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Ïîëüùà

Âçàºìîä³ºþ 3-àðèë-2-õëîðîïðîïàíàë³â (Ia–d) ç -êåòîåñòåðàìè (ìåòèë- ³ åòèëàöå-

òîàöåòàòàìè, áåíçî¿ëîöòîâèì åñòåðîì) òà àì³àêîì çà ìåòîäîì Ãàí÷à ñèíòåçîâàíî

4-R-áåíçèëçàì³ùåí³ ï³ðîëè (IIIa–f), ÿê³ çà ðåàêö³ºþ Â³ëüñìàéºðà-Õààêà ïåðåòâîðå-

íî ó â³äïîâ³äí³ 5-ôîðì³ë-4-R-áåíçèë-1Í-ï³ðîë-3-êàðáîêñèëàòè (IVa–e). Îäåðæàíî

ïðîäóêòè êîíäåíñàö³¿ öèõ àëüäåã³ä³â ç ò³îñåì³êàðáàçèäàìè òà ç³ ñïîëóêàìè, ùî ì³ñòÿòü

àêòèâí³ ìåòèëåíîâ³ ãðóïè (ìåòèë- òà åòèëö³àíîàöåòàòàìè, ìàëîíîäèí³òðèëîì, ö³-

àíàöåòàì³äîì, ö³àíò³îàöåòàì³äîì, 5-ìåòèë-2,4-äèã³äðîï³ðàçîë-3-îíîì òà ä³ìåäîíîì).

Áóäîâó óñ³õ ñèíòåçîâàíèõ ðå÷îâèí äîâåäåíî çà äîïîìîãîþ 1Í ßÌÐ ñïåêòðîñêîï³¿.

Ìîëåêóëÿðíó ñòðóêòóðó ñïîëóêè (XIIb) òàêîæ ï³äòâåðäæåíî ðåíòãåíîñòðóêòóðíèìè

äîñë³äæåííÿìè. Ðåçóëüòàòè ì³êðîá³îëîã³÷íèõ äîñë³äæåíü çàñâ³ä÷èëè âèñîêó àê-

òèâí³ñòü ñèíòåçîâàíèõ ðå÷îâèí ñòîñîâíî ðåôåðåíñ-øòàìó ãðèáêà Candida krusei ATCC

6258, çîêðåìà ì³í³ìàëüíà ôóíã³öèäíà êîíöåíòðàö³ÿ äëÿ ñïîëóê (IIId), (Xb), (XIV)

ñòàíîâèòü 7,81 ìêã/ìë, ùî ïðèð³âíþºòüñÿ äî â³äïîâ³äíî¿ âåëè÷èíè ïðîòèãðèáêîâî-

ãî çàñîáó á³ôîíàçîëó. Îòðèìàí³ ðåçóëüòàòè º âàæëèâèìè ó ïîøóêó ñïîëóê-ë³äåð³â

äëÿ äèçàéíó íîâèõ àíòèì³êðîáíèõ ïðåïàðàò³â.

Êëþ÷îâ³ ñëîâà: 3-àðèë-2-õëîðîïðîïàíàë³, ðåàêö³ÿ Ãàí÷à, ðåàêö³ÿ Â³ëüñìàéºðà-Õàà-

êà, åñòåðè ï³ðîë-3-êàðáîíîâèõ êèñëîò, ðåàêö³¿ êîíäåíñàö³¿, ïðîòèì³êðîáíà àê-

òèâí³ñòü.
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Âñòóï

Ðîçðîáêà åôåêòèâíèõ ìåòîä³â äèçàéíó êîì-
á³íàòîðíèõ á³áë³îòåê àçàãåòåðîöèêë³÷íèõ ñïîëóê
³ ñêðèí³íã ¿õ á³îëîã³÷íî¿ àêòèâíîñò³ ñòàíîâëÿòü
îäíó ç âàæëèâèõ ïðèêëàäíèõ çàâäàíü îðãàí³÷íî¿
òà ìåäè÷íî¿ õ³ì³¿. Óñï³õ â ðåàë³çàö³¿ öüîãî ïðî-
öåñó çíà÷íîþ ì³ðîþ çàëåæèòü â³ä äîñòóïíîñò³
âèõ³äíèõ ðåàãåíò³â, ùî äîçâîëÿþòü âàð³þâàòè
ðàäèêàëè â øèðîêèõ ìåæàõ. Äî òàêèõ, áåçóìîâ-
íî, íàëåæàòü ä³àçîí³ºâ³ ñîë³, ÿê³ ëåãêî ìîæíà
îòðèìàòè ç êîìåðö³éíî äîñòóïíèõ àðîìàòè÷íèõ
àì³í³â. Ó ïîïåðåäí³õ ðîáîòàõ ìè ðîçðîáèëè óí-
³âåðñàëüí³ ìåòîäè äèçàéíó ïîõ³äíèõ ï³ðîëó [1,2],
ò³àçîëó [3,4], òðèàçîëó [5–7], ï³ðàçîëó [8], ò³àä³-
àçîëó òà îêñàä³àçîëó [7] ç ¿õ âèêîðèñòàííÿì. Â
äàí³é ðîáîò³ íàìè çä³éñíåíî ñèíòåç êîìá³íàòîð-
íî¿ á³áë³îòåêè åñòåð³â 4-áåíçèëï³ðîë-3-êàðáîíî-

âî¿ êèñëîòè òà ïðîâåäåíî ñêðèí³íã ¿õ ïðîòèì³ê-
ðîáíèõ âëàñòèâîñòåé. Îñîáëèâ³ñòþ áóäîâè âè-
ùåçãàäàíèõ ìîëåêóë º íàÿâí³ñòü ïðèâ³ëåéîâàíîãî
êàðêàñó [9], ùî ãîâîðèòü ïðî âèñîêó éìîâ³ðí³ñòü
¿õ á³îëîã³÷íî¿ ä³¿. Òàêîæ ñë³ä çàçíà÷èòè, ùî ï³ðîë
òà éîãî ïîõ³äí³ íàëåæàòü äî îäíîãî ç íàéá³ëüø
÷èñëåííèõ ³ âàæëèâèõ ó ïðàêòè÷íîìó â³äíîøåíí³
êëàñ³â ãåòåðîöèêë³÷íèõ ñïîëóê. Âîíè øèðîêî
ðîçïîâñþäæåí³ ó ïðèðîä³, äå ìàþòü íàäçâè÷àé-
íî âàæëèâå çíà÷åííÿ ó áàãàòüîõ êëþ÷îâèõ ïðî-
öåñàõ æèòòºä³ÿëüíîñò³. Ñåðåä ìîíîï³ðîëüíèõ
ïðèðîäíèõ ïðîäóêò³â âàðòî âèîêðåìèòè ïîðôî-
á³ë³íîãåí – á³îñèíòåòè÷íèé ïîïåðåäíèê ïðèðîä-
íèõ ï³ðîëüíèõ ï³ãìåíò³â, ïðîë³í ³ ã³äðîêñèïðîë³í
– àì³íîêèñëîòè á³ëê³â, ã³ãðèí, êóñêã³ãðèí,
ñòàõ³äðèí – àëêàëî¿äè ãðóïè ï³ðîë³äèíó. Áàãàòî
ìîíîï³ðîëüíèõ ïîõ³äíèõ, ùî ìàþòü âëàñòèâîñò³
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àíòèá³îòèê³â, âèä³ëåíî ç ì³êðîîðãàí³çì³â, ðîñ-
ëèí òà âèùèõ îðãàí³çì³â (ï³îëþòåîðèí, ï³ðîë-
í³òðèí). Âàæëèâèìè ïðèðîäíèìè ñïîëóêàìè, ùî
ì³ñòÿòü äåê³ëüêà ï³ðîëüíèõ ÿäåð, º ïðîä³ã³îçèíè
– òðèï³ðîëüí³ àíòèá³îòèêè, ï³ãìåíòè æîâ÷³
(á³ë³ðóá³í), õëîðîô³ëè, ãåì, â³òàì³íè ãðóïè Â12,
ôåðìåíòè (ïåðîêñèäàçè, êàòàëàçè). Ïðàêòè÷íî
ö³ííèìè ñèíòåòè÷íèìè ïîõ³äíèìè ï³ðîëó º áàð-
âíèêè – ôòàëîö³àí³íè é ôàðìàöåâòè÷í³ ïðåïà-
ðàòè – ï³ðàöåòàì, êàïòîïðèë, òàâåã³ë, òîùî [10–
12].

