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Ñèíòåçîâàíî ³ ìåòîäîì 1Í ßÌÐ âñòàíîâëåíî áóäîâó 5 îñíîâ Øèôôà ãîñèïîëó ç 4-

ôòîðàí³ë³íîì, 4-ìåòîêñ³àí³ë³íîì, 3-àì³íî-5-ìåòèë³çîêñàçîëîì, 4-àì³íîàíòèï³ðè-

íîì ³ àí³ë³íîì. Âèêîíàíî ðåàêö³þ îäåðæàíèõ ñïîëóê ç 2,2'-äèôåí³ë-1-ï³êðèëã³äðà-

çèëîì (DPPH) ó ïðèñóòíîñò³ õëîðèäíî¿ êèñëîòè, ùî äîçâîëèëî âèçíà÷èòè â³äïîâ³äí³

êîíñòàíòè øâèäêîñò³. Âïëèâ äîáàâêè õëîðèäíî¿ êèñëîòè ïîëÿãàº â ïðîòîíóâàíí³

àòîìà Í³òðîãåíó àçîìåòèíîâî¿ ãðóïè îñíîâ Øèôôà ãîñèïîëó, ïðè öüîìó òàóòîìåð-

íà ð³âíîâàãà çñóâàºòüñÿ â á³ê ä³³ì³ííî¿ ôîðìè (â ñòðóêòóð³ ìîëåêóëè ç’ÿâëÿþòüñÿ

äîäàòêîâ³ Î–Í ãðóïè, ùî çäàòí³ ðåàãóâàòè ç DPPH). Ïîêàçàíî ³ñíóâàííÿ êîðåëÿö³¿

ì³æ âåëè÷èíàìè õ³ì³÷íèõ çñóâ³â ïðîòîí³â N–Í ãðóï àçîìåòèíîâî¿ ãðóïè îñíîâ

Øèôôà ãîñèïîëó ³ êîíñòàíòàìè øâèäêîñò³ ðåàêö³¿ ç DPPH â ïðèñóòíîñò³ õëîðèä-

íî¿ êèñëîòè. Á³ëüø³ çíà÷åííÿ õ³ì³÷íèõ çñóâ³â ïðîòîí³â N–Í ãðóï àçîìåòèíîâî¿

ãðóïè âêàçóþòü íà á³ëüøó ðåàêö³éíó çäàòí³ñòü â³äïîâ³äíèõ îñíîâ Øèôôà. Ð³çíèöÿ

â ðåàêö³éí³é çäàòíîñò³ äîñë³äæóâàíèõ îñíîâ Øèôôà ìîæå áóòè ïîÿñíåíà çì³íîþ

îñíîâíîñò³ àòîìà Í³òðîãåíó àçîìåòèíîâî¿ ãðóïè. Âèçíà÷åíî á³îëîã³÷íó àêòèâí³ñòü

äîñë³äæóâàíèõ îñíîâ Øèôôà ãîñèïîëó çà äîïîìîãîþ á³îòåñò³â íà êîðåíåâ³é ñèñ-

òåì³ îã³ðê³â (Cucumis sativus L.).
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Âñòóï

Äîñë³äæåííÿ àíòèðàäèêàëüíèõ âëàñòèâî-
ñòåé ³ì³íîïîõ³äíèõ ïðèðîäíîãî ïîë³ôåíîëó, ãî-
ñèïîëó, º àêòóàëüíîþ ³ âàæëèâîþ çàäà÷åþ, àäæå
á³îëîã³÷í³ âëàñòèâîñò³ ïîë³ôåíîë³â áàãàòî â ÷îìó
âèçíà÷àþòüñÿ çäàòí³ñòþ ³íã³áóâàòè â³ëüíîðàäè-
êàëí³ ïðîöåñè îêèñíåííÿ [1–3]. Îäèí ³ç ðîç-
ïîâñþäæåíèõ ìåòîä³â îö³íþâàííÿ àíòèðàäèêàëü-
íèõ âëàñòèâîñòåé ïîë³ôåíîë³â ïîëÿãàº ó çíåáàð-
âëåíí³ ñòàá³ëüíîãî àçîòöåíòðîâàíîãî ðàäèêàëà
2,2'-äèôåí³ë-1-ï³êðèëã³äðàçèëó (DPPH) [2–5].
Àëå ó âèïàäêó ³ì³íîïîõ³äíèõ ãîñèïîëó (ÿê ³ áà-
ãàòüîõ ³íøèõ ïîë³ôåíîë³â) ïî÷àòêîâ³ ñòàä³¿ ïðî-
öåñó ïåðåá³ãàþòü íàñò³ëüêè øâèäêî, ùî íàâ³òü
ïðè íåñòà÷³ àíòèîêñèäàíòó çà â³äíîøåííÿì äî
ðàäèêàëà, ê³íåòè÷í³ êðèâ³ âäàºòüñÿ çàðåºñòðóâà-
òè ò³ëüêè ïðè çíà÷íèõ ñòóïåíÿõ ïåðåòâîðåííÿ
[5,6]. Öå íå äîçâîëÿº îö³íèòè ðåàêö³éíó çäàòí³ñòü
³ì³íîïîõ³äíèõ ãîñèïîëó ñòîñîâíî DPPH áåç çà-
ñòîñîâóâàííÿ îáëàäíàííÿ äëÿ äîñë³äæåííÿ ê³íå-

