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Ðåàêöèåé àìèíîìåòèëèðîâàíèÿ ôåíîëîâ ñ ïîìî-
ùüþ N,N,N′,N′-òåòðàìåòèëäèàìèíîìåòàíà â
ïðèñóòñòâèè 20% K2CO3 ñèíòåçèðîâàí ðÿä
îðòî-çàìåùåííûõ N,N-äèìåòèëàìèíîìåòèë-ôå-
íîëîâ (9 ïðèìåðîâ), êîòîðûå òðàíñôîðìèðîâà-
íû â êîìïëåêñû ìåäè(II), ñîäåðæàùèå Cu-îêñà-
çèíîâûå öèêëû (7 ïðèìåðîâ). Ïîêàçàíî, ÷òî
ìåäüñîäåðæàùèå ïðîèçâîäíûå ôåíîëîâ ïðîÿâ-
ëÿþò  èíãèáèðóþùóþ àêòèâíîñòü ê òåñò-êóëüòó-
ðå Ñandida albicans, âûçûâàþùåé êàíäèäîç.

Êëþ÷åâûå ñëîâà: àìèíîìåòèëèðîâàíèå; êàí-
äèäîç; ìåäüîðãàíè÷åñêèå êîìïëåêñû;
N,N,N′,N′-òåòðàìåòèëäèàìèíîìåòàí; ôåíîëû;
Ñandida albicans.

By aminomethylation of phenols using
N,N,N′,N′-tetramethyldiaminomethane, a series
of ortho-substituted N,N-dimethylaminomethyl-
phenols (9 examples) was synthesized, which
were transformed into copper(II) complexes
containing Cu-oxazine rings (7 examples). It is
shown that copper-containing derivatives of
phenols exhibit inhibitory activity to the
Candida albicans test culture, which causes a
dangerous candidiasis.

Key words: aminomethylation; Candida
albicans; candidiasis; organo-copper complexes;
phenols; N,N,N′,N′-tetramethyldiaminomethane.
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Èçâåñòíî, ÷òî àìèíîìåòèëèðîâàíèå ôåíî-
ëà ïîä äåéñòâèåì ôîðìàëüäåãèäà è âòîðè÷íûõ
àìèíîâ ïðîõîäèò ïî îðòî-ïîëîæåíèþ ñóáñòðà-
òà 1. Äëÿ ðåàêöèè Ìàííèõà ïî îðòî- èëè îð-
òî,îðòî-ïîëîæåíèÿì ôåíîëà èñïîëüçóþò
N,N,N′,N′-òåòðàìåòèëäèàìèíîìåòàí êàê ñèíòå-
òè÷åñêèé ýêâèâàëåíò ôîðìàëüäåãèäà è äèìåòè-
ëàìèíà 2. Àíàëîãè÷íî, â ñèíòåçå àíòèîêèñëè-
òåëüíîé ïðèñàäêè Àãèäîë-3 3 ïðèìåíÿþò äîñ-
òóïíûé ðåàãåíò N,N,N′,N′-òåòðàìåòèëäèàìè-
íîìåòàí äëÿ àìèíîìåòèëèðîâàíèÿ 2,6-äè-
òðåòáóòèëôåíîëà (Àãèäîë-0). Àìèíîìåòèëè-
ðîâàííûå ôåíîëû ïðåäñòàâëÿþò èíòåðåñ êàê
ëèãàíäû äëÿ ìîíî- è äèÿäåðíûõ ïåðåõîäíûõ
ìåòàëëîâ. Îðòî-àìèíîìåòèëèðîâàííûå ôåíî-
ëû – ïåðñïåêòèâíûå ïðåêóðñîðû äëÿ ìåòàëëî-
ãåòåðöèêëè÷åñêèõ ñîåäèíåíèé ñî ñòðóêòóðîé
îêñàçèíîâ. Òàê, ìîíîíóêëåàðíûå êîìïëåêñû
æåëåçà ñ ìîíîàìèíîìåòèëèðîâàííûìè ôåíîëà-
ìè â êà÷åñòâå ëèãàíäîâ îêàçàëèñü îòëè÷íûìè
èìèòàòîðàìè äëÿ àêòèâíîãî ó÷àñòêà æåëåçî-òè-
ðîçèíîâûõ áåëêîâ 4. Äëÿ èìèòàöèè àêòèâíîñòè
ãåìîöèàíèíà è òèðîçèíàçû áûëè èññëåäîâàíû
ðàçëè÷íûå äâóÿäåðíûå êîìïëåêñû ìåäè íà îñ-
íîâå äèàìèíîìåòèëèðîâàííûõ ôåíîëîâ 5.

