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ÑÈÍÒÅÇ ÔÅÍ²ËÎÂÈÕ ÅÑÒÅÐ²Â 2-ÎÊÑÎ-2H-1-ÁÅÍÇÎÏ²ÐÀÍ-3-ÊÀÐÁÎÍÎÂÈÕ
ÊÈÑËÎÒ ßÊ ÏÅÐÑÏÅÊÒÈÂÍÈÕ ÏÐÎÒÈÌ²ÊÐÎÁÍÈÕ ÀÃÅÍÒ²Â

Íàö³îíàëüíèé ôàðìàöåâòè÷íèé óí³âåðñèòåò ÌÎÇ Óêðà¿íè, ì. Õàðê³â, Óêðà¿íà

Âçàºìîä³ºþ êóìàðèí-3-êàðáîíîâî¿ òà 6-ìåòîêñèêóìàðèí-3-êàðáîíîâî¿ êèñëîò ç
íàäëèøêîì ò³îí³ëõëîðèäó ïðè íàãð³âàíí³ áóëè ñèíòåçîâàí³ â³äïîâ³äí³ õëîðàíã³ä-
ðèäè. Çàâäÿêè ê³ëüê³ñíèì âèõîäàì òà óòâîðåííþ â ïðîöåñ³ ðåàêö³¿ ëåòêèõ ïðîäóêò³â
õëîðàíã³äðèäè áåç äîäàòêîâîãî î÷èùåííÿ âèêîðèñòîâóâàëè â àöèëþâàíí³ çàì³ùå-
íèõ ôåíîë³â äëÿ ñèíòåçó ôåí³ëîâèõ åñòåð³â 2-îêñî-2Í-1-áåíçîï³ðàí-3-êàðáîíîâèõ
êèñëîò. Ðåàêö³þ ïðîâîäèëè ïðè íàãð³âàíí³ â ñåðåäîâèù³ áåçâîäíîãî ä³îêñàíó ó
ïðèñóòíîñò³ ï³ðèäèíó ÿê êàòàë³çàòîðó. Ñòðóêòóðó îäåðæàíèõ åñòåð³â äîâåäåíî çà
äîïîìîãîþ ³íñòðóìåíòàëüíèõ ìåòîä³â àíàë³çó. Ïðîòèì³êðîáíó ³ ïðîòèãðèáêîâó
àêòèâí³ñòü ñèíòåçîâàíèõ ñïîëóê âèâ÷àëè in vitro ìåòîäîì äâîêðàòíèõ ñåð³éíèõ ðîç-
âåäåíü â ð³äêîìó òà òâåðäîìó ïîæèâíîìó ñåðåäîâèùàõ. Ïðîâåäåíèé ñêðèí³íã ïðî-
òèì³êðîáíî¿ ä³¿ ïîêàçàâ, ùî ñèíòåçîâàí³ åñòåðè âèÿâëÿþòü ïîì³ðíó àêòèâí³ñòü
â³äíîñíî ãðàìíåãàòèâíèõ ì³êðîîðãàí³çì³â òà C. albicans. Âñòàíîâëåíî, ùî íàé-
á³ëüøó áàêòåð³îñòàòè÷íó àêòèâí³ñòü âèÿâèëè 4-ìåòèë-2-õëîðôåí³ëîâèé åñòåð êó-
ìàðèí-3-êàðáîíîâî¿ êèñëîòè çà â³äíîøåííÿì äî Ps. aeruginosa òà Pr. vulgaris,
2-õëîðôåí³ëîâèé åñòåð êóìàðèí-3-êàðáîíîâî¿ êèñëîòè çà â³äíîøåííÿì äî Ps.
aeruginosa òà E. coli, 4-ã³äðîêñèôåí³ëîâèé åñòåð êóìàðèí-3-êàðáîíîâî¿ êèñëîòè çà
â³äíîøåííÿì äî Pr. vulgaris, 2-³çîïðîï³ë-5-ìåòèëôåí³ëîâèé åñòåð êóìàðèí-3-
êàðáîíîâî¿ êèñëîòè çà â³äíîøåííÿì äî E. coli ó êîíöåíòðàö³¿ 31,25 ìêã/ìë. 2-Õëîð-
ôåí³ëîâèé åñòåð âèÿâèâ òàêîæ áàêòåðèöèäíó ä³þ äî E. coli. Ñèíòåçîâàí³ ñïîëóêè
ìàþòü òàêîæ ïðîòèãðèáêîâó ä³þ ïî â³äíîøåííþ äî âèêîðèñòàíîãî â åêñïåðèìåíò³
øòàìó C. albicans. Òàê, 4-ìåòèë-2-õëîðîôåí³ëîâèé åñòåð, 4-ôòîðîôåí³ëîâèé åñòåð,
4-ã³äðîêñèôåí³ëîâèé åñòåð, 2,3-äèã³äðîêñèôåí³ëîâèé åñòåð, 2-³çîïðîï³ë-5-ìåòèë-
ôåí³ëîâèé åñòåð êóìàðèí-3-êàðáîíîâî¿ êèñëîòè àêòèâí³ ó êîíöåíòðàö³¿
31,25 ìêã/ìë.
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Âñòóï
Ó ïîïåðåäí³õ ðîáîòàõ íàìè áóëî äîâåäåíî,

