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Ïðåäëîæåí ìåòîä ñèíòåçà àìôèôèëüíûõ ðåàêöèîííîñïîñîáíûõ îëèãîìåðíûõ ñèëñåñêâèîêñàíîâ,
îñíîâàííûé íà ðåàêöèè êâàòåðíèçàöèè í-áðîìäåêàíîì ñìåñè îëèãîñèëñåñêâèîêñàíîâ,
ñîäåðæàùèõ â îðãàíè÷åñêîì îáðàìëåíèè òðåòè÷íûå àìèííûå, ïåðâè÷íûå è âòîðè÷íûå
ãèäðîêñèëüíûå ãðóïïû. Èññëåäîâàíà èõ àíòèìèêðîáíàÿ àêòèâíîñòü ïî îòíîøåíèþ ê íåêîòîðûì
áàêòåðèàëüíûì êóëüòóðàì è ãðèáàì. Ñòðîåíèå ñèíòåçèðîâàííîãî âåùåñòâà îõàðàêòåðèçîâàíî
ìåòîäàìè ÈÊ- è 1Í ßÌÐ ñïåêòðîñêîïèè. Óñòàíîâëåíî, ÷òî äàííîå ñîåäèíåíèå íå âëèÿåò íà
øòàììû áàêòåðèé Staphylococcus aureus (ATCC-25923), Escherichia coli (ATCC-25922) è
Pseudomonas aeruginosa (ATCC-27853) è â òî æå âðåìÿ èìååò äîçîçàâèñèìîå ôóíãèñòàòè÷åñêîå
äåéñòâèå íà ãðèá Candida àlbicans (Ì 885 ÀÒÑÑ 10231), êëèíè÷åñêèå èçîëÿòû Candida àlbicans,
Candida glàbrata è Candida krusei.

Êëþ÷åâûå ñëîâà: îëèãîìåðíûå ñèëñåñêâèîêñàíû, êâàòåðíèçàöèÿ, ÷åòâåðòè÷íûå àììîíèåâûå ñîåäèíåíèÿ,
àíòèìèêðîáíàÿ àêòèâíîñòü.

Ïîëèýäðàëüíûå îëèãîìåðíûå ñèëñåñêâèîêñàíû è
îðãàíî-íåîðãàíè÷åñêèå êîìïîçèòû íà èõ îñíîâå â ïî-
ñëåäíåå âðåìÿ ÿâëÿþòñÿ îáúåêòîì øèðîêèõ èññëåäî-
âàíèé [1–11]. Èíòåðåñ ê äàííûì ñîåäèíåíèÿì âûçâàí
èõ óíèêàëüíûì ñòðîåíèåì è ñâîéñòâàìè. Îíè ïðåä-
ñòàâëÿþò ñîáîé òð¸õìåðíûå îðãàíî-íåîðãàíè÷åñêèå
÷àñòèöû îáùåé ôîðìóëû (RSiO1.5)n, ñîäåðæàùèå â ñâî-
¸ì ñîñòàâå ñèëñåñêâèîêñàíîâîå ÿäðî (SiO1.5)n è îðãà-
íè÷åñêèå ðàäèêàëû ðàçëè÷íîãî ñòðîåíèÿ è ôóíêöèî-
íàëüíîñòè íà îáîëî÷êå. Íàèáîëåå èçó÷åíû îêòàýäðàëü-
íûå îëèãîìåðíûå ñèëñåñêâèîêñàíû (n = 8, POSS) [1–
11], õàðàêòåðèçóþùèåñÿ êóáè÷åñêîé ôîðìîé.
Îñîáåííîñòÿìè äàííûõ íàíî÷àñòèö ÿâëÿåòñÿ ìîíîäèñ-
ïåðñíûé ðàçìåð è êîíòðîëèðîâàííàÿ ôóíêöèîíàëü-
íîñòü. Ýòî ïîçâîëèëî èñïîëüçîâàòü èõ äëÿ ïîëó÷åíèÿ
íàíîñòðóêòóðèðîâàííûõ îðãàíî-íåîðãàíè÷åñêèõ êîì-
ïîçèòíûõ ìàòåðèàëîâ ñ ïîâûøåííûìè òåðìè÷åñêîé è
ìåõàíè÷åñêîé ñòàáèëüíîñòüþ, ñòîéêîñòüþ ê îêèñëå-
íèþ, ïîíèæåííîé ãîðþ÷åñòüþ, äëÿ ïðèìåíåíèÿ â
ðàçëè÷íûõ îáëàñòÿõ [1, 3–9], â ò.÷. è áèîìåäèöèíñêèõ
öåëåé [5, 7, 8, 10, 11]. Â ïîñëåäíåì ñëó÷àå âàæíîé

îñîáåííîñòüþ POSS ÿâëÿþòñÿ íàëè÷èå èíåðòíûõ è íå-
òîêñè÷íûõ Si–O–Si- è Si–C-ñâÿçåé è âîçìîæíîñòü ââå-
äåíèÿ â îðãàíè÷åñêóþ ÷àñòü ôóíêöèîíàëüíûõ ãðóïï è
ôðàãìåíòîâ ñ íåîáõîäèìûìè áèîëîãè÷åñêèìè ñâîé-
ñòâàìè. Òàê, ìàòåðèàëû íà îñíîâå POSS ïðåäëîæåíû
äëÿ òêàíåâîé èíæåíåðèè [12, 13], ñòîìàòîëîãèè [14, 15],
äîñòàâêè ëåêàðñòâ â îðãàíèçìå [16], êàê áèîñåíñîðû
[17].

