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ɹʃɸɻʆɼɸʈʅʆʉʊʀ 
 

ʗ ʙʳ ʭʦʪʝʣʘ ʚʳʨʘʟʠʪʴ ʩʚʦʶ ʛʣʫʙʦʯʘʡʰʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʠ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʚʩʝʤ 

ʪʝʤ, ʢʪʦ ʧʦʜʜʝʨʞʠʚʘʣ ʤʝʥʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʳʧʦʣʥʝʥʠʷ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʷ ʭʦʪʝʣʘ ʙʳ ʚʳʨʘʟʠʪʴ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʤʦʝʤʫ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ, ʘʢʘʜʝʤʠʢʫ, ʜʦʢʪʦʨʫ ʭʘʙʠʣʠʪʘʪʫ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ, 

ɿʘʩʣʫʞʝʥʥʦʤʫ ʜʝʷʪʝʣ ʁʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ ɸ. ʇ. ɻʫʣʷ ʟʘ ʝʛʦ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ, 

ʧʦʜʜʝʨʞʢʫ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʪʟʳʚʳ, ʛʣʫʙʦʢʠʝ ʟʥʘʥʠʷ ʠ ʥʝʠʟʤʝʥʥʫ ʁʧʨʠʚʝʨʞʝʥʥʦʩʪʴ 

ʤʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʦʩʪʫ. 

ʗ ʛʣʫʙʦʢʦ ʧʨʠʟʥʘʪʝʣʴʥʘ ʢʦʣʣʝʛʘʤ ʠʟ ʥʘʫʯʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

çʇʝʨʝʜʦʚʳʝ ʄʘʪʝʨʠʘʣʳ ʜʣʷ ɹʠʦʬʘʨʤʘʮʝʚʪʠʢʠ ʠ ʊʝʭʥʠʢʠè, ʄʦʣʜʘʚʩʢʦʛʦ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʤʠʩʩʠʠ: ʜʨ. ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʦʥʬ. 

ʫʥʠʚ. ʎʘʧʢʦʚ ɺ. ʀ., ʜʨ. ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ɻʨʘʫʨ ɺ. ʆ., ʜʨ. ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʦʥʬ. ʫʥʠʚ. 

ʂʦʪʦʚʦʡ ɸ. ʉ. 

ʉʧʘʩʠʙʦ ʜʨ. ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ɹʘʨʙa ɸ. ʅ. ʟʘ ʨʝʛʠʩʪʨʘʮʠʶ ʩʧʝʢʪʨʦʚ ʗʄʈ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ, ʜʨ. ʈʫʩʥʘʢ ʈ. ɺ. ʟʘ ʨʝʛʠʩʪʨʘʮʠʶ ʩʧʝʢʪʨʦʚ FT-IR, ʜʨ., ʢʦʥʬ. 

ʫʥʠʚ. ɹʦʫʨʦʰ ʇ. ɻ. ʠ ʜʨ., ʢʦʥʬ. ʂʨʘʚʮʦʚ ɺ. ʍ. ʟʘ ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ɿʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʭʦʯʫ ʚʳʨʘʟʠʪʴ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜʨ. ʭʘʙ., 

ʢʦʥʬ. ʫʥʠʚ. ɹʵʣʘʥ ɻ. ɻ. ʟʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʜʨ., ʢʦʥʬ. ʫʥʠʚ. ɹʫʨʜʫʥʶʢ ʆ. ʉ. ʟʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʨ. ɻʘʨʙʫʟ ʆ. ʉ. ʟʘ ʨʝʟʫʣʴʪʘʪʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʄʦʷ ʠʩʢʨʝʥʥʷʷ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʤʦʝʡ ʩʝʤʴʝ ʠ ʜʨʫʟʴʷʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʠʣʠ 

ʥʝʠʟʤʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʣʶʙʦʚʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʵʪʦʛʦ ʧʫʪʠ. 
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ADNOTARE  

Graur  Ianina, ñSinteza, structura Ἠi proprietŁἪile biologice ale complecἨilor  cuprului  cu 

liganzi polidentaἪi ń baza 4-aliltiosemicarbazonelor solubile ń apŁò, TezŁ de doctor ń 

ἨtiinἪe chimice, ChiἨinŁu, 2023 

Structura tezei: introducere, patru capitole, concluzii generale Ἠi recomandŁri, 161 

referinἪe bibliografice, 5 anexe, 136 pagini text de bazŁ, 27 tabele, 109 figuri (inclusiv anexe). 

Rezultatele obἪinute sunt publicate ´n 17 lucrŁri ἨtiinἪifice (4 articole ´n reviste internaἪionale cu 

IF, 2 articole ´n reviste naἪionale, 10 rezumate de conferinἪe, 1 brevet). 

Cuvinte-cheie: compuἨi coordinativi, metale 3d, baze N-heteroaromatice, 4-

aliltiosemicarbazone, piruvamide substituite, activitate antimicrobianŁ Ἠi antifungicŁ, activitate 

antioxidantŁ. 

Scopul tezei: descoperirea de noi agenἪi antimicrobieni, antifungici Ἠi antioxidanἪi cu 

solubilitate crescutŁ pe baza de compuἨi coordinativi ai cuprului(II) cu liganzi micἨti cu 4-

aliltiosemicarbazone derivaἪilor aldehidei salicilice Ἠi 4-aliltiosemicarbazone amidelor acidului 

piruvic. 

Obiectivele tezei: sinteza compuἨilor coordinative ai cuprului(II) cu liganzi micἨti cu 4-

aliltiosemicarbazone derivaἪilor aldehidei salicilice; sinteza amidelor acidului piruvic; sinteza 4-

aliltiosemicarbazonelor amidelor acidului piruvic; sinteza compuἨilor coordinativi ai unor metale 

3d cu 4-aliltiosemicarbazone amidelor acidului piruvic; determinarea compoziἪiei, structurii, 

proprietŁἪilor fizico-chimice, activitŁἪilor antioxidante, antimicrobiene Ἠi antifungice a compuἨilor 

sintetizaἪi. 

Noutatea Ἠi originalitatea ἨtiinἪificŁ: au fost sintetizaἪi Ἠi descriἨi 89 de noi compuἨi 

coordinativi; s-a studiat influenἪa substituenἪilor din fragmentul benziliden, natura atomului 

central, natura reziduului acid, natura bazelor N-heteroaromatice din sfera interioarŁ a compuἨilor 

coordinativi asupra proprietŁἪilor fizico-chimice Ἠi activitŁἪii biologice. 

Problema ἨtiinἪificŁ rezolvatŁ ´n aceastŁ tezŁ: au fost obtinute noi agenἪi cu potenἪial 

antimicrobian, antifungic Ἠi antioxidativ ́ n baza compuἨilor coordinativi ai cuprului(II) cu liganzi-

micsti cu 4-aliltiosemicarbazone derivaἪilor aldehidei salicilice Ἠi compuἨilor coordinativi ai unor 

metale 3d ai 4-aliltiosemicarbazonelor amidelor acidului piruvic. Au fost identificaἪi compuἨi cu 

solubilitate ridicatŁ ´n apŁ, precum Ἠi compuἨi cu activitate superioarŁ substanἪelor care au fost 

utilizate ca standarde (TetraciclinŁ, Fluconazol Ἠi Trolox). 

SemnificaἪia teoretica a lucrŁrii Ἠi valoarea aplicativŁ. Rezultatele acestui studiu pot fi 

utilizate ´n viitor pentru a cŁuta noi compuἨi coordinativi cu activitate antifungicŁ, antimicrobianŁ 

Ἠi antioxidantŁ ridicatŁ precum Ἠi solubilitate ridicatŁ ´n apŁ, prin identificarea relaἪiei dintre 

structura substanἪei Ἠi activitatea acesteia Ἠi determinarea efectului unui ligand suplimentar activ 

din punct de vedere biologic ´n compoziἪia compuἨilor de coordonare privind sinergia 

proprietŁἪilor lor biologice. SubstanἪele sintetizate pot fi apoi supuse unor studii preclinice. Ċn 

viitor, rezultatele acestui studiu pot completa materialul cursurilor speciale de Chimie 

BiofarmaceuticŁ Ἠi Biochimie. 

Implementarea rezultatelor ἨtiinἪifice. A fost brevetat un nou compus cu acἪiune 

bacteriostaticŁ ´mpotriva Bacillus cereus Ἠi Bacillus subtilis.  
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ANNOTATION  

Graur  Ianina, ñSynthesis, structure and biological properties of copper complexes with 

polydentate ligands based on water-soluble 4-allylthiosemicarbazonesò, PhD thesis in 

chemical sciences, Chisinau, 2023 

Thesis structure: introduction, four chapters, general conclusions and recommendations, 

161 bibliographic references, 5 annexes, 136 pages of main text, 27 tables, 109 figures (including 

annexes). The obtained results are published in 17 scientific publications (4 articles in international 

journals with IF, 2 articles in national journals, 10 conference abstracts, 1 patent). 

Keywords: coordination compounds, 3d metals, N-heteroaromatic bases, 4-

allylthiosemicarbazones, substituted pyruvamides, antimicrobial and antifungal activity, 

antioxidant activity. 

The aim of the thesis: discovery of new antimicrobial, antifungal and antioxidant agents 

with increased solubility based on mixed-ligand copper(II) coordination compounds with 4-

allylthiosemicarbazones of salicylaldehyde derivatives and 4-allylthiosemicarbazones of pyruvic 

acid amides. 

The objectives of the thesis: synthesis of mixed-ligand copper(II) coordination 

compounds with 4-allylthiosemicarbazones of salicylaldehyde derivatives; synthesis of pyruvic 

acid amides; synthesis of 4-allylthiosemicarbazones of pyruvic acid amides; synthesis of 

coordination compounds of some 3d metals with 4-allylthiosemicarbazones of pyruvic acid 

amides; determination of the composition, structure, physicochemical properties, antioxidant, 

antimicrobial and antifungal activities of the obtained substances. 

The novelty and relevance of the study: 89 new coordination compounds were 

synthesized and described; the influence of substituents in the benzylidene fragment, the nature of 

the central atom, the nature of the acid residue, the nature of N-heteroaromatic bases in the inner 

sphere of the complexes on the physicochemical properties and biological activity of the 

synthesized substances were studied. 

The scientific problem solved in this thesis: new potential antimicrobial, antifungal and 

antioxidant agents based on mixed-ligand coordination compounds of copper(II) 4-

allylthiosemicarbazones of salicylaldehyde derivatives and coordination compounds of some 3d 

metals of 4-allylthiosemicarbazones of pyruvic acid amides were obtained. Compounds with high 

water solubility were identified, as well as compounds that are superior in activity to the substances 

that were used as standards (Tetracycline, Fluconazole and Trolox). 

The theoretical importance and potential application value of the work. The results of 

this study can be used in the future to search for new coordination compounds with high antifungal, 

antimicrobial and antioxidant activity and solubility in water, by identifying the relationship 

between the structure of the substance and its activity, and determining the effect of an additional 

biologically active ligand in the composition of coordination compounds on synergism their 

biological properties. The synthesized substances can then undergo preclinical trials. In the future, 

the results of this study can supplement the material of special courses on Biopharmaceutical 

Chemistry and Biochemistry. 

Implementation of scientific results. New compound with bacteriostatic action against 

Bacillus cereus and Bacillus subtilis was patented.  
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ɸʅʅʆʊɸʎʀʗ 

ɻʨʘʫʨ ʗʥʠʥʘ, ñʉʠʥʪʝʟ, ʩʪʨʫʢʪʫʨʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ 

ʩ ʧʦʣʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʥʘ ʦʩʥʦʚʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʨʘʩʪʚʦʨʠʤʳʭ ʚ 

ʚʦʜʝò, ʜʠʩʩʝʨʪʘʮʠʷ ʜʦʢʪʦʨʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʂʠʰʠʥʵʫ, 2023. 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ: ʚʚʝʜʝʥʠʝ, 4 ʛʣʘʚʳ, ʦʙʱʠʝ ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ, 

ʙʠʙʣʠʦʛʨʘʬʠʷ ʠʟ 161 ʥʘʠʤʝʥʦʚʘʥʠʡ, 5 ʧʨʠʣʦʞʝʥʠʡ, 136 ʩʪʨʘʥʠʮ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʘ (ʜʦ 

ʙʠʙʣʠʦʛʨʘʬʠʠ), 109 ʨʠʩʫʥʢʦʚ, 27 ʪʘʙʣʠʮ (ʚʢʣʶʯʘʷ ʇʨʠʣʦʞʝʥʠ)̫. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 17 ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ (4 ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, 2 ʩʪʘʪʴʠ ʚ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʞʫʨʥʘʣʘʭ, 10 ʪʝʟʠʩʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ, 1 ʧʘʪʝʥʪ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 3d ʤʝʪʘʣʣʳ, N-

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ, 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ, ʟʘʤʝʱʝʥʥʳʝ ʧʠʨʫʚʘʤʠʜʳ, 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʥʘʭʦʞʜʝʥʠʝ ʥʦʚʳʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʭ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʘʛʝʥʪʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʟʘʤʝʱʝʥʥʳʭ 

ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʠʥʪʝʟ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ; ʥʘʭʦʞʜʝʥʠʝ 

ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ; ʩʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ 

ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ; ʩʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 3d 

ʤʝʪʘʣʣʦʚ ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ; ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ, ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʝʡ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ: ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʧʠʩʘʥʳ 89 ʥʦʚʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʙʝʥʟʠʣʠʜʝʥʦʚʦʤ 

ʬʨʘʛʤʝʥʪʝ, ʧʨʠʨʦʜʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ, ʧʨʠʨʦʜʳ ʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ, ʧʨʠʨʦʜʳ N-

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ. 

ʈʝʰʝʥʥʘʷ ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ: ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ, 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʟʘʤʝʱʝʥʥʳʭ 

ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, 

ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ, ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ 

ʘʢʪʠʚʥʦʩʪʠ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ (ʊʝʪʨʘʮʠʢʣʠʥ, 

ʌʣʫʢʦʥʘʟʦʣ ʠ ʊʨʦʣʦʢʩ). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ, ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ, ʟʘ ʩʯʝʪ ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ 

ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ, ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʩʦʩʪʘʚʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʩʠʥʝʨʛʠʟʤ ʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʧʨʦʡʪʠ 

ʧʨʝʜʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ 

ʜʦʧʦʣʥʠʪʴ ʤʘʪʝʨʠʘʣ ʩʧʝʮʢʫʨʩʦʚ ʧʦ ɹʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʍʠʤʠʠ ʠ ɹʠʦʭʠʤʠʠ. 

ɺʥʝʜʨʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: ɿʘʧʘʪʝʥʪʦʚʘʥʦ ʩʦʝʜʠʥʝʥʠʝ, 

ʦʙʣʘʜʘʶʱʝʝ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʚ ʦʪʥʦʰʝʥʠʠ Bacillus cereus ʠ Bacillus subtilis.  
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ʉʇʀʉʆʂ ʊɸɹʃʀʎ 

ʊʘʙʣʠʮʘ 1.1. ʈʝʟʫʣʴʪʘʪʳ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʪʝʩʪʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʢʣʝʪʢʘʤʠ 

KB 

ʩʪʨ. 30 
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ʊʘʙʣʠʮʘ 1.3. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʜʘʚʣʷʶʱʠʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʙʘʢʪʝʨʠʮʠʜʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʤʢʛ/ʤʣ) 

ʩʪʨ. 32 

ʊʘʙʣʠʮʘ 1.4. ɿʥʘʯʝʥʠʷ IC50 ʚʝʱʝʩʪʚ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ MRC-5 ʠ SK-N-MC ʩʪʨ. 32 

ʊʘʙʣʠʮʘ 1.5. ɿʥʘʯʝʥʠʷ IC50 ʜʣʷ HAtsc2-Fpy ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʪʥʦʰʝʥʠʠ 

ʣʠʥʠʠ ʢʣʝʪʦʢ MDCK, HL-60, HeLa, BxPC-3, ʠ RD (ʤʢʄ) 

ʩʪʨ. 33 

ʊʘʙʣʠʮʘ 1.6. ʇʨʦʮʝʥʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ (V, %) Daphnia magna ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ LC50 

ʩʪʨ. 34 

ʊʘʙʣʠʮʘ 1.7. ʇʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ HAtsc2-Fpy 

ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʠʜʝ ʟʥʘʯʝʥʠʡ ʄʇʂ/ʄɹʂ/ʄʌʂ (ʤʢʛ/ʤʣ) 

ʩʪʨ. 34 

ʊʘʙʣʠʮʘ 1.8. ɿʥʘʯʝʥʠʷ IC50 ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʫ ABTSÅ+ 

ʩʪʨ. 35 

ʊʘʙʣʠʮʘ 1.9. ɿʥʘʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʠʥʛʠʙʠʨʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʤʢʛ/ʤʣ) 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʩʪʠʨʫʝʤʳʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ 

ʩʪʨ. 36 

ʊʘʙʣʠʮʘ 1.10. ɿʥʘʯʝʥʠʷ IC50 (ʤʢʛ/ʤʣ) ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʣʠʥʠʷʤ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 

ʩʪʨ. 37 

ʊʘʙʣʠʮʘ 1.11. ɿʥʘʯʝʥʠʷ IC50 (ʤʢʄ) ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʨʷʜʫ ʣʠʥʠʡ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 

ʩʪʨ. 38 

ʊʘʙʣʠʮʘ 1.12. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʜʘʚʣʷʶʱʠʝ (ʄʇʂ) ʠ 

ʙʘʢʪʝʨʠʮʠʜʥʳʝ/ʬʫʥʛʠʮʠʜʥʳʝ (ʄɹʂ/ʄʌʂ) ʢʦʥʮʝʥʪʨʘʮʠʠ H2TscSal ʠ ʝʛʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʩʪ-ʤʠʢʨʦʙʘʤ ʠ ʛʨʠʙʘʤ (ʚ 

ʤʢʛ/ʤʣ) 

ʩʪʨ. 47 

ʊʘʙʣʠʮʘ 1.13. ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ H2TscSal ʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ ABTSÅ+ 

ʩʪʨ. 48 

ʊʘʙʣʠʮʘ 3.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ H2L
1-4 

ʩʪʨ. 75 
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ʊʘʙʣʠʮʘ 3.2. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʜʘʚʣʷʶʱʠʝ (ʄʇʂ) ʠ ʤʠʥʠʤʘʣʴʥʳʝ 
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H2L
1 ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ (ʤʢʛ/ʤʣ) 
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ʊʘʙʣʠʮʘ 3.4. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʜʘʚʣʷʶʱʠʝ (ʄʇʂ), ʙʘʢʪʝʨʠʮʠʜʥʳʝ (ʄɹʂ) ʠ 
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ʩʪʨ. 88 
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Phen)(L6)]NO3 

ʩʪʨ. 119 

ʈʠʩ. 4.30. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Cu(1,10-
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ʈʠʩ. 4.45 ʉʨʘʚʥʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ 

HL5-10 ʚ ʦʪʥʦʰʝʥʠʠ ABTSĿ+ 
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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

H2L
1 2-[(2-ʛʠʜʨʦʢʩʠ-3-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]-N-(ʧʨʦʧ-2-ʝʥ-1-ʠʣ)ʛʠʜʨʘʟʠʥ-1-

ʢʘʨʙʦʪʠʦʘʤʠʜ 

(4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ) 

H2L
2 2-[(2,4-ʜʠʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]-N-(ʧʨʦʧ-2-ʝʥ-1-ʠʣ)ʛʠʜʨʘʟʠʥ-1-

ʢʘʨʙʦʪʠʦʘʤʠʜ 

(4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2,4-ʜʠʛʠʜʨʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ) 

H2L
3 2-[(3,5-ʜʠʙʨʦʤʦ-2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]-N-(ʧʨʦʧ-2-ʝʥ-1-ʠʣ)ʛʠʜʨʘʟʠʥ-

1-ʢʘʨʙʦʪʠʦʘʤʠʜ 

(4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 3,5-ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ) 

H2L
4 2-[(2-ʛʠʜʨʦʢʩʠʥʘʬʪʘʣʝʥ-1-ʠʣ)ʤʝʪʠʣʠʜʝʥ]-N-(ʧʨʦʧ-2-ʝʥ-1-ʠʣ)ʛʠʜʨʘʟʠʥ-1-

ʢʘʨʙʦʪʠʦʘʤʠʜ 

(4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʘ) 

HL5 N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-{2-[(ʧʨʦʧ-2-ʝʥ-1-

ʠʣ)ʢʘʨʙʘʤʦʪʠʦʠʣ]ʛʠʜʨʘʟʠʥʠʣʠʜʝʥ}ʧʨʦʧʘʥʘʤʠʜ 

(4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ) 

HL6 2-[1-ʦʢʩʦ-1-(ʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʧʨʦʧʘʥ-2-ʠʣʠʜʝʥ]-N-(ʧʨʦʧ-2-ʝʥ-1-

ʠʣ)ʛʠʜʨʘʟʠʥ-1-ʢʘʨʙʦʪʠʦʘʤʠʜ 

(4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 1-(ʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ) 

HL7 2-[1-(ʤʦʨʬʦʣʠʥ-4-ʠʣ)-1-ʦʢʩʦʧʨʦʧʘʥ-2-ʠʣʠʜʝʥ]-N-(ʧʨʦʧ-2-ʝʥ-1-ʠʣ)ʛʠʜʨʘʟʠʥ-

1-ʢʘʨʙʦʪʠʦʘʤʠʜ 

(4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 1-(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ) 

HL8 2-[1-(ʘʟʝʧʘʥ-1-ʠʣ)-1-ʦʢʩʦʧʨʦʧʘʥ-2-ʠʣʠʜʝʥ]-N-(ʧʨʦʧ-2-ʝʥ-1-ʠʣ)ʛʠʜʨʘʟʠʥ-1-

ʢʘʨʙʦʪʠʦʘʤʠʜ 

(4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ) 

HL9 N-ʮʠʢʣʦʛʝʩʠʣ-2-{2-[(ʧʨʦʧ-2-ʝʥ-1-

ʠʣ)ʢʘʨʙʘʤʦʪʠʦʠʣ]ʛʠʜʨʘʟʠʥʠʣʠʜʝʥ}ʧʨʦʧʘʥʘʤʠʜ 

(4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ N-ʮʠʢʣʦʛʝʩʠʣ-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ) 

HL10 N-(3-ʤʝʪʦʢʩʠʧʨʦʧʠʣ)-2-{2-[(ʧʨʦʧ-2-ʝʥ-1-

ʠʣ)ʢʘʨʙʘʤʦʪʠʦʠʣ]ʛʠʜʨʘʟʠʥʠʣʠʜʝʥ}ʧʨʦʧʘʥʘʤʠʜ 

(4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ N-(3-ʤʝʪʦʢʩʠʧʨʦʧʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ) 

1,10-Phen 1,10-ʬʝʥʘʥʪʨʦʣʠʥ 

2,2ô-BPy 2,2ô-ʙʠʧʠʨʠʜʠʥ 
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3,5-Br2Py 3,5-ʜʠʙʨʦʤʧʠʨʠʜʠʥ 

3,4-Lut 3,4-ʜʠʤʝʪʠʣʧʠʨʠʜʠʥ 

4-Pic 4-ʤʝʪʠʣʧʠʨʠʜʠʥ 

3-Pic 3-ʤʝʪʠʣʧʠʨʠʜʠʥ 

Py ʧʠʨʠʜʠʥ 

Im ʠʤʠʜʘʟʦʣ 

H2TscSal 2-[(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]-N-(ʧʨʦʧ-2-ʝʥ-1-ʠʣ)ʛʠʜʨʘʟʠʥ-1-

ʢʘʨʙʦʪʠʦʘʤʠʜ 

(4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ) 

H2TscPyr 2-{2-[(ʧʨʦʧ-2-ʝʥ-1-ʠʣ)ʢʘʨʙʘʤʦʪʠʦʠʣ]ʛʠʜʨʘʟʠʥʠʣʠʜʝʥ}ʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 

(4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ) 

DMSO ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ʄʇʂ ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʜʘʚʣʷʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʄɹʂ ʤʠʥʠʤʘʣʴʥʘʷ ʙʘʢʪʝʨʠʮʠʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʄʌʂ ʤʠʥʠʤʘʣʴʥʘʷ ʬʫʥʛʠʮʠʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ɚ ʤʦʣʷʨʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

IC50 ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

LD50 ʧʦʣʫʣʝʪʘʣʴʥʘʷ ʜʦʟʘ 

ʩ ʩʠʥʛʣʝʪ 

ʫʰ. ʩ ʫʰʠʨʝʥʥʳʡ ʩʠʥʛʣʝʪ 

ʜ ʜʫʙʣʝʪ 

ʪ ʪʨʠʧʣʝʪ 

ʤ ʤʫʣʴʪʠʧʣʝʪ 

ʗʄʈ ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

FT-IR Fourier-transform infrared spectroscopy  

(ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷ) 

ABTS 2,2'-ʘʟʠʥʦʙʠʩ-3-ʵʪʠʣʙʝʥʟʪʠʘʟʦʣʠʥ-6-ʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

SD ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʤʝʜʠʮʠʥʦʡ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʝʡ ʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʦʪʢʨʳʪʠʝʤ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚ. ʅʘʰ ʦʨʛʘʥʠʟʤ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʘʪ ʩʦʪʥʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʤʝʪʘʣʣʦʚ ʚ ʚʠʜʝ 

ʨʘʟʣʠʯʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʙʝʣʢʦʚʳʭ ʢʦʬʘʢʪʦʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʀʤʝʥʥʦ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠ ʠʭ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʩʝʛʜʘ ʧʨʠʚʣʝʢʘʣʠ ʭʠʤʠʢʦʚ ʢ 

ʨʘʙʦʪʝ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʠ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʩʪʨʫʢʪʫʨʥʳʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʢʦʦʨʜʠʥʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʝ ʥʘʯʠʥʘʷ ʩ 

XX-ʦʛʦ ʚʝʢʘ. ɺ 1950-ʭ ʛʦʜʘʭ ʩʦʦʙʱʘʣʦʩʴ ʦʙ ʠʭ ʜʝʡʩʪʚʠʠ ʧʨʦʪʠʚ ʪʫʙʝʨʢʫʣʝʟʘ ʠ ʧʨʦʢʘʟʳ [1]. 

ʇʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʩʚʦʡʩʪʚʘ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʧʨʠʚʝʣʠ ʢ ʧʦʷʚʣʝʥʠʶ ʥʘ ʨʳʥʢʝ ʄʝʪʠʩʘʟʦʥʘ 

ʜʣʷ ʣʝʯʝʥʠʷ ʦʩʧʳ. ɼʘʥʥʳʝ ʣʠʛʘʥʜʳ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʩʚʦʡʩʪʚʘ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʊʨʠʘʧʠʥ (3-ʘʤʠʥʦʧʠʨʠʜʠʥ-2-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ) ʧʨʦʪʠʚʦʨʘʢʦʚʦʝ ʩʨʝʜʩʪʚʦ, ʜʦʰʝʜʰʝʝ ʜʦ ʬʘʟʳ II ʠʩʧʳʪʘʥʠʡ ʥʘ ʤʥʦʛʠʭ 

ʣʠʥʠʷʭ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ ʩ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ 

ʦʙʣʘʜʘʶʪ ʘʥʪʠʢʘʥʮʝʨʦʛʝʥʥʳʤʠ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʤrʠ, ʘʥʪʠ-ɺʀʏ, ʬʫʥʛʠʮʠʜʥʳʤʠ, 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤʠ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʤʠ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺʝʨʦʷʪʥʳʡ 

ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚʢʣʶʯʘʝʪ ʤʦʜʠʬʠʢʘʮʠʶ ʣʠʧʦʬʠʣʴʥʦʩʪʠ, 

ʨʝʛʫʣʠʨʫʶʱʫʶ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʢʣʝʪʢʫ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʢ ʠʦʥʘʤ ʤʝʪʘʣʣʦʚ. ʇʦʵʪʦʤʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ, ʯʝʤ ʠʩʭʦʜʥʳʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ. 

ɸʣʣʠʣʠʟʦʪʠʦʮʠʘʥʘʪ ʵʪʦ ʧʨʠʨʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʘʩʪʝʥʠʷʭ 

ʩʝʤʝʡʩʪʚʘ ʢʨʝʩʪʦʮʚʝʪʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʭʨʝʥ ʠ ʛʦʨʯʠʮʘ ʠ ʦʙʣʘʜʘʝʪ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʤ 

ʜʝʡʩʪʚʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʧʦʵʪʦʤʫ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʡ. ʊʠʦʩʝʤʠʢʘʨʙʘʟʠʜ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ 

ʘʣʣʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ ʣʝʛʢʦ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʝʪʦʥʘʤʠ ʠ 

ʘʣʴʜʝʛʠʜʘʤʠ, ʦʙʨʘʟʫʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ. ɺ ʃʘʙʦʨʘʪʦʨʠʠ 

ʇʝʨʝʜʦʚʳʭ ʄʘʪʝʨʠʘʣʦʚ ʜʣʷ ɹʠʦʬʘʨʤʘʮʝʚʪʠʢʠ ʠ ʊʝʭʥʠʢʠ ʚ ʄʦʣʜʘʚʩʢʦʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʋʥʠʚʝʨʩʠʪʝʪʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʝʛʦ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II). ʂʦʤʧʣʝʢʩʳ ʧʨʦʷʚʠʣʠ 
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ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ: ʧʨʦʪʠʚʦʨʘʢʦʚʫʶ, ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ, 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʥʠ ʧʨʝʚʦʩʭʦʜʠʣʠ ʧʦ ʘʢʪʠʚʥʦʩʪʠ 

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. ʆʜʥʘʢʦ, ʩʘʤ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʦʙʣʘʜʘʣ 

ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ, ʘ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʷ ʢ ʘʪʦʤʫ ʤʝʜʠ(II ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʚʝʜʝʥʠʝʤ ʘʤʠʥʦʚ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ ʥʝ ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʜʦʩʪʘʪʦʯʥʦ ʙʝʟʦʧʘʩʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʳ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʠʛʦʪʦʚʣʝʥʠʝ, ʚʩʘʩʳʚʘʥʠʝ ʠ ʜʘʞʝ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʣʝʢʘʨʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʠʪʴ ʢʘʢ ʚʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʙʝʥʟʠʣʠʜʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʧʦʚʣʠʷʝʪ ʥʘ 

ʘʢʪʠʚʥʦʩʪʴ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II), ʘ ʪʘʢʞʝ ʥʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʩʦʜʝʨʞʠʪʩʷ ʚʦ ʚʩʝʭ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʘ ʪʘʢʞʝ ʚ Populus tremula, Macrobrachium nipponense ʠ ʜʨ. ʨʘʩʪʝʥʠʷʭ, 

ʢʦʪʦʨʳʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ. ɺ ʃʘʙʦʨʘʪʦʨʠʠ ʇʝʨʝʜʦʚʳʭ 

ʄʘʪʝʨʠʘʣʦʚ ʜʣʷ ɹʠʦʬʘʨʤʘʮʝʚʪʠʢʠ ʠ ʊʝʭʥʠʢʠ ʚ ʄʦʣʜʘʚʩʢʦʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʋʥʠʚʝʨʩʠʪʝʪʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ, ʝʛʦ 

ʢʦʤʧʣʝʢʩʳ 3d ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II). ʀʟʫʯʝʥʠʝ ʠʭ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ 

ʥʝʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʢʦʦʨʜʠʥʘʮʠʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ 

ʢʠʩʣʦʪʳ ʢ ʘʪʦʤʘʤ ʤʝʪʘʣʣʘ ʧʨʠʚʦʜʠʪ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ, ʘ ʚʚʝʜʝʥʠʝ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II ) ʧʨʠʚʦʜʠʪ ʢ ʝʱʝ 

ʙʦʣʴʰʝʤʫ ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʙʦʣʝʝ 10 ʤʛ/ʤʣ, ʦʜʥʘʢʦ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʷ ʢ ʘʪʦʤʘʤ ʤʝʪʘʣʣʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʧʣʦʪʴ ʜʦ ʝʝ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ. 

ɸʤʠʜʳ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ N,N-ʜʠʵʪʠʣ-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜ ʦʢʘʟʳʚʘʝʪ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʠ 

ʘʥʪʠʵʢʟʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ. ʆʥ ʵʬʬʝʢʪʠʚʥʦ ʙʣʦʢʠʨʫʝʪ ʥʝʡʪʨʦʬʠʣʳ, ʢʦʪʦʨʳʝ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚʦʢʨʫʛ ʧʦʚʨʝʞʜʝʥʥʳʭ ʪʢʘʥʝʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʫʩʫʛʫʙʣʷʶʪ ʧʦʚʨʝʞʜʝʥʠʝ 

ʪʢʘʥʝʡ ʚʦ ʚʨʝʤʷ ʠʥʩʫʣʴʪʘ. N,N-ʜʠʠʟʦʧʨʦʧʠʣ-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜ ʧʨʦʷʚʣʷʝʪ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʠ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʘʤʠʜʦʚ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ ʤʘʣʦ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʘ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʘ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʟʫʯʠʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ, 
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ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʧʦʷʚʣʝʥʠʷ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʜʘʥʥʦʛʦ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ, ʘ 

ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʅʘʭʦʞʜʝʥʠʝ ʥʦʚʳʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʭ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ 

ʘʛʝʥʪʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʉʠʥʪʝʟ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʩ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ; 

2. ʅʘʭʦʞʜʝʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ; 

3. ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ; 

4. ʉʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ ʩ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ; 

5. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

6. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ, ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʝʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ. 

ʅʘʫʯʥʘʷ ʛʠʧʦʪʝʟʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II ) 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʟʘʤʝʱʝʥʥʳʭ 

ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʚʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʙʝʥʟʠʣʠʜʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ ʩʦʩʪʘʚʝ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʧʦʷʚʣʝʥʠʝ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʦʩʪʘʚʝ 

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɸ ʪʘʢʞʝ ʧʦʚʣʠʷʝʪ 

ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʜʝʣʘʚ ʠʭ ʙʦʣʝʝ ʨʘʩʪʚʦʨʠʤʳʤʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ 

ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʘʤʠʜʦʚ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. 

ʏʠʩʪʦʪʘ ʠ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʗʄʈ 1H, 13C. ʗʄʈ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʀʥʩʪʠʪʫʪʝ ʍʠʤʠʠ, ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ. ɼʣʷ ʚʩʝʭ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʳʤ ʤʝʪʦʜʦʤ. ɼʣʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 4-ʘʣʣʠʣʪʠʦʩʤʠʢʘʨʙʘʟʦʥʦʚ ʠ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 
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ʧʦʣʫʯʝʥʥʳʭ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʤʝʪʘʥʦʣʘ, ʵʪʘʥʦʣʘ, ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʠ ʩʤʝʩʠ 

ʘʮʝʪʦʥʘ ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʚ ʀʥʩʪʠʪʫʪʝ ʇʨʠʢʣʘʜʥʦʡ ʌʠʟʠʢʠ, ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ. ɼʣʷ ʪʝʭ ʚʝʱʝʩʪʚ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʥʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ FT-IR 

ʩʧʝʢʪʨʦʚ ʜʣʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʈʝʛʠʩʪʨʘʮʠʷ FT-IR ʩʧʝʢʪʨʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʇʝʨʝʜʦʚʳʭ ʄʘʪʝʨʠʘʣʦʚ ʜʣʷ ɹʠʦʬʘʨʤʘʮʝʚʪʠʢʠ ʠ ʊʝʭʥʠʢʠ ʚ 

ʄʦʣʜʘʚʩʢʦʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʥʘ ʤʝʪʘʣʣ, ʤʘʩʩʦʚʘʷ ʜʦʣʷ 

ʤʝʪʘʣʣʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʄʦʣʷʨʥʘʷ 

ʣɻʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʤʝʪʘʥʦʣʝ ʠʣʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʩ ʧʣʘʪʠʥʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʩ ʧʦʤʦʱʴʶ ʨʝʦʭʦʨʜʥʦʛʦ ʤʦʩʪʘ ʈ-

38. ɼʣʷ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ, 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʠ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ɸʛʝʥʪʩʪʚʘ ʆʙʱʝʩʪʚʝʥʥʦʛʦ ɿʜʦʨʦʚʴʷ, ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʀʥʩʪʠʪʫʪʝ ɿʦʦʣʦʛʠʠ, ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ. 

ʈʝʰʝʥʥʘʷ ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ: ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ 

ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 3d 

ʤʝʪʘʣʣʦʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ 

ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ, ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ 

(ʊʝʪʨʘʮʠʢʣʠʥ, ʌʣʫʢʦʥʘʟʦʣ ʠ ʊʨʦʣʦʢʩ). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ 

ʧʦʠʩʢʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ, 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ, ʟʘ ʩʯʝʪ 

ʚʳʷʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ, ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʩʦʩʪʘʚʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘ ʩʠʥʝʨʛʠʟʤ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʛʫʪ ʜʦʧʦʣʥʠʪʴ ʤʘʪʝʨʠʘʣ ʩʧʝʮʢʫʨʩʦʚ ʧʦ ɹʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʍʠʤʠʠ ʠ ɹʠʦʭʠʤʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪ r ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʭ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʘʛʝʥʪʦʚ. 
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ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʰʣʠ ʚ 16 ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʠʟ ʢʦʪʦʨʳʭ 6 

ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ (4 ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʞʫʨʥʘʣʳ ʩ ʠʤʧʘʢʪ-ʬʘʢʪʦʨʦʤ ʠ 2 ʥʘʫʯʥʳʝ 

ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣ ʢʘʪʝʛʦʨʠʠ ɺ), 10 ʪʝʟʠʩʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. ʇʦʣʫʯʝʥ 1 ʧʘʪʝʥʪ ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ: ʩʦʝʜʠʥʝʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ 

ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʚ ʦʪʥʦʰʝʥʠʠ Bacillus cereus ʠ Bacillus subtilis. ʅʘ ʩʘʣʦʥʘʭ 

ʠʟʦʙʨʝʪʝʥʠʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 4 ʟʦʣʦʪʳʝ ʤʝʜʘʣʠ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ: 

ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʦʙʱʠʭ ʚʳʚʦʜʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ ʩ 161 ʠʩʪʦʯʥʠʢʘʤʠ, 5 ʧʨʠʣʦʞʝʥʠʡ. ɼʠʩʩʝʨʪʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 135 ʩʪʨʘʥʠʮʘʭ 

(ʜʦ ɹʠʙʣʠʦʛʨʘʬʠʠ) ʠ ʩʦʜʝʨʞʠʪ 27 ʪʘʙʣʠʮ, 103 ʨʠʩʫʥʢʘ, ʚʢʣʶʯʘʷ ʧʨʠʣʦʞʝʥʠʝ. 

ɺʦ ɺʚʝʜʝʥʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʮʝʣʴ ʠ ʟʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʫʯʥʘʷ ʛʠʧʦʪʝʟʘ, ʤʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ, ʨʝʰʝʥʥʘʷ 

ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ, ʘʧʨʦʙʘʮʠʷ ʠ 

ʚʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʝʨʚʘʷ ʛʣʘʚʘ ñʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ ʩ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠò ̫ʚʣʷʝʪʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤ ʦʙʟʦʨʦʤ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ 

ʧʘʨʘʛʨʘʬʦʚ. ɺ ʧʝʨʚʦʤ ʧʘʨʘʛʨʘʬʝ ʧʨʠʚʝʜʝʥʳ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʭ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ. ɺʦ ʚʪʦʨʦʤ ʧʘʨʘʛʨʘʬʝ ʦʧʠʩʘʥʳ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ N4-ʟʘʤʝʱʝʥʥʳʭ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ 

ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʠʭ ʩʪʨʦʝʥʠʝ, ʩʠʥʪʝʟ ʠ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʪʨʝʪʴʝʤ ʧʘʨʘʛʨʘʬʝ ʦʧʠʩʘʥʳ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ N4-ʟʘʤʝʱʝʥʥʳʤʠ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʟʘʤʝʱʝʥʥʳʭ 

ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʠʭ ʧʦʣʫʯʝʥʠʝ, ʩʪʨʦʝʥʠʝ ʠ ʚʣʠʷʥʠʝ ʚʚʝʜʝʥʠʝ N-

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. ɺ ʯʝʪʚʝʨʪʦʤ ʧʘʨʘʛʨʘʬʝ ʦʧʠʩʘʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 3d 

ʤʝʪʘʣʣʦʚ ʩ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʦʢʩʦʢʠʩʣʦʪ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ 

ʢʠʩʣʦʪʝ, ʝʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤ ʠ ʠʭ ʢʦʤʧʣʝʢʩʘʤ. ʊʘʢʞʝ ʦʧʠʩʘʥʳ ʘʤʠʜʳ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ 

ʢʠʩʣʦʪʳ, ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ. ɻʣʘʚʘ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚʳʚʦʜʘʤʠ. 

ɺʪʦʨʘʷ ʛʣʘʚʘ ñʄʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʘʥʘʣʠʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡò ʩʦʩʪʦʠʪ ʠʟ 7 ʧʘʨʘʛʨʘʬʦʚ, 

ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʳ ʠʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ, ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ 

ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ, 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ, ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 3d ʤʝʪʘʣʣʦʚ ʠ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II). 
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ʇʝʨʝʯʠʩʣʝʥʳ ʠ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʝʡ. 

ɻʣʘʚʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚʳʚʦʜʘʤʠ. 

ʊʨʝʪʴʷ ʛʣʘʚʘ ñʉʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) ʩ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʧʨʦʠʟʚʦʜʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘò ʩʦʩʪʦʠʪ ʠʟ 3 ʧʘʨʘʛʨʘʬʦʚ, 

ʠ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ, ʩʪʨʦʝʥʠʝ ʠ ʯʠʩʪʦʪʘ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʝʥʘ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ 1H ʠ 13C. 

ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ ʥʘ ʤʝʪʘʣʣ ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ 

ʠʭ ʤʦʣʷʨʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ ʩʪʨʦʝʥʠʝ 5 ʢʦʤʧʣʝʢʩʦʚ, ʠʟ ʢʦʪʦʨʳʭ 1 ʢʦʤʧʣʝʢʩ ʥʠʪʨʘʪʘ ʤʝʜʠ ʩ 3,5-

ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʠ 4 ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʘʪʘ ʠ ʘʮʝʪʘʪʘ 

ʤʝʜʠ(II). ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʀʂ ʩʧʝʢʪʨʦʚ ʠʩʭʦʜʥʳʭ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʠ ʠʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II ), ʦʧʨʝʜʝʣʝʥ ʩʧʦʩʦʙ 

ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʝʡ. ʀʟʫʯʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II), ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ɻʣʘʚʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚʳʚʦʜʘʤʠ. 

ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ ñʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ ʩ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳò ʩʦʩʪʦʠʪ ʠʟ 4 ʧʘʨʘʛʨʘʬʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʳ ʘʤʠʜʳ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʠʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ. 

ʉʪʨʦʝʥʠʝ ʠ ʯʠʩʪʦʪʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

1H ʠ 13C. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ ʩʪʨʦʝʥʠʝ ʧʷʪʠ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʝʜʝʥʳ 

ʜʘʥʥʳʝ ʘʥʘʣʠʟʘ ʥʘ ʤʝʪʘʣʣ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʷʨʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʄʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʪʨʦʝʥʠʝ 10 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

3d ʤʝʪʘʣʣʦʚ ʠ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II ). ʇʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʀʂ ʩʧʝʢʪʨʦʚ ʜʣʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʠ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʧʨʝʜʝʣʝʥ ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ. ʇʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʝʡ. ʇʨʦʩʣʝʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ 

ʮʝʥʪʨʘʣʴʥʦ ʘʪʦʤʘ, ʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ ʠ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II), ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʨʠʚʝʜʝʥʳ 
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ʠʭ ʩʨʘʚʥʝʥʠʷ ʩ ʚʝʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ. ɻʣʘʚʘ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚʳʚʦʜʘʤʠ. 

ɿʘʢʣʶʯʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʦʙʱʠʭ ʚʳʚʦʜʦʚ ʧʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʙʠʙʣʠʦʛʨʘʬʠʠ. 
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1. ʂʆʆʈɼʀʅɸʎʀʆʅʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ʅɽʂʆʊʆʈʓʍ 3d 

ʄɽʊɸʃʃʆɺ ʉ ʊʀʆʉɽʄʀʂɸʈɹɸɿʆʅɸʄʀ 

1.1 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʭ ʠ ʠʭ ʩʚʦʡʩʪʚʘʭ.  

4-ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ. 

ʊʠʦʩʝʤʠʢʘʨʙʘʟʠʜʳ ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʠʩʴ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚ ʢʦʥʮʝ 1800-ʭ ʛʦʜʦʚ, ʘ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʙʳʣʠ ʦʧʠʩʘʥʳ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʘʛʝʥʪʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʢʝʪʦʥʦʚ ʠ ʘʣʴʜʝʛʠʜʦʚ ʚ 1900-ʭ ʛʦʜʘʭ [2]. ʆʜʥʦ ʠʟ ʠʭ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ ð ɻ ʪʦ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʢ ʤʝʪʘʣʣʫ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʥʦʞʝʩʪʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ [3]. ʆʙʱʘʷ 

ʬʦʨʤʫʣʘ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.1. 
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ʈʠʩ. 1.1. ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 

ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʠʭ ʧʨʦʩʪʦʪʝ 

ʧʦʣʫʯʝʥʠʷ ʠ ʧʦʣʝʟʥʳʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʧʨʦʷʚʣʷʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ: 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ [4-8], ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ [9-14], ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ [15-17], 

ʧʨʦʪʠʚʦʨʘʢʦʚʳʝ [6, 18-22], ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ [23-26], ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʝ [27-31] 

ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ [32-37], ʚ ʪʦʤ ʯʠʩʣʝ ʘʥʪʠ-ɺʀʏ [38,39]. ɿʘʤʝʱʝʥʠʝ ʚ ʧʦʣʦʞʝʥʠʠ N(4) 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʨʘʩʰʠʨʷʝʪ ʜʝʣʦʢʘʣʠʟʘʮʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʩʠʩʪʝʤʝ, 

ʫʣʫʯʰʘʝʪ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʘʝʪ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ [40-42]. Maria Joselice e Silva et al [43] ʩʠʥʪʝʟʠʨʦʚʘʣʠ 5 ʥʦʚʳʭ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ, ʦʙʱʘʷ ʬʦʨʤʫʣʘ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.2 ʠ ʠʟʫʯʠʣʠ ʠʭ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ KB (ʈʘʢ ʜʥʘ ʧʦʣʦʩʪʠ ʨʪʘ). 
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ʈʠʩ. 1.2. ʆʙʱʘʷ ʬʦʨʤʫʣʘ N-ʟʘʤʝʱʝʥʥʳʭ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ  

3-(3,4-ʤʝʪʠʣʝʥʜʠʦʢʩʠ)ʬʝʥʠʣʧʨʦʧʘʥʘʣʷ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚ ʪʘʙʣʠʮʝ 1.1, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘʤʝʱʝʥʥʳʝ ʚ ʯʝʪʚʝʨʪʦʤ 

ʧʦʣʦʞʝʥʠʠ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ, ʯʝʤ ʥʝʟʘʤʝʱʝʥʥʳʝ, ʠ 

ʠʥʛʠʙʠʨʦʚʘʣʠ 50% ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ ʢʣʝʪʦʢ KB ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 1.5 ʤʢʛ/ʤʣ ʠ 4.6 ʤʢʛ/ʤʣ. 

ʆʩʪʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʥʝʘʢʪʠʚʥʳ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʛ/ʤʣ. 

ʊʘʙʣʠʮʘ 1.1. ʈʝʟʫʣʴʪʘʪʳ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʪʝʩʪʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʢʣʝʪʢʘʤʠ KB 

R R1 IC50, (ʤʢʛ/ʤʣ) 

H H >10 

H CH3 1.5 

H C2H5 4.6 

H C6H5 >10 

CH3 H >10 

ɸʜʨʠʘʤʠʮʠʥ Ò1.0 

 

4-ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʠ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 3d ʤʝʪʘʣʣʦʚ ʭʦʨʦʰʦ 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ [44-46], ʫʩʪʦʡʯʠʚʳ ʥʘ ʚʦʟʜʫʭʝ, ʨʘʩʪʚʦʨʠʤʳ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ [47-49], ʠ ʧʨʦʷʚʣʷʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ [50, 51]. 

Kalinowski, D. S. et al [52] ʩʠʥʪʝʟʠʨʦʚʘʣʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʟʘʤʝʱʝʥʥʳʭ 2-

ʙʝʥʟʦʠʣʧʠʨʠʜʠʥʘ (ʈʠʩʫʥʦʢ 1.3), ʘ ʚ 2009 ʛʦʜʫ ʘ ʞʝ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ [53] ʦʧʠʩʘʣʘ  

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2-ʘʮʝʪʠʣʧʠʨʠʜʠʥʘ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ 

ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ in vitro ʠ in vivo. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʙʳʣʠ ʪʝʩʪʠʨʦʚʘʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʠ ʢʣʝʪʦʢ 

ʬʠʙʨʦʙʣʘʩʪʦʚ ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ MRC-5 ʠ ʣʠʥʠʠ ʢʣʝʪʦʢ ʥʝʡʨʦʙʣʘʩʪʦʤʳ ʯʝʣʦʚʝʢʘ SK-N-MC 

(ʊʘʙʣʠʮʘ 1.2). ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2-ʘʮʝʪʠʣʧʠʨʠʜʠʥʘ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ SK-N-MC, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʦʩʭʦʜʠʪ ʘʢʪʠʚʥʦʩʪʴ 3-AP, ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʘ ʠ ʧʨʦʰʝʣ 

ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ. 



