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ÐÅÃ²Î- ÒÀ ÑÒÅÐÅÎÑÅËÅÊÒÈÂÍÈÉ ÑÈÍÒÅÇ ÑÎËÅÉ 5-
ÃÀËÎÃÅÍÎ(ÒÅÒÐÀÕËÎÐÎÒÅËÓÐÎ)ÌÅÒÈË²ÄÅÍ-1-ÅÒÎÊÑÈÊÀÐÁÎÍ²Ë-

5,6,7,8-ÒÅÒÐÀÃ²ÄÐÎÏ²ÐÀÇÎËÎ[1,2-a]Ï²ÐÈÄÀÇÈÍ²Þ

à ÄÂÍÇ «Óæãîðîäñüêèé íàö³îíàëüíèé óí³âåðñèòåò», ì. Óæãîðîä, Óêðà¿íà
á Enamine Ltd., ì. Êè¿â, Óêðà¿íà

Â äàí³é ðîáîò³ íàâåäåí³ ðåçóëüòàòè äîñë³äæåííÿ åëåêòðîô³ëüíî¿ âíóòð³øíüîìîëå-
êóëÿðíî¿ öèêë³çàö³¿ åòèë 1-ïåíòèí³ëï³ðàçîë-5-êàðáîêñèëàòó ãàëîãåíàìè òà òåëóðî-
òåòðàõëîðèäîì. Àëê³ëóâàííÿì åòèë ï³ðàçîë-3(5)-êàðáîêñèëàòó ïåíòèí³ë ìåçèëà-
òîì çà íàÿâíîñò³ öåç³é êàðáîíàòó â ñåðåäîâèù³ äèìåòèëôîðìàì³äó ñèíòåçîâàíî
ñóì³ø ðåã³î³çîìåð³â, ÿê³ ðîçä³ëåí³ õðîìàòîãðàô³÷íî. Âñòàíîâëåíî, ùî â ðåçóëüòàò³
ãàëîãåíóâàííÿ ðåã³î³çîìåðíî¿ ñóì³ø³ åòèë 1-ïåíò³í³ëï³ðàçîë-5-êàðáîêñèëàòó òà åòèë
1-ïåíò³í³ëï³ðàçîë-3-êàðáîêñèëàòó éîäîì òà áðîìîì ãàëîöèêë³çàö³¿ ï³ääàºòüñÿ ò³ëüêè
åòèë 1-ïåíò³í³ëï³ðàçîë-5-êàðáîêñèëàò, â ðåçóëüòàò³ ÷îãî ñòåðåîñåëåêòèâíî óòâî-
ðþþòüñÿ ñîë³ ãàëîãåíîìåòèë³äåí çàì³ùåíîãî ï³ðàçîëî[1,2-a]ï³ðèäàçèí³þ, ùî äîâå-
äåíî ñïåêòðàëüíèìè äîñë³äæåííÿìè ç ãîìî- òà ãåòåðîÿäåðí³é êîðåëÿö³¿. Éîäóâàí-
íÿ òà áðîìóâàííÿ ³íäèâ³äóàëüíèõ ïåíò³í³ëüíèõ åñòåð³â ï³ðàçîëó ï³äòâåðäæóº
öèêë³çàö³þ ò³ëüêè îäíîãî ³ç ³çîìåð³â. Ãàëîöèêë³çàö³ÿ åòèë 1-ïåíòèí³ëï³ðàçîë-5-
êàðáîêñèëàòó ãàëîãåí³äàìè éîäó â îöòîâ³é êèñëîò³ ïðèâîäèòü äî âèä³ëåííÿ éîäî-
äèáðîì³äó òà õëîðèäó 5-éîäîìåòèë³äåí-1-åòîêñèêàðáîí³ë-5,6,7,8-òåòðàã³äðîï³ðàçî-
ëî[1,2-a]ï³ðèäàçèí³þ. Ïðè ä³¿ íà 1-ïåíò³í³ëï³ðàçîë-5-êàðáîêñèëàò òåëóð(IV) îêñè-
äó â õëîðîâîäíåâ³é êèñëîò³  â³äáóâàºòüñÿ òåëóðî-³íäóêîâàíà öèêë³çàö³ÿ ç óòâîðåí-
íÿì òåëóðîôóíêö³îíàë³çîâàíîãî òåòðàã³äðîï³ðàçîëî[1,2-a]ï³ðèäàçèí³þ ó âèãëÿä³
âíóòð³øíüîìîëåêóëÿðíî¿ ñîë³. Ñïåêòðàëüí³ õàðàêòåðèñòèêè (ßÌÐ 1Í òà 13Ñ)
éîäîäèáðîì³äó, õëîðèäó éîäîìåòèë³äåí-1-åòîêñèêàðáîí³ëòåòðàã³äðîï³ðàçîëî
[1,2-a]ï³ðèäàçèí³þ òà òåëóðîâì³ñíîãî öâ³òåð-³îíà òàêîæ âêàçóþòü íà ñòïåðåîñå-
ëåêòèâí³ñòü ïðîöåñó ãåòåðîöèêë³çàö³¿. Ó ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü îòðèìà-
íî ïîòåíö³éíî á³îëîã³÷íî àêòèâí³ ñîë³  ï³ðàçîëîï³ðèäàçèí³þ.

