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Ñèíòåçîâàí³ íîâ³ ñåãìåíòîâàí³ ïîë³óðåòàíè, ÿê³ ì³ñòÿòü â îñíîâíîìó ëàíöþç³ ìîäèô³êîâàíèé
ëàêòîçîþ ã³äðàçèä ³çîí³êîòèíîâî¿ êèñëîòè ³ ïîë³ñïèðò D-ìàíí³ò çà ð³çíèõ ìîëüíèõ ñï³ââ³äíîøåíü.
Âèâ÷åí³ óìîâè ñèíòåçó òà ¿õí³ ô³çèêî-õ³ì³÷í³, ô³çèêî-ìåõàí³÷í³ âëàñòèâîñò³. Âèçíà÷åíî ñêëàä
îòðèìàíèõ ïîë³ìåð³â ³ ð³âåíü ¿õ ã³äðîô³ëüíîñò³.

Íåçâàæàþ÷è íà ÷èñëåíí³ äîñë³äæåííÿ, ùî ïîâ’ÿ-
çàí³ ç ïîäîëàííÿì çàõâîðþâàííÿ íà òóáåðêóëüîç [1–
3], äîòåïåð ó ë³òåðàòóð³ â³äñóòí³ â³äîìîñò³ ïðî ïîë³-
ìåðí³ ìàòåð³àëè, ÿê³ âèêîíóâàëè á ôóíêö³þ íîñ³¿â ïðî-
òèòóáåðêóëüîçíèõ ë³êàðñüêèõ ðå÷îâèí, çäàòíèõ âèêî-
íóâàòè ïðîëîíãîâàíó ë³êàðñüêó ä³þ â ì³ñö³
âèêîðèñòàííÿ ÿê ³ìïëàíòàò³â.

Ó çâ’ÿçêó ç öèì ìåòîþ ðîáîòè º ñòâîðåííÿ á³îëî-
ã³÷íî àêòèâíî¿ ïîë³ìåðíî¿ ë³êàðñüêî¿ ôîðìè íà îñíîâ³
çäàòíîãî äî á³îäåñòðóêö³¿ ïîë³óðåòàíó, ó ñêëàä³ ìàê-
ðîìîëåêóëè ÿêîãî ì³ñòÿòüñÿ ôðàãìåíòè ïðîòèòóáåð-
êóëüîçíîãî ïðåïàðàòó, ìîäèô³êîâàíîãî D-ëàêòîçîþ.

Ñèíòåç ³ õ³ì³÷í³ âëàñòèâîñò³ ³çîí³êîòèí³ëã³äðàçî-
íó D-ëàêòîçè (ðèñ. 1) îïèñàí³ â ðîáîò³ [4].

Ñèíòåçîâàíèé ã³äðàçîí D-ëàêòîçè áóâ ââåäåíèé äî

ñêëàäó ïîë³óðåòàíîâîãî åëàñòîìåðó íèçüêîòåìïåðà-
òóðíîþ ïîë³êîíäåíñàö³ºþ 2,4-òîëó¿ëåíä³³çîö³àíàòó ç
ïîë³îêñèïðîï³ëåíãë³êîëåì 1000 ó ñï³ââ³äíîøåíí³ 2:1
ç ïîäàëüøèì äîäàâàííÿì äî îòðèìàíîãî ìàêðîä³³çî-
ö³àíàòó D-ìàíí³òó ³ ã³äðàçîíó D-ëàêòîçè çà ð³çíèõ
ñï³ââ³äíîøåíü ó ñåðåäîâèù³ äèìåòèëôîðìàì³äó.
Ðåàêö³þ ïðîâîäèëè ïðîòÿãîì 8 ãîä. ïðè áåçïåðåðâíî-
ìó ïåðåì³øóâàíí³ çà òåìïåðàòóðè 90 °Ñ.

Ïî çàê³í÷åíí³ ðåàêö³¿ ðîç÷èí ïîë³ìåðó âèëèâàëè
ó âîäó, ïðîìèâàëè äèñòèëüîâàíîþ âîäîþ, ñóøèëè â
ñóøèëüí³é øàô³ çà òåìïåðàòóðè 100 °Ñ. Ï³ñëÿ ÷îãî
ãîòóâàëè ïë³âêè ³ç 20 %-âîãî äèìåòèëôîðìàì³äíîãî
ðîç÷èíó ïîë³óðåòàíó. Ïë³âêó ñóøèëè çà òåìïåðàòóðè
100 °Ñ äî ñòàëî¿ âàãè.