Ïîøóê íîâèõ ë³êàðñüêèõ çàñîá³â ñåðåä ïî-
õ³äíèõ ï³ðîëó íå ïðèïèíÿºòüñÿ; â îñòàííº äåñÿ-
òèë³òòÿ ñåðåä ïîõ³äíèõ ï³ðîëó çíàéäåíî ðå÷îâè-
íè ç ïðîòèì³êðîáíîþ, ïðîòèâ³ðóñíîþ, ïðîòè-
ïóõëèííîþ, ïðîòèçàïàëüíîþ àíòèêîâóëüñàíòíîþ
òà ³íøèìè âèäàìè àêòèâíîñò³ [10–12]. Îêðåìî
ñë³ä â³äçíà÷èòè, ùî ôóíêö³îíàë³çîâàí³ ï³ðîëè
âîëîä³þòü âèñîêîþ ðåàêö³éíîþ çäàòí³ñòü, ³ òîìó
¿õ øèðîêî âèêîðèñòîâóþòü â äèçàéí³ êîìá³íà-
òîðíèõ á³áë³îòåê îðãàí³÷íèõ ñïîëóê äëÿ á³îëî-
ã³÷íîãî ñêðèí³íãà.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Âçàºìîä³ºþ 3-àðèë-2-õëîðîïðîïàíàë³â (Ià–d),
ùî ëåãêî îäåðæóþòüñÿ õëîðàðèëþâàííÿì àêðî-
ëå¿íó àðåíä³àçîí³ºâèìè ñîëÿìè [3] ç 1,3-äèêàð-
áîí³ëüíèìè ñïîëóêàìè (IIà–ñ) – ìåòèëàöåòîà-
öåòàòîì (IIà), àöåòîîöòîâèì (IIb) òà áåíçî¿ëîö-
òîâèì (IIñ) åñòåðàìè – ó ñïèðò³ ³ â ïðèñóòíîñò³
âîäíîãî àì³àêó, â óìîâàõ ðåàêö³¿ Ãàí÷à, îäåðæà-
íî ñåð³þ ï³ðîë³â (IIIà–f) (ñõåìà 1).

Çàñòîñîâóþ÷è ìåòîä ôîðì³ëþâàííÿ
Â³ëüñìåºðà-Õààêà, ìè îäåðæàëè ç âèñîêèìè âè-
õîäàìè ï³ðîëêàðáàëüäåã³äè (IVà–å) (ñõåìà 1).
Âèÿâèëîñü, ùî àëüäåã³äè (IVà–å) ëåãêî âñòóïà-

þòü ó ðåàêö³¿ êîíäåíñàö³¿, çîêðåìà ç³ ñïîëóêàìè
ç àêòèâíèìè ìåòèëåíîâèìè ãðóïàìè, ùî ïîêà-
çàíî íà ïðèêëàä³ ¿õ âçàºìîä³¿ ç ö³àíîöòîâîþ êèñ-
ëîòîþ (Và) òà ¿¿ ïîõ³äíèìè – åòèëö³àíîàöåòàòîì
(Vb), ìàëîíîäèí³òðèëîì (VII), ö³àíàöåòàì³äîì
(IXà) òà ò³îö³àíàöåòàì³äîì (IXb). Â ðåçóëüòàò³
çãàäàíèõ ðåàêö³é îäåðæàëè ñïîëóêè (VIa, b),
(VIII), (Xa, b) (ñõåìà 2). Àëüäåã³äè (IVà–å) òà-
êîæ ðåàãóþòü ç äåÿêèìè ãåòåðîöèêë³÷íèìè ñïî-
ëóêàìè, ùî ì³ñòÿòü ó ñâî¿é ñòðóêòóð³ ìåòèëåíî-
âèé ôðàãìåíò, çîêðåìà ç 5-ìåòèë-2,4-äèã³äðî-
3H-ï³ðàçîë-3-îíîì (XI), óòâîðþþ÷è â³äïîâ³äí³
ïîõ³äí³ (XIIà, b) (ñõåìà 2). Ö³êàâ³ ðåçóëüòàòè
îòðèìàíî ïðè âèâ÷åíí³ êîíäåíñàö³¿ àëüäåã³ä³â
(IVà–å) ç ä³ìåäîíîì (XIII) â êðèæàí³é îöòîâ³é
êèñëîò³. Ç ðåàêö³éíîãî ñåðåäîâèùà âèä³ëèëè ñïî-
ëóêó (XIV), ùî óòâîðèëàñÿ âíàñë³äîê êîíäåí-
ñàö³¿ àëüäåã³äó (IVñ) ëèøå ç îäí³ºþ ìîëåêóëîþ
ä³ìåäîíó. Ïåðñïåêòèâíèìè, ç ïîãëÿäó ìîæëè-
âîñòåé ïðîâåäåííÿ ïîäàëüøèõ ïåðåòâîðåíü, âè-
äàþòüñÿ ñèíòåçîâàí³ ç âèñîêèìè âèõîäàìè
ò³îñåì³êàðáàçîíè (XVIà–ñ). Ðåàêö³þ çä³éñíþâà-
ëè øëÿõîì êèï’ÿò³ííÿ â ñïèðò³ âèõ³äíèõ àëü-
äåã³ä³â ç ò³îñåì³êàðáàçèäàìè (XVa, b) â ïðèñóò-
íîñò³ êàòàë³òè÷íèõ ê³ëüêîñòåé ï³ïåðèäèíó (ñõå-
ìà 2).

Ìîëåêóëÿðíó ñòðóêòóðó ñïîëóêè (XIIb)
ï³äòâåðäæåíî ç äîïîìîãîþ ðåíòãåíîñòðóêòóðíèõ
äîñë³äæåíü. Àíàë³ç äèôðàêö³éíèõ äàíèõ äëÿ ¿¿
êðèñòàë³â ïîêàçàâ, ùî âîíà ñï³âêðèñòàë³çóºòüñÿ
ç îöòîâîþ êèñëîòîþ. Â íåçàëåæí³é ÷àñòèí³ êðè-
ñòàë³÷íî¿ ñòðóêòóðè çíàõîäÿòüñÿ äâ³ ïàðè àäóêò³â
ìîëåêóë (XIIb) ³ ìîëåêóë îöòîâî¿ êèñëîòè. Ãåî-
ìåòðè÷í³ ïàðàìåòðè îáîõ íåçàëåæíèõ ÷àñòèí
³äåíòè÷í³ â ìåæàõ åêñïåðèìåíòàëüíî¿ ïîõèáêè.

Ñõåìà 1. Ñèíòåç ï³ðîë³â IIIa–f òà ï³ðîëêàðáàëüäåã³ä³â IVa–e
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Ìîëåêóëÿðíà ñòðóêòóðà àäóêòà íàâåäåíà íà ðè-
ñóíêó. Ó ìîëåêóë³ (XIIb) ï³ðîëüíå ³ ï³ðàçîëîíî-
âå ê³ëüöÿ ëåæàòü ïðàêòè÷íî â îäí³é ïëîùèí³, ¿õ
ç’ºäíóº âíóòð³øíüîìîëåêóëÿðíèé âîäíåâèé çâ’ÿ-
çîê òèïó N–HO. ²íø³ çàì³ñíèêè òàêîæ ëåæàòü
â ïëîùèí³ ìîëåêóëè, îêð³ì 3,4-äèõëîðîáåíçèëü-
íîãî, ÿêèé óòâîðþº äâîãðàííèé êóò, áëèçüêèé
äî 840 ç ïëîùèíîþ ìîëåêóëè.

Àíòèãðèáêîâó òà àíòèáàêòåð³àëüíó àê-
òèâí³ñòü ñèíòåçîâàíèõ ðå÷îâèí îö³íþâàëè çà
âåëè÷èíîþ ì³í³ìàëüíî¿ ôóíã³öèäíî¿ òà áàêòå-
ðèöèäíî¿ êîíöåíòðàö³é (ÌÔöÊ òà ÌÁöÊ) ñòî-
ñîâíî ãðèá³â ðîäó Candida, à òàêîæ äåÿêèõ ãðàì-
ïîçèòèâíèõ òà ãðàì-íåãàòèâíèõ áàêòåð³é. Ì³êðî-

á³îëîã³÷í³ äîñë³äæåííÿ äàëè ìîæëèâ³ñòü âñòàíî-
âèòè, ùî ñèíòåçîâàí³ ñïîëóêè õàðàêòåðèçóþòü-
ñÿ ïðîòèì³êðîáíîþ ä³ºþ â øèðîêîìó ä³àïàçîí³
êîíöåíòðàö³é 7,81–500 ìêã/ìë (òàáë. 1).