Êëþ÷îâ³ ñëîâà: åëåêòðîô³ëüíà âíóòð³øíüîìîëåêóëÿðíà öèêë³çàö³ÿ, åòèë 1-ïåíò³-
í³ëï³ðàçîë-5-êàðáîêñèëàò, ñòåðåî ñåëåêòèâí³ñòü, ïîõ³äí³ ï³ðàçîëî[1,2-a]ï³ðèäàçèíó,
òåëóðîðãàí³÷í³ ñïîëóêè, öâ³òåð-³îí.
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Âñòóï
Â îñòàíí³ ðîêè àêòèâíî çä³éñíþþòü äî-

ñë³äæåííÿ ïðèðîäíèõ àíàëîã³â êîíäåíñîâàíèõ ïî-
õ³äíèõ ï³ðàçîëîä³àçèí³â, ÿê³ áóëè äîáóò³ ç Nigella
Sativa òà Nigella Glandulifera [1,2]. Áóëî âñòà-
íîâëåíî, ùî ïðèðîäí³ àëêàëî¿äè í³ãåë³öèí, í³ãå-
ë³äèí, í³ãåãëàï³í òà í³ãåãëàê³í çäàòí³ ïðîÿâëÿòè
øèðîêèé ñïåêòð á³îëîã³÷íî¿ àêòèâíîñò³, à ñàìå

àíòèì³êðîáíó, ïðîòèçàïàëüíó, áîëåçàñïîê³éëèâó,
ïðîòèðàêîâó, ïðîòèâ³ðóñíó [3–6].

Â³äîì³ ìåòîäè îäåðæàííÿ ñèíòåòè÷íèõ àíà-
ëîã³â ï³ðàçîëîï³ðèäàçèí³â, ÿê³ çä³éñíþþòü àëê³-
ëóâàííÿì äèãàëîãåíàëêàíàìè ³íäàçèí³â ç íàñòóï-
íîþ âíóòð³øíüîìîëåêóëÿðíîþ öèêë³çàö³ºþ, â ðå-
çóëüòàò³ ÷îãî îòðèìóþòü ïîõ³äí³ ï³ðàçîëîï³ðèäà-
çèí³â [7–11]. Íàòîì³ñòü â³äîìîñòåé ïðî âèêî-
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ðèñòàííÿ ìåòîäó åëåêòðîô³ëüíî¿ öèêë³çàö³¿ â
ñèíòåç³ òàêèõ êîíäåíñîâàíèõ àçàãåòðîöèêë³â íåìàº.
Òîìó ìåòîþ äàíî¿ ðîáîòè º ç’ÿñóâàííÿ çàêîíî-
ì³ðíîñòåé ãåòåðîöèêë³çàö³¿ åòèëîâîãî åñòåðó
1-ïåíòèí³ëï³ðàçîë-5-êàðáîêñèëàòó ï³ä ä³ºþ ìîëå-
êóëÿðíèõ òà ã³áðèäíèõ ãàëîãåí³â, òåëóðòåòðàõëî-
ðèäó.

Åêñïåðèìåíòàëüíà ÷àñòèíà
Ñïåêòðè ßÌÐ 1H (400 MHz) òà 13C (100 MHz)

îäåðæàíî íà ñïåêòðîìåòð³ Mercury-400 â³äíîñíî
ÒÌÑ. Åëåìåíòíèé àíàë³ç âèêîíàíî íà ïðèëàä³
Elementar Vario MICRO. Òåìïåðàòóðè òîïëåííÿ
âèçíà÷åí³ íà ïðèëàä³ Stuart SMP30. Óñ³ ðåàãåíòè
áóëè îäåðæàí³ â³ä êîìåðö³éíèõ ïîñòà÷àëüíèê³â ³
âèêîðèñòàí³ áåç äîäàòêîâîãî î÷èùåííÿ.