ùî àì³äè 2-îêñî-2Í-1-áåíçîï³ðàí-3-êàðáîíîâèõ
êèñëîò (êóìàðèí-3-êàðáîíîâèõ êèñëîò) òà ¿õ
2-³ì³íî àíàëîãè âèÿâëÿþòü ïðîòèì³êðîáíó [1] òà
ïðîòèçàïàëüíó [2] ä³þ, à òàêîæ çäàòí³ ïðèãí³÷ó-
âàòè ðîçâèòîê êë³òèííèõ êóëüòóð ïóõëèí ëþäèíè
[1]. Øèðîê³ ìîæëèâîñò³ âàð³àö³¿ çàì³ñíèê³â ó ñè-
ñòåì³ 2Í-1-áåíçîï³ðàíó çóìîâëþþòü çäàòí³ñòü
ðå÷îâèí öüîãî êëàñó àêòèâíî âçàºìîä³ÿòè ç ð³çíî-
ìàí³òíèìè á³ëêîâèìè ì³øåíÿìè òà âèÿâëÿòè øè-

ðîêèé ñïåêòð ôàðìàêîëîã³÷íî¿ àêòèâíîñò³. Íàïðèê-
ëàä, ïðîòèì³êðîáíà ä³ÿ ïîâ’ÿçàíà ³ç âïëèâîì íà
áàêòåð³éíó ÄÍÊ-ã³ðàçó [3] òà GlcN-6-P cèíòàçó
[4], à ïðîòèçàïàëüíà ä³ÿ îïîñåðåäêîâàíà ç âïëè-
âîì íà öèêëîîêñ³ãåíàçè [5].

Ïðîòèì³êðîáíà ä³ÿ ïðèòàìàííà ð³çíèì ïî-
õ³äíèì 2-îêñî-2Í-1-áåíçîï³ðàí-3-êàðáîíîâèõ êèñ-
ëîò. Íàïðèêëàä, åòèëîâèé åñòåð 8-õëîðîêóìàðèí-
3-êàðáîíîâî¿ êèñëîòè âèÿâèâ ïåðñïåêòèâíó ïðî-
òèãðèáêîâó ä³þ ïî â³äíîøåííþ äî ô³òîïàòîãåí-
íîãî Valsa mali [6]. Çà ðåçóëüòàòàìè íàøèõ äîñë³-
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äæåíü 6-ãåêñèë-7-ã³äðîêñè-2-³ì³íî-2Í-1-áåíçî-
ï³ðàí-3-(N-ôåí³ë)êàðáîêñàì³ä (Ñõåìà 1, ²)  ïðè-
ãí³÷óº ðîçâèòîê M. tuberculosis H37Rv ÀÒÑÑ 27294
ó êîíöåíòðàö³ÿõ ìåíøèõ çà 12,5 ìêã/ìë [1].
Ï³çí³øå íàìè áóëî âèÿâëåíî ïðîòèãðèáêîâó ä³þ
7-àçààíàëîã³â êóìàðèí-3-êàðáîêñàì³ä³â ïî â³äíî-
øåííþ äî C. albicans [7]. À 5-ã³äðîêñèìåòèë-8-
ìåòèë-2-(N-3,4-äèõëîðîôåí³ë³ìiío)ï³ðàíî
[2,3-c]ï³ðèäèí-3-(N-4'-ìåòîêcèôåí³ë)êàðáîêñàì³ä)
(Ñõåìà 1, ²²) âèÿâèâ ïðîòèì³êðîáíó àêòèâí³ñòü
ïî â³äíîøåííþ äî âñ³õ ïàòîãåííèõ øòàì³â, ÿê³
áóëè âèêîðèñòàí³ â åêñïåðèìåíò³.

