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Í³òðóâàííÿì ì³äíèõ êîìïëåêñ³â ³çîìåðíèõ êåòîïîðô³ðèí³â ñóì³øøþ ä³-
îêñèäó àçîòó NO2 òà ãåì³òåòðàîêñèäó àçîòó N2O4 áóëè îòðèìàí³ ìåòàëîïîð-
ô³ðèíè, ÿê³ ì³ñòÿòü íà ïåðèôåð³¿ ìàêðîöèêëó ôðàãìåíòè 1,3-í³òðîêåòîí³â. 
Êàòàë³òè÷íå â³äíîâëåííÿ í³òðîãðóïè öèõ ñïîëóê âîäíåì íà ïàëàä³é-âóãëå-
öåâîìó êàòàë³çàòîð³ ïðèâîäèòü äî â³äïîâ³äíèõ 1,3-ºíàì³íîêåòîí³â, çäàòíèõ 
äî åêçîêîîðäèíàö³¿ ç ³îíàìè ïåðåõ³äíèõ ìåòàë³â. 

Êëþ÷îâi ñëîâà: ïîðô³ðèí, ìåòàëîêîìïëåêñ, åêçîêîîðäèíàö³ÿ, 1,3-ºíà-
ì³íîêåòîí.

Ïðè îòðèìàíí³ íîâèõ ìàòåð³àë³â ç çàäàíèìè âëàñòèâîñòÿìè äëÿ îïòî-
åëåêòðîííî¿ ïðîìèñëîâîñò³ øèðîêî âèêîðèñòîâóþòüñÿ îë³ãîìåðí³ òà ïîë³-
ìåðí³ ïîðô³ðèíè [1]. Äî óòâîðåííÿ òàêèõ ðå÷îâèí ïîðÿä ç êîâàëåíòíèì 
çâ’ÿçêîì ìîæå ïðèâîäèòè êîîðäèíàö³ÿ ìåòàë³â ç åêçîäåíòàòíèìè ë³ãàíäàìè 
[2], òîáòî ç ïîðô³ðèíàìè, ÿê³ ìàþòü äîäàòêîâ³ êîîðäèíàö³éí³ öåíòðè íà 
ïåðèôåð³¿ ìàêðîöèêëó. Pîáîòè â öüîìó íàïðÿìêó â îñòàíí³é ÷àñ îäåðæàëè 
íîâèé ðîçâèòîê [3, 4].

Äîáðå â³äîìî, ùî ð³çíîìàí³òí³ 1,3-ºíàì³íîêåòîíè âèêîðèñòîâóþòüñÿ ÿê 
êîìïëåêñîóòâîðþþ÷³ ðåàãåíòè äëÿ åêñòðàêö³éíî-ãàçîõðîìàòîãðàô³÷íîãî âè-
çíà÷åííÿ ïåðåõ³äíèõ ìåòàë³â [5]. Ó ö³é ðîáîò³ ìè ïîâ³äîìëÿºìî ïðî ñèíòåç 
äâîõ ³çîìåðíèõ ïîðô³ðèí³â, ÿê³ ìàþòü íà ïåðèôåð³¿ ìàêðîöèêëó ôðàãìåíòè 
1,3-ºíàì³íîêåòîí³â.

²çîìåðí³ êåòîïîðô³ðèíè (I, II) áóëè ñèíòåçîâàí³ øëÿõîì âíóòð³øíüîìî-
ëåêóëÿðíî¿ êîíäåíñàö³¿ ì³äíîãî êîìïëåêñó 2-ôîðì³ë-5,10,15,20-òåòðàôåí³ë-
ïîðô³ðèíó â óìîâàõ, îïèñàíèõ â ðîáîò³ [6].

