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Ó ðîáîò³ íàâåäåíî ðåçóëüòàòè äîñë³äæåííÿ âçàºìîä³¿ àçèäî(áåíç)³ì³äàçî[2,1-
b][1,3]ò³àçèí³â ç àöåòèëåíêàðáîêñèëàòàìè â íåêàòàë³òè÷íèõ óìîâàõ çà Õüþçãåíîì. 
Âñòàíîâëåíî, ùî [3+2]-öèêëîêîíäåíñàö³ÿ âêàçàíèõ ðåàãåíò³â â³äáóâàºòüñÿ ðåã³îñå-
ëåêòèâíî ïðè íàãð³âàíí³ òà áåç âèêîðèñòàííÿ êàòàë³çàòîðà ç óòâîðåííÿì ïðîäóêò³â 
1,4-ïðèºäíàííÿ – àëê³ë 1-((áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèí-6-³ë)-1Í-1,2,3-òðèàçîë- 
5-êàðáîêñèëàò³â 4a–g, áóäîâà ÿêèõ ñòðîãî äîâåäåíà ìåòîäàìè ßÌÐ 1H (13C) ñïåê-
òðîñêîï³¿ òà õðîìàòîìàñ-ñïåêòðîìåòð³¿. Âñ³ íîâ³ îòðèìàí³ ñïîëóêè áóëè äîñë³ä-
æåí³ â åêñïåðèìåíòàõ in vitro íà àíòèáàêòåð³àëüíó òà ïðîòèãðèáêîâó àêòèâíîñò³. Çà 
ðåçóëüòàòàìè ïðîâåäåíîãî á³îñêðèí³íãó ìeòèë 1-(2,3-äèôåí³ë-6,7-äèã³äðo-5H-³ì³äà-
çî[2,1-b][1,3]ò³àçèí-6-³ë)-1H-1,2,3-òðèàçîë-5-êàðáîêñèëàò 4b, åòèë 1-(2,3-äèôåí³ë-6,7-
äèã³äðo-5H-³ì³äàçî[2,1-b][1,3]ò³àçèí-6-³ë)-1H-1,2,3-òðèàçîë-5-êàðáîêñèëàò 4c, ìeòèë 
1-(3,4-äèã³äðo-2H-áåíç[4,5]³ì³äàçî[2,1-b][1,3]ò³àçèí-3-³ë)-1H-1,2,3-òðèàçîë-5-êàðáî-
êñèëàò 4e, òðåò.-áóòèë 1-(3,4-äèã³äðo-2H-áåíç[4,5]³ì³äàçî[2,1-b][1,3]ò³àçèí-3-³ë)-1H- 
1,2,3-òðèàçîë-5-êàðáîêñèëàò 4g ïðîÿâèëè áàêòåðèöèäíó ä³þ ïðè êîíöåíòðàö³¿        
31.25 ìêã/ìë â³äíîñíî áàêòåð³¿ Proteus mirabilis.

Êëþ÷îâ³ ñëîâà: áåíçî[4,5]³ì³äàçî[2,1-b][1,3]ò³àçèí³ë ìåòàíñóëüôîíàòè, àçèäî(áåí-
çî)³ì³äàçî[2,1-b][1,3]ò³àçèíè, àëê³ë 1-((áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèí-6-³ë)-1Í-1,2,3-
òðèàçîë-5-êàðáîêñèëàòè, îö³íêà àíòèáàêòåð³àëüíî¿ àêòèâíîñò³, ïðîòèãðèáêîâà àê-
òèâí³ñòü.
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Âñòóï
Àíàë³ç ñó÷àñíèõ ³íôîðìàö³éíèõ äæåðåë àð-

ãóìåíòîâàíî òà äîêàçîâî ï³äòâåðäæóº  ïåðñïåê-
òèâí³ñòü ïîøóêó íîâèõ á³îëîã³÷íî àêòèâíèõ ñïî-
ëóê ñåðåä ã³áðèäíèõ ãåòåðîöèêë³÷íèõ ñòðóêòóð,
ÿê³ ïîºäíóþòü â ñîá³ äâà àáî á³ëüøå ôàðìàêîëî-
ã³÷íî «ïðèâàáëèâèõ» ôðàãìåíòè. Òàê³ ìîëåêó-
ëÿðí³ ïëàòôîðìè  ³ç ð³çíèìè á³îëîã³÷íèìè ôóí-
êö³ÿìè çàçâè÷àé çäàòí³ äîëàòè ïåðåõðåñíó ðåçè-
ñòåíòí³ñòü, ðîçøèðþâàòè ôàðìàêîëîã³÷íèé
ïðîô³ëü, çíèæóâàòè òîêñè÷í³ñòü òà ï³äâèùóâàòè
åôåêòèâí³ñòü ïîð³âíÿíî ç âèõ³äíèìè êîìïîíåí-
òàìè [1].

Ïîõ³äí³ 1,2,3-òðèàçîëó âïðîäîâæ òðèâàëî-

ãî ÷àñó çàëèøàþòüñÿ ó öåíòð³ óâàãè äîñë³äíèê³â
çàâäÿêè íèçö³ óí³êàëüíèõ âëàñòèâîñòåé: âèñîê³é
çäàòíîñò³ äî õ³ì³÷íèõ ïåðåòâîðåíü, íàÿâíîñò³
ð³çíèõ âèä³â á³îëîã³÷íî¿ ä³¿ òà, áåçóìîâíî, íå-
çíà÷í³é òîêñè÷íîñò³ ³ º îäíèìè ç íàéïåðñïåê-
òèâí³øèõ áàçîâèõ ñêàôîëä³â äëÿ ïîäàëüøîãî
ñòâîðåííÿ íà ¿õ îñíîâ³ ã³áðèäíèõ ñòðóêòóð. Ñë³ä
çàçíà÷èòè, ùî ôóíêö³îíàë³çîâàí³ 1,2,3-òðèàçî-
ëè â³äçíà÷àþòüñÿ øèðîêèì ä³àïàçîíîì òåðàïåâ-
òè÷íèõ âëàñòèâîñòåé :, àíòèáàêòåð³àëüíîþ [2],
ïðîòèðàêîâîþ [3] ïðîòèìàëÿð³éíîþ [4], ïðîòè-
òóáåðêóëüîçíîþ [5] òà ïðîòèâ³ðóñíîþ [6]. Îêð³ì
öüîãî, ñïîëóêè ðÿäó 1,2,3-òðèàçîëó ìîæóòü ä³-
ÿòè íà òàê³ ôåðìåíòè Â²Ë-1 ÿê çâîðîòíà òðàí-
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ñêðèïòàçà (ÐÒ), ³íòåãðàçà òà ïðîòåàçà ÷åðåç ð³çí³
íåêîâàëåíòí³ âçàºìîä³¿, äåìîíñòðóþ÷è ïîòåíö³é-
íó àêòèâí³ñòü ïðîòè øòàì³â, íàâ³òü ðåçèñòåíòíèõ
äî ë³êàðñüêèõ ïðåïàðàò³â [6]. 1,2,3-Òðèàçîëè òà ¿õ
1,2,4-àíàëîãè çàâäÿêè ñâî¿ì ôàðìàêîëîã³÷íèì âëà-
ñòèâîñòÿì º âàæëèâèìè ãåòåðîöèêë³÷íèìè ñèñòå-
ìàìè äëÿ ñòâîðåííÿ íîâèõ ñó÷àñíèõ ïðîòèì³ê-
ðîáíèõ ë³êàðñüêèõ ïðåïàðàò³â, ñåðåä ÿêèõ Ôëóêî-
íàçîë, ²íòðàêîíàçîë, Òàçîáàêòàì òà ³í. (Ñõåìà 1).