Ðàí³øå áóëî ñèíòåçîâàíî ôåí³ëîâ³ òà β-ã³äðîê-
ñèï³ðèäèíîâ³ åñòåðè 6-(õëîðìåòèë)-êóìàðèí-3-
êàðáîíîâî¿ êèñëîòè (Ñõåìà 1, ²²²), ÿê³ º ³íã³á³òî-
ðàìè α-õ³ìîòðèïñèíó, ëåéêîöèòàðíî¿ åëàñòàçè òà
òðîìá³íó ëþäèíè [8,9], à òàêîæ ïåïòèäàçè KLK7
[10]. Äåÿê³ ôåí³ëîâ³ åñòåðè êóìàðèí-3-êàðáîíî-
âèõ êèñëîò ïðèãí³÷óþòü ðîçâèòîê êë³òèííèõ êóëü-
òóð ô³áðîñàðêîìè [11]. Åòèëîâ³ åñòåðè 6-çàì³ùå-
íèõ êóìàðèí-3-êàðáîíîâèõ êèñëîò º ³íã³á³òîðàìè
ìîíîàì³íîêñèäàçè ëþäèíè [12]. Äåÿê³ åñòåðè
7-àëê³ëàì³íîêóìàðèí-3-êàðáîíîâî¿ êèñëîòè çàïðî-
ïîíîâàí³ â ÿêîñò³ ôëóîðåñöåíòíèõ ³íäèêàòîð³â [13],
à òàêîæ âèêîðèñòîâóþòüñÿ äëÿ âèãîòîâëåííÿ
ã³áðèäíîãî íàíîìàòåð³àëó [14].

Îñê³ëüêè àì³äè êèñëîò á³î³çîñòåðí³ åñòåðàì,
ç ìåòîþ ïðîäîâæåííÿ äîñë³äæåíü ùîäî ïîøóêó
íîâèõ á³îëîã³÷íî àêòèâíèõ ðå÷îâèí â ðÿäó ïî-
õ³äíèõ 2-îêñî-2Í-1-áåíçîï³ðàí-3-êàðáîíîâèõ êèñ-
ëîò áóëî çä³éñíåíî ñèíòåç ôåí³ëîâèõ åñòåð³â öèõ
êèñëîò òà ïðîâåäåíî ñêðèí³íã ñèíòåçîâàíèõ ðå÷î-
âèí íà íàÿâí³ñòü ïðîòèì³êðîáíî¿ ä³¿.

Ìåòîäèêà åêñïåðèìåíòó
Âñ³ ðîç÷èííèêè òà ðåàãåíòè áóëè îäåðæàí³ ç

êîìåðö³éíèõ äæåðåë. Ñïåêòðè 1Í ßÌÐ çàðåºñò-
ðîâàí³ íà ñïåêòðîìåòð³ Varian Mercury-400 ïðè
400 ÌÃö; ðîç÷èííèê – ÄÌÑÎ-d6, âíóòð³øí³é
ñòàíäàðò ÒÌÑ. ²×-ñïåêòðè çàïèñàí³ íà ïðèëàä³

FT-IR Bruker Tensor-27 â òàáëåòêàõ KBr. Òåìïå-
ðàòóðó ïëàâëåííÿ âèçíà÷àëè íà ïðèëàä³ Êîôëåðà.

Õëîðàíã³äðèäè 2-îêñî-2Í-áåíçîï³ðàí-3-êàð-
áîíîâèõ êèñëîò (2à,b). 0,02 ìîëü 2-îêñî-2Í-áåí-
çîï³ðàí-3-êàðáîíîâî¿ êèñëîòè (1à,b) çì³øóâàëè ç
íàäëèøêîì ò³îí³ëõëîðèäó ³ êèï’ÿòèëè ï³ä çâîðîò-
íèì õîëîäèëüíèêîì ïðè ³íòåíñèâíîìó ïåðåì³øó-
âàíí³ 1 ãîäèíó. Íàäëèøîê ò³îí³ëõëîðèäó âèïàðî-
âóâàëè. Âèõ³ä õëîðàíã³äðèäó 2a ñòàíîâèâ 97%, 2b
– 99,5%.

Ôåí³ëîâ³ åñòåðè 2-îêñî-2Í-áåíçîï³ðàí-3-êàð-
áîíîâî¿ êèñëîò (4à-n). 0,001 ìîëü õëîðàíã³äðèäó
2à,b òà 0,002 ìîëü â³äïîâ³äíîãî ôåíîëó ðîç÷èíÿ-
ëè â 2 ìë áåçâîäíîãî ä³îêñàíó, äîäàâàëè 0,1 ìë
ï³ðèäèíó òà êèï’ÿòèëè ïðîòÿãîì 2 ãîäèí. Ï³ñëÿ
îõîëîäæåííÿ îñàä â³äô³ëüòðîâóâàëè, ïðîìèâàëè
ñïèðòîì òà ïåðåêðèñòàë³çîâóâàëè ç â³äïîâ³äíîãî
ðîç÷èííèêà (òàáë. 1, 2). ²íäèâ³äóàëüí³ñòü îäåðæà-
íèõ åñòåð³â ï³äòâåðäæåíî ìåòîäîì òîíêîøàðîâî¿
õðîìàòîãðàô³¿, ÿêó ïðîâîäèëè íà ïëàò³âêàõ «Silufol»
ó ñèñòåì³ ðîç÷èííèê³â åòàíîë-õëîðîôîðì (9:1) ç
âèêîðèñòàííÿì ÓÔ-äåòåêòîðó.

