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ÑÈÍÒÅÇ N-[4-Ã²ÄÐÎÊÑÈ-3-(2,3-ÄÈÌÅÒÈË-1H-²ÍÄÎË-1-
²Ë)ÔÅÍ²Ë]ÀÐÈËÑÓËÜÔÎÍ²Ë(ÀÐÎ¯Ë)ÀÌ²Ä²Â

à Äîíáàñüêà äåðæàâíà ìàøèíîáóä³âíà àêàäåì³ÿ, ì. Êðàìàòîðñüê, Óêðà¿íà
á Óêðà¿íñüêèé äåðæàâíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò, ì. Äí³ïðî, Óêðà¿íà

Ïîõ³äí³ ³íäîëó ÿâëÿþòüñÿ âàæëèâèì åëåìåíòîì áàãàòüîõ ïðèðîäíèõ ³ ñèíòåòè÷íèõ

ìîëåêóë ç³ çíà÷íîþ á³îëîã³÷íîþ àêòèâí³ñòþ. Íîâ³ ïîõ³äí³ 2,3-äèìåòèë³íäîëó îäåð-

æàí³ â ðåçóëüòàò³ ðåàêö³é N-(4-îêñîöèêëîãåêñà-2,5-ä³ºí-1-³ë³äåí)àðèëñóëüôîí-

(àðî¿ë)àì³ä³â òà 4-ìåòèë-N-(4-îêñîíàôòàëåí-1(4H)-³ë³äåí)áåíçåí-1-ñóëüôîíàì³äó ç

2,3-äèìåòèë³íäîëîì. Ìîæëèâ³ñòü ïåðåá³ãó öèõ ðåàêö³é âèçíà÷àºòüñÿ îêèñíî-â³äíîâ-

íèì ïîòåíö³àëîì âèõ³äíèõ àì³ä³â ³ ñòåðè÷íèì ôàêòîðîì. Ó âèïàäêó àðèëñóëüôî-

íàì³ä³â çà íàÿâíîñò³ â õ³íî¿äíîìó ÿäð³ â³ëüíîãî Ñ=Ñ çâ’ÿçêó, ðåàêö³ÿ ïåðåá³ãàº çà

ñõåìîþ 1,4-ïðèºäíàííÿ ç óòâîðåííÿì N-[3-(2,3-äèìåòèë-1Í-³íäîë-1-³ë)-4-ã³äðîê-

ñèôåí³ë(íàôòèë-1)]àðèëñóëüôîíàì³ä³â, ÿê³ º ïîòåíö³éíèìè á³îëîã³÷íî àêòèâíèìè

ñïîëóêàìè. N-(4-Îêñîöèêëîãåêñà-2,5-ä³ºí-1-³ë³äåí)àðî¿ëàì³äè ìàþòü á³ëüø âèñî-

êèé îêèñíî-â³äíîâíèé ïîòåíö³àë ó ïîð³âíÿíí³ ç àíàëîã³÷íèìè àðèëñóëüôîíàì³äà-

ìè ³ íàôòàëåí ïîõ³äíèìè, òîìó â ¿õ ðåàêö³¿ ç 2,3-äèìåòèë³íäîëîì êîíêóðóþòü äâà

ïðîöåñè – â³äíîâëåííÿ ³ 1,4-ïðèºäíàííÿ. Ïðîäóêò 1,4-ïðèºäíàííÿ îäåðæàíî ò³ëüêè

äëÿ 2,3-äèìåòèëïîõ³äíîãî, ÿêèé ìàº íàéìåíøèé îêèñíî-â³äíîâíèé ïîòåíö³àë ñå-

ðåä äîñë³äæóâàíèõ àðî¿ëàì³ä³â. Àíàë³ç ïîòåíö³éíî¿ á³îëîã³÷íî¿ àêòèâíîñò³ ñèíòåçî-

âàíèõ ñïîëóê çà äîïîìîãîþ ïðîãðàìè PASS ïîêàçàâ, ùî äëÿ îäåðæàíèõ ïðîäóêò³â

ìîæëèâèé ïðîÿâ íàñòóïíèõ àêòèâíîñòåé: para amino benzoic acid antagonist, glutamyl

endopeptidase II inhibitor, CYP3A2 substrate, insulysin inhibitor, membrane integrity

agonist òà phobic disorders treatment.