30 

NH
CH2

NH

S

N

R
1

N

R
2

Dp4aT (R1=N, R2=H), Bp4aT (R1=H, R2=H), 

NBp4aT (R1=H, R2=NO2)

N

N

CH3

NH

SNH
CH2

HAp4aT

 

ʈʠʩ. 1.3. ʆʙʱʘʷ ʬʦʨʤʫʣʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʟʘʤʝʱʝʥʥʳʭ  

2-ʙʝʥʟʦʠʣʧʠʨʠʜʠʥʘ ʠ 2-ʘʮʝʪʠʣʧʠʨʠʜʠʥʘ 

ʊʘʙʣʠʮʘ 1.2. ɿʥʘʯʝʥʠʷ IC50 ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʧʦʜʘʚʣʝʥʠʠ ʨʦʩʪʘ 

ʣʠʥʠʠ ʢʣʝʪʦʢ MRC-5 ʠ SK-N-MC 

ɺʝʱʝʩʪʚʦ 
IC50, (ʤʢʄ) 

MRC-5 SK-N-MC 

Dp4aT - 0.05 

Bp4aT >6.25 0.004 

NBp4aT 2.39 0.013 

HAp4aT - 0.001 

3-AP - 0.26 

 

ʉʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ 2-ʙʝʥʟʦʠʣʧʠʨʠʜʠʥʘ, Bp4aT ʠ 

NBp4aT ʧʨʦʷʚʣʷʶʪ ʥʘʠʙʦʣʴʰʫʶ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʫ  ʁʘʢʪʠʚʥʦʩʪʴ. ɺ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʠ 

ʢʣʝʪʦʢ MRC-5 ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ NBp4aT. 

ɺ 2014 ʛʦʜʫ ʘʚʪʦʨʘʤʠ [54] ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 5-

ʥʠʪʨʦʬʫʨʘʥ-2-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (HFurNO2) (ʈʠʩʫʥʦʢ 1.4) ʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʤʝʜʠ(II) ʠ ʥʠʢʝʣʷ(II ). 

NH
N

NH

S

CH2

O
NO2

 

ʈʠʩ. 1.4. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 5-ʥʠʪʨʦʬʫʨʘʥ-2-

ʢʘʨʙʘʣʴʜʝʛʠʜʘ (HFurNO 2) 

ɼʣʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟʫʯʠʣʠ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʠ (ʊʘʙʣʠʮʘ 1.3) ʚ ʦʪʥʦʰʝʥʠʠ 

Staphylococcus aureus (ATCC 25923), Bacillus cereus (GISK 8035), Escherichia coli (ATCC 

25922), Salmonella abony (GISK 03/03) ʠ Candida albicans. 
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ʊʘʙʣʠʮʘ 1.3. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʜʘʚʣʷʶʱʠʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʙʘʢʪʝʨʠʮʠʜʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʤʢʛ/ʤʣ) 

ɺʝʱʝʩʪʚʦ 
Escherichia coli 

Salmonella 

abony 

Staphylococcus 

aureus 

Bacillus 

cereus 

Candida 

albicans 

ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ 

HFurNO2 >10.0 >10.0 >10.0 >10.0 >10.0 >10.0 >10.0 >10.0 >10.0 >10.0 

Cu(HL)2Cl2 0.5 1.0 0.25 0.5 0.25 0.5 0.25 0.5 0.5 2.0 

Cu(HL)2Br2 0.25 0.5 0.25 0.25 0.25 0.5 0.25 0.5 0.5 0.5 

Cu(HL)2(NO3)2 0.5 1.0 0.25 0.5 0.25 0.5 0.5 1.0 0.5 0.5 

Cu(HL)2SO4 1.0 2.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 2.0 

Cu(HL)2(ClO4)2 1.0 2.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 2.0 

Ni(HL)2Cl2 0.25 0.5 0.5 0.5 0.5 1.0 0.5 1.0 0.5 1.0 

Ni(HL)2(NO3)2 1.0 1.0 1.0 2.0 1.0 0.5 1.0 1.0 1.0 1.0 

NiL 2 0.12 0.5 0.25 0.5 0.12 0.25 0.25 0.5 0.12 0.25 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʷʚʣʷʝʪʩʷ 

ʥʝʘʢʪʠʚʥʳʤ, ʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʣʠʷʝʪ ʧʨʠʨʦʜʘ ʢʠʩʣʦʪʥʦʛʦ 

ʦʩʪʘʪʢʘ ʠ ʘʢʪʠʚʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʤʫ ʨʷʜʫ Br-> Cl-> NO3
-> SO4

2-å 

ClO4
-.  

ɼʣʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʘ Cu(HL)2(NO3)2 ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʠ ʢʣʝʪʦʢ ʣʝʡʢʝʤʠʠ ʯʝʣʦʚʝʢʘ HL-60 (ʊʘʙʣʠʮʘ 

1.4). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʜʠ(II) ʙʦʣʝʝ ʘʢʪʠʚʥʦ, ʯʝʤ ʣʠʛʘʥʜ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 10-5 ʤʦʣʴ/ʣ. ʀ ʣʠʛʘʥʜ ʠ ʢʦʤʧʣʝʢʩ ʪʝʨʷʶʪ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ʊʘʙʣʠʮʘ 1.4. ɿʥʘʯʝʥʠʷ IC50 ʚʝʱʝʩʪʚ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ MRC-5 ʠ SK-N-MC 

ɺʝʱʝʩʪʚʦ 
IC50, (ʤʢʄ) 

MRC-5 SK-N-MC 

HFurNO2 - 0.05 

Cu(HL)2(NO3)2 >6.25 0.004 

 

ɸʚʪʦʨʘʤʠ [55] ʙʳʣʠ ʧʦʣʫʯʝʥʳ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2-ʬʦʨʤʠʣʧʠʨʠʜʠʥʘ 

(ʈʠʩʫʥʦʢ 1.5) ʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʮʠʥʢʘ, ʤʝʜʠ, ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ.  
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ʈʠʩ.1.5. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 2-ʬʦʨʤʠʣʧʠʨʠʜʠʥʘ 

(HAtsc2-Fpy) 
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ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ: ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ, ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʘ ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ. ɸʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ HAtsc2-Fpy ʠ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʯʝʪʳʨʝʭ 

ʣʠʥʠʡ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ (ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʰʝʡʢʠ ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ (HeLa), 

ʚʝʨʝʪʝʥʦʦʙʨʘʟʥʳʭ ʠ ʙʦʣʴʰʠʭ ʤʥʦʛʦʷʜʝʨʥʳʭ ʨʘʙʜʦʤʠʦʩʘʨʢʦʤ ʤʳʰʮ ʯʝʣʦʚʝʢʘ (RD), 

ʣʝʡʢʝʤʠʠ ʯʝʣʦʚʝʢʘ (HL-60), ʢʣʝʪʦʢ ʨʘʢʘ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ (BxPC-3) ʠ ʦʜʥʘ 

ʥʦʨʤʘʣʴʥʘʷ ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ (ʥʦʨʤʘʣʴʥʳʡ ʧʦʯʝʯʥʳʡ ʵʧʠʪʝʣʠʡ (MDCK)) (ʊʘʙʣʠʮʘ 1.5). 

ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ ʧʨʦʷʚʣʷʶʪ ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʩʝʨʠʠ 

ʣʠʥʠʡ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʪʠ ʢʦʤʧʣʝʢʩʳ 

ʧʨʝʚʦʩʭʦʜʷʪ ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʜʦʢʩʦʨʫʙʠʮʠʥ. ʊʘʢʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘ ̫ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʨʤʘʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ 

ʣʠʥʠʠ MDCK. ʂʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʨʦʩʪ ʠ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʵʪʦʡ ʣʠʥʠʠ ʢʣʝʪʦʢ. 

ʊʘʙʣʠʮʘ 1.5. ɿʥʘʯʝʥʠʷ IC50 ʜʣʷ HAtsc2-Fpy ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʪʥʦʰʝʥʠʠ 

ʣʠʥʠʠ ʢʣʝʪʦʢ MDCK, HL -60, HeLa, BxPC-3, ʠ RD (ʤʢʄ) 

ɺʝʱʝʩʪʚʦ MDCK HL-60 HeLa BxPC-3 RD 

HAtsc2-Fpy >100 0.30 Ñ 0.02 >100 >100 1.10 Ñ 0.03 

[Zn(H2O)(L)Cl] 38.5 Ñ 4.0 0.20 Ñ 0.03 1.4 Ñ 0.3 10.0 Ñ 0.3 0.06 Ñ 0.01 

[Cu(L)Cl]  3.0 Ñ 0.4 0.10 Ñ 0.06 0.40 Ñ 0.03 0.05 Ñ 0.02 0.13 Ñ 0.02 

[Cu(L)Br] 6.2 Ñ 1.4 0.10 Ñ 0.04 0.30 Ñ 0.03 0.06 Ñ 0.01 0.2 Ñ 0.1 

[Cu2L2(CH3COO)2]Ŀ4H2O 2.0 Ñ0.2 0.10 Ñ 0.02 0.20 Ñ 0.02 0.02 Ñ 0.01 0.05 Ñ 0.01 

[Ni(HL) 2]Cl2ĿH2O >100 0.09 Ñ 0.01 >100 3.6 Ñ 0.9 2.9 Ñ 0.4 

[Co(L)2]Cl >100 >10 2.5 Ñ 0.5 4.1 Ñ 0.5 >100 

ɼʦʢʩʦʨʫʙʠʮʠʥ 7.1 Ñ 0.3 0.2 Ñ 0.1 10.0 Ñ 0.4 3.7 Ñ 0.3 16.2 Ñ 0.6 

 

ʇʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʟʫʯʘʝʤʦʡ ʩʝʨʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ 

ʙʳʣʘ ʠʟʫʯʝʥʘ in vivo ʥʘ Daphnia magna (ʊʘʙʣʠʮʘ 1.6). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʤʧʣʝʢʩ 

ʥʠʢʝʣʷ (IC50> 100 ʤʢʄ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʜʝʡʩʪʚʫʝʪ ʥʘ Daphnia magna, ʪʦʛʜʘ ʢʘʢ ʢʦʤʧʣʝʢʩʳ 

ʤʝʜʠ ʠ ʮʠʥʢʘ, ʘ ʪʘʢʞʝ HAtsc2-Fpy ʪʦʢʩʠʯʥʳ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10 ʠ 100 ʤʢʄ, ʘ ʠʭ ʟʥʘʯʝʥʠʷ 

LC50 ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1,0ï3,5 ʤʢʄ. 

ɼʣʷ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ: S. aureus, E. coli ʠ C. albicans (ʊʘʙʣʠʮʘ 1.7). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʘʠʙʦʣʴʰʫʶ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ 

ʢʦʤʧʣʝʢʩʳ ʮʠʥʢʘ ʠ ʤʝʜʠ. ɽʩʣʠ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 
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ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʰʪʘʤʤʘ ʚʩʝʛʦ ʚ 2ï4 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ HAtsc2-

Fpy, ʪʦ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʰʪʘʤʤʘ ʫʞʝ ʚ 4ï16 

ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ. ʂʦʤʧʣʝʢʩʳ 

ʤʝʜʠ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʤʥʦʛʦʦʙʝʱʘʶʱʫʶ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʧʨʝʚʦʩʭʦʜʷʱʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʥʠʩʪʘʪʠʥʘ. 

ʊʘʙʣʠʮʘ 1.6. ʇʨʦʮʝʥʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ (V, %) Daphnia magna ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

LC50 

ɺʝʱʝʩʪʚʦ 

V, % 

LC50, ʤʢʄ 

100 ʤʢʄ 10 ʤʢʄ 1 ʤʢʄ 0.1 ʤʢʄ 

HAtsc2-Fpy 0.0 0.0 56.4 Ñ 7.3 97 Ñ 7.3 1.0 Ñ 0.1 

[Zn(H2O)(L)Cl] 0.0 0.0 56.4 Ñ 7.3 102.6 Ñ 0.0 1.0 Ñ 0.1 

[Cu(L)Cl] 0.0 0.0 97.4 Ñ 7.3 102.6 Ñ 0.0 3.5 Ñ 2.8 

[Cu(L)Br] 0.0 0.0 97.4 Ñ 7.3 102.6 Ñ 0.0 3.5 Ñ 2.8 

[Cu2L2(CH3COO)2]Ŀ4H2O 0.0 0.0 66.7 Ñ 7.3 76.9 Ñ 7.3 1.3 Ñ 0.5 

[Ni(HL) 2]Cl2ĿH2O 87.2 Ñ 7.3 97.4 Ñ 7.3 102.6 Ñ 0.0 102.6 Ñ 0.0 >100 

[Co(L)2]Cl 35.9 Ñ 7.3 92.3 Ñ 0.0 97.4 Ñ 7.3 97.4 Ñ 7.3 65.4 Ñ 11.8 

ɼʦʢʩʦʨʫʙʠʮʠʥ 0.0 25.6 Ñ 7.3 76.9 Ñ 7.3 87.2 Ñ 7.3 3.3 Ñ 1.1 

ʊʘʙʣʠʮʘ 1.7. ʇʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ HAtsc2-Fpy 

ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʠʜʝ ʟʥʘʯʝʥʠʡ ʄʇʂ/ʄɹʂ/ʄʌʂ (ʤʢʛ/ʤʣ) 

ɺʝʱʝʩʪʚʦ 

S. aureus 

ATCC 25923 

E. coli 

ATCC 25922 

C. albicans 

ATCC 10231 

ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄʌʂ 

HAtsc2-Fpy 0.488 0.977 31.3 62.5 62.5 500 

[Zn(H2O)(L)Cl] 0.244 0.488 3.91 7.81 31.3 250 

[Cu(L)Cl] 0.122 0.244 3.91 7.81 15.6 31.3 

[Cu(L)Br] 0.244 0.488 7.81 15.6 7.81 15.6 

[Cu2L2(CH3COO)2]Ŀ4H2O 0.244 0.488 1.95 3.91 31.3 62.5 

[Ni(HL) 2]Cl2ĿH2O 15.6 31.3 1000 ð 500 ð 

[Co(L)2]Cl 62.5 125 250 500 62.5 250 

ʌʫʨʘʮʠʣʠʥ 9.3 9.3 18.5 37.5 ð ð 

ʅʠʩʪʘʪʠʥ ð ð ð ð 80 80 

 

ʊʘʢʞʝ ʜʣʷ ʠʩʭʦʜʥʦʛʦ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʪʠʦʥ ʨʘʜʠʢʘʣʘ ABTSÅ+ (ʊʘʙʣʠʮʘ 

1.8). ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥ HAtsc2-Fpy ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʘʥʪʠʨʘʜʠʢʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ABTSÅ+ ʩʦ ʟʥʘʯʝʥʠʷʤʠ IC50 14.2ï20.6 ʤʢʄ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ - ʪʨʦʣʦʢʩʦʤ (ʟʥʘʯʝʥʠʝ IC50 33 ʤʢʄ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ ʠ 
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ʢʦʙʘʣʴʪʘ ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ ʘʥʪʠʨʘʜʠʢʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (IC50> 40 ʤʢʄ). 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʥʠʢʝʣʷ(II) ʩʦ ʟʥʘʯʝʥʠʝʤ IC50 8.6 Ñ0.1 ʤʢʄ. 

ʊʘʙʣʠʮʘ 1.8. ɿʥʘʯʝʥʠʷ IC50 ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʫ ABTSÅ+ 

ɺʝʱʝʩʪʚʦ IC50, ʤʢʄ 

HAtsc2-Fpy 14.2 Ñ 1.8 

[Zn(H2O)(L)Cl] 24.7 Ñ 1.3 

[Cu(L)Cl] >100 

[Cu(L)Br] 43.0 Ñ 2.1 

[Cu2L2(CH3COO)2]Ŀ4H2O 40.3 Ñ 1.8 

[Ni(HL) 2]Cl2ĿH2O 8.6 Ñ 0.1 

[Co(L)2]Cl >100 

ʊʨʦʣʦʢʩ 33.0 Ñ 0.7 

 

ɸʚʪʦʨʘʤʠ [56] ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʜʠ(II) c 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 2-ʬʦʨʤʠʣʧʠʨʠʜʠʥʘ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ 

ʘʥʪʠʨʘʜʠʢʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (IC50 0.35Ñ0.07 ʤʢʄ) ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʘʢʪʠʚʥʦʩʪʴ ʩʪʘʥʜʘʨʪʘ 

(IC50 61.86Ñ2.51 ʤʢʄ).  

1.2 ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ N4-ʟʘʤʝʱʝʥʥʳʭ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ 

ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʧʨʦʠʟʚʦʜʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʧʨʦʜʦʣʞʘʶʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʠʟ-ʟʘ ʠʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [57-70]. 

ɸʚʪʦʨʘʤʠ [71] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʝʟʘʤʝʱʝʥʥʳʡ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Cu(II) ʠ Ni(II ), ʢʦʪʦʨʳʝ ʫʤʝʨʝʥʥʦ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʤ (S. aureus) ʠ 

ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʤ (E. Coli) ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ ʧʨʦʷʚʠʣ ʢʦʤʧʣʝʢʩ ʤʝʜʠ(II). 

ɺ 2022 ʛʦʜʫ ʘʚʪʦʨʘʤʠ [72] ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʦʤʧʣʝʢʩ Zn(II ) ʩ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 

ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ, 

ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʛʨʠʙʦʚ. ʂʦʤʧʣʝʢʩ ʮʠʥʢʘ ʧʨʦʷʚʣʷʝʪ ʥʘʠʙʦʣʴʰʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ S. aureus ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʚ 

ʘʢʪʠʚʥʦʩʪʠ ʠʩʭʦʜʥʳʡ ʣʠʛʘʥʜ. 

ɸʚʪʦʨʘʤʠ [73] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II ) [Cu(SANEt2)]2 

ʠ ʥʠʢʝʣʷ(II) [Ni(SANEt2)]2 4-ʜʠʵʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ H2SANEt2 

ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʘ ʠʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʫʧʧʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 
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(ʊʘʙʣʠʮʘ 1.9). ʃʠʛʘʥʜ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 10ï

400 ʤʢʛ/ʤʣ. ʃʠʛʘʥʜ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʝʥ ʚ ʦʪʥʦʰʝʥʠʠ V. cholerae 1363175 ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

10 ʤʢʛ/ʤʣ, ʪʦʛʜʘ ʢʘʢ ʢʦʤʧʣʝʢʩ ʥʠʢʝʣʷ(II ) ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʚ ʦʪʥʦʰʝʥʠʠ S. typhi 74, V. 

cholerae 1363175 ʠ S. dysenteriae 1 ʧʨʠ ʥʘʠʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ10 ʤʢʛ/ʤʣ. ʂʦʤʧʣʝʢʩ 

[Cu(SANEt2)]2 ʧʨʦʷʚʠʣ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ S. typhi 74, S. dysenteriae 1 ʠ S. epidermidis 

12228 ʧʨʠ ʄʀʂ 10 ʤʢʛ/ʤʣ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ɸʤʦʢʩʠʮʠʣʣʠʥ, 

ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ. ɺ ʩʣʫʯʘʝ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʘʢʪʠʚʥʦʩʪʴ ʠʟʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ɸʤʦʢʩʠʮʠʣʣʠʥʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʊʘʙʣʠʮʘ 1.9. ɿʥʘʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʠʥʛʠʙʠʨʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʤʢʛ/ʤʣ) 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʩʪʠʨʫʝʤʳʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ H2SANEt2 [Ni(SANEt2)]2 [Cu(SANEt2)]2 ɸʤʦʢʩʠʮʠʣʣʠʥ 

S. typhi 74 - 10 10 25 

E. coli 55/10HD - 50 - 1 

M. luteus 9341 - 400 - 5 

S. aureus ML191 - 50 25 5 

K. pneumoniae 714 400 50 25 100 

Pseudomonas AMRI 100 - 400 - 100 

V. cholerae 1363175 10 10 10 25 

Sh. sonnei BCH217 200 400 - 50 

P. vulgaris 24 400 - - 256 

S. faecalis 52 400 - - 5 

S. dysenteriae 1 200 10 10 1 

B. cereus 11778 400 50 400 25 

P. aureginosa 25619 400 - - 100 

Micrococcus sp. 10240 400 50 100 25 

B. subtilis 6633 - 100 - 25 

B. pumilus 14884 400 100 - 50 

B. bronchiseptica 4617 100 100 - 50 

S. epidermidis 12228 - 50 10 5 

 

ɸʚʪʦʨʘʤʠ [74] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʠ 

4-ʤʝʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠʟ ʪʨʠʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʤʝʜʠ(II) ʠ 

ʧʝʥʪʘʛʠʜʨʘʪʘ ʩʫʣʴʬʘʪʘ ʤʝʜʠ(II). ɼʣʷ ʚʩʝʭ ʯʝʪʳʨʝʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʠʟʫʯʝʥʘ in vitro 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʨʮʠʥʦʤ rʣʝʛʢʦʛʦ A549, ʢʘʨʮʠʥʦʤʳ ʞʝʣʫʜʢʘ 

MGʉ80-3, ʢʘʨʮʠʥʦʤ rʧʝʯʝʥʠ HepG2 ʠ ʛʝʧʘʪʦʢʘʨʮʠʥʦʤ rBEL-7404 ʣʠʥʠʡ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 

[75]. ɺʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʠʭ ʠʩʭʦʜʥʳʝ 

ʣʠʛʘʥʜʳ (IC50 0.81-2.65 ʤʢʄ), ʠʩʭʦʜʥʳʝ ʩʦʣʠ ʤʝʜʠ(II) (IC50 > 40 ʤʢʄ) ʠ ʮʠʩʧʣʘʪʠʥ (IC50 

18.57-29.5 ʤʢʄ).  

ɸʚʪʦʨʘʤʠ [76] ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝʟʘʤʝʱʝʥʥʦʛʦ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ(II) ʠ 
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ʤʘʨʛʘʥʮʘ(II ) ʚ ʦʪʥʦʰʝʥʠʠ Staphylococcus aureus, Escherichia coli, Salmonella typhi, 

Aspergillus flavus ʠ Mucor indicus. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʧʨʦʷʚʣʷʶʪ 

ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʠʩʭʦʜʥʳʡ ʣʠʛʘʥʜ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ. 

ɸʚʪʦʨʘʤʠ [77] ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝʟʘʤʝʱʝʥʥʳʭ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʩʘʣʠʮʠʣʦʚʦʛʦ ʠ 5-ʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʦʚ ʠ ʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʠ ʥʠʢʝʣʷ(II) ʚ ʦʪʥʦʰʝʥʠʠ Staphylococcus aureus ʠ 

Escherichia coli. ʂʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʦʚ ʢ ʘʪʦʤʘʤ ʤʝʪʘʣʣʦʚ ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ ʚʝʱʝʩʪʚ. 

ɺ 2012 ʛʦʜʫ [78] ʢʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ(II) 4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʠ ʧʘʨʘ-ʭʣʦʨʙʝʥʟʘʣʴʜʝʛʠʜʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʠ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ Bacillus Subtilis, Staphylococcus Epidermis, 

Escherichia Coli ʠ Proteus Mirabilis. ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ ʢʦʤʧʣʝʢʩ ʢʦʙʘʣʴʪʘ ʩ 

4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʧʘʨʘ-ʭʣʦʨʙʝʥʟʘʣʴʜʝʛʠʜʘ ʚ ʦʪʥʦʰʝʥʠʠ Staphylococcus Epidermis 

(ʜʠʘʤʝʪʨ ʟʦʥʳ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 1.8 ʩʤ). 

Sibuh B.Z. et al [79] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʟʘʤʝʱʝʥʥʳʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ 3-

ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (3-MBTSc) ʠ 4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʘ (4-NBTSc). ɼʣʷ ʵʪʠʭ ʚʝʱʝʩʪʚ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ ʢʣʝʪʦʢ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ 

MCF-7, ʤʝʣʘʥʦʤʳ B16-F0 ʠ ʘʩʮʠʪʥʦʡ ʢʘʨʮʠʥʦʤʳ ʕʨʣʠʭʘ-ʃʝʪʪʨʘ EAC (ʊʘʙʣʠʮʘ 1.10). 

ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 3-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʧʨʦʷʚʠʣ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 

4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʚʩʝʤ ʣʠʥʠʷʤ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. 