Ïðîòèì³êðîáíó ³ ïðîòèãðèáêîâó àêòèâí³ñòü
ñèíòåçîâàíèõ ñïîëóê âèâ÷àëè in vitro â ²íñòèòóò³
ì³êðîá³îëîã³¿ ³ ³ìóíîëîã³¿ ³ì. ².². Ìå÷íèêîâà çà
ìåòîäîì äâîêðàòíèõ ñåð³éíèõ ðîçâåäåíü â ð³äêî-
ìó òà òâåðäîìó ïîæèâíîìó ñåðåäîâèùàõ [7]. ßê
ïðåïàðàòè ïîð³âíÿííÿ âèêîðèñòîâóâàëè Ïàë³í
(àíàëîã çà ïåðåäáà÷óâàíèì ìåõàí³çìîì ä³¿), Íå-
â³ãðàìîí (àíàëîã çà ñòðóêòóðîþ) òà Ôëóêîíàçîë
(ïðîòèãðèáêîâèé çàñ³á). Íàâåäåíî ðåçóëüòàòè âè-
çíà÷åííÿ ÌÁöÊ, ÿêà º àíàëîãîì MIC (minimum
inhibitory concentration, µg/ml), ùî º çàãàëüíî-
ïðèéíÿòîþ ó ñâ³ò³.

Ðåçóëüòàòè òà îáãîâîðåííÿ
Âçàºìîä³ºþ äîáóòèõ çà â³äîìèì ìåòîäîì [8]

êóìàðèí-3-êàðáîíîâèõ êèñëîò 1à,b ç íàäëèøêîì
ò³îí³ëõëîðèäó ïðè íàãð³âàíí³ áóëè ñèíòåçîâàí³
â³äïîâ³äí³ õëîðàíã³äðèäè 2à,b [15] (Ñõåìà 2).

Ñõåìà 1. Ïðèêëàäè á³îëîã³÷íî-àêòèâíèõ ñïîëóê
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Çàâäÿêè ê³ëüê³ñíèì âèõîäàì òà óòâîðåííþ â
ïðîöåñ³ ðåàêö³¿ ëåòêèõ ïðîäóêò³â õëîðàíã³äðèäè
2à,b áåç äîäàòêîâîãî î÷èùåííÿ âèêîðèñòîâóâàëè
â àöèëóâàíí³ çàì³ùåíèõ ôåíîë³â 3à-n äëÿ ñèíòå-
çó ôåí³ëîâèõ åñòåð³â 2-îêñî-2Í-1-áåíçîï³ðàí-3-
êàðáîíîâèõ êèñëîò 4à-n. Ðåàêö³þ ïðîâîäèëè ïðè
íàãð³âàíí³ â ñåðåäîâèù³ áåçâîäíîãî ä³îêñàíó ó
ïðèñóòíîñò³ ï³ðèäèíó, ÿê êàòàë³çàòîðó (Ñõåìà 3).

Îäåðæàí³ ñïîëóêè – öå á³ë³ àáî æîâòóâàò³
êðèñòàë³÷í³ ðå÷îâèíè, íåðîç÷èíí³ ó âîä³, àëå ðîç-
÷èíí³ â îðãàí³÷íèõ ðîç÷èííèêàõ (ä³îêñàí³, 1-áó-
òàíîë³, 2-ïðîïàíîë³). Âèõ³ä åñòåðó 4à [15] ñòàíî-
âèâ 75 %, 4b [15] – 60 %. Áóäîâó ñèíòåçîâàíèõ
ðå÷îâèí ï³äòâåðäæåíî äàíèìè ²×- òà ßÌÐ-ñïåê-
òðîñêîï³¿, à òàêîæ äàíèìè åëåìåíòíîãî àíàë³çó. ̄ õ
ô³çèêî-õ³ì³÷í³ âëàñòèâîñò³ íàâåäåí³ â òàáë. 2 ³ 3.

Äëÿ ñïåêòð³â 1Í-ßÌÐ åñòåð³â 4 (òàáë. 3) õà-
ðàêòåðíèì º ñèíãëåòíèé ñèãíàë ïðîòîí³â Í4 ï³ðà-
íîâîãî ÿäðà áëèçüêî 9 ì.÷. òà ñèñòåìà ñèãíàë³â
ïðîòîí³â êîíäåíñîâàíîãî áåíçíîâîãî öèêëó â ìå-
æàõ 8,0–6,8 ì.÷., ÿê³ ïåðåêðèâàþòüñÿ ç ñèãíàëàìè
ïðîòîí³â ôåí³ëó åñòåðíî¿ ãðóïè. Àë³ôàòè÷í³ çà-
ì³ñíèêè (Me, ³-Pr, MeO) äàþòü õàðàêòåðí³ ñèãíà-
ëè â ñèëüíîìó ïîë³ â ìåæàõ 3,1–1,1 ì.÷. Ó ñïåêòð³
åñòåðó 4h ïðèñóòí³é ñèãíàë ïðîòîíó ôåíîëüíîãî
ã³äðîêñèëó ïðè 9,54 ì.÷.