òèêè øâèäêèõ ðåàêö³é.
Â³äîìî, ùî ðåàêö³¿ ôåíîë³â ç DPPH ó ïî-

ëÿðíèõ ðîç÷èííèêàõ â³äáóâàþòüñÿ çà äâîìà êîí-
êóðóþ÷èìè ïðîöåñàìè: ÍÀÒ (hydrogen atom
transfer) ³ SPLET (sequential proton loss electron
transfer) [7]. Âíåñîê êîæíîãî ç ìåõàí³çì³â âèç-
íà÷àºòüñÿ êèñëîòíî-ëóæíèìè âëàñòèâîñòÿìè
ñàìîãî ôåíîëó ³ ðîç÷èííèêà, à åôåêòèâíà êîí-
ñòàíòà øâèäêîñò³ ðåàêö³¿ º ñóìîþ êîíñòàíò äâîõ
ïðîöåñ³â. Â ïðèñóòíîñò³ êèñëîòè øâèäê³ñòü ðå-
àêö³¿ ôåíîëüíèõ àíòèîêñèäàíò³â ç DPPH â ïî-
ëÿðíèõ ðîç÷èííèêàõ ñóòòºâî çíèæóºòüñÿ çà ðà-
õóíîê ïðèãí³÷åííÿ ìåõàí³çìó SPLET [8]. Â ïðè-
ñóòíîñò³ êèñëîòè ð³âíîâàãà êèñëîòíî-îñíîâíî¿
äèñîö³àö³¿ ôåíîëüíèõ àíòèîêñèäàíò³â çì³ùóºòüñÿ
â á³ê íåäèñîö³éîâàíèõ ìîëåêóë, âíàñë³äîê ÷îãî,
ðåàêö³ÿ ç DPPH â³äáóâàºòüñÿ çà ïîâ³ëüí³øèì
ìåõàí³çìîì ÍÀÒ.

Ó äàí³é ðîáîò³ äîñë³äæåíî ðåàêö³éíó
çäàòí³ñòü ðÿäó îñíîâ Øèôôà ãîñèïîëó (ðèñ. 1)
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çà â³äíîøåííÿì äî DPPH ó ïðèñóòíîñò³ õëîðèä-
íî¿ êèñëîòè.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Ïðèëàäè ³ ìàòåð³àëè
Ó ðîáîò³ âèêîðèñòîâóâàëè DPPH ô³ðìè

Aldrich. Ãîñèïîë âèä³ëÿëè ç íàñ³ííÿ áàâîâíè ³
î÷èùóâàëè çà ìåòîäèêîþ Àäàìñà [9]. 1Í ßÌÐ
ñïåêòðè ðåºñòðóâàëè ó CDCl3 íà ñïåêòðîìåòð³
Bruker Avance II 400 ÌÃö ïðè Ò=293 Ê. ßê
âíóòð³øí³é ñòàíäàðò âèêîðèñòîâóâàëè çàëèøêîâ³
ñèãíàëè ïðîòîí³â ðîç÷èííèêà. ×èñòîòó ñèíòå-
çîâàíèõ ñïîëóê êîíòðîëþâàëè çà äîïîìîãîþ
ìåòîäó îáåðíåíî-ôàçîâî¿ âèñîêîåôåêòèâíî¿
ð³äèííî¿ õðîìàòîãðàô³¿ (ÎÔ ÂÅÐÕ) ç âèêîðè-
ñòàííÿì ñèñòåìè Agilent1100 ç ä³îäíî-ìàòðè÷íèì
äåòåêòîðîì. Âèêîðèñòîâóâàëè êîëîíêó Zorbax
Eclipse PLUS C-18 2,1150,0 ìì ç ä³àìåòðîì ÷à-
ñòèíîê 3,5 ìêì ó ïîºäíàíí³ ç ³çîêðàòè÷íèì åëþ-
þâàííÿì ÌeOH:H2O(0,05 M H3PO4)=10%:90% ç³
øâèäê³ñòþ 0,5 ìë/õâ. Ê³íåòè÷í³ âèì³ðþâàííÿ
âèêîíóâàëè â êþâåòàõ ç äîâæèíîþ îïòè÷íîãî
øëÿõó 1 ñì íà ñïåêòðîìåòð³ Perkin-Elmer Lambda
20 ïðè Ò=283 Ê. Ðåºñòðóâàëè çíèæåííÿ ³íòåí-
ñèâíîñò³ ñìóãè ïîãëèíàííÿ ïðè =518 íì âïðî-
äîâæ 1200 ñ.