ʊʘʙʣʠʮʘ 1.10. ɿʥʘʯʝʥʠʷ IC50 (ʤʢʛ/ʤʣ) ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʣʠʥʠʷʤ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 

ʃʠʥʠʠ ʢʣʝʪʦʢ 3-MBTSc 4-NBTSc 

MCF-7 2.821 Ñ 0.008 7.102 Ñ 0.010 

B16-F0 2.904 Ñ 0.013 7.129 Ñ 0.012 

EAC 3.355 Ñ 0.012 3.832 Ñ 0.014 

 

ɸʚʪʦʨʘʤʠ [80] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 4-(ʜʠʤʝʪʠʣʬʝʥʠʣ)ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ 

ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ, ʤʝʜʠ ʠ ʮʠʥʢʘ. 

ʇʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʦʪʥʦʰʝʥʠʠ 

Escherichia coli, Klebsiella pneumoniae ʠ Pseudomonas aeruginosa. ʀʩʩʣʝʜʦʚʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.7 ï 1000.0 ʤʛ/ʤʣ, 

ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ ʢʦʤʧʣʝʢʩ ʥʠʢʝʣʷ. ʇʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ 

ʦʪ ʧʨʠʨʦʜʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʠ ʧʦʣʦʞʝʥʠʷ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʝ. 
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ɸʚʪʦʨʘʤʠ [81] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) ʩ 

ʥʝʟʘʤʝʱʝʥʥʳʤ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʠ 4-ʤʝʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 2-ʛʠʜʨʦʢʩʠ-3-

ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʦʤ. ʀʟʫʯʝʥʠʝ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ, ʯʝʤ ʠʩʭʦʜʥʳʝ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ, ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʚ ʦʪʥʦʰʝʥʠʠ B. subtilis, E. coli, 

A. niger, ʠ ʧʨʝʚʳʰʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ʎʠʧʨʦʬʣʦʢʩʘʮʠʥʘ, ʂʣʦʪʨʠʤʘʟʦʣʘ ʠ ʌʣʫʢʦʥʘʟʦʣʘ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. 

ɺ 2020 ʛʦʜʫ [82] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʝʟʘʤʝʱʝʥʥʳʡ, 4-ʬʝʥʠʣ-, 4-ʵʪʠʣ- 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ 2,3-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (HL1-3) ʠ 2-ʛʠʜʨʦʢʩʠ-3-

ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (HL4-6), ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʧʣʝʢʩʳ ʩ ʭʣʦʨʠʜʦʤ ʤʝʜʠ(II ). ɼʣʷ ʚʩʝʭ 

ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ ʨʘʢʦʚʳʭ 

ʢʣʝʪʦʢ: ʷʠʯʥʠʢʦʚ (2008), ʪʦʣʩʪʦʡ ʢʠʰʢʠ (HCT-15), ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ (PSN-1 ʠ 

BxPC3) ʠ ʨʘʢʘ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ (BCPAP) (ʊʘʙʣʠʮʘ 1.11).  

ʊʘʙʣʠʮʘ 1.11. ɿʥʘʯʝʥʠʷ IC50 (ʤʢʄ) ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʷʜʫ ʣʠʥʠʡ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 

ɺʝʱʝʩʪʚʦ 2008 HCT-15 PSN-1 BxPC3 BCPAP 

HL1 0.78 Ñ 0.21 0.51 Ñ 0.14 0.51 Ñ 0.12 0.005 Ñ 0.001 0.51 Ñ 0.09 

CuL1Cl 0.013 Ñ 0.008 0.004 Ñ 0.001 0.008 Ñ 0.002 0.03 Ñ 0.01 0.033 Ñ 0.01 

HL2 4.85 Ñ 1.12 3.97 Ñ 0.38 6.82 Ñ 1.08 0.98 Ñ 0.25 3.15 Ñ 0.62 

CuL2Cl 0.035 Ñ 0.011 0.017 Ñ 0.006 0.32 Ñ 0.10 0.002 Ñ 0.0005 0.84 Ñ 0.16 

HL3 1.97 Ñ 0.66 2.22 Ñ 0.76 3.13 Ñ 1.11 1.11 Ñ 0.76 0.51 Ñ 0.090 

CuL3Cl 0.010 Ñ 0.001 0.036 Ñ 0.012 0.021 Ñ 0.090 0.015 Ñ 0.006 0.041 Ñ 0.011 

HL4 - - - - - 

CuL4Cl 0.098 Ñ 0.004 0.091 Ñ 0.06 0.36 Ñ 0.010 0.011 Ñ 0.004 0.35 Ñ 0.09 

HL5 - - - - - 

CuL5Cl 0.71 Ñ 0.15 0.82 Ñ 0.14 0.51 Ñ 0.12 0.11 Ñ 0.09 0.83 Ñ 0.11 

HL6 - - - - - 

CuL6Cl 0.16 Ñ 0.04 0.23 Ñ 0.09 0.029 Ñ 0.008 0.029 Ñ 0.011 0.072 Ñ 0.012 

ʎʠʩʧʣʘʪʠʥ 2.17 Ñ 1.37 13.92 Ñ 1.68 12.10 Ñ 2.87 13.98 Ñ 1.23 6.65 Ñ 2.85 

 

ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ HL1-3 ʧʦʢʘʟʘʣʠ ʟʥʘʯʝʥʠʷ IC50 ʚ ʥʠʟʢʦʤ ʤʠʢʨʦʤʦʣʷʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ HL4-6 ʥʝ ʧʦʜʜʘʶʪʩʷ ʦʙʥʘʨʫʞʝʥʠʶ, ʚʦʟʤʦʞʥʦ ʠʟ-

ʟʘ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʝʱʝʩʪʚ. ɺʩʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II) ʧʨʦʷʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʫ  ʁ

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫ  ʁʘʢʪʠʚʥʦʩʪʴ in vitro ʩʦ ʟʥʘʯʝʥʠʷʤʠ IC50 ʚ ʥʘʥʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ 

ʮʝʣʦʤ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ ʩ 2-ʛʠʜʨʦʢʩʠ-3-ʤʝʪʦʢʩʠʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʚ ʩʦʩʪʘʚʝ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʙʦʣʝʝ ʮʠʪʦʪʦʢʩʠʯʥʳ, ʯʝʤ ʩ 2,3-ʜʠʛʠʜʨʦʢʩʠʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. 

ɸʚʪʦʨʘʤʠ [83] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʮʠʥʢʘ, ʥʠʢʝʣʷ(II), 

ʤʝʜʠ(II) ʠ ʢʦʙʘʣʴʪʘ 4-(ʧʠʨʠʜ-2-ʠʣ)ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 2-
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ʛʠʜʨʦʢʩʠʥʘʬʪʘʣʠʥ-1-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (ʈʠʩʫʥʦʢ 1.6) ʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʠʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ 0.005-10.0 ʤʛ/ʤʣ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʠ 

ʠʟʤʝʥʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʤʫ ʨʷʜʫ Cu> Zn> Coå Ni. ɹʦʣʝʝ ʪʦʛʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠʥʛʠʙʠʨʫʶʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ ʧʨʦʤʠʝʣʦʮʠʪʘʨʥʦʛʦ ʣʝʡʢʦʟʘ ʯʝʣʦʚʝʢʘ HL-

60 ʜʦ 100% ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 10-5-10-6 ʤʦʣʴ/ʣ. 
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ʈʠʩ. 1.6. ʉʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ 4-(ʧʠʨʠʜ-2-ʠʣ)ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʠ 2-ʛʠʜʨʦʢʩʠʥʘʬʪʘʣʠʥ-1-ʢʘʨʙʘʣʴʜʝʛʠʜʘ 

A. Gulea et al [80] ʩʠʥʪʝʟʠʨʦʚʘʣʠ 4-(ʜʠʤʝʪʠʣʬʝʥʠʣ)ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ, ʤʝʜʠ(II) ʠ ʮʠʥʢʘ ʠ ʠʟʫʯʠʣʠ 

ʠʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʰʪʘʤʤʦʚ Escherichia coli, 

Klebsiella pneumoniae ʠ Pseudomonas aeruginosa. ʂʘʢ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ, ʪʘʢ ʠ ʝʛʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʠʦʤʝʪʘʣʣʦʚ ʧʨʦʷʚʣʷʶʪ ʩʝʣʝʢʪʠʚʥʫʶ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.7 ï 1000.0 ʤʛ/ʤʣ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʥʠʢʝʣʷ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠʟ ʵʪʦʛʦ ʨʷʜʘ. 

ɺ 2020 ʛʦʜʫ [84] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʝʟʘʤʝʱʝʥʥʳʡ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 1-

ʥʘʬʪʘʣʴʜʝʛʠʜʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩ ʤʝʜʠ(II). ɹʳʣʘ ʠʟʫʯʝʥʘ ʠʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ B. subtilis ʠ E. 

ʩoli. ʂʦʤʧʣʝʢʩ ʤʝʜʠ(II) ʧʨʦʷʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʠʩʭʦʜʥʳʡ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʠ ʝʛʦ 

ʘʢʪʠʚʥʦʩʪʴ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʍʣʦʨʘʤʬʝʥʠʢʦʣʘ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ 

ʰʠʨʦʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʤʝʜʠʮʠʥʝ. 

S. H. Abo El-Fetoh et al [85] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2-ʛʠʜʨʦʢʩʠ-1-

ʥʘʬʪʘʣʴʜʝʛʠʜʘ ʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʣʷʤʠ ʤʝʜʠ(II): 

CuCl2 2H2O, Cu(CH3COO)2 H2O, CuSO4 5H2O, Cu(NO3)2 6H2O ʠ CuBr2. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ: Bacillus subtilis, Escherichia coli, Candida libolitica. ʀʩʭʦʜʥʳʡ 
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ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʥʝ ʧʨʦʷʚʠʣ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʠʟʫʯʘʝʤʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ 

ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II) ʥʘʦʙʦʨʦʪ ʧʨʦʷʚʠʣʠ ʥʘʠʚʳʩʰʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʘʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʠʨʦʜʳ ʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ. 

ɸʚʪʦʨʘʤʠ [86] ʙʳʣʘ ʠʟʫʯʝʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ N(4)-

ʤʝʪʠʣ(ʬʝʥʠʣ)ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 2,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ Co(II), 

Ni(II) ʠ Cu(II) ʚ ʦʪʥʦʰʝʥʠʠ DPPHÅ ʩʚʦʙʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʤʫ ʨʷʜʫ Co > Ni > Cu, ʢʦʤʧʣʝʢʩ ʢʦʙʘʣʴʪʘ ʪʘʢʞʝ ʧʨʝʚʳʰʘʝʪ 

ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʘʩʢʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦʪʫ. 

ɺ 2022 ʛʦʜʫ [87] ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 4,4-ʜʠʤʝʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 3,5-

ʜʠʭʣʦʨʦʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩ ʩ NiCl2 6H2O. ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʠʩʩʣʝʜʦʚʘʣʠ, ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʠʥʛʠʙʠʪʦʨ SARS-CoV-2 ʚʠʨʫʩʘ, ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʫ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʬʬʠʥʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʣʫʯʰʝ, ʯʝʤ ʫ ʧʨʝʧʘʨʘʪʦʚ ʭʣʦʨʠʥ, 

ʛʠʜʨʦʢʩʠʭʣʦʨʠʥ, ʨʝʤʜʝʩʠʚʠʨ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ COVID-19. 

Vladimir V. Bon [88] ʩʠʥʪʝʟʠʨʦʚʘʣ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) ʩ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 2-ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:2. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʥ ʧʦʣʫʯʠʣ ʩʪʨʫʢʪʫʨʫ ʢʚʘʜʨʘʪʥʦ-ʧʣʦʩʢʦʩʪʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʦʙʘ ʣʠʛʘʥʜʘ 

ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ (ʈʠʩʫʥʦʢ 1.7).  

 

ʈʠʩ. 1.7. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ(II ) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 2-

ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (CCDC 798586) 

ʆʜʠʥ ʠʟ ʣʠʛʘʥʜʦʚ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʢʘʢ ʪʨʝʭʜʝʥʪʘʪʥʳʡ ʠ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʘʪʦʤʫ ʤʝʜʠ 

ʯʝʨʝʟ ʬʝʥʦʣʴʥʳʡ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ, ʘʟʦʤʝʪʠʥʦʚʳʡ ʘʪʦʤ ʘʟʦʪʘ ʠ ʪʠʦʘʤʠʜʥʳʡ ʘʪʦʤ ʩʝʨʳ. 

ɺʪʦʨʦʡ ʣʠʛʘʥʜ ʷʚʣʷʝʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʳʤ ʠ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ ʘʪʦʤ ʩʝʨʳ. 



40 

ʂʦʤʧʣʝʢʩ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ, ʦʙʨʘʟʫʶʱʝʡ 

ʰʝʩʪʠʯʣʝʥʥʦʝ ʧʩʝʚʜʦʭʝʣʘʪʥʦʝ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʢʦʣʴʮʦ. 

ɸʚʪʦʨʘʤʠ [16] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʟʘʤʝʱʝʥʥʳʝ ʠ ʟʘʤʝʱʝʥʥʳʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ 5-

ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʘ. ɼʣʷ ʥʠʭ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ DPPH. ɺʩʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʧʨʦʷʚʠʣʠ ʩʝʙʷ, ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ. 

ʅʘʠʙʦʣʴʰʫʶ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ 4-ʵʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2-

ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʘ. 

ɺ 2015 ʛʦʜʫ [89] ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 4 ʥʦʚʳʭ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ: 4-

ʵʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 5-ʥʠʪʨʦ-2-ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ, 4,4-ʜʠʤʝʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 5-

ʭʣʦʨʦ-2-ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ, ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 5-ʘʣʣʠʣ-3-ʤʝʪʦʢʩʠ-2-

ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ 4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 5-ʘʣʣʠʣ-3-ʤʝʪʦʢʩʠ-2-

ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ. ɹʳʣʘ ʠʟʫʯʝʥʘ ʠʭ ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ 

ʢʣʝʪʦʢ: ʢʦʣʦʨʝʢʪʘʣʴʥʦʡ ʢʘʨʮʠʥʦʤʳ ʯʝʣʦʚʝʢʘ (HCT-116), ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ (MCF-7), 

ʢʣʝʪʢʠ ʵʧʠʪʝʣʠʦʠʜʥʦʡ ʢʘʨʮʠʥʦʤʳ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ (PANC-1) ʠ 

ʥʦʨʤʘʣʴʥʳʝ ʬʠʙʨʦʙʣʘʩʪʳ ʤʳʰʠ NIH/3T3. ʉʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʪʨʠ ʣʠʥʠʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ; ʦʜʥʘʢʦ ʥʠ ʦʜʥʦ ʠʟ ʠʩʧʳʪʫʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʦʢʘʟʘʣʦʩʴ ʮʠʪʦʪʦʢʩʠʯʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ ʥʦʨʤʘʣʴʥʳʭ ʬʠʙʨʦʙʣʘʩʪʘʭ ʤʳʰʠ. 

PANC-1 ʙʳʣʘ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʝʡ ʢ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʤʫ ʧʦʪʝʥʮʠʘʣʫ 

ʠʩʧʳʪʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ IC50 ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 0.73 ʜʦ 13.7 

ʤʢʄ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʫ 4,4-ʜʠʤʝʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 5-ʭʣʦʨʦ-2-

ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ 4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 5-ʘʣʣʠʣ-3-ʤʝʪʦʢʩʠ-2-

ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʦʢʘʟʘʣʩʷ ʩʠʣʴʥʝʝ, ʯʝʤ ʫ ʜʚʫʭ ʜʨʫʛʠʭ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ. ʍʦʪʷ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠʩʧʳʪʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʣʝʪʢʘʭ MCF-7 ʠ HCT-116 ʙʳʣ ʥʝ ʪʘʢ 

ʩʠʣʴʥʦ ʚʳʨʘʞʝʥ, ʢʘʢ ʚ ʢʣʝʪʢʘʭ PANC-1, ʩʦʝʜʠʥʝʥʠʷ 4,4-ʜʠʤʝʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 5-

ʭʣʦʨʦ-2-ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ 4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 5-ʘʣʣʠʣ-3-ʤʝʪʦʢʩʠ-2-

ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʚ ʜʚʫʭ 

ʫʢʘʟʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ (IC50 < 16 ʤʢʄ). ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʬʝʥʠʣʴʥʦʛʦ ʠ ʭʣʦʨʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʘ 

ʫʤʝʥʴʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʩ ʟʘʤʝʥʦʡ ʵʪʠʭ ʛʨʫʧʧ ʥʘ ʅ ʠ NO2. ʂʨʦʤʝ ʪʦʛʦ, ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʢʦʥʮʝʚʳʭ ʤʝʪʠʣʴʥʳʭ ʠ ʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ. ʊʘʢʞʝ 

ʥʘʣʠʯʠʝ ʵʪʠʭ ʛʨʫʧʧ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʜʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʧʨʝʦʜʦʣʝʶʪ ʙʘʨʴʝʨʳ 

ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʠ ʧʦʟʚʦʣʷʪ ʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ɼʅʂ. 
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West D.X. et al [90] ʧʦʣʫʯʠʣʠ ʠ ʦʧʠʩʘʣʠ 8 ʥʦʚʳʭ ʨʘʟʣʠʯʥʳʭ N4-ʟʘʤʝʱʝʥʥʳʭ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 2-ʛʠʜʨʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ʠ ʠʭ ʜʚʫʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ). ɼʣʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

Aspergillus niger ʠ Paecilomyces variotii. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʥʘʤʥʦʛʦ ʘʢʪʠʚʥʝʝ, ʯʝʤ ʠʭ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ). ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʦʷʚʠʣ 4,4-ʜʠʵʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2-ʛʠʜʨʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ, ʘ ʝʛʦ ʜʚʫʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʤʝʜʠ(II) ï ʦʢʘʟʘʣʩʷ ʩʘʤʳʤ ʘʢʪʠʚʥʳʤ ʩʨʝʜʠ ʜʨʫʛʠʭ ʤʝʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɺ 2021 ʛʦʜʫ [91] ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 12 ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ 2-

ʛʠʜʨʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʪʴ ʤʝʣʘʥʦʛʝʥʝʟ ʚ 

ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʤʳʰʠʥʦʡ ʤʝʣʘʥʦʤʳ B16F10. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʠʥʛʠʙʠʨʦʚʘʣʠ ʤʝʣʘʥʦʛʝʥʝʟ ʚ ʢʣʝʪʢʘʭ B16F10 ʥʘ ʤʠʢʨʦʤʦʣʷʨʥʦʤ ʫʨʦʚʥʝ. 

ɿʘʤʝɦʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʠʥʛʠʙʠʪʦʨʦʚ ʤʝʪʦʢʩʠ, ʛʠʜʨʦʢʩʠ, ʘʤʠʥʦ ʠ ʥʠʪʨʦ 

ʛʨʫʧʧʘʤʠ ʦʙʝʩʧʝʯʠʣʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ IC50 ʢʘʢ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʮʠʠ 

ʤʝʣʘʥʠʥʘ, ʪʘʢ ʠ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʘʣʦʛʝʥʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

ɸʚʪʦʨʘʤʠ [92] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 4-ʵʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʠ 4-

ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2-ʛʠʜʨʦʢʩʠ-5-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ HeLa (ʨʘʢ ʰʝʡʢʠ 

ʤʘʪʢʠ), MCF-7 (ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ) ʠ PC-3 (ʨʘʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ). ɺʩʝ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʣʠ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ, ʠʤʝʷ ʟʥʘʯʝʥʠʷ 

IC50 ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʣʠʥʠʡ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 4-

ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2-ʛʠʜʨʦʢʩʠ-5-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ʧʨʦʷʚʠʣ ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʯʝʤ 4-ʵʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2-ʛʠʜʨʦʢʩʠ-5-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ. ɺʘʞʥrʤ ʤʦʤʝʥʪʦʤ ʩʠʥʪʝʟʘ 

ʥʦʚʳʭ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʳʤ 

ʢʣʝʪʢʘʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ. ʇʦʵʪʦʤʫ ʪʘʢʞʝ ʠʟʫʯʠʣʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʢʘʭ ʬʠʙʨʦʙʣʘʩʪʦʚ L929. ʊʦʣʴʢʦ 

ʥʝʟʘʤʝʱʝʥʥʳʡ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2-ʛʠʜʨʦʢʩʠ-5-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ ʧʦʢʘʟʘʣ ʥʠʟʢʠʡ 

ʧʨʦʮʝʥʪ ʛʠʙʝʣʠ ʢʣʝʪʦʢ (4.5-17.9%). 

ɺ 2017 ʛʦʜʫ [93] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) ʩ 4-ʵʪʠʣ- ʠ 4-

ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ 2-ʛʠʜʨʦʢʩʠ-5-ʤʝʪʦʢʩʠʘʮʝʪʦʬʝʥʦʥʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʘ ʠʭ 

ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʠ ʢʣʝʪʦʢ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ 

MDA-MB-231. ʎʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʜʠ(II) ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.01-50 ʤʢʄ. ɺ ʜʠʘʧʘʟʦʥʝ 0.01-1 ʤʢʄ 

ʢʦʤʧʣʝʢʩʳ ʭʣʦʨʠʜʘ ʤʝʜʠ(II) ʩ ʥʝʟʘʤʝʱʝʥʥʳʤ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʠ 4-
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ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʥʝ ʧʨʦʷʚʣʷʣʠ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʢʦʤʧʣʝʢʩ 

ʤʝʜʠ(II) ʩ 4-ʵʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʧʨʦʷʚʣʷʣ 38% ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʤʢʄ. 

Kumar L. V. et al [94] ʩʠʥʪʝʟʠʨʦʚʘʣʠ 4-ʤʝʪʠʣ-4-ʬʝʥʠʣ-3-ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʦʨʪʦ-

ʚʘʥʠʣʠʥʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ, ʤʝʜʠ ʠ ʮʠʥʢʘ. ɼʣʷ ʥʠʭ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ: Staphylococcus aureus, Bacillus cereus, ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ: Escherichia coli , Klebsiella pneumoniae ʠ ʛʨʠʙʦʚ: Aspergillus niger ʠ 

Penicillium. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʢʦʤʧʣʝʢʩʳ 

ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʝʝ ʯʝʤ ʠʩʭʦʜʥʳʡ ʣʠʛʘʥʜ, ʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ 

ʚʳʰʝ, ʯʝʤ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ. ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II) ʠ 

ʮʠʥʢʘ(II ). 

1.3 ʉʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ 

ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ 

ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪ ʢʦʤʧʣʝʢʩʦʚ 3d ʤʝʪʘʣʣʦʚ ʚ ʪʦʤ, 

ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʚʘ ʨʘʟʥʳʭ ʚʠʜʘ ʣʠʛʘʥʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ 

ʠʦʥʦʤ ʤʝʪʘʣʣʘ ʚ ʢʦʤʧʣʝʢʩʝ. ʇʨʠʩʫʪʩʪʚʠʝ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʛʦ ʪʠʧʘ ʣʠʛʘʥʜʘ ʚ ʢʦʤʧʣʝʢʩʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʞʠʜʘʝʤʳʭ ʦʪ ʢʦʤʧʣʝʢʩʘ. 

ʇʨʠʯʝʤ ʨʘʟʣʠʯʥʳʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʦʛʦ ʪʠʧʘ 

ʚʣʠʷʶʪ ʥʘ ʥʠʭ ʧʦ-ʨʘʟʥʦʤʫ, ʥʘʧʨʠʤʝʨ ʢʦʤʧʣʝʢʩʳ ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʦʩʥʦʚʘʥʠʷʤʠ ʧʨʦʷʚʣʷʣʠ ɼʅʂ-ʩʚʷʟʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʠʤʝʥʥʦ ʙʠʜʝʥʪʘʪʥʳʝ 

ʩʦʣʠʛʘʥʜʳ ʠʛʨʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɼʅʂ ʠ ʤʝʭʘʥʠʟʤʝ ʨʘʩʱʝʧʣʝʥʠʷ 

[95]. ʂʦʤʧʣʝʢʩʳ ʩ ʠʤʠʜʘʟʦʣʦʤ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʙʠʦʤʦʣʝʢʫʣʘʤʠ, ʪʘʢ ʢʘʢ ʠʤʠʜʘʟʦʣʴʥʦʝ 

ʢʦʣʴʮʦ ʠʤʠʪʠʨʫʝʪ ʛʠʩʪʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ [96]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʢʘʟʘʣʠʩʴ ʙʠʦʣʦʛʠʯʝʩʢʠ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ, ʯʝʤ ʩʘʤ ʣʠʛʘʥʜ 

ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʧʦʵʪʦʤʫ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʙʦʨʴʙʳ ʩ ʤʠʢʨʦʙʥʳʤʠ ʠʥʬʝʢʮʠʷʤʠ [97-99].  