Ââåäåíèå â îðãàíè÷åñêîå îáðàìëåíèå POSS ÷åòâåð-
òè÷íûõ àììîíèåâûõ ãðóïï îòêðûëî âîçìîæíîñòü èñ-
ïîëüçîâàíèÿ èõ â êà÷åñòâå àíòèìèêðîáíûõ ìàòåðèàëîâ
[18–21]. Êâàòåðíèçîâàííûå àììîíèåâûå ïðîèçâîäíûå
îðãàíè÷åñêèõ ñîåäèíåíèé øèðîêî èñïîëüçóþòñÿ êàê
äåçèíôèöèðóþùèå âåùåñòâà, àíòèñåïòèêè è âåùåñòâà,
ïðåïÿòñòâóþùèå áèîëîãè÷åñêîìó îáðàñòàíèþ [22–26].
Èçâåñòíî, ÷òî àíòèìèêðîáíîå äåéñòâèå òàêèõ ñîåäèíå-
íèé âî ìíîãîì ñâÿçàíî ñ èõ àìôèôèëüíîñòüþ [22, 26].
Âçàèìîäåéñòâèå êàê ãèäðîôèëüíûõ èîííûõ ãðóïï, òàê
è ãèäðîôîáíûõ àëêèëüíûõ ðàäèêàëîâ êâàòåðíèçîâàí-
íûõ ôðàãìåíòîâ ñ êëåòî÷íîé ñòåíêîé èëè öèòîïëàçìà-
òè÷åñêîé ìåìáðàíîé ìèêðîîðãàíèçìîâ ïðèâîäèò ê
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ïîâðåæäåíèþ ïîñëåäíåé è ïðåïÿòñòâóþò å¸ äàëüíåé-
øåìó ôóíêöèîíèðîâàíèþ [22, 25, 26]. Ïåðñïåêòèâíîñòü
èñïîëüçîâàíèÿ POSS êàê íåîðãàíè÷åñêîãî êàðêàñà äëÿ
ïîëó÷åíèÿ àíòèìèêðîáíûõ àãåíòîâ ñâÿçàíà ñ âîçìîæ-
íîñòüþ îáúåäèíåíèÿ â êîìïàêòíîé ñòðóêòóðå çíà÷è-
òåëüíîãî êîëè÷åñòâà àììîíèåâûõ ãðóïï è îäíîâðåìåí-
íîãî ðåãóëèðîâàíèÿ àìôèôèëüíîñòè èçìåíåíèåì êàê
ñòåïåíè ãèäðîôîáíîñòè (äëèíû) ââîäèìîãî àëêèëüíî-
ãî ðàäèêàëà, òàê è îáùåãî êîëè÷åñòâà èîííûõ ãðóïï è
ïðèðîäû àíèîíà, à òàêæå ñ ïîâûøåíèåì òåðìîñòàáèëü-
íîñòè ïîëó÷åííûõ ñîåäèíåíèé.

Â òî æå âðåìÿ èíôîðìàöèÿ î ïîëó÷åíèè àíòèìèê-
ðîáíûõ ìàòåðèàëîâ íà îñíîâå POSS âåñüìà îãðàíè÷å-
íà [18–21]. Â [18] îïèñàíû êâàòåðíèçîâàííûå POSS,
ñïîñîáíûå ïðåäóïðåæäàòü ðîñò áàêòåðèé Escherichia
coli è Staphylococcus aureus, à òàêæå ãðèáà Candida
albicans. Óñòàíîâëåíà çàâèñèìîñòü èõ àíòèìèêðîáíîé
àêòèâíîñòè îò êîëè÷åñòâà êâàòåðíèçîâàííûõ ãðóïï,
äëèíû àëêèëüíîãî ðàäèêàëà [18], à òàêæå ïðèðîäû ïðî-
òèâîèîíà [19]. Ñèíòåçèðîâàííûå ñîåäèíåíèÿ ïðåäëà-
ãàåòñÿ èñïîëüçîâàòü ïðè ïîëó÷åíèè àíòèîáðàñòàþùèõ
ïîêðûòèé [20]. Îïèñàííûé â [21] POSS, ñîäåðæàùèé â
îðãàíè÷åñêîì îáðàìëåíèè ðàçëè÷íîå êîëè÷åñòâî äè-
ìåòèë-í-îêòèëàììîíèé õëîðèäíûõ ãðóïï, õàðàêòåðè-
çóåòñÿ øèðîêèì ñïåêòðîì áàêòåðèöèäíîé àêòèâíîñòè
è ïðåäóïðåæäàåò ðîñò áàêòåðèé Staphylococcus aureus,
Escherichia coli è Pseudomonas aeruginosa.