Ñèíòåç ³ì³íîïîõ³äíèõ ãîñèïîëó
Óñ³ äîñë³äæóâàí³ îñíîâè Øèôôà ãîñèïîëó

ñèíòåçóâàëè ÿê îïèñàíî â [6,10]: ó êîëá³ íà 100
ìë, ùî îáëàäíàíà çâîðîòíèì õîëîäèëüíèêîì,
çì³øóâàëè 50 ìë ðîç÷èíó 510–4 ìîëü «àöåòàòó
ãîñèïîë» â åòàíîë³ ç 10 ìë ðîç÷èíó 110–3 ìîëü
â³äïîâ³äíîãî àì³íó â åòàíîë³. Ðåàêö³éíó ñóì³ø

êèï’ÿòèëè ïðîòÿãîì 3 ãîä, ï³ñëÿ ÷îãî îñàä, ùî
âèïàâ, â³äô³ëüòðîâóâàëè ³ ïîñë³äîâíî ïðîìèâà-
ëè íåâåëèêèìè ïîðö³ÿìè ïåòðîëåéíîãî òà ä³-
åòèëîâîãî åòåð³â. Îòðèìàí³ ðå÷îâèíè ïåðåêðèñ-
òàë³çîâóâàëè ³ç åòàíîëó (àáî àöåòîí³òðèëó àáî
õëîðîôîðìó).

×èñòîòà îäåðæàíèõ ñïîëóê çà ðåçóëüòàòàìè
ÎÔ ÂÅÐÕ ñêëàäàëà >95%.

Áóäîâó ñèíòåçîâàíèõ îñíîâ Øèôôà
ï³äòâåðäæóâàëè ìåòîäîì 1Í ßÌÐ ñïåêòðîñêîï³¿.

1Í ßÌÐ GDFA (CDCl3), (H), ì.÷.: C(1)OH
(2Í, 5,79, ñ); Ñ(6)ÎÍ (2Í, 7,85, ñ); Ñ(4)Í (2Í,
7,63, ñ); Ñ(11)Í (2Í, 10,09, ä, 3J(HC, NH)=
=10,3 Ãö); N(12)H (2H, 15,01, ä, 3J(HC, NH)=
=10,3 Ãö); C(13)H (6H, 2,15, c); C(14)H (2H, 3,72,
ì); Ñ(15)Í ³ Ñ(16)Í (12Í, 1,53 ³ 1,55, ä, 3J(HC,
CH)=6,5 Ãö); Ñ(18, 22)Í (4Í, 7,06, ì); Ñ(19, 21)Í
(4Í, 7,24, ì); ä³ºíàì³ííà òàóòîìåðíà ôîðìà.

1Í ßÌÐ GMTA (CDCl3), (H), ì.÷.: C(1)OH
(2Í, 5,77, ñ); Ñ(6)ÎÍ (2Í, 7,91, ñ); Ñ(4)Í (2Í,
7,63, ñ); Ñ(11)Í (2Í, 10,09, ä, 3J(HC, NH)=
=10,5 Ãö); N(12)H (2H, 15,09, ä, 3J(HC, NH)=
=10,5 Ãö); C(13)H (6H, 2,15, c); C(14)H (2H, 3,74,
ì); Ñ(15)Í ³ Ñ(16)Í (12Í, 1,54 è 1,56, ä, 3J(HC,
CH)=6,4 Ãö); Ñ(18, 22)Í (4Í, 6,89, ä, 3J(HC,
CH)=8,9 Ãö); Ñ(19, 21)Í (4Í, 7,24, ä, 3J(HC,
CH)=8,9 Ãö); Ñ(23)Í (6Í, 3,79, ñ); ä³ºíàì³ííà
òàóòîìåðíà ôîðìà.

1Í ßÌÐ GAMI (CDCl3), (H), ì.÷.: C(1)OH
(2Í, 5,79, ñ); Ñ(6)ÎÍ (2Í, 7,66, ñ); Ñ(4)Í (2Í,
7,56, ñ); Ñ(11)Í (2Í, 10,02, ä, 3J(HC, NH)=
=11,3 Ãö); N(12)H (2H, 14,27, ä, 3J(HC, NH)=
=11,3 Ãö); C(13)H (6H, 2,12, c); C(14)H (2H, 3,68,
ì); Ñ(15)Í ³ Ñ(16)Í (12Í, 1,52 ³ 1,54, ä, 3J(HC,
CH)=6,9 Ãö); Ñ(19)Í (2Í, 5,99, ñ); Ñ(20)Í (6Í,
2,39, ñ); ä³ºíàì³ííà òàóòîìåðíà ôîðìà.