Ïðè àíàë³ç³ ðåçóëüòàò³â âñòàíîâëåíî, ùî
ïðîòèì³êðîáíà àêòèâí³ñòü ñòîñîâíî ðåôåðåíñ-
øòàìó ãðàì-ïîçèòèâíèõ áàêòåð³é S. àureus 209
òà B. sterothermophilus 718 çàëåæèòü â³ä ñòðóêòóðè
äîñë³äæóâàíèõ ïîõ³äíèõ ï³ðîëó, à ñàìå ïî â³äíî-
øåííþ äî øòàìó S. àureus 209 íàéâèùó àê-
òèâí³ñòü ïðîÿâèëà ñïîëóêà (Xb), ¿¿ ÌÁñÊ òà
ÌÁöê ñòàíîâëÿòü 7,81 ìêã/ìë, à ñòîñîâíî øòà-
ìó B. sterothermophilus 718 – ñïîëóêà (VIII): ÌÁñÊ
ñòàíîâèòü 3,91 ìêã/ìë, à ÌÁöÊ – 7,81 ìêã/ìë.

Ñõåìà 2. Ðåàêö³¿ êîíäåíñàö³¿ 5-ôîðì³ë-4-R-áåíçèë-1Í-ï³ðîë-3-êàðáîêñèëàò³â IVa–e

N
H

O

Ar

Me
O

O

Me
Me

OMe

N

O

O

R3

NN

N

NH2

X

HN

N

O

Me

N
H

H3C

Ar

O

N

N

EtO

N
H

O

Ar

N NH

O

Me

R2

OEt

N
H

Ar

Me

O

O

R1

N O

O

R3

N
H

Me

Ar

O

N NH2

X

EtO

N
H

O

O R1

Ar

R2

O

O

O
Me

Me

Va, b

IXa, b

VIa, b

VIa: Ar = 2,5-Cl2C6H3, R1 = Me, R3 = H

VIb: Ar = 2,5-Cl2C6H3, R1 = R3 = Et

Ar = 3-ClC6H4

Xa, b

Xa: Ar = 3-ClC6H4, X = O
Xb: Ar = 3-ClC6H4, X = S

XIIa, b

XIIa: Ar = 3-ClC6H4, R2 = Ph

XIIb: Ar = 3,4-Cl2C6H3, R2 = Me

Ar = 2,5-Cl2C6H3

N
H

O

Ar

N
HN

N
H S

OEt

XVIa-c

H
N

H
N

S

NH2

XVIa: Ar = 3-ClC6H4, R4 = Ph

XVIb: Ar = 3,4-Cl2C6H3, R4 = Ph 

XVIc: Ar = 3-ClC6H4, R4 =

XV: R4 = Ph (a),

Me

IVa-e

V: R3 = H (a), Et (b)

IX: X = O (a), S (b)

O

(b)

XVa, b

O

R4

R4

XI

XIIIVII

VIII

XIV



39

Synthesis and antimicrobial activity of derivatives of 4-R-benzylpyrrol-3-carboxylic acid esters

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2020, No. 5, pp. 36-45

Ðåçóëüòàòè, ÿê³ îòðèìàí³ ïðè òåñòóâàíí³ ñèíòå-
çîâàíèõ ðå÷îâèí çà â³äíîøåííÿì äî øòàì³â S.
typhimurium 441 òà C. albicans ÀÒÑÑ 885/653, äîç-
âîëÿþòü çðîáèòè âèñíîâîê, ùî ââåäåííÿ òèõ ÷è
³íøèõ ñòðóêòóðíèõ ôðàãìåíò³â ó ìîëåêóëó ï³ðî-
ëó, ñóòòºâî íå âïëèâàº íà ïðîòèì³êðîáíó àê-

òèâí³ñòü äîñë³äæóâàíèõ ïîõ³äíèõ ³ âîíà çàëè-
øàºòüñÿ ïîì³ðíîþ.

Îñîáëèâèé ³íòåðåñ âèÿâëÿþòü ðåçóëüòàòè,
îòðèìàí³ ïðè òåñòóâàíí³ íà ôóíã³öèäíó àê-
òèâí³ñòü ïî â³äíîøåííþ äî ðåôåðåíñ-øòàìó
ãðèáêà Candida krusei ATCC 6258, îñê³ëüêè îñ-

à                                                                                      á

Ìîëåêóëÿðíà ñòðóêòóðà îáîõ íåçàëåæíèõ ÷àñòèí (à i á) aäóêòà åòèë 4-(3,4-äèõëîðîáåíçèë)-2-ìåòèë-5-[(Z)-(3-ìåòèë-5-

îêñî-1,5-äèã³äðî-4H-ï³ðàçîë-4-³ë³äåí)ìåòèë]-1Í-ï³ðîë-3-êàðáîêñèëàòó (XIIb) ç îöòîâîþ êèñëîòîþ.

Ïîêàçàíî ïîëîæåííÿ ò³ëüêè òèõ íåâïîðÿäêîâàíèõ àòîì³â, ùî ìàþòü á³ëüø³ ïàðàìåòðè çàñåëåíîñò³ ïîçèö³é

Тестові культури мікроорганізмів 

S. aureus 209 B. sterothermophilus 718 S. typhimurium 441 C. albicans АТСС 885/653 C. krusei ATCC 6258 

Концентрація препаратів (мкг/мл) 

С
п

ол
ук

и
 

МБсК МБцК МБсК МБцК МБсК МБцК МФсК МФцК МФсК МФцК 
IIIc 31,25 31,25 62,5 125 125 125 31,25 31,25 15,62 15,62 
IIId 31,25 31,25 250 250 250 500 15,62 31,25 7,81 7,81 
IIIf 31,25 62,5 7,81 15,62 62,5 62,5 31,25 31,25 31,25 31,25 
VIa 62,5 125 62,5 62,5 62,5 62,5 62,5 62,5 15,62 15,62 
VIb 62,5 62,5 62,5 62,5 62,5 62,5 31,25 31,25 15,62 15,62 
VIII 31,25 62,5 3,91 7,81 62,5 62,5 62,5 62,5 15,62 15,62 
Xa 62,5 62,5 62,5 125 250 250 15,62 62,5 31,25 31,25 
Xb 7,81 7,81 15,62 15,62 62,5 62,5 15,62 31,25 7,81 7,81 

XIIa 31,25 62,5 15,62 31,25 31,25 62,5 31,25 62,5 31,25 31,25 
XIIb 62,5 62,5 31,25 62,5 62,5 62,5 62,5 62,5 31,25 31,25 
XIV 31,25 62,5 62,5 62,5 62,5 62,5 31,25 62,5 7,81 7,81 
XVIa 62,5 62,5 31,25 62,5 250 500 31,25 62,5 15,62 15,62 
XVIb 31,25 62,5 31,25 31,25 31,25 62,5 31,25 31,25 15,62 15,62 
XVIc 31,25 62,5 15,62 62,5 62,5 125 31,25 62,5 31,25 31,25 

*Б 1,95 7,81 0,97 3,9 62,5 125 15,62 62,5 7,81 7,81 

 
Ïðèì³òêà: * – Á ÿê êîíòðîëü âèêîðèñòîâóâàëè ïðåïàðàò «Á³ôîíàçîë». Ðîç÷èí äëÿ çîâí³øíüîãî çàñòîñóâàííÿ 1% ïî 15 ìë ó

ôëàêîíàõ «Tropon GmbH», «Bayer AG» òà «Bayer HealthÑare AG», ²ñïàí³ÿ/Í³ìå÷÷èíà.

Òàáëèöÿ 1

Ïðîòèì³êðîáíà òà ïðîòèãðèáêîâà àêòèâí³ñòü ñèíòåçîâàíèõ ñïîëóê
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òàíí³é âîëîä³º ïðèðîäíîþ ñò³éê³ñòþ äî ôëóêî-
íàçîëó, à ñìåðòí³ñòü â³ä ôóíãåì³é âèêëèêàíèõ
íèì, çíà÷íî âèùà â ïîð³âíÿíí³ ç Candida albicans
[13]. Âñòàíîâëåíî, ùî ÌÔöÊ äëÿ ñïîëóê (IIId),
(Xb), (XIV) ñòàíîâèòü 7,81 ìêã/ìë, ùî ïðè-
ð³âíþºòüñÿ äî ÌÔöÊ ïðîòèãðèáêîâîãî çàñîáó
á³ôîíàçîëó, ÿêèé áóâ âèêîðèñòàíèé ÿê êîíòðîëü.
Òàêèì ÷èíîì, îòðèìàí³ äàí³ âèäàþòüñÿ îñîáëè-
âî ö³êàâèìè ó êîíòåêñò³ ïîäàëüøèõ ïîãëèáëå-
íèõ äîñë³äæåíü.