Â äàííîé ðàáîòå èçó÷åí ñèíòåç ìîíîàìè-
íîìåòèëèðîâàííûõ ôåíîëîâ ïîä äåéñòâèåì
N,N,N′,N′-òåòðàìåòèëäèàìèíîìåòàíà è èõ
òðàíñôîðìàöèÿ ñ äèàöåòàòîì ìåäè ñ öåëüþ ñèí-
òåçà êîìïëåêñîâ ìåäè(II) ñ ìåòàëëîêñàçèíîâûì
öèêëîì, äëÿ êîòîðûõ õàðàêòåðíà àíòèìèêðîá-
íàÿ è ïðîòèâîïóõîëåâàÿ àêòèâíîñòü 6–8.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Äëÿ ñèíòåçà öåëåâûõ ñîåäèíåíèé èñïîëü-
çîâàëèñü êîììåð÷åñêè äîñòóïíûå ôåíîëû 1a-i
è ðåàãåíòû ñ ÷èñòîòîé áîëåå 98%. ÃÕ-ÌÑ àíà-
ëèçû âûïîëíåíû íà õðîìàòîãðàôå Shimadzu
GC 2010 ñ ìàññ-ñïåêòðîñêîïè÷åñêèì äåòåêòî-
ðîì GCMS-QP2010 Ultra (Shimadzu, ßïîíèÿ)
ñ êàïèëëÿðíîé êîëîíêîé Supelco 5 ms (60 ì ×
0.25 ìì × 0.25 ìêì), ãàç-íîñèòåëü ãåëèé. Ìàññ-
ñïåêòð äëÿ ñîåäèíåíèÿ 3à çàïèñàí íà ïðèáîðå
Bruker MALDI TOF/TOF Autoflex III. ÈÊ
ñïåêòðû çàïèñàíû íà Ôóðüå-ñïåêòðîìåòðå
Bruker Vertex-70V â âàçåëèíîâîì ìàñëå. Ñïåê-
òðû ßÌÐ 1Í, 13Ñ ñîåäèíåíèé 2 çàðåãèñòðèðî-
âàíû íà ñïåêòðîìåòðå Bruker Avance III HD
500 (500, 125 ÌÃö). Ðàñòâîðèòåëü CDCl3
(DMSO d6), âíóòðåííèé ñòàíäàðò äëÿ ñïåêò-
ðîâ ßÌÐ 1Í è 13Ñ – ÒÌÑ, ãîìî- è ãåòåðîÿäåð-
íûå äâóìåðíûå ýêñïåðèìåíòû âûïîëíåíû ñ èñ-
ïîëüçîâàíèåì ñòàíäàðòíûõ èìïóëüñíûõ ïîñëå-
äîâàòåëüíîñòåé ôèðìû Bruker. Òåìïåðàòóðû
ïëàâëåíèÿ îïðåäåëåíû íà ïðèáîðå ÐÍÌÊ 80/

2617 (ñòîëèê Êîôëåðà). Ýëåìåíòíûé àíàëèç
îáðàçöîâ ïðîâîäèëè íà àíàëèçàòîðå ôèðìû
Carlo Erba 1106. Êîíòðîëü çà õîäîì ðåàêöèè
îñóùåñòâëÿëè ìåòîäîì ÒÑÕ íà ïëàñòèíàõ
Sorbfil, ïðîÿâëåíèå ïàðàìè èîäà. Àíòèìèêðîá-
íûé ñêðèíèíã ñèíòåçèðîâàííûõ ñîåäèíåíèé
îñóùåñòâëåí  ïî ñòàíäàðòíûì ìåòîäèêàì 9 â
Óíèâåðñèòåòå Êâèíñëåíäà, Àâñòðàëèÿ.

Ìåòîäèêà ñèíòåçà 2(4)-[(äèìåòèëàìè-
íî)ìåòèë]ôåíîëîâ (2à-i).

Â ðåàêòîð çàãðóæàëè 2 ììîëü ñîîòâåòñòâóþ-
ùåãî ôåíîëà (1à-i) è 0.33 ìë (2.5 ììîëü) N,N,
N′,N′-òåòðàìåòèëäèàìèíîìåòàíà â 5 ìë õëîðî-
ôîðìà â ïðèñóòñòâèè 5% ìîë. K2CO3, âûäåðæè-
âàëè ïðè òåìïåðàòóðå 60 îÑ â òå÷åíèå 4 ÷. Ïîëó-
÷åííûé ðàñòâîð óïàðèâàëè íà ðîòîðíîì èñïàðè-
òåëå, ïðîäóêò î÷èùàëè êîëîíî÷íîé õðîìàòîãðà-
ôèåé íà SiO2. (ýëþåíò ãåêñàí:EtOAc, 2:1).