1Í ßÌÐ GSAP (CDCl3), (H), ì.÷.: C(1)OH
(2Í, 5,74, ñ); Ñ(6)ÎÍ (2Í, 7,92, ñ); Ñ(4)Í (2Í,
7,55, ñ); Ñ(11)Í (2Í, 11,01, ñ); N(12)H (2H, 16,14,
ñ); C(13)H (6H, 2,08, c); C(14)H (2H, 3,71, ì);
Ñ(15)Í ³ Ñ(16)Í (12Í, 1,53 ³ 1,55, ä, 3J(HC,
CH)=7,2 Ãö); Ñ(21, 25)Í (4Í, 7,33, ä, 3J(HC,
CH)=7,7 Ãö); Ñ(22, 24)Í (4Í, 7,40, ì); Ñ(23)Í
(2Í, 7,28, ì); Ñ(26)Í (6Í, 3,09, ñ); Ñ(27)Í (6Í,
2,43, ñ); ä³ºíàì³ííà òàóòîìåðíà ôîðìà.

1Í ßÌÐ GDA (CDCl3), (H), ì.÷.: C(1)OH
(2Í, 5,80, ñ); Ñ(6)ÎÍ (2Í, 7,90, ñ); Ñ(4)Í (2Í,
7,64, ñ); Ñ(11)Í (2Í, 10,18, ñ); N(12)H (2H, 14,86,
ñ); C(13)H (6H, 2,16, c); C(14)H (2H, 3,73, ì);
Ñ(15)Í ³ Ñ(16)Í (12Í, 1,53 ³ 1,55, ä, 3J(HC,
CH)=5,9 Ãö); Ñ(18, 22)Í (4Í, 7,30, ä, 3J(HC,
CH)=7,4 Ãö); Ñ(19, 21)Í (4Í, 7,36, ì); Ñ(20)Í
(2Í, 7,18, ì); ä³ºíàì³ííà òàóòîìåðíà ôîðìà.

Ðèñ. 1. Áóäîâà òàóòîìåð³â ³ íóìåðàö³ÿ àòîì³â îñíîâ

Øèôôà ãîñèïîëó
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Òàêèì ÷èíîì, çàëåæí³ñòü ln((1–Aê/A)/(1–Aê/A0))
â³ä ÷àñó ë³í³éíà ç ïåâíèì â³äõèëåííÿì â³ä ïðÿ-
ìî¿, ÿêùî À íàáëèæàºòüñÿ äî Àê. Íàõèë ïðÿìî¿
äîçâîëÿº âèçíà÷èòè êîíñòàíòó øâèäêîñò³ (k)
(òàáë. 1). Â òàáë. 1 íàâåäåíî êîíñòàíòè øâèä-
êîñò³ ðåàêö³¿ îñíîâ Øèôôà ãîñèïîëó GDFA,
GMTA, GAMI, GSAP òà GDA ç DPPH ó ïðè-
ñóòíîñò³ õëîðèäíî¿ êèñëîòè.

Òàáëèöÿ 1

Êîíñòàíòè øâèäêîñò³ ðåàêö³¿ îñíîâ Øèôôà ãîñèïîëó
((1,25±0,05)10–5 Ì) ç DPPH ((1,0±0,04)10–4 Ì) â

åòàíîë³ ïðè Ò=283 Ê ó ïðèñóòíîñò³ õëîðèäíî¿ êèñëîòè

Сполука k, лмоль
–1
с

–1
 

GDFA 30725 
GMTA 38426 
GAMI 18120 
GSAP 53232 
GDA 23123 

 

Çà çðîñòàííÿì ðåàêö³éíî¿ çäàòíîñò³ çà â³äíî-
øåííÿì äî DPPH ó ïðèñóòíîñò³ õëîðèäíî¿ êèñëî-
òè äîñë³äæóâàí³ ñïîëóêè óòâîðþþòü ïîñë³äîâí³ñòü:
GSAPÞ>GMTA>GDFA>GDA>GAMI.

Â³äîìî, ùî ï³ä âïëèâîì ñèëüíèõ êèñëîò
â³äáóâàºòüñÿ ïðîòîíóâàííÿ àòîìà Í³òðîãåíó àçî-
ìåòèíîâî¿ ãðóïè îñíîâ Øèôôà ãîñèïîëó [13].
Öå ïðèâîäèòü äî çì³ùåííÿ òàóòîìåðíî¿ ð³âíî-
âàãè â³ä ä³ºíàì³ííî¿ äî ä³³ì³ííî¿ òàóòîìåðíî¿
ôîðìè [13]. Ïðè öüîìó â ñòðóêòóð³ ìîëåêóëè
ç’ÿâëÿþòüñÿ äîäàòêîâ³ Î–Í ãðóïè, ùî çäàòí³
ðåàãóâàòè ç DPPH. ×èì á³ëüøó îñíîâí³ñòü ìàº

Âèêîíàííÿ ê³íåòè÷íèõ âèì³ðþâàíü
Äëÿ âèêîíàííÿ ðåàêö³¿ ç DPPH, ðîç÷èíè

îñíîâ Øèôôà ãîñèïîëó, ùî ì³ñòèëè õëîðèäíó
êèñëîòó, çì³øóâàëè ç ðîç÷èíîì DPPH â åòàíîë³.
Ïî÷àòêîâ³ êîíöåíòðàö³¿ îñíîâ Øèôôà ãîñèïî-
ëó (ÀÎ), DPPH ³ õëîðèäíî¿ êèñëîòè â ðåàêö³éí³é
ñóì³ø³ ñêëàäàëè: C0ÀÎ=(1,25±0,05)10–5 Ì;
Ñ0DPPH=(1,0±0,04)10–4 Ì; Ñ0HCl=0,03 Ì,
â³äïîâ³äíî. Ò=283 Ê.