Ïðîâåäåíèé ñêðèí³íã ïðîòèì³êðîáíî¿ ä³¿
(òàáë. 4) ïîêàçàâ, ùî äåÿê³ åñòåðè êóìàðèí-3-êàð-

áîíîâî¿ òà 6-ìåòîêñèêóìàðèí-3-êàðáîíîâî¿ êèñ-
ëîò âèÿâëÿþòü ïîì³ðíó àêòèâí³ñòü â³äíîñíî ãðàì-
íåãàòèâíèõ (Ps. aeruginosa, Pr. vulgaris, E. coli)
ì³êðîîðãàí³çì³â, ôóíã³ñòàòè÷íó àêòèâí³ñòü ïî
â³äíîøåííþ äî C. albicans.

Íàéá³ëüøó áàêòåð³îñòàòè÷íó àêòèâí³ñòü ó
êîíöåíòðàö³¿ 31,25 ìêã/ìë âèÿâèëè åñòåð 4c ïî
â³äíîøåííþ äî Ps. aeruginosa òà Pr. vulgaris, åñòåð
4g (Ps. aeruginosa, E. coli), åñòåð 4h (Pr. vulgaris),
åñòåð 4j (E. coli). Ñë³ä çâåðíóòè óâàãó, ùî ïðîòè-
ì³êðîáíà ä³ÿ ñïîëóê 4g òà 4j ïî â³äíîøåííþ äî
êèøêîâî¿ ïàëè÷êè çíàõîäèòüñÿ íà ð³âí³ ä³¿ Ïàë³-
íó, à ïðîòèì³êðîáíà ä³ÿ ñïîëóê 4c òà 4g ïî â³äíî-
øåííþ äî ñèíüîãíîéíî¿ ïàëè÷êè ïåðåâèùóº ä³þ
Íåâ³ãðàìîíó. Ñïîëóêà 4g âèÿâëÿº áàêòåðèöèäíó
ä³þ ó êîíöåíòðàö³¿ 31,25 ìêã/ìë äî E. coli.

ßê ìîæíà áà÷èòè ç íàâåäåíèõ äàíèõ, ââå-
äåííÿ â ôåíîëüíèé çàëèøîê àòîìà õëîðó
çá³ëüøóº, à ââåäåííÿ àòîìó ôòîðó çíà÷íî íå âïëè-
âàº íà ïðîòèì³êðîáíó ä³þ. Ââåäåííÿ ìåòîêñèãðó-
ïè â 6 ïîëîæåííÿ êóìàðèíîâîãî ê³ëüöÿ çìåíøóº
ïðîòèì³êðîáíó ä³þ.

Ñèíòåçîâàí³ ñïîëóêè âèÿâëÿþòü òàêîæ ïðî-
òèãðèáêîâó ä³þ ïî â³äíîøåííþ äî âèêîðèñòà-
íîãî â åêñïåðèìåíò³ øòàìó C. albicans. Òàê, ñïî-
ëóêè 4c, 4e, 4h, 4i, 4j àêòèâí³ ó êîíöåíòðàö³¿
31,25 ìêã/ìë, ùî ìàéæå â äâà ðàçè ïåðåâèùóº
ä³þ Ôëóêîíàçîëó.

Ñõåìà 2. Ñèíòåç õëîðàíã³äðèä³â êóìàðèí-3-êàðáîíîâèõ êèñëîò 2à,b

Ñõåìà 3. Ñèíòåç ôåí³ëîâèõ åñòåð³â 2-îêñî-2Í-1-áåíçîï³ðàí-3-êàðáîíîâèõ êèñëîò 4à-n
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Òàáëèöÿ 1
Ñêëàä çàì³ñíèê³â R–R4 ó åñòåð³â 2-îêñî-2Í-1-áåíçîï³ðàí-3-êàðáîíîâèõ êèñëîò

Òàáëèöÿ 2
Ô³çèêî-õ³ì³÷í³ âëàñòèâîñò³ åñòåð³â 2-îêñî-2Í-1-áåíçîï³ðàí-3-êàðáîíîâèõ êèñëîò (4)

Ïðèì³òêà: * – ðîç÷èííèê äëÿ ïåðåêðèñòàë³çàö³¿: 2-ïðîïàíîë (À), 1-áóòàíîë (B), ÄÌÔÀ (C), åòàíîë (D)

Íàâåäåí³ äàí³ ñâ³ä÷àòü ïðî ïåðñïåêòèâí³ñòü
ïîäàëüøèõ ìîäèô³êàö³é ó åñòåðíîìó ôðàãìåíò³
òà ðîçøèðåíí³ ðÿäó êóìàðèí-3-êàðáîíîâèõ êèñ-
ëîò ç ìåòîþ ïîøóêó íîâèõ ïðîòèãðèáêîâèõ ³ ïðî-
òèì³êðîáíèõ çàñîá³â.