Áóëî ñèíòåçîâàíî ðÿä ñåãìåíòîâàíèõ ïîë³óðåòàí³â
(ðèñ. 2) âàð³þâàííÿì ìîëüíèõ ñï³ââ³äíîøåíü
D-ìàíí³òó ³ ã³äðàçîíó D-ëàêòîçè òà äîñë³äæåíî ¿õí³
ô³çèêî-õ³ì³÷í³ òà ô³çèêî-ìåõàí³÷í³ âëàñòèâîñò³.
Õàðàêòåðèñòèêà îòðèìàíèõ ïîë³óðåòàí³â íàâåäåíà â
òàáëèö³.

ßê âèäíî ç òàáëèö³, âèõ³ä ãîòîâîãî ïðîäóêòó çíà-
õîäèòüñÿ â ìåæàõ 45,0 – 68,8 %. Íàéâèùó ðåàêö³éíó
çäàòí³ñòü â óìîâàõ ñèíòåçó ìàþòü ïåðâèíí³ ã³äðîê-
ñèëüí³ ãðóïè ìîíîñàõàðèäó D-ìàíí³ò (ïîë³ìåð 1).
Íèçüêèé âèõ³ä ïîë³ìåðó 2 ìîæíà ïîÿñíèòè çíà÷íèìè

Íîìåð 
ïîë³ìåðó 

Ñï³ââ³äíîøåííÿ  
D-ìàíí³òó ³ 

³çîí³êîòèí³ë-  
D-ëàêòîçè 

Вèõ³ä 
ãîòîâîãî 

ïîë³ìåðó, % 

Ïèòîìà 
â’ÿçê³ñòü, 

ì3/êã 

М³öí³ñòü ïðè 
ðîçðèâ³, 
σ, МÏà 

В³äíîñíå 
ïîäîâæåííÿ, 

ε, % 

Вîäîïîãëè-
íàííÿ çà  

24 ãîä. çà Т  
20 °Ñ, % 

1 1:0 68,8 0,152 0,127 149,0 7,10 
2 0:1 45,0 0,120 2,505 85,7 6,46 
3 1:1 62,3 0,180 3,970 225,0 8,20 
4 1:3 60,8 0,132 2,568 155,0 8,50 
5 1:5 48,3 0,144 4,771 204,0 9,20 
6 1:7 49,4 0,154 4,208 138,0 8,50 

Òàáëèöÿ. Õàðàêòåðèñòèêà ïîë³óðåòàí³â íà îñíîâ³ ìàêðîä³³çîö³àíàòó, D-ìàíí³òó ³ ³çîí³êîòèí³ëã³äðàçîí- D-ëàêòîçè
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ñòåðè÷íèìè ïåðåøêîäàìè ìîäèô³êîâàíîãî ïðåïàðà-
òó. Âèõ³ä ïîë³ìåð³â 2–5 çìåíøóºòüñÿ ïðè çá³ëüøåíí³
âì³ñòó ãðîì³çäêî¿ ëàêòîçíî¿ ñêëàäîâî¿.

Ô³çèêî-ìåõàí³÷í³ âëàñòèâîñò³ âèçíà÷àëè çà äîïî-
ìîãîþ ðîçðèâíî¿ ìàøèíè 2166 Ð-5 ïðè øâèäêîñò³
50 ìì/õâ.

Íàéâèùó ì³öí³ñòü ïðè ðîçðèâ³ ìàº ïîë³ìåð, â ÿêî-
ìó ìîëüíå ñï³ââ³äíîøåííÿ D-ìàíí³ò:ìîäèô³êîâàíèé
ïðåïàðàò ñêëàäàº 1:5. Ïîäàëüøå çá³ëüøåííÿ ê³ëüêîñò³
ìîäèô³êîâàíîãî ïðåïàðàòó ïðèçâîäèòü äî çíèæåííÿ
ìåõàí³÷íèõ âëàñòèâîñòåé. Íàéâèùîãî çíà÷åííÿ íàáó-
âàº â³äíîñíå ïîäîâæåííÿ îòðèìàíèõ ïîë³óðåòàí³â çà
åêâ³ìîëüíîãî ñï³ââ³äíîøåííÿ D-ìàíí³òó ³ ³çîí³êîòè-
í³ëã³äðàçîíó D-ëàêòîçè (ïîë³ìåð 3).