Äëÿ âèçíà÷åííÿ á³îëîã³÷íî¿ àêòèâíîñò³ îñ-
íîâ Øèôôà ãîñèïîëó âèêîíóâàëè á³îòåñòè íà
êîðåíåâ³é ñèñòåì³ îã³ðê³â (Cucumis sativus L.) [11].
Ñòàòèñòè÷íó îáðîáêó äàíèõ âèêîíóâàëè ç âèêî-
ðèñòàííÿì t-êðèòåð³ÿ Ñòüþäåíòà (P=0,95).

Ðåçóëüòàòè ³ îáãîâîðåííÿ

Ðàí³øå íàìè ïîêàçàíî, ùî ³ì³íîïîõ³äí³
ãîñèïîëó º åôåêòèâíèìè àíòèðàäèêàëüíèìè
àãåíòàìè ñòîñîâíî DPPH [3,5,6]. Äëÿ õàðàêòå-
ðèñòèêè ðåàêö³¿ öèõ ñïîëóê ç DPPH âèêîðèñòà-
íî íèçêó ïàðàìåòð³â: ÅÑ50 (êîíöåíòðàö³ÿ àíòè-
îêñèäàíòó, ùî íåîáõ³äíà äëÿ çìåíøåííÿ êîí-
öåíòðàö³¿ ðàäèêàëà íà 50%), ñòåõ³îìåòðè÷í³ êî-
åô³ö³ºíòè, VCEAC (åêâ³âàëåíò àíòèîêñèäàíòíî¿
ºìíîñò³ â ïåðåðàõóíêó íà àñêîðá³íîâó êèñëîòó),
TEAC (åêâ³âàëåíò àíòèîêñèäàíòíî¿ ºìíîñò³ â
ïåðåðàõóíêó íà òðîëîêñ). Íåäîë³êîì öèõ ïàðà-
ìåòð³â º â³äñóòí³ñòü çâ’ÿçêó ç òðèâàë³ñòþ ðåàêö³¿.
Æîäåí ç íèõ íå íàäàº óÿâè ïðî ðåàêö³éíó
çäàòí³ñòü ³ì³íîïîõ³äíèõ ãîñèïîëó ùîäî DPPH.

Äëÿ äîñë³äæåííÿ ðåàêö³éíî¿ çäàòíîñò³ ðÿäó
îñíîâ Øèôôà ãîñèïîëó ñòîñîâíî DPPH íàìè
âèêîíàíî ðåàêö³þ â ïðèñóòíîñò³ õëîðèäíî¿ êèñ-
ëîòè. Îêð³ì òîãî, âèì³ðþâàííÿ âèêîíóâàëèñü
ïðè çíèæåí³é òåìïåðàòóð³ (Ò=283 Ê). Òàêèé
ï³äõ³ä ïðèçâ³â äî ñóòòºâîãî çìåíøåííÿ øâèä-
êîñò³ ïðîöåñó ³ äîçâîëèâ âèçíà÷èòè êîíñòàíòè
øâèäêîñò³ ðåàêö³¿.

Íà ðèñ. 2 íàâåäåíî ê³íåòè÷í³ êðèâ³ âèòðà-
÷àííÿ DPPH â ïðèñóòíîñò³ îñíîâ Øèôôà ãîñè-
ïîëó ç 4-ôòîðàí³ë³íîì (GDFA) ³ àí³ë³íîì (GDA)
ïðè äîäàâàíí³ õëîðèäíî¿ êèñëîòè.

Çà öèõ óìîâ ê³íåòè÷í³ êðèâ³ çìåíøåííÿ
îïòè÷íî¿ ãóñòèíè ðîç÷èíó DPPH ïðè âçàºìîä³¿
ç îñíîâàìè Øèôôà ãîñèïîëó ñïðÿìëÿþòüñÿ â
êîîðäèíàòàõ ³íòåãðàëüíîãî ð³âíÿííÿ ðåàêö³¿ äðó-
ãîãî ïîðÿäêó [12]:

0к

к 0 0 к

k C AO1 A / A
ln t,

1 A / A A / A 1


 

 

äå A0 – ïî÷àòêîâà îïòè÷íà ãóñòèíà; A – îïòè÷-
íà ãóñòèíà â ìîìåíò ÷àñó t; Aê – îïòè÷íà ãóñòè-
íà ïî çàâåðøåíí³ ðåàêö³¿; C0ÀÎ – ïî÷àòêîâà
êîíöåíòðàö³ÿ àíòèîêñèäàíòó.