Åêñïåðèìåíòàëüíà õ³ì³÷íà ÷àñòèíà

Òåìïåðàòóðè ïëàâëåííÿ ñèíòåçîâàíèõ ñïî-
ëóê âèçíà÷àëè ó â³äêðèòèõ êàï³ëÿðíèõ òðóáêàõ
íà åëåêòðîòåðì³÷íîìó ïðèëàä³ ÏÒÏ-Ì ³ íå êî-
ðåãóâàëè. Ñïåêòðè ßÌÐ 1Í çàïèñóâàëè íà ïðè-
ëàäàõ Varian Mercury (400 ÌÃö) (ñïîëóêè (IVa,
d), (VIa, b), (VIII), (Xa, b), (XIV), (XVIa, c)) òà
Bruker DRX500 (500 ÌÃö) (ñïîëóêè (IIIb), (IVb,
c, e), (XIIa, b), (XVIb)), ðîç÷èííèêè – ÄÌÑÎ-
d6 òà ÄÌÑÎ-d6+CCl4. Ñïåêòðè ßÌÐ 13Ñ ñïîëóê
(IIIb), (IVñ) çàïèñóâàëè íà ïðèëàä³ Varian Mercury
(100 ÌÃö), ðîç÷èííèê – CDCl3. Õ³ì³÷í³ çì³ùåí-
íÿ (d, ì.÷.) íàâåäåíî ñòîñîâíî ñèãíàëó ðîç÷èí-
íèêà, êîíñòàíòè ñï³í-ñï³íîâî¿ âçàºìîä³¿ çàçíà-
÷åíî ó ãåðöàõ.

3-Àðèë-2-õëîðîïðîïàíàë³ (Ia–d) îòðèìóâàëè
õëîðàðèëþâàííÿì àêðîëå¿íó ä³àçîí³ºâèìè ñîëÿ-
ìè çà ìåòîäèêîþ [3].

Àëê³ë 4-áåíçèë-2-ìåòèë(ôåí³ë)-1Í-ï³ðîë-3-
êàðáîêñèëàòè (IIIa–f) îòðèìóâàëè çà ìåòîäèêîþ
[2]. Õàðàêòåðèñòèêè ñïîëóê (IIIà, ñ–f) íàâåäåíî
ó ïðàöÿõ [1,2].

Eòèë 2-ôåí³ë-4-(3-õëîðîáåíçèë)-1Í-ï³ðîë-3-
êàðáîêñèëàò (IIIb)

Âèõ³ä 44%. Á³ë³ êðèñòàëè, Òïë. 120–1210C
(EtOH). ßÌÐ 1Í : 1,01 ò (3H, J=7,0, CH3CH2O),
3,98 ê (2H, J=7,0, CH3CH2O), 4,01 ñ (2H, CH2),
6,65 ä (1Í, J=2,0, 5-Í), 7,12–7,40 ì (7Í, ArH),
7,46 ä (2Í, J=7,5, ArH), 11,46 ø.ñ (1Í, NH). ßÌÐ
13Ñ : 14,0 (CH2CH3), 32,8 (CH2), 59,5 (CH2CH3),
110,6 (CPyr–4), 117,4 (CPyr–5), 125,3 (CAr), 125,8
(CPyr–3), 127,0 (CAr), 127,9 (CAr), 128,0 (CAr), 128,8
(CAr), 129,0 (CAr), 129,3 (CAr), 132,7 (CPyr–2), 133,8
(CAr), 138,0 (CAr–Cl), 143,7 (CAr–1), 165,4 (COO).
Çíàéäåíî, %: Ñ 70,67; Í 5,40; N 4,08.
C20H18ClNO2. Îá÷èñëåíî, %: Ñ 70,69; Í 5,34; N
4,12.

Çàãàëüíà ìåòîäèêà ñèíòåçó àëüäåã³ä³â ï³ðîë³â
(IVa–å)

Ðåàêö³þ ïðîâîäèëè â 250 ìë êðóãëîäîíí³é
òðèøèéêîâ³é êîëá³, ñïîðÿäæåí³é ìåõàí³÷íîþ
ì³øàëêîþ, êðàïåëüíîþ ë³éêîþ, òåðìîìåòðîì ³
çâîðîòíèì õîëîäèëüíèêîì. Äî 17 ã ñâ³æîïåðåã-
íàíîãî ÄÌÔÀ äîäàâàëè êðàïëÿìè, çà ³íòåí-

ñèâíîãî ïåðåì³øóâàííÿ òà îõîëîäæåííÿ (0–50C)
7,15 ã POCl3. Ï³ñëÿ öüîãî äî îòðèìàíîãî ðîç÷è-
íó çà ê³ìíàòíî¿ òåìïåðàòóðè äîäàâàëè íåâåëè-
êèìè ÷àñòèíàìè â³äïîâ³äíèé ï³ðîë (IIIa,b,d–f).
Ðåàêö³éíó ñóì³ø âèòðèìóâàëè ùå 1,5 ãîä ïðè
800C, îõîëîäæóâàëè ³ âèëèâàëè ó 20%-íèé âîä-
íèé ðîç÷èí NaOH. Îñàä, ùî óòâîðèâñÿ, ïåðå-
ì³øóâàëè 1 ãîä, â³äô³ëüòðîâóâàëè, ïðîìèâàëè âî-
äîþ, ñóøèëè ³ ïåðåêðèñòàë³çîâóâàëè ç ñóì³ø³ åòà-
íîë–ÄÌÔÀ, 10:1.

Åòèë 2-ìåòèë-5-ôîðì³ë-4-(3-õëîðîáåíçèë)-
1Í-ï³ðîë-3-êàðáîêñèëàò (IVà)

Âèõ³ä 85%. Á³ë³ êðèñòàëè, Òïë. 1450C. ßÌÐ
1Í : 1,23 ò (3H, J=7,0, CH3CH2Î), 2,47 ñ (3H,
CH3), 4,15 ê (2H, J=7,0, CH3CH2Î), 4,36 ñ (2H,
CH2), 7,03–7,10 ì (2Í, ArÍ), 7,14–7,20 ì (2Í,
ArÍ), 9,59 ñ (1Í, ÑÍÎ), 12,22 ø.ñ (1Í, NH).
Çíàéäåíî, %: Ñ 62,78; Í 5,21; N 4,51.
C16H16ClNO3. Îá÷èñëåíî, %: Ñ 62,85; Í 5,27; N
4,58.

Eòèë 2-ôåí³ë-5-ôîðì³ë-4-(3-õëîðîáåíçèë)-
1Í-ï³ðîë-3-êàðáîêñèëàò (IVb)

Âèõ³ä 76%. Á³ë³ êðèñòàëè, Òïë. 134–1350C.
ßÌÐ 1Í : 0,99 ò (3H, J=7,0, CH3CH2Î), 4,03 ê
(2H, J=7,0, CH3CH2Î), 4,45 ñ (2H, CH2), 7,16–
7,32 ì (4Í, Ñ6Í4), 7,40–7,45 ì (3Í, Ñ6Í5), 7,50–
7,55 ì (2Í, Ñ6Í5), 9,83 ñ (1Í, ÑÍÎ), 12,64 ø.ñ
(1Í, NH). Çíàéäåíî, %: Ñ 68,48; Í 4,89; N 3,77.
C21H18ClNO3. Îá÷èñëåíî, %: Ñ 68,57; Í 4,93; N
3,81.

Ìåòèë 4-(2,5-äèõëîðîáåíçèë)-2-ìåòèë-5-
ôîðì³ë-1Í-ï³ðîë-3-êàðáîêñèëàò (IVñ)

Âèõ³ä 65%. Á³ë³ êðèñòàëè, Òïë. 199–2000C.
ßÌÐ 1Í : 2,57 ñ (3H, CH3), 3,65 ñ (3H, CH3Î),
4,41 ñ (2H, CH2), 6,78 ä (1Í, J=2,5, 6-Í Ñ6Í3),
7,05 ä.ä (1Í, J=2,5; 8,5, 4-Í Ñ6Í3), 7,24 ä (1Í,
J=8,5, 3-Í Ñ6Í3), 9,42 ñ (1Í, ÑÍÎ), 10,16 ø.ñ
(1Í, NH). ßÌÐ 13Ñ : 9,8 (CH3), 23,0 (CH2), 46,3
(CH3O), 109,2 (CPyr–4), 122,8 (CPyr–2), 124,3 (CAr),
124,4 (CAr), 125,5 (CAr), 127,0 (CAr), 128,0 (CPyr–
5), 129,9 (CPyr–3), 135,5 (CAr–Cl), 139,2 (CAr–Cl),
160,0 (COO), 173,1 (CHO). Çíàéäåíî, %: Ñ 55,13;
Í 4,04; N 4,35. C15H13Cl2NO3. Îá÷èñëåíî, %: Ñ
55,24; Í 4,02; N 4,29.