ɺ 2014 ʛʦʜʫ [100] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) ʠ ʥʠʢʝʣʷ(II) ʩ 4-ʤʝʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 

ʠʤʠʜʘʟʦʣʦʤ ʠ ʙʝʥʟʠʤʠʜʘʟʦʣʦʤ, ʪʘʢ ʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʠʭ ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ MCF-7 (ʢʣʝʪʢʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦ ʨʝʮʝʧʪʦʨʫ 

ʵʩʪʨʦʛʝʥʘ) ʠ MDA-MB-231 (ʢʣʝʪʢʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦ 

ʨʝʮʝʧʪʦʨʫ ʵʩʪʨʦʛʝʥʘ). ʅʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʧʨʦʷʚʠʣ ʥʝʚʳʩʦʢʫʶ 
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ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ MCF-7 ʠ ʦʢʘʟʘʣʩʷ ʥʝʘʢʪʠʚʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ MDA-MB-231. 

ʂʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʘ ʢ ʘʪʦʤʫ ʤʝʜʠ(II) ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ. ʂʦʤʧʣʝʢʩ ʤʝʜʠ(II) ʩ ʠʤʠʜʘʟʦʣʦʤ ʘʢʪʠʚʥʝʝ, ʯʝʤ ʩ ʙʝʥʟʠʤʠʜʘʟʦʣʦʤ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʚ ʚʦʜʝ. ʂʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ ʥʝ ʧʨʦʷʚʠʣʠ 

ʘʢʪʠʚʥʦʩʪʠ. 

Bindu P. et al. [101] ʧʦʣʫʯʠʣʠ ʠ ʦʧʠʩʘʣʠ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II ) ʩ 4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ (1,10-ʬʝʥʘʥʪʨʦʣʠʥ, 2,2ô-ʙʠʧʠʨʠʜʠʥ, ʧʠʨʠʜʠʥ, ʧʠʧʝʨʠʜʠʥ, 

3-ʧʠʢʦʣʠʥ, 4-ʧʠʢʦʣʠʥ), ʘ ʪʘʢʞʝ ʠʟʫʯʠʣʠ ʠʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ 

ʩʚʦʡʩʪʚʘ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʘʢʪʠʚʥʝʝ ʯʝʤ, ʠʩʭʦʜʥʳʡ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ, ʘ 

ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣʠ ʢʦʤʧʣʝʢʩʳ ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ ʘʤʠʥʘʤʠ. ɺ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʩ ʯʝʪʳʨʝʭ ʜʦ ʧʷʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʣʠʧʠʜʘʭ. 

ɸʚʪʦʨʘʤʠ [102] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 5-

ʙʨʦʤʦʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʠʭ ʢʦʤʧʣʝʢʩʳ ʩ ʤʝʜʴʶ ʠ ʥʠʢʝʣʝʤ ʠ ʘʤʠʥʘʤʠ (1,10-

ʬʝʥʘʥʪʨʦʣʠʥ, 2,2ô-ʙʠʧʠʨʠʜʠʥ, ʧʠʨʠʜʠʥ) ʠ ʠʟʫʯʝʥʘ ʠʭ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ ʠ ʥʠʢʝʣʷ ʩ ʘʤʠʥʘʤʠ ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʫʶ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʠʩʭʦʜʥʳʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ. ʂʦʤʧʣʝʢʩʳ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʙʦʣʝʝ ʘʢʪʠʚʥʳ, ʯʝʤ ʢʦʤʧʣʝʢʩʳ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 5-ʙʨʦʤʦʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ. 

ɺ 2015 ʛʦʜʫ [103] ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 3,5-

ʜʠʡʦʜʦʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʝʛʦ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ(II ) ʠ ʮʠʥʢʘ(II ) 

ʩ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ, ʜʣʷ ʥʠʭ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ 

ʢʣʝʪʦʢ ʘʜʝʥʦʢʘʨʮʠʥʦʤ r ʯʝʣʦʚʝʢʘ MCF-7. ʀʩʭʦʜʥʳʡ 4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʧʨʦʷʚʠʣ 

ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʝʛʦ ʢʦʤʧʣʝʢʩʳ. ʕʪʦʡ ʞʝ ʛʨʫʧʧʦʡ ʘʚʪʦʨʦʚ [104] ʙʳʣʠ ʦʧʠʩʘʥʳ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II ) c 4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 

3,5-ʜʠʡʦʜʦʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ, 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ. ɼʣʷ ʥʠʭ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ ʢʣʝʪʦʢ ʘʜʝʥʦʢʘʨʮʠʥʦʤ r

ʯʝʣʦʚʝʢʘ MCF-7. ʉʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (IC50 = 21.9 - 28.1 

ʤʢʄ) ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʠʩʭʦʜʥʳʡ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ (IC50 = 49.7 ʤʢʄ). 

Mathews N. A. et al [105] ʦʧʫʙʣʠʢʦʚʘʣʠ ʩʠʥʪʝʟ N4-ʮʠʢʣʦʛʝʢʩʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 3,5-

ʜʠʭʣʦʨʦʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʝʛʦ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II ) ʠ ʮʠʥʢʘ(II ) 

ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ ʘʤʠʥʘʤʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ. ɹʳʣʘ ʠʟʫʯʝʥʘ ʠʭ 
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ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ Escherichia coli, Salmonella typhi, Enterobacter 

aerogenes, Shigella dysenteriae, Bacillus cereus, Staphylococcus aureus. ɺʩʝ ʢʦʤʧʣʝʢʩʳ 

ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ E.coli ʠ Salmonella typhi. ʀʩʭʦʜʥʳʡ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 

ʧʨʦʷʚʠʣ ʘʢʪʠʚʥʦʩʪʴ ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ ʪʨʝʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ: E. coli, Enterobacter 

aerogenes ʠ Shigella dysenteriae. ʂʦʤʧʣʝʢʩ ʮʠʥʢʘ ʩ N4-ʮʠʢʣʦʛʝʢʩʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 3,5-

ʜʠʭʣʦʨʦʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ ʧʦʢʘʟʘʣ ʦʯʝʥʴ ʭʦʨʦʰʫʶ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʝʧʘʨʘʪʦʤ ʘʤʧʠʮʠʣʣʠʥʦʤ. 

ʂʦʤʧʣʝʢʩ ʤʝʜʠ(II) ʩ N4-ʮʠʢʣʦʛʝʢʩʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 3,5-ʜʠʭʣʦʨʦʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʠ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʥʘ ʧʨʦʪʠʚʦʨʘʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ MCF 7 ʠ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ L929. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʧʦʢʘʟʘʣʦ LC50 6.25 ʤʢʛ/ʤʣ ʧʨʦʪʠʚ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʨʘʢʘ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ. 

Prisakar', V. I. et al [106] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ 5-ʭʣʦʨʦ-, 5-ʙʨʦʤʦ-, 5-

ʥʠʪʨʦ-, 5-ʤʝʪʠʣ-, 3,5-ʜʠʭʣʦʨʦ- ʠ 3,5-ʜʠʙʨʦʤʦ-ʟʘʤʝʱʝʥʥʳʝ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʠʭ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʩ ʧʠʨʠʜʠʥʦʤ. ɹʳʣʘ ʠʟʫʯʝʥʘ ʠʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ: Staphylococcus aureus, 

Staphylococcus sapro-phyticus, Enterococcus faecalis, Escherichia coli, Pseudomonas 

aeruginosa, Proteus vulgaris. ʀʩʭʦʜʥʳʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʥʝ ʧʨʦʷʚʠʣʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʘ ʚʚʝʜʝʥʠʝ ʧʠʨʠʜʠʥʘ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʣʦ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 3,5-

ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʳʡ ʘʣʴʜʝʛʠʜ. 

ɺ 2013 ʛʦʜʫ [107] ʧʦʣʫʯʠʣʠ ʠ ʦʧʠʩʘʣʠ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʠ 4-

ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, 5-ʭʣʦʨʦ-, 5-ʙʨʦʤʦ-, 5-ʥʠʪʨʦ-, 5-ʤʝʪʠʣ-, 

3,5-ʜʠʭʣʦʨʦ-, 3,5-ʜʠʙʨʦʤʦʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʠʭ ʘʤʠʥʩʦʜʝʨʞʘʱʠʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II ) ʩ ʪʘʢʠʤʠ ʘʤʠʥʘʤʠ, ʢʘʢ: ʧʠʨʠʜʠʥ, 2-ʧʠʢʦʣʠʥ, 3-

ʧʠʢʦʣʠʥ, 4-ʧʠʢʦʣʠʥ. ɹʳʣʠ ʠʟʫʯʝʥ r ʠʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʠ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʠ. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II) ʩ 3,5-ʜʠʙʨʦʤʦʩʘʣʠʮʠʣʦʚʳʤ 

ʘʣʴʜʝʛʠʜʦʤ ʠ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʱʝʥʥʳʤʠ ʧʠʢʦʣʠʥʘ ʚ 32-260 ʨʘʟ ʘʢʪʠʚʥʝʝ ʚ ʦʪʥʦʰʝʥʠʠ 

Staphylococcus ʠ Streptococcus, ʯʝʤ ʬʫʨʘʮʠʣʠʥ ʠ ʚ 2-260 ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʚʳʰʘʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʥʠʩʪʘʪʠʥʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. ʊʦʢʩʠʯʥʦʩʪʴ (LD50) 
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ʩʘʤʦʛʦ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 2-ʧʠʢʦʣʠʥʦʤ ʩʦʩʪʘʚʣʷʝʪ 1.420 ʤʛ/ʢʛ, ʯʪʦ ʥʘʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ 

ʪʦʢʩʠʯʥʦʩʪʴ ʬʫʨʘʮʠʣʠʥʘ (LD50 = 166.7 ʤʛ/ʢʛ). 

ɺ 2019 ʛʦʜʫ [108] ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʩʠʥʪʝʟ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʠʢʝʣʷ(II ) ʩ 4-ʤʝʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʠ 4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 2,4-

ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ ʠʤʠʜʘʟʦʣʦʤ ʠʣʠ ʙʝʥʟʠʤʠʜʘʟʦʣʦʤ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ. ɹʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ ʢʣʝʪʦʢ ʨʘʢʘ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ MDA-MB-231 ʠ MCF-7, ʘ ʪʘʢʞʝ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

Staphylococcus aureus, Bacillus subtilis, Propionibacterium acne ʠ Enterobacter aerogenes. 

ʈʝʟʫʣʴʪʘʪʳ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʘʢʪʠʚʥʳ ʚ 

ʦʪʥʦʰʝʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʣʠʥʠʡ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ʉʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʥʠʢʝʣʷ(II) ʧʨʦʷʚʠʣʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʠʩʭʦʜʥʳʝ 

ʣʠʛʘʥʜʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʠʦʥʳ ʤʝʪʘʣʣʘ ʫʤʝʥʴʰʠʣʠ ʧʦʣʷʨʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʷ ʟʘ ʩʯʝʪ ʯʘʩʪʠʯʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʩ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ. 

ɸʚʪʦʨʘʤʠ [109] ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) ʠ ʮʠʥʢʘ(II ) ʩ 4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 2-ʛʠʜʨʦʢʩʠ-1-

ʥʘʬʪʘʣʴʜʝʛʠʜʦʤ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ (ʠʤʠʜʘʟʦʣ, 2,2ô-ʙʠʧʠʨʠʜʠʥ, 4,4ô-

ʙʠʧʠʨʠʜʠʥ, 2-ʤʝʪʠʣʠʤʠʜʘʟʦʣ) ʠ ʠʟʫʯʝʥʘ ʠʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ (B. subtilis ʠ S. aureus) ʠ ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ (P. aeruginosa) 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʴ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɸ ʢʦʤʧʣʝʢʩʳ ʮʠʥʢʘ(II) ʩ 2-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʦʤ ʠ 4,4ô-ʙʠʧʠʨʠʜʠʥʦʤ ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ P. aeruginosa, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʙʘʢʪʝʨʠʠ 

ʨʦʜʘ Pseudomonas ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʫʩʪʦʡʯʠʚʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʨʦʪʠʚ 

ʢʦʪʦʨʳʭ ʤʥʦʛʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʣʝʢʘʨʩʪʚʘ ʥʝ ʜʝʡʩʪʚʫʶʪ ʚʦʦʙʱʝ. 

Lobana, T. S. et al [110] ʦʧʠʩʘʣʠ ʩʠʥʪʝʟ ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ, 4-ʤʝʪʠʣ-, 4-ʵʪʠʣ-, 4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ 3-ʥʠʪʨʦʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʠ ʠʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II ) ʩ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ. ʇʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʠ 

ʙʳʣʠ ʠʟʫʯʝʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʛʨʠʙʦʚ: Enterococcus 

faecalis (MTCC 439), Escherichia coli (MTCC 119), Staphylococcus aureus (MRSA), 

Staphylococcus aureus (MTCC740), Klebsiella pneumoniae 1 (MTCC109) ʠ Candida albicans 

(MTCC227). ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʷʚʠʣʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ MRSA ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 1-7 ʤʢʛ/ʤʣ. ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ 
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ʢʦʤʧʣʝʢʩ ʤʝʜʠ(II ) ʩ 4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 3-ʥʠʪʨʦʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʦʤ, ʦʥ ʧʨʝʚʳʩʠʣ ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʪʘʤʠʮʠʥʘ, ʘʥʪʠʙʠʦʪʠʢʘ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʪʘʢʞʝ ʧʨʦʷʚʠʣ ʥʘʠʙʦʣʴʰʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ 1 ʤʢʛ/ʤʣ, ʢʦʪʦʨʘʷ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʘʤʬʦʪʝʨʠʮʠʥʦʤ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. 

ɺ 2021 ʛʦʜʫ [111] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʠʤʠʜʘʟʦʣʦʤ 

(Im), 3,5-ʜʠʙʨʦʤʧʠʨʠʜʠʥʦʤ (3,5-Br2Py), 4-ʤʝʪʠʣʧʠʨʠʜʠʥʦʤ (4-Pic). ɼʣʷ ʥʠʭ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʊʘʙʣʠʮʘ 1.12) ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʠʩʭʦʜʥʳʡ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʧʨʦʷʚʣʷʝʪ ʪʦʣʴʢʦ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ Staphylococcus aureus, ʘ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʷ ʢ ʘʪʦʤʫ ʤʝʜʠ ʥʝ ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ. ɺʚʝʜʝʥʠʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʜʠ(II) ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʊʘʙʣʠʮʘ 1.12. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʜʘʚʣʷʶʱʠʝ (ʄʇʂ) ʠ 

ʙʘʢʪʝʨʠʮʠʜʥʳʝ/ʬʫʥʛʠʮʠʜʥʳʝ (ʄɹʂ/ʄʌʂ) ʢʦʥʮʝʥʪʨʘʮʠʠ H2TscSal ʠ ʝʛʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʩʪ-ʤʠʢʨʦʙʘʤ ʠ ʛʨʠʙʘʤ (ʚ ʤʢʛ/ʤʣ) 

ʉʦʝʜʠʥʝʥʠʝ 

Escherichia 

coli 

ATCC 25922 

Klebsiella 

pneumoniae 

ATCC 13883 

Staphylococcus 

aureus 

ATCC 25923 

Candida 

albicans 

ATCC 10231 

ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄʌʂ 

Cu(NO3)2Ŀ3H2O >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

H2TscSal >1000 >1000 >1000 >1000 7 60 >1000 >1000 

Cu(HTscSal)NO3ĿH2O >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

Cu(Im)(HTscSal)NO3 30 60 500 500 30 30 30 30 

Cu(3,5-Br2Py)(HTscSal)NO3 120 120 250 500 250 250 30 30 

Cu(4-Pic)(HTscSal)NO3 3 3 120 250 30 60 30 30 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣʠ (ʊʘʙʣʠʮʘ 1.13), ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ 

ʣʠʛʘʥʜʘ ʢ ʘʪʦʤʫ ʤʝʜʠ(II ) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʚʚʝʜʝʥʠʝ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʜʘʥʥʦʛʦ ʚʠʜʘ ʘʢʪʠʚʥʦʩʪʠ, ʩʜʝʣʘʚ ʵʪʠ 

ʢʦʤʧʣʝʢʩʳ ʘʢʪʠʚʥʝʝ ʯʝʤ ʠʩʭʦʜʥʳʡ ʣʠʛʘʥʜ ʠ ʪʘʢʞʝ ʘʢʪʠʚʥʝʝ, ʯʝʤ ʊʨʦʣʦʢʩ. 

 

ʊʘʙʣʠʮʘ 1.13. ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ H2TscSal ʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ ABTSÅ+ 
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ʉʦʝʜʠʥʝʥʠʝ IC50, ʤʢʄ 

H2TscSal 9.0 

Cu(HTscSal)NO3ĿH2O 40 

Cu(Im)(HTscSal)NO3 5.8 

Cu(3,5-Br2Py)(HTscSal)NO3 7.5 

Cu(4-Pic)(HTscSal)NO3 5.8 

ʊʨʦʣʦʢʩ 33 

 

ɺ 2022 ʛʦʜʫ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʩʚʦʡʩʪʚ ʠ 

ʪʦʢʩʠʯʥʦʩʪʠ ʵʪʠʭ ʞʝ ʚʝʱʝʩʪʚ [112]. ʀʟʫʯʝʥʠʝ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʢʦʚʳʭ 

ʢʣʝʪʦʢ RD ʠ HeLa ʧʦʢʘʟʘʣʦ, ʯʪʦ ʣʠʛʘʥʜ H2TscSal ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʷʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ IC50 ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ Ó10, ʧʦʜʘʚʣʷ ̫ʨʦʩʪ ʠ ʨʘʟʤʥʦʞʝʥʠʷ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʥʘ 14.0Ñ1.2 % ʠ 8Ñ0.5 % ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʢʄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʝʩʪʠʨʫʝʤʳʭ ʘʤʠʥʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʪʥʦʰʝʥʠʠ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ RD ʠ HeLa ʧʨʦʷʚʣʷʝʪʩʷ ʚʳʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ 

ʜʦʢʩʦʨʫʙʠʮʠʥʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʳ ʚ 

12.5-27 ʠ 1.4-7.7 ʨʘʟʘ ʘʢʪʠʚʥʝʝ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ RD ʠ HeLa 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸ ʪʘʢʞʝ ʠʥʜʝʢʩʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʰʝ, ʯʝʤ ʫ 

ʜʦʢʩʦʨʫʙʠʮʠʥʘ. ʊʘʢʞʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʪʦʢʩʠʯʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ 

Daphnia magna. ʀʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʜʦʢʩʦʨʫʙʠʮʠʥ ʧʨʦʷʚʣʷʣʠ ʦʙʱʫʶ ʪʦʢʩʠʯʥʦʩʪʴ 

ʚ ʦʪʥʦʰʝʥʠʠ Daphnia magna ʯʝʨʝʟ 24 ʠ 48 ʯʘʩʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ: ʜʦʢʩʦʨʫʙʠʮʠʥ Ó Cu(3,5-Br2Py)(HTscSal)NO3 Ó Cu(4-

Pic)(HTscSal)NO3 Ó H2TscSal Ó Cu(Im)(HTscSal)NO3 Ó Cu(3,5-Br2Py)(HTscSal)NO3 ʠ 

ʜʦʢʩʦʨʫʙʠʮʠʥ Ó Cu(4-Pic)(HTscSal)NO3 Ó Cu(3,5-Br2Py)(HTscSal)NO3 Ó Cu(3,5-

Br2Py)(HTscSal)NO3 Ó Cu(Im)(HTscSal)NO3 Ó H2TscSal ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʫʯʘʝʤʳʝ 

ʢʦʤʧʣʝʢʩʳ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳ ʚ ʦʪʥʦʰʝʥʠʠ Daphnia magna, ʯʝʤ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ ʨʘʢʦʚʳʭ 

ʢʣʝʪʦʢ. 

ɸʚʪʦʨʘʤʠ [113] ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʜʚʘ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) c 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʙʠʜʝʥʪʘʪʥʳʤʠ 

ʘʤʠʥʘʤʠ (1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ). ɹʳʣʠ ʠʟʫʯʝʥʳ ʠʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ, 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ 

ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʛʨʠʙʦʚ: 

Staphylococcus aureus (ATCC 25923), Escherichia coli (ATCC 25922), Klebsiella pneumonae 

(ATCC 13883) ʠ Candida albicans (ATCC 10231). ʀʩʩʣʝʜʫʝʤʳʝ ʚʝʱʝʩʪʚʘ ʧʨʦʷʚʣʷʶʪ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 1.5-500 ʤʢʛ/ʤʣ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 
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ʢʦʤʧʣʝʢʩ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1.5 ʤʢʛ/ʤʣ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ABTSĿ+ ʢʘʪʠʦʥ ʨʘʜʠʢʘʣʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʘ ʢʦʤʧʣʝʢʩʘ ʧʨʦʷʚʣʷʶʪ 

ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʪʨʦʣʦʢʩ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʤʝʜʠʮʠʥʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II ) 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʢ 

ʚʚʝʜʝʥʠʝ ʘʤʠʥʦʚ ʧʦʚʣʠʷʝʪ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʠʭ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ. 

1.4 ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ ʩ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʦʢʩʦʢʠʩʣʦʪ 

ʆʢʩʦʢʠʩʣʦʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʘʣʠʯʠʝʤ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʠʣʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʕʪʦʪ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʞʠʚʦʪʥʳʭ, ʨʘʩʪʝʥʠʡ ʠ ʙʘʢʪʝʨʠʡ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʧʨʦʮʝʩʩʘʭ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʢʣʝʪʦʢ. ʆʢʩʦʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʆʥʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʙʝʣʢʦʚʳʡ ʦʙʤʝʥ ʚ ʤʝʪʘʙʦʣʠʟʤʝ.  

ɸʚʪʦʨʘʤʠ [114] ʙʳʣʠ ʧʦʣʫʯʝʥʳ 4-ʤʝʪʠʣ-, 4-ʵʪʠʣ-, 4-ʘʣʣʠʣ-, 2-ʤʝʪʠʣ-, 2,4-ʜʠʤʝʪʠʣ-, 

4-ʬʝʥʠʣ-, 4-(3-ʤʝʪʠʣʬʝʥʠʣ)ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ Ŭ-ʢʝʪʦʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ 

ʤʝʜʠ(II). ɼʣʷ ʥʠʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ in vitro ʥʘ ʣʠʥʠʠ ʢʣʝʪʦʢ ʣʝʡʢʝʤʠʠ ʯʝʣʦʚʝʢʘ 

U937 ʥʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʢʣʝʪʦʢ, ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ ʠ ʠʥʜʫʢʮʠʶ ʘʧʦʧʪʦʟʘ. ʀʟ ʘʥʘʣʠʟʦʚ 

ʪʦʢʩʠʯʥʦʩʪʠ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʪʝʩʪʠʨʫʝʤʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʦʧʫʩʪʠʤʳʡ 

ʧʨʦʮʝʥʪ ɼʄʉʆ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 0.4-0.5%. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʢʣʝʪʦʢ, ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʪʦʣʴʢʦ ɼʄʉʆ, 4-ʤʝʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʠ 4-ʵʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ Ŭ-ʢʝʪʦʛʣʫʪʘʨʦʚʦʡ 

ʢʠʩʣʦʪ rʚ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ɼʄʉʆ ʠʥʛʠʙʠʨʦʚʘʣʠ ʢʣʝʪʦʯʥʫʶ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʥʘ 13% ʠ 30% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ 4-ʤʝʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 

ʧʦʢʘʟʘʣʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʴ 35%, ʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 4-ʵʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʦʥʘ 

ʜʦʩʪʠʛʘʣʘ 50%. ʂʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʙʦʣʝʝ ʥʠʟʢʦʤ ʟʥʘʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʛʘʥʜʘʤʠ. ʉʘʤʳʤ ʘʢʪʠʚʥʳʤ ʚ 

ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ ʙʳʣ ʢʦʤʧʣʝʢʩ ʤʝʜʠ(II ) ʩ 4-ʵʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ Ŭ-

ʢʝʪʦʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ. 
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ʇʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʜʦʨʘʩʪʚʦʨʠʤʫʶ ʦʨʛʘʥʠʯʝʩʢʫʶ 

ʞʠʜʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʠ ʫʛʣʝʚʦʜʦʚ ʠ ʩʘʭʘʨʦʚ ʛʣʠʢʦʣʠʪʠʯʝʩʢʠʤ 

ʧʫʪʝʤ (ʛʣʠʢʦʣʠʟ). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʘʮʝʪʠʣʢʦʬʝʨʤʝʥʪ ɸ, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʮʠʢʣʝ ʂʨʝʙʩʘ. ʇʨʠ ʥʝʜʦʩʪʘʪʢʝ ʢʠʩʣʦʨʦʜʘ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʦʣʦʯʥʫʶ. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʦʨʛʘʥʠʟʤʝ ʜʣʷ ʩʠʥʪʝʟʘ ʘʣʘʥʠʥʘ. ʇʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʩʥʘʙʞʝʥʠʠ 

ʢʣʝʪʦʢ ʵʥʝʨʛʠʝʡ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʤʳʰʮʘʤ ʥʝ ʭʚʘʪʘʝʪ ʢʠʩʣʦʨʦʜʘ ʠʟ-ʟʘ ʯʨʝʟʤʝʨʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʭʫʜʝʥʠʷ, ʧʨʠ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʭʦʣʝʩʪʝʨʠʥʘ, ʢʘʪʘʨʘʢʪʝ ʠ ʨʘʢʝ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʧʠʨʪʦʚʦʤ ʙʨʦʞʝʥʠʠ, 

ʤʦʣʦʯʥʦʤ ʙʨʦʞʝʥʠʠ ʠ ʘʵʨʦʙʥʦʤ ʜʳʭʘʥʠʠ. 

ɺ 1994 ʛʦʜʫ [115] ʙʳʣ ʧʦʣʫʯʝʥ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʝʛʦ 

ʢʦʤʧʣʝʢʩ ʭʣʦʨʠʜʘ ʤʝʜʠ(II ) ʠ ʜʣʷ ʥʝʛʦ ʙʳʣʦ ʠʟʫʯʝʥʦ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʝ, ʛʝʨʙʠʮʠʜʥʦʝ, 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʝ ʜʝʡʩʪʚʠʝ. ʂʦʤʧʣʝʢʩ ʧʨʦʷʚʣʷʝʪ ʣʠʧʦʬʠʣʴʥʦʩʪʴ 

ʚʳʰʝ, ʯʝʤ ʝʛʦ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ, ʯʪʦ ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʣʝʪʦʯʥʦʡ 

ʤʝʤʙʨʘʥʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʩʝʭ ʚʠʜʦʚ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩ ʤʝʜʠ(II) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʘʢʪʠʚʥʳʤ ʯʝʛʦ ʝʛʦ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ. 

ɸʚʪʦʨʘʤʠ [116] ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʩʠʥʪʝʟ 4-(2-ʧʠʨʠʜʠʣ)-ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ Cr(III ), Mn(II ), Ni(II ), Zn(II ) ʠ Hg(II ). ɼʣʷ ʥʠʭ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ Bacillus thuringiensis, 

Staphylococcus aureus, Pseudomonas aeruginosa ʠ Escherichia coli. ʀʩʩʣʝʜʦʚʘʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʯʝʤ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ. ʊʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ 

ʘʢʪʠʚʥʝʝ, ʯʝʤ ʠʩʭʦʜʥʳʡ ʣʠʛʘʥʜ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʦʨʜʠʥʘʮʠʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʙʦʣʝʝ ʤʦʱʥʳʝ ʠ 

ʩʠʣʴʥʦʜʝʡʩʪʚʫʶʱʠʝ ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʠʝ ʘʛʝʥʪʳ, ʪʝʤ ʩʘʤʳʤ ʧʦʜʘʚʣʷʷ ʨʦʩʪ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ 

ʢʦʤʧʣʝʢʩʦʚ ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʚ ʢʣʝʪʦʯʥʳʝ ʤʝʤʙʨʘʥʳ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʤʝʰʠʚʘʪʴʩʷ ʚ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʠʣʠ ʦʥʠ ʤʦʛʫʪ 

ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʠ ʩʪʘʥʦʚʠʪʴʩʷ ʥʝʘʢʪʠʚʥʳʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ. 

ɺ 2011 ʛʦʜʫ [117] ʙʳʣʠ ʦʧʠʩʘʥʳ ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ(II ) ʩ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ, 4-ʤʝʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ, 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ 4-ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. ɼʣʷ ʠʩʭʦʜʥʳʭ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ(II ) 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ Lactobacillus 
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fermentum, Bacillus subtilis, Staphylococcus aureus, Salmonella enterica, Escherichia coli, 

Pseudomonas aeruginosa ʠ Candida albicans. ɺʩʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʠʭ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ >128 ʤʢʛ/ʤʣ. 

ɻʫʣʷ ɸ. ʇ. ʠ ʜʨ. [118] ʧʦʣʫʯʠʣʠ ʠ ʦʧʠʩʘʣʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II), ʢʦʙʘʣʴʪʘ(III ) ʠ ʞʝʣʝʟʘ(III ), ʘ ʪʘʢʞʝ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II) ʩ ʠʤʠʜʘʟʦʣʦʤ ʠ 3,4-ʣʫʪʠʜʠʥʦʤ. ɹʳʣʘ ʠʟʫʯʝʥʘ ʠʭ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ Staphylococcus aureus 

(ATCC 25923), Escherichia coli (ATCC 25922) ʠ Candida albicans (ATCC 10231). 

ʅʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʥʝ ʧʨʦʷʚʣʷʝʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʝʛʦ 

ʢʦʦʨʜʠʥʘʮʠʷ ʢ ʘʪʦʤʫ ʤʝʜʠ(II ) ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʚʚʝʜʝʥʠʝ N-

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ ʥʠʪʨʘʪʘ ʤʝʜʠ ʧʨʠʚʝʣʦ ʢ 

ʝʱʝ ʙʦʣʴʰʝʤʫ ʫʩʠʣʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʩʜʝʣʘʣʦ ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʘʢʪʠʚʥʝʝ ʥʝ ʪʦʣʴʢʦ 

ʯʝʤ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʥʠʪʨʘʪʘ ʤʝʜʠ(II ), ʥʦ ʠ ʯʝʤ ʠʩʭʦʜʥʳʡ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ. 

ʂʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ(III ) ʠ ʞʝʣʝʟʘ(III ) ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ 

Candida albicans. 

ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ ʤʘʣʦ ʦʧʠʩʘʥʳ 

ʚ ʣʠʪʝʨʘʪʫʨʝ, ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʰʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ. ɺ 1981 ʛʦʜʫ [119] ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʥʦʛʠʜʨʘʪʘ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 

ʜʠʵʪʠʣʘʤʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. ɺ 1983 ʛʦʜʫ [120] ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 4-

ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʜʠʵʪʠʣʘʤʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʦʧʨʝʜʝʣʝʥʘ ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʄʦʣʝʢʫʣʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʡ. ɺ ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʣʝʞʠʪ ʝʝ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ï ʦʪ ʪʠʦʢʘʨʙʘʤʠʜʥʦʡ ʛʨʫʧʧʳ ʜʦ ʫʛʣʝʨʦʜʥʦʛʦ ʦʩʪʦʚʘ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ.  

ɸʙʣʦʚ ɸ. ʠ ʜʨ. [121] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʢʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ ʩ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʘʤʠʜʘ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʜʠʵʪʠʣʘʤʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. 

ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʘʤʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʝʪ ʩ ʢʦʙʘʣʴʪʦʤ ʢʦʤʧʣʝʢʩʳ 

ʢʦʙʘʣʴʪʘ(II ) ʠ ʢʦʙʘʣʴʪʘ(III ), ʘ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʜʠʵʪʠʣʘʤʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ 

ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ(III ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ rʧʦ-

ʨʘʟʥʦʤʫ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʘʪʦʤʫ ʢʦʙʘʣʴʪʘ. ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʘʤʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʢʦʙʘʣʴʪʫ ʯʝʨʝʟ ʩʝʨʫ, ʘʟʦʪ ʛʠʜʨʘʟʠʥʦʚʦʛʦ ʦʩʪʘʪʢʘ ʠ ʘʟʦʪ 

ʘʤʠʜʦʛʨʫʧʧʳ, ʘ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʜʠʵʪʠʣʘʤʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ ʯʝʨʝʟ ʩʝʨʫ, ʛʠʜʨʘʟʠʥʦʚʳʡ ʘʪʦʤ ʠ ʢʠʩʣʦʨʦʜ ʘʤʠʜʦʛʨʫʧʧʳ, ʪʘʢ ʢʘʢ 

ʵʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʫ ʘʪʦʤʘ ʘʟʦʪʘ ʩʦʟʜʘʶʪ ʩʪʝʨʠʯʝʩʢʠʝ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʘ 

ʘʟʦʪʘ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʤʝʪʘʣʣʘ. 
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ɸʚʪʦʨʘʤʠ [122] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II ) ʠ ʥʠʢʝʣʷ(II ) 

ʩ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʜʠʵʪʠʣʘʤʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʢʦʤʧʣʝʢʩʘʭ ʥʠʢʝʣʷ(II ) 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʢʘʢ ʪʨʝʭʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ ʩ ʧʦʯʪʠ ʧʣʦʩʢʠʤ ʩʪʨʦʝʥʠʝʤ, ʘ 

ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ. ɺ ʢʦʤʧʣʝʢʩʝ ʤʝʜʠ(II) ʘʪʦʤ ʤʝʜʠ 

ʥʘʭʦʜʠʪʩʷ ʧʦʯʪʠ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʘʪʦʤʦʤ 

ʭʣʦʨʘ. ɸʪʦʤʳ ʩʝʨʳ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ, ʠ ʦʙʨʘʟʫʶʪ ʜʠʤʝʨʳ, 

ʚ ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʤʝʜʠ ï ʧʷʪʴ. 

ɸʚʪʦʨʘʤʠ [123] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʩʪʨʦʝʥʠʝ ʛʝʤʠʛʠʜʨʘʪʘ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʘʥʠʣʠʜʘ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʪʝʥʮʠʘʣʴʥʳʤʠ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʚ ʜʘʥʥʦʤ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʝ ʷʚʣʷʶʪʩʷ ʘʪʦʤʳ ʩʝʨʳ, ʘʟʦʪ ʛʠʜʨʘʟʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʢʠʩʣʦʨʦʜ 

ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ. ʆʥʠ ʠʤʝʶʪ ʪʨʘʥʩ-ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʄʦʣʝʢʫʣʘ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʩʦʝʜʠʥʝʥ rʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. 

ʂʨʘʚʮʦʚ ɺ. ʍ. ʠ ʜʨ. [124] ʧʦʣʫʯʠʣʠ ʠ ʦʧʠʩʘʣʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʭʣʦʨʠʜʘ ʤʝʜʠ(II ) 

ʩ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʘʥʠʣʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. ɸʪʦʤ ʤʝʜʠ(II) ʢʦʦʨʜʠʥʠʨʫʝʪ ʠʦʥ 

ʭʣʦʨʘ ʠ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʘʥʠʣʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. 

ʊʨʝʭʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʯʝʨʝʟ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ 

ʬʝʥʠʣʘʤʠʜʥʦʡ ʛʨʫʧʧʳ, ʘʪʦʤ ʘʟʦʪʘ ʛʠʜʨʘʟʠʥʦʚʦʛʦ ʦʩʪʘʪʢʘ ʠ ʘʪʦʤ ʩʝʨʳ, ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ 

ʜʚʘ ʧʷʪʠʯʣʝʥʥʳʭ ʤʝʪʘʣʣʦʮʠʢʣʘ. ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 5 

ʟʘ ʩʯʝʪ ʘʪʦʤʘ ʭʣʦʨʘ ʩʦʩʝʜʥʝʛʦ ʢʦʤʧʣʝʢʩʘ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʠʨʘʤʠʜʫ, ʥʘ ʚʝʨʰʠʥʝ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʘʪʦʤ ʭʣʦʨʘ ʩʦʩʝʜʥʝʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʚ ʦʩʥʦʚʘʥʠʠ- 

ʘʪʦʤʳ ʭʣʦʨʘ, ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ ʠ ʩʝʨʳ. 

ɺ 1977 ʛʦʜʫ [125] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʠ 4,4-

ʜʠʤʝʪʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʠʟʫʯʝʥʘ ʠʭ 

ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʤʠʢʦʙʘʢʪʝʨʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʠʧʘ H37Rv, ʠ ʰʪʘʤʤʳ 

ʚʳʜʝʣʝʥʥʳʝ ʫ ʙʦʣʴʥʳʭ ʪʫʙʝʨʢʫʣʝʟʦʤ. ʉʨʝʜʠ ʚʩʝʭ ʪʝʩʪʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ ʪʦʣʴʢʦ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʬʝʥʠʣʘʤʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʩʤʦʛ ʦʩʪʘʥʦʚʠʪʴ ʨʦʩʪ ʙʘʢʪʝʨʠʡ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʤʢʛ/ʤʣ. 

1.5 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1. 

1. ʇʨʠʨʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʘʣʣʠʣʠʟʦʪʠʦʮʠʘʥʘʪ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ, ʢʦʪʦʨʳʡ ʨʝʘʢʮʠʝʡ ʢʦʥʜʝʥʩʘʮʠʠ ʦʙʨʘʟʫʝʪ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ 

ʘʣʴʜʝʛʠʜʦʚ ʠ ʢʝʪʦʥʦʚ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ 

ʪʦʢʩʠʯʥʦʩʪʴʶ. 
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2. N4-ʟʘʤʝʱʝʥʥʳʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʷʚʣʷʶʪ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II). 

3. ɺʚʝʜʝʥʠʝ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ N4-ʟʘʤʝʱʝʥʥʳʭ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʟʘʤʝʱʝʥʥʳʭ 

ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ.  

4. ʉʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) N4-ʟʘʤʝʱʝʥʥʳʭ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʧʨʝʚʦʩʭʦʜʷʪ ʘʢʪʠʚʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II). 

5. ʇʨʠʨʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ N4-

ʟʘʤʝʱʝʥʥʳʭ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʚʦʜʝ ʠ ʢʦʦʨʜʠʥʠʨʫʷʩʴ ʢ ʘʪʦʤʘʤ ʤʝʪʘʣʣʦʚ, ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

6. ɺʚʝʜʝʥʠʝ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

7. N4-ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʘ ʩʝʨʳ, ʘʤʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʠ ʛʠʜʨʘʟʠʥʦʚʦʛʦ 

ʘʪʦʤʘ ʘʟʦʪʘ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʠʟʫʯʝʥʘ. 

8. ʉʠʥʪʝʟ ʥʦʚʳʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʭ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ 

ʘʛʝʥʪʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ. 
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2. ʄɽʊʆɼʓ ʉʀʅʊɽɿɸ, ɸʅɸʃʀɿɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀʁ 

2.1 ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ 

ɸʣʣʠʣʠʟʦʪʠʦʮʠʘʥʘʪ ʧʨʦʠʟʚʦʜʩʪʚʘ çShijiazhuang Donglian Nankai Aroma Chemicals 

Co.,Ltdè ʧʦʜʚʝʨʛʘʣʩʷ ʦʯʠʩʪʢʝ ʧʝʨʝʛʦʥʢʦʡ. 

ɻʠʜʨʘʟʠʥ-ʛʠʜʨʘʪ (65 % w/w), 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʳʡ ʘʣʴʜʝʛʠʜ, 2,4-

ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ, 3,5-ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʳʡ ʘʣʴʜʝʛʠʜ, ʦʢʩʘʣʠʣ ʭʣʦʨʠʜ, 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ, ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ, ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ çSigma-

Aldrichè ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

2-ɻʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜ (ʪʝʭʥʠʯʝʩʢʠʡ, çSigma-Aldrichè) ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʜʚʝʨʛʘʣʩʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʵʪʘʥʦʣʘ. 

ʉʦʣʠ 3d-ʤʝʪʘʣʣʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʨʠʛʠʜʨʘʪʘ ʥʠʪʨʘʪʘ ʤʝʜʠ(II) ʠ ʜʠʭʣʦʨʘʮʝʪʘʪʘ 

ʤʝʜʠ(II), ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ, ʛʠʜʨʘʟʠʥ-ʛʠʜʨʘʪ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʢʘʪʝʛʦʨʠʡ çʯè, çʯ.ʜ.ʘè, 

çʭ.ʯè ʧʨʦʠʟʚʦʜʩʪʚʘ çʈʝʘʭʠʤè ʧʨʠʤʝʥʷʣʠʩʴ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. ʊʨʠʛʠʜʨʘʪ 

ʥʠʪʨʘʪʘ ʤʝʜʠ(II) ʠ ʜʠʭʣʦʨʘʮʝʪʘʪ ʤʝʜʠ(II) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʤʘʣʘʭʠʪʘ (çʈʝʘʭʠʤè) ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʠʩʣʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ çSigma-Aldrichè. 

4-ʤʝʪʦʢʩʠʘʥʠʣʠʥ çʈʝʘʭʠʤè ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

ʄʦʨʬʦʣʠʥ, ʧʠʧʝʨʠʜʠʥ, ʛʝʢʩʘʤʝʪʠʣʝʥʠʤʠʥ, ʮʠʢʣʦʛʝʢʩʠʣʘʤʠʥ, 3-

ʤʝʪʦʢʩʠʧʨʦʧʠʣʘʤʠʥ ʧʨʦʠʟʚʦʜʩʪʚʘ çSigma-Aldrichè ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʘʣʠʩɹ 

ʧʝʨʝʛʦʥʢʦʡ. 

ʈʘʩʪʚʦʨʠʪʝʣʠ ʜʠʭʣʦʨʤʝʪʘʥ, ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʠ. 

2.2 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ 

H2L1-4 

2.2.1 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ  

4-ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜ ʙʳʣ ʧʦʣʫʯʝʥ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [126]. ʂ 

ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ (25 ʤʣ ʚʦʜʳ), ʩʦʜʝʨʞʘʱʝʤʫ 20 ʛ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʘ (40 0C), ʜʦʙʘʚʠʣʠ ʧʦ 

ʢʘʧʣʷʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 10 ʛ ʘʣʣʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ. ɺʦ ʚʨʝʤʷ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʣʩʷ ʙʝʣʳʡ ʦʩʘʜʦʢ (ʈʠʩʫʥʦʢ 2.1). ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʥʘ ʬʠʣʴʪʨʝ ʐʦʪʪʘ ʧʦʜ ʚʘʢʫʫʤʦʤ. 

ʆʩʘʜʦʢ ʧʨʦʤʳʣʠ ʭʦʣʦʜʥʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʬʠʣʴʪʨʘʪʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʳʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 91-93Áʉ.  
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ʈʠʩ. 2.1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ 

2.2.2 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (H2L1)  

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [118], ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʵʪʘʥʦʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʘ 1.50 ʛ (0.0116 ʤʦʣʴ) 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ ʩ ʵʪʘʥʦʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ 1.97 ʛ 

(0.0116 ʤʦʣʴ) 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʙʳʣ ʧʦʣʫʯʝʥ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ H2L
1 (ʈʠʩʫʥʦʢ 2.2). ʈʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʠ ʯʘʩʘ. ʇʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʞʝʣʪʦʛʦ ʮʚʝʪʘ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʝʪʩʷ ʥʘ ʬʠʣʴʪʨʝ ʐʦʪʪʘ ʧʦʜ ʚʘʢʫʫʤʦʤ, ʧʨʦʤʳʚʘʝʪʩʷ ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʪʩʷ ʥʘ 

ʚʦʟʜʫʭʝ. 
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ʈʠʩ. 2.2. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ H2L 1 

ʊ.ʧʣ. 225-227Áʉ;  

FT-IR (ɜmax, cm-1): 3321 (OH)ʬʝʥʦʣ.; 3306, 3141 (NH); 1644 (C=C)ʘʣʣʠʣ.; 1615 (C=N); 

13111 (C=S); 1237 (C-O)ʬʝʥʦʣ.  

1H ʗʄʈ (400 ʄɻʮ, DMSO-d6): 11.52 (ʫʰ. ʩ, 1H, OH); 9.23 (ʫʰ. ʩ, 1H, NH); 8.62 (ʫʰ. 

ʩ, 1H, NH); 8.42 (ʩ, 1H, CH=N); 7.58 (ʜ, 1H, CHʘʨʦʤ.); 6.97 (ʜ, 1H, CHʘʨʦʤ.); 6.79 (ʪ, 1H, CHʘʨʦʤ.); 

5.992 (ʤ, 1H, CHʘʣʣʠʣ.); 5.13 (ʤ, 2H, CH2=C); 4.22 (ʤ, 2H, CH2-N); 3.82 (c, 1H, CH3O). 

13C ʗʄʈ (100 ʄɻʮ, DMSO-d6): 177.46 (C=S); 148.39, 139.62, 121.30, 119.40, 118.57, 

113.23 (Cʘʨʦʤ.); 146.42 (CH=N); 135.66 (CHʘʣʣʠʣ.); 115.94 (CH2=); 56.35 (CH3O); 46.22 (CH2-

N). 

2.2.3 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 2,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (H2L2)  

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [127] ʢ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ, ʩʦʜʝʨʞʘʱʝʤʫ 1 ʛ 

(0.0076 ʤʦʣʴ) 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ, ʜʦʙʘʚʣʷʝʪʩʷ 0.0076 ʤʦʣʴ 2,4-

ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ. ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. 
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ʇʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʙʝʣʦʛʦ ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʝʪʩʷ ʥʘ ʬʠʣʴʪʨʝ ʐʦʪʪʘ ʧʦʜ ʚʘʢʫʫʤʦʤ, 

ʧʨʦʤʳʚʘʝʪʩʷ ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʪʩʷ ʥʘ ʚʦʟʜʫʭʝ (ʈʠʩʫʥʦʢ 2.3). 
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ʈʠʩ. 2.3. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 

2,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ H2L 2 

ʊ. ʧʣ. 186-188Áʉ 

FT-IR (ɜmax, cm-1): 3384, 3289 (OHʬʝʥʦʣ.); 3133, 3051 (NH); 1644 (C=C)ʘʣʣʠʣ.; 1622 

(C=N); 1319 (C=S); 1221, 1205 (C-O)ʬʝʥʦʣ.  

1H ʗʄʈ (400 ʄɻʮ, C3H6O-d6): 10.29 ʫ .h ʩ (1H, OH), 9.44 ʫ .h ʩ (1H, OH), 8.92 ʫ .hʩ 

(1H, NH), 8.35 ʩ (1H, CH=N), 8.11 ʫ .h ʩ (1H, NH), 7.38 ʜ (1H, Hʘʨʦʤ, J =8.5 ɻʮ), 6.45 ʜ (1H, 

Hʘʨʦʤ, J = 8.5 ɻʮ), 6.41 ʩ (1H, Hʘʨʦʤ), 5.98 ʤ (1H, CH=CH2), 5.15 ʤ (2H, CH2=), 4.35 ʤ (2H, 

CH2N). 

13C ʗʄʈ (100 ʄɻʮ, C3H6O -d6): 177.85 (C=S); 160.84, 158.84, 131.50, 111.22, 108.10, 

102.71 (Cʘʨʦʤ); 145.01 (CH=N), 134.86 (CH=CH2), 115.15 (CH2=), 46.41 (CH2N). 

2.2.4 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 3,5-ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (H2L3)  

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [118] ʠʣʠ [128], ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ 0.94 ʛ (0.0071 ʤʦʣʴ) ʠ 

ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 3,5-ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ 2.01 ʛ (0.0071 ʤʦʣʴ), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʡ ʙʳʣ ʧʦʣʫʯʝʥ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 3,5-ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ H2L
3 

(ʈʠʩʫʥʦʢ 2.4). ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʩʪʚʦʨ 

ʙʳʣ ʦʭʣʘʞʜʝʥ ʚ ʙʘʥʝ ʩʦ ʣʴʜʦʤ. ʇʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʝʪʩʷ ʥʘ 

ʬʠʣʴʪʨʝ ʐʦʪʪʘ ʧʦʜ ʚʘʢʫʫʤʦʤ, ʧʨʦʤʳʚʘʝʪʩʷ ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʪʩʷ ʥʘ ʚʦʟʜʫʭʝ. 
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ʈʠʩ. 2.4. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 3,5-ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ H2L 3 

ʊ.ʧʣ. 210-212Áʉ;  

FT-IR (ɜmax, cm-1): 3392 (OH)ʬʝʥʦʣ.; 3147, 3121 (NH); 1644 (C=C)ʘʣʣʠʣ.; 1605 (C=N); 

1324 (C=S); 1222 (C-O)ʬʝʥʦʣ.  
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1H ʗʄʈ (400 ʄɻʮ, C3H6O-d6): 10.71 ʫʰ. ʩ (1H, OH); 9.88 ʫʰ. ʩ (1H, NH); 8.45 ʫʰ. ʩ 

(1H, NH); 8.40 ʩ (1H, CH=N); 7.77 ʜ (1H, CHʘʨʦʤ.); 7.73 ʜ (1H, CHʘʨʦʤ.); 5.98 ʤ (1H, CHʘʣʣʠʣ); 

5.16 ʤ (2H, CH2=C); 4.37 ʤ (2H, CH2-N).  

13C ʗʄʈ (100 ʄɻʮ, C3H6O -d6): 177.43 (C=S); 152.49, 135.66, 131.14, 122.35, 111.49, 

111.35 (Cʘʨʦʤ.); 141.38 (CH=N); 134.51 (CHʘʣʣʠʣ); 115.41 (CH2=); 46.58 (CH2-N). 

 

2.2.5 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʘ (H2L4) 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [129], ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʵʪʘʥʦʣʴʥʦʛʦ 

ʨʘʩʪʚʦʨʘ 1.50 ʛ (0.0116 ʤʦʣʴ) 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ ʩ ʵʪʘʥʦʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ 1.97 ʛ 

(0.0116 ʤʦʣʴ) 2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʙʳʣ ʧʦʣʫʯʝʥ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʘ H2L
4 (ʈʠʩʫʥʦʢ 2.5). ʈʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʠ ʯʘʩʘ. ʇʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʞʝʣʪʦʛʦ ʮʚʝʪʘ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʝʪʩʷ ʥʘ ʬʠʣʴʪʨʝ ʐʦʪʪʘ ʧʦʜ ʚʘʢʫʫʤʦʤ, ʧʨʦʤʳʚʘʝʪʩʷ ʵʪʘʥʦʣʦʤ ʠ ʩʫʰʠʪʩʷ ʥʘ 

ʚʦʟʜʫʭʝ. 
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ʈʠʩ. 2.5. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʘ 

H2L4 

ʊ.ʧʣ. 200-202Áʉ;  

FT-IR (ɜmax, cm-1): 3420 (OH)ʬʝʥʦʣ.; 3181, 3079 (NH); 1645 (C=C)ʘʣʣʠʣ.; 1621 (C=N); 

1329 (C=S); 1219 (C-O)ʬʝʥʦʣ.  

1H ʗʄʈ (400 ʄɻʮ, C3H6O-d6): 10.61 (ʫʰ. ʩ, 1H, OH); 10.53 (ʫʰ. ʩ, 1H, NH); 9.35 (ʩ, 

1H, CH=N); 8.24(ʜ, 1H, CHʘʨʦʤ.); 8.23 (ʫʰ. ʩ, 1H, NH); 7.92(ʜ, 1H, CHʘʨʦʤ.); 7.89(ʜ, 1H, 

CHʘʨʦʤ.); 7.58 (ʪ, 1H, CHʘʨʦʤ.); 7.42 (ʪ, 1H, CHʘʨʦʤ.); 7.20 (ʜ, 1H, CHʘʨʦʤ.); 6.02 (ʤ, 1H, CHʘʣʣʠʣ.); 

5.20 (ʤ, 2H, CH2=C); 4.41 (ʤ, 2H, CH2-N).  

13C ʗʄʈ (100 ʄɻʮ, C3H6O-d6): 177.93 (C=S); 157.13, 132.87, 132.41, 129.03, 128.60, 

127.67, 123.69, 120.86, 118.86, 108.70 (Cʘʨʦʤ.); 143.70 (CH=N); 134.68 (CHʘʣʣʠʣ.); 115.33 

(CH2=); 46.65 (CH2-N). 
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2.3 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ HL 5-

HL 10 

2.3.1 ʉʠʥʪʝʟ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ 

2.3.1.1 ʉʠʥʪʝʟ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ 

N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ [130] ʩ ʥʝʢʦʪʦʨʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ (ʈʠʩʫʥʦʢ 2.6). ʇʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ 

(8.80 ʛ, 0.100 ʤʦʣʴ) ʙʳʣʘ ʨʘʩʪʚʦʨʝʥʘ ʚ 10 ʤʣ CH2Cl2 ʚ ʧʣʦʩʢʦʜʦʥʥʦʡ ʢʦʣʙʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 3 ʢʘʧʣʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ. ʆʢʩʘʣʠʣ 

ʭʣʦʨʠʜ (15.24 ʛ, 0.120 ʤʦʣʴ) ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ 10 ʤʣ CH2Cl2 ʠ ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʝʥ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ 0ÁC. ʂʦʣʙʫ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ 

ʟʘʢʨʳʣʠ ʭʣʦʨʢʘʣʴʮʠʝʚʦʡ ʪʨʫʙʢʦʡ ʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʠ 1.5 ʯʘʩʘ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʘʩʴ ʞʝʣʪʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʉʤʝʩɹ ʪʨʠʙʫʪʠʣʘʤʠʥʘ (18.5 ʛ, 0.100 ʤʦʣʴ), ʧʘʨʘ-ʘʥʠʟʠʜʠʥʘ (12.3 ʛ, 0.100 ʤʦʣʴ) ʠ 10 ʤʣ 

CH2Cl2 ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 0ÁC. ʂ ʦʭʣʘʞʜʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ ʧʦ ʢʘʧʣʷʤ ʙʳʣ ʜʦʙʘʚʣʝʥ 2-

ʦʢʩʦʧʨʦʧʘʥʦʠʣ ʭʣʦʨʠʜ ʠ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʠ ʯʘʩʘ. 

ʉʤʝʩʴ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʦʯʠʱʘʣʠ ʤʝʪʦʜʦʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʘʮʝʪʦʥʘ, 

ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʝʣʳʡ ʦʩʘʜʦʢ. ɺʳʭʦʜ 40%, ʪ.ʧʣ. 129-130Áʉ.  

FT-IR (ɜmax, cm-1): 3333 (NH); 1714 (C=Oʢʝʪʦʥ); 1669 (C=Oʘʤʠʜ).  
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ʈʠʩ. 2.6. ʉʭʝʤʘ ʩʠʥʪʝʟʘ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ 

2.3.1.2 ʉʠʥʪʝʟ 1-(ʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ, 1-(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-

1,2-ʜʠʦʥʘ, 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ, N-ʮʠʢʣʦʛʝʩʠʣ-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ, N-(3-

ʤʝʪʦʢʩʠʧʨʦʧʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ 

ɸʤʠʜʳ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ [131] ʩ ʥʝʢʦʪʦʨʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ (ʈʠʩʫʥʦʢ 2.7). ʇʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ 

(8.80 ʛ, 0.100 ʤʦʣʴ) ʙʳʣʘ ʨʘʩʪʚʦʨʝʥʘ ʚ 10 ʤʣ CH2Cl2 ʚ ʧʣʦʩʢʦʜʦʥʥʦʡ ʢʦʣʙʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 3 ʢʘʧʣʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ. ʆʢʩʘʣʠʣ 

ʭʣʦʨʠʜ (15.24 ʛ, 0.120 ʤʦʣʴ) ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ 10 ʤʣ CH2Cl2 ʠ ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʝʥ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ 0ÁC. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʂʦʣʙʫ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ 
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ʟʘʢʨʳʣʠ ʭʣʦʨʢʘʣʴʮʠʝʚʦʡ ʪʨʫʙʢʦʡ ʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʠ 1.5 ʯʘʩʘ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʘʩʴ ʞʝʣʪʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. ʉʫʩʧʝʥʟʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʤʠʜʘ, ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ ʠ 10 ʤʣ CH2Cl2 ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 0ÁC. ʂ 

ʦʭʣʘʞʜʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ ʧʦ ʢʘʧʣʷʤ ʙʳʣ ʜʦʙʘʚʣʝʥ 2-ʦʢʩʦʧʨʦʧʘʥʦʠʣ ʭʣʦʨʠʜ ʠ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʠ ʯʘʩʘ. ʉʤʝʩʴ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

ʚʦʜʦʡ (3 Ĭ 100 ʩʤ3) ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʨʘʥʞʝʚʦʡ ʤʘʩʣʷʥʠʩʪʦʡ 

ʞʠʜʢʦʩʪʠ. ɿʘʪʝʤ, ʧʦʣʫʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʦʯʠʱʘʣʠ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʵʪʠʣʘʮʝʪʘʪ-ʛʝʢʩʘʥ (1:1), ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʞʝʣʪʫʶ ʤʘʩʣʷʥʠʩʪʫʶ 

ʞʠʜʢʦʩʪʴ. 
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ʈʠʩ. 2.7. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ 

1-(ʇʠʧʝʨʠʜʠʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥ 

FT-IR (ɜmax, cm-1): 1712 (C=Oʢʝʪʦʥ); 1632 (C=Oʘʤʠʜ).  

1-(ʄʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥ 
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FT-IR (ɜmax, cm-1): 1710 (C=Oʢʝʪʦʥ); 1638 (C=Oʘʤʠʜ).  

1-(ɸʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥ 

FT-IR (ɜmax, cm-1): 1710 (C=Oʢʝʪʦʥ); 1628 (C=Oʘʤʠʜ).  

N-ʮʠʢʣʦʛʝʩʠʣ-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜ 

FT-IR (ɜmax, cm-1): 3323 (NH); 1720 (C=Oʢʝʪʦʥ); 1657 (C=Oʘʤʠʜ).  

N-(3-ʤʝʪʦʢʩʠʧʨʦʧʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜ 

FT-IR (ɜmax, cm-1): 3337 (NH); 1720 (C=Oʢʝʪʦʥ); 1669(C=Oʘʤʠʜ).  

2.3.2 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ HL5-

HL10 

2.3.2.1 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-

ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ (HL5) 

4-ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ HL5 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʝʘʢʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ 1 ʛ (0.0076 ʤʦʣʴ) ʠ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 

N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ 1.47 ʛ (0.0076 ʤʦʣʴ) (ʈʠʩʫʥʦʢ 2.8). ʈʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʧʘʜʘʣ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʪʘʥʦʣʘ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 
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ʈʠʩ. 2.8. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-

ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ (HL5) 

ɾʝʣʪʳʡ ʦʩʘʜʦʢ (ɺʳʭʦʜ 80%). ʊ.ʧʣ. 154-156Áʉ;  

FT-IR (ɜmax, cm-1): 3356, 3305, 3198 (NH); 1645 (C=O); 1615 (C=N); 1361 (C=S).  

1H ʗʄʈ (400 ʄɻʮ, CDCl3): 8.70 (ʫ .hʩ., 1H, NH), 8.66 (ʫ .hʩ., 1H, NH); 7.84 (ʫ .hʩ., 

1H, NH); 7.44 (ʜ, 2H, CH(ʘʨʦʤ.)); 6.86 (ʜ, 2H, CH(ʘʨʦʤ.)); 5.96 (ʤ, 1H, CH(ʘʣʣʠʣ.)); 5.32-5.20 (ʤ, 2H, 

CH2=C); 4.36 (ʪ, 2H, CH2); 3.80 (c, 3H, OCH3) 2.13 (ʩ, 3H, CH3).  

13C ʗʄʈ (100 ʄɻʮ, CDCl3): 178.03 (C=S); 161.34 (C=O); 156.85, 129.95, 122.45, 

144.20 (Cʘʨʦʤ.); 142.48 (C-CH3); 132.95 (CHʘʣʣʠʣ.); 117.56 (CH2=); 55.53 (CH3O); 47.29 (CH2-

CH); 10.42 (CH3-C). 
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2.3.2.2 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(ʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ 

(HL6) 

4-ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ HL6 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʝʘʢʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ 1 ʛ (0.0076 ʤʦʣʴ) ʠ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 1-

(ʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ 1.18 ʛ (0.0076 ʤʦʣʴ) (ʈʠʩʫʥʦʢ 2.9). ʈʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʧʘʜʘʣ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʪʘʥʦʣʘ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 
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ʈʠʩ. 2.9. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(ʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʧʨʦʧʘʥ-

1,2-ʜʠʦʥʘ (HL 6) 

ɾʝʣʪʳʡ ʦʩʘʜʦʢ (ɺʳʭʦʜ 78%). ʊ.ʧʣ. 137-139Áʉ.  

FT-IR (ɜmax, cm-1): 3315, 3288 (NH); 1632 (C=O); 1620 (C=N); 1362 (C=S).  

1H ʗʄʈ (400 ʄɻʮ, CDCl3): 8.71 (ʫ .h ʩ., 1H; NH); 7.46 (ʫ .h ʩ., 1H; NH); 5.89 (ʤ., 1H; 

ʉH); 5.20 (ʤ., 2H; ʉH2); 4.30 (ʤ., 2H; NH-CH2); 3.50 (ʤ., 2H; CH2ʧʠʧʝʨʠʜʠʥ); 2.11 (ʩ., 3H; CH3); 

1.62 (ʤ. 6H; CH2ʧʠʧʝʨʠʜʠʥ);  

13C ʗʄʈ (100 ʄɻʮ, CDCl3): 178.20 (C=S); 165.33 (C=O); 143.47 (C=N); 132.88 

(CH=CH2); 117.37 (CH2=); 46.93 (Cʘʣʣʠʣ.); 45.54, 45.51, 26.02, 24.44, 20.35 (Cʧʠʧʝʨʠʜʠʥ); 14.19 

(CH3). 

2.3.2.3 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ 

(HL7) 

4-ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ HL7 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʝʘʢʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ 1 ʛ (0.0076 ʤʦʣʴ) ʠ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 1-

(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ 1.19 ʛ (0.0076 ʤʦʣʴ) (ʈʠʩʫʥʦʢ 2.10). ʈʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʧʘʜʘʣ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʪʘʥʦʣʘ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 



61 

NH2
NH

C
NH

S

CH2
CH

CH2 +
-H2O

CH3 O

NO

O

CH2 CH

CH2 NH

C

S

NH

N C

CH3

C

O

ON

 

ʈʠʩ. 2.10. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-

1,2-ʜʠʦʥʘ (HL 7) 

ɾʝʣʪʳʡ ʦʩʘʜʦʢ (ɺʳʭʦʜ 80%). ʊ.ʧʣ. 138-139Áʉ.  

FT-IR (ɜmax, cm-1): 3282, 3200 (NH); 1636 (C=O); 1619 (C=N); 1360 (C=S).  

1H ʗʄʈ (400 ʄɻʮ, CDCl3): 8.75 (ʫ .h ʩ., 1H; NH); 7.39 (ʫ .h ʩ., 1H; NH); 5.89 (ʤ., 1H; 

ʉH); 5.21 (ʤ., 2H; ʉH2); 4.30 (ʤ., 2H; NH-CH2); 3.76-3.56 (ʤ., 4ῒ2H; CH2(ʤʦʨʬʦʣʠʥ)); 2.11 (ʩ., 3H; 

CH3). 

13C ʗʄʈ (100 ʄɻʮ, CDCl3): 178.30 (C=S); 165.51 (C=O); 142.32 (C=N); 132.83 

(CH=CH2); 117.50 (CH2=); 66.72 (CH2ʤʦʨʬʦʣʠʥ); 46.95 (CH2-CH); 14.13 (CH3). 

2.3.2.4 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ (HL8) 

4-ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ HL8 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʝʘʢʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ 1 ʛ (0.0076 ʤʦʣʴ) ʠ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 1-

(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ 1.28 ʛ (0.0076 ʤʦʣʴ) (ʈʠʩʫʥʦʢ 2.11). ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʩʷ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʧʘʜʘʣ 

ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʘʥʦʣʘ ʠ ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. 
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ʈʠʩ. 2.11. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-

ʜʠʦʥʘ (HL 8) 

ʉʚʝʪʣʦ-ʞʝʣʪʳʡ ʦʩʘʜʦʢ (ɺʳʭʦʜ 78%). ʊ.ʧʣ. 106-107Áʉ.  

FT-IR  (ɜmax, cm-1): 3286, 3166 (NH); 1643 (C=O); 1624 (C=N); 1362 (C=S).  

1H ʗʄʈ (400 ʄɻʮ, CDCl3): 8.73 (ʫ .h ʩ., 1H; NH); 7.42 (ʫ .h ʩ., 1H; NH); 5.89 (ʤ., 1H; 

ʉH); 5.22 (ʤ., 2H; ʉH2=ʉ); 4.30 (ʤ., 2H; NH-CH2); 3.50 (ʪ, 2ῒ2H; CH2(ʛʝʢʩʘʤʝʪʠʣʝʥʠʤʠʥ)-N); 2.11 

(ʩ., 3H; CH3); 1.8-1.5 (ʤ, 4ῒ2H; CH2(ʛʝʢʩʘʤʝʪʠʣʝʥʠʤʠʥ)). 
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13C ʗʄʈ (100 ʄɻʮ, CDCl3): 178.29 (C=S); 166.76 (C=O); 143.93 (C=N); 132.86 

(CH=CH2); 117.44 (CH2=); 46.98 (Cʘʣʣʠʣ.); 47.76, 45.38, 28.30, 27.00, 20.34 (C(ʛʝʢʩʘʤʝʪʠʣʝʥʠʤʠʥ)); 

14.10 (CH3). 

2.3.2.5 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ N-ʮʠʢʣʦʛʝʩʠʣ-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ 

(HL9) 

4-ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ HL9 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʝʘʢʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ 1 ʛ (0.0076 ʤʦʣʴ) ʠ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 1-

(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ 1.28 ʛ (0.0076 ʤʦʣʴ) (ʈʠʩʫʥʦʢ 2.12). ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʩʷ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʧʘʜʘʣ 

ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʘʥʦʣʘ ʠ ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. 
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ʈʠʩ. 2.12. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ N-ʮʠʢʣʦʛʝʩʠʣ-2-

ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ (HL 9) 

ʉʚʝʪʣʦ-ʞʝʣʪʳʡ ʦʩʘʜʦʢ (ɺʳʭʦʜ 80%). ʊ.ʧʣ. 193-195Áʉ.  

FT-IR (ɜmax, cm-1): 3327, 3284, 3172 (NH); 1640 (C=O); 1614 (C=N); 1365 (C=S).  

1H ʗʄʈ (400 ʄɻʮ, CDCl3): 8.61 (ʫ .hʩ., 1H, NH-CO); 7.49 (ʫ .hʩ., 1H, NH); 6.64 (ʜ, 

1H, NH); 5.95 (ʤ, 1H, CHʘʣʣʠʣ.); 5.31-5.18 (ʤ, 2H, ʉH2=C); 4.35 (ʪ, 2H, CH2); 3.79 (ʤ, 1H, 

CH(Cy)); 2.11 (ʩ, 3H, CH3); 1.97-1.07 (ʤ, 10H, 5ῒCH2(Cy)).  

13C ʗʄʈ (100 ʄɻʮ, CDCl3): 178.21 (C=S); 162.28 (C=O); 142.95 (C=N); 132.98 

(CH=CH2); 117.30 (CH2=); 48.69 (CH-NH); 47.11 (CH2-NH); 33.00, 25.45, 24.89 (CH2(Cy)); 

10.67 (CH3). 

2.3.2.6 ʉʠʥʪʝʟ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ N-(3-ʤʝʪʦʢʩʠʧʨʦʧʠʣ)-2-

ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ (HL10) 

4-ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ HL10 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʝʘʢʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ 1 ʛ (0.0076 ʤʦʣʴ) ʠ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 

N-(3-ʤʝʪʦʢʩʠʧʨʦʧʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ 1.21 ʛ (0.0076 ʤʦʣʴ) (ʈʠʩʫʥʦʢ 2.13). ʈʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʧʘʜʘʣ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʪʘʥʦʣʘ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 
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ʈʠʩ. 2.13. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ N-(3-ʤʝʪʦʢʩʠʧʨʦʧʠʣ)-2-

ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ (HL 10) 

ʉʚʝʪʣʦ-ʞʝʣʪʳʡ ʦʩʘʜʦʢ (ɺʳʭʦʜ 80%). ʊ.ʧʣ. 94-93Áʉ.  

FT-IR (ɜmax, cm-1): 3319, 3270, 3160 (NH); 1644 (C=O); 1618 (C=N); 1363 (C=S).  

1H ʗʄʈ (400 ʄɻʮ, CDCl3): 8.69 (ʫ .hʩ., 1H, NH-CO); 7.67 (ʫ .hʩ., 1H, NH); 7.60 

(ʫ .hʩ., 1H, NH); 5.92 (ʤ, 1H, CHʘʣʣʠʣ.); 5.26 (ʜ, 1H, ʉH2=C, J=16.4 ɻʮ); 5.20 (ʜ, 1H, ʉH2=C, 

J=9.8 ɻʮ); 4.35 (ʤ, 2H, CH2); 3.51 (ʪ, 2H, CH2); 3.42 (ʤ, 2H, CH2); 3.31 (c, 3H, OCH3); 2.10 (ʩ, 

3H, CH3); 1.80 (ʢʚʠʥʪʝʪ, 2H, CH2).  

13C ʗʄʈ (100 ʄɻʮ, CDCl3): 178.25 (C=S); 163.21 (C=O); 142.31 (C-CH3); 132.92 

(CHʘʣʣʠʣ.); 117.47 (CH2=); 72.32 (); 58.89 (CH3); 47.21 (CH2-CH); 38.72 (); 28.54 (); 10.48 (CH3-

C). 

2.4 ʉʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ ʩ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ H2L 1-4, HL 5-10 

2.4.1 ʉʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II ) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ (H2L
1-4, HL5-10) ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ 15 ʤʣ 

ʵʪʘʥʦʣʘ, ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʟʘʪʝʤ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʩʦʣʴ ʤʝʜʠ(II) (Cu(NO3)2Ŀ3H2O, CuCl2Ŀ2H2O, CuBr2, Cu(CH3COO)2ĿH2O, Cu(Cl2CHCOO)2) ʚ 

ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (ʈʠʩʫʥʦʢ 2.14). ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʠ 40 ʤʠʥʫʪ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʦʩʘʜʢʠ ʟʝʣʝʥʦʛʦ ʠ 

ʢʦʨʠʯʥʝʚʳʭ ʮʚʝʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ, ʧʨʦʤʳʪʳ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʪʘʥʦʣʘ ʠ ʚʳʩʫʰʝʥʳ ʥʘ ʚʦʟʜʫʭʝ. 

 

( ) ( )( ) ( )1,3,4 1,3,4

2 3 2 2 3 2 3 22
3 3H L Cu NO H O Cu H O HL NO mH O HNO m H Oè ø+ Ö ½½­ Ö + + -

ê ú
 

( ) ( )( )1 4 1 4

2 3 2 2 32
2H L Cu CH COO H O Cu H O L CH COOH- -è ø+ Ö ½½­ +

ê ú
 

( )5 10 5 10

2 2 2HL CuX nH O Cu L X HX nH O- -+ Ö ½½­ + +  

ʈʠʩ. 2.14. ʉʭʝʤʳ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II ) ʩ H2L1-4, HL 5-10 

(X= NO3
-, Cl-, Br -, OAc-, Cl2CHCOO-; n=0-3; m=0-2) 
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2.4.2 ʉʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʢʝʣʷ(II ) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ (HL5-10) ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ 25 ʤʣ ʵʪʘʥʦʣʘ, 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʟʘʪʝʤ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʦʣʴ 

ʥʠʢʝʣʷ(II) (Ni(NO3)2Ŀ6H2O, NiCl2Ŀ6H2O) ʚ ʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 1:1 ʠ 1:2 (ʈʠʩʫʥʦʢ 2.15). 

ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʠ 40 ʤʠʥʫʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ʇʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʦʩʘʜʢʠ ʟʝʣʝʥʦʛʦ ʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʦʪʬʠʣʴʪʨʦʚʘʥʳ, ʧʨʦʤʳʪʳ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʘʥʦʣʘ ʠ ʚʳʩʫʰʝʥʳ ʥʘ ʚʦʟʜʫʭʝ.  

( )5 10 5 10

2 2 2 22
2 6 6HL NiX H O Ni HL X H O- -è ø+ Ö ½½­ +

ê ú
 

( )7 7

2 2 26 6HL NiCl H O Ni L X HX H Oè ø+ Ö ½½­ + +
ê ú

 

ʈʠʩ. 2.15 ʉʭʝʤʳ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʢʝʣʷ(II ) ʩ HL 5-10, ʛʜʝ 

X=Cl-, NO3
- 

2.4.3 ʉʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʙʘʣʴʪʘ(II I ) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ (HL6,7,9) ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ 25 ʤʣ ʵʪʘʥʦʣʘ, 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʟʘʪʝʤ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʦʣʴ 

ʢʦʙʘʣʴʪʘ(II) (CoBr2Ŀ6H2O, CoCl2Ŀ6H2O, Co(NO3)2Ŀ6H2O) ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 

(ʈʠʩʫʥʦʢ 2.16). ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʠ 40 ʤʠʥʫʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ 

ʤʝʰʘʣʢʝ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʦʩʘʜʢʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʦʪʬʠʣʴʪʨʦʚʘʥʳ, ʧʨʦʤʳʪʳ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʘʥʦʣʘ ʠ ʚʳʩʫʰʝʥʳ ʥʘ ʚʦʟʜʫʭʝ. 

( )6,7,9 6,7,9

2 2 2 28 4 6 4 4 26HL CoX H O O Co L X HX H Oè ø+ Ö + ½½­ + +
ê ú

 

ʈʠʩ. 2.16. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʙʘʣʴʪʘ(III ) ʩ HL 6,7,9 

(X=Br -, Cl-, NO3
-) 

2.4.4 ʉʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ(II I ) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ (HL5,6,8,9) ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ 25 ʤʣ ʵʪʘʥʦʣʘ, 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʟʘʪʝʤ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʦʣʴ 

ʞʝʣʝʟʘ(III ) (FeCl3Ŀ6H2O, Fe(NO3)3Ŀ6H2O) ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 (ʈʠʩʫʥʦʢ 2.17). 

ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʠ 40 ʤʠʥʫʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ʇʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʦʩʘʜʢʠ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ, 

ʧʨʦʤʳʪʳ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʘʥʦʣʘ ʠ ʚʳʩʫʰʝʥʳ ʥʘ ʚʦʟʜʫʭʝ. 

( )5,6,8,9 5,6,8,9

3 2 22 6 2 6HL FeX H O Fe L X HX H Oè ø+ Ö ½½­ + +
ê ú

 

ʈʠʩ. 2.17. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ(III ) ʩ HL 5,6,8,9 

(X= Cl-, NO3
-) 
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2.4.5 ʉʠʥʪʝʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ(II ) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ (HL6) ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ 25 ʤʣ ʵʪʘʥʦʣʘ, 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʟʘʪʝʤ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʦʣʴ 

ʮʠʥʢʘ(II) (Zn(OAc)2Ŀ2H2O) ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 (ʈʠʩʫʥʦʢ 2.18). ʉʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʠ 40 ʤʠʥʫʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʦʩʘʜʢʠ ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ, ʧʨʦʤʳʪʳ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʘʥʦʣʘ ʠ ʚʳʩʫʰʝʥʳ ʥʘ ʚʦʟʜʫʭʝ. 

( ) ( )6 6

3 2 3 22 2
2 2 2 2HL Zn CH COO H O Zn L CH COOH H Oè ø+ Ö ½½­ + +

ê ú
 

ʈʠʩ. 2.18. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ(II ) ʩ HL 6 

2.5 ʉʠʥʪʝʟ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II ) ʩ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ H2L 1-4, HL 5-7 

2.5.1 ʄʝʪʦʜ I 

ʂ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ(II) 

([Cu(H2O)(HL1,4)]NO3, [Cu(H2O)(L1-4)], [Cu(L5-7)(NO3)]) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʝ ʦʩʥʦʚʘʥʠʝ ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (ʈʠʩʫʥʦʢ 2.19). ʉʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʚ ʪʝʯʝʥʠʠ 40 ʤʠʥʫʪ. ʇʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʦʩʘʜʢʠ ʟʝʣʝʥʦʛʦ ʠ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʦʪʬʠʣʴʪʨʦʚʘʥʳ, ʧʨʦʤʳʪʳ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʘʥʦʣʘ ʠ ʚʳʩʫʰʝʥʳ ʥʘ ʚʦʟʜʫʭʝ. 

( )( ) ()( )1,4 1,4

2 3 3 2Cu H O HL NO A Cu A HL NO H Oè ø è ø+ ½½­ +
ê ú ê ú

 

( )( ) ()( )5 7 5 7

3 3Cu L NO A Cu A L NO- -è ø è ø+ ½½­
ê ú ê ú

 

( )( ) ()( )1 4 1 4

2 2Cu H O L A Cu A L H O- -è ø è ø+ ½½­ +
ê ú ê ú

 

ʈʠʩ. 2.19 ʉʭʝʤʳ ʩʠʥʪʝʟʘ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʜʠ(II ) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ H2L1-4, HL 5-7 (ɸ=1,10-Phen, 2,2ô-Bpy, 3,5-Br2Py, 

3,4-Lut , 4-Pic, 3-Pic, Py, Im) 

2.5.2 ʄʝʪʦʜ II  

ʂ ʵʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ (H2L
2, HL6) 

ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʙʳʣ ʜʦʙʘʚʣʝʥ Cu(NO3)2Ŀ3H2O. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʚ 

ʪʝʯʝʥʠʠ ʧʦʣʫʯʘʩʘ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʡ ʘʤʠʥ ʚ 

ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1:1 (ʈʠʩʫʥʦʢ 2.20). ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ ʚ ʪʝʯʝʥʠʠ 40 ʤʠʥʫʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʦʩʘʜʢʠ ʟʝʣʝʥʦʛʦ 
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ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ, ʧʨʦʤʳʪʳ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʘʥʦʣʘ ʠ 

ʚʳʩʫʰʝʥʳ ʥʘ ʚʦʟʜʫʭʝ. 

( ) ()( )2 2

2 3 2 3 3 22
3 3H L Cu NO H O A Cu A HL NO HNO H Oè ø+ Ö + ½½­ + +

ê ú
 

( ) ()( )( )6 6

3 2 3 22 2
3 3HL Cu NO H O A Cu A HL NO H Oè ø+ Ö + ½½­ +

ê ú
 

ʈʠʩ. 2.20 ʉʭʝʤʳ ʩʠʥʪʝʟʘ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʜʠ(II ) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ H2L2, HL 6 (ɸ=1,10-Phen, 2,2ô-Bpy) 

2.6 ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʘʥʘʣʠʟʘ 

2.6.1 ʄʝʪʦʜʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

2.6.1.1 ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 1H, 13C  

ʉʧʝʢʪʨʳ ʷʜʝʨʥʦ-ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 1H, 13C ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ BRUKER DRX-400 ʚ ʀʥʩʪʠʪʫʪʝ 

ʍʠʤʠʠ. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʠʟʤʝʨʝʥʳ ʚ ppm ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʪʨʘʤʝʪʠʣʩʠʣʘʥʘ (ʊʄʉ), ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: C3H6O-d6 ʠ CDCl3. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Spin Works v. 4. 

2.6.1.2 ʉʧʝʢʪʨʦʩʢʦʧʠʷ FT-IR.  

ʉʧʝʢʪʨʳ FT-IR ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

BRUKER ALPHA, ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 4000-400 ʩʤ-1, ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ çʇʝʨʝʜʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʙʠʦʬʘʨʤʘʮʝʚʪʠʢʠ ʠ ʪʝʭʥʠʢʠè ʄʦʣʜʘʚʩʢʦʛʦ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ OPUS v. 7.5. 

2.6.2 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

2.6.2.1 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ.  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

Xcalibur-Gemini ā,Oxford Diffractionôô, ʩ ʛʨʘʬʠʪʦʚʳʤ ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ, ʩʥʘʙʞʝʥʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʠʧʘ Mo-KŬ ʚ ʀʥʩʪʠʪʫʪʝ ʇʨʠʢʣʘʜʥʦʡ ʌʠʟʠʢʠ.  

2.6.2.2 ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʝ ʚʝʱʝʩʪʚʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ/ʤʝʪʘʥʦʣʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1Ŀ10-3ʄ. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʩ ʧʣʘʪʠʥʦʚʳʤʠ 

ʵʣʝʢʪʨʦʜʘʤʠ ʩ ʧʦʤʦʱʴʶ ʨʝʦʭʦʨʜʥʦʛʦ ʤʦʩʪʘ ʈ-38 [132-133]. 
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2.6.2.3 ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʧʠʣʣʷʨʥʳʤ ʤʝʪʦʜʦʤ. ʅʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʠ ʚʳʩʫʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʤʝʱʘʶʪ ʚ ʩʪʝʢʣʷʥʥʳʡ ʢʘʧʠʣʣʷʨ 

ʜʠʘʤʝʪʨʦʤ 0.8-1.0 ʤʤ, ʜʣʠʥʦʡ 45-50 ʤʤ, ʟʘʧʘʷʥʥʳʡ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ. ʇʨʠ ʟʘʧʦʣʥʝʥʠʠ 

ʢʘʧʠʣʣʷʨʘ ʝʛʦ ʦʪʢʨʳʪʳʡ ʢʦʥʝʮ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʛʨʫʞʘʶʪ ʚ ʚʝʱʝʩʪʚʦ, ʧʦʤʝʱʝʥʥʦʝ ʥʘ 

ʯʘʩʦʚʦʝ ʩʪʝʢʣʦ. ɿʘʧʦʣʥʝʥʥʳʤ ʢʦʥʮʦʤ ʧʦʩʪʫʢʠʚʘʶʪ ʦ ʪʚʝʨʜʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦʙʳ ʚʝʱʝʩʪʚʦ 

ʩʤʝʩʪʠʣʦʩʴ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʢʘʧʠʣʣʷʨʘ. ɼʣʷ ʫʧʣʦʪʥʝʥʠʷ ʚʝʱʝʩʪʚʘ ʥʘʧʦʣʥʝʥʥʳʡ ʢʘʧʠʣʣʷʨ 

ʙʨʦʩʘʶʪ ʚʥʠʟ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʫʶ ʪʨʫʙʢʫ 10-15 ʨʘʟ. ɺʳʩʦʪʘ ʩʪʦʣʙʠʢʘ ʚʝʱʝʩʪʚʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʝ ʤʝʥʝʝ 4-5 ʤʤ. ʂʘʧʠʣʣʷʨ ʟʘʢʨʝʧʣʷʶʪ ʥʘ ʪʝʨʤʦʤʝʪʨʝ, ʥʘ ʫʨʦʚʥʝ ʨʪʫʪʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ 

ʪʝʨʤʦʤʝʪʨʘ. 

2.6.2.4 ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʂ 10 ʤʛ ʨʘʩʪʝʨʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʙʠʨʢʝ ʧʨʠʙʘʚʣʷʶʪ 1.0 ʤʣ ʚʦʜʳ ʠ ʥʝʧʨʝʨʳʚʥʦ 

ʚʩʪʨʷʭʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ (20 Ñ 2) ÜC. ɽʩʣʠ ʚʝʱʝʩʪʚʦ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ, ʪʦ ʨʘʩʪʚʦʨ 

ʥʘʛʨʝʚʘʝʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʜʦ 400ʉ. ɽʩʣʠ ʚ ʪʝʯʝʥʠʠ 5 ʤʠʥ 

ʚʝʱʝʩʪʚʦ ʥʝ ʨʘʩʪʚʦʨʠʣʦʩʴ, ʪʦ ʜʦʙʘʚʣʷʝʪʩʷ ʥʦʚʘʷ ʧʦʨʮʠʷ ʚʦʜʳ (1, 2, 5, 10 ʤʣ) ʠ ʦʧʝʨʘʮʠʷ 

ʧʦʚʪʦʨʷʝʪʩʷ. ɽʩʣʠ ʚʩʝ ʚʝʱʝʩʪʚʦ ʨʘʩʪʚʦʨʠʣʦʩʴ, ʪʦ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʶʪ ʜʦ 20Üʉ, ʜʘʶʪ 

ʧʦʩʪʦʷʪʴ 10 ʤʠʥ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʩʪʨʷʭʠʚʘʷ. ɽʩʣʠ ʢʨʠʩʪʘʣʣʳ ʚʝʱʝʩʪʚʘ ʥʝ ʧʦʷʚʠʣʠʩʴ, ʟʥʘʯʠʪ 

ʜʘʥʥʘʷ ʥʘʚʝʩʢʘ ʚʝʱʝʩʪʚʘ ʨʘʩʪʚʦʨʠʣʘʩʴ ʚ ʜʘʥʥʦʤ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʥʘʚʝʩʢʠ ʢ ʩʫʤʤʘʨʥʦʤʫ ʦʙʲʝʤʫ ʜʦʙʘʚʣʝʥʥʦʡ ʚʦʜʳ [134]. 

2.6.3 ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ [135] 

2.6.3.1 ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʤʝʜʠ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ [136]. ʇʨʦʚʦʜʠʣʠ ʦʢʠʩʣʝʥʠʝ ʥʘʚʝʩʢʠ ʚʝʱʝʩʪʚʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʩʤʝʩʴʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʝʨʥʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʩʫʣʴʬʘʪ ʤʝʜʠ(II) 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʚʦʜʝ ʠ ʧʝʨʝʥʦʩʠʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ. ʇʦʩʣʝ ʯʝʛʦ ʢ ʘʣʠʢʚʦʪʝ ʨʘʩʪʚʦʨʘ ʜʦʙʘʚʣʷʶʪ 

ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ (ʜʦ pH=9-10) ʠ ʠʥʜʠʢʘʪʦʨ ï ʤʫʨʝʢʩʠʜ (ʘʤʤʠʘʯʥʘʷ ʩʦʣʴ 

5,5'-ʥʠʪʨʠʣʦʜʠʙʘʨʙʠʪʫʨʦʚʦʡ (ʧʫʨʧʫʨʦʚʦʡ) ʢʠʩʣʦʪʳ). ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʷʪ ʨʘʩʪʚʦʨʦʤ 

ʕɼʊɸ ʜʦ ʠʟʤʝʥʝʥʠʷ ʦʢʨʘʩʢʠ ʩ ʞʝʣʪʦʡ ʜʦ ʬʠʦʣʝʪʦʚʦʡ. 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʝʜʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.1: 
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ʛʜʝ Vʕɼʊɸ  - ʦʙʲʝʤ ʪʠʪʨʘʥʪʘ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʪʠʪʨʦʚʘʥʠʷ ʘʣʠʢʚʦʪʥʦʡ 

ʯʘʩʪʠ ʨʘʩʪʚʦʨʘ (ʤʣ); ʉʕɼʊɸ  - ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʠʪʨʘʥʪʘ (ʤʦʣʴ/ʣ); Vʘʣ ï ʦʙʲʝʤ ʘʣʠʢʚʦʪʳ (ʤʣ); 

Vʢ ï ʦʙʲʝʤ ʢʦʣʙʳ (ʤʣ); ʄ(Cu) ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʤʝʜʠ (ʛ/ʤʦʣʴ); mʥʘʚʝʩʢʠ ï ʤʘʩʩʘ ʥʘʚʝʩʢʠ 

ʚʝʱʝʩʪʚʘ (ʛ). 

2.6.3.2 ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʙʘʣʴʪʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [137]. ʅʘʚʝʩʢʘ ʚʝʱʝʩʪʚʘ ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʤʝʩʴʶ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʘʟʦʪʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ. ʆʙʨʘʟʦʚʘʚʰʝʝʩʷ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ ʠ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ. ʇʦʩʣʝ ʯʝʛʦ ʢ ʘʣʠʢʚʦʪʝ ʨʘʩʪʚʦʨʘ 

ʜʦʙʘʚʣʷʶʪ ʠʥʜʠʢʘʪʦʨ (ʤʫʨʝʢʩʠʜ) ʠ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ (ʜʦ pH=9-10, 

ʧʦʷʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦ ʞʝʣʪʦʡ ʦʢʨʘʩʢʠ). ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʷʪ ʨʘʩʪʚʦʨʦʤ ʕɼʊɸ ʜʦ 

ʠʟʤʝʥʝʥʠʷ ʦʢʨʘʩʢʠ ʩ ʞʝʣʪʦʡ ʜʦ ʬʠʦʣʝʪʦʚʦʡ. 

ɺʳʯʠʩʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʢʦʙʘʣʴʪʘ ʚ ʚʝʱʝʩʪʚʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.2: 
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ʛʜʝ Vʕɼʊɸ  - ʦʙʲʝʤ ʪʠʪʨʘʥʪʘ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʪʠʪʨʦʚʘʥʠʷ ʘʣʠʢʚʦʪʥʦʡ 

ʯʘʩʪʠ ʨʘʩʪʚʦʨʘ (ʤʣ); ʉʕɼʊɸ  - ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʠʪʨʘʥʪʘ (ʤʦʣʴ/ʣ); Vʘʣ ï ʦʙʲʝʤ ʘʣʠʢʚʦʪʳ (ʤʣ); 

Vʢ ï ʦʙʲʝʤ ʢʦʣʙʳ (ʤʣ); ʄ(Co) ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʢʦʙʘʣʴʪʘ (ʛ/ʤʦʣʴ); mʥʘʚʝʩʢʠ ï ʤʘʩʩʘ ʥʘʚʝʩʢʠ 

ʚʝʱʝʩʪʚʘ (ʛ). 

2.6.3.3 ʆʧʨʝʜʝʣʝʥʠʝ ʞʝʣʝʟʘ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʞʝʣʝʟʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ [138]. ʅʘʚʝʩʢʘ ʚʝʱʝʩʪʚʘ ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʤʝʩʴʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʘʟʦʪʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ. ʆʙʨʘʟʦʚʘʚʰʝʝʩʷ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ ʠ 

ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ. ʂ ʘʣʠʢʚʦʪʝ ʨʘʩʪʚʦʨʘ ʜʦʙʘʚʣʷʶʪ ʠʥʜʠʢʘʪʦʨ 

ʩʫʣʴʬʦʩʘʣʠʮʠʣʦʚʫʶ ʢʠʩʣʦʪʫ ʠ ʪʠʪʨʫʶʪ ʩʪʘʥʜʘʨʪʥʳʤ ʨʘʩʪʚʦʨʦʤ ʕɼʊɸ ʧʨʠ pH=2-3. 

ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʷʪ ʨʘʩʪʚʦʨʦʤ ʕɼʊɸ ʜʦ ʠʟʤʝʥʝʥʠʷ ʦʢʨʘʩʢʠ ʩ ʢʨʘʩʥʦ-ʬʠʦʣʝʪʦʚʦʡ ʜʦ 

ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ. 

ɺʳʯʠʩʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʞʝʣʝʟʘ ʚ ʚʝʱʝʩʪʚʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.3: 
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ʛʜʝ Vʕɼʊɸ  - ʦʙʲʝʤ ʪʠʪʨʘʥʪʘ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʪʠʪʨʦʚʘʥʠʷ ʘʣʠʢʚʦʪʥʦʡ 

ʯʘʩʪʠ ʨʘʩʪʚʦʨʘ (ʤʣ); ʉʕɼʊɸ  - ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʠʪʨʘʥʪʘ (ʤʦʣʴ/ʣ); Vʘʣ ï ʦʙʲʝʤ ʘʣʠʢʚʦʪʳ(ʤʣ); Vʢ 

ï ʦʙʲʝʤ ʢʦʣʙʳ (ʤʣ); ʄ(Fe) ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʞʝʣʝʟʘ (ʛ/ʤʦʣʴ); mʥʘʚʝʩʢʠ ï ʤʘʩʩʘ ʥʘʚʝʩʢʠ 

ʚʝʱʝʩʪʚʘ (ʛ). 
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2.6.3.4 ʆʧʨʝʜʝʣʝʥʠʝ ʥʠʢʝʣʷ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʥʠʢʝʣʷ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ [139]. ʅʘʚʝʩʢʘ ʚʝʱʝʩʪʚʘ ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʤʝʩʴʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʘʟʦʪʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ. ʆʙʨʘʟʦʚʘʚʰʝʝʩʷ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ ʠ 

ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ. ʇʦʩʣʝ ʯʝʛʦ, ʢ ʘʣʠʢʚʦʪʝ ʨʘʩʪʚʦʨʘ ʜʦʙʘʚʣʷʶʪ ʠʥʜʠʢʘʪʦʨ 

(ʤʫʨʝʢʩʠʜ) ʠ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ (ʜʦ pH=9-10), ʧʦʷʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦ 

ʞʝʣʪʦʡ ʦʢʨʘʩʢʠ. ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʷʪ ʨʘʩʪʚʦʨʦʤ ʕɼʊɸ ʜʦ ʠʟʤʝʥʝʥʠʷ ʦʢʨʘʩʢʠ ʩ ʞʝʣʪʦʡ 

ʜʦ ʬʠʦʣʝʪʦʚʦʡ. 

ɺʳʯʠʩʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʥʠʢʝʣʷ ʚ ʚʝʱʝʩʪʚʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.4: 
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(2.4) 

ʛʜʝ Vʕɼʊɸ  - ʦʙʲʝʤ ʪʠʪʨʘʥʪʘ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʪʠʪʨʦʚʘʥʠʷ ʘʣʠʢʚʦʪʥʦʡ 

ʯʘʩʪʠ ʨʘʩʪʚʦʨʘ (ʤʣ); ʉʕɼʊɸ  - ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʠʪʨʘʥʪʘ (ʤʦʣʴ/ʣ); Vʘʣ ï ʦʙʲʝʤ ʘʣʠʢʚʦʪʳ (ʤʣ); 

Vʢ ï ʦʙʲʝʤ ʢʦʣʙʳ (ʤʣ); ʄ(Ni) ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʥʠʢʝʣʷ (ʛ/ʤʦʣʴ); mʥʘʚʝʩʢʠ ï ʤʘʩʩʘ ʥʘʚʝʩʢʠ 

ʚʝʱʝʩʪʚʘ (ʛ). 

2.6.3.5 ʆʧʨʝʜʝʣʝʥʠʝ ʮʠʥʢʘ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʮʠʥʢʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [140]. ʅʘʚʝʩʢʘ ʚʝʱʝʩʪʚʘ ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʩʤʝʩʴʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʘʟʦʪʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ. ʆʙʨʘʟʦʚʘʚʰʝʝʩʷ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ 

(ʩʫʣʴʬʘʪ ʮʠʥʢʘ(II)) ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ ʠ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ. ʇʦʩʣʝ ʯʝʛʦ ʢ 

ʘʣʠʢʚʦʪʝ ʨʘʩʪʚʦʨʘ ʜʦʙʘʚʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ (ʜʦ pH=9-10) ʠ ʠʥʜʠʢʘʪʦʨ 

ï ʵʨʠʦʭʨʦʤ ʯʝʨʥʳʡ ʊ. ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʷʪ ʨʘʩʪʚʦʨʦʤ ʕɼʊɸ ʜʦ ʠʟʤʝʥʝʥʠʷ ʦʢʨʘʩʢʠ ʩ 

ʚʠʥʥʦ-ʢʨʘʩʥʦʡ ʜʦ ʛʦʣʫʙʦʡ. 

ɺʳʯʠʩʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʮʠʥʢʘ ʚ ʚʝʱʝʩʪʚʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2.5: 
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(2.5) 

ʛʜʝ Vʕɼʊɸ  - ʦʙʲʝʤ ʪʠʪʨʘʥʪʘ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʪʠʪʨʦʚʘʥʠʷ ʘʣʠʢʚʦʪʥʦʡ 

ʯʘʩʪʠ ʨʘʩʪʚʦʨʘ (ʤʣ); ʉʕɼʊɸ  - ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʠʪʨʘʥʪʘ (ʤʦʣʴ/ʣ); Vʘʣ ï ʦʙʲʝʤ ʘʣʠʢʚʦʪʳ (ʤʣ); 

Vʢ ï ʦʙʲʝʤ ʢʦʣʙʳ (ʤʣ); ʄ(Zn) ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʮʠʥʢʘ (ʛ/ʤʦʣʴ); mʥʘʚʝʩʢʠ ï ʤʘʩʩʘ ʥʘʚʝʩʢʠ 

ʚʝʱʝʩʪʚʘ (ʛ). 

2.6.4 ʂʦʣʦʥʦʯʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢʦʣʦʥʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʣʘʞʥʳʡ ʤʝʪʦʜ ï ʙʳʣʘ ʧʨʠʛʦʪʦʚʣʝʥʘ 

ʩʫʩʧʝʥʟʠ ̫ʠʟ ʵʣʶʝʥʪʘ ʩ ʧʦʨʦʰʢʦʤ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʳ, ʘ ʟʘʪʝʤ ʜʘʥʥʘʷ ʩʫʩʧʝʥʟʠʷ ʙʳʣʘ 

ʧʝʨʝʥʝʩʝʥʘ ʚ ʢʦʣʦʥʢʫ, ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʪʝʢʣʷʥʥʫʶ ʪʨʫʙʢʫ [141]. ʕʣʶʝʥʪ ʤʝʜʣʝʥʥʦ 
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ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʈʘʟʣʠʯʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʫʜʝʨʞʠʚʘʶʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ ʠ ʦʪʜʝʣʷʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʦʢʘ ʦʥʠ 

ʧʨʦʭʦʜʷʪ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩ ʵʣʶʝʥʪʦʤ. ɺ ʢʦʥʮʝ ʢʦʣʦʥʢʠ ʦʥʠ ʵʣʶʠʨʫʶʪʩʷ 

ʧʦ ʦʜʥʦʤʫ. ɺ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʩʦʙʠʨʘʶʪ ʩʝʨʠʶ ʬʨʘʢʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʤʝʩʴ ʵʪʠʣʘʮʝʪʘʪʘ ʠ ʛʝʢʩʘʥʘ (1:1). 

2.6.5 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

2.6.5.1 ʇʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʠ 

ʇʨʦʪʠʚʦʤʠʢʨʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʩʪʠʨʦʚʘʣʠ ʚ ʦʪʥʦʰʝʥʠʠ Staphylococcus aureus (ɸʊʉʉ 

25923), Escherichia coli (ATCC 25922), Acinetobacter baumannii (ATCC BAA-747), 

Enterobacter cloacae (ATCC 13047), Pseudomonas aeruginosa (ATCC 853), Bacillus cereus 

(ATCC 11778), Baʩillus subtilis (ATCC 6633), Enterococcus faecium (ATCC 6569). 

ʇʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ʪʝʩʪʠʨʦʚʘʣʠ ʚ ʦʪʥʦʰʝʥʠʠ Candida albicans (ATCC 10231), 

Candida krusei (ATCC 6258), Candida parapsilosis (ATCC 22019), Cryptococcus neoformans 

(ATCC 34877). ʄʠʥʠʤʘʣʴʥʳʝ ʠʥʛʠʙʠʨʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʄʀʂ