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Ç ìåòîþ á³ëüø ãëèáîêîãî ðîçóì³ííÿ ïðîöåñó àöèëþâàííÿ ïðèðîäíîãî ïîë³ôåíîëó,

ãîñèïîëó, ïðîâåäåíå éîãî ïîåòàïíå áåíçî¿ëþâàííÿ ç âèêîðèñòàííÿì áåíçî¿ëõëîðè-

äó ³ áåíçîéíîãî àíã³äðèäó ÿê àöèëþþ÷èõ àãåíò³â â ïðèñóòíîñò³ ï³ðèäèí-N-îêñèä³â.

Çà äîïîìîãîþ ìåòîäó îáåðíåíî-ôàçîâî¿ âèñîêîåôåêòèâíî¿ ð³äèííî¿ õðîìàòîãðàô³¿

ïðîàíàë³çîâàíî âïëèâ ñêëàäó ðåàêö³éíî¿ ñóì³ø³ íà ïðîöåñ áåíçî¿ëþâàííÿ ³ ïðîäóê-

òè ðåàêö³¿. Âñòàíîâëåíî, ùî âíàñë³äîê áåíçî¿ëþâàííÿ â³äáóâàºòüñÿ òàóòîìåðíèé

ïåðåõ³ä áåíçî¿ëüîâàíîãî ôðàãìåíòó ãîñèïîëó ç àëüäåã³äíî¿ äî ëàêòîëüíî¿ òàóòîìåð-

íî¿ ôîðìè. Òàêèé ïåðåõ³ä â³ðîã³äí³øå çà âñå îáóìîâëåíèé ðóéíàö³ºþ âîäíåâîãî

çâ’ÿçêó Ñ(7)–OHO=C(11) â ñóêóïíîñò³ ç òèì, ùî áåíçî¿ëüíèé ôðàãìåíò âèò³ñíÿº

àëüäåã³äíó ãðóïó ç ïëîùèíè íàôò³ëüíîãî ê³ëüöÿ (ó âèïàäêó áåíçî¿ëþâàííÿ

Ñ(7)–OH ãðóïè). Ó âèïàäêó áåíçî¿ëþâàííÿ Ñ(6)–OH ãðóïè â³äáóâàºòüñÿ ðóéíàö³ÿ

âîäíåâîãî çâ’ÿçêó Ñ(6)–OHÎ–Ñ(7). Ö³ çì³íè â êîíô³ãóðàö³¿ ñóòòºâî ïîëåãøóþòü

ïåðåõ³ä ïðîòîíà â³ä Ñ(1)–ÎÍ ãðóïè äî êèñíþ ïðè Ñ(11) ç íàñòóïíèì óòâîðåííÿì

ëàêòîëüíîãî öèêëó. Âèêîðèñòàííÿ áåíçî¿ëõëîðèäó ÿê àöèëþþ÷îãî àãåíòà â ïîºäíàíí³

ç òðèåòèëàì³íîì ³ 4-ìåòîêñèï³ðèäèí-N-îêñèäîì äîçâîëÿº øâèäêî áåíçî¿ëþâàòè

ãîñèïîë, àëå âíàñë³äîê ç³ñòàâíî¿ ðåàêö³éíî¿ çäàòíîñò³ ð³çíèõ ã³äðîêñèëüíèõ ãðóï

ê³ëüê³ñòü ³çîìåðíèõ áåíçîàò³â, ùî óòâîðþºòüñÿ, º äîñèòü âåëèêîþ. Ó ðàç³ âèêîðè-

ñòàííÿ áåíçîéíîãî àíã³äðèäó ê³ëüê³ñòü ³çîìåðíèõ áåíçîàò³â ãîñèïîëó çàëèøàºòüñÿ

âåëèêîþ, àëå çíà÷íî á³ëüøå íàêîïè÷óºòüñÿ áåíçîàò³â ç á³ëüøèì ÷àñîì óòðèìàííÿ â

õðîìàòîãðàô³÷í³é êîëîíö³. Öå îçíà÷àº, ùî áåíçî¿ëþâàííÿ â³äáóâàºòüñÿ á³ëüø ïîâíî.
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Âñòóï

Ãîñèïîë – ïðèðîäíèé ïîë³ôåíîë æîâòîãî
êîëüîðó, ùî ì³ñòèòüñÿ â ð³çíèõ ÷àñòèíàõ áàâîâ-
íè [1–3]. Â³äîìî, ùî ãîñèïîë âèÿâëÿº ð³çíî-
ìàí³òí³ á³îëîã³÷í³ âëàñòèâîñò³ (ïðîòèâ³ðóñí³,
ïðîòèïóõëèíí³, àíòèñïåðìàòîãåíí³, àíòèîêñè-
äàíòí³) [1,2,4]. ²ñíóº áàãàòî ñïîñîá³â ôóíêö³-
îíàë³çàö³¿ ãîñèïîëó [5], àëå íà ñüîãîäí³ íàéâ³äî-
ì³øèìè ïîõ³äíèìè ãîñèïîëó º éîãî ³ì³íîïîõ³äí³
[1,6–8]. Êð³ì òîãî, âèâ÷àþòüñÿ òàêîæ äåÿê³ ³íø³
ïîõ³äí³ (ãîñèïîëîí, àïîãîñèïîë, àíã³äðîãîñèïîë,
ãîñèïóðïóð³í, òîùî) [5]. Ùå îäíèì øëÿõîì
ìîäèô³êàö³¿ ãîñèïîëó º îäåðæàííÿ éîãî åòåð³â
òà åñòåð³â. Òàêà ìîäèô³êàö³ÿ ìîæå áóòè âèêîðè-
ñòàíà äëÿ çàõèñòó ôåíîëüíèõ ãðóï, ùî ëåãêî
îêèñëþþòüñÿ ï³ä âïëèâîì çîâí³øí³õ ôàêòîð³â.

Åòåðè òà åñòåðè ãîñèïîëó ÷àñòî âèêîðèñòîâóþòü
ÿê âèõ³äí³ ñïîëóêè äëÿ ïîäàëüøî¿ ôóíêö³îíàë³-
çàö³¿ [1,5].

Ðàíí³ äîñë³äæåííÿ á³îëîã³÷íî¿ àêòèâíîñò³
åòåð³â ³ åñòåð³â ãîñèïîëó ïîêàçàëè, ùî ç³
çá³ëüøåííÿì ê³ëüêîñò³ çàì³ùåíèõ ã³äðîêñèëüíèõ
ãðóï â ñòðóêòóð³ ãîñèïîëó, á³îëîã³÷íà àêòèâí³ñòü
åòåð³â ³ åñòåð³â çíèæóºòüñÿ [9,10]. Îäíàê, çãî-
äîì áóëî âèÿâëåíî, ùî 6-ìåòîêñèãîñèïîë ³
6,6'-äèìåòîêñèãîñèïîë º åôåêòèâí³øèìè ïðîòè-
ïóõëèííèìè àãåíòàìè, í³æ íåìîäèô³êîâàíèé ãî-
ñèïîë [11]. Â³äìèðàííÿ ðàêîâèõ êë³òèí ï³ä ä³ºþ
ãîñèïîëó ìîæå áóòè âèêëèêàíå àáî àïîïòîçîì,
àáî íåêðîçîì (â çàëåæíîñò³ â³ä äîçè). Õî÷à äå-
òàëüíèé ìåõàí³çì âïëèâó ãîñèïîëó íà ðàêîâ³
êë³òèíè ùå âèâ÷àºòüñÿ, ïðîòå, òîé ôàêò, ùî
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6-ìåòîêñèãîñèïîë ³ 6,6'-äèìåòîêñèãîñèïîë ìà-
þòü ç³ñòàâíó àáî âèùó ïðîòèïóõëèííó àê-
òèâí³ñòü, í³æ ãîñèïîë, ñâ³ä÷èòü, ùî íàÿâí³ñòü
ôåíîëüíèõ ã³äðîêñèëüíèõ ãðóï Ñ(6)–ÎÍ ³ Ñ(6')–ÎÍ
íå º êëþ÷îâèì ôàêòîðîì äëÿ òàêîãî ðîäó á³îëî-
ã³÷íî¿ àêòèâíîñò³. Òàê ñàìî 6-ìåòîêñèãîñèïîë ³
6,6'-äèìåòîêñèãîñèïîë º åôåêòèâí³øèìè àíòè-
òðèïàíîñîìíèìè çàñîáàìè, í³æ ãîñèïîë [11].
Ïðîäåìîíñòðîâàíî [12], ùî äèãëþêîçèäè ãîñè-
ïîëó âèÿâëÿþòü ïîì³ðíó ïðîòèïóõëèííó àê-
òèâí³ñòü, ìàþ÷è ìåíøó í³æ ó ãîñèïîëó òîê-
ñè÷í³ñòü, à ââåäåííÿ ãë³êîçèäíèõ ôðàãìåíò³â â
ñòðóêòóðó ãîñèïîëó ï³äâèùóº éîãî àíòèòðèïà-
íîñîìíó àêòèâí³ñòü.