Åòèë 2-ìåòèë-5-ôîðì³ë-4-(2,5-äèõëîðîáåí-
çèë)-1Í-ï³ðîë-3-êàðáîêñèëàò (IVd)

Âèõ³ä 67%. Á³ë³ êðèñòàëè, Òïë. 164–1650C.
ßÌÐ 1Í : 1,10 ò (3H, J=7,0, CH3CH2Î), 2,53 ñ
(3H, CH3), 4,07 ê (2H, J=7,0, CH3CH2Î), 4,39 ñ
(2H, CH2), 6,75 ä (1Í, J=2,0, 6-Í ArÍ), 7,13 ä.ä
(1Í, J=2,4; 8,4, 4-Í ArÍ), 7,34 ä (1Í, J=8,4, 3-Í
ArÍ), 9,50 ñ (1Í, ÑÍÎ), 12,38 ø.ñ (1Í, NH).
Çíàéäåíî, %: Ñ 56,37; Í 4,38; N 4,18.
C16H15Cl2NO3. Îá÷èñëåíî, %: Ñ 56,49; Í 4,44; N 4,12.
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Åòèë 4-(3,4-äèõëîðîáåíçèë)-2-ìåòèë-5-
ôîðì³ë-1Í-ï³ðîë-3-êàðáîêñèëàò (IVå)

Âèõ³ä 82%. Á³ë³ êðèñòàëè, Òïë. 157–1580C.
ßÌÐ 1Í : 1,17 ò (3H, J=7,0, CH3CH2Î), 2,45 ñ
(3H, CH3), 4,14 ê (2H, J=7,0, CH3CH2Î), 4,38 ñ
(2H, CH2), 7,12 ä (1Í, J=8,0, 6-Í ArÍ), 7,40 ñ
(1Í, 2-Í ArH), 7,50 ä (1Í, J=8,5, 5-Í ArÍ), 9,69
ñ (1Í, ÑÍÎ), 12,40 ø.ñ (1Í, NH). Çíàéäåíî, %:
Ñ 56,55; Í 4,49; N 4,07. C16H15Cl2NO3. Îá÷èñëå-
íî, %: Ñ 56,49; Í 4,44; N 4,12.

(2Å)-3-[3-(2,5-Äèõëîðîáåíçèë)-5-ìåòèë-4-
(ìåòîêñèêàðáîí³ë)-1Í-ï³ðîë-2-³ë]-2-ö³àíîàêðèëîâà
êèñëîòà (VIà)

Ðîç÷èíÿëè çà íàãð³âàííÿ 1,01 ã (3,1 ììîëü)
àëüäåã³äó (IVc) òà 0,26 ã (3,1 ììîëü) ö³àíîöòîâî¿
êèñëîòè (Va) â ñóì³ø³ ç 10 ìë ³çîïðîïàíîëó òà
5 ìë ÄÌÔÀ. Äî îòðèìàíîãî ðîç÷èíó äîäàâàëè
2–3 êðàïë³ ï³ïåðèäèíó òà êèï’ÿòèëè áëèçüêî
2 ãîä, îõîëîäæóâàëè, âèëèâàëè ó 25 ìë âîäè. Óò-
âîðåíèé îñàä â³äô³ëüòðîâóâàëè òà ïåðåêðèñòàë³-
çîâóâàëè ç ñóì³ø³ åòàíîë–ÄÌÔÀ, 2:1. Âèä³ëèëè
1,14 ã ïðîäóêòó. Âèõ³ä 79%. Æîâòóâàò³ êðèñòàëè,
Òïë. 237–2380C (ðîçêë). ßÌÐ 1Í : 2,63 ñ (3H,
CH3), 3,64 ñ (3H, CH3Î), 4,26 ñ (2H, CH2), 6,67 ñ
(1Í, 6-Í Ñ6Í3), 7,18 ä (1Í, J=8,0, 4-Í Ñ6Í3),
7,40 ä (1Í, J=8,0, 3-Í Ñ6Í3), 7,81 ñ (1Í, ÑÍ),
11,42 ø.ñ (1Í, NH). ÄÌÔÀ: 2,77 ñ (3Í, ÑÍ3),
2,93 ñ (3Í, ÑÍ3), 7,90 ñ (1Í, ÑÍÎ). Çíàéäåíî,
%: Ñ 53,91; Í 4,68; N 8,89. C18H14Cl2N2O4·Ñ3Í7NO.
Îá÷èñëåíî, %: Ñ 54,09; Í 4,54; N 9,01.

Åòèë 4-(2,5-äèõëîðîáåíçèë)-5-[(1Å)-3-åòîê-
ñè-3-îêñî-2-ö³àíîïðîï-1-åí-1-³ë]-2-ìåòèë-1Í-
ï³ðîë-3-êàðáîêñèëàò (VIb)

Ñóì³ø 1,05 ã (3,1 ììîëü) àëüäåã³äó (IVd),
0,35 ã (3,1 ììîëü) åòèëö³àíîàöåòàòó (Vb), 2–3
êðàïë³ òðèåòèëàì³íó â 15 ìë åòàíîëó êèï’ÿòèëè
1 ãîä, îõîëîäæóâàëè, óòâîðåíèé îñàä â³äô³ëüòðî-
âóâàëè òà ïðîìèâàëè íà ô³ëüòð³ åòàíîëîì. Âèä³-
ëèëè 0,97 ã ïðîäóêòó. Âèõ³ä 72%. Æîâò³ êðèñòà-
ëè, Òïë. 217–2180C. ßÌÐ 1Í : 1,15 ò (3H, J=7,0,
CH3CH2ÎPyr), 1,35 ò (3H, J=7,0, CH3CH2Î), 2,67
ñ (3H, CH3), 4,12 ê (2H, J=7,0, CH3CH2ÎPyr), 4,20–
4,32 ì (4H, CH3CH2Î ³ CH2), 6,73 ñ (1Í, 6-Í
Ñ6Í3), 7,14 ä (1Í, J=8,4, 4-Í Ñ6Í3), 7,35 ä (1Í,
J=8,4, 3-Í Ñ6Í3), 7,83 ñ (1Í, ÑÍ), 11,31 ø.ñ (1Í,
NH). Çíàéäåíî, %: Ñ 58,03; Í 4,57; N 6,57.
C21H20Cl2N2O4. Îá÷èñëåíî, %: Ñ 57,94; Í 4,63; N
6,44.

Åòèë 5-(2,2-äèö³àíîâ³í³ë)-2-ìåòèë-4-(3-õëî-
ðîáåíçèë)-1Í-ï³ðîë-3-êàðáîêñèëàò (VIII)

Ðîç÷èíÿëè ïðè íàãð³âàíí³ 1 ã (3,3 ììîëü)
àëüäåã³äó (IVà) ³ 0,22 ã (3,3 ììîëü) ìàëîíîäèí³-
òðèëó (VII) â 10 ìë åòàíîëó. Äî îäåðæàíîãî ðîç-
÷èíó äîäàâàëè 2–3 êðàïë³ ï³ïåðèäèíó. Ìàéæå

îäðàçó ïî÷àâ óòâîðþâàòèñÿ îñàä. Ñóì³ø êèï’ÿ-
òèëè ùå 30 õâ, îõîëîäæóâàëè, îñàä â³äô³ëüòðî-
âóâàëè ³ ïåðåêðèñòàë³çîâóâàëè ç åòàíîëó. Ìàñà
ïðîäóêòó 0,7 ã. Âèõ³ä 60%. Áë³äî-æîâò³ êðèñòà-
ëè, Òïë. 167–1680C. ßÌÐ 1Í : 1,23 ò (3H, J=7,2,
CH3CH2Î), 2,61 ñ (3H, CH3), 4,16 ê (2H, J=7,2,
CH3CH2Î), 4,28 ñ (2H, CH2), 6,97 ä (1Í, J=8,8,
6-Í Ñ6Í4), 7,09 ä (1Í, J=9,6, 4-Í Ñ6Í4), 7,12 ñ
(1Í, 2-Í Ñ6Í4), 7,17 ò (1Í, J=7,4, 5-Í Ñ6Í4),
8,03 ñ (1Í, ÑÍ), 11,42 ø.ñ (1Í, NH). Çíàéäåíî,
%: Ñ 64,41; Í 4,49; N 11,97. C19H16ClN3O2. Îá-
÷èñëåíî, %: Ñ 64,50; Í 4,56; N 11,88.