Êëþ÷îâ³ ñëîâà: 2,3-äèìåòèë³íäîë, 4-³ì³íîöèêëîãåêñà-2,5-ä³ºí-1-îí, ³íäîë, àðèëñóëü-

ôîíàì³ä, àðî¿ëàì³ä, 1,4-ïðèºäíàííÿ, õ³íîí³ì³í.
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Âñòóï

Ãåòåðîöèêë³÷í³ ñïîëóêè, çîêðåìà, ïîõ³äí³
³íäîëó, ÿâëÿþòüñÿ âàæëèâèì åëåìåíòîì áàãà-òüîõ
ïðèðîäíèõ ³ ñèíòåòè÷íèõ ðå÷îâèí ç³ çíà÷íîþ
á³îëîã³÷íîþ àêòèâí³ñòþ [1]. Ìåòèë³íäîë òà éîãî
ïîõ³äí³ ïðîÿâëÿþòü ïðîòèðàêîâó àêòèâí³ñòü [2],
ìàþòü àíòèîêñèäàíòí³ âëàñòèâîñò³ ïðè ãåìîë³ç³
åðèòðîöèò³â ëþäèíè ³ îêèñíîìó ïîøêîäæåíí³
ÄÍÊ [3], ïðè÷îìó, åëåêòðîíîäîíîðí³ ãðóïè â
³íäîëüíîìó ÿäð³ ìàþòü âàæëèâóå çíà÷åííÿ äëÿ
àíòèîêñèäàíòíî¿ àêòèâíîñò³ [3].

N-Çàì³ùåí³ 4-³ì³íîöèêëîãåêñà-2,5-ä³ºí-1-
îíè òàêîæ ïðîÿâëÿþòü á³îëîã³÷íó àêòèâí³ñòü [4]
³ º ãàðíèìè ñèíòîíàìè äëÿ ñèíòåçó íà ¿õ îñíîâ³
ð³çíîìàí³òíèõ ïîõ³äíèõ. Âîíè äîñèòü ëåãêî âñòó-
ïàþòü â ðåàêö³¿ 1,4-ïðèºäíàííÿ ç N-íóêëåîô³-
ëàìè, ùî º îäíèì ç íàéá³ëüø ïðîñòèõ ìåòîä³â

ñèíòåçó íà ¿õ îñíîâ³ í³òðîãåíîâì³ñíèõ ãåòåðî-
öèêë³÷íèõ ïîõ³äíèõ. Ïîõ³äí³ ³íäîëó ìîæóòü áóòè
îòðèìàí³ â ¿õ ðåàêö³¿ ³ç ºíàì³íàìè [5], àëå ñèí-
òåç º äîñèòü òðóäîì³ñòêèì ³ âèìàãàº ñêëàäíîãî
îáðîáêèëåííÿ ïðîäóêò³â ðåàêö³¿. Ó çâ’ÿçêó ç öèì
àêòóàëüíèì º ñèíòåç íîâèõ ïîõ³äíèõ ³íäîëó íà
îñíîâ³ N-çàì³ùåíèõ 4-³ì³íîöèêëîãåêñà-2,5-ä³ºí-
1-îí³â ³ ðîçðîáêà ïðîñòèõ ìåòîä³â ¿õ ñèíòåçó.

Ìåòîþ äàíî¿ ðîáîòè º âèÿâëåííÿ îñîáëè-
âîñòåé âçàºìîä³¿ N-çàì³ùåíèõ ïîõ³äíèõ 4-³ì³íî-
öèêëîãåêñà-2,5-ä³ºí-1-îíó ç 2,3-äèìåòèë³íäîëîì
³ ñèíòåç íîâèõ ïîõ³äíèõ ³íäîëó íà ¿õ îñíîâ³.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Ðåàêö³þ N-çàì³ùåíèõ 4-³ì³íîöèêëîãåêñà-
2,5-ä³ºí-1-îí³â ç 2,3-äèìåòèë³íäîëîì ïðîâîäè-
ëè â ñåðåäîâèù³ ìåòèëîâîãî ñïèðòó çà ê³ìíàò-
íî¿ òåìïåðàòóðè. Â ÿêîñò³ âèõ³äíèõ îá’ºêò³â áóëè
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îáðàí³ ïîõ³äí³ 4-³ì³íîöèêëîãåêñà-2,5-ä³ºí-1-îíó
ç ð³çíèìè çàì³ñíèêàìè á³ëÿ àòîìó àçîòó õ³íî¿ä-
íîãî ÿäðà, â àðèëüíîìó ôðàãìåíò³ ³ â õ³íî¿äíî-
ìó ÿäð³.

Ñïåêòðè ßÌÐ 1Í âèì³ðþâàëè íà ïðèëàä³
Varian VXR-300 ç ðîáî÷îþ ÷àñòîòîþ 300 ÌÃö
â³äíîñíî ÒÌÑ â àöåòîí³-d6. ²× ñïåêòðè ñèíòå-
çîâàíèõ ñïîëóê îòðèìàí³ íà ñïåêòðîôîòîìåòð³
UR-20 â òàáëåòêàõ KBr. Àíàë³ç ÷èñòîòè âèõ³ä-
íèõ ñïîëóê 1–8, 16–19, 24 ³ ïðîäóêò³â ðåàêö³¿
10–15, 20–23, 25 ïðîâîäèëè ìåòîäîì ÒØÕ íà
ïëàñòèíàõ Silufol UV-254. Â ÿêîñò³ ðîç÷èííèêà
âèêîðèñòîâóâàëè õëîðîôîðì, åëþåíò – áåíçåí-
ãåêñàí, 1:10. Ïðîÿâ ÓÔ ñâ³òëîì.