2-Äèìåòèëàìèíîìåòèë-ôåíîë (2a) 10. Âû-
õîä 96%, æåëòîå ìàñëî. Ñïåêòð ßÌÐ 1Í
(ÑDCl3), δ, ì. ä. (J, Ãö): 2.27 (ñ, 6Í; (ÑÍ3)2N);
3.58 (ñ, 2Í, ÑÍ2N); 6.75, 6.84, 6.94, 7.14 (ñ, 4H,
ÍAr); 5.94 (ñ, 1Í, OH). Ñïåêòð ßÌÐ 13Ñ
(ÑDCl3), δ, ì. ä. (J, Ãö): 44.38 (CH3)2N); 62.80
(ÑÍ2N); 115.99, 118.92,  121.97 128.33, 128.69
(ÑAr), 158.15 (C-OH) Ìàññ-ñïåêòð, m/z (Iîòí,
%): 151 [M]+.  C9H13NO.

4-òðåò-Áóòèë-2-äèìåòèëàìèíîìåòèë-
ôåíîë (2b) 11. Âûõîä 82%, æåëòîå ìàñëî.
Ñïåêòð ßÌÐ 1Í (ÑDCl3), δ, ì. ä. (J, Ãö): 1.36
(ñ, 9H, CH3) 2.35 (ñ, 6Í; (ÑÍ3)2N); 3.66 (ñ,
2Í, ÑÍ2N); 6.83 è 6.85 (CAr 6), 7.04 (CAr 3);
7.23, 7.24, 7.25, 7.26  (CAr 5); 10.77 (ñ, 1Í,
OH). Ñïåêòð ßÌÐ 13Ñ (ÑDCl3), δ, ì. ä. (J,
Ãö): 31.76 (CH3)3; 33.98 (CH3)3C; 44.54
((ÑÍ3)2N); 63.34 (ÑÍ2N);  115.59, 121.19,
125.08 125.43, 141.43 (ÑAr), 155.71 (C-OH).
Ìàññ-ñïåêòð, m/z (Iîòí, %): 207 [M]+.
C13H21NO.

2-Äèìåòèëàìèíîìåòèë-3,5,6-òðèìåòèë-
ôåíîë (2c). Âûõîä 74%, áåëûé ïîðîøîê.
Òïë= 68–72 îC.  Ñïåêòð ßÌÐ 1Í (ÑDCl3), δ, ì.
ä. (J, Ãö): 2.16 (ñ, 3Í, ÑÍ3); 2.21 (ñ, 3Í,
ÑÍ3); 2.24 (ñ, 3Í, ÑÍ3); 2.35 (ñ, 3Í,
(ÑÍ3)2N); 3.65 (ñ, 2Í, ÑÍ2N); 6.51 (ñ, 1Í,
ÍAr); 11.82 (óø. ñ, 1Í, OH). Ñïåêòð ßÌÐ 13Ñ
(ÑDCl3), δ, ì. ä. (J, Ãö): 11.19 (CH3); 19.40
(CH3); 19.82 (CH3); 44.33 ((CH3)2N); 58.53
(ÑÍ2N); 116.88, 121.18, 122.14, 132.56,
136.40, (CAr); 156.40 (C-OH). Ìàññ-ñïåêòð,
m/z (Iîòí, %): 193 [M]+. Ñ12Í19NO.

2-Äèìåòèëàìèíîìåòèë-6-èçîïðîïèë-3-ìå-
òèë-ôåíîë (2d). Âûõîä 62%, æåëòîå ìàñëî.
Ñïåêòð ßÌÐ 1Í (ÑDCl3), δ, ì. ä. (J, Ãö): 1.25
è 1.27 (ä, 6Í, ÑÍ3, 

2J=7.0); 2.25 (ñ, 3Í, ÑÍ3);
2.36 (ñ, 6Í, (ÑÍ3)2N); 3.34 (ì, 1Í,
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(ÑÍ3)2CH); 3.69 (ñ, 2Í, CH2N), 6.64 è 6.66
(ä.ä, 1H, CAr 

2J=7.8); 7.00 è 7.05 (ä.ä, 1H, CAr
2J=7.8); 11.83 (óø. ñ, 1Í, OH).Ñïåêòð ßÌÐ
13Ñ (ÑDCl3), δ, ì. ä. (J, Ãö): 19.59, 22.74,
26.40 (CH3CAr); 44.35 ((CH3)2N); 58.69
(ÑÍ2N); 119.40, 120.53, 124.58, 131. 46,
133.33 (CAr); 155.81 (C-OH). Ìàññ-ñïåêòð, m/
z (Iîòí, %): 207 [M]+. C13H21NO.