Óçàãàëüíåííÿ ë³òåðàòóðíèõ äæåðåë âêàçóº íà
ïåðñïåêòèâí³ñòü âèêîðèñòàííÿ â ðîë³ îá’ºêò³â äîñ-
ë³äæåííÿ ñàìå 1,2,3-òðèàçîëüíèõ ñòðóêòóð, ÿê³
³íêîðïîðîâàí³ â ³ì³äàçîò³àçèíîâ³ öèêëè. Î÷³êóâà-
ëîñü, ùî òàêîãî ðîäó õ³ì³÷íå ïîºäíàííÿ ìîæå
ïîçèòèâíî âïëèâàòè íà íàÿâí³ñòü ð³çíîìàí³òíî¿
á³îëîã³÷íî¿ ä³¿ íîâèõ ã³áðèäíèõ ñïîëóê. Âàãîìîþ
ï³äñòàâîþ äëÿ òàêîãî ïðèïóùåííÿ áóâ òîé ôàêò,
ùî ïîõ³äí³ ³ì³äàçî[2,1-b]ò³àçèíó çàðåêîìåíäóâà-
ëè ñåáå ÿê ³íã³á³òîðè ì³êîáàêòåð³é ç
ãðóïè Mycobacterium tuberculosis complex (MIC
16 µg/mL) [7], à òàêîæ ÿê åôåêòèâí³ àãåíòè äëÿ
ë³êóâàííÿ õâîðîáè Øàãàñà [8]. Ñàìå òîìó âèäà-
ëîñü îá´ðóíòîâàíèì çä³éñíèòè ñèíòåç ³ ïðîâåñ-
òè îö³íþâàííÿ ïðîòèì³êðîáíî¿ àêòèâíîñò³ íèçêè
íîâèõ ã³áðèäíèõ ìîëåêóë, ÿê³ á ì³ñòèëè ó ñâî¿é
ñòðóêòóð³ ôàðìàêîôîðí³ ³ì³äàçî[2,1-
b][1,3]ò³àçèíîâèé òà 1,2,3-òðèàçîëüíèé öèêëè.

Ìåòîäèêà åêñïåðèìåíòó
Ñïåêòðè ßÌÐ 1Í îòðèìàí³ íà ñïåêòðîìåòð³

Varian VXR-400 (399,97 ÌÃö) â ³ìïóëüñíîìó Ôóð’º

ðåæèì³ ó ðîç÷èíàõ DMSO-d6, âíóòð³øí³é ñòàí-
äàðò – ÒÌÑ. Ñïåêòðè ßÌÐ 13Ñ îäåðæàí³ íà ñïåê-
òðîìåòð³ Bruker Advance DRX-500 (125,75 ÌÃö) ó
ðîç÷èíàõ DMSO-d6, âíóòð³øí³é ñòàíäàðò – ÒÌÑ.
Õðîìàòîìàñ-ñïåêòðè îòðèìàí³ íà ïðèëàä³ Agilent
LC\MSD SL; êîëîíêà Zorbax SB-C18, 4,6×15 ìì,
1,8 ìêì (PN 82(c)75-932); ðîç÷èííèê ÄÌÑÎ, ³îí-
³çàö³ÿ åëåêòðîðîçïèëåííÿì ïðè àòìîñôåðíîìó òèñ-
êó. Åëåìåíòíèé àíàë³ç âèêîíàíèé íà ïðèëàä³ Perkin
Elmer CHN Analyzer ñåð³¿ 2400 â àíàë³òè÷í³é ëà-
áîðàòîð³¿ ²íñòèòóòó îðãàí³÷íî¿ õ³ì³¿ ÍÀÍ Óêðà¿-
íè. Òåìïåðàòóðè ïëàâëåííÿ âèçíà÷åí³ íà ñòîëèêó
Êîôëåðà ³ íå â³äêîðåêòîâàí³.

Ñèíòåç (áåíç)³ì³äàçî[2,1-b][1,3]ò³àçèí³ë ìå-
òàíñóëüôîíàò³â 2à–c

Äî ðîç÷èíó 6,4 ììîëü (áåíçî)[4,5]³ì³äà-
çî[2,1-b][1,3]ò³àçèíó 1à–c ó 20 ìë ñóõîãî ï³ðè-
äèíó äîäàâàëè 0,12 ìë (6,7 ììîëü) ìåòàíñóëü-
ôîõëîðèäó ³ ïåðåì³øóâàëè ïðè ê³ìíàòí³é òåì-
ïåðàòóð³ ïðîòÿãîì 48 ãîä. Îäåðæàíó ñóñïåíç³þ
âèëèâàëè íà ë³ä, óòâîðåíèé îñàä â³äô³ëüòðóâàëè
òà âèñóøóâàëè ó ñóøèëüí³é øàô³.

6,7-Äèã³äðî-5Í-³ì³äàçî[2,1-b][1,3]ò³àçèí-6-³ë
ìåòàíñóëüôîíàò 2à

Âèõ³ä 51%, Òòîïë. 136–1380Ñ. ßÌÐ 1Í ñïåêòð,
DMSO-d6, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 3,35 ñ (3H, ÑÍ3),
3,44–3,49 ì (1Í, SCH2), 3,62–3,66 ì (1Í, SCH2),
4,30–4,40 ì (2Í, NCH2), 5,50–5,54 ì (1Í, ÑÍ),
7,03 ñ (1Í, CH³ì³äàçîë.), 7,30 c (1Í, CH³ì³äàçîë.). ßÌÐ
13Ñ ñïåêòð, DMSO-d6, δ, ì.÷.: 29,9 (C7), 38,4 (CH3),
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49,3 (Ñ5), 70,2 (C6), 122,8 (C3), 126,8 (C2), 136,1
(C8a). Ìàñ-ñïåêòð, m/z: 235 [M+H]+. Çíàéäåíî,
%: Ñ 36,06; Í 4,23; N 11,84. C7H10N2O3S2. Âèðà-
õóâàíî, %: Ñ 35,88; Í 4,30; N 11,96.

2,3-Äèôåí³ë-6,7-äèã³äðî-5H-³ì³äàçî[2,1-
b][1,3]ò³àçèí-6-³ë ìåòàíñóëüôîíàò 2b

Âèõ³ä 86%, Òòîïë. 165–1670Ñ. ßÌÐ 1Í ñïåêòð,
DMSO-d6, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 3,30 ñ (3H, ÑÍ3),
3,46–3,51 ì (1Í, SCH2), 3,61–3,64 ì (1Í, SCH2),
3,85–3,89 ì (1Í, NCH2), 4,11–4,15 ì (1Í, NCH2),
5,47–5,50 ì (1Í, ÑÍ), 7,11–7,15 ì (1Í, Ar), 7,18–
7,21 ì (2Í, Ar), 7,33–7,39 ì (4H, Ar), 7,47–7,54
ì (3H, Ar). ßÌÐ 13Ñ ñïåêòð, DMSO-d6, δ, ì.÷.:
29,4 (C7), 38,3 (CH3), 48,1 (Ñ5), 70,4 (C6), 126,5,
126,9, 128,6, 129,4, 129,7 (C, Ar), 129,8 (Ñ2), 130,0,
131,1, 134,4 (C, Ar), 136,6 (C3), 136,8 (C8a). Ìàñ-
ñïåêòð, m/z: 387 [M+H]+. Çíàéäåíî, %: Ñ 59,29;
Í 4,63; N 7,13. C19H18N2O3S2. Âèðàõóâàíî, %: Ñ
59,05; Í 4,69; N 7,25.