N-(4-Îêñîöèêëîãåêñà-2,5-ä³ºí-1-³ë³äåí)à-
ðèëñóëüôîíàì³äè 1–8 ³ 4-ìåòèë-N-(4-îêñîíàô-
òàëåí-1(4H)-³ë³äåí)áåíçåí-1-ñóëüôîíàì³ä 24 ñèí-
òåçîâàí³ çà ìåòîäèêîþ [6]. Õàðàêòåðèñòèêè ñèí-
òåçîâàíèõ ñïîëóê â³äïîâ³äàþòü ë³òåðàòóðíèì äà-
íèì: 1, 24 [7], 2, 3, 5 [8], 6–8 [9].

3-Í³òðî-N-[4-îêñî-3-(ïðîïàí-2-³ë)öèêëî-
ãåêñà-2,5-ä³ºí-1-³ë³äåí]áåíçåí-1-ñóëüôîíàìèä
(4). Âèõ³ä 76%, Òïë. 198–1990Ñ. Ñïåêòð ßÌÐ 1Í,
, ì.÷.: E-³çîìåð, 1,12 ä (3Í, Me, Pr-i), 1,21 ä
(3Í, Me, Pr-i), 3,04–3,13 ì (1H, CH, Pr-i), 6,72–
6,67 ä (1Í, Í5, J 10,5 Ãö), 6,73 ê (1Í, Í2), 8,13–
8,17 ä.ä. (1Í, Í6, J 10,5, 3 Ãö), 7,80–8,87 ì (4Í,
3-NO2C6H4); Z-³çîìåð, 1,12 ä (3Í, Me, Pr-i), 1,21 ä
(3Í, Me, Pr-i), 3,04–3,13 ì (1H, CH, Pr-i), 6,72–
6,67 ä (1Í, Í5, J 10.5 Ãö), 6,89–6,93 ä.ä. (1Í, Í6,
J 10,5, 3 Ãö), 7,93 ê (1Í, Í2), 7,80–8,87 ì (4Í, 3-
NO2C6H4). Çíàéäåíî, %: N 8,29, 8,41; S 9,65, 9,73.
C15H14N2O5S. Ðîçðàõîâàíî, %: N 8,38; S 9,59.

N-(4-Îêñîöèêëîãåêñà-2,5-ä³ºí-1-³ë³äåí)à-
ðî¿ëàì³äè 16–19 ñèíòåçîâàí³ øëÿõîì àöèëþâàí-
íÿì 4-àì³íîôåíîë³â â³äïîâ³äíèìè àðî¿ëõëîðè-
äàìè ³ç ïîäàëüøèì îêèñíåííÿì òåòðààöåòàòîì
ñâèíöþ â ñåðåäîâèù³ åòàíîâî¿ êèñëîòè. Õàðàê-
òåðèñòèêè ñèíòåçîâàíèõ ñïîëóê â³äïîâ³äàþòü
ë³òåðàòóðíèì äàíèì [10].

Âçàºìîä³ÿ ñïîëóê 1–8, 16–19, 24 ç 2,3-äè-
ìåòèë³íäîëîì 9. Äî ðîç÷èíó 2 ììîëü âèõ³äíîãî
àì³äó â 20 ìë ìåòèëîâîãî ñïèðòó äîäàâàëè
2 ììîëÿ 2,3-äèìåòèë³íäîëó 9. Ðîç÷èí çíåáàðâ-
ëþâàâñÿ ïðîòÿãîì äåê³ëüêîõ õâèëèí. Ìåòèëîâèé
ñïèðò âèïàðîâóâàëè äîñóõà. Äî çàëèøêó äîäàâà-
ëè 5 ìë åòèëîâîãî ñïèðòó ³ ïåðåì³øóâàëè. ×åðåç
äåê³ëüêà õâèëèí âèïàäàâ ñ³ðèé êðèñòàë³÷íèé
îñàä, ÿêèé ïåðåêðèñòàëë³çîâóâàëè ç åòèëîâîãî
ñïèðòó. Õàðàêòåðèñòèêè ïðîäóêò³â â³äíîâëåííÿ
20, 21à, á, 22à, á â³äïîâ³äàþòü ë³òåðàòóðíèì äà-
íèì [10].