Í³òðóâàííÿ êåòîïîðô³ðèí³â (I) òà (II) ñóì³øøþ ä³îêñèäó àçîòó NO2 òà 
ãåì³òåòðàîêñèäó àçîòó N2O4 â õëîðîôîðì³ ïðè òåìïåðàòóð³ -5 -10 °Ñ 
ïðèâîäèëî äî ñóì³ø³ ïðîäóêò³â, ñåðåä ÿêèõ ó êîæíîìó âèïàäêó ìîæíà áóëî 
âèä³ëèòè ïî äâ³ îñíîâí³ ôðàêö³¿ — ç âèñîêîþ òà íèçüêîþ õðîìàòîãðàô³÷íîþ 
ðóõîì³ñòþ. Ö³ ôðàêö³¿ áóëè ðîçä³ëåí³ êîëîíêîâîþ õðîìàòîãðàô³ºþ íà ñèë³-
êàãåë³ òà äåìåòàëüîâàí³ êîíöåíòðîâàíîþ ñ³ð÷àíîþ êèñëîòîþ äî â³äïîâ³äíèõ 
â³ëüíèõ îñíîâ (V, VI). Çà ðåçóëüòàòàìè ÏÌÐ ñïåêòðîñêîï³¿ â³ëüíèõ îñíîâ 
ìåíø ïîëÿðí³ ôðàêö³¿ áóëè ³äåíòèô³êîâàí³ ÿê ñêëàäíà ñóì³ø ðåã³î³çîìåð³â 
í³òðî-êåòîïîðô³ðèí³â, à á³ëüø ïîëÿðí³ ôðàêö³¿ ÿê ³íäèâ³äóàëüí³ 1,3-í³òðî-
êåòîïîðô³ðèíè (III, IV).

Â³äíîâëåííÿ í³òðîãðóïè ó ñïîëóêàõ (V, VI) ïðîâîäèëè áîðîã³äðèäîì 
íàòð³þ íà ïàëàä³éîâîìó êàòàë³çàòîð³ ó ñóì³ø³ ÒÃÔ/åòàíîë, 3:1 ïðè ê³ìíàò-
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í³é òåìïåðàòóð³, âèõ³ä 1,3-ºíàì³íîêåòîí³â (VII, VIII) ñêëàäàâ, â³äïîâ³äíî, 
32 % òà 40 %.

Òàêèì ÷èíîì, ìè îòðèìàëè äâà ³çîìåðíèõ ïîðô³ðèíè ç ôðàãìåíòàìè 
1,3-ºíàì³íîêåòîíó, ÿê³ çäàòí³ óòâîðþâàòè ìåòàëîêîìïëåêñè íå ò³ëüêè ïî 
êîîðäèíàö³éíîìó öåíòðó ìàêðîöèêëó, àëå é íà éîãî ïåðèôåð³¿. 

Åêñïåðèìåíòàëüíà ÷àñòèíà

Ñïåêòðè ÏÌÐ âèì³ðþâàëè íà ñïåêòðîìåòð³ DPX-300 ô³ðìè «Brucker» 
ç ðîáî÷îþ ÷àñòîòîþ 300.13 ÌÃö, âíóòð³øí³é ñòàíäàðò — ÒÌÑ, ðîç÷èííèê 
CDCl3. Ìàñ-ñïåêòðè FAB çàïèñàí³ íà ïðèáîð³ VC 7070 EQ. Äåñîðáö³þ 
³îí³â çä³éñíþâàëè ïó÷êîì àòîì³â êñåíîíó ç åíåðã³ºþ 8 kV ç ìàòðèö³, ÿêà 

Ñèíòåç ïîðô³ðèí³â ç äîäàòêîâèìè êîîðäèíàö³éíèìè öåíòðàìè
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º ðîç÷èíîì ñïîëóêè, ÿêà äîñë³äæóºòüñÿ, ó 3-í³òðîáåíçèëîâîìó ñïèðò³. 
Òî÷í³ ìàñè ìîëåêóëÿðíèõ ³îí³â âèçíà÷àëèñÿ ïðè ðîçä³ëüí³é çäàòíîñò³ ìàñ-
ñïåêòðîìåòðà 10000. Åëåêòðîíí³ ñïåêòðè ïîãëèíàííÿ çàïèñàí³ íà ñïåêòðî-
ôîòîìåòð³ Specord M-40 ó CHCl3 (ñ 10-5 ìîëü/ë). ÒØÕ çä³éñíþâàëè íà 
ïëàò³âêàõ Silufol UV-254. Äëÿ êîëîíêîâî¿ õðîìàòîãðàô³¿ âèêîðèñòîâóâàëè 
ñèë³êàãåëü L 40/100. ²çîìåðí³ êåòîïîð³ðèíè (I, II) îòðèìóâàëè çã³äíî ç ìå-
òîäèêàìè, îïèñàíèìè ó ðîáîò³ [6].