Åòèë 5-[(1Å)-3-àì³íî-3-îêñî-2-ö³àíîïðîï-1-
åí-1-³ë]-2-ìåòèë-4-(3-õëîðîáåíçèë)-1Í-ï³ðîë-3-
êàðáîêñèëàò (Xà)

Ñóì³ø 0,95 ã (3,1 ììîëü) àëüäåã³äó (IVà),
0,26 ã (3,1 ììîëü) ö³àíàöåòàì³äó (IXà) òà 2–3
êðàïë³ òðèåòèëàì³íó â 10 ìë åòàíîëó êèï’ÿòèëè
1 ãîä, îõîëîäæóâàëè, óòâîðåíèé îñàä â³äô³ëüòðî-
âóâàëè òà ïåðåêðèñòàë³çîâóâàëè ç ñóì³ø³ åòàíîë–
ÄÌÔÀ, 3:1. Âèä³ëèëè 0,75 ã ïðîäóêòó. Âèõ³ä 65%.
Æîâòóâàò³ êðèñòàëè, Òïë. 231–2320C. ßÌÐ 1Í :
1,22 ò (3H, J=7,0, CH3CH2Î), 2,59 ñ (3H, CH3),
4,15 ê (2H, J=7,0, CH3CH2Î), 4,24 ñ (2H, CH2),
6,98 ä (1Í, J=8,0, 6-Í Ñ6Í4), 7,07 ä (1Í, J=8,0,
4-Í Ñ6Í4), 7,11 ñ (1Í, 2-Í Ñ6Í4), 7,17 ò (1Í,
J=8,0, 5-Í Ñ6Í4), 7,34 ø.ñ (2Í, NH2), 7,93 ñ (1Í,
ÑÍ), 11,00 ø.ñ (1Í, NH). Çíàéäåíî, %: Ñ 61,29;
Í 4,82; N 11,23. C19H18ClN3O3. Îá÷èñëåíî, %: Ñ
61,38; Í 4,88; N 11,30.

Åòèë 5-[(1Å)-3-àì³íî-3-ò³îêñî-2-ö³àíîïðîï-
1-åí-1-³ë]-2-ìåòèë-4-(3-õëîðîáåíçèë)-1Í-ï³ðîë-3-
êàðáîêñèëàò (Xb)

Ñóì³ø 0,95 ã (3,1 ììîëü) àëüäåã³äó (IVa),
0,31 ã (3,1 ììîëü) ò³îö³àíàöåòàì³äó (IXb) òà 2–3
êðàïë³ òðèåòèëàì³íó â 15 ìë åòàíîëó êèï’ÿòèëè
1,5 ãîä, îõîëîäæóâàëè, óòâîðåíèé îñàä
â³äô³ëüòðîâóâàëè òà ïåðåêðèñòàë³çîâóâàëè ç åòà-
íîëó. Âèä³ëèëè 0,85 ã ïðîäóêòó. Âèõ³ä 71%.
Ñâ³òëî-êîðè÷íåâ³ êðèñòàëè, Òïë. 158–1590C. ßÌÐ
1Í : 1,23 ò (3H, J=7,2, CH3CH2Î), 2,60 ñ (3H,
CH3), 4,15 ê (2H, J=7,2, CH3CH2Î), 4,26 ñ (2H,
CH2), 6,98–7,25 ì (5Í, NÍ2 ³ ArÍ), 8,15 ñ (1Í,
ÑÍ), 10,60 ø.ñ (1Í, NH). Çíàéäåíî, %: Ñ 58,72;
Í 4,62; N 10,88. C19H18ClN3O2S. Îá÷èñëåíî, %:
Ñ 58,83; Í 4,68; N 10,83.

Åòèë 5-[(Z)-(3-ìåòèë-5-îêñî-1,5-äèã³äðî-
4H-ï³ðàçîë-4-³ë³äåí)ìåòèë]-2-ôåí³ë-4-(3-õëîðîáåí-
çèë)-1Í-ï³ðîë-3-êàðáîêñèëàò (XIIà)

Ñóì³ø 1,1 ã (3 ììîëü) àëüäåã³äó (IVb), 0,29 ã
(3 ììîëü) ï³ðàçîëîíó (XI) ³ 0,25 ã (3 ììîëü) áåç-
âîäíîãî AcONa â 15 ìë êðèæàíî¿ îöòîâî¿ êèñ-
ëîòè êèï’ÿòèëè 4 ãîä. Ï³ñëÿ öüîãî ðåàêö³éíó
ñóì³ø îõîëîäæóâàëè ³ çàëèøàëè çà ê³ìíàòíî¿
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òåìïåðàòóðè íà äîáó. Îñàä, ùî óòâîðèâñÿ,
â³äô³ëüòðîâóâàëè, ñóøèëè ³ ïåðåêðèñòàë³çîâóâàëè
ç AcOH. Îòðèìàëè 1,1 ã ïðîäóêòó. Âèõ³ä 82%.
Îðàíæåâ³ êðèñòàëè, Òïë. 153–1540C. ßÌÐ 1Í :
1,05 ò (3H, J=7,0, CH3CH2Î), 2,19 ñ (3H, CH3),
2,50 ñ (3Í, ÑÍ3Pyrazole), 4,09 ê (2H, J=7,0,
CH3CH2Î), 4,47 ñ (2H, CH2), 7,14–7,34 ì (4Í,
Ñ6Í5 ³ Ñ6Í4), 7,45–7,70 ì (6Í, Ñ6Í5 ³ Ñ6Í4 ³ ÑÍ),
11,60 ñ (1Í, NHPyrazole), 15,20 ñ (1Í, NH). Çíàé-
äåíî, %: Ñ 66,91; Í 4,90; N 9,29. C25H22ClN3O3.
Îá÷èñëåíî, %: Ñ 67,04; Í 4,95; N 9,38.

Åòèë 4-(3,4-äèõëîðîáåíçèë)-2-ìåòèë-5-[(Z)-
(3-ìåòèë-5-îêñî-1,5-äèã³äðî-4H-ï³ðàçîë-4-³ë³äåí)-
ìåòèë]-1Í-ï³ðîë-3-êàðáîêñèëàò (XIIb)

Ñèíòåçóâàëè ç àëüäåã³äó (IVå) çà ìåòîäè-
êîþ ñïîëóêè (XIIà). Âèõ³ä 86%. Îðàíæåâ³ êðèñ-
òàëè, Òïë. 217–2180C. ßÌÐ 1Í : 1,18 ò (3H, J=7,0,
CH3CH2Î), 2,16 ñ (3H, CH3), 2,56 ñ (3Í,
ÑÍ3Pyrazole), 4,15 ê (2H, J=7,0, CH3CH2Î), 4,42 ñ
(2H, CH2), 7,08 ä (1Í, J=8,5, 6-Í Ñ6Í3), 7,40 ñ
(1Í, 2-Í Ñ6Í3), 7,49 ä (1Í, J=8,5, 5-Í Ñ6Í3),
7,52 ñ (1Í, ÑÍ), 11,53 ñ (1Í, CH), 11,92 ø.ñ
(1Í, NHPyrazole), 14,72 ñ (1Í, NH). AcOH: 1,91 ñ
(3Í, ÑÍ3). Çíàéäåíî, %: Ñ 55,17; Í 4,91; N 8,68.
C20H19Cl2N3O3Ñ2Í4O2. Îá÷èñëåíî, %: Ñ 55,01; Í
4,83; N 8,75.

Ìåòèë 5-[(4,4-äèìåòèë-2,6-ä³îêñîöèêëîãåê-
ñèë³äåí)ìåòèë]-4-(2,5-äèõëîðîáåíçèë)-2-ìåòèë-
1Í-ï³ðîë-3-êàðáîêñèëàò (XIV)

Ñóì³ø 1,01 ã (3,1 ììîëü) àëüäåã³äó (IVñ) òà
0,87 ã (6,2 ììîëü) ä³ìåäîíó (XIII) â 10 ìë îöòî-
âî¿ êèñëîòè êèï’ÿòèëè áëèçüêî 2 ãîä, çàëèøàëè
íà í³÷ çà ê³ìíàòíî¿ òåìïåðàòóðè, ï³ñëÿ ÷îãî äî-
äàâàëè 20 ìë âîäè. Óòâîðåíèé îñàä â³äô³ëüòðî-
âóâàëè òà ïåðåêðèñòàë³çîâóâàëè ç ñóì³ø³ åòàíîë–
ÄÌÔÀ, 3:1. Âèä³ëèëè 0,93 ã ïðîäóêòó. Âèõ³ä 67%.
Æîâò³ êðèñòàëè, Òïë. 181–1820C. ßÌÐ 1Í : 1,05
ñ (6H, 2´CH3), 2,47 ñ (3H, CH3Pyr), 2,61 ñ (2H,
CH2), 2,69 ñ (2H, CH2), 3,69 ñ (3H, CH3Î), 4,40 ñ
(2H, CH2Bz), 6,63 ñ (1Í, 6-Í Ñ6Í3), 7,19 ä (1Í,
J=8,0, 4-Í Ñ6Í3), 7,42 ä (1Í, J=8,0, 3-Í Ñ6Í3),
7,83 ñ (1Í, ÑÍ), 13,76 ø.ñ (1Í, NH). Çíàéäåíî,
%: Ñ 61,49; Í 5,11; N 3,19. C23H23Cl2NO4. Îá÷èñ-
ëåíî, %: Ñ 61,62; Í 5,17; N 3,12.