Ìåòîäèêà ñèíòåçó åòèë 1-ïåíòèí³ëï³ðàçîë-
5(3)-êàðáîêñèëàò³â 1, 2

Äî 0,014 ìîëü åòèë ï³ðàçîë-3(5)-êàðáîêñè-
ëàòó, ðîç÷èíåíîãî ó 30 ìë ÄÌÔÀ, äîäàþòü
0,021 ìîëü öåç³é êàðáîíàòó. Îäåðæàíó ñóì³ø ïå-
ðåì³øóþòü 15–20 õâ ³ äîäàþòü 0,0154 ìîëü     ïåí-
òèí³ë ìåçèëàòó. Ðåàêö³éíó ñóì³ø ïåðåì³-   øóþòü
ïðîòÿãîì äîáè, âèëèâàþòü ó âîäó òà    åêñòðàãó-
þòü åòèë àöåòàòîì. Îðãàí³÷íèé øàð ïðîìèâàþòü
âîäîþ, íàñè÷åíèì ðîç÷èíîì íàòð³é õëîðèäó, ðîç-
ä³ëÿþòü, ñóøàòü íàòð³é ñóëüôàòîì òà âèïàðîâó-
þòü åòèëàöåòàò, îòðèìóþ÷è â’ÿçêó ð³äèíó ñâ³òëî-
êîðè÷íåâîãî êîëüîðó. ²çîìåðè 1 òà 2      ðîçä³ëÿëè
õðîìàòîãðàô³÷íî íà ñèë³êàãåë³          (åëþåíò
ãåêñàí:ìåòèëòðåò-áóòèëüíèé åòåð – 4:1).

Åòèë 1-ïåíòèí³ëï³ðàçîë-5-êàðáîêñèëàò 1
Âèõ³ä: 72%; ßÌÐ 1Í (DMSO-d6): δ 1,30 (ò,

J=7,2, 3Í), 1,93 (ì, 2Í), 2,15 (ì, 2Í), 2,83 (ñ,
1Í), 4.30 (ê, J=7,2, ó êâàðòåò³ º îäíà ÊÑÑÂ 2Í),
4,55 (ò, J=7,2, 2Í), 6,88 (ñ, 1Í), 7,57 (ñ, 1Í).

Åòèë 1-ïåíòèí³ëï³ðàçîë-3-êàðáîêñèëàò 2
Âèõ³ä: 18%; ßÌÐ 1Í (DMSO-d6): δ 1,28 (ò,

J=7, 3Í), 1,97 (ì, 2Í), 2,14 (ì, 2Í), 2,87 (ñ, 1Í),
4,25 (ì, 4Í), 6,73 (ñ, 1Í), 7,87 (ñ, 1Í).

Ìåòîäèêà ñèíòåçó ñîëåé 3, 4
Ìåòîä À
Äî 0,97 ììîëü ñóì³ø³ åñòåð³â ïåíòèí³ëï³ðà-

çîëó 1 ³ 2, ðîç÷èíåíî¿ ó 15 ìë îöòîâî¿ êèñëîòè,
äîäàþòü 0,97 ììîëü ãàëîãåíó (éîäó, áðîìó).
Ðåàêö³éíó ñóì³ø ïåðåì³øóþòü çà ê³ìíàòíî¿
òåìïåðàòóðè ïðîòÿãîì 8 ãîä (áðîì) òà 24 ãîä (éîä).
Îñàä â³äô³ëüòðîâóþòü, ïðîìèâàþòü îöòîâîþ
êèñëîòîþ, ñóøàòü íà ïîâ³òð³.

Ìåòîä Á
Äî 0,97 ììîëü åòèë 1-ïåíòèí³ëï³ðàçîë-5-

êàðáîêñèëàòó 1, ðîç÷èíåíîãî ó 15 ìë îöòîâî¿
êèñëîòè, äîäàþòü 0,97 ììîëü ãàëîãåíó (éîäó, áðî-
ìó). Ðåàêö³éíó ñóì³ø ïåðåì³øóþòü çà ê³ìíàòíî¿
òåìïåðàòóðè ïðîòÿãîì 8 ãîä (áðîì) òà 24 ãîä (éîä).

Îñàä â³äô³ëüòðîâóþòü, ïðîìèâàþòü îöòîâîþ
êèñëîòîþ, ñóøàòü íà ïîâ³òð³.