Âèñíîâêè
Íà îñíîâ³ îäåðæàíèõ õëîðàíã³äðèä³â òà ôå-

íîë³â çä³éñíåíî ñèíòåç ôåí³ëîâèõ åñòåð³â êóìà-
ðèí-3-êàðáîíîâèõ êèñëîò. Ñòðóêòóðó îäåðæàíèõ
ñïîëóê äîâåäåíî çà äîïîìîãîþ ³íñòðóìåíòàëüíèõ
ìåòîä³â àíàë³çó.

Ïðîâåäåíî ì³êðîá³îëîã³÷íèé ñêðèí³íã àíòè-
ì³êðîáíî¿ òà ïðîòèãðèáêîâî¿ ä³¿ ñèíòåçîâàíèõ ðå-
÷îâèí in vitro. Âñòàíîâëåíî, ùî íàéá³ëüøó áàêòå-

Òàáëèöÿ 3
Äàí³ ñïåêòð³â 1Í-ßÌÐ åñòåð³â (4)
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ð³îñòàòè÷íó àêòèâí³ñòü âèÿâèëè 4-ìåòèë-2-õëîð-
ôåí³ëîâèé åñòåð êóìàðèí-3-êàðáîíîâî¿ êèñëîòè çà
â³äíîøåííÿì äî Ps. aeruginosa òà Pr. vulgaris, 2-
õëîðôåí³ëîâèé åñòåð êóìàðèí-3-êàðáîíîâî¿ êèñ-
ëîòè (Ps. aeruginosa, E. coli), 4-ã³äðîêñèôåí³ëîâèé
åñòåð êóìàðèí-3-êàðáîíîâî¿ êèñëîòè (Pr. vulgaris),
2-³çîïðîïèë-5-ìåòèëôåí³ëîâèé åñòåð êóìàðèí-3-
êàðáîíîâî¿ êèñëîòè (E. coli). 2-Õëîðôåí³ëîâèé
åñòåð êóìàðèí-3-êàðáîíîâî¿ êèñëîòè âèÿâëÿº òà-
êîæ áàêòåðèöèäíó ä³þ äî E. coli.

Ñèíòåçîâàí³ ñïîëóêè ìàþòü òàêîæ ïðîòè-
ãðèáêîâó ä³þ ïî â³äíîøåííþ äî âèêîðèñòàíîãî â
åêñïåðèìåíò³ øòàìó C. albicans. Òàê, 4-ìåòèë-2-
õëîðîôåí³ëîâèé åñòåð, 4-ôòîðîôåí³ëîâèé åñòåð,
4-ã³äðîêñèôåí³ëîâèé åñòåð, 2,3-äèã³äðîêñèôåí³ëî-
âèé åñòåð, 2-³çîïðîï³ë-5-ìåòèëôåí³ëîâèé åñòåð
êóìàðèí-3-êàðáîíîâî¿ êèñëîòè àêòèâí³ ó êîí-
öåíòðàö³¿ 31,25 ìêã/ìë, ùî ìàéæå â äâà ðàçè ïå-
ðåâèùóº ä³þ Ôëóêîíàçîëó.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Áèëîâ ².ª., Êîâàëåíêî Ñ.Ì., ×åðíèõ Â.Ï. Ñèíòåç ³

á³îëîã³÷íà àêòèâí³ñòü 2-îêñî-2Í-1-áåíçîï³ðàí-3-N-R-êàð-

áîêñàì³ä³â òà ¿õ 2-³ì³íîàíàëîã³â // Â³ñí. ôàðì. – 1998. –

¹ 2. – Ñ.10-15.

2. Bylov I.E., Vasylyev M.V., Bilokin Y.V. Synthesis and

anti-inflammatory activity of N-substituted 2-oxo-2H-1-

benzopyran-3-carboxamides and their 2-iminoanalogs // Eur. J.

Med. Chem. – 1999. – Vol.34. – No. 11. – P.997-1001.