Ñë³ä çàçíà÷èòè, ùî îòðèìàííÿ ³íäèâ³äóàëü-
íèõ åòåð³â ³ åñòåð³â ãîñèïîëó ïîâ’ÿçàíî ç ñóòòº-
âèìè ñêëàäíîñòÿìè, çóìîâëåíèìè ìîæëèâ³ñòþ
³ñíóâàííÿ ãîñèïîëó â ð³çíèõ òàóòîìåðíèõ ôîð-
ìàõ (ðèñ. 1).

Ðèñ. 1. Áóäîâà ³ òàóòîìåðí³ ôîðìè ãîñèïîëó:

1 – àëüäåã³äíà ôîðìà; 2 – êåòîëüíà ôîðìà;

3 – ëàêòîëüíà ôîðìà

Ðàí³øå ïîêàçàíî, ùî â ðåçóëüòàò³ àëê³ëþ-
âàííÿ ã³äðîêñèëüíèõ ãðóï ãîñèïîëó ìîæëèâå
óòâîðåííÿ ãåêñàìåòèëîâèõ åòåð³â ä³ëàêòîëüíî¿
ôîðìè, ä³àëüäåã³äíî¿ ôîðìè ³ çì³øàíîãî ìîíî-
ëàêòîëüíî-ìîíîàëüäåã³äíîãî ãåêñàìåòèëîâîãî
åòåðó ãîñèïîëó [1]. Îäåðæàííÿ ê³ëüêîõ ïðîäóêò³â
ðåàêö³¿ ïåðåøêîäæàëî ¿õ ³äåíòèô³êàö³¿ ³ âèä³ëåí-
íþ ³íäèâ³äóàëüíèõ ðå÷îâèí. Íàéá³ëüø äîñë³-
äæåíèìè åñòåðàìè ãîñèïîëó º àöåòàòè [13], òà-
êîæ ïîâ³äîìëÿëîñÿ ïðî éîãî ãåêñàáåíçîàò ³ ãåê-
ñàïàëüì³òàò [1]. Ðîáèëèñÿ ñïðîáè îäåðæàííÿ
ãåêñàòðèìåòèëñèë³ëà ãîñèïîëó [14]. ×åðåç ñêëàä-
íîñò³ îäåðæàííÿ ³ âèä³ëåííÿ ³íäèâ³äóàëüíèõ ïðî-
äóêò³â, íà ñüîãîäí³ ïðîâåäåíî îáìåæåíó ê³ëüê³ñòü
òàêèõ äîñë³äæåíü. Ó òîé æå ÷àñ, åòåðèô³êàö³ÿ òà

åñòåðèô³êàö³ÿ ãîñèïîëó â³äêðèâàº ïåðñïåêòèâó
îäåðæàííÿ íîâèõ á³îëîã³÷íî àêòèâíèõ ñïîëóê.