Ðèñ. 2. Çíèæåííÿ îïòè÷íî¿ ãóñòèíè â ÷àñ³ (1,0±0,04)10–4 Ì

ðîç÷èíó DPPH ïðè =518 íì â åòàíîë³ ï³ñëÿ äîäàâàííÿ

(1,25±0,05)10–5 Ì îñíîâ Øèôôà ãîñèïîëó â ïðèñóòíîñò³

õëîðèäíî¿ êèñëîòè ïðè Ò=283 Ê ( – GDFA,  – GDA)
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àòîì Í³òðîãåíó àçîìåòèíîâî¿ ãðóïè, òèì ëåãøå
â³äáóâàºòüñÿ çñóâ òàóòîìåðíî¿ ð³âíîâàãè â á³ê
ä³³ì³ííî¿ òàóòîìåðíî¿ ôîðìè. Òîä³ ð³çíèöÿ â ðå-
àêö³éí³é çäàòíîñò³ äîñë³äæóâàíèõ îñíîâ Øèô-
ôà ìîæå áóòè ïîÿñíåíà çäàòí³ñòþ äî ïðîòîíó-
âàííÿ àòîìà Í³òðîãåíó àçîìåòèíîâî¿ ãðóïè. Ñë³ä
â³äçíà÷èòè, ùî ³ñíóº êîðåëÿö³ÿ õ³ì³÷íèõ çñóâ³â
ïðîòîí³â N(12)–H ãðóï â³ä êîíñòàíò øâèäêîñò³
ðåàêö³¿ ³ì³íîïîõ³äíèõ ãîñèïîëó ç DPPH ó ïðè-
ñóòíîñò³ õëîðèäíî¿ êèñëîòè (â³äïîâ³äíà çà-
ëåæí³ñòü íàâåäåíà íà ðèñ. 3). Á³ëüø³ çíà÷åííÿ
õ³ì³÷íèõ çñóâ³â ïðîòîí³â N(12)–H ãðóï âêàçó-
þòü íà á³ëüøó ðåàêö³éíó çäàòí³ñòü â³äïîâ³äíèõ
îñíîâ Øèôôà â ðåàêö³¿ ç DPPH â ïðèñóòíîñò³
õëîðèäíî¿ êèñëîòè.

Ðèñ. 3. Êîðåëÿö³ÿ ì³æ õ³ì³÷íèì çñóâîì ïðîòîí³â N(12)–H

ãðóï ³ êîíñòàíòîþ øâèäêîñò³ ðåàêö³¿ ³ì³íîïîõ³äíèõ

ãîñèïîëó ç DPPH ó ïðèñóòíîñò³ õëîðèäíî¿ êèñëîòè

Òàêèì ÷èíîì, äîäàâàííÿ õëîðèäíî¿ êèñëî-
òè äîçâîëÿº çíèçèòè øâèäê³ñòü ðåàêö³¿ ³ âèçíà-
÷èòè êîíñòàíòè øâèäêîñò³ áåç çàñòîñóâàííÿ îá-
ëàäíàííÿ äëÿ äîñë³äæåííÿ ê³íåòèêè øâèäêèõ
ðåàêö³é. Íàÿâí³ñòü êîðåëÿö³¿ õ³ì³÷íèõ çñóâ³â
ïðîòîí³â N(12)–H ãðóï ³ êîíñòàíò øâèäêîñò³
äîçâîëÿº ïðîãíîçóâàòè ðåàêö³éíó çäàòí³ñòü îñ-
íîâ Øèôôà ãîñèïîëó ñòîñîâíî DPPH â ïðè-
ñóòíîñò³ õëîðèäíî¿ êèñëîòè.

Äëÿ îòðèìàíèõ îñíîâ Øèôôà áóëà äîñë³-
äæåíà á³îëîã³÷íà àêòèâí³ñòü. ßê òåñò-îá’ºêò áóëî
âèêîðèñòàíî íàñ³ííÿ îã³ðêà Cucumis sativus L, ùî
îáóìîâëåíî îñîáëèâîñòÿìè ôîðìóâàííÿ éîãî
êîðåíåâî¿ ñèñòåìè: á³÷í³ êîðåí³ óòâîðþþòüñÿ
âíàñë³äîê ì³òîçó (ä³ëåííÿ êë³òèí), ï³ñëÿ òîãî ÿê
ãîëîâíèé êîð³íü äîñÿãàº ïåâíîãî ðîçì³ðó (ïî-
äàëüøå çá³ëüøåííÿ äîâæèíè ãîëîâíîãî êîðåíÿ
â³äáóâàºòüñÿ âíàñë³äîê ðîçòÿãóâàííÿ êë³òèí) [11].
Òîìó, îã³ðêè ÿê òåñò-îá’ºêò çðó÷íî âèêîðèñòî-
âóâàòè äëÿ âèçíà÷åííÿ öèòîñòàòè÷íî¿ àêòèâíîñò³
ñïîëóê.