Ïåíòàéîäèä 5(Å)-5-éîäîìåòèë³äåí-1-åòîêñè-
êàðáîí³ë-5,6,7,8-òåòðàã³äðîï³ðàçîëî [1,2-
a]ï³ðèäàçèí³þ 3

Âèõ³ä: 28%; Òïë 155–1560Ñ. ßÌÐ 1Í (DMSO-
d6): δ 1,36 (ò, J=7,2, 3Í), 2,17 (ì, 2Í), 2,85 (ì,
2Í), 4,43 (ê, J=7,0, 2Í), 4,78 (ò, J=6, 2Í), 7,60 (ñ,
1Í), 7,84 (ñ, 1Í), 9,16 (ñ, 1Í). ßÌÐ 13Ñ
(DMSO-d6): δ 14,3, 19,5, 27,9, 50,3, 63,6, 80,1,
111,9, 133,4, 137,4, 141,4, 157,1. Çíàéäåíî, %:
C 13,65, H 1,46, N 2,89, I 78,69. Áðóòòî-
ôîðìóëà.C11H14I6N2O2. Ðîçðàõîâàíî, %: C 13,78,
H 1,38, N 2,81, I 78,73.

Òðèáðîì³ä 5(Å)-éîäîìåòèë³äåí-1-åòîêñèêàð-
áîí³ë-5,6,7,8-òåòðàã³äðîï³ðàçîëî[1,2-a]ï³ðèäàçèí³þ
4

Âèõ³ä: 42%; Òïë 132–1330Ñ. ßÌÐ 1Í
(DMSO-d6): δ 1,36 (ò, J=7,0, 3Í), 2,18 (ì, 2Í),
2,88 (ì, 2Í), 4,43 (ê, J=7,8, 2Í), 4,81 (ò, J=5,8,
2Í), 7,62 (ñ, 1Í), 7,77 (ñ, 1Í), 9,15 (ñ, 1Í).
ßÌÐ 13Ñ (DMSO-d6): δ 13,8, 18,5, 23,8, 49,8, 63,2,
105,2, 111,5, 125,2, 133,1, 137,4, 140,2, 160,8.
Çíàéäåíî, %: C 25,12, H 2,68, N 5,27, Br 60,78.
C11H14Br4N2O2. Ðîçðàõîâàíî, %: C 25,38, H 2,94,
N 4,97, Br 60,83.

Ìåòîäèêà ñèíòåçó ñîëåé 5, 6
Äî 0,97 ììîëü åòèë 1-ïåíòèí³ëï³ðàçîë-5-

êàðáîêñèëàòó 1, ðîç÷èíåíîãî ó 15 ìë îöòîâî¿
êèñëîòè, äîäàþòü 0,97 ììîëü ãàëîãåí³äó éîäó (IBr,
ICl), ðîç÷èíåíîãî â 5 ìë îöòîâî¿ êèñëîòè. Ðåàê-
ö³éíó ñóì³ø ïåðåì³øóþòü çà ê³ìíàòíî¿ òåìïåðà-
òóðè ïðîòÿãîì 24 ãîä. Îñàä â³äô³ëüòðîâóþòü, ïðî-
ìèâàþòü îöòîâîþ êèñëîòîþ, ñóøàòü íà ïîâ³òð³.

Éîäîäèáðîì³ä 5-éîäîìåòèë³äåí-1-åòîêñèêàð-
áîí³ë-5,6,7,8-òåòðàã³äðîï³ðàçîëî[1,2-a]ï³ðèäàçèí³þ
5

Âèõ³ä: 44%; Òïë 1460Ñ. ßÌÐ 1Í (DMSO-d6):
δ 1.36 (ò, J=7,2, 3Í), 2,17 (ì, 2Í), 2,85 (ì, 2Í),
4,43 (ê, J=77,4, 2Í), 4,78 (ò, J=5,8, 2Í), 7,60 (ñ,
1Í), 7,84 (ñ, 1Í), 9,16 (ñ, 1Í). ßÌÐ 13Ñ
(DMSO-d6): δ 13,8, 19,0, 27,5, 49,8, 63,1, 79,6,
111,4, 133,0, 135,8, 136,9, 156,6. Çíàéäåíî, %:
C 21,31, H 2,28, N 4,52, Br 25,78, I 40,95.
C11H14Br2I2N2O2. Ðîçðàõîâàíî, %: C 21,28, H 2,35,
N 4,47, Br 25,70, I 41,64.