Ó ðîçâèòîê íàøèõ ïîïåðåäí³õ äîñë³äæåíü ³
ç ìåòîþ á³ëüø ãëèáîêîãî ðîçóì³ííÿ ïðîöåñó
àöèëþâàííÿ ãîñèïîëó, â äàí³é ðîáîò³ âèêîíàíî
éîãî ïîåòàïíå áåíçî¿ëþâàííÿ â ð³çíèõ óìîâàõ.
Çà äîïîìîãîþ ìåòîäó îáåðíåíî-ôàçîâî¿ âèñî-
êîåôåêòèâíî¿ ð³äèííî¿ õðîìàòîãðàô³¿ (ÎÔ ÂÅÐÕ)
ç ÓÔ ä³îäíî-ìàòðè÷íèì äåòåêòîðîì, ùî äîçâî-
ëÿº ðîçð³çíÿòè åñòåðè ãîñèïîëó ç ð³çíèì ñòóïå-
íåì çàì³ùåííÿ, ïðîàíàë³çîâàíî âïëèâ ñêëàäó ðå-
àêö³éíî¿ ñóì³ø³ íà ïåðåá³ã ïðîöåñó áåíçî¿ëþ-
âàííÿ ³ ïðîäóêòè ðåàêö³¿.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Â ðîáîò³ âèêîðèñòîâóâàëè ðåàãåíòè ³ ðîç-
÷èííèêè ô³ðìè Sigma-Aldrich. Ñòóï³íü áåíçî-
¿ëþâàííÿ ãîñèïîëó êîíòðîëþâàëè çà äîïîìîãîþ
ìåòîäó îáåðíåíî-ôàçîâî¿ âèñîêîåôåêòèâíî¿
ð³äèííî¿ õðîìàòîãðàô³¿ ç âèêîðèñòàííÿì ñèñòå-
ìè Agilent1100 ç ÓÔ ä³îäíî-ìàòðè÷íèì äåòåê-
òîðîì. Âèêîðèñòîâóâàëè êîëîíêó Zorbax SB-C18
4,6250 ìì ç ä³àìåòðîì ÷àñòîê 5 ìêì ó ïîºäíàíí³
ç ³çîêðàòè÷íèì åëþþâàííÿì ÌeOH:H2O(0,05 M
H3PO4)=10%:90% ç³ øâèäê³ñòþ 1 ìë/õâ.

Äëÿ ñèíòåçó åñòåð³â ãîñèïîëó çàñòîñîâóâà-
ëè íàñòóïí³ ðåàãåíòè: ãîñèïîë; áåíçî¿ëõëîðèä
(BzCl); áåíçîéíèé àíã³äðèä (BzOBz); òðèåòè-
ëàì³í (TEA); 4-ìåòîêñèï³ðèäèí-N-îêñèä
(MeOPNO); 4-äèìåòèëàì³íîï³ðèäèí-N-îêñèä
(DMAPNO); äèõëîðìåòàí.

Áåíçî¿ëþâàííÿ ãîñèïîëó áåíçî¿ëõëîðèäîì
ïðîâîäèëè, äîäàþ÷è äî 4 ìë ðîç÷èíó ãîñèïîëó
(0,01 ìîëü/ë) ³ MeOPNO (0,0005 ìîëü/ë) â äèõ-
ëîðìåòàí³ êîæí³ 30 õâ ïî 0,1 ìë ðîç÷èí³â BzCl
(îäèí åêâ³âàëåíò) (0,4 ìîëü/ë) ³ ÒÅÀ (0,8 ìîëü/ë)
â äèõëîðìåòàí³. Âñüîãî äîäàâàëè ïî 0,6 ìë ðîç-
÷èí³â BzCl ³ ÒÅÀ.

Áåíçî¿ëþâàííÿ ãîñèïîëó áåíçîéíèì àíã³ä-
ðèäîì ïðîâîäèëè, äîäàþ÷è äî 4 ìë ðîç÷èíó ãî-
ñèïîëó (0,01 ìîëü/ë) ³ DMAPNO (0,001 ìîëü/ë)
â äèõëîðìåòàí³ êîæí³ 30 õâèëèí ïî 0,1 ìë ðîç-
÷èíó BzOBz (îäèí åêâ³âàëåíò) (0,4 ìîëü/ë) â
äèõëîðìåòàí³. Âñüîãî äîäàâàëè ïî 0,6 ìë ðîç÷è-
íó BzOBz.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Áåíçî¿ëþâàííÿ ç âèêîðèñòàííÿì áåíçî¿ëõëî-
ðèäó ÿê àöèëþþ÷îãî àãåíòà

Ó ðîç÷èí³ äèõëîðìåòàíó ãîñèïîë ³ñíóº â
ä³àëüäåã³äí³é òàóòîìåðí³é ôîðì³ [1], ÿêà ³äåíòè-
ô³êóºòüñÿ ïî íàÿâíîñò³ øèðîêî¿ ñìóãè ïîãëè-
íàííÿ ó âèäèì³é ä³ëÿíö³ ñïåêòðà (370 íì), ùî
îáóìîâëåíà åëåêòðîííèìè ïåðåõîäàìè, ÿê³ çà÷-
³ïàþòü àëüäåã³äíó ãðóïó. Çà çì³íàìè â ÓÔ ñïåê-
òðàõ õðîìàòîãðàô³÷íèõ ï³ê³â ðîáèëè âèñíîâêè
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ïðî çì³íó òàóòîìåðíèõ ôîðì ãîñèïîëó ³ éîãî
ïîõ³äíèõ â ïðîöåñ³ áåíçî¿ëþâàííÿ.