2-Äèìåòèëàìèíîìåòèë-3,5-äèìåòèë-ôåíîë
(2e) 12. Âûõîä 73%, êîðè÷íåâîå ìàñëî. Ñïåêòð
ßÌÐ 1Í (ÑDCl3), δ, ì. ä. (J, Ãö): 2.21 (ñ, 3Í,
ÑÍ3); 2.26 (ñ, 3Í, ÑÍ3); 2.34 (ñ, 3Í, (ÑÍ3)2N);
3.65 (ñ, 2Í, ÑÍ2N); 6.48 (ñ, 1Í, ÑAr); 6.54 (ñ,
1Í, ÑAr). Ñïåêòð ßÌÐ 13Ñ (ÑDCl3), δ, ì. ä. (J,
Ãö): 19.65 (CH3), 21.07 (CH3), 44.43 ((CH3)2N);
58.34 (ÑÍ2N); 114.90, 116.84, 121.91, 135.96,
138, 158.44 (CAr). Ìàññ-ñïåêòð, m/z (Iîòí,%):
179 [M]+. C11H17NO.

2-Äèìåòèëàìèíîìåòèë-4-ïðîïîêñè-ôåíîë
(2f). Âûõîä 69%, îðàíæåâîå ìàñëî. Ñïåêòð
ßÌÐ 1Í (ÑDCl3), δ, ì. ä. (J, Ãö): 1.02 (ò, 3Í,
ÑÍ3 

2J=7.4); 1.76 (ì, 2Í, ÑÍ2 
2J=7.2); 2.30 (ñ,

6Í, (ÑÍ3)2N); 3.57 (ñ, 2Í, ÑÍ2N); 3.84 (ò, 2Í,
ÑÍ2 

2J=6.6); 6.55, 6.74 è 6.75 ( 3H, ÑAr). Ñïåêòð
ßÌÐ 13Ñ (ÑDCl3), δ, ì. ä. (J, Ãö): 10.56 (CH3),
22.74 (CH2), 44.47 ((CH3)2N); 62.91 (ÑÍ2N);
70.13 (CH2O); 114.26, 115.03, 116.25, 122.57,
151.69, (CAr); 151.9 (C-OH). Ìàññ-ñïåêòð, m/z
(Iîòí, %): 223 [M]+. C13H21NO2.

2-(3-Äèìåòèëàìèíîìåòèë-4-ãèäðîêñè-ôå-
íîêñè)-6-ãèäðîêñèìåòèë-òåòðàãèäðîïèðàí-
3,4,5-òðèîë (2g).  Âûõîä 60%, êîðè÷íåâîå
ìàñëî. Ñïåêòð ßÌÐ 1Í (DMSO d6), δ, ì. ä. (J,
Ãö): 2.19 (c, 6Í, (ÑÍ3)3N);  3.12-3.26 (ì, 4Í,
ÑÍ); 3.45 (ñ. 2H, CH2N);3.67 (ì, 2H,
CH2OH); 4.64  (ä, 1Í, OÑÍO2, J = 7.5 Ãö);
5.65 (óø.ñ, 5H, OH); 6.61 è 6.63 (ä, 2Í, ÍAr,
2J = 8.4 Ãö); 6.76 (ì, 1H, ÍAr). Ñïåêòð ßÌÐ
13Ñ (DMSO d6), δ, ì. ä. (J, Ãö): 44.53
((CH3)3N); 59.34 (CH2N); 61.21(CH2OH);
70.07 (CHOH); 73.56 (CHOH); 76.76 (CH);
79.05 (CHOH); 101.89 (O-CH-O); 112.63,
117.35, 118.33, 123.55 (CAr); 149.64 (C-OH);
151.56 (C-O). Ìàññ-ñïåêòð, m/z (Iîòí, %):
329.346  [M]+. C15H23NO7.

