²V ïîð³âíÿ-
íî ³ç ðîç÷èíàìè ¿¿ â³äíîâëåíî¿ ôîðìè (V) çà ³äåí-
òè÷íèõ óìîâ ðåºñòðàö³¿ ñïåêòð³â ìàþòü çíà÷íî
ìåíøó ³íòåíñèâí³ñòü ôëþîðåñöåíö³¿, â³ðîã³äíî
âíàñë³äîê ïîðóøåííÿ àðîìàòè÷íîñò³ ñòðóêòóðè
ïðè â³äíîâëåíí³.
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Ðèñ. 3. Ñïåêòðè çáóäæåííÿ (1, 2) òà ôëþîðåñöåíö³¿ (1', 2')

10,0 ìêìîëü/ë ðîç÷èí³â ñïîëóê ²V (1, 1') ³ V (2, 2') ó

ÄÌÑÎ. l=1,00 ñì, ex=360 íì, em=460 íì

ßê ³ ó âèïàäêó ñïåêòðîôîòîìåòð³¿, äëÿ ôëþ-
îðåñöåíö³¿ öèõ ñïîëóê õàðàêòåðíà ïîçèòèâíà
ñîëüâàòîõðîì³ÿ, à òàêîæ çìåíøåííÿ ³íòåíñèâ-
íîñò³ ôëþîðåñöåíö³¿ (çàòóõàííÿ) ç ÷àñîì çáåð³-
ãàííÿ ðîç÷èí³â. Âñòàíîâëåíî, ùî ðîç÷èíè ñïî-
ëóêè V º á³ëüø ñòàá³ëüíèìè: çíèæåííÿ ³íòåí-
ñèâíîñò³ ôëþîðåñöåíö³¿ íà 10% â³äáóâàºòüñÿ çà
60 õâ. Ï³ñëÿ äîäàòêîâîãî ÓÔ-îïðîì³íåííÿ
(=360 íì) ðîç÷èí³â âïðîäîâæ 5 õâ ³íòåíñèâí³ñòü
ôëþîðåñöåíö³¿ çìåíøóºòüñÿ íà 60%. Âðàõîâó-
þ÷è, ùî ôîòî³íäóêîâàí³ ïåðåòâîðåííÿ âëàñòèâ³

ðîç÷èíàì òð³àçîëîï³ðèäèí³â [15], ç’ÿñóâàííÿ
ìåõàí³çì³â ³ ïðîäóêò³â ïåðåòâîðåíü º ìåòîþ ïî-
äàëüøèõ äîñë³äæåíü.

Âèâ÷åíî âïëèâ âîäè íà ôëþîðåñöåíö³þ
ñîëüâàòîõðîìíèõ ñïîëóê. Âñòàíîâëåíî, ùî âîäà
ãàñèòü ñâ³ò³ííÿ ñïîëóêè ²V ó ðîç÷èíàõ ÄÌÑÎ ³
àöåòîí³òðèëó. Ïðîòå ó ðîç÷èíàõ ñïîëóêè V ó
ÄÌÑÎ ñïîñòåð³ãàëîñü çíà÷íå çðîñòàííÿ ³íòåí-
ñèâíîñò³ ôëþîðåñöåíö³¿ ó ïðèñóòíîñò³ äîáàâîê
âîäè (ðèñ. 4). Öå ìîæå áóòè çóìîâëåíî çá³ëüøåí-
íÿì æîðñòêîñò³ ñòðóêòóðè çà ðàõóíîê óòâîðåííÿ
ì³æìîëåêóëÿðíèõ âîäíåâèõ çâ’ÿçê³â ç ìîëåêóëà-
ìè âîäè.
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Ðèñ. 4. Ñïåêòðè ôëþîðåñöåíö³¿ ðîç÷èí³â ñïîëóêè V ó

ÄÌÑÎ çàëåæíî â³ä êîíöåíòðàö³¿ âîäè (% (v/v)). l=1,00 ñì,

ex=360 íì, em=460 íì

Ë³íåàðèçàö³ºþ ïî÷àòêîâî¿ ä³ëÿíêè çàëåæ-
íîñò³ ³íòåíñèâíîñò³ ôëþîðåñöåíö³¿ ñïîëóêè V ó
ÄÌÑÎ â³ä îá’ºìíîãî âì³ñòó âîäè ó ïðîá³
(²460=f(Í2Î, % (v/v)) áóëî îòðèìàíî ãðàäóþâàëü-
íèé ãðàô³ê (ÃÃ) äëÿ ôëþîðåñöåíòíîãî âèçíà-
÷åííÿ âîäè ó äèìåòèëñóëüôîêñèä³, ÿêèé ìàº
âèãëÿä: I460=(375±6)+(380±20) Í2Î, % , R=0,993.
Ìåæà âèÿâëåííÿ, ðîçðàõîâàíà çà 3S-êðèòåð³ºì,
ñòàíîâèòü 0,05% Í2Î ó ïðîá³. Ä³àïàçîí ë³í³éíîñò³
ÃÃ çáåð³ãàºòüñÿ äî 0,5% H2O, % (v/v). Ç îãëÿäó
íà âèñîêó ÷óòëèâ³ñòü ñïîëóêà V ìîæå áóòè âè-
êîðèñòàíà ÿê ëþì³íåñöåíòíèé çîíä, ÷óòëèâèé
äî âì³ñòó âîäè ó äèìåòèëñóëüôîêñèä³.