N-[4-Ã³äðîêñè-3-(2,3-äèìåòèë-1H-³íäîë-1-
³ë)ôåí³ë]áåíçåíñóëüôîíàì³ä (10). Âèõ³ä 69%,

Òïë. 220–2220Ñ. Ñïåêòð ßÌÐ 1Í, , ì.÷.: 1,48 ñ
(3Í, Me, ³íäîë), 1,59 ñ (3Í, Me, ³íäîë), 6,51 ä
(1Í, Í5, J5,6 8,4 Ãö), 7,56–7,00 ì (4Í, ³íäîë),
6,79–6,82 ä.ä (1Í, Í6, J2,6 2,1 Ãö, J5,6 8,4 Ãö), 7,13 ä
(1Í, Í2, J2,6 2,1 Ãö), 7,45–7,69 ì (5Í, Ph), 9,39 c
(1H, NH), 10,21 c (1H, OH). Çíàéäåíî, %: N
7,01, 7,10; S 8,20, 8,28. C22H20N2O3S. Ðîçðàõîâà-
íî, %: N 7,14; S 8,17.

N-[4-Ã³äðîêñè-5-(2,3-äèìåòèë-1Í-³íäîë-1-
³ë)-3-õëîðôåí³ë]-4-ìåòèëáåíçåí-1-ñóëüôîíàì³ä
(11). Âèõ³ä 58%, Òïë. 222–2240Ñ. Ñïåêòð ßÌÐ 1Í,
, ì.÷.: 1,52 ñ (3Í, Me, ³íäîë), 1,64 ñ (3Í, Me,
³íäîë), 2,39 ñ (3Í, 4-CH3C6H4SO2), 6,61–7,03 ì
(4Í, ³íäîë), 6,88 ä (1Í, Í2, J2,6 2,4 Ãö), 7,15 ä
(1Í, Í6, J2,6 2,4 Ãö), 7,30 ä (2Í, 4-MeC6H4SO2,
J 9 Ãö), 7,59 ä (2Í, 4-MeC6H4SO2, J 9 Ãö), 9,31 c
(1H, NH), 10,16 c (1H, OH). Çíàéäåíî, %:
Cl 8,10, 8,21; N 6,32, 6,25; S 7,15, 7,28.
C23H21ClN2O3S. Ðîçðàõîâàíî, %: Cl 8,04, N 6,35;
S 7,27.

N-[4-Ã³äðîêñè-5-(2,3-äèìåòèë-1Í-³íäîë-1-
³ë)-3-ìåòèëôåí³ë]áåíçåíñóëüôîíàì³ä (12). Âèõ³ä
63%, Òïë 266–2680Ñ. Ñïåêòð ßÌÐ 1Í, , ì.÷.: 1,45 ñ
(3Í, Me, ³íäîë), 1,58 ñ (3Í, Me, ³íäîë), 1,99 ñ
(1Í, 3-Me), 6,56–6,59 ì (4Í, ³íäîë), 6,68 ä (1Í,
Í2, J2,6 2,4 Ãö), 6,94 ä (1Í, Í6, J2,6 2,4 Ãö), 7,45–
7,71 ì (5Í, Ph), 9,44 c (1H, NH), 10,35 c (1H,
OH). Çíàéäåíî, %: N 6,77, 6,85; S 7,75; 7,86.
C23H22N2O3S. Ðîçðàõîâàíî, %: N 6,89, S 7,89.

N-[4-Ã³äðîêñè-5-(2,3-äèìåòèë-1Í-³íäîë-1-
³ë)-3-(ïðîïàí-2-³ë)ôåí³ë]-3-í³òðîáåíçîë-1-ñóëü-
ôîíàì³ä (13). Âèõ³ä 52%, Òïë. 100–1020Ñ. Ñïåêòð
ßÌÐ 1Í, , ì.÷.: 1,51 ä (6Í, 2Me, 3-Pr-i), 1,93 ñ
(3Í, Me, ³íäîë), 2,06 ñ (3Í, Me, ³íäîë), 3,32–
3,39 ì (1Í, ÑÍ, 3-Pr-i), 7,02–7,47 ì (4Í, ³íäîë),
7,17 ä (1Í, Í2, J2,6 2,4 Ãö,), 7,46 ä (1Í, Í6, J2,6

2,4 Ãö), 8,24–8,94 ì (4Í, 3-NO2C6H4SO2), 9,59 c
(1H, NH), 10,26 c (1H, OH). Çíàéäåíî, %: N
8,69, 8,75; S 6,55, 6,68. C25H25N3O5S. Ðîçðàõîâà-
íî, %: N 8,76; S 6,69.

N-[4-Ã³äðîêñè-2-ìåòèë-5-(2,3-äèìåòèë-1Í-
³íäîë-1-³ë)ôåí³ë]áåíçåíñóëüôîíàì³ä (14). Âèõ³ä
67%, Òïë. 166–1680Ñ. Ñïåêòð ßÌÐ 1Í, , ì.÷.:
1,41 ñ (3Í, Me, ³íäîë), 1,59 ñ (3Í, Me, ³íäîë),
2,04 ñ (3Í, 2-Me), 6,47 ñ (1Í, Í6), 6,56–6,99 ì
(4Í, ³íäîë), 6,84 ñ (1Í, Í3), 7,52–7,70 ì (5Í,
Ph), 9,64 c (1H, NH), 10,17 c (1H, OH). Çíàéäå-
íî, %: N 6,85, 6,98; S 7,71, 7,85. C23H22N2O3S.
Ðîçðàõîâàíî, %: N 6,89, S 7,89.