2-Äèìåòèëàìèíîìåòèë-ôåíèëåí-1,4-äèîë
(2h). Âûõîä 73%, êðàñíî-êîðè÷íåâûé ïîðî-
øîê. Ñïåêòð ßÌÐ 1Í (ÑDCl3), δ, ì. ä. (J, Ãö):
2.31 (ñ, 6Í; (ÑÍ3)2N); 3.56 (ñ, 2Í, ÑÍ2N);
6.47, 6.58, 6.67 (ñ, 3H, ÍAr); 8.02 (ñ, 2Í,
2OH). Ñïåêòð ßÌÐ 13Ñ (ÑDCl3), δ, ì. ä. (J,
Ãö): 44.93 (CH3)2N); 56.07 (ÑÍ2N); 114.28,
115.96,  116.17 119.35 (ÑAr), 148.27 (C-OH),
158.77 (C-OH). Ìàññ-ñïåêòð, m/z (Iîòí, %):
167 [M]+. C9H13NO2.

4-Äèìåòèëàìèíîìåòèë-2,6-äèìåòèë-ôå-
íîë (2i) 13. Âûõîä 86%, êîðè÷íåâûé ïîðîøîê,
Òïë. = 112–114 îC.  Ñïåêòð ßÌÐ 1Í (ÑDCl3),
δ, ì. ä. (J, Ãö): 2.20 (ñ, 6Í; (ÑÍ3)2N); 2.24 (ñ,
6Í, ÑÍ3); 3.33 (ñ, 2Í, ÑÍ2); 5.94 (óø. ñ, 1Í,
OH); 6.89 (ñ, 2H, ÍAr).Ñïåêòð ßÌÐ 13Ñ
(ÑDCl3), δ, ì. ä. (J, Ãö): 16.07 (CH3); 45.13
(CH3)2N); 63.81 (ÑÍ2N);  123.77, 129.52,
144.23 (CAr);  151.75 (C-OH). Ìàññ-ñïåêòð,
m/z (Iîòí, %): 179 [M]+. C11H17NO.

Ìåòîäèêà ñèíòåçà N,O-êîìïëåêñîâ
ìåäè(II).

Â ðåàêòîð çàãðóæàëè 2 ììîëü ñîîòâåòñòâó-
þùåãî 2-[(äèìåòèëàìèíî)ìåòèë]ôåíîëà 2à,b,
d-h  è 0.4 ã (2 ììîëü) àöåòàòà ìåäè ìîíîãèäðà-
òà â 5 ìë ýòàíîëà. Ïåðåìåøèâàëè ñìåñü ïðè
êîìíàòíîé òåìïåðàòóðå (≈≈≈≈≈20 îÑ) â òå÷åíèå 3 ÷.
Ïîëó÷åííûé ðàñòâîð óïàðèâàëè íà ðîòîðíîì
èñïàðèòåëå. Çåëåíûé ïîðîøîê ïðîìûâàëè âî-
äîé, ñóøèëè íà âîçäóõå.

N,O-Êîìïëåêñ {2-[(äèìåòèëàìèíî)ìåòèë]
ôåíîë}äèàöåòàò ìåäè(II) (3a).  Âûõîä 92%,
ïîðîøîê çåëåíîãî öâåòà, Òïë. 128-130 îÑ. ÓÔ-
ñïåêòð (ÑÍCl3, λmax, íì): 401.03. ÈÊ-ñïåêòð,
ν/ñì-1  591(Cu-N), 611, 666 (Cu-O), 752, 882,
958,1024, 1112, 1254, 1400, 1484, 1572, 1599,
3452 (OH). Íàéäåíî (%): Ñ, 47.40; Í, 5.86; N,
4.12; Ñ13Í18CuNÎ5.  331.0481. Âû÷èñëåíî
(%): Ñ, 47.05; Í, 5.47; N, 4.22. Ìàññ-ñïåêòð,
m/z: [M] 331.229.

N,O-Êîìïëåêñ {2-[(äèìåòèëàìèíî)ìå-
òèë]-4-òðåò-áóòèëôåíîë}äèàöåòàò ìåäè(II)
(3b). Âûõîä 52%,  ïîðîøîê çåëåíîãî öâåòà,
Òïë. 154-158 îÑ. ÓÔ-ñïåêòð (ÑÍCl3, λmax, íì):
277.17 . ÈÊ-ñïåêòð,  ν/ñì-1: 519 (Cu-N), 612,
665 (Cu-O), 689, 750, 800, 829, 885, 983, 1023,
1135, 1203, 1268, 1333, 1401, 1515, 1565, 1610,
3365 (OH). Íàéäåíî (%): Ñ, 52.69; Í, 6.63; N,
3.65. Ñ17Í26CuNÎ5. Âû÷èñëåíî (%): Ñ, 52.63;
Í, 6.76; N, 3.61.