Â òàáë. 2 íàâåäåíî äàí³, ùî â³äîáðàæàþòü
âïëèâ ³ì³íîïîõ³äíèõ ãîñèïîëó íà ôîðìóâàííÿ
êîðåíåâî¿ ñèñòåìè îã³ðê³â (Cucumis sativus L.).

Îòðèìàí³ äàí³ ñâ³ä÷àòü, ùî âñ³ äîñë³äæó-
âàí³ ñïîëóêè ñòèìóëþþòü çá³ëüøåííÿ äîâæèíè
ãîëîâíîãî êîðåíÿ. Êð³ì òîãî, óñ³ ñïîëóêè ïðè-
ãí³÷óþòü ïîÿâó á³÷íèõ êîðåí³â (äåÿê³ ìàéæå íà
50%) ó ïîð³âíÿíí³ ç êîíòðîëüíèì äîñë³äîì. Öå
ñâ³ä÷èòü ïðî òå, ùî âñ³ äîñë³äæóâàí³ ñïîëóêè
ïðèãí³÷óþòü ïðîë³ôåðàö³þ êë³òèí ³ ìàþòü âèñî-
êó öèòîñòàòè÷íó àêòèâí³ñòü.

Òàáëèöÿ 2

Âïëèâ ³ì³íîïîõ³äíèõ ãîñèïîëó íà ôîðìóâàííÿ êîðåíåâî¿ ñèñòåìè îã³ðê³â (Cucumis sativus L.)

Сполука 
Концентрація, 

М10
4
 

Приріст довжини головного кореня, 

% від контрольного 

Поява бічних коренів, % від 

контрольного 

7,00 19315 737 

0,70 19220 687 GDFA 

0,07 11514 576 

7,00 18017 827 

0,70 13812 646 GMTA 

0,07 1299 5910 

7,00 19322 8610 

0,70 20722 708 GAMI 

0,07 19822 9511 

7,00 19125 888 

0,70 18922 779 GSAP 

0,07 17221 739 

7,00 18322 969 

0,70 17521 647 GDA 

0,07 21026 819 
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Âèñíîâêè

Ñèíòåçîâàíî íèçêó îñíîâ Øèôôà ãîñèïî-
ëó ³ ï³äòâåðäæåíî ¿õ áóäîâó. Äîñë³äæåíî ðåàê-
ö³þ îäåðæàíèõ ñïîëóê ç DPPH ó ïðèñóòíîñò³
õëîðèäíî¿ êèñëîòè. Âèçíà÷åíî êîíñòàíòè øâèä-
êîñò³ ðåàêö³¿. Ïîêàçàíî ³ñíóâàííÿ êîðåëÿö³¿ ì³æ
âåëè÷èíàìè õ³ì³÷íèõ çñóâ³â ïðîòîí³â N–Í ãðóï
àçîìåòèíîâî¿ ãðóïè äîñë³äæåíèõ ñïîëóê ³ êîí-
ñòàíòàìè øâèäêîñò³ ðåàêö³¿ ç DPPH ó ïðèñóò-
íîñò³ õëîðèäíî¿ êèñëîòè, ùî äîçâîëÿº ïðîãíî-
çóâàòè ðåàêö³éíó çäàòí³ñòü îñíîâ Øèôôà ãîñè-
ïîëó ñòîñîâíî DPPH â êèñëîìó ñåðåäîâèù³. Çà
äîïîìîãîþ á³îòåñò³â íà êîðåíåâ³é ñèñòåì³ îã³ðê³â
Cucumis sativus L, âèçíà÷åíî á³îëîã³÷íó àê-
òèâí³ñòü îäåðæàíèõ îñíîâ Øèôôà ãîñèïîëó.
Âñòàíîâëåíî, ùî âñ³ äîñë³äæåí³ ñïîëóêè ïðè-
ãí³÷óþòü ïðîë³ôåðàö³þ êë³òèí ³ ìàþòü âèñîêó
öèòîñòàòè÷íó àêòèâí³ñòü.
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REACTIVITY OF GOSSYPOL SCHIFF BASES IN
REACTIONS WITH 2,2'-DIPHENYL-1-PICRYLHYDRAZYL
IN THE PRESENCE OF CHLORIDE ACID