N-[4-Ã³äðîêñè-2,3-äèìåòèë-5-(2,3-äèìåòèë-
1Í-³íäîë-1-³ë)ôåí³ë]-4-õëîðáåíçåí-1-ñóëüôî-
íàì³ä (15). Âèõ³ä 59%, Òïë. 218–2200Ñ. Ñïåêòð
ßÌÐ 1Í, , ì.÷.: 1,39 ñ (3Í, Me, ³íäîë), 1,59 ñ
(3Í, Me, ³íäîë), 2,01 ñ (3Í, 3-Me), 2,15 ñ (1Í,
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2-Me), 6,56–6,99 ì (4Í, ³íäîë), 6,61 ñ (1Í, Í6),
7,59 ä (2Í, 4-ClC6H4ÑO, J 8,4 Ãö), 7,67 ä (2Í,
4-ClC6H4ÑO, J 8,4 Ãö), 9,56 c (1H, NH), 10,28 c
(1H, OH). Çíàéäåíî, %: Cl 7,61, 7,75; N 6,20,
6,25; S 7,01, 7,15. C24H23ÑlN2O3S. Ðîçðàõîâàíî,
%: Cl 7,79, N 6,16, S 7,05.

N-[4-Ã³äðîêñè-2,3-äèìåòèë-5-(2,3-äèìåòèë-
1Í-³íäîë-1-³ë)ôåí³ë]-4-õëîðáåíçàì³ä (23). Âèõ³ä
60%, Òïë. 258–2600Ñ. Ñïåêòð ßÌÐ 1Í, , ì.÷.:
1,57 ñ (3Í, Me, ³íäîë), 1,65 ñ (3Í, Me, ³íäîë),
2,07 ñ (3Í, 3-Me), 2,08 ñ (3Í, 2-Me), 6,56–7,21 ì
(4Í, ³íäîë), 7,27 ñ (1Í, Í6), 7,55 ä (2Í,
4-ClC6H4ÑO, J 8,4 Ãö), 8,06 ä (2Í, 4-ClC6H4ÑO,
J 8,4 Ãö), 9,88 c (1H, NH), 10,46 c (1H, OH).
Çíàéäåíî, %: Cl 8,32, 8,45; N 6,60, 6,75.
C25H23ÑlN2O2. Ðîçðàõîâàíî, %: Cl 8,46, N 6,69.

N-[4-Ã³äðîêñè-3-(2,3-äèìåòèë-1Í-³íäîë-1-
³ë)íàôò³ë-1]-4-ìåòèëáåíçåí-1-ñóëüôîíàì³ä (25).
Âèõ³ä 53%, Òïë. 250–2520Ñ. Ñïåêòð ßÌÐ 1Í, ,
ì.÷.: 1,52 ñ (3Í, Me, ³íäîë), 1,73 ñ (3Í, Me,
³íäîë), 2,44 ñ (3Í, 4-ÑÍ3Ñ6H4SO2), 6,57–6,99 ì
(4Í, ³íäîë), 7,07 ñ (1Í, Í2), 7,32 ä (2Í,
4-MeC6H4SO2, J 8,4 Ãö), 7,58 ä (2Í, 4-MeC6H4SO2,
J 8,4 Ãö), 7,35–8,15 ì (4Í, íàôòèë), 9,35 c (1H,
NH), 10,11 c (1H, OH). Çíàéäåíî, %: N 6,05,
6,12; S 7,10, 7,18. C27H24N2O3S. Ðîçðàõîâàíî, %:
N 6,14, S 7,02.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Â ðåçóëüòàò³ ðåàêö³¿ àðèëñóëüôîíàì³ä³â 1–
6, ÿê³ ì³ñòÿòü â õ³íî¿äíîìó ÿäð³ â³ëüíèé çâ’ÿçîê
Ñ=Ñ, îòðèìàíî ïðîäóêòè 1,4-ïðèºäíàííÿ N-[4-
ã³äðîêñè-3-(2,3-äèìåòèë-1Í-³íäîë-1-³ë)ôåí³ë]à-
ðèëñóëüôîíàì³äè 10–15 (ñõåìà 1). Ó ðàç³ àðèë-
ñóëüôîíàì³ä³â, ùî ì³ñòÿòü çàì³ñíèêè á³ëÿ îáîõ
çâ’ÿçê³â Ñ=Ñ õ³íî¿äíîãî ÿäðà (2,5-äèìåòèë-ïî-
õ³äíå 7, 3-³çîïðîï³ë-6-ìåòèë-ïîõ³äíå 8), ðåàêö³ÿ
ç 2,3-äèìåòèë³íäîëîì 9 íå ïåðåá³ãàº – ç ðåàê-
ö³éíî¿ ìàñè áóëè âèä³ëåí³ ëèøå âèõ³äí³ àð³ëñóëü-
ôîíàì³äè 7, 8. Öå, âî÷åâèäü, ïîâ’ÿçàíî ³ç âïëè-
âîì ñòåðè÷íîãî ôàêòîðà – îá’ºìíà ìîëåêóëà 2,3-