2-Íiòðî-10,15,20-òðèôåíië-1-îêñîíàôòî-[2,3,4-c,d]ïîðôiíàòîìiäü (III). 
Äî îõîëîäæåíîãî äî -10 °Ñ ðîç÷èíó 0.27 ã (3.85·10-4 ìîëü) ñïîëóêè (I) ó 
30 ìë àáñîëþòíîãî õëîðîôîðìó ïðè ïîñò³éíîìó ïåðåì³øóâàíí³ äîäàâàëè 
3.5 ìë (8.40·10-4 ìîëü) 0.24 Ì ðîç÷èíó N2O4 ó õëîðîôîðì³. Ñóì³ø ïåðå-
ì³øóâàëè 15 õâ, äîäàâàëè 10 ìë 3 % âîäíîãî ðîç÷èíó NaHCO3, ïåðåì³-
øóâàëè ùå 15 õâ, îðãàí³÷íèé øàð â³ää³ëÿëè, ïðîìèâàëè âîäîþ (2´20 ìë) 
òà óïàðþâàëè äîñóõà. Çàëèøîê ðîç÷èíÿëè ó 10 ìë áåíçîëó òà ïîì³ùàëè 
ó êîëîíêó ç ñèë³êàãåëåì (2´25 ñì). Åëþþâàëè áåíçîëîì, ïåðøîþ ç êîëîíêè 
âèìèâàëè íåðîçä³ëüíó ñóì³ø ³çîìåðíèõ í³òðîïðîäóêòâ, ïîò³ì á³ëüø ïîëÿð-
íèé ïðîäóêò (III). Ðîç÷èííèê óïàðþâàëè äîñóõà, çàëèøîê êðèñòàë³çóâàëè 
ó ñóì³ø³ õëîðîôîðì-ìåòàíîë, 1:5. Âèõ³ä ñïîëóêè (III) 0.130 ã (45.0 %), 
Rf 0.32 (òîëóîë). Ýëåêòðîííèé ñïåêòð, lìàêñ (lg e): 699 (4.18), 660 (4.24), 610 
(4.15 ïë), 472 (5.12). Ìàñ-ñïåêòð, m/z: (Ì+) 747.280.

2-Îêñî-10,15,20-òðèôåíië-1-íiòðîíàôòî-[2,3,4-c,d]ïîðôiíàòîìiäü (IV). 
Îäåðæóâàëè àíàëîã³÷íî í³òðîñïîëóö³ (III) ç 0.22 ã (3.14·10-4 ìîëü) êåòîíó 
(II) òà 2.9 ìë (6.90·10-4 ìîëü) 0.24 Ì ðîç÷èíó N2O4 â õëîðîôîðì³. Âèõ³ä 
í³òðîêåòîíó (IV) 0.082 ã (35.0 %), Rf 0.33 (òîëóîë). Åëåêòðîííèé ñïåêòð, 
lìàêñ (lg e): 709 (4.28), 652 (4.14), 488 (4.34) 461 (4.35), 408 (4.85). Ìàñ-
ñïåêòð, m/z: (Ì+) 747.280.

2-Íiòðî-10,15,20-òðèôåíië-1-îêñîíàôòî-[2,3,4-c,d]ïîðôiðèí (V). 
0.155 ã (2.07·10-4 ìîëü) ì³äíîãî êîìïëåêñó 2-í³òðîâåðäèíó (III)  ñòðóøóâàëè 
ç 3 ìë êîíöåíòðîâàíî¿ ñ³ð÷àíî¿ êèñëîòè äî ïîâíîãî ðîç÷èíåííÿ ïîðô³ðèíó 
(10—15 õâ). Ðîç÷èí âèëèâàëè ïðè ïåðåì³øóâàíí³ ó 100 ìë êðèæàíî¿ âîäè 
òà íåéòðàë³çóâàëè ðîç÷èíîì àì³àêó. Îñàä, ÿêèé âèïàäàâ, â³äô³ëüòðîâóâàëè, 
ñóøèëè, ðîç÷èíÿëè ó 5 ìë õëîðîôîðìó òà ïîì³ùàëè ó êîëîíêó ç ñèë³êà-
ãåëåì (1 ́  20 ñì). Åëþåíò — õëîðîôîðì. Çáèðàëè çåëåíó çîíó í³òðîïîð-
ôèðèíó, ðîç÷èííèê óïàðþâàëè äîñóõà, çàëèøîê êðèñòàë³çóâàëè ç ñóì³ø³ 
õëîðîôîðì-ìåòàíîë, 1:5. Âèõ³ä ñïîëóêè (V) 0.121 ã (85.3 %), Rf 0.29 (òî-
ëóîë). ÏÌÐ ñïåêòð (d, ì. ä.): 9.71 ä, 8.98 ä, 8.82 ä, 8.79 ä, 8.71 ä, 8.59 ä 
(6Í, b-ï³ðîë.), 8.72 ò (2Í, ì-, ï-ôåí³ë), 8.18 ì, 8.13 ì (6Í, î-ôåí³ë), 7.91 ì 
(3Í, ì-, ï-ôåí³ë), 7.84 ä (1Í, î-ôåí³ë), 7.79 ì (6Í, ì-, ï-ôåí³ë), 7.71 ò 
(1Í, ì-ôåí³ë), -0.35 óø. ñ (2Í, NH). Åëåêòðîííèé ñïåêòð, lìàêñ (lg e): 
724 (4.19), 636 (3.18), 590 (3.99), 509 (3.88), 465 (5.17). Ìàñ-ñïåêòð, m/z: 
(Ì+1) 686.75.