Ó÷èòûâàÿ ñëîæíîñòü è äîðîãîâèçíó ñèíòåçà èñõîä-
íûõ POSS íàìè ïðåäëîæåí èíîé ïîäõîä ê ñèíòåçó ðå-
àêöèîííîñïîñîáíûõ îðãàíî-íåîðãàíè÷åêèõ êâàòåðíè-
çîâàííûõ áàêòåðèöèäíûõ ñîåäèíåíèé ñ íåîðãàíè÷åñ-
êèì ÿäðîì ñèëñåñêâèîêñàíîâîé ïðèðîäû. Îí îñíîâàí
íà èñïîëüçîâàíèè â êà÷åñòâå èñõîäíîé íåîðãàíè÷åñ-
êîé ñîñòàâëÿþùåé ñìåñè îëèãîìåðíûõ ñèëñåñêâèîê-
ñàíîâ, ñîäåðæàùèõ â îðãàíè÷åñêîì îáðàìëåíèè ãèä-
ðîêñèëüíûå è òðåòè÷íûå àìèíîãðóïïû (OSS(N+OH))
[27], ñ ïîñëåäóþùåé êâàòåðíèçàöèåé àìèíîãðóïï ðàç-
ëè÷íûìè àãåíòàìè. Ïðîñòîòà ñèíòåçà OSS(N+OH) è åãî
ïîëèôóíêöèîíàëüíàÿ ðåàêöèîííàÿ ñïîñîáíîñòü îò-
êðûâàþò íîâûå âîçìîæíîñòè íàïðàâëåííîãî ïîëó÷å-
íèÿ îðãàíî-íåîðãàíè÷åñêèõ àíòèìèêðîáíûõ àãåíòîâ.
Â äàííîì ñîîáùåíèè èçëîæåíû ðåçóëüòàòû ñèíòåçà
ïåðâîãî ïðåäñòàâèòåëÿ àìôèôèëüíûõ ðåàêöèîííîñïî-
ñîáíûõ îëèãîìåðíûõ ñèëñåñêâèîêñàíîâ, ñîäåðæàùå-
ãî â ñâî¸ì ñîñòàâå ñîëü ÷åòâåðòè÷íîãî àììîíèÿ, è èñ-
ñëåäîâàíèÿ åãî àíòèìèêðîáíîé àêòèâíîñòè ïî îòíî-
øåíèþ ê ðÿäó ìèêðîîðãàíèçìîâ.
Ýêñïåðèìåíòàëüíàÿ ÷àñòü.
Ìàòåðèàëû.

3-Àìèíîïðîïèëòðèýòîêñèñèëàí (Aldrich, 99 %), ãëè-
öèäîë (Aldrich, 96 %), í-áðîìäåêàí (Aldrich, 98 %) áûëè
èñïîëüçîâàíû áåç äîïîëíèòåëüíîé î÷èñòêè. Äèìåòèë-
ñóëüôîêñèä (ÄÌÑÎ) è àöåòîíèòðèë áûëè ïåðåãíàíû
ïåðåä ïðèìåíåíèåì.

Ñèíòåç ñìåñè àìèíî- è ãèäðîêñèëñîäåðæàùèõ îëè-
ãîìåðíûõ ñèëñåñêâèîêñàíîâ (OSS(N+OH)). Ñèíòåç

èñõîäíîãî OSS(N+OH) îñóùåñòâëÿëè â ñîîòâåòñòâèè ñ
[27–29]. ÈÊ: ν Si–O–Si (1031 ñì -1); ν C–H-ñâÿçåé CH2- è
CH3-ãðóïï (2765–3020 ñì-1); δ C–H-ñâÿçåé CH2- è
CH3-ãðóïï (1462 ñì-1); ν O–H-ñâÿçåé (3020–3723 ñì-1).
1H ßÌÐ (DMSO-d6): 0,51 ì.ä. ([SiO1,5]n–CH2–); 1,50 ì.ä.
(=N–CH2–CH2–); 2,38 è 2,78 ì.ä. (=N–CH2–CH2–); 3,34;
3,39; 3,56 è 3,71 ì.ä, (=N–CH2–ÑH(OH)–, –CH2OH,
–CH2OH, –ÑH(OH)–).
Ñèíòåç îëèãîìåðíûõ ñèëñåñêâèîêñàíîâ, ñîäåðæàùèõ
êâàòåðíèçîâàííûå àòîìû àçîòà è ãèäðîêñèëüíûå ãðóï-
ïû (OSS-C10N

+Br-). Ê ðàñòâîðó 3,06ã (0,0107 ã-ýêâ)
OSS(N+OH) â 6 ìë ÄÌÑÎ äîáàâëÿëè 2,37ã (0,0107 ã-ýêâ)
C10H21Br â 2ìë ÄÌÑÎ è âûäåðæèâàëè ïðè  òåìïåðàòóðå
80 °Ñ â òå÷åíèå 32 ÷. Äàëåå ðàñòâîðèòåëü óäàëÿëè ïðè
ïîíèæåííîì äàâëåíèè, ïîëó÷åííûé ïðîäóêò ïðîìû-
âàëè àöåòîíèòðèëîì è âûñóøèâàëè â âàêóóìå 20–30 ìì
ðò. ñò. ïðè òåìïåðàòóðå 60 °Ñ. OSS-C10N

+Br- ïðè êîìíàò-
íîé òåìïåðàòóðå ïðåäñòàâëÿåò ñîáîé âÿçêîå âåùåñòâî
êîðè÷íåâîãî öâåòà. Âûõîä: 4,83 ã  (89 %). ÈÊ: ν Si–O–Si
(1043 ñì -1); ν C–H-ñâÿçåé CH2- è CH3-ãðóïï (2832–
2991 ñì-1); δ C–H-ñâÿçåé CH2- è CH3-ãðóïï (1462 ñì-1); ν
O–H-ñâÿçåé (3018–3690 ñì-1). 1H ßÌÐ (DMSO-d6):
0,69 ì.ä. ([SiO1,5]n–CH2–); 0,86 ì.ä. (–ÑÍ3); 1,25 ì.ä.
(ÑÍ3(ÑÍ2)7–); 1,77 ì.ä. (=N+–CH2–CH2–); 3,18 ì.ä. (=N+–
CH2–CH2–); 3,38 è 3,48 ì.ä. (=N+–CH2–ÑH(OH)–, –CH2OH,
–CH2OH, –ÑH(OH)–); 4,03 (–ÑH(OH)–).
Ìåòîäû èññëåäîâàíèÿ.

ÈÊ-ñïåêòðû ñíèìàëè íà ñïåêòðîôîòîìåòðå TENSOR
37 FT-IR â ñïåêòðàëüíîé îáëàñòè 600–4000 ñì-1, 1H ßÌÐ
ñïåêòðû – íà ñïåêòðîìåòðå Varian VXR-400 MÃö ñ èñ-
ïîëüçîâàíèåì â êà÷åñòâå ðàñòâîðèòåëÿ DMSO-d6.

Àíòèìèêðîáíóþ àêòèâíîñòü OSS-C10N
+Br- ïðîòèâ

áàêòåðèàëüíûõ êóëüòóð Staphylococcus aureus (ATCC-
25923), Escherichia coli (ATCC-25922) è Pseudomonas
aeruginosa (ATCC-27853), à òàêæå ïðîòèâ øòàìàì ãðè-
áà Candida àlbicans (Ì 885 ÀÒÑÑ 10231) è êëèíè÷åñ-
êèõ èçîëÿòîâ ãðèáîâ Candida àlbicans, Candida
glàbrata è Candida krusei îïðåäåëÿëè äèñêî-äèôóçè-
îííûì ìåòîäîì íà òâåðäîé ïèòàòåëüíîé ñðåäå [30] â
ñîîòâåòñòâèè ñ ìåæäóíàðîäíûìè ñòàíäàðòàìè
EUCAST, CLSI, à òàêæå ìåòîäè÷åñêèìè óêàçàíèÿìè
ÌÎÇ Óêðàèíû. Êîíöåíòðàöèÿ ñóñïåíçèè èññëåäîâàí-
íûõ ìèêðîáíûõ êóëüòóð (èíîêóëþìà) ñîñòàâëÿëà 1·105

êîëîíèåîáðàçóþùèõ åäèíèö â 1 ìë (ÊÎÅ/ìë) êóëüòó-
ðàëüíîé æèäêîñòè. Îáúåì èíîêóëþìà íà ÷àøêàõ Ïåò-
ðè ñîñòàâëÿë 0,2 ìë. OSS-C10N

+Br- â âèäå ðàñòâîðîâ êîí-
öåíòðàöèåé 1,0; 0,5 èëè 0,1 % è îáúåìîì 0,02 ìë íàíî-
ñèëè íà ñòàíäàðòíûå áóìàæíûå äèñêè (äèàìåòðîì 6
ìì). Èíêóáàöèþ ïðîâîäèëè íà ïðîòÿæåíèè 18 ÷. ïðè
òåìïåðàòóðå +37 °Ñ. Àíòèìèêðîáíóþ àêòèâíîñòü îï-
ðåäåëÿëè ïî âåëè÷èíå äèàìåòðà çîíû ïîäàâëåíèÿ ðîñ-
òà ìèêðîîðãàíèçìîâ (ìì) âîêðóã äèñêà ñ èññëåäîâàí-
íûì âåùåñòâîì.
Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäåíèå.

Ñèíòåç èñõîäíîãî OSS(N+OH) îñíîâàí íà ðåàêöèè
ãèäðîëèòè÷åñêîé êîíäåíñàöèè ïðîäóêòà âçàèìîäåé-
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ñòâèÿ ãëèöèäîëà è 3-àìèíîïðîïèëòðèýòîêñèñèëàíà [27–
29]. Ïîëó÷åííûé ïðîäóêò ïðè êîìíàòíîé òåìïåðàòóðå
ïðåäñòàâëÿåò ñîáîé òâåðäîå ïðîçðà÷íîå ñòåêëîîáðàç-
íîå ãèãðîñêîïè÷íîå âåùåñòâî, ðàñòâîðèìîå â âîäå,
ÄÌÔÀ, ÄÌÑÎ è íå ðàñòâîðèìîå â àöåòîíå, äèîêñàíå,
áåíçîëå, òîëóîëå è ïèðèäèíå. OSS(N+OH) ÿâëÿåòñÿ
ñìåñüþ íàíî÷àñòèö ðàçìåðîì îêîëî 3 íì [27–29], â
ñîñòàâ êîòîðîé, ñîãëàñíî äàííûì MALDI-TOF [27, 28],
âõîäÿò ãèäðîêñèë- è àìèíîñîäåðæàùèå ñèëñåñêâèîê-
ñàíû ñ ðàçëè÷íûì ñòðîåíèåì íåîðãàíè÷åñêîãî êàðêà-
ñà (ðèñ. 1). Îíè âêëþ÷àþò ðàçâåòâë¸ííûå  ñòðóêòóðû
(ñîäåðæàò íå ìåíåå ïÿòè ñèëàíîëüíûõ ãðóïï â ìîëåêó-
ëå), ëåñòíè÷íûå (÷åòûðå ñèëàíîëüíûõ ãðóïïû), ÷àñòè÷-
íî êîíäåíñèðîâàííûå (îäíà-òðè ñèëàíîëüíûõ ãðóïï) è
ïîëíîñòüþ êîíäåíñèðîâàííûå (íå ñîäåðæàò ñèëàíîëü-
íûõ ãðóïï). Ñîãëàñíî äàííûì ÃÏÕ, OSS(N+OH) õàðàê-
òåðèçóåòñÿ ïîëèìîäàëüíûì ìîëåêóëÿðíî-ìàññîâûì
ðàñïðåäåëåíèåì ñî çíà÷åíèåì èíäåêñà ïîëèäèñïåðñ-
íîñòè 1,11. Ñðåäíå÷èñëåííîå çíà÷åíèå ìîëåêóëÿðíîé
ìàññû ñîñòàâëÿåò 4000 ã/ìîëü, ÷òî ñîîòâåòñòâóåò ýô-
ôåêòèâíîé ñòåïåíè ïîëèìåðèçàöèè n = ~ 16 [28, 29].
Íàëè÷èå çíà÷èòåëüíîãî êîëè÷åñòâà ãèäðîêñèëüíûõ è
òðåòè÷íûõ àìèíîãðóïï äåëàåò äàííûå ñîåäèíåíèÿ ïåð-
ñïåêòèâíûìè â êà÷åñòâå èñõîäíûõ ñîåäèíåíèé äëÿ äàëü-
íåéøåé ôóíêöèîíàëèçàöèè.

Êâàòåðíèçàöèþ OSS(N+OH) îñóùåñòâëÿëè í-áðîì-
äåêàíîì. Âûáîð ïîñëåäíåãî îñíîâàí íà âîçìîæíîñòè
ïîëó÷åíèÿ àìôèôèëüíûõ ñîåäèíåíèé ñ îïðåäåë¸ííûì
ãèäðîôèëüíî-ãèäðîôîáíûì áàëàíñîì. Èçâåñòíî, ÷òî
ïîñëåäíåå îêàçûâàåò ñóùåñòâåííîå âëèÿíèå íà õàðàê-
òåð àäñîðáöèè íà ðàçëè÷íûõ ïîâåðõíîñòÿõ, â ò.÷. è íà

ïîâåðõíîñòè êëåòî÷íûõ ìåìáðàí [18]. Ñèíòåç îñóùå-
ñòâëÿëè â ðàñòâîðå ÄÌÑÎ ïðè ñîîòíîøåíèè N : R-Br =
1:1 (ðèñ. 1). Ïðîäóêò ðåàêöèè OSS-C10N

+Br- ïðåäñòàâëÿ-
åò ñîáîé ñìîëîîáðàçíîå âåùåñòâî êîðè÷íåâîãî öâåòà
ðàñòâîðèìîå â âîäå, ÄÌÔÀ è ÄÌÑÎ, ïðè íàãðåâàíèè
– â ýòàíîëå, íåðàñòâîðèìîå â àöåòîíèòðèëå, àöåòîíå,
ýòèëàöåòàòå, ãåêñàíå, õëîðîôîðìå, ÒÃÔ è òîëóîëå. Ñïî-
ñîáíîñòü ïîëó÷åííîãî ïðîäóêòà ïåðåõîäèòü â æèäêîå
àãðåãàòíîå ñîñòîÿíèå ïðè íåáîëüøîì íàãðåâàíèè ïî-
çâîëÿåò îòíåñòè åãî ê êëàññó îëèãîìåðíûõ èîííûõ æèä-
êîñòåé îðãàíî-íåîðãàíè÷åñêîãî òèïà.

Â ÈÊ-ñïåêòðàõ OSS(N+OH) è OSS-C10N
+Br- (ðèñ. 2)
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Ðèñ.1. Ñõåìà ñèíòåçà OSS-C10N
+Br- íà îñíîâå OSS(N+OH), à òàêæå îáðàçóþùèåñÿ ñòðóêòóðû

ñèëñåñêâèîêñàíîâîãî êàðêàñà: ëèíåéíûå (à), ðàçâåòâë¸ííûå (b), ëåñòíè÷íûå (ñ), ïîëíîñòüþ è íå ïîëíîñòüþ
êîíäåíñèðîâàííûå ïîëèýäðàëüíûå ñòðóêòóðû (íà ïðèìåðå îêòàýäðàëüíûõ) (d è å)
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Ðèñ. 2. ÈÊ-ñïåêòðû: OSS(N+OH) (1) è OSS-C10N
+Br- (2)
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ïðèñóòñòâóþò ïîëîñû ïîãëîùåíèÿ âàëåíòíûõ êîëåáà-
íèé Si–O–Si-ñâÿçåé (1031–1143 ñì -1); Ñ–Í-ñâÿçåé ÑÍ-
è ÑÍ2-ãðóïï (2765–3020 ñì-1) è O–H-ñâÿçåé (3000–
3700 ñì-1); äåôîðìàöèîííûõ êîëåáàíèé Ñ–Í-ñâÿçåé ÑÍ-
è ÑÍ2-ãðóïï (1462 ñì-1); ÎÍ-ñâÿçåé (3018–3690 ñì-1).

Ñòðîåíèå ïîëó÷åííûõ ñîåäèíåíèé èññëåäîâàíî
ìåòîäîì 1Í ßÌÐ ñïåêòðîñêîïèè (ðèñ. 3). Â ñïåêòðå
èñõîäíîãî OSS(N+OH) ïðèñóòñòâóþò ñèãíàëû ïðîòî-
íîâ CH2 -ãðóïï â α- (2,38 è 2,78 ì.ä.), β- (1,50 ì.ä.) è γ -
(0,51ì.ä.) ïîëîæåíèÿõ ê òðåòè÷íîìó àòîìó àçîòà, ñèã-
íàëû ïðîòîíîâ ÑH- è CH2-ãðóïï â α-ïîëîæåíèè ê ãèä-
ðîêñèëüíûì ãðóïïàì, à òàêæå ñèãíàëû ïðîòîíîâ ãèä-
ðîêñèëüíûõ ãðóïï íàõîäÿòñÿ â îáëàñòè 3,25–4,00 ì.ä.
Êðîìå òîãî â ñïåêòðå ïðèñóòñòâóåò øèðîêàÿ ïîëîñà,
ñâèäåòåëüñòâóþùàÿ î áûñòðîì îáìåíå ïðîòîíîâ.

Â ñïåêòðå OSS-C10N
+Br- íàáëþäàåòñÿ ñìåùåíèå ñèã-

íàëîâ ïðîòîíîâ ÑÍ2-ãðóïï â α-ïîëîæåíèè ê àòîìó àçîòà
â îáëàñòü ñëàáîãî ïîëÿ (3,38 ì.ä.) ïî ñðàâíåíèþ ñ òàêî-
âûìè èñõîäíîãî OSS(N+OH). Êðîìå òîãî, ïîÿâëÿþòñÿ
ñèãíàëû ïðîòîíîâ ÑÍ3-ãðóïï (0,86 ì.ä.), à òàêæå ïîâòî-
ðÿþùèõñÿ ÑÍ2-ãðóïï àëêèëüíîé öåïè (1,25 ì.ä.) ïðè-
ñîåäèí¸ííîé ê àòîìó àçîòà â õîäå êâàòåðíèçàöèè. Èñ-
õîäÿ èç äàííûõ 1Í ßÌÐ ñïåêòðîñêîïèè, â ðàçðàáîòàí-
íîé ìåòîäèêå ñèíòåçà îáðàçîâàíèå ïîáî÷íîãî ïðîäóê-
òà â ðåçóëüòàòå âîçìîæíîãî àëêèëèðîâàíèÿ
ãèäðîêñèëüíûõ ãðóïï í-áðîìäåêàíîì íå ïðîèñõîäèò.
Â òî æå âðåìÿ íàìè îáíàðóæåíî, ÷òî èñïîëüçîâàíèå â
äàííîé ðåàêöèè õëîðàëêàíîâ (íà ïðèìåðå í-õëîðãåê-
ñàíà) ïðèâîäèò ê ÷àñòè÷íîìó àëêèëèðîâàíèþ ãèäðî-
êñèëüíûõ ãðóïï OSS(N+OH) ïðè òåõ æå óñëîâèÿõ ïðî-
âåäåíèÿ ïðîöåññà.

Äèñêî-äèôôóçèîííûé ìåòîä îïðåäåëåíèÿ ÷óâñòâè-
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Ðèñ. 3. 1Í ßÌÐ ñïåêòðû OSS(N+OH) (a) è OSS-C10N
+Br- (á)

Br-

òåëüíîñòè ìèêðîîðãàíèçìîâ ê àíòèáàêòåðèàëüíûì
ïðåïàðàòàì îñíîâàí íà ñïîñîáíîñòè ïðåïàðàòîâ äèô-
ôóíäèðîâàòü èç ïðîïèòàííûõ èìè áóìàæíûõ äèñêîâ â
ïèòàòåëüíóþ ñðåäó, óãíåòàÿ ðîñò ìèêðîîðãàíèçìîâ,
ïîñåÿííûõ íà ïîâåðõíîñòè äàííîé ñðåäû. Â òàáëèöå
ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ àíòèìèêðîá-
íîé àêòèâíîñòè OSS-C10N

+Br- ïðîòèâ áàêòåðèàëüíûõ
êóëüòóð Staphylococcus aureus  (ATCC-25923),
Escherichia coli (ATCC-25922) è Pseudomonas
aeruginosa (ATCC-27853), à òàêæå ïðîòèâ øòàìà ãðèáà
Candida àlbicans (Ì 885 ÀÒÑÑ 10231) è êëèíè÷åñêèõ
èçîëÿòîâ ãðèáîâ Candida àlbicans, Candida glàbrata,
Candida krusei.

Ñîãëàñíî ïîëó÷åííûì äàííûì, OSS-C10N
+Br- íå

âëèÿåò íà èññëåäîâàííûå øòàììû áàêòåðèé è â òî æå
âðåìÿ èìååò äîçîçàâèñèìîå ôóíãèñòàòè÷åñêîå äåéñò-
âèå íà êóëüòóðû ãðèáà Candida spp.

Íàèáîëåå ÷óâñòâèòåëüíûìè ê OSS-C10N
+Br- ÿâëÿþò-

ñÿ êëèíè÷åñêèå èçîëÿòû ãðèáà C. glàbrata è C. krusei.
Òàê âîêðóã äèñêîâ, ïðîïèòàííûõ 1 %-íûì âîäíûì ðàñò-
âîðîì OSS-C10N

+Br-, äèàìåòðû çîí ïîäàâëåíèÿ ðîñòà
êóëüòóð C. glàbrata è C. krusei ñîñòàâëÿëè 38 è 24 ìì
ñîîòâåòñòâåííî. Ïîñòåïåííîå ñíèæåíèå êîíöåíòðàöèè
OSS-C10N

+Br- ïðèâîäèëî ê ñíèæåíèþ ôóíãèñòàòè÷åñ-
êîãî ýôôåêòà – ïðè êîíöåíòðàöèè 0,1 % äèàìåòðû çîí
ïîäàâëåíèÿ ðîñòà óìåíüøàëèñü è ñîñòàâëÿëè 13 ìì äëÿ
C. glàbrata è 12 ìì äëÿ C. krusei. Çíà÷èòåëüíîå ôóíãè-
ñòàòè÷åñêîå âëèÿíèå OSS-C10N

+Br- íà C. krusei è
Ñ. glàbrata ïðåäñòàâëÿåò èíòåðåñ, òàê êàê ýòè êóëüòó-
ðû, íàðÿäó ñ Ñ. tropical³ñ, Ñ. parapsilosis è äð., ÿâëÿ-
þòñÿ èçâåñòíûìè âíóòðèêëåòî÷íûìè êëèíè÷åñêè-
ìè îïîðòóíèñòè÷åñêèìè ïàòîãåíàìè ñ ïðèðîäíîé,

Âåùåñòâî 
Êîíöåíòðàöèÿ 

âîäíîãî ðàñòâîðà, 
% 

Äèàìåòð çîíû ïîäàâëåíèÿ ðîñòà ìèêðîîðãàíèçìîâ, ìì 
Å. coli 
ATCC 

Ps.aer. 
ATCC 

St.aur. 
ATCC 

Ñ. alb. 
ATCC Ñ. alb. Ñ. glàbr. Ñ. krusei 

OSS-C10N+Br- 
1 0 0 0 12 10 38 24 

0,5 0 0 0 10 9 20 18 
0,1 0 0 0 8 8 13 12 

 

Òàáëèöà. Àíòèìèêðîáíàÿ àêòèâíîñòü OSS-C10N
+Br-

e, j
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ãåíåòè÷åñêè îáóñëîâëåííîé, ðåçèñòåíòíîñòüþ ê ñòàí-
äàðòíûì ïðîòèâîãðèáêîâûõ ïðåïàðàòàì [31].

Ôóíãèñòàòè÷åñêîå âëèÿíèå OSS-C10N
+Br- íà øòàìì

Candida àlbicans (Ì 885 ÀÒÑÑ 10231) è åãî êëèíè÷åñ-
êèé èçîëÿò òàêæå èìååò äîçîçàâèñèìûé õàðàêòåð, îä-
íàêî ÷óâñòâèòåëüíîñòü äàííûõ ìèêðîîðãàíèçìîâ ê äåé-
ñòâèþ OSS-C10N

+Br- çíà÷èòåëüíî óñòóïàåò ÷óâñòâèòåëü-
íîñòè C. glàbrata è C. krusei. Ïðè êîíöåíòðàöèè
OSS-C10N

+Br-, ðàâíîé 1,0 %, äèàìåòðû çîí ïîäàâëåíèÿ
ðîñòà Candida àlbicans (Ì 885 ÀÒÑÑ 10231) è åãî êëè-
íè÷åñêîãî èçîëÿòà ñîñòàâëÿëè ñîîòâåòñòâåííî 12 è 10
ìì, à ïðè êîíöåíòðàöèè OSS-C10N

+Br-, ðàâíîé 0,1 % –
ïî 8 ìì.

Ñëåäóåò îòìåòèòü, ÷òî ôóíãèñòàòè÷åñêîå âëèÿíèå
OSS-C10N

+Br- íà êëèíè÷åñêèå èçîëÿòû Candida íàõî-
äèòñÿ íà óðîâíå ïðîòèâîãðèáêîâîãî ñðåäñòâà MK-099
[32], îäíàêî íèæå, ÷åì äëÿ ðàñïðîñòðàíåííîãî ïðåïà-
ðàòà ôëóêîíàçîë [33].
Âûâîäû.

Ðàçðàáîòàí ñïîñîá ñèíòåçà àìôèôèëüíîãî ðåàêöè-

îííîñïîñîáíîãî îëèãîìåðíîãî ñèëñåñêâèîêñàíà êâà-
òåðíèçàöèåé í-áðîìäåêàíîì ñìåñè îëèãîìåðíûõ îëè-
ãîñèëñåñêâèîêñàíîâ, ñîäåðæàùèõ â îðãàíè÷åñêîì îá-
ðàìëåíèè òðåòè÷íûå àìèííûå, ïåðâè÷íûå è âòîðè÷-
íûå ãèäðîêñèëüíûå ãðóïïû, è èññëåäîâàíà åãî àíòè-
ìèêðîáíàÿ àêòèâíîñòü. Ïîêàçàíà ñåëåêòèâíîñòü
ïðîõîæäåíèÿ ðåàêöèè â ïðåäëîæåííûõ óñëîâèÿõ ñ îá-
ðàçîâàíèåì ÷åòâåðòè÷íûõ àììîíèåâûõ ãðóïï. Óñòàíîâ-
ëåíî, ÷òî äàííîå âåùåñòâî íå âëèÿåò íà øòàììû áàêòå-
ðèé Staphylococcus aureus (ATCC-25923), Escherichia
coli (ATCC-25922) è Pseudomonas aeruginosa (ATCC-
27853) è â òî æå âðåìÿ èìååò äîçîçàâèñèìîå ôóíãèñòà-
òè÷åñêîå äåéñòâèå íà êóëüòóðû ãðèáà Candida spp.