äèìåòèë³íäîëó 9 íå ìîæå àòàêóâàòè çâ’ÿçîê Ñ=Ñ
õ³íî¿äíîãî ÿäðà, ùî ì³ñòèòü àëê³ëüí³ çàì³ñíèêè.

Ïðèºäíàííÿ íóêëåîô³ë³â äî õ³íîí³ì³ííèõ
ñèñòåì ìîæå ïåðåá³ãàòè çà ñõåìàìè 1,4-, 1,2-,
6,3-, 1,6-, 6,1-ïðèºäíàííÿ. Ïðè öüîìó âèêîðè-
ñòîâóºòüñÿ íóìåðàö³ÿ àòîì³â õ³íîí³ì³ííîãî öèêëó
ïî÷èíàþ÷è â³ä àòîìóà àçîòó äî àòîìà êèñíþ (ñõå-
ìà 2). Ïåðøèì âêàçóþòü íîìåð àòîìóà, ùî ïðè-
ºäíóº ïðîòîí, äðóãèì – íîìåð àòîìóà, ùî ïðè-
ºäíóº íóêëåîô³ë. Ñë³ä çàçíà÷èòè, ùî 1,4-, 6,3-,
1,6-, 6,1-ïðèºäíàííÿ ñóïðîâîäæóþòüñÿ àðîìà-
òèçàö³ºþ õ³íîí³ì³ííîãî öèêëó.
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N1

X 2
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4

5

Ñõåìà 2

Áóäîâó îòðèìàíèõ ñïîëóê äîâåäåíî äàíè-
ìè åëåìåíòíîãî àíàë³çó òà ñïåêòð³â ßÌÐ 1Í. Â
ñïåêòðàõ ßÌÐ 1Í ñïîëóê 11–13 ïðèñóòí³ äâà
äóáëåòè ç êîíñòàíòîþ ñï³í-ñï³íîâî¿ âçàºìîä³¿ J
2,4 Ãö, õàðàêòåðíîþ äëÿ ïðîòîí³â â ïîëîæåííÿõ
2 ³ 6 òà 3 ³ 5 àì³íîôåíîëüíîãî ÿäðà [11], ùî äîç-
âîëÿº çðîáèòè âèñíîâîê ïðî çíàõîäæåííÿ N-2,3-
äèìåòèë³íäîëüíîãî ôðàãìåíòó â îðòî-ïîëîæåíí³
ïî â³äíîøåííþ äî àòîìó Ñ4 àì³íîôåíîëüíîãî
ÿäðà. Çîâñ³ì ³íøà êàðòèíà â ñïåêòð³ ßÌÐ 1Í
ñïîëóêè 14 ç çàì³ñíèêàìè â ïîëîæåííÿõ 2 ³ 5 –
ïðîòîíè Í3 ³ Í6 àì³íîôåíîëüíîãî ÿäðà ïðîÿâ-
ëÿþòüñÿ ó âèãëÿä³ äâîõ ñèíãëåò³â. Â ²× ñïåêòðàõ
ïðîäóêò³â ïðèºäíàííÿ 10–15 íàÿâí³ ä³ëÿíêè
ïîãëèíàííÿ 3580–35200 ³ 3510–3450 ñì–1, ÿê³
â³äïîâ³äàþòü ãðóïàì ÎÍ ³ NH, â³äïîâ³äíî [12].

Â ðåçóëüòàò³ ðåàêö³¿ àðî¿ëàì³ä³â 16–18 ç 2,3-
äèìåòèë³íäîëîì 9 áóëè âèä³ëåí³ â³äíîâëåí³ ôîð-
ìè âèõ³äíèõ àðî¿ëàì³ä³â – ñïîëóêè 20–22 (ñõå-
ìà 3). Ñë³ä çàçíà÷èòè, ùî àðî¿ëàì³äè 16–18 ìà-
þòü âèù³ çíà÷åííÿ îêèñíî-â³äíîâíèõ ïîòåíö³-
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Ñõåìà 1

1, 10: Õ=Y=R1=R2=R3=H; 2, 11: X=Me, Y=R2=R3=H, R1=Cl; 3, 12: Õ=Y=R2=R3=H, R1=Me; 4, 13: Õ=R2=R3=H, Y=NO2,

R1=i-Pr; 5, 14: Õ=Y=R1=R3=H, R2=Me; 6, 15: Õ=Cl, Y=R3=H, R1=R2=Me; 7: Õ=Y=R2=H, R1=R3=Me; 8: Õ=Y=R2=H,

R1=i-Pr, R3=Me
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àë³â (ÎÂÏ) â ïîð³âíÿíí³ ç àíàëîã³÷íèìè àðèë-
ñóëüôîíàì³äàìè [13] ³ òîìó â ðåàêö³¿ ç 2,3-äèìå-
òèë³íäîëîì 9 â³äíîâëåííÿ àðî¿ëàì³ä³â 16–18 ñòàº
á³ëüø âèã³äíèì, í³æ 1,4-ïðèºäíàííÿ.