Çàãàëüíà ìåòîäèêà ñèíòåçó ò³îñåì³êàðáàçîí³â
(XVIa–c)

Ñóì³ø 3,3 ììîëü â³äïîâ³äíîãî àëüäåã³äó
(IVà, å), 3,3 ììîëü 4-áåíçèë(2-ôóðèë)ò³îñåì³êàð-
áàçèäó (XVà, b) òà 2–3 êðàïë³ ï³ïåðèäèíó â 15
ìë åòàíîëó êèï’ÿòèëè áëèçüêî 2 ãîä, îõîëîäæó-
âàëè, óòâîðåíèé îñàä â³äô³ëüòðîâóâàëè ³ ïðîìè-
âàëè íà ô³ëüòð³ åòàíîëîì. Ñïîëóêó (XVIb) ïåðå-
êðèñòàë³çîâóâàëè ç ñóì³ø³ DMF–EtOH, 1:1.

Åòèë 5-((Å)-{[(áåíçèëàì³íî)êàðáîíîò³î¿ë]ã³-

äðàçîíî}ìåòèë)-2-ìåòèë-4-(3-õëîðîáåíçèë)-1Í-
ï³ðîë-3-êàðáîêñèëàò (XVIà)

Âèõ³ä 92%. Ñâ³òëî-æîâò³ êðèñòàëè, Òïë. 210–
2110C. ßÌÐ 1Í : 1,24 ò (3H, J=7,2, CH3CH2Î),
2,48 ñ (3H, CH3), 4,09 ñ (2Í, ÑÍ2), 4,15 ê (2H,
J=7,2, CH3CH2Î), 4,92 ä (2Í, J=5,6, ÑÍ2NH),
7,04–7,10 ì (2Í, ArH), 7,12–7,23 ì (3Í, ArH),
7,27–7,37 ì (4Í, ArH), 8,05 ñ (1Í, ÑÍ), 8,66 ò
(1Í, J=6,0, NHÑÍ2), 11,27 ø.ñ (1Í, NH), 11,31
ø.ñ (1Í, NH). Çíàéäåíî, %: Ñ 61,34; Í 5,41; N
12,03. C24H25ClN4O2S. Îá÷èñëåíî, %: Ñ 61,46; Í
5,37; N 11,95.

Åòèë 5-((Å)-{[(áåíçèëàì³íî)êàðáîíîò³î¿ë]ã³-
äðàçîíî}ìåòèë)-4-(3,4-äèõëîðî-áåíçèë)-2-ìåòèë-
1Í-ï³ðîë-3-êàðáîêñèëàò (XVIb)

Âèõ³ä 78%. Æîâò³ êðèñòàëè, Òïë. 214–2150C.
ßÌÐ 1Í : 1,17 ò (3H, J=7,0, CH3CH2Î), 2,51 ñ
(3H, CH3), 4,07 ñ (2Í, ÑÍ2), 4,11 ê (2H, J=7,0,
CH3CH2Î), 4,93 ä (2Í, ÑÍ2NH), 7,03–7,10 ì (2Í,
ArH), 7,16–7,36 ì (4Í, ArH), 7,45–7,53 ì (2Í,
ArH), 8,01 ñ (1Í, ÑÍ), 8,43 ø.ñ (1Í, NHÑÍ2),
11,31 ø.ñ (1Í, NH), 11,52 ø.ñ (1Í, NH). Çíàé-
äåíî, %: Ñ 57,34; Í 4,88; N 11,06. C24H24Cl2N4O2S.
Îá÷èñëåíî, %: Ñ 57,26; Í 4,81; N 11,13.

Åòèë 2-ìåòèë-5-[(Å)-({[(2-ôóðèëìåòèë)à-
ì³íî]êàðáîíîò³î¿ë}ã³äðàçîíî)ìåòèë]-4-(3-õëîðîáåí-
çèë)-1Í-ï³ðîë-3-êàðáîêñèëàò (XVIc)

Âèõ³ä 93%. Ñâ³òëî-æîâò³ êðèñòàëè, Òïë. 218–
2190C. ßÌÐ 1Í : 1,25 ò (3H, J=6,8, CH3CH2Î),
2,51 ñ (3H, CH3), 4,09 ñ (2Í, ÑÍ2), 4,16 ê (2H,
J=6,8, CH3CH2Î), 4,86 ä (2Í, J=6,0, ÑÍ2NH),
6,29–6,34 ì (2Í, 3,4-Í2Fur), 7,04–7,10 ì (2Í,
ArÍ), 7,13–7,19 ì (2Í, ArÍ), 7,40–7,42 ì (1Í,
5-ÍFur), 8,03 ñ (1Í, ÑÍ), 8,54 ò (1Í, J=6,0,
NHÑÍ2), 11,31 ø.ñ (1Í, NH), 11,35 ø.ñ (1Í, NH).
Çíàéäåíî, %: Ñ 57,46; Í 5,10; N 12,16.
C22H23ClN4O3S. Îá÷èñëåíî, %: Ñ 57,57; Í 5,05;
N 12,21.

Åêñïåðèìåíòàëüíà êðèñòàëîãðàô³÷íà ÷àñòè-

íà

Äèôðàêö³éí³ äàí³ äëÿ ñïîëóêè (XIIb) ç³áðà-
íî íà àâòîìàòè÷íîìó äèôðàêòîìåòð³ Oxford
Diffraction Xcalibur (CCD äåòåêòîð Atlas) ç âèêî-
ðèñòàííÿì MoK âèïðîì³íþâàííÿ (=0,71073 Å).
Ç³áðàí³ äèôðàêö³éí³ äàí³ îïðàöüîâàíî ç äîïî-
ìîãîþ ïàêåòó ïðîãðàì CrysAlis PRO. Êðèñòàë³-
÷íó ñòðóêòóðó ðîçâ’ÿçàíî â ïðîãðàì³ ShelXT ³
óòî÷íåíî ìåòîäîì íàéìåíøèõ êâàäðàò³â â ShelXL.
Â ìîëåêóë³ à (ðèñóíîê) åòèëüíà ãðóïà íåâïîðÿä-
êîâàíà ó äâîõ ïîçèö³ÿõ ç ôàêòîðàìè çàñåëåííÿ
0,857(5):0,143(5). Â ìîëåêóë³ á (ðèñóíîê) àòîì
Cl1B íåâïîðÿäêîâàíèé ó äâîõ ïîçèö³ÿõ ç ôàêòî-
ðàìè çàñåëåííÿ 0,7747(15):0,2253(15). Êðèñòàëî-
ãðàô³÷í³ äàí³ ñèñòåìàòèçîâàíî â òàáë. 2.
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Åêñïåðèìåíòàëüíà á³îëîã³÷íà ÷àñòèíà

Äîñë³äæåííÿ ïðîòèãðèáêîâî¿ òà ïðîòèáàê-
òåð³àëüíî¿ ä³¿ ñèíòåçîâàíèõ ñïîëóê ïðîâîäèëè ³ç
âèêîðèñòàííÿì ì³êðîìåòîäó äâîðàçîâèõ ñåð³é-
íèõ ðîçâåäåíü ó ð³äêîìó æèâèëüíîìó ñåðåäîâèù³.
Âèçíà÷àëè ì³í³ìàëüí³ áàêòåð³îñòàòè÷í³ ÷è ôóí-
ã³ñòàòè÷í³ (ÌÁñÊ, ÌÔñÊ) êîíöåíòðàö³¿ òà
ì³í³ìàëüí³ áàêòåðèöèäí³ ÷è ôóíã³öèäí³ (ÌÁöÊ,
ÌÔöÊ) êîíöåíòðàö³¿ ñèíòåçîâàíèõ ïîõ³äíèõ
ï³ðîëó ùîäî ðåôåðåíñ-øòàì³â áàêòåð³é (S. àureus
209, B. sterothermophilus 718, S. typhimurium 441)
òà ãðèá³â (C. albiñans ÀÒÑÑ 885/653 òà C. krusei
ATCC 6258).