Òàáëèöÿ 4
Ïðîòèì³êðîáíà àêòèâí³ñòü åñòåð³â 2-îêñî-2Í-áåíçîï³ðàí-3-êàðáîíîâèõ êèñëîò (4)

Протимікробна активність 
St. aureus E. coli Ps. aeruginosa Pr. vulgaris Bac. anthracoides C. albicans Сполука 

МБстК МБцК МБстК МБцК МБстК МБцК МБстК МБцК МБстК МБцК МБстК МБцК 
4a 125,0 125,0 62,5 62,5 250,0 250,0 125,0 125,0 125,0 125,0 62,5 62,5 
4c 62,5 125,0 62,5 125,0 31,25 62,5 31,25 62,5 62,5 125,0 31,25 62,5 
4d 62,5 125,0 62,5 125,0 125,0 250,0 62,5 62,5 125,0 125,0 62,5 125,0 
4e 62,5 125,0 62,5 125,0 62,5 125,0 62,5 125,0 125,0 250,0 31,25 62,5 
4f 125,0 250,0 125,0 125,0 125,0 250,0 62,5 125,0 125,0 125,0 62,5 125,0 
4g 62,5 125,0 31,25 31,25 31,25 62,5 125,0 125,0 62,5 62,5 62,5 62,5 
4h 62,5 125,0 125,0 125,0 62,5 125,0 31,25 62,5 125,0 125,0 31,25 62,5 
4i 125,0 250,0 62,5 125,0 125,0 125,0 62,5 125,0 62,5 62,5 31,25 62,5 
4j 62,5 62,5 31,25 62,5 62,5 125,0 62,5 62,5 62,5 62,5 31,25 62,5 
4l 125,0 125,0 62,5 62,5 62,5 125,0 62,5 125,0 62,5 62,5 62,5 125,0 
4m 62,5 125,0 250,0 250,0 250,0 250,0 125,0 250,0 125,0 250,0 250,0 250,0 
4n 125,0 125,0 125,0 125,0 125,0 125,0 62,5 125,0 62,5 62,5 62,5 125,0 

Палін 6,25 – 25,0 – 12,5 – 12,5 – 12,5 – 12,5 – 
Невіграмон 50,0 – 6,25 – 50,0 – – – 6,25 – – – 
Флуконазол – – – – – – – – – – 50,0 – 

3. Synthesis and biological evaluation of coumarincarboxylic

acid as inhibitors of gyrase B. L-ramnose as an effective substitute

for L-noviose / Ferroud D., Collard J., Klich M., Dupuis-

Hamelin C., Mauvais P., Lassaigne P., Bonnefoy A., Musicki B.

// Bioorg. Med. Chem. Lett. – 1999. – Vol.9. – P.2881-2886.

4. Synthesis, characterization and biological evaluation of

novel series of 2-(benzylamino)-2-oxoethyl]-2-oxo-2H-1-

benzopyran-3-carboxamide derivatives / Naik M.D., Bodke Y.D.,

Kumar A.K., Naik J.K, Shastrie S.L. // Ind. J. Chem. – 2020.

– Vol.59B. – P.406-419.

5. In silico prediction and molecular docking studies of

N-amidoalkylated derivatives of 1,3,4-oxadiazole as COX-1 and

COX-2 potential inhibitors / Zadorozhnii P.V., Kiselev V.V.,

Teslenko N.O., Kharchenko A.V., Pokotylo I.O., Okhtina O.V.,

Kryshchyk O.V. // Res. J. Pharm. Technol. – 2017. – Vol.10. –

No. 11. – P.3957-3963.

6. Design, synthesis, antifungal activity, and 3D-QSAR

of coumarin derivatives / Wei Y., Peng W., Wang D.,

Hao S.-H, Li W.-W, Ding F. // J. Pestic. Sci. – 2018.

Vol.43. – No. 2. – P.88-95.

7. Synthesis and antimicrobial activity of 5-hydroxymethyl-

8-methyl-2-(N-arylimino)-pyrano[2,3-c]pyridine-3-(N-aryl)-

carboxamides / Zhuravel’ I.O., Kovalenko S.M.,

Ivachtchenko A.V., Balakin K.V., Kazmirchuk V.V. // Bioorg.

Med. Chem. Lett. – 2005. – Vol.15. – P.5483-5487.

8. Esters and amides of 6-(chloromethyl)-2-oxo-2H-1-

benzopyran-3-carboxylic acid as inhibitors of α-chymotrypsin:

significance of the «aromatic» nature of the novel ester-type

coumarin for strong inhibitory activity / Pochet L., Doucet C.,

Schynts M., Thierry N., Boggetto N., Pirotte B., et al. //

J. Med. Chem. – 1996. – Vol.39. – No. 13. – P.2579-2585.



35

Synthesis of phenyl esters 2-oxo-2H-1-benzopyran-3-carboxylic acids as promising antimicrobial agents

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2024, No. 3, pp. 30-36

9. Mechanism-based thrombin inhibitors: design, synthesis,

and molecular docking of a new selective 2-oxo-2H-1-benzopyran

derivative / Frederick R., Robert S., Charlier C., Wouters J.,

Masereel B., Pochet L. // J. Med. Chem. – 2007. – Vol.50. –

P.3645-3650.