Â íàøèõ ïîïåðåäí³õ äîñë³äæåííÿõ ïîêàçà-
íî, ùî ï³ðèäèí-N-îêñèäè åôåêòèâíî êàòàë³çó-
þòü àöèëþâàííÿ ôåíîë³â â äâîôàçíèõ ñèñòåìàõ
âîäà–äèõëîðìåòàí [15]. Ñïèðàþ÷èñü íà öå, ÿê
êàòàë³çàòîð áåíçî¿ëþâàííÿ ãîñèïîëó áóëî îáðà-
íî MeOPNO.

Â ïðîöåñ³ àöèëþâàíÿ ôåíîëó õëîðàíã³äðè-
äîì â ðåàêö³éí³é ñóì³ø³ óòâîðþºòüñÿ õëîðèä
âîäíþ ÿêèé çâ’ÿçóº îñíîâíèé êàòàë³çàòîð. Çâà-
æàþ÷è íà öå, âèêîðèñòîâóâàëè TEA ÿê àêöåï-
òîð ïðîòîí³â. TEA õàðàêòåðèçóºòüñÿ á³ëüøîþ
êîíñòàíòîþ îñíîâíîñò³, í³æ MeOPNO, ³ òîìó
ñïðèÿº éîãî ðåãåíåðàö³¿ (ðèñ. 2).

Ðèñ. 2. Ñõåìà àöèëþâàíÿ ôåíîëó ç âèêîðèñòàííÿì

àöèëõëîðèäó, ï³ðèäèí-N-îêñèäó ³ TEA

(Ac – àöèë, Ph – ôåíîë)

Çà ðåçóëüòàòàìè ÎÔ ÂÅÐÕ (ðèñ. 3) âñòà-
íîâëåíî, ùî íåìîäèô³êîâàíèé ãîñèïîë îñòàòî-
÷íî çíèêàº ëèøå ï³ñëÿ äîäàâàííÿ á³ëüøå í³æ äâîõ
åêâ³âàëåíò³â BzCl. Âíàñë³äîê öüîãî óòâîðþºòüñÿ
äîñèòü çíà÷íà ê³ëüê³ñòü ³çîìåðíèõ áåíçîàò³â ãî-
ñèïîëó ç ïîä³áíîþ ñòðóêòóðîþ, ùî ïðîÿâëÿºòü-
ñÿ â áëèçüêèõ çíà÷åííÿõ ÷àñó óòðèìàííÿ â õðî-
ìàòîãðàô³÷í³é êîëîíö³, à òàêîæ â ïîä³áíîñò³ ¿õ
ÓÔ ñïåêòð³â. Òàêîæ ç îòðèìàíèõ ñïåêòð³â âèä-
íî, ùî â áåíçî¿ëüîâàíîìó ôðàãìåíò³ ãîñèïîëó
â³äáóâàºòüñÿ òàóòîìåðíèé ïåðåõ³ä â³ä àëüäåã³ä-
íî¿ ôîðìè äî ëàêòîëüíî¿. Ïðî öå ñâ³ä÷èòü çíè-
æåííÿ ³íòåíñèâíîñò³ ñìóãè ïîãëèíàííÿ ïðè
370 íì, ùî îáóìîâëåíà íàÿâí³ñòþ àëüäåã³äíî¿
ãðóïè. Òàêèé ïåðåõ³ä, ³ìîâ³ðí³øå çà âñå, â³äáó-
âàºòüñÿ âíàñë³äîê ðóéíàö³¿ âîäíåâîãî çâ’ÿçêó
Ñ(7)–OHO=C(11) ðàçîì ç òèì, ùî áåíçî¿ëüíèé