O.M. Dykun a, *, A.M. Redko a, V.I. Rybachenko a, O.I. Dzyuba b

a L.M. Litvinenko Institute of Physical-Organic and Coal
Chemistry of the NAS of Ukraine, Kyiv, Ukraine

b M.M. Gryshko National Botanical Garden of the NAS of
Ukraine, Kyiv, Ukraine

* e-mail: amdykun@gmail.com

Five gossypol Schiff bases were synthesized (with
4-fluoroaniline, 4-methoxyaniline, 3-amino-5-methylisoxazole,
4-aminoantipyrine and aniline) and their structures were established
by 1H NMR spectroscopy. The reaction with 2,2'-diphenyl-1-
piñrylhydrazyl (DPPH) in the presence of chloride acid was conducted
and the correspondent rate constants were determined. The protonation
of gossypol Schiff bases in the presence of chloride acid leads to the
shift of tautomeric equilibrium from the enamine-enamine form to
imine-imine one. Additional O–H groups appear in the structure of
the molecule, they are able to react with DPPH). The correlation
between the chemical shifts of protons in N–H groups and the rate
constants in acid media was shown. Higher values of the chemical
shifts of protons in N–H groups of azomethine group indicate a
higher reactivity of corresponding Schiff bases. Then the difference
in the reactivity of investigated Schiff bases toward DPPH in the
presence of chloride acid can be explained by the ability to protonate
the nitrogen atom of the azomethine group. The biological activity of
a number of gossypol Schiff bases in biotests toward the root system
of cucumbers (Cucumis sativus L.) was determined.

Keywords: gossypol; Schiff base; 2,2'-diphenyl-1-
piñrylhydrazyl; reactivity; biological activity.



40

O.M. Dykun, A.M. Redko, V.I. Rybachenko, O.I. Dzyuba

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2019, No. 4, pp. 35-40

REFERENCES

1. Halliwell B., Aeschbach R., Loliger J., Aruoma O.I.
The characterization of antioxidants. Food and Chemical
Toxicology, 1995, vol. 33, pp. 601-617.

2. Villano D., Fernandez-Pachon M.S., Moya M.L.,
Troncoso A.M., Garcia-Parrilla M.C. Radical scavenging ability
of polyphenolic compounds towards DPPH free radical. Talanta,
2007, vol. 71, pp. 230-235.

3. Il’kevich N.S., Rybachenko V.I., Schroeder G.,
Dmitruk A.F., Chotii K.Y. Study of reaction of gossypol and its
imino derivatives with 2,2-diphenyl-1-picrylhydrazyl. Russian

Journal of General Chemistry, 2010, vol. 80, pp. 301-307.

4. Foti M.C. Use and abuse of the DPPH

 radical. Journal

of Agricultural and Food Chemistry, 2015, vol. 63, pp. 8765-8776.

5. Ilkevych N.S., Schroeder G., Rybachenko V.I., Chotiy K.Y.,
Makarova R.A. Vibrational spectra, structure and antioxidant
activity of gossypol imine derivatives. Spectrochimica Acta Part A:

Molecular and Biomolecular Spectroscopy, 2012, vol. 86, pp. 328-
335.

6. Dykun A.M., Redko A.N., Anishchenko V.N.,
Rybachenko V.I. Kolichestvennaya otsenka antiradikal’nykh
svoistv osnovanii Shiffa i gidrazonov gossipola [Quantitative
evaluation of radical scavenging properties of gossypol Schiff bases
and hydrazones]. Ukrainskii Khimicheskii Zhurnal, 2018, vol. 84,
no. 6, pp. 115-126. (in Russian).

7. Musialik M., Kuzmicz R., Pawlowski T.S., Litwinienko G.
Acidity of hydroxyl groups: an overlooked influence on antiradical
properties of flavonoids. Journal of Organic Chemistry, 2009, vol.
74, pp. 2699-2709.

8. Litwinienko G., Ingold K.U. Abnormal solvent effects
on hydrogen atom abstraction. 2. Resolution of the curcumin
antioxidant controversy. The role of sequential proton loss electron
transfer. Journal of Organic Chemistry, 2004, vol. 69, pp. 5888-
5896.

9. Campbell K.N., Morris R.C., Adams R. The structure
of gossypol. I. Journal of the American Chemical Society, 1937,
vol. 59, pp. 1723-1728.

10. Dykun A.M., Anishchenko V.N., Redko A.N.,
Rybachenko V.I., Chotiy K.Y. Spectroscopic and quantum
chemical study of gossypol imine derivatives. Journal of Molecular

Structure, 2019, vol. 1179, pp. 289-296.

11. Grodzins’kii A.M. Osnovy kh³m³chnoyi vzaemod³yi roslyn

[Fundamentals of chemical interaction of plants]. Naukova
Dumka, Kyiv, 1973. 190 p. (in Ukrainian).

12. Goupy P., Dufour C., Loonis M., Dangles O.
Quantitative kinetic analysis of hydrogen transfer reactions from
dietary polyphenols to the DPPH radical. Journal of Agricultural

and Food Chemistry, 2003, vol. 51, pp. 615-622.

13. Przybylski P., Schroeder G., Brzezinski B. The Schiff
Base of gossypol with 2-(aminomethyl)-18-crown-6 complexes
and H+, Li+, Na+, K+, Rb+, Cs+ cations studied by ESI MS,
1H NMR, FT-IR and PM5 semiempirical methods. Journal of

Molecular Structure, 2004, vol. 699, pp. 65-77.