10. Structural studies on the inhibitory binding mode of

aromatic coumarinic esters to human kallikrein-related

peptidase 7 / Hanke S., Tindall C., Pippel J., Ulbricht D.,

Pirotte B., Reboud-Ravaux M., et al. // J. Med. Chem. – 2020.

– Vol.63. – No. 11. – P.5723-5733.

11. 6-Substituted 2-oxo-2H-1-benzopyran-3-carboxylic

acid derivatives in a new approach of the treatment of cancer cell

invasion and metastasis / Kempen I., Hemmer M.,

Counerotte S., Pochet L., de Tullio P., Foidart J.-M,

Blacher S., Noel A., Frankenne F., Pirotte B. // Eur. J. Med.

Chem. – 2008. – Vol.43. – P.2735-2750.

12. Synthesis, molecular modeling, and selective inhibitory

activity against human monoamine oxidases of 3-carboxamido-

7-substituted coumarins / Chimenti F., Secci D., Bolasco A.,

Chimenti P., Bizzarri B., Granese A., Carradori S., Yanez M.,

Orallo F., Ortuso F., Alcaro S. // J. Med. Chem. – 2009. –

Vol.52. – P.1935-1942.

13. Tagging synthetic polymers with coumarin group for

study nucleic acid interaction with gene delivery agents /

Danilovtseva E.N, Pal’shin V.A, Krishnan U.M, Annenkov V.V,

Zelinskiy S.N. // MethodsX. – 2019. – Vol.6. – P.212-218.

14. Coumarin-modified CQDs for biomedical applications

– two-step synthesis and characterization / Janus L.,

Radwan-Praglowska J., Piatkowski M., Bogdal D. //

Int. J. Mol. Sci. – 2020. – Vol.21. – No. 21. – Art. No. 8073.

15. Bhargava P.M, Zaheer S.H. Condensation of

o-acetoxybenzaldehyde with malonic acid  and ethyl malonate

// J. Ñhem. Soc. – 1952. – No. 1. – P.311-313.

Íàä³éøëà äî ðåäàêö³¿ 25.12.2023

SYNTHESIS OF PHENYL ESTERS 2-OXO-2H-1-
BENZOPYRAN-3-CARBOXYLIC ACIDS AS PROMISING
ANTIMICROBIAL AGENTS

I.E. Bylov *, I.O. Zhuravel, O.A. Bryzytska, S.V. Kolisnyk,
S.V. Baiurka

National University of Pharmacy, Kharkiv, Ukraine
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Corresponding chloroanhydrides were synthesized by the
interaction of coumarin-3-carboxylic and 6-methoxycoumarin-
3-carboxylic acids with an excess of thionyl chloride under heating.
Due to the quantitative yields and the formation of volatile products
within the reaction, chloroanhydrides were used without additional
purification in acylation of substituted phenols for the synthesis
of phenyl esters of 2-oxo-2H-1-benzopyran-3-carboxylic acids.
The reaction was carried out by heating in anhydrous dioxane
environment in the presence of pyridine as a catalyst. The structure
of the obtained esters was proven using instrumental methods of
analysis. The antimicrobial and antifungal activity of the synthesized
compounds was studied in vitro by the method of two-fold serial
dilutions in liquid and solid nutrient environments. Antimicrobial
activity screening showed that the synthesized esters have a moderate
activity against gram-negative microorganisms and C. albicans.
It was found that the 4-methyl-2-chlorophenyl ester of coumarin-
3-carboxylic acid had the greatest bacteriostatic activity against
Ps. aeruginosa and Pr. vulgaris, 2-chlorophenyl ester of coumarin-
3-carboxylic acid against Ps. aeruginosa and E. coli, coumarin-
3-carboxylic acid 4-hydroxyphenyl ester against Pr. vulgaris, and
coumarin-3-carboxylic acid 2-isopropyl-5-methylphenyl ester
against E. coli at a concentration of 31.25 µg/ml. 2-Chlorophenyl
ester also showed a bactericidal effect against E. coli. The
synthesized compounds also have an antifungal effect against the
C. albicans. strain used in the experiment. Thus, 4-methyl-2-
chlorophenyl ester, 4-fluorophenyl ester, 4-hydroxyphenyl ester,
2,3-dihydroxyphenyl ester, 2-isopropyl-5-methylphenyl ester of
coumarin-3-carboxylic acid are active at a concentration of
31.25 µg/ml.

Keywords: coumarin-3-carboxylic acid; 2-oxo-2H-1-
benzopyran; esters; chloroanhydrides; phenols; antimicrobial
activity; antifungal activity.
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