Íà â³äì³íó â³ä àðî¿ëàì³ä³â 16–18, àðî¿ëàì³ä
19, ùî ì³ñòèòü ìåòèëüí³ ãðóïè â ïîëîæåííÿõ 2 ³
3 õ³íî¿äíîãî ÿäðà, ðåàãóº ç 2,3-äèìåòèë³íäîëîì
9 ç óòâîðåííÿì ïðîäóêòó 1,4-ïðèºäíàííÿ 23 (ñõå-
ìà 3). Çã³äíî ç ë³òåðàòóðíèìè äàíèìè ââåäåííÿ
äâîõ ìåòèëüíèõ ãðóï â õ³íî¿äíå ÿäðî çíà÷íî çíè-
æóº ÎÂÏ äàíèõ ñïîëóê [13,14], ïðè öüîìó çíè-
æóºòüñÿ ¿õ ñõèëüí³ñòü äî â³äíîâëåííÿ ³ ñòàº ìîæ-
ëèâîþ ðåàêö³ÿ 1,4-ïðèºäíàííÿ.

Â ðåçóëüòàò³ âçàºìîä³¿ ñóëüôîíàì³äó 24 ç 2,3-
äèìåòèë³íäîëîì 9 îòðèìàíî ïðîäóêò 1,4-ïðè-
ºäíàííÿ 25 (ñõåìà 4). Ïðèºäíàííÿ éäå àíàëîã³-
÷íî àì³äàì 1–6 ç â³ëüíèì Ñ=Ñ çâ’ÿçêîì ó õ³íî¿-
äíîìó ÿäð³ (äèâ. ñõåìó 1). Íàôòîïîõ³äí³ àðèë-
ñóëüôîíàì³äè ìàþòü á³ëüø íèçüêèé îêèñíî-
â³äíîâíèé ïîòåíö³àë ó ïîð³âíÿíí³ ç àðèëñóëü-

ôîíàì³äàìè, ÿê³ ì³ñòÿòü õ³íî¿äíå ÿäðî [13], òîìó
ðåàêö³ÿ ñïîëóêè 24 ç 2,3-äèìåòèë³íäîëîì 9 ïå-
ðåá³ãàº ëåãêî, ÿê ³ ó âèïàäêó ñóëüôîíàì³ä³â 1–6.

Áóäîâó ñïîëóê 23 òà 25 äîâåäåíî äàíèìè
åëåìåíòíîãî àíàë³çó òà ñïåêòð³â ßÌÐ 1Í. Ó
ñïåêòð³ ßÌÐ 1Í ñïîëóêè 23 ïðèñóòí³é ñèíãëåò
ïðîòîíóà Í6 ïðè  7,27 ì.÷., â ñïåêòð³ ñïîëóêè
25 – ñèíãëåò ïðîòîíóà Í2 ïðè 7,07 ì.÷.

Àíàë³ç ïîòåíö³éíî¿ á³îëîã³÷íî¿ àêòèâíîñò³
ñèíòåçîâàíèõ ñïîëóê çà äîïîìîãîþ ïðîãðàìè
PASS [15] ïîêàçàâ, ùî äëÿ ïðîäóêò³â âçàºìîä³¿
N-çàì³ùåíèõ ïîõ³äíèõ 4-³ì³íîöèêëîãåêñà-2,5-
ä³ºí-1-îíó ç 2,3-äèìåòèë³íäîëîì ìîæëèâèé ïðî-
ÿâ íàñòóïíèõ àêòèâíîñòåé – para amino benzoic
acid antagonist (ñïîëóêè 10, 12, 14, 25), glutamyl
endopeptidase II inhibitor (ñïîëóêè 10–12, 14, 15,
25), CYP3A2 substrate (ñïîëóêè 10, 14), insulysin
inhibitor (ñïîëóêè 10–12, 14, 15), membrane integrity
agonist òà phobic disorders treatment (ñïîëóêà 23).
Ñë³ä çàçíà÷èòè, ùî á³ëüø âèñîê³ â³ðîã³äíîñò³

Ñõåìà 3

16, 20: Õ=R1=Me, R2=R3=H; 17, 21: R1=R3=H, R2=Me, Õ=Me (à), Cl (á); 18, 22: R1=R3=Me, R2=H, Õ=Í (à), Cl (á); 19:

Õ=Cl, R1=R2=Me, R3=H
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ïðîÿâó öèõ á³îëîã³÷íèõ àêòèâíîñòåé ñïîñòåð³ãà-
þòüñÿ äëÿ íåçàì³ùåíîãî â ÿäð³ ïðîäóêòó 10.