Ð³âåíü âîäîïîãëèíàííÿ çðàçê³â ïðîòÿãîì 24 ãîä.
îö³íþâàëè çã³äíî ç ÄÑÒÓ 4650. Äîñë³äæåííÿ ïîêàçà-
ëè, ùî ã³äðîô³ëüí³ñòü ïîë³ìåð³â ç ôðàãìåíòàìè ìî-
íîñàõàðèäó äåùî âèùà í³æ ç ôðàãìåíòàìè ìîäèô³-
êîâàíîãî äèñàõàðèäó. Ï³äâèùåííÿ âîäîïîãëèíàííÿ
ïîë³ìåð³â 3–5 ïîÿñíþºòüñÿ çá³ëüøåííÿì ñóìàðíî¿
ê³ëüêîñò³ â ìàêðîìîëåêóë³ â³ëüíèõ ã³äðîêñèëüíèõ
ãðóï. Àëå äëÿ çðàçêà 6 ñïîñòåð³ãàºòüñÿ çíèæåííÿ
ã³äðîô³ëüíîñò³, ùî ìîæíà ïîÿñíèòè ïåðåâàãîþ âì³ñòó
ìîäèô³êîâàíîãî äèñàõàðèäíîãî ôðàãìåíòà â ñêëàä³
ìàêðîìîëåêóëè, ã³äðîô³ëüí³ñòü ÿêîãî íèæ÷à.

Ñòðóêòóðó îòðèìàíèõ ïîë³óðåòàí³â âèâ÷àëè çà  äî-
ïîìîãîþ ìåòîäó ïðîòîííîãî ìàãí³òíîãî ðåçîíàíñó,

êîðèñòóþ÷èñü ñïåêòðîìåòðîì VXR-300 “VARIAN».
Çðàçêè ãîòóâàëè ó ðîç÷èí³ äåéòåðîâàíîãî äèìåòèë-
ñóëüôîêñèäó (ÄÌÑÎ-Ä). Õ³ì³÷í³ çñóâè âèçíà÷àëè
â³äíîñíî òåòðàìåòèëñèëàíó ÿê âíóòð³øíüîãî ñòàí-
äàðòó.

Íà ðèñ. 3 ³ 4 ïîäàí³ ÏÌÐ-ñïåêòðè ïîë³óðåòàí³â ³ç
ôðàãìåíòàìè äèñàõàðèäó ã³äðàçîíó D-ëàêòîçè
(ðèñ. 3) ³ ìîíîñàõàðèäó D-ìàíí³òó (ðèñ. 4). Íà ðèñ. 5
çîáðàæåíèé ßÌÐ-ñïåêòð ïîë³óðåòàíó, â ìàêðîëàíöþç³
ÿêîãî D-ìàíí³ò ³ ìîäèô³êîâàíèé ïðîòèòóáåðêóëüîç-
íèé ïðåïàðàò ã³äðàçîí D-ëàêòîçè âçÿò³ â åêâ³ìîëüíî-
ìó ñï³ââ³äíîøåíí³.

ßê âèäíî ç ðèñóíê³â, äëÿ âñ³õ òðüîõ ïîë³ìåð³â
³íòåíñèâíèé âóçüêèé ñèãíàë â îáëàñò³ 1,043 ì.÷. â³äïî-
â³äàº ïðîòîíàì àë³ôàòè÷íî¿ ÑÍ3-ãðóïè ïîë³îêñèïðî-
ï³ëåíãë³êîëþ 1000. Êð³ì òîãî, çàãàëüíèì äëÿ òðüîõ
ñïåêòð³â º ïðèñóòí³ñòü ñìóãè 9,487 ì.÷. ïðîòîí³â óðå-
òàíîâî¿ ãðóïè. Ñèãíàëè â îáëàñò³ 6,466–7,944 ì.÷.
â³äíåñåí³ äî ðåçîíàíñó àðîìàòè÷íèõ ïðîòîí³â. Öå
ñâ³ä÷èòü ïðî òå, ùî ðåàêö³ÿ ïîë³êîíäåíñàö³¿ â³äáóëàñü
ç óòâîðåííÿì ïîë³óðåòàí³â.

²íòåíñèâíà øèðîêà ãðóïà ñèãíàë³â â îáëàñò³ 3,200–
3,700 ì.÷. íàëåæèòü ïðîòîíàì –ÑÍ2- ãðóï. Êîæíà ç
ãðóï ë³í³é, ùî íàëåæàòü äî ö³º¿ øèðîêî¿ ãðóïè ñèã-
íàë³â, ìàþòü áëèçüê³ çíà÷åííÿ õ³ì³÷íèõ çñóâ³â ³ íå
ï³ääàþòüñÿ àíàë³çó.

Êîðèñòóþ÷èñü çàêîíîì³ðíîñòÿìè ïðè ðîçøèôðó-
âàíí³ ÏÌÐ-ñïåêòð³â ñàõàð³â [5,6], ìîæíà ïðèïóñòèòè,
ùî ñèãíàëè â îáëàñò³ 4,00–5,20 ì.÷. íàëåæàòü ïðîòîíàì
–ÑÍ-ãðóï. Ãðóïà ñèãíàë³â â îáëàñò³ 5,00–6,30 ì.÷.
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Ðèñ. 3. ÏÌÐ-ñïåêòð ïîë³óðåòàíó ç ôðàãìåíòîì
³çîí³êîòèí³ëã³äðàçîí D-ëàêòîçè
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Ðèñ. 4. ÏÌÐ-ñïåêòð ïîë³óðåòàíó ç ôðàãìåíòîì
D-ìàíí³òó

9 8 7 6 5 ppm 4

Ðèñ. 5. ÏÌÐ-ñïåêòð ïîë³óðåòàíó ç ôðàãìåíòàìè
³çîí³êîòèí³ëã³äðàçîí D-ëàêòîçè ³ D-ìàíí³òó ó
ñï³ââ³äíîøåíí³ 1:1
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ïðèñóòí³ ëèøå â ñïåêòðàõ ïîë³óðåòàí³â, äî ñêëàäó ÿêèõ
âõîäèòü ã³äðàçîí D-ëàêòîçè (ïîë³ìåðè 2 ³ 3) (ðèñ. 3 ³ 5).
Íà ðèñ. 4 ö³ ñìóãè, çðîçóì³ëî, â³äñóòí³. Â³äñóòíÿ íà
öüîìó æ ñïåêòð³ ³ ñìóãà 9,35 ì.÷., ùî â³äïîâ³äàº ïðî-
òîíàì ïðè àòîìàõ àçîòó ã³äðàçîíîâî¿ ãðóïè.

Íà ðèñ. 6 íàâåäåí³ ²×-ñïåêòðè ïîë³óðåòàí³â ç ôðàã-
ìåíòàìè D-ìàíí³òó (çðàçîê Ì-L 1:0), ôðàãìåíòàìè
³çîí³êîòèí³ëã³äðàçîíó D-ëàêòîçè (çðàçîê Ì-L 0:1) ³
ôðàãìåíòàìè D-ìàíí³òó òà ³çîí³êîòèí³ëã³äðàçîíó
D-ëàêòîçè, âçÿòèõ ó åêâ³ìîëüíîìó ñï³ââ³äíîøåíí³
(çðàçîê Ì-L 1:1).

4000 3500 3000 2500 2000 1500 1000

1
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Ðèñ. 6. ²×-ñïåêòðè ïîë³óðåòàí³â: 1 – ç ôðàãìåíòîì
³çîí³êîòèí³ëã³äðàçîí D-ëàêòîçè; 2 – ç ôðàãìåíòàìè
³çîí³êîòèí³ëã³äðàçîí D-ëàêòîçè ³ D-ìàíí³òó çà
ñï³ââ³äíîøåííÿ 1:1 ³ 3 – ç ôðàãìåíòîì D-ìàíí³òó

²×-ñïåêòðè îòðèìàíèõ ïîë³óðåòàí³â çíÿò³ íà
ñïåêòðîìåòð³ TENSOR 37 ô³ðìè Bruker. Çðàçêè ó âèã-
ëÿä³ ïë³âîê ãîòóâàëè ïîëèâîì ðîç÷èíó ïîë³ìåð³â ó äè-
ìåòèëôîðìàì³ä³ íà êðèñòàëè NaCL.

Ñìóãè ïîãëèíàííÿ 1660, 1720 ñì-1 â³äïîâ³äàþòü
çà êîëèâàííÿ êàðáîí³ëüíî¿ ãðóïè, 1550 ñì-1 – êîëè-
âàííÿ NH-ãðóï, 1610 ñì-1 – êîëèâàííÿ áåíçîëüíîãî
ê³ëüöÿ, íàÿâí³ â òðüîõ ñïåêòðàõ ³ õàðàêòåðèçóþòü óðå-
òàíîâó ãðóïó.