Õëîðèä 5(Å)-éîäîìåòèë³äåí-1-åòîêñèêàðáîí³ë-
5,6,7,8-òåòðàã³äðîï³ðàçîëî[1,2-a]ï³ðèäàçèí³þ 6

Âèõ³ä: 15%; Òïë 148–1490Ñ. ßÌÐ 1Í
(DMSO-d6): δ 1,35 (ò, J=7, 3Í), 2,16 (ì, 2Í),
2,84 (ì, 2Í), 4,41 (ê, J=8,4, 2Í), 4,78 (ò, J=4,8,
2Í), 7,58 (ñ, 1Í), 7,93 (ñ, 1Í), 9,29 (ñ, 1Í).
ßÌÐ 13Ñ (DMSO-d6): δ 14,3, 19,5, 27,9, 50,3, 63,6,
80,6, 111,9, 133,6, 136,2, 137,3, 157,2. Çíàéäåíî,
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%: C 35,84, H 3,83, N 7,60, I 34,43, Cl 9,62.
C11H14ClIN2O2. Ðîçðàõîâàíî, %: C 35,79, H 3,78,
N 7,66, I 34,47, Cl 9,71.

5(Å)-1-åòîêñèêàðáîí³ë-5-òåòðàõëîðî-l5-òåëó-
ðîìåòèë³äåí-5,6,7,8-òåòðàã ³äðîï³ðàçîëî
[1,2-a]ï³ðèäàçèí³þ 7

Äî 0,97 ììîëü åòèë 1-ïåíòèí³ëï³ðàçîë-5-
êàðáîêñèëàòó 1, ðîç÷èíåíîãî ó 15 ìë îöòîâî¿
êèñëîòè, äîäàþòü ðîç÷èí, îòðèìàíèé ç 0,97 ììîëü
ä³îêñèäó òåëóðó ó 5,82 ììîëü õëîðèäíî¿ êèñëîòè.
Ðåàêö³éíó ñóì³ø ïåðåì³øóþòü çà ê³ìíàòíî¿
òåìïåðàòóðè ïðîòÿãîì 24 ãîä. Îñàä â³äô³ëüòðî-
âóþòü, ïðîìèâàþòü îöòîâîþ êèñëîòîþ, ñóøàòü
íà ïîâ³òð³. Âèõ³ä: 69%; Òïë 230–2320Ñ. ßÌÐ 1Í
(DMSO-d6): δ 1,36 (ò, J=6,6, 3Í), 2,24 (ì, 2Í),
3,52 (ì, 2Í), 4,43 (ê, J=6,2, 2Í), 4,78 (ò, J=4,4,
2Í), 7,54 (ñ, 1Í), 7,92 (ñ, 1Í), 9,35 (ñ, 1Í).
ßÌÐ 13Ñ (DMSO-d6): δ 13,7, 18,4, 23,9, 50,7, 63,1,
111,6, 133,4, 133,8, 138,4, 139,6, 156,4. Çíàéäåíî,
%: C 27,78, H 2,97, N 5,89, Cl 29,81.
C11H14Ñl4N2O2Te. Ðîçðàõîâàíî, %: C 27,85, H 2,89,
N 5,81, Cl 29,89.

Ðåçóëüòàòè òà îáãîâîðåííÿ
Ñèíòåç âèõ³äíîãî åòèë 1-ïåíòèí³ëï³ðàçîë-

5-êàðáîêñèëàòó 1 çä³éñíþâàëè àëê³ëóâàííÿì åòèë
ï³ðàçîë-3(5)-êàðáîêñèëàòó ïåíòèí³ë ìåçèëàòîì ç
âèêîðèñòàííÿì öåç³é êàðáîíàòó â ñåðåäîâèù³ äè-
ìåòèëôîðìàì³äó. Íàÿâí³ñòü àçîëüíî¿ òàóòîìåð³¿ ó
åñòåðà ï³ðàçîëà ïåðåäáà÷àº óòâîðåííÿ ³çîìåðíèõ
ïðîäóêò³â àëê³ëóâàííÿ. Çà äàíèìè ÒØÕ òà
1Í ßÌÐ ñïåêòðîñêîï³¿ âèÿâëåíî óòâîðåííÿ äâîõ
³çîìåðíèõ ïðîäóêò³â àëê³ëóâàííÿ åòèë 1-ïåíòè-
í³ëï³ðàçîë-5-êàðáîêñèëàòó 1 òà åòèë 1-ïåíòè-
í³ëï³ðàçîë-3-êàðáîêñèëàòó 2 ó ñï³ââ³äíîøåíí³ 4:1
(ñõåìà 1).