Òàêèì ÷èíîì, ìîæëèâ³ñòü ðåàêö³¿ N-çàì³-
ùåíèõ ïîõ³äíèõ 4-³ì³íîöèêëîãåêñà-2,5-ä³ºí-1-
îí³â ³ 2,3-äèìåòèë³íäîëó âèçíà÷àºòüñÿ îêèñíî-
â³äíîâíèì ïîòåíö³àëîì âèõ³äíèõ 4-³ì³íîöèêëî-
ãåêñà-2,5-ä³ºí-1-îí³â ³ ñòåð³÷íèì ôàêòîðîì. Ïðè
íàÿâíîñò³ â õ³íî¿äíîìó ÿäð³ â³ëüíîãî Ñ=Ñ çâ’ÿç-
êó, ðåàêö³ÿ ïåðåá³ãàº çà ñõåìîþ 1,4-ïðèºäíàííÿ
ç óòâîðåííÿì N-[3-(2,3-äèìåòèë-1Í-³íäîë-1-³ë)-
4-ã³äðîêñèôåí³ë]àðèëñóëüôîí³ë(àðî¿ë)àì³ä³â.
Íàÿâí³ñòü çàì³ñíèêà á³ëÿ Ñ=Ñ çâ’ÿçêó áëîêóº
ðåàêö³þ çà öèì çâ’ÿçêîì ÷åðåç ïðîñòîðîâ³ òðóä-
íîù³, òàê ÿê ìîëåêóëà 2,3-äèìåòèë³íäîëó ìàº
çíà÷íèé îá’ºì. N-(4-Îêñîöèêëîãåêñà-2,5-ä³ºí-
1-³ë³äåí)àðî¿ëàì³äè ìàþòü á³ëüø âèñîêèé îêèñ-
íî-â³äíîâíèé ïîòåíö³àë ó ïîð³âíÿíí³ ç àíàëîã³-
÷íèìè N-(4-îêñîöèêëîãåêñà-2,5-ä³ºí-1-³ë³äåí)-
àðèëñóëüôîíàì³äàìè ³ íàôòàëåí ïîõ³äíèìè, òîìó
â ¿õ ðåàêö³¿ ç 2,3-äèìåòèë³íäîëîì êîíêóðóþòü
äâà ïðîöåñè – â³äíîâëåííÿ ³ 1,4-ïðèºäíàííÿ.
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SYNTHESIS OF N-[3-(2,3-DIMETHYL-1H-INDOL-1-YL)-
4-HYDROXYPHENYL]ARYLSULFON(AROYL)AMIDES

A.P. Avdeenko a, *, S.A. Konovalova a, I.Yu. Yakymenko b

a Donbass State Engineering Academy, Kramatorsk, Ukraine
b Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

* e-mail: chimist@dgma.donetsk.ua

Indole derivatives are an essential elements of many natural
and synthetic compounds having significant biological activity.
New derivatives of 2,3-dimethylindole were synthesized in this
work by the reaction of N-(4-oxocyclohexa-2,5-dien-1-
ylidene)arylsulfon(aroyl)amides and 4-methyl-N-(4-
oxonaphthalen-1(4H)-ylidene)benzene-1-sulfonamide with 2,3-
dimethylindole. The possibility of these reactions is determined
by the redox potential of the starting amides and steric factor. If
there is a free C=C bond in the quinoid ring of the starting
arylsulfonamides, the reaction proceeds under the 1,4-addition
scheme with the formation of corresponding N-[3-(2,3-dimethyl-
1H-indol-1-yl)-4-hydroxyphenyl(naphthyl-1)]arylsulfonamides
which are potentially biologically active compounds.  N-(4-
Oxocyclohexa-2,5-diene-1-ylidene)aroylamides have a high redox
potential as compared with similar arylsulfonamides and
naphthalene derivatives; therefore, two processes proceed in their
reaction with 2,3-dimethylindole: reduction and 1,4-addition.
The 1,4-addition product was obtained only for the 2,3-dimethyl
derivative, which has the lowest redox potential among the
investigated aroylamides. Analysis of the potential biological
activity of the synthesized compounds by using the PASS program
showed that the synthesized products can exhibit the following
activities: para amino benzoic acid antagonist, glutamyl
endopeptidase II inhibitor, CYP3A2 substrate, insulysin inhibitor,
membrane integrity agonist and phobic disorders treatment.

Keywords: 2,3-dimethylindol; 4-iminocyclohexa-2,5-dien-
1-one; indole; arylsulfonamide; aroylamide 1,4-addition; quinone
imine.
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