N,O-Êîìïëåêñ {2-[(äèìåòèëàìèíî)ìå-
òèë]-6-èçîïðîïèë-3-ìåòèë-ôåíîë}äèàöåòàò
ìåäè(II) (3d). Âûõîä 64%, êîðè÷íåâûé ïîðî-
øîê, Òïë. 124-128 îÑ. ÓÔ-ñïåêòð (ÑÍCl3, λmax,
íì): 281.52. ÈÊ-ñïåêòð, ν/ñì-1: 543, 583 (Cu-
N), 594, 637 (Cu-O), 777, 803, 845, 916, 973,
1016, 1066, 1102, 1152, 1178, 1269, 1303, 1336,
1363, 1434, 1457, 1576, 1713, 1861, 3486(OH).

N,O-Êîìïëåêñ {2-[(äèìåòèëàìèíî)ìå-
òèë]-3,5-äèìåòèëôåíîë}äèàöåòàò ìåäè(II)
(3e). Âûõîä 57%, ïîðîøîê çåëåíîãî öâåòà, Òïë.
119-120 îÑ. ÓÔ-ñïåêòð (ÑÍCl3, λmax, íì):
278.63 ÈÊ-ñïåêòð, ν/ñì-1: 410, 504, 579 (Cu-
N), 628 (Cu-O), 666, 755, 784, 840, 881, 1074,
1176, 1215, 1256, 1384, 1470, 1622, 1644, 1651,
3426 (OH). Íàéäåíî (%): Ñ, 50.29; Í, 6.36; N,
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3.92. Ñ15Í22CuNÎ5. Âû÷èñëåíî (%): Ñ, 50.06;
Í, 6.16; N, 3.89.

N,O-Êîìïëåêñ{2-[(äèìåòèëàìèíî)ìå-
òèë]-4-ïðîïîêñèôåíîë}äèàöåòàò ìåäè(II)
(3f). Âûõîä 83%,  ïîðîøîê çåëåíîãî öâåòà,
Òïë. 114-118 oÑ. ÓÔ-ñïåêòð (ÑÍCl3, λmax, íì):
292.59 ÈÊ-ñïåêòð, ν/ñì-1: 611, 665 (Cu-O),
751, 808, 838, 978, 1024, 1167, 1220, 1264,
1335, 1401, 1473, 1490, 1571, 2855, 2874, 2958,
3458 (OH). Íàéäåíî (%): Ñ, 49.06; Í, 6.61; N,
3.25. Ñ16Í24CuNÎ6. Âû÷èñëåíî (%): Ñ, 49.29;
Í, 6.20; N, 3.59.

N,O-Êîìïëåêñ {2-[(3-äèìåòèëàìèíî)ìå-
òèë]-4-ãèäðîêñè-ôåíîêñè-6-ãèäðîêñèìåòèë-
òåòðàãèäðîïèðàí-3,4,5-òðèîë}äèàöåòàò
ìåäè(II) (3g). Âûõîä 52%, çåëåíûé ïîðîøîê,
Òïë. = 70-75 oÑ. ÓÔ-ñïåêòð (ÑÍCl3, λmax, íì):
287.32 ÈÊ-ñïåêòð, ν/ñì-1: 626, 681 (Cu-O),
765, 828, 988, 1021, 1048, 1262, 1343, 1621,
1731, 3417 (OH).

N,O-Êîìïëåêñ {2-[(äèìåòèëàìèíî)ìåòèë]-
áåíçîë-1,4-äèîë}äèàöåòàò ìåäè(II) (3h).
Âûõîä 52%, êîðè÷íåâûé ïîðîøîê, Òïë. 110-
112 oÑ. ÓÔ-ñïåêòð (ÑÍCl3, λmax, íì): 368.37.
ÈÊ-ñïåêòð, ν/ñì-1: 616, 660 (Cu-O), 756, 775,
859, 948, 1017, 1058, 1145, 1180, 1215, 1288,
1334, 1568, 1626, 3060, 3445(OH).

Ðåçóëüòàòû è èõ îáñóæäåíèå

Îáúåêòàìè èññëåäîâàíèÿ ñëóæèëè ôåíîë
1à, ïàðà-òðåòáóòèëôåíîë 1b, 2,3,5-òðèìåòèë-
ôåíîë 1c, 2-èçîïðîïèë-5-ìåòèëôåíîë 1d, 3,5-
äèìåòèëôåíîë 1e, 4-ïðîïîêñèôåíîë 1f, àðáó-
òèí 1g, ãèäðîõèíîí 1h, 2,6-äèìåòèëôåíîë 1i.