2-Îêñî-10,15,20-òðèôåíië-1-íiòðîíàôòî-[2,3,4-c,d]ïîðôiðèí (VI). 
Îäåðæóâàëè àíàëîã³÷íî í³òðîïîðô³ðèíó (V) ç 0.132 ã (1.76·10-4 ìîëü) 
í³òðîêåòîíó (IV) òà 2.5 ìë êîíöåíòðîâàíî¿ ñ³ð÷àíî¿ êèñëîòè. Âèõ³ä í³òðîêå-
òîíó (VI) 0.111 ã (91.7 %), Rf 0.30 (òîëóîë). ÏÌÐ ñïåêòð (d, ì. ä.): 9.49 ä, 
9.34 ä, 8.79 ä, 8.72 ä, 8.54 ä, 8.28 ä (6Í, b-ï³ðîë.), 8.39 ì, 8.24 ì, 8.16 
ì (6Í, î-ôåí³ë), 7.94 ò, 7.89 ä, 7.86 ä, 7.65 ò (4Í, ôåí³ë), 7.78 ì (9Í, ì-, 
ï-ôåí³ë), 0.51 óø. ñ (2Í, NH). Åëåêòðîííèé ñïåêòð, lìàêñ (lg e): 722 (4.23), 
684 (4.07), 650 (3.78), 515 (4.51), 468 (4.54), 406 (4.82). Ìàñ-ñïåêòð, m/z: 
(Ì+1) 686.75.

2-Àìiíî-10,15,20-òðèôåíië-1-îêñîíàôòî-[2,3,4-c,d]ïîðôiðèí (VII). 
0.142 ã (2.07·10-4 ìîëü) 2-í³òðîâåðäèíó (V) ðîç÷èíÿëè ó ñóì³ø³ 15 ìë ÒÃÔ 
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òà 5 ìë ìåòàíîëó. Ïîò³ì äîäàâàëè äî ðîç÷èíó 0.088 ã 10 % Pd/C òà ïðîòÿ-
ãîì 20 õâ ìàëåíüêèìè ïîðö³ÿìè 0.22 ã (5.79·10-3 ìîëü) áîðîã³äðèäó íàòð³þ. 
Ñóì³ø âèëèâàëè ó 200 ìë âîäè, îñàä, ÿêèé âèïàäàâ, â³äô³ëüòðîâóâàëè, ñó-
øèëè, ðîç÷èíÿëè ó 25 ìë õëîðîôîðìó òà âíîñèëè ó êîëîíêó ç ñèë³êàãåëåì 
(2´15 ñì). Åëþåíò — õëîðîôîðì. Íàéá³ëüø ïîëÿðíó çåëåíó çîíó çáèðàëè, 
óïàðþâàëè äî 15 ìë òà äîäàâàëè 60 ìë òåïëîãî ìåòàíîëó. Âèõ³ä ïîðô³ðè-
íó (VII) 0.043 ã (32.0 %). Rf 0.12 (òîëóîë). ÏÌÐ ñïåêòð (d, ì. ä.): 9.41 ä, 
8.72 ä, 8.56 ä, 8.50 ä, 8.43 ä, 8.31 ä (6Í, b-ï³ðîë.), 8.99 óø. ñ, 5.48 óø. 
ñ (2Í, NH2), 8.61 ò (2Í, ì-, ï-ôåí³ë), 8.08 ì, 8.02 ì (6Í, î-ôåí³ë), 7.87 
ì (3Í, ì-, ï-ôåí³ë), 7.83 ä (1Í, î-ôåí³ë), 7.72 ì (6Í, ì-, ï-ôåí³ë), 7.59 ò 
(1Í, ì-ôåí³ë), -0.64 óø. ñ (2Í, NH). Åëåêòðîííèé ñïåêòð, lìàêñ (lg e): 709 
(4.34), 614 (4.30), 568 (4.15), 451 (5.55). Ìàñ-ñïåêòð, m/z: (Ì+1) 656.75.