Ïîë³ìåðè Ì-L 0:1 ³ Ì-L 1:1 õàðàêòåðèçóþòüñÿ
ñìóãàìè äåôîðìàö³éíèõ êîëèâàíü δ NH ã³äðàçîíîâî¿
ãðóïè â îáëàñò³ 1668 ñì-1. Â çðàçêó Ì-L 1:0 öÿ ãðóïà
â³äñóòíÿ. Çðîçóì³ëî, â³äñóòíÿ ³ ñìóãà ïîãëèíàííÿ â ö³é
îáëàñò³. Â çðàçêó ML 0:1 ã³äðàçîíîâà ãðóïà äóæå ñëàá-
êà ³ ïðîÿâëÿºòüñÿ íà ãðåáåí³ ³íòåíñèâíî¿ ãðóïè êîëè-
âàíü νñî óðåòàíîâî¿ ãðóïè 1728 ñì-1. Ó çðàçêó ML 1:1
öÿ ãðóïà ùå ìåíø ³íòåíñèâíà ³ ïðîÿâëÿºòüñÿ íå îêðå-
ìîþ ñìóãîþ, à çàãàëüíèì óøèðåííÿì ñìóãè ÑÎÎ
1728 ñì-1 ó á³ê ñìóãè 1668 ñì-1. Øèðîêà ñìóãà â îá-
ëàñò³ 3200–3600 ñì-1 ç ìàêñèìóìîì 3380 ñì-1 çóìîâ-
ëåíà êîëèâàííÿìè âòîðèííèõ ã³äðîêñèëüíèõ ãðóï,
çâ’ÿçàíèõ âîäíåâèìè çâ’ÿçêàìè.

Îòæå, ó ðåçóëüòàò³ âèêîíàíî¿ ðîáîòè ïîêàçàíà ìîæ-
ëèâ³ñòü ñèíòåçó ïîë³óðåòàí³â, ùî ì³ñòÿòü ó ìàêðîìî-
ëåêóë³ ôðàãìåíò ìîäèô³êîâàíîãî ïðåïàðàòó ïðîòèòó-
áåðêóëüîçíî¿ ä³¿.

Õ³ì³÷íó ñòðóêòóðó îòðèìàíèõ ïîë³óðåòàí³â äîâå-
äåíî ìåòîäàìè ÏÌÐ òà ²×-ñïåêòðîñêîï³¿. Ñïåöèô³÷-
íà àêòèâí³ñòü öèõ ïîë³ìåðíèõ ìàòåð³àë³â áóäå âèâ÷à-
òèñü ìåäèêî-á³îëîã³÷íèìè ìåòîäàìè.
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Ñèíòåç è èññëåäîâàíèÿ ñåãìåíòèðîâàííûõ ïîëèóðåòàíîâ ñ ôðàãìåíòàìè
ìîäèôèöèðîâàííîãî ïðîòèâîòóáåðêóëåçíîãî ïðåïàðàòà

Ð.À. Ðîæíîâà, Í.À. Ãàëàòåíêî, Ë.È. Çàìóëèíà, È.È. Ãëàäûð

Èíñòèòóò õèìèè âûñîêîìîëåêóëÿðíûõ ñîåäèíåíèé ÍÀÍ Óêðàèíû
48, Õàðüêîâñêîå øîññå, Êèåâ, 02160, Óêðàèíà

Ñèíòåçèðîâàíû íîâûå ñåãìåíòèðîâàííûå ïîëèóðåòàíû, êîòîðûå ñîäåðæàò â îñíîâíîé öåïè
ìîäèôèöèðîâàííûé ëàêòîçîé ãèäðàçèä èçîíèêîòèíîâîé êèñëîòû è ïîëèñïèðò D-ìàííèò â ðàçíèõ
ìîëüíûõ ñîîòíîøåíèÿõ. Èçó÷åíû óñëîâèÿ ñèíòåçà,  èõ ôèçèêî-õèìè÷åñêèå, ôèçèêî-ìåõàíè÷åñêèå
ñâîéñòâà. Îïðåäåëåí ñîñòàâ ïîëó÷åíûõ ïîëèìåðîâ, óðîâåíü èõ ãèäðîôèëüíîñòè.

Synthesis and investigation of segmented polyurethanes with fragments of
modified antitubercular preparation

R.A. Rozhnova, N.A. Galatenko, L.I. Zamulina, I.I. Gladyr

Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivske shausse, Kyiv, 02160,Ukraine

The new segmented polyurethanes that contain in base macro chain the isonicotinic acid hydrazide
modificated by lactose and polyglycol D-mannitol in different mole rations were synthesized. The
synthesis conditions, physical-chemical, physical-mechanical properties were studied. The composition
of obtained polymers and level its hydrophylicity were determinated.