Ïðè ðàçðàáîòêå óäîáíîãî ñïîñîáà ôóíê-
öèîíàëèçàöèè ôåíîëîâ 1a-i óñòàíîâëåíî, ÷òî
ðåàêöèÿ àìèíîìåòèëèðîâàíèÿ óñïåøíî ðåàëè-
çóåòñÿ â ïðèñóòñòâèè 20% ìîë. K2CO3 ñ 4-
ìîëüíûì èçáûòêîì N,N,N′,N′-òåòðàìåòèëäèà-
ìèíîìåòàíà ïðè 60 îÑ ñ îáðàçîâàíèåì ñîîòâåò-
ñòâóþùèõ îðòî-(2a-2h) è ïàðà-çàìåùåííûõ
(2i) ôåíîëîâ (ñõåìà 1).

 

OH

R N N

OH

N
R

OH

N

20% K2CO3
+

1a-1i

2a-2h

2i

CHCl3, 60oC

Ñõåìà 1.

Âûõîä ïðîäóêòîâ ðàíæèðîâàëñÿ îò 60 äî
96 % â çàâèñèìîñòè îò ñòðóêòóðû èñõîäíûõ
ôåíîëîâ 1a-i. Êàê âèäíî (òàáë. 1), íà âûõîä
öåëåâûõ ïðîäóêòîâ â áîëüøåé ñòåïåíè âëèÿåò
îáúåì çàìåñòèòåëåé â èñõîäíûõ ôåíîëàõ  (ñòå-
ðè÷åñêèé ôàêòîð).

Íàèáîëüøèé âûõîä 96% äîñòèãàåòñÿ äëÿ
íåçàìåùåííîãî ôåíîëà 1à, òîãäà êàê äëÿ àðáó-
òèíà 1g, èìåþùåãî â ïàðà-ïîëîæåíèè îáúåì-
íûé ãëþêîïèðàíîçèëüíûé  çàìåñòèòåëü, âûõîä
öåëåâîãî ïðîäóêòà ñîñòàâèë 60% (òàáë. 1).

Ñòðîåíèå ñîåäèíåíèé 2a-2h ïîäòâåðæäà-
åòñÿ ñïåêòðàëüíûìè äàííûìè. Â ßÌÐ 1Í ñî-
åäèíåíèÿ 2à íàáëþäàåòñÿ ñèãíàë 6 ìåòèëüíûõ
ïðîòîíîâ ïðè àòîìå N â îáëàñòè δ  2.31 ì.ä. è
2 ìåòèëåíîâûõ ïðîòîíîâ ìåæäó àðîìàòè÷åñ-
êèì êîëüöîì è àòîìîì N â îáëàñòè δ  3.58 ì.ä.
Àðîìàòè÷åñêèå ïðîòîíû ðåçîíèðóþò â îáëàñòè
δ  6.73-7.28 ì.ä., à ïðîòîí ãèäðîêñèëüíîé ãðóï-
ïû – â îáëàñòè δ  10.92 ì.ä. Â ñïåêòðå ßÌÐ 13Ñ
èìåþòñÿ âñå ñèãíàëû àòîìîâ óãëåðîäà ìîëåêóëû
2à. Äëÿ ïàðà-àìèíîìåòèëèðîâàííîãî ôåíîëà 2i
ñòðîåíèå ïîäòâåðæäàåòñÿ ÐÑÀ (ðèñ. 1).

Ðèñ. 1. Ñòðîåíèå ìîëåêóëû 2i â êðèñòàëëå

Îðòî-çàìåùåííûå àìèíîìåòèëèðîâàííûå
ôåíîëû 2à-h ÿâëÿþòñÿ ïåðñïåêòèâíûìè ëèãàí-
äàìè äëÿ ìåòàëëîîêñàçèíîâûõ êîìïëåêñîâ
(ñõåìà 2).

Ñ ó÷åòîì ýòîãî ìû îñóùåñòâèëè ñèíòåç
àìèíîìåòèëèðîâàííûõ ôåíîëîâ ñ àöåòàòîì
ìåäè ñ îáðàçîâàíèåì ìåòàëëîîðãàíè÷åñêèõ
êîìïëåêñîâ 3a,b,d-h â âèäå çåëåíûõ ïîðîø-
êîâ. Ñòðîåíèå ñîåäèíåíèé ïîäòâåðæäàëîñü
ïðè ïîìîùè ÈÊ, ÓÔ è ìàññ-ñïåêòðîñêîïèè.
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Таблица 1
Структурные формулы фенолов 1а�i, продуктов их аминометилирования  2а�i

и выход соединений 2а�i

№ 
п/п 

Шифр 
исходных 
фенолов 

Формула 
Шифр продуктов 

амино-
метилирования 

Формула Выход 2,  
% 

1 1а 

OH

 

2а 

OH

N

 

96 

2 1b 

OH

 

2b 

OH

N

 

85 

3 1с 

OH

 

2c 

OH

N

 

74 

4 1d 

OH

 

2d 

OH

N

 

62 

5 1е 

OH

 

2е 

OH

N

 

73 

6 1f 

OH

O  

2f 

OH

N

O  

69 

7 1g 

OH

O
O

HO
HO

OH

OH

 

2g 

OH

O
O

HO
HO

OH

OH

N

 

60 

8 1h 

OH

OH  

2h 

OH

OH

N

 

82 

9 1i 

OH

 

2i 

OH

N
 

86 
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OH

N
R

O
Cu

N

AcO OAc

R
Cu(OAc)2+ EtOH, r.t.

2a,b, d-h 3a,b, d-h

Ñõåìà 2.

Â ÈÊ-ñïåêòðå ïîëîñû ïîãëîùåíèÿ ñâÿçè
Cu-O ïðîÿâëÿþòñÿ â îáëàñòè δ 667 ñì-1, à ñâÿçü
Cu-N â îáëàñòè  ν 504-591 ñì-1 14. Äëÿ êîìïëåêñà
ìåäè 3a â ÓÔ-ñïåêòðå ïðîÿâëÿþòñÿ ïîëîñà ïî-
ãëîùåíèÿ â îáëàñòè λ 279.60 íì è ïëå÷î â îáëà-
ñòè λ 401.03 íì. Â ìàññ-ñïåêòðå ñîåäèíåíèÿ 3à
íàáëþäàåòñÿ ìîëåêóëÿðíûé èîí c [M] + 331.229.

Àíòèìèêðîáíûé ñêðèíèíã ñèíòåçèðîâàí-
íûõ ñîåäèíåíèé îñóùåñòâëåí â ðàìêàõ ïðîåêòà
«Community for Open Antimicrobial Drug
Discovery» (CO ADD) â Óíèâåðñèòåòå Êâèíñ-
ëåíäà, ã. Áðèñáåí, Àâñòðàëèÿ.

Ñêðèíèíã èíãèáèðóþùåé àêòèâíîñòè
âîñüìè ñèíòåçèðîâàííûõ ñîåäèíåíèé 2a,
3a,b,d-h ïîêàçàë, ÷òî ìåäüîêñàçèíîâûå ïðîèç-
âîäíûå ôåíîëà 3a,b,e,f ïîäàâëÿþò ðàçâèòèå
ãðèáêîâ Ñandida albicans, âûçûâàþùèõ çàáîëå-
âàíèå êàíäèäîç, òîãäà êàê ëèãàíä 2a íå ÿâëÿåòñÿ

àêòèâíûì. Óñòàíîâëåíî, ÷òî ïðè ìèíèìàëüíîé
èíãèáèðóþùåé êîíöåíòðàöèè (MIC) ñîåäèíåíèÿ
3f â ÄÌÑÎ 16 ìêã/ìë äîñòèãàåòñÿ ìàêñèìàëü-
íîå èíãèáèðîâàíèå äî 98.80% (òàáë. 2).

Таблица 2
Оценка N,O�комплексов

{2[(диметиламино)метил]фенол}диацетататов
меди (II) 3a,b,e,f  на тест�культуру

Сandida albicans

Соединение MIC, мкг/мл 
(% максимального ингибирования)  

Сandida albicans 
3а  16 (97.40)  

16 (98.20)  
3b  16 (98.00) 

16 (98.10)  
3е  16 (97.90)  

16 (97.90)  
3f  8 (96.40) 

16 (98.80)  

Òàêèì îáðàçîì, N,O-êîìïëåêñ{2-[(äèìå-
òèëàìèíî)ìåòèë]-4-ïðîïîêñèôåíîë}äèàöåòàò
ìåäè(II) 3f ïðåäñòàâëÿåò èíòåðåñ äëÿ áîëåå óã-
ëóáëåííîãî èçó÷åíèÿ â êà÷åñòâå ïðåïàðàòà,
ýôôåêòèâíî èíãèáèðóþùåãî óñëîâíî-ïàòîãåí-
íûå ìèêðîîðãàíèçìû Candida albicans.
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