3,4-Äèã³äðo-2Í-áåíç[4,5]³ì³äàçî[2,1-
b][1,3]ò³àçèí-3-³ë ìåòàíñóëüôîíàò 2c

Âèõ³ä 84%, Òòîïë. 165–1670Ñ. ßÌÐ 1Í ñïåêòð,
DMSO-d6, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 3,36 ñ (3H, ÑÍ3),
3,54–3,58 ì (1Í, SCH2), 3,73–3,77 ì (1Í, SCH2),
4,42–4,46 ì (1Í, NCH2), 4,54–4,58 ì (1Í, NCH2),
5,65–5,69 ì (1Í, ÑÍ), 7,18–7,20 ì (2Í, Ar), 7,47–
7,50 ì (2Í, Ar). ßÌÐ 13Ñ ñïåêòð, DMSO-d6, δ,
ì.÷.: 29,7 (C2), 38,4 (CH3), 47,2 (Ñ4), 69,9 (C3),
109,4 (C9), 117,6 (C6), 121,8 (C7), 122,7 (C8), 136,0
(C5à), 142,6 (C9à), 145,9 (C10a). Ìàñ-ñïåêòð, m/z:
285 [M+H]+. Çíàéäåíî, %: Ñ 46,68; Í 4,19;
N 9,98. C11H12N2O3S2. Âèðàõóâàíî, %: Ñ 46,46;
Í 4,25; N 9,85.

Ñèíòåç àçèäî³ì³äàçî[2,1-b][1,3]ò³àçèí³â 3à–c
Äî ðîç÷èíó 1,7 ììîëü ìåçèëàòó 2à–c ó 10

ìë ñóõîãî ÄÌÔÀ äîäàâàëè 0,28 ã (4,25 ììîëü)
íàòð³þ àçèäó òà íàãð³âàëè ïðè 1000Ñ ïðîòÿãîì
10 ãîä. Ðîç÷èííèê âèïàðþâàëè ïðè ïîíèæåíî-
ìó òèñêó, çàëèøîê îáðîáëÿëè âîäîþ òà åêñòðà-
ãóâàëè ÑÍÑl3. Îðãàí³÷íèé øàð ñóøèëè Nà2SÎ4,
âèïàðþâàëè, çàëèøîê ðîçä³ëÿëè ìåòîäîì êîëîí-
êîâî¿ õðîìàòîãðàô³¿ (åëþåíò CHCl3–MeOH,
50:1).

6-Àçèäî-6,7-äèã ³äðî-5Í-³ì³äàçî[2,1-
b][1,3]ò³àçèí 3à

Âèõ³ä 32%, êîðè÷íåâà îë³ºïîä³áíà ðå÷îâè-
íà. ßÌÐ 1Í ñïåêòð, ÑDÑl3, δ, ì.÷. (ÊÑÑÂ, J, Ãö):
3,18–3,25 ì (1Í, SCH2), 3,27–3,33 ì (1Í, SCH2),
3,89–3,96 ì (1Í, NCH2), 4,15–4,21 ì (1Í, NCH2),
4,28–4,35 ì (1Í, ÑÍ), 6,85 ñ (1Í, CH³ì³äàçîë.),
6,98 ñ (1Í, CH³ì³äàçîë.). ßÌÐ 13Ñ ñïåêòð, ÑDÑl3, d,
ì.÷.: 29,4 (C7), 48,0 (Ñ5), 53,4 (C6), 120,1 (C2),
128,7 (C3), 135,5 (C8a). Ìàñ-ñïåêòð, m/z: 182
[M+H]+. Çíàéäåíî, %: Ñ 39,99; Í 3,81; N 38,79.

C6H7N5S. Âèðàõóâàíî, %: Ñ 39,77; Í 3,89; N 38,65.
6-Àçèäî-2,3-äèôåí³ë-6,7-äèã³äðî-5Í-³ì³äà-

çî[2,1-b][1,3]ò³àçèí 3b
Âèõ³ä 55%, Òòîïë. 140–1410Ñ. ßÌÐ 1Í ñïåêòð,

ÑDÑl3, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 3,21 ää (1Í, 2J=13,0,
3J=7,8, SCH2), 3,29–3,33 ì (1Í, SCH2), 3,67 ää
(1Í, 2J=13,4, 3J=7,0, NCH2), 3,84 ää (1Í, 2J=13,2,
3J=4,0, NCH2), 4,24–4,29 ì (1Í, ÑÍ), 7,12–7,21
ì (3Í, Ar), 7,30–7,32 ì (2Í, Ar), 7,45–7,47 ì
(5H, Ar ). ßÌÐ 13Ñ ñïåêòð, ÑDÑl3, δ, ì.÷.: 29,3
(C7), 47,8 (Ñ5), 53,9 (C6), 126,6, 126,7, 128,1, 129,0,
129,2, 129,5, 129,7, 130,8 (Càðîì), 133,8 (C2), 136,2
(C3), 138,0 (C8a). Ìàñ-ñïåêòð, m/z: 334 [M+H]+.
Çíàéäåíî, %: Ñ 64,61; Í 4,57; N 20,95. C18H15N5S.
Âèðàõóâàíî, %: Ñ 64,84; Í 4,53; N 21,01.

3-Àçèäî-3,4-äèã³äðî-2H-áåíç[4,5]³ì³äàçî[2,1-
b][1,3]ò³àçèí 3c

Âèõ³ä 46%, Òòîïë. 139–1400Ñ. ßÌÐ 1Í ñïåêòð,
ÑDÑl3, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 3,21 ää (1Í, 2J=12,8,
3J=8,0, SCH2), 3,27–3,31 ì (1Í, SCH2), 3,90 ää
(1Í, 2J=12,6, 3J=7,4, NCH2), 4,14 ää (1Í, 2J=12,4,
3J=4,4, NCH2), 4,32–4,38 ì (1Í, ÑÍ), 7,08 ä (1Í,
3J=8,0, Ar), 7,16 ò (1Í, 3J=8,0 Ar), 7,22 ò (1Í,
3J=7,6, Ar), 7,59 ä (1Í, 3J=7,6, Ar ). ßÌÐ 13Ñ
ñïåêòð, ÑDÑl3, δ, ì.÷.: 29,3 (C2), 46,1 (Ñ4), 53,4
(C3), 107,9 (Ñ6), 118,2 (Ñ9), 122,0 (Ñ7), 122,8 (C8),
135,4 (C5à), 143,0 (C9à), 145,1 (C10a). Ìàñ-ñïåêòð,
m/z: 232 [M+H]+. Çíàéäåíî, %: Ñ 52,15; Í 3,96;
N 30,15. C10H9N5S. Âèðàõóâàíî, %: Ñ 51,93;
Í 3,92; N 30,28.

Ñèíòåç ³ì³äàçî[2,1-b][1,3]ò³àçèí³ë-1H-1,2,3-
òðèàçîë-5-êàðáîêñèëàò³â 4à–g

Äî ðîç÷èíó 1,3 ììîëü àçèäó 3à–ñ ó 10 ìë
áåíçåíó äîäàâàëè 1,43 ììîëü â³äïîâ³äíîãî åñòå-
ðó àöåòèëåíêàðáîíîâî¿ êèñëîòè òà êèï’ÿòèëè
ïðîòÿãîì 12 ãîä. Óòâîðåíèé îñàä â³äô³ëüòðîâó-
âàëè òà âèñóøóâàëè ó ñóøèëüí³é øàô³.

òðåò.-Áóòèë 1-(6,7-äèã³äðo-5H-³ì³äàçî[2,1-
b][1,3]ò³àçèí-6-³ë)-1H-1,2,3-òðèàçîë-5-êàðáîêñè-
ëàò 4a

Âèõ³ä 49%, Òòîïë. 147–1490Ñ. ßÌÐ 1Í ñïåêòð,
DMSO-d6, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 1,53 ñ (9Í, 3ÑÍ3),
3,77–3,88 ì (2Í, SCH2), 4,59 ää (1Í, 2J=12,0,
3J=4,0, NCH2), 4,82 ää (1Í, 2J=12,0, 3J=4,0, NCH2),
5,51–5,58 ì (1Í, ÑÍ), 6,89 ñ (1Í, CH³ì³äàçîë.), 7,25
c (1Í, CH³ì³äàçîë), 8,71 ñ (1Í, ÑÍòðèàçîë.). ßÌÐ 13Ñ
ñïåêòð, DMSO-d6, δ, ì.÷.: 27,8 (3ÑÍ3), 29,2 (C7),
46,9 (C5), 52,7 (C6), 81,4 (Ñ(ÑÍ3)3), 121,4 (C3),
128,0 (C2), 128,2 (Ñòðèàçîë), 134,7 (C8a), 140,0 (Ñòðè-

àçîë), 159,4 (Ñ=Î). Ìàñ-ñïåêòð, m/z: 308 [M+H]+.
Çíàéäåíî, %: Ñ 51,03; Í 5,52; N 23,89.
C13H17N5O2S. Âèðàõóâàíî, %: Ñ 50,80; Í 5,57;
N 22,78.

Meòèë 1-(2,3-äèôåí³ë-6,7-äèã³äðo-5H-³ì³äà-
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çî[2,1-b][1,3]ò³àçèí-6-³ë)-1H-1,2,3-òðèàçîë-5-êàð-
áîêñèëàò 4b

Âèõ³ä 68%, Òòîïë. 210–2120Ñ. ßÌÐ 1Í ñïåêòð,
DMSO-d6, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 3,81 ñ (3Í, ÑÍ3),
3,83–3,94 ì (2Í, SCH2), 4,29 ää (1Í, 2J=12,0,
3J=4,0, NCH2), 4,48–4,53 ì (1Í, NCH2), 5,52–
5,60 ì (1Í, ÑÍ), 7,10–7,14 ì (1Í, Ar), 7,17–
7,21 ì (2Í, Ar), 7,32–7,34 ì (2Í, Ar), 7,39–7,41 ì
(2Í, Ar), 7,47–7,55 ì (3Í, Ar), 8,93 ñ (1Í,
ÑÍòðèàçîë). ßÌÐ 13Ñ ñïåêòð, DMSO-d6, δ, ì.÷.:
28,6 (C7), 45,8 (C5), 51,9 (ÑÍ3), 52,9 (C6), 125,9,
126,4, 128,1, 128,3 (Càðîì), 128,9 (Ñòðèàçîë), 129,0
129,2 (Càðîì), 129,7 (C2), 130,6, 134,0 (Càðîì),
135,7 (C3), 136,4 (C8a), 138,7 (Ñòðèàçîë), 160,6 (Ñ=Î).
Ìàñ-ñïåêòð, m/z: 418 [M+H]+. Çíàéäåíî, %:
Ñ 63,50; Í 4,64; N 16,66. C22H19N5O2S. Âèðàõóâà-
íî, %: Ñ 63,29; Í 4,59; N 16,78.

Åòèë 1-(2,3-äèôåí³ë-6,7-äèã³äðo-5H-³ì³äà-
çî[2,1-b][1,3]ò³àçèí-6-³ë)-1H-1,2,3-òðèàçîë-5-
êàðáîêñèëàò 4c

Âèõ³ä 66%, Òòîïë. 227–2290Ñ. ßÌÐ 1Í ñïåêòð,
DMSO-d6, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 1,30 ò (3Í, 3J=8,0,
ÑÍ3), 3,80–3,84 ì (2Í, SCH2), 4,29 ää (1Í, 2J=12,0,
3J=8,0, SCH2), 4,26–4,34 ì (3Í, ÑÍ2+NCH2), 4,46–
4,51 ì (1Í, NCH2), 5,53–5,58 ì (1Í, ÑÍ), 7,10–
7,14 ì (1Í, Ar), 7,17–7,20 ì (2Í, Ar), 7,33–7,40 ì
(4Í, Ar), 7,47–7,54 ì (3Í, Ar), 8,85 ñ (1Í,
ÑÍòðèàçîë.). ßÌÐ 13Ñ ñïåêòð, DMSO-d6, δ, ì.÷.:
14,1 (ÑÍ3), 28,5 (C7), 45,8 (C5), 52,8 (C6), 60,6
(ÑÍ2), 125,9, 126,3, 128,3, 128,7 (Càðîì.), 128,9
(Ñòðèàçîë.), 129,1, 129,4 (Càðîì.), 129,6 (C2), 130,6,
134,0 (Càðîì.), 135,6 (C3), 136,4 (C8a), 138,9
(Ñòðèàçîë.), 160,0 (Ñ=Î). Ìàñ-ñïåêòð, m/z: 432
[M+H]+. Çíàéäåíî, %: Ñ 63,81; Í 4,88; N 16,08.
C23H21N5O2S. Âèðàõóâàíî, %: Ñ 64,02; Í 4,91;
N 16,23.

òðåò.-Áóòèë 1-(2,3-äèôåí³ë-6,7-äèã³äðo-5H-
³ì³äàçî[2,1-b][1,3]ò³àçèí-6-³ë)-1H-1,2,3-òðèàçîë-
5-êàðáîêñèëàò 4d

Âèõ³ä 71%, Òòîïë. 222–2240Ñ. ßÌÐ 1Í ñïåêòð,
DMSO-d6, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 1,52 ñ (9Í, 3ÑÍ3),
3,79–3,82 ì (2Í, SCH2), 3,93 ää (1Í, 2J=12,0,
3J=8,0, SCH2), 4,27 ää (3Í, 2J=12,0, 3J=4,0, NCH2),
4,49 ää (1Í, 2J=12,0, 3J=4,0, NCH2), 5,49–5,55 ì
(1Í, ÑÍ), 7,10–7,14 ì (1Í, Ar), 7,17–7,21 ì (2Í,
Ar), 7,32–7,41 ì (4Í, Ar), 7,47–7,55 ì (3Í, Ar),
8,77 ñ (1Í, ÑÍòðèàçîë.). ßÌÐ 13Ñ ñïåêòð, DMSO-d6,
δ, ì.÷.: 27,8 (ÑÍ3), 28,6 (C7), 45,8 (C5), 52,7 (C6),
81,5 (Ñ(ÑÍ3)3), 125,9, 126,4, 128,5, 128,7 (Càðîì.),
129,0 (Ñòðèàçîë.), 129,2, 129,4 (Càðîì.), 129,7 (C2),
130,6, 134,0 (Càðîì.), 135,7 (C3), 136,4 (C8a),
140,0 (Ñòðèàçîë.), 159,4 (Ñ=Î). Ìàñ-ñïåêòð, m/z: 460
[M+H]+. Çíàéäåíî, %: Ñ 65,58; Í 5,43; N 15,10.
C25H25N5O2S. Âèðàõóâàíî, %: Ñ 65,34; Í 5,48;

N 15,24.
Meòèë 1-(3,4-äèã³äðo-2H-áåíç[4,5]³ì³äàçî[2,1-

b][1,3]ò³àçèí-3-³ë)-1H-1,2,3-òðèàçîë-5-êàðáîêñè-
ëàò 4e

Âèõ³ä 62%, Òòîïë. 205–2070Ñ. ßÌÐ 1Í ñïåêòð,
DMSO-d6, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 3,84 ñ (3Í, ÑÍ3),
3,92–4,02 ì (2Í, SCH2), 4,79 ää (1Í, 2J=12,0,
3J=4,0, NCH2), 5,01 ää (1Í, 2J=12,0, 3J=4,0,
NCH2), 5,74–5,76 ì (1Í, ÑÍ), 7,19–7,22 ì (2Í,
Ar), 7,47–7,54 ì (2Í, Ar), 8,98 ñ (1Í, ÑÍòðèàçîë.).
ßÌÐ 13Ñ ñïåêòð, DMSO-d6, δ, ì.÷.: 28,9 (C2), 45,0
(C4), 51,9 (ÑÍ3), 52,4 (C3), 109,1 (C9), 117,3 (C6),
121,3 (C7), 122,2 (C8), 128,8 (Ñòðèàçîë.), 135,5 (C5à),
138,8 (Ñòðèàçîë.), 142,6 (C9à), 145,0 (C10a), 160,5
(Ñ=Î). Ìàñ-ñïåêòð, m/z: 316 [M+H]+. Çíàéäåíî,
%: Ñ 53,59; Í 4,12; N 22,09. C14H13N5O2S. Âèðà-
õóâàíî, %: Ñ 53,32; Í 4,16; N 22,21.

Åòèë 1-(3,4-äèã³äðo-2H-áåíç[4,5]³ì³äàçî[2,1-
b][1,3]ò³àçèí-3-³ë)-1H-1,2,3-òðèàçîë-5-êàðáîêñè-
ëàò 4f

Âèõ³ä 64%, Òòîïë. 221–2230Ñ. ßÌÐ 1Í ñïåêòð,
DMSO-d6, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 1,29 ò (3Í, 3J=8,0,
ÑÍ3), 3,91–4,03 ì (2Í, SCH2), 4,32 êâ (2Í, 2J=12,0,
3J=8,0, CH2), 4,79 ää (1Í, 2J=12,0, 3J=4,0, NCH2),
5,00 ää (1Í, 2J=12,0, 3J=4,0, NCH2), 5,72–5,79 ì
(1Í, ÑÍ), 7,19–7,21 ì (2Í, Ar), 7,47–7,54 ì (2Í,
Ar), 8,97 ñ (1Í, ÑÍòðèàçîë.). ßÌÐ 13Ñ ñïåêòð, DMSO-
d6, δ, ì.÷.: 14,2 (ÑÍ3), 28,9 (C2), 45,0 (C4), 52,4
(C3), 60,7 (ÑÍ2), 109,1 (C9), 117,3 (C6), 121,3 (C7),
122,2 (C8), 128,8 (Ñòðèàçîë.), 135,5 (C5à), 139,0
(Ñòðèàçîë.), 142,6 (C9à), 145,0 (C10a), 160,1 (Ñ=Î).
Ìàñ-ñïåêòð, m/z: 330 [M+H]+. Çíàéäåíî, %:
Ñ 54,93; Í 4,55; N 21,38. C15H15N5O2S. Âèðàõóâà-
íî, %: Ñ 54,70; Í 4,59; N 21,26.

òðåò.-Áóòèë 1-(3,4-äèã³äðo-2H-áåíç[4,5]³ì³-
äàçî[2,1-b][1,3]ò³àçèí-3-³ë)-1H-1,2,3-òðèàçîë-5-
êàðáîêñèëàò 4g

Âèõ³ä 70%, Òòîïë. 217–2190Ñ. ßÌÐ 1Í ñïåêòð,
DMSO-d6, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 1,53 ñ (9Í, 3ÑÍ3),
3,88–3,92 ì (1Í, SCH2), 3,99 ää (1Í, 2J=12,0,
3J=8,0, SCH2), 4,78 ää (1Í, 2J=12,0, 3J=4,0, NCH2),
4,97 ää (1Í, 2J=12,0, 3J=4,0, NCH2), 5,69–5,76 ì
(1Í, ÑÍ), 7,18–7,21 ì (2Í, Ar), 7,47–7,53 ì (2Í,
Ar), 8,85 ñ (1Í, ÑÍòðèàçîë.). ßÌÐ 13Ñ ñïåêòð, DMSO-
d6, δ, ì.÷.: 27,8 (3ÑÍ3), 28,9 (C2), 45,1 (C4),
52,4 (C3), 81,4 (Ñ(ÑÍ3)3), 109,1 (C9), 117,3 (C6),
121,3 (C7), 122,2 (C8), 128,4 (Ñòðèàçîë.), 135,5 (C5à),
140,1 (Ñòðèàçîë.), 142,6 (C9à), 145,0 (C10a), 159,4
(Ñ=Î). Ìàñ-ñïåêòð, m/z: 358 [M+H]+. Çíàéäåíî,
%: Ñ 57,31; Í 5,34; N 19,47. C17H19N5O2S. Âèðà-
õóâàíî, %: Ñ 57,12; Í 5,36; N 19,59.

Ñèíòåç ³ì³äàçî[2,1-b][1,3]ò³àçèí³ë-1H-1,2,3-
òðèàçîë-5-êàðáîíîâèõ êèñëîò 5à,b

Äî ñóñïåíç³¿ 1,27 ììîëü â³äïîâ³äíîãî êàð-
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áîêñèëàòó 4b,e ó 10 ìë âîäè äîäàâàëè 0,10 ã (2,54
ììîëü) íàòð³é ã³äðîêñèäó òà íàãð³âàëè ïðè 900C
(30 õâ ó âèïàäêó ñïîëóêè 5à, 5 õâ ó âèïàäêó ñïî-
ëóêè 5b). Îõîëîäæåíèé ðîç÷èí ï³äêèñëþâàëè
ðîç÷èíîì õëîðèäíî¿ êèñëîòè äî ðÍ ≈2, óòâîðåíèé
îñàä â³äô³ëüòðîâóâàëè òà âèñóøóâàëè ó ñóøèëüí³é
øàô³.

1-(2,3-Äèôåí³ë-6,7-äèã³äðo-5H-³ì³äàçî[2,1-
b][1,3]ò³àçèí-6-³ë)-1H-1,2,3-òðèàçîë-5-êàðáîíîâà
êèñëîòà 5a

Âèõ³ä 51%, Òòîïë. 197–1990Ñ. ßÌÐ 1Í ñïåêòð,
DMSO-d6, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 3,80–3,84 ì (1Í,
SCH2), 3,89–3,94 ì (1Í, SCH2), 4,27–4,31 ì (1Í,
NCH2), 4,48–4,53 ì (1Í, NCH2), 5,52–5,55 ì (1Í,
ÑÍ), 7,11–7,21 ì (3Í, Ar), 7,32–7,41 ì (4Í, Ar),
7,49–7,55 ì (3Í, Ar), 8,83 ñ (1Í, ÑÍòðèàçîë.),
13,26 ñ (1Í, ÑÎÎÍ). ßÌÐ 13Ñ ñïåêòð, DMSO-d6,
δ, ì.÷.: 28,6 (C7), 45,8 (Ñ5), 52,6 (C6), 125,9, 126,4,
128,1 (C, Ar), 128,6 (Ñòðèàçîë.), 129,0, 129,2 (C, Ar),
129,4 (Ñ2), 129,5, 130,6 (C, Ar), 133,7 (Ñòðèàçîë.),
135,8 (C3), 136,1 (C, Ar), 139,8 (C8a), 161,5 (Ñ=Î).
Ìàñ-ñïåêòð, m/z: 404 [M+H]+. Çíàéäåíî, %:
Ñ 62,85; Í 4,21; N 17,50. C21H17N5O2S. Âèðàõóâà-
íî, %: Ñ 62,52; Í 4,25; N 17,36.

1-(3,4-Äèã³äðî-2H-áåíç[4,5]iì³äàço[2,1-
b][1,3]ò³àçèí-3-³ë)-1H-1,2,3-òðèàçîë-5-êàðáîíîâà
êèñëîòà 5b

Âèõ³ä 54%, Òòîïë. 224–2260Ñ. ßÌÐ 1Í ñïåêòð,
DMSO-d6, δ, ì.÷. (ÊÑÑÂ, J, Ãö): 4,01–4,11 ì (3Í,
SCH2+ÑÎÎÍ), 4,90 ää (1Í, 2J=12,0, 3J=4,0,
NCH2), 5,13 ää (1Í, 2J=12,0, 3J=4,0, NCH2), 5,86–
5,90 ì (1Í, ÑÍ), 7,39–7,42 ì (2Í, Ar), 7,62–
7,65 ì (1Í, Ar), 7,72–7,76 ì (1Í, Ar), 8,91 ñ (1Í,
ÑÍòðèàçîë.). ßÌÐ 13Ñ ñïåêòð, DMSO-d6, δ, ì.÷.:
29,4 (C2), 45,1 (C4), 50,6 (C3), 111,1 (C9),
113,8 (C6), 124,2 (C7), 125,3 (C8), 128,9 (Ñòðèàçîë.),
132,5 (C5à), 133,9 (Ñòðèàçîë.), 139,9 (C9à), 147,5 (C10a),
161,3 (Ñ=Î). Ìàñ-ñïåêòð, m/z: 302 [M+H]+. Çíàé-
äåíî, %: Ñ 51,68; Í 3,65; N 23,40. C13H11N5O2S.
Âèðàõóâàíî, %: Ñ 51,82; Í 3,68; N 23,24.

Âèçíà÷åííÿ àíòèì³êðîáíî¿ àêòèâíîñò³
Äîñë³äæåííÿ àíòèì³êðîáíî¿ ä³¿ ñèíòåçîâà-

íèõ ðå÷îâèí 4a–g çä³éñíåíî in vitro ìåòîäîì ì³êðî-
ðîçâåäåííÿ áóëüéîíó ó â³äïîâ³äíîñò³ äî ðåêîìåí-
äàö³é EUCAST (European committee on
antimicrobial susceptibility testing) [9]. Äëÿ äîñë³ä-
æåííÿ âèêîðèñòîâóâàëè ìóçåéí³ øòàìè áàêòåð³é
(Staphylococcus aureus ATCC 25923, Bacillus cereus
ÀÒÑÑ 10702, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ÀÒÑÑ 27853, Proteus
mirabilis 410 (BSMU)) òà ãðèá³â (Candida albicans
ÀÒÑÑ 885/653 òà Aspergillus niger Ê9) êàôåäðè
ì³êðîá³îëîã³¿ òà â³ðóñîëîã³¿ Áóêîâèíñüêîãî äåð-
æàâíîãî ìåäè÷íîãî óí³âåðñèòåòó òà ÄÓ «²íñòèòóò

ì³êðîá³îëîã³¿ òà ³ìóíîëîã³¿ ³ì. ².². Ìå÷íèêîâà
ÍÀÌÍ Óêðà¿íè». Âèçíà÷àëè ì³í³ìàëüíó ³íã³áóþ-
÷ó êîíöåíòðàö³þ ðå÷îâèíè, ÿêà ïðèãí³÷óº âèäè-
ìèé ð³ñò äîñë³äæóâàíîãî ì³êðîîðãàí³çìó â áóëüé-
îíí³é êóëüòóð³ ç âèêîðèñòàííÿì áàãàòîëóíêîâèõ
ì³êðîïëàíøåò³â. Îñíîâíèé ðîç÷èí â êîíöåíòðàö³¿
1000 ìêã/ìë ãîòóâàëè ðîç÷èíåííÿì ðå÷îâèí àáî
êîíòðîëüíèõ ë³êàðñüêèõ çàñîá³â â äèìåòèëñóëü-
ôîêñèä³ (ÄÌÑÎ). Äëÿ äîñë³äæåííÿ âèêîðèñòîâó-
âàëè ðîçâåäåííÿ â³ä 500 ìêã/ìë äî 3,9 ìêã/ìë (ó
âèïàäêó êîíòðîëüíèõ ë³êàðñüêèõ çàñîá³â â³ä
500 ìêã/ìë äî 0,48 ìêã/ìë) Äîñë³äè ïðîâîäèëè
òðè÷³ ç êîæíîþ êîíöåíòðàö³ºþ ñïîëóêè òà äîñë³ä-
æóâàíîþ êóëüòóðîþ. Òàêîæ ïðîâîäèëè êîíòðîëü
ñåðåäîâèùà íà ñòåðèëüí³ñòü, êîíòðîëü ðîñòó êóëü-
òóðè â ñåðåäîâèù³ áåç ñïîëóêè, êîíòðîëü ðîñòó
êóëüòóðè â ñåðåäîâèù³ ç ðîç÷èííèêîì ÄÌÑÎ òà
êîíòðîëü ðîñòó â ïðèñóòíîñò³ Äåêàñàíó (òàáëèöÿ).
Ï³ä ÷àñ êîíòðîëþ ÷èñòîãî áóëüéîíó, ðîç÷èí çà-
ëèøàâñÿ ïðîçîðèì, ùî ï³äòâåðäæóâàëî éîãî ñòå-
ðèëüí³ñòü. Ó êîíòðîëÿõ çðîñòàííÿ òåñò-øòàì³â â
ñåðåäîâèù³ ðîç÷èííèêà ñïîñòåð³ãàëè íàÿâí³ñòü
çðîñòàííÿ ì³êðîîðãàí³çì³â.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Ç óðàõóâàííÿì ò³º¿ âàæëèâî¿ ðîë³, ÿêó

â³ä³ãðàþòü òðèàçîëüí³ öèêëè â ñòðóêòóð³ ôàðìà-
êîëîã³÷íî àêòèâíèõ ñïîëóê [10], ïîñòàâëåíà ïå-
ðåä íàìè çàäà÷à ïåðåäáà÷àëà âèêîðèñòàííÿ ðå-
àêö³¿ àçèäî-àëê³íîâîãî 1,3-äèïîëÿðíîãî öèêëîï-
ðèºäíàííÿ äëÿ ñèíòåçó ïîõ³äíèõ (áåíçî)³ì³äà-
çî[2,1-b][1,3]ò³àçèí³ë-1,2,3-òðèàçîëó. Çàïðîïîíî-
âàíèé ï³äõ³ä äî êîíñòðóþâàííÿ òàêèõ ñèñòåì
´ðóíòóâàâñÿ íà âèêîðèñòàíí³ â ðîë³ êëþ÷îâèõ
ñóáñòðàò³â àçèä³â (áåíçî)³ì³äàçî[2,1-
b][1,3]ò³àçèí³â 3a–c, ÿê³ áóëè îäåðæàí³ ïîñòà-
ä³éíèì ïåðåòâîðåííÿì (áåíçî)[4,5]³ì³äàçî[2,1-
b][1,3]ò³àçèí³â 1à–c [11] ï³ä ä³ºþ ìåòàíñóëüôî-
õëîðèäó â ï³ðèäèí³ äî áåíçî[4,5]iì³äàçî [2,1-
b][1,3]ò³àçèí³ë ìåòàíñóëüôîíàò³â 2à–c òà âçàºìî-
ä³ºþ îñòàíí³õ ç íàòð³þ àçèäîì ïðè íàãð³âàíí³ äî
1000C óïðîäîâæ 10 ãîä. Ö³ëüîâ³ àçèäè 3a–c áóëè
âèä³ëåí³ òà î÷èùåí³ ìåòîäîì êîëîíêîâî¿ õðîìà-
òîãðàô³¿ íà ñèë³êàãåë³ (åëþºíò ÑÍÑl3–ÌåÎÍ, 50:1).

Âñòàíîâëåíî, ùî àçèäî³ì³äàçî[2,1-
b][1,3]ò³àçèíè 3a,b òà ¿õ áåíçîàíàëîã 3ñ
ðåã³îcåëåêòèâíî ðåàãóþòü â óìîâàõ ðåàêö³¿ Õüþç-
ãåíà ³ç àöåòèëåíêàðáîêñèëàòàìè ³ç óòâîðåííÿì
àëê³ë 1-[(áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèí-6-³ë]-1Í-
1,2,3-òðèàçîë-5-êàðáîêñèëàò³â 4a–g ³ç âèõîäàìè
49–71%.

Â³äîìî, ùî ó êëàñè÷íîìó âàð³àíò³ ðåàêö³ÿ
Õüþçãåíà â³äáóâàºòüñÿ çà ìåõàí³çìîì 1,3-äèïî-
ëÿðíîãî ïðèºäíàííÿ ³ ïðèâîäèòü äî óòâîðåííÿ
ñóì³ø³ ³çîìåðíèõ 1,4- ³ 1,5-äèçàì³ùåíèõ 1,2,3-
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òðèàçîë³â [12]. Ó âèïàäêó Ñu-êàòàë³çîâàíîãî âà-
ð³àíòó (ÑuÀÀÑ) ïðîöåñ ïåðåá³ãàº ðåã³îñåëåêòèâíî
³ ïðèâîäèòü äî 1,4-äèçèì³ùåíèõ 1,2,3-òðèàçîë³â
[13]. Íàòîì³ñòü, ðåçóëüòàòîì ðåàêö³é öèêëîïðè-
ºäíàííÿ, ÿê³ êàòàë³çóþòüñÿ êîìïëåêñàìè ðóòåí³þ
(RuÀÀÑ) º ñåëåêòèâíå óòâîðåííÿ 1,5-äèçàì³ùå-
íèõ òðèàçîë³â [14]. Ó âèêîíàíèõ íàìè åêñïåðè-
ìåíòàõ âçàºìîä³ºþ àçèä³â 3a–c ³ç àöåòèëåíêàð-
áîêñèëàòàìè ïðè íàãð³âàíí³ â áåíçåí³ ïðè 800Ñ
âïðîäîâæ 12 ãîä ó â³äñóòíîñò³ êàòàë³çàòîð³â âäà-
ëîñÿ âèä³ëèòè ïðîäóêòè 1,4-öèêëîïðèºäíàííÿ -
â³äïîâ³äí³ 1,2,3-òðèàçîëè 4a–g. Äîêàçîâèì äëÿ ¿õ
ñòðóêòóðè º íàÿâí³ñòü ó ñïåêòð³ ßÌÐ 1Í òðèàçîëó
4à ñèíãëåòó ïðîòîíà Í5 â ä³àïàçîí³ 8,71 ì.÷., à
äëÿ äèôåí³ëçàì³ùåíîãî òà áåíçîàíåëüîâàíîãî àíà-
ëîã³â 4b–g – ñèíãëåò³â âêàçàíîãî ïðîòîíà â ä³à-
ïàçîí³ 8,77–8,98 ì.÷., ùî íàä³éíî ï³äòâåðäæóº
óòâîðåííÿ ïðîäóêò³â 1,4-ïðèºäíàííÿ [15].

Â ïîäàëüøîìó ëóæíèì ã³äðîë³çîì àëê³ë 1-

[(áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèí-6-³ë]-1Í-1,2,3-
òðèàçîë-5-êàðáîêñèëàò³â 4b,e îäåðæóâàëè
â³äïîâ³äí³ (áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèí³ë-1Í-
1,2,3-òðèàçîë-5-êàðáîíîâ³ êèñëîòè 5à,b ³ç âèõî-
äàìè 51–54%. ¯õ áóäîâó ï³äòâåðäæåíî ðåçóëüòà-
òàìè âèì³ð³â ßÌÐ 1H (13C) òà õðîìàòîìàñ-
ñïåêòð³â, ÿê³ íàâåäåí³ â åêñïåðèìåíòàëüí³é ÷àñ-
òèí³.

Äîñë³äæåííÿ àíòèì³êðîáíî¿ àêòèâíîñò³
Ðåçóëüòàòè ñêðèí³íãó ïðîòèáàêòåð³àëüíî¿ òà

ïðîòèãðèáêîâî¿ àêòèâíîñò³ â³äíîñíî ðÿäó ìóçåé-
íèõ øòàì³â ãðàìíåãàòèâíèõ (Escherichia coli ATCC
25922, Pseudomonas aeruginosa ÀÒÑÑ 27853, Proteus
mirabilis 410 (BSMU)), ãðàìïîçèòèâíèõ
(Staphylococcus aureus ATCC 25923, Bacillus cereus
ÀÒÑÑ 10702) áàêòåð³é òà ãðèá³â (Candida albicans
ÀÒÑÑ 885/653 òà Aspergillus niger Ê9) çàñâ³ä÷èëè
íàÿâí³ñòü ïðîòèì³êðîáíî¿ ä³¿ äàíîãî òèïó ñïîëóê.
Ì³í³ìàëüíà êîíöåíòðàö³ÿ ðîç÷èí³â äîñë³äæóâàíèõ

R = R1 = H (a), Ph (b), RR1 = (CH=CH)2 (c)

NN

R1R

S OH

MeSO2Cl
NN

R1R

S OSO2Me

1a-c 2a-c

Py, rt, 48 h
NN

R1R

S N3

NaN3

DMF, 100 oC,
10 h

3a-c

Ñõåìà 2. Ñèíòåç (áåíç)³ì³äàçî[2,1-b][1,3]ò³àçèí³ë ìåòàíñóëüôîíàò³â 2à–c òà àçèäî³ì³äàçî[2,1-b][1,3]ò³àçèí³â 3à–c

4a R = R1 = H, R2 = t-Bu; b R = R1 = Ph, R2 = Me; c R = R1 = Ph, R2 = Et;
d R = R1 = Ph, R2 = t-Bu; e RR1 = (CH=CH)2, R2 = Me; f RR1 = (CH=CH)2, R2 = Et; 
g RR1 = (CH=CH)2, R2 = t-Bu; 5a R = R1 = Ph; 5b RR1 = (CH=CH)2