ôðàãìåíò âèò³ñíÿº àëüäåã³äíó ãðóïó ç ïëîùèíè
íàôò³ëüíîãî ê³ëüöÿ (ó âèïàäêó áåíçî¿ëþâàííÿ
Ñ(7)–OH ãðóïè). Ó âèïàäêó áåíçî¿ëþâàííÿ
Ñ(6)–OH ãðóïè â³äáóâàºòüñÿ ðóéíàö³ÿ âîäíåâî-
ãî çâ’ÿçêó Ñ(6)–OHÎ–Ñ(7). Ö³ çì³íè â êîíô³-
ãóðàö³¿ ñóòòºâî ïîëåãøóþòü ïåðåõ³ä ïðîòîíà â³ä
Ñ(1)–ÎÍ ãðóïè äî Î-àòîìà ïðè Ñ(11) ç íàñòóï-
íèì óòâîðåííÿì ëàêòîëüíîãî öèêëó (ðèñ. 4).
Ïîäàëüøå áåíçî¿ëþâàííÿ â ò³é æå ÷àñòèí³ ìî-
ëåêóëè ãîñèïîëó íå ïðèâîäèòü äî çì³í â ÓÔ
ñïåêòð³ ïðè >300 íì, àëå ñóòòºâî çíèæóº ã³äðî-
ô³ëüí³ñòü ñïîëóêè, ùî ïðèâîäèòü äî çá³ëüøåí-
íÿ ÷àñó óòðèìàííÿ ðå÷îâèíè â õðîìàòîãðàô³÷í³é
êîëîíö³. Ïðè ïîäàëüøîìó áåíçî¿ëþâàíí³ ã³äðî-
êñèëüíî¿ ãðóïè â íå ìîäèô³êîâàí³é ÷àñòèí³
ãîñèïîëó, îäíî÷àñíî â³äáóâàºòüñÿ ïåðåõ³ä äî
ëàêòîëüíî¿ ôîðìè, ³ ñìóãà ïîãëèíàííÿ ïðè
370 íì îñòàòî÷íî çíèêàº.

Ðèñ. 4. Áåíçî¿ëþâàííÿ ãîñèïîëó ç âèêîðèñòàííÿì BzCl,

MeOPNO ³ TEA ç ïîäàëüøèì òàóòîìåðíèì ïåðåõîäîì

Ðèñ. 3. Õðîìàòîãðàìè ðåàêö³éíî¿ ñóì³ø³, ùî ì³ñòèòü

ãîñèïîë, TEA òà MeOPNO, çàïèñàí³ ÷åðåç 30 õâ ï³ñëÿ

äîäàâàííÿ íàñòóïíîãî åêâ³âàëåíòó BzCl

(à – ï³ñëÿ äîäàâàííÿ 2-ãî åêâ³âàëåíòó;

á – 3-ãî åêâ³âàëåíòó; â – 4-ãî åêâ³âàëåíòó;

ã – 5-ãî åêâ³âàëåíòó)
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Âèêîðèñòàííÿ BzCl ÿê àöèëþþ÷îãî àãåíòà
â ïîºäíàíí³ ç ÒÅÀ ³ ÌåÎÐNO äîçâîëÿº øâèäêî
áåíçî¿ëþâàòè ãîñèïîë, àëå âíàñë³äîê ç³ñòàâíî¿
ðåàêö³éíî¿ çäàòíîñò³ ð³çíèõ ã³äðîêñèëüíèõ ãðóï
ê³ëüê³ñòü ³çîìåðíèõ áåíçîàò³â, ùî óòâîðþºòüñÿ,
º äîñèòü âåëèêîþ (ðèñ. 3). Òîìó âèä³ëåííÿ ³íäè-
â³äóàëüíî¿ ñïîëóêè ç ñóì³ø³ ïðîäóêò³â ïîòðåáóº
çàñòîñóâàííÿ ñêëàäíèõ òà äîðîãèõ ìåòîä³â (òà-
êèõ ÿê ïðåïàðàòèâíà õðîìàòîãðàô³ÿ).