Ñóì³ø àëê³ëîâàíèõ ³çîìåð³â ðîçä³ëèëè êî-
ëîíêîâîþ õðîìàòîãðàô³ºþ, ç âèêîðèñòàííÿì
åëþåíòà ãåêñàí:ìåòèëòðåò-áóòèëüíèé åòåð ó
ñï³ââ³äíîøåíí³ 4:1. Çà ñïåêòðàëüíèìè äàíèìè
ð³çíèöÿ ïîëÿãàëà ó çì³ùåíí³ ñèãíàëó ïðîòîí³â
N–CH2-ãðóïè â ñïåêòð³ ßÌÐ 1Í íà 0,4 ì.÷.

Äëÿ äîñë³äæåííÿ ïðîöåñó åëåêòðîô³ëüíî¿
öèêë³çàö³¿ ïåíòèí³ë çàì³ùåíîãî ï³ðàçîëó ï³ä ä³ºþ

åëåêòðîô³ëüíèõ ðåàãåíò³â áóëî âèêîðèñòàíî ÿê
ñóì³ø ³çîìåð³â 1, 2, òàê ³ ³íäèâ³äóàëüí³ åñòåðè 1
òà 2. Ñïî÷àòêó áóëî ïðîâåäåíî ãåòåðîöèêë³çàö³þ
ñóì³ø³ åñòåð³â 1 ³ 2 ç âèêîðèñòàííÿì åêâ³ìî-
ëÿðíî¿ ê³ëüêîñò³ ìîëåêóëÿðíèõ ãàëîãåí³â (éîä,
áðîì). Ðåàêö³þ ïðîâîäèëè â îöòîâ³é êèñëîò³ çà
ê³ìíàòíî¿ òåìïåðàòóðè. Àíàë³ç ñïåêòðàëüíèõ äà-
íèõ ñâ³ä÷èòü, ùî öèêë³çàö³¿ ï³ääàºòüñÿ ò³ëüêè ³çî-
ìåð 1, â ðåçóëüòàò³ ÷îãî âèä³ëåíî òà ³äåíòèô³êî-
âàíî ñîë³ 3, 4 ó âèãëÿä³ ïåíòàéîäèäó òà òðèáðî-
ì³äó ï³ðàçîëî[1,2-a]ï³ðèäàçèí³þ â³äïîâ³äíî, ñêëàä
ÿêèõ ï³äòâåðäæåíî åëåìåíòíèì àíàë³çîì
(ñõåìà 2). Ó ñïåêòð³  ßÌÐ 1Í éîäèäó 3 ³ áðîì³äó
4 ñèãíàë ãàëîãåíîìåòèë³äåíîâîãî ïðîòîíà
çì³ùóºòüñÿ ó ñëàáêå ïîëå (9,15–9,16 ì.÷.), à ó
ñïåêòð³ ßÌÐ 13Ñ ñèãíàë àòîìà âóãëåöþ ãàëîãåíî-
ìåòèë³äåíîâî¿ ãðóïè ïðîÿâëÿºòüñÿ ïðè 80,1 ì.÷.
äëÿ =ÑÍ² òà 105,2 ì.÷. äëÿ =CHBr. Äëÿ ï³äòâåð-
äæåííÿ öèêë³çàö³¿ ñàìå 1-ïåíòèí³ëï³ðàçîë-5-
êàðáîêñèëàòó 1 áóëî çä³éñíåíî äîñë³äæåííÿ ïî
ãîìî- òà ãåòåðîÿäåðí³é êîðåëÿö³¿ ñîëåé 3, 4 (ðèñó-
íîê). Â³äñóòí³ñòü ïðîäóêòó öèêë³çàö³¿ ³çîìåðà 2,
éìîâ³ðíî, ïîÿñíþºòüñÿ ìåíøîþ íóêëåîô³ëüí³ñòþ
àòîìà í³òðîãåíó N2, â ïîð³âíÿíí³ ç ³çîìåðîì 1, çà
ðàõóíîê âïëèâó àêöåïòîðíî¿ êàðáåòîêñè-ãðóïè.
Òàêîæ êîðåëÿö³éíå äîñë³äæåííÿ ïîêàçàëî, ùî ïðè
ïðîõîäæåíí³ öèêë³çàö³¿ óòâîðþºòüñÿ ñòåðåî³çîìåð
Å-êîíô³ãóðàö³¿. Ïðè ãàëîãåíóâàíí³ ïåíòèí³ëüíî-
ãî åñòåðó ï³ðàçîëó 1, âèä³ëåíîãî ³ç ñóì³ø³, òàêîæ
âèä³ëåíî ãàëîãåí³äè ï³ðàçîëî[1,2-a]ï³ðèäàçèí³þ 3,
4. Íàòîì³ñòü, ÿê ³ î÷³êóâàëîñÿ, ãàëîãåíóâàííÿ åñ-
òåðó 2 íå ïðèâåëî äî óòâîðåííÿ ïðîäóêò³â öèêë³-
çàö³¿, à óòâîðþâàëàñÿ ñóì³ø âèõ³äíîãî åñòåðó 2 òà
ïðîäóêòó ïðèºäíàííÿ, ðîçä³ëèòè ÿêó íå âäàëîñÿ.