2-Îêñî-10,15,20-òðèôåíië-1-àìiíîíàôòî-[2,3,4-c,d]ïîðôiðèí (VIII). 
Îäåðæóâàëè àíàëîã³÷íî àì³íîïîðô³ðèíó (VII) ç 0.098 ã (1.43·10-4 ìîëü) 
í³òðîêåòîíó (VI), 0.078 ã 10 % Pd/C è 0.19 ã (5.0·10-3 ìîëü) áîðîã³äðèäó 
íàòð³þ. Âèõ³ä àì³íîêåòîíó (VIII) 0.037 ã (40.0 %). Rf 0.14 (òîëóîë). ÏÌÐ 
ñïåêòð (d, ì. ä.): 9.37 ä, 9.21 ä, 8.64 ä, 8.56 ä, 8.39 ä, 8.14 ä (6Í, b-ï³ðîë.), 
8.27 ì, 8.11 ì, 8.04 ì (7Í, î-ôåí³ë, NH2), 7.71 ò, 7.69 ä, 7.66 ä, 7.48 ò (4Í, 
ôåí³ë), 7.59 ì (9Í, ì-, ï-ôåí³ë), 5.62 óø. ñ (1Í, NH2), 0.33 óø. ñ (2Í, NH). 
Åëåêòðîííèé ñïåêòð, lìàêñ (lg e): 724 (4.24), 685 (4.09), 646 ïë (4.05), 512 
(4.37), 466 (4.58), 406 (4.96). Ìàñ-ñïåêòð, m/z: (Ì+1) 656.75.
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ÑÈÍÒÅÇ ÏÎÐÔÈÐÈÍÎÂ 
Ñ ÄÎÏÎËÍÈÒÅËÜÍÛÌÈ ÊÎÎÐÄÈÍÀÖÈÎÍÍÛÌÈ ÖÅÍÒÐÀÌÈ 
ÍÀ ÏÅÐÈÔÅÐÈÈ ÌÀÊÐÎÖÈÊËÀ

Ðåçþìå
Íèòðîâàíèåì ìåäíûõ êîìïëåêñîâ èçîìåðíûõ êåòîïîðôèðèíîâ ñìåñüþ äèîêñè-

äà àçîòà NO2 è ãåìèòåòðàîêñèäà àçîòà N2O4 áûëè ïîëó÷åíû ìåòàëëîïîðôèðèíû, 
êîòîðûå ñîäåðæàò íà ïåðèôåðèè ìàêðîöèêëà ôðàãìåíòû 1,3-íèòðîêåòîíîâ. Êàòà-
ëèòè÷åñêîå âîññòàíîâëåíèå íèòðîãðóïïû â ýòèõ ñîåäèíåíèÿõ âîäîðîäîì íà ïàë-
ëàäèé-óãëåðîäíîì êàòàëèçàòîðå ïðèâîäèò ê ñîîòâåòñòâóþùèì 1,3-åíàìèíîêåòîíàì, 
ñïîñîáíûì ê ýêçîêîîðäèíàöèè ñ èîíàìè ïåðåõîäíûõ ìåòàëëîâ.

Êëþ÷åâûå ñëîâà: ïîðôèðèí, ìåòàëëîêîìïëåêñ, ýêçîêîîðäèíàöèÿ, 1,3-åíàìè-
íîêåòîí.

Yu. V. Ishkov 1, G. M. Kirichenko 1, Ò. V. Pavlovskaya 2, 
V. N. Ganevich 1, S. V. Vodzinskii 1
1 I. I. Mechnikov Odessa National University, 
  Research Laboratory for Drug Design (PNIL-5), 
  Dvorjanskaja Str., 2, Îdessa, 65082, Ukraine 
  e-mail: jvi@eurocom.od.ua
2 A. V. Bogatsky Physico-Chemical institute NAS Ukraine, 
  Lustdorfskaya doroga, 86, Odessa, 65080, Ukraine

SYNTHESIS OF PORPHYRINS 
WITH ADDITIONAL COORDINATION SITES ON PERIPHERY 
OF MACROCYCLE

Summary
The metalloporphyrins containing fragments of 1,3-nitroketones on periphery 

of macrocycle was obtained by nitration of copper complexes of isomeric ketopor-
phyrins by mixture of nitrogen oxide NO2 and dinitrogene tetroxide N2O4. Catalytic 
reduction of nitro groups in these compounds by palladium on carbon leads to 
corresponding 1,3-enaminocetones, which capable to exo-coordination with ions of 
transition metals. 

Key words: porphyrin, metallocomplex, exo-coordination, 1,3-enaminocetone.
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