Áåíçî¿ëþâàííÿ ç âèêîðèñòàííÿì áåíçîéíîãî
àíã³äðèäó ÿê àöèëþþ÷îãî àãåíòà

Â³äîìî, ùî ðåàêö³ÿ áåíçî¿ëþâàííÿ BzCl
ïåðåá³ãàº ÷åðåç óòâîðåííÿ õëîðèäó N-áåíçî¿ëîê-
ñèï³ðèäèí³ÿ. Ðåàêö³éíà çäàòí³ñòü òàêîãî ³îííî-
ãî ³íòåðìåä³àòó ñóòòºâî âàð³þºòüñÿ â çàëåæíîñò³
â³ä êèñëîòíîñò³ ðåàãóþ÷î¿ ã³äðîêñèëüíî¿ ãðóïè.
Òàê, áåíçî¿ëþâàííÿ ñïèðòîâî¿ ãðóïè íå â³äáó-
âàºòüñÿ çîâñ³ì. Â òîé æå ÷àñ, ó âèïàäêó âèêîðè-
ñòàííÿ BzOBz óòâîðþºòüñÿ áåíçîàò N-áåíçî¿ëî-
êñèï³ðèäèí³þ, ÿêèé çäàòåí áåíçî¿ëþâàòè ³ ñïèð-
òîâ³ ã³äðîêñèëüí³ ãðóïè. Êð³ì òîãî, óòâîðåííÿ
áåíçîàòó ï³ðèäèí-N-îêñèäó, íà â³äì³íó â³ä õëî-
ðèäó, íå ïðèçâîäèòü äî çóïèíêè ðåàêö³¿ óòâî-
ðåííÿ íîâèõ ³îííèõ ³íòåðìåä³àò³â, à ïðèçâîäèòü
ëèøå äî çíèæåííÿ øâèäêîñò³ ö³º¿ ðåàêö³¿. Öå
äîçâîëèëî ïðîâîäèòè áåíçî¿ëþâàííÿ áåç äîäà-
âàííÿ TEA. Ó äàíîìó âèïàäêó âèêîðèñòîâóâàëè
DMAPNO ÿê êàòàë³çàòîð (ðèñ. 5).

Ðèñ. 5. Ñõåìà áåíçî¿ëþâàííÿ ôåíîëó ç âèêîðèñòàííÿì

BzOBz ³ ï³ðèäèí-N-îêñèäó (Bz – áåíçî¿ë, Ph – ôåíîë)

Ç ââåäåííÿì êîæíîãî íîâîãî åêâ³âàëåíòà
BzOBz, ïëîùà ï³êà, ùî â³äïîâ³äàº âèõ³äíîìó
ãîñèïîëó, çíèæóºòüñÿ. Îñòàòî÷íî âèõ³äíèé ãî-
ñèïîë â ðåàêö³éí³é ñóì³ø³ çíèêàº ëèøå ï³ñëÿ
äîäàâàííÿ á³ëüøå í³æ äâîõ åêâ³âàëåíò³â BzOBz.
Öå ïîâí³ñòþ çá³ãàºòüñÿ ç ðåçóëüòàòàìè, ùî áóëî
îòðèìàíî äëÿ BzCl. Àëå ïî÷èíàþ÷è ç äîäàâàííÿ
4-ãî åêâ³âàëåíòó BzOBz, øâèäê³ñòü ðåàêö³¿ ñóò-
òºâî çíèæóºòüñÿ ³ íà õðîìàòîãðàìàõ ñïîñòåð³-
ãàºòüñÿ ï³ê âèõ³äíîãî BzOBz (ðèñ. 6). Öå ìîæíà
ïîÿñíèòè òèì, ùî íà äàíîìó åòàï³ áåíçî¿ëþâàííÿ
ãîñèïîëó ñóòòºâèìè ñòàþòü ñòåðè÷í³ óñêëàäíåííÿ
ïðè àòàö³ êàò³îíîì N-áåíçî¿ëîêñèï³ðèäèí³ÿ

ã³äðîêñèëüíî¿ ãðóïè â áåíçî¿ëüîâàíîìó ôðàãìåíò³
ãîñèïîëó.

Ðèñ. 6. Õðîìàòîãðàìè ðåàêö³éíî¿ ñóì³ø³, ùî ì³ñòèòü

ãîñèïîë ³ DMAPNO, çàïèñàí³ ÷åðåç 30 õâèëèí ï³ñëÿ

äîäàâàííÿ 4-ãî (à) ³ 5-ãî (á) åêâ³âàëåíò³â BzOBz

ßê ³ â ïîïåðåäíüîìó åêñïåðèìåíò³, ÓÔ
ñïåêòðè ï³ê³â íà çàïèñàíèõ õðîìàòîãðàìàõ
ñâ³ä÷àòü ïðî òå, ùî áåíçî¿ëþâàííÿ ñóïðîâî-
äæóºòüñÿ çì³íîþ òàóòîìåðíî¿ ôîðìè ãîñèïîëó ç
àëüäåã³äíî¿ íà ëàêòîëüíó.