Íàñòóïí³ äîñë³äæåííÿ ç åëåêòðîô³ëüíî¿
öèêë³çàö³¿ çä³éñíþâàëè ò³ëüêè ç ïåíòèí³ëüíèì åñ-
òåðîì ï³ðàçîëó 1. Äëÿ öüîãî áóëî âèêîðèñòàíî ÿê
åëåêòðîô³ëüí³ ðåàãåíòè ãàëîãåí³äè éîäó (IBr, ICl),
à ðåàêö³¿ ïðîâîäèëè â çíàéäåíèõ óìîâàõ. Ó ðå-
çóëüòàò³ ãåòåðîöèêë³çàö³¿ âèä³ëåí³ éîäîìåòèë³äåí
çàì³ùåí³ ï³ðàçîëî[1,2-a]ï³ðèäàçèíè ó âèãëÿä³ ñî-
ëåé – éîäîäèáðîì³äó 5 òà õëîðèäó 6, ùî ï³äòâåð-
äæåíî åëåìåíòíèì àíàë³çîì (ñõåìà 3). Ñïåêòðàëüí³

Ñõåìà 1. Ñèíòåç ³çîìåð³â åòèë 1-ïåíòèí³ëï³ðàçîë-5-êàðáîêñèëàòó 1 òà åòèë 1-ïåíòèí³ëï³ðàçîë-3-êàðáîêñèëàòó 2
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äàí³ ßÌÐ 1Í òà 13Ñ îðãàí³÷íîãî êàò³îíà (ñèãíàë
ìåòèë³äåíîâîãî ïðîòîíó 9,15–9,16 ì.÷. òà ñèãíà-
ëó àòîìà âóãëåöþ 79,6 ì.÷.) ïîä³áí³ äî ñîë³ 4, ùî
ï³äòâåðäæóº ïðîõîäæåííÿ ñàìå éîäî-³íäóêîâàíî¿
ãåòåðîöèêë³çàö³¿.

Äîñë³äæåííÿ åëåêòðîô³ëüíî¿ öèêë³çàö³¿ ç âè-
êîðèñòàííÿì õàëüêîãåíãàëîãåí³ä³â º äîñèòü ö³êà-
âèì íàïðÿìîì ç òî÷êè çîðó ñïðîá ââåäåííÿ õàëü-
êîãåíó â îðãàí³÷íó ìîëåêóëó äëÿ ï³äñèëåííÿ ôóí-
ã³áàêòåðèöèäíî¿ àêòèâíîñò³. Òåëóðî-³íäóêîâàíó
öèêë³çàö³þ 1-ïåíòèí³ëï³ðàçîë-5- êàðáîêñèëàòó 1
ïðîâîäèëè â îöòîâ³é êèñëîò³ ç âèêîðèñòàííÿì
òåëóð(IV) îêñèäó, ðîç÷èíåíîãî ó õëîðîâîäíåâ³é
êèñëîò³ ó ñï³ââ³äíîøåíí³ 1:6. Åëåêòðîô³ëüíèé
ðåàãåíò, âèêîðèñòàíèé in situ, äîáðå çàðåêîìåíäó-
âàâ ñåáå ïðè ïðîâåäåíí³ ãåòåðîöèêë³çàö³¿ àëê³ëíå-
íàñè÷åíèõ àçîë³â òà àçèí³â [12–14]. Ó ðåçóëüòàò³
ñèíòåçîâàíî òåëóðîâì³ñíèé ï³ðàçîëî[1,2-]ï³ðèäà-

çèí 7 ó âèãëÿä³ öâ³òåð-³îíà (ñõåìà 4). Ñïåêòðàëüí³
õàðàêòåðèñòèêè ñîë³ 7 ó ßÌÐ 1Í (ñèãíàë
ïðîòîíà ãðóïè =ÑÍÒå ïðè  9,35 ì.÷.) òà
13Ñ (ñèãíàë âóãëåöþ ãðóïè =ÑÍÒå ïðè 133,8 ì.÷.)
âêàçóþòü íà óòâîðåííÿ ãàëîãåíîòåëóðîìåòèë³äåí
çàì³ùåíî¿ ñîë³ ï³ðàçîëî [1,2-a]ï³ðèäàçèí³þ.
Õ³ì³÷íèé çñóâ ïðîòîíà òåëóðîìåòèë³äåíîâî¿
ãðóïè ñâ³ä÷èòü ïðî ñòåðåîñåëåêòèâí³ñòü ïðîöåñó
öèêë³çàö³¿.