NN

R1R

S N

5a, b

PhH, reflux, 12 hNN

R1R

S N3

3a-c

CH C CO2R2

H2O, 900 C, 
5-30 min

N
N

CO2R2

NN

R1R

S N
N

N

COOH

NaOH

4a-g

Ñõåìà 3. Ñèíòåç àëê³ë 1-((áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèí-6-³ë)-1Í-1,2,3-òðèàçîë-5-êàðáîêñèëàò³â 4a–g òà â³äïîâ³äíèõ

1,2,3-òð³àçîë-5-êàðáîíîâèõ êèñëîò 5à,b
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ñïîëóê (ÌÁñÊ), ÿêà çóïèíÿº âèäèìèé ð³ñò áàê-
òåð³é Bacillus cereus, Pseudomonas aeruginosa,
Escherichia coli ATCC  òà ãðèá³â Candida albicans ³
Aspergillus niger, ñòàíîâèòü 62,5 ìêã/ìë (òàáëèöÿ).
ÌÁñÊ äëÿ øòàìó áàêòåð³¿ Staphylococcus aureus
çíàõîäèòüñÿ â ä³àïàçîí³ 62,5–125 ìêã/ìë. Íàéê-
ðàù³ ðåçóëüòàòè çàô³êñîâàí³ ïðè òåñòóâàíí³ ñïî-
ëóê 4à–g â³äíîñíî áàêòåð³¿ Proteus mirabilis, ÿêà
ñåðåä âñ³õ áàêòåð³é ðîäó Proteus õàðàêòåðèçóºòüñÿ
íàéá³ëüøîþ ñò³éê³ñòþ äî àíòèì³êðîáíèõ çàñîá³â
òà íàé÷àñò³øå º ïðè÷èíîþ ³íôåêö³é ëþäèíè.
Ì³í³ìàëüíà áàêòåð³îñòàòè÷íà êîíöåíòðàö³ÿ ñòàíî-
âèòü 31,25 ìêã/ìë äëÿ âñ³º¿ ñåð³¿ äîñë³äæóâàíèõ
ñïîëóê, à äëÿ ñïîëóê 4b, 4c, 4e, 4g äàíà êîíöåíò-
ðàö³ÿ òåñòîâàíèõ ñïîëóê ìàº ³ áàêòåðèöèäíó ä³þ.

Âèñíîâêè
Òàêèì ÷èíîì, âçàºìîä³ºþ àçèäî(áåíçî)³ì³-

äàçî[2,1-b][1,3]ò³àçèí³â 3à–ñ ³ç àöåòèëåíêàðáîê-
ñèëàòàìè â óìîâàõ ðåàêö³¿ Õüþçãåíà áåç âèêî-
ðèñòàííÿ êàòàë³çàòîðà âäàëîñÿ ñåëåêòèâíî îäåð-
æàòè ñåð³þ ïðîäóêò³â 1,4-öèêëîïðèºäíàííÿ –
àëê³ë 1-[(áåíçî)³ì³äàçî[2,1-b][1,3]ò³àçèí-6-³ë]-1Í-
1,2,3-òðèàçîë-5-êàðáîêñèëàò³â 4a–g, ÿê³ áóëè
äîñë³äæåí³ íà àíòèáàêòåð³àëüíó òà ïðîòèãðèá-
êîâó àêòèâíîñò³. Çà ðåçóëüòàòàìè ïðîâåäåíîãî
á³îñêðèí³íãó âñòàíîâëåíî, ùî ìeòèë 1-(2,3-äè-
ôåí³ë-6,7-äèã³äðo-5H-³ì³äàçî[2,1-b][1,3]ò³àçèí-
6-³ë)-1H-1,2,3-òðèàçîë-5-êàðáîêñèëàò 4b, åòèë 1-
(2,3-äèôåí³ë-6,7-äèã³äðo-5H-³ì³äàçî [2,1-
b][1,3]ò³àçèí-6-³ë)-1H-1,2,3-òðèàçîë-5-êàðáîêñè-
ëàò 4c, ìeòèë 1-(3,4-äèã³äðo-2H-áåíç[4,5]³ì³äà-
çî[2,1-b][1,3]ò³àçèí-3-³ë)-1H-1,2,3-òðèàçîë-5-êàð-
áîêñèëàò 4e, òðåò.-áóòèë 1-(3,4-äèã³äðo-2H-áåí-
ç[4,5]³ì³äàçî[2,1-b][1,3]ò³àçèí-3-³ë)-1H-1,2,3-òðè-
àçîë-5-êàðáîêñèëàò 4g â êîíöåíòðàö³¿
31,25 ìêã/ìë âèÿâèëèñü íàéêðàùèìè ïðè òåñòó-
âàíí³ â³äíîñíî áàêòåð³¿ Proteus mirabilis, ÿêà ñåðåä
âñ³õ áàêòåð³é ðîäó Proteus õàðàêòåðèçóºòüñÿ íàé-
á³ëüøîþ ñò³éê³ñòþ äî àíòèì³êðîáíèõ çàñîá³â.
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The paper presents the results of the study on the interaction
of azido(benz)imidazo[2,1-b][1,3]thiazines with acetylene
carboxylates under non-catalytic conditions according to
Huguesgen. It was established that the [3+2]-cyclocondensation
of the specified reagents occurs regioselectively upon heating and
without the use of a catalyst with the formation of a 1,4-addition
product, alkyl 1-((benzo)imidazo[2,1-b][1,3]thiazine-6-yl)-1H-
1,2,3-triazole-5-carboxylates 4a–g, the structure of which was
thoroughly proved by the methods of 1H (13C) NMR spectroscopy
and chromatography-mass spectrometry. All obtained compounds
were investigated in vitro experiments for antibacterial and
antifungal activity. Based on the results of bioscreening, methyl
1-(2,3-diphenyl-6,7-dihydro-5H-imidazo[2,1-b][1,3]thiazin-6-
yl)-1H-1,2,3- triazole-5-carboxylate 4b, ethyl 1-(2,3-diphenyl-
6,7-dihydro-5H-imidazo[2,1-b][1,3]thiazin-6-yl)-1H-1,2,3-
triazole-5-carboxylate 4c, methyl 1-(3,4-dihydro-2H-
benz[4,5]imidazo[2,1-b][1,3]thiazin-3-yl)-1H-1,2,3-triazole-5-
carboxylate 4e, tert-butyl 1-(3,4-dihydro-2H-
benz[4,5]imidazo[2,1-b][1,3]thiazine-3-yl)-1H-1,2,3-triazole-5-
carboxylate 4g showed a bactericidal effect at a concentration of
31.25 mg/ml against the bacterium Proteus mirabilis.

Keywords: benzo[4,5]imidazo[2,1-b][1,3]thiazinyl
methanesulfonates; azido(benzo)imidazo[2,1-b][1,3]thiazines;
alkyl 1-((benzo)imidazo[2,1-b][1,3]thiazin-6-yl)-1H-1,2,3-
triazole-5-carboxylate; assessment of antibacterial activity;
antifungal activity.

REGIOSELECTIVE SYNTHESIS OF NEW 
(IMIDAZO[2,1- ] [1,3]-THIAZIN-6-YL)-1,2,3-
TRIAZOLE-5-CARBOXYLATES AS POTENTIAL 
ANTIMICROBIAL AGENTS
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