Çà ðåçóëüòàòàìè ÎÔ ÂÅÐÕ âñòàíîâëåíî, ùî
ïðè âèêîðèñòàíí³ BzOBz ê³ëüê³ñòü ³çîìåðíèõ
áåíçîàò³â ãîñèïîëó â ðåàêö³éí³é ñóì³ø³ çàëè-
øàºòüñÿ âåëèêîþ, àëå á³ëüøå óòâîðþºòüñÿ áåí-
çîàò³â ç³ çíà÷íèì ÷àñîì óòðèìàííÿ. Òîáòî áåí-
çî¿ëþâàííÿ â³äóâàºòüñÿ á³ëüø ïîâíî, í³æ ó âè-
ïàäêó BzCl.

Âèñíîâêè

Çä³éñíåíå ïîåòàïíå áåíçî¿ëþâàííÿ ãîñèïî-
ëó ç âèêîðèñòàííÿì áåíçî¿ëõëîðèäó ³ áåíçîéíî-
ãî àíã³äðèäó ÿê àöèëþþ÷èõ àãåíò³â. Ïîêàçàíî,
ùî â îáîõ âèïàäêàõ óòâîðþºòüñÿ çíà÷íà ê³ëüê³ñòü
³çîìåðíèõ áåíçîàò³â ãîñèïîëó. Ïðîäåìîíñòðîâà-
íî, ùî ó âèïàäêó âèêîðèñòàííÿ áåíçîéíîãî àí-
ã³äðèäó, áåíçî¿ëþâàííÿ â³äáóâàºòüñÿ á³ëüø
ïîâíî. Âñòàíîâëåíî, ùî áåíçî¿ëþâàííÿ ïðèâî-
äèòü äî òàóòîìåðíîãî ïåðåõîäó áåíçî¿ëüîâàíîãî
ôðàãìåíòó ãîñèïîëó ç àëüäåã³äíî¿ äî ëàêòîëüíî¿
òàóòîìåðíî¿ ôîðìè.
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BENZOYLATION OF GOSSYPOL USING BENZOYL
CHLORIDE AND BENZOIC ANHYDRIDE AS ACYLATING
AGENTS

O.M. Dykun *, V.M. Anishchenko, A.M. Redko, V.I. Rybachenko

L.M. Litvinenko Institute of Physical-Organic Chemistry and
Coal Chemistry, National Academy of Sciences of Ukraine,
Kyiv, Ukraine

* e-mail: amdykun@gmail.com

To understand deeply the process of acylation of natural
polyphenol gossypol, its stepwise benzoylation was performed
using benzoyl chloride and benzoic anhydride as acylating agents
in the presence of pyridine-N-oxides. The influence of the
composition of a reaction mixture on the benzoylation process
and reaction products was analyzed by the method of reversed-
phase high-performance liquid chromatography. It was established
that benzoylation of gossypol leads to the tautomeric transition
of the respective fragment from aldehyde to lactol tautomeric
form. This transition is most likely due to the breaking of the
hydrogen bond C(7)–OHO=C(11) in combination with the
displacement of the aldehyde group by the benzoyl fragment from
the naphthyl ring plane (in the case of benzoylation of C(7)–OH
group); benzoylation of C(6)–OH group is accompanied by the
breaking of the hydrogen bond C(6)–OHO–C(7). These changes
of configuration significantly facilitate the proton transfer from
the C(1)–OH group to oxygen at C(11) followed by the formation
of the lactol cycle. The use of benzoyl chloride as an acylating
agent in combination with triethylamine and 4-methoxypyridine-
N-oxide allows benzoylating gossypol quickly. However, the
variety of formed benzoates is quite large because of the similar
reactivity of different hydroxyl groups. In the case of benzoic
anhydride, the number of isomeric gossypol benzoates remains
quite high. Much more esters with higher retention time are
accumulated due to a higher degree of benzoylation.

Keywords: gossypol; acylation; benzoylation; tautomerism;
acylating agent; reversed-phase high-performance liquid
chromatography.
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