Äî 96 ëóíêîâèõ ïîë³ñòèðîëîâèõ ïëàíøåò³â
âíîñèëè ïî 0,05 ìë 4-ãîäèííî¿ êóëüòóðè ì³êðî-
îðãàí³çì³â (äëÿ ãðèá³â âèêîðèñòîâóâàëè
104 ÊÓÎ/ìë ó ð³äêîìó ñåðåäîâèù³ Ñàáóðî, äëÿ
áàêòåð³é â 1 ìë ì’ÿñî-ïåïòîííîãî áóëüéîíó
ì³ñòèëîñÿ 105 ÊÓÎ/ìë). Ñóñïåíç³þ äîñë³äæóâà-
íèõ ì³êðîîðãàí³çì³â (³íîêóëþìó) ãîòóâàëè ç äî-
áîâî¿ êóëüòóðè. Ïåòëåþ äëÿ ïîñ³â³â â³äáèðàëè
ê³ëüêà îäíîòèïíèõ ³çîëüîâàíèõ êîëîí³é, ïåðå-
íîñèëè íåçíà÷íó ê³ëüê³ñòü ìàòåð³àëó â ïðîá³ðêó
³ç ñòåðèëüíèì ô³ç³îëîã³÷íèì ðîç÷èíîì ³ çà äî-
ïîìîãîþ äåíñèòîìåòðà (DEN-1 Biosan) îäåðæó-
âàëè ñóñïåíç³þ ì³êðîîðãàí³çì³â ó êîíöåíòðàö³¿
1,5108 ÊÓÎ/ìë, ÿêà â³äïîâ³äàº ñòàíäàðòó ìóò-
íîñò³ 0,5 çà ÌàêÔàðëàíäîì. Ïîò³ì, íå ï³çí³øå
15 õâ, äåñÿòèêðàòíèì ðîçâåäåííÿì â ïîæèâíî-
ìó ñåðåäîâèù³ îòðèìóâàëè íåîáõ³äíó ðîáî÷ó
ì³êðîáíó ñóñïåíç³þ. Ãîòóâàëè ðîç÷èíè äîñë³-

äæóâàíèõ ñïîëóê äëÿ ì³êðîìåòîäó ñåð³éíèõ ðîç-
âåäåíü (ó êîíöåíòðàö³¿ 1000 ìêã/ìë), âèêîðèñ-
òîâóþ÷è ÿê ðîç÷èííèê äèìåòèëñóëüôîêñèä. Îñ-
íîâí³ ðîáî÷³ ðîç÷èíè çáåð³ãàëè çà òåìïåðàòóðè
íå âèùå 200Ñ. Â ïåðøó ëóíêó âíîñèëè 0,05 ìë
ìàòðè÷íîãî ðîç÷èíó äîñë³äíî¿ ðå÷îâèíè, ï³ñëÿ
ïåðåì³øóâàííÿ ïåðåíîñèëè ïî 0,05 ìë ó íàñòóïí³
ëóíêè ïåðøîãî ðÿäó, â òàêèé ñïîñ³á îòðèìóâàëè
ðîçâåäåííÿ â³ä 500 ìêã/ìë äî 3,9 ìêã/ìë [14].
Òàê ñàìî çä³éñíþâàëè äîñë³äæåííÿ ó íàñòóïíèõ
ðÿäàõ ëóíîê ç ³íøèìè ñïîëóêàìè. Ï³ñëÿ öüîãî
ïëàíøåòè ïîì³ùàëè â òåðìîñòàò çà òåìïåðàòóðè
370Ñ, ³íêóáóâàëè 24 ãîä (äëÿ ãðèá³â – 280Ñ, 48 ãîä,
â³äïîâ³äíî). Íàéìåíøó êîíöåíòðàö³þ äîñë³äæó-
âàíî¿ ðå÷îâèíè, ó ïðèñóòíîñò³ ÿêî¿ íå ñïîñòåð³-
ãàëè ðîñòó êóëüòóðè, ïðèéìàëè çà áàêòåð³îñòà-
òè÷íó (ôóíã³ñòàòè÷íó) êîíöåíòðàö³þ. Äîñë³äè
ïðîâîäèëè ïàðàëåëüíî ç êîíòðîëåì, à äëÿ îòðè-
ìàííÿ â³ðîã³äíèõ ðåçóëüòàò³â åêñïåðèìåíòè âè-
êîíóâàëè òðè÷³ ç êîæíîþ êîíöåíòðàö³ºþ ñïî-
ëóêè òà äîñë³äæóâàíîþ êóëüòóðîþ ì³êðîîð-
ãàí³çì³â.

Âèñíîâêè

Âïåðøå îòðèìàíî ñåð³þ íîâèõ 5-ôîðì³ë-
4-R-áåíçèë-1Í-ï³ðîë-3-êàðáîêñèëàò³â (IVa–e) òà
äîñë³äæåíî ¿õ â ðåàêö³ÿõ ç ò³îñåì³êàðáàçèäàìè ³
ç ñïîëóêàìè, ùî ì³ñòÿòü àêòèâí³ ìåòèëåíîâ³ ãðó-
ïè. Äîñë³äæåíî ïðîòèì³êðîáíó àêòèâí³ñòü ñèí-
òåçîâàíèõ ðå÷îâèí. ²äåíòèô³êîâàíî ñïîëóêè, ÿê³
çà ñâîºþ ïðîòèãðèáêîâîþ àêòèâí³ñòþ ñóì³ðí³ ç
ïðåïàðàòîì ïîð³âíÿííÿ á³ôîíàçîëîì.

Брутто-формула C22H23Cl2N3O5 Властивості кристалу 
Nomer CCDC 1917629 , г/см3 1,392 
Формульна маса, г/моль 480,33 , мм–1 0,322 
Температура, K 100,0(2) F(000) 1000 
Довжина хвилі, Å 0,71073 max, 

0 29,42 
Сингонія, просторова група Триклінна, PĪ (2) Розмір кристалу, мм3 0,330,200,06 

Параметри комірки Колір Оранжевий 
a, Å 11,367(4) Відбиття виміряні 30325 
b, Å 14,183(5) Відбиття незалежні 10907 
c, Å 15,916(5) Число параметрів, що підлягають уточненню 611 
, 0 72,67(3) S, Goof 1,02 

, 0 73,74(3) Фактори розбіжності (I>2(I)) 
R1=0,0445, 
wR2=0,0888 

, 0 73,31(3) Фактори розбіжності (усі рефлекси) 
R1=0,0777, 
wR2=0,1020 

V, Å3 2292,6(15)   
Z 4   

 

Òàáëèöÿ 2

Âèáðàí³ êðèñòàëîãðàô³÷í³ ïàðàìåòðè ñòðóêòóðè (XIIb)
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SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF
DERIVATIVES OF 4-R-BENZYLPYRROL-3-CARBOXYLIC
ACID ESTERS

R.L. Martyak a, *, A.M. Grozav b, N.D. Yakovychuk b,
V.V. Kinzhybalo c, V.S. Matiychuk a

à Ivan Franko National University of Lviv, Lviv, Ukraine
b Bukovinian State Medical University, Chernivtsi, Ukraine
c Institute of Low Temperature and Structure Research, Polish
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By the reaction of 3-aryl-2-chloropropanals (Ia–d) with
-ketoesters (methyl- and ethyl-acetoacetates, benzoylacetic acid
ethyl ester) and ammonia, 4-benzylsubstituted pyrroles (IIIa–f)
were synthesized. They were transformed into the corresponding
4-R-benzyl-5-formyl-1H-pyrrol-3-carboxylates (IVa–e) by the
Wilsmeier-Haack reaction. The products of condensation of these
aldehydes with thiosemicarbazides and compounds containing
active methylene groups (methyl- and ethylcyanoacetates,
malonodinitrile, cyanoacetamide, cyanothioacetamide, 5-methyl-
2,4-dihydro-pyrazol-3-one and dimidone) were prepared. The
structure of all compounds was determined by 1H NMR
spectroscopy. The molecular structure of compound (XIIb) was
also confirmed by X-ray diffraction studies. The results of
microbiological studies indicated high activity of the synthesized
substances in relation to the reference strain of the Candida krusei
ATCC 6258 fungus, in particular, the MFC for compounds (IIId),
(Xb), (XIV) is 7.81 g mL–1, which is equivalent to the MFC of
the antifungal agent of bifonazole. The obtained results are
important for the search for lead compounds to design new
antifungal drugs.

Keywords: 3-aryl-2-chloropropanals; Hantzsch pyrrole
synthesis; Vilsmeier-Haack reaction; pyrrol-3-carboxylic acid
esters; antimicrobial activity.
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