Íàëè÷èå áîëüøîãî êîëè÷åñòâà ãèäðîêñèëüíûõ
ãðóïï â äàííîì ñîåäèíåíèè îòêðûâàåò âîçìîæíîñòè
èñïîëüçîâàíèÿ åãî êàê äëÿ äàëüíåéøåé ìîäèôèêàöèè
â îëèãîìåðíîì ñîñòîÿíèè ïóò¸ì ââåäåíèÿ äðóãîãî
òèïà ôóíêöèîíàëüíûõ ãðóïï, à òàêæå èçìåíåíèÿ ïðè-
ðîäû êâàòåðíèçóþùåãî àãåíòà, òàê è äëÿ ñèíòåçà è ìî-
äèôèêàöèè ðàçëè÷íûõ òèïîâ íàíîñòðóêòóðèðîâàííûõ
îðãàíî-íåîðãàíè÷åñêèõ ïîëèìåðîâ.
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ì³ñòÿòü â îðãàí³÷íîìó îáðàìëåíí³ êâàòåðí³çîâàí³ àòîìè àçîòó òà
ã³äðîêñèëüí³ ãðóïè
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Çàïðîïîíîâàíî ìåòîä ñèíòåçó aìô³ô³ëüíèõ ðåàêö³éíîçäàòíèõ îë³ãîìåðíèõ ñèëñåñêâ³îêñàí³â,
ùî ́ ðóíòóºòüñÿ íà ðåàêö³¿ êâàòåðí³çàö³¿ í-áðîìäåêàíîì ñóì³ø³ îë³ãîñèëñåñêâ³îêñàí³â, ÿê³ ì³ñòÿòü
â îðãàí³÷íîìó îáðàìëåíí³ òðåòèíí³ àì³íí³, ïåðâèíí³ òà âòîðèíí³ ã³äðîêñèëüí³ ãðóïè òà
äîñë³äæåíà ¿õíÿ àíòèì³êðîáíà àêòèâí³ñòü äî äåÿêèõ áàêòåð³àëüíèõ êóëüòóð ³ ãðèá³â. Áóäîâó
ñèíòåçîâàíî¿ ðå÷îâèíè îõàðàêòåðèçîâàíî ìåòîäàìè ²×- òà 1Í ßÌÐ ñïåêòðîñêîï³¿. Âñòàíîâëåíî,
ùî öÿ ñïîëóêà íå âïëèâàº íà øòàìè áàêòåð³é Staphylococcus aureus (ATCC-25923), Escherichia
coli (ATCC-25922) òà Pseudomonas aeruginosa (ATCC-27853) ³ â òîé æå ÷àñ ìàº äîçîçàëåæíèé
ôóíã³ñòàòè÷íèé âïëèâ íà ãðèá Candida àlbicans (Ì 885 ÀÒÑÑ 10231) òà êë³í³÷í³ ³çîëÿòè Candida
àlbicans, Candida glàbrata, Candida krusei.

Êëþ÷îâ³ ñëîâà: îë³ãîìåðí³ ñèëñåñêâ³îêñàíè, êâàòåðí³çàö³ÿ, ÷åòâåðòèíí³ àìîí³ºâ³ ñïîëóêè, àíòèì³êðîáíà àêòèâí³ñòü.
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Synthesis and antimicrobial properties of oligomeric silsesquioxanes containing
quaternized nitrogen atoms and hydroxyl groups in organic shell

M.A. Gumenna1, N.S. Klimenko1, A.V. Stryutsky1, D.M. Hodyna2, L.A Metelitsa2, A.V. Shevchuk3, V.V. Kravchenko3,
V.V. Shevchenko1

1Institute of Macromolecular Chemistry of the National academy of sciences of Ukraine
48, Kharkivs’ke shose, Kyiv, 02160, Ukraine
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1, Murmanska str., Kyiv, 02660, Ukraine
3L. M. Litvinenko Institute of Physical-organic Chemistry and Coal Chemistry NAS of Ukraine
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The prospective use of POSS as an inorganic frame for obtaining the antimicrobial agents is associated
with the possibility of combining in a compact structure a significant amount of ammonium groups
and the simultaneous regulation of amphiphilicity both by a change in the degree of hydrophobicity
(length) of the introduced alkyl substituents and the total number of ionic groups and the nature of the
anion and also with increase of thermal stability of the obtained compounds. Considering the
complexity and high cost of synthesis of POSS we develop a different approach to the synthesis of
reactive organic-inorganic quaternized bactericidal compounds with silsesquioxane inorganic
nucleus. It is based on the use as a starting inorganic component of a mixture of oligomeric
silsesquioxanes containing in organic shell hydroxyl and tertiary amino groups (OSS (N + OH))
followed by quaternization of amino groups with different agents. The simplicity of synthesis of OSS (N
+ OH) and its multifunctional reactivity opens new possibilities for the directed production of organic-
inorganic antimicrobial agents.
A method for the synthesis of amphiphilic reactive oligomeric silsesquioxanes based on reaction of
quaternization of oligosilsesquioxanes containing tertiary amine, primary and secondary hydroxyl
groups in organic shell with n-bromdecane was proposed and an antimicrobial activity of those
compounds against bacteria and fungi was investigated at this report. The structure of the synthesized
compounds was characterized by IR- and 1H NMR spectroscopy. It was found that those compounds do
not affect bacterial strains of Staphylococcus aureus (ATCC-25923), Escherichia coli (ATCC-25922)
and Pseudomonas aeruginosa (ATCC-27853) and at the same time have a dose-dependent fungistatic
effect on the fungus of Candida àlbicans (Ì 885 ÀÒÑÑ 10231) and clinical isolates of Candida
àlbicans, Candida glàbrata, Candida krusei.

Keywords: oligomeric silsesquioxanes, quaternarization, quaternary ammonium compounds, antimicrobial activity.