Âèñíîâêè

Çàïðîïîíîâàíî íîâèé ìåòîä ñèíòåçó çàì³-
ùåíèõ â ïåð³-ïîëîæåííÿõ àì³íî-ã³äðîêñèïîõ³ä-
íèõ [1,2,4]òð³àçîëîàçèí³â, ÿêèé áàçóºòüñÿ íà öèê-
ë³çàö³¿ ñîëåé 4H-1,2,4-òð³àçîë-4-àì³íó íà îñíîâ³
ìåòèë (E)-4-áðîìî-2-áóòåíîàòó òà ìåòèë 2-(áðî-
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ìîìåòèë)áåíçîàòó. Íîâ³ ïîõ³äí³ òð³àçîëîàçèí³â
º ÷óòëèâèìè äî çì³íè ïîëÿðíîãî îòî÷åííÿ ó
ðîç÷èíàõ ³ õàðàêòåðèçóºòüñÿ ïîçèòèâíîþ ñîëüâà-
òîõðîì³ºþ ïðè çá³ëüøåíí³ ïîëÿðíîñò³ ðîç÷èí-
íèêà. Ðîç÷èíè ñïîëóê ó ÄÌÑÎ ïðîÿâëÿþòü
³íòåíñèâíó áëàêèòíó ôëþîðåñöåíö³þ (em=460–
468 íì), ùî çàòóõàº ç ÷àñîì. Âîäà ãàñèòü ôëó-
îðåñöåíö³þ 1-àì³íî[1,2,4]òð³àçîëî[1,5-b]-³çîõ³-
íîë³í-1-³é-10-oëàòó ó ðîç÷èíàõ. Çà ðàõóíîê
ë³í³éíîãî çðîñòàííÿ ³íòåíñèâíîñò³ ôëþîðåñ-
öåíö³¿ 1-àì³íî-10-ã³äðîêñè-1H,5H ,10H-
[1,2,4]òð³àçîëî[1,5-b]³çîõ³íîë³í-4-³þ ó ÄÌÑÎ ç³
çá³ëüøåííÿì âì³ñòó âîäè (â³ä 0,05 äî 0,5% (v/v))
ñïîëóêà ìîæå áóòè âèêîðèñòàíà ÿê âèñîêî÷óò-
ëèâèé çîíä äëÿ êîíòðîëþ ñòóïåíÿ îñóøóâàííÿ
äèìåòèëñóëüôîêñèäó.
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SYNTHESIS AND FLUORESCENCE OF
TRIAZOLOAZINES DERIVATIVES

A.M. Makeiev, T.Ie. Keda *, L.M. Potiha, O.A. Zaporozhets

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
* e-mail: tetianakeda@knu.ua

New derivatives of [1,2,4]triazoloazines substituted in the
amine-rearrangement are synthesized using a novel approach that is
based on the cyclization of methyl (E)-4-hydroxy-4H-1,2,4-triazole-
4-amine salts with bromo-2-butenoate and methyl 2-(bromomethyl)-
benzoate. The influence of the solvation shell of dimethyl sulfoxide,
acetonitrile, ethanol and their mixture with water on the spectral
characteristics of the new compounds in solutions was investigated.
The molecules are sensitive to changing the solvate shell in solutions;
they are characterized by a positive solvatochromic effect when solvent
polarity is increased. Their solutions in dimethyl sulfoxide show intense
blue fluorescence (em=460–468 nm), which decays with time. It
was shown that water quenches the fluorescence of 1-amino-
[1,2,4]triazolo[1,5-b]isoquinoline-1-ol-10-olate in organic solvents.
The intensity of fluorescence of 1-amino-10-hydroxy-1H,5H,10H-
[1,2,4]triazolo[1,5-b]isoquinoline-4-one increases with an increase
in the water concentration in dimethyl sulfoxide in the range of 0.05
to 0,5% (v/v). This means that this molecule can serve as a highly
sensitive probe for the determination of water level in dimethyl
sulfoxide.

Keywords: triazoloazines; fluorescence; fluorescence probe;
determination of water; synthesis.
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