Ìè ïðèïóñêàëè óòâîðåííÿ ñîë³ òåëóðòðèãà-
ëîãåíîìåòèë³äåí çàì³ùåíîãî ï³ðàçîëîï³ðèäàçèí³é
õëîðèäó, îäíàê çà äàíèìè ÐÑÄ àíàëîãó – ïðî-
äóêòó òåëóðîãàëîãåíóâàííÿ 1-ïåíòèí³ëï³ðàçîë-
4-êàðáîíîâî¿ êèñëîòè [15] â òàêèõ ñàìèõ óìîâàõ,
³ìîâ³ðíî, óòâîðþºòüñÿ ñ³ëü ï³ðàçîëîï³ðèäàçèí³þ
ó âèãëÿä³ öâ³òåð-³îíó. Òîìó ñïîëóö³ 7 òàêîæ ïðè-
ïèñàíà áóäîâà âíóòð³øíüîìîëåêóëÿðíî¿ ñîë³.

Ñõåìà 2. Ãåòåðîöèêë³çàö³ÿ ñóì³ø³ åòèë 1-ïåíòèí³ëï³ðàçîë-5(3)-êàðáîêñèëàòó ìîëåêóëÿðíèìè ãàëîãåíàìè

Êîðåëÿö³éíå äîñë³äæåííÿ ñîëåé 3, 4
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REGIO- AND STEREOSELECTIVE SYNTHESIS OF 5-
HALOGENO(TETRACHLOROTELLURO)METHYLIDENE-
1-ETHOXYCARBONYL-5,6,7,8-
TETRAHYDROPYRAZOLO[1,2-a]PYRIDAZINIUM
SALTS
M.V. Povidaichyk a, E.M. Ostapchuk b, M.Yu. Onysko a, *

a Uzhhorod National University, Uzhhorod, Ukraine
b Enamine Ltd., Kyiv, Ukraine
* e-mail: muonysko@gmail.com

This work presents the results of a study on the electrophilic
intramolecular cyclization of ethyl 1-pentynylpyrazole-5-
carboxylate with halogens and tellurium tetrachloride. Alkylation
of ethyl pyrazole-3(5)-carboxylate with pentynyl mesylate in
the presence of cesium carbonate in a dimethylformamide
medium leads to a mixture of regioisomers, which were separated
chromatographically. It was found that halogenation of the obtained
regioisomeric mixture of ethyl 1-pentynylpyrazole-5-carboxylate
and ethyl 1-pentynylpyrazole-3-carboxylate with iodine and
bromine results in halocyclization exclusively of ethyl
1-pentynylpyrazole-5-carboxylate, leading to the stereoselective
formation of halomethylidene-substituted pyrazolo-
[1,2-a]pyridazinium salts, as confirmed by homo- and
heteronuclear correlation spectral studies. The iodination and
bromination of individual pentynyl esters of pyrazole further
confirm that cyclization occurs only for one regioisomer.
Halocyclization of ethyl 1-pentynylpyrazole-5-carboxylate with
iodine halides in acetic acid yields iododibromide and
5 - i o d o m e t h y l i d e n e - 1 - e t h o x y c a r b o n y l - 5 , 6 , 7 , 8 -
tetrahydropyrazolo[1,2-a]pyridazinium chloride. The reaction of
tellurium(IV) oxide in hydrochloric acid with 1-pentynylpyrazole-
5-carboxylate induces tellurium-mediated cyclization, resulting
in a tellurium-functionalized tetrahydropyrazolo[1,2-a]pyridazinium
compound in the form of an intramolecular salt. The spectral
characteristics (1H and 13C NMR) of the iododibromide,
iodomethylidene-1-ethoxycarbonyltetrahydropyrazolo[1,2-a]-
pyridazinium chloride, and the tellurium-containing zwitterion
further confirm the stereoselectivity of the heterocyclization
process. As a result of this study, potentially biologically active
pyrazolopyridazinium salts were obtained.

Keywords: electrophilic intramolecular cyclization; ethyl
1-pentynylpyrazole-5-carboxylate; stereoselectivity; pyrazolo-
[1,2-a]pyridazine derivatives; tellurium-organic compounds;
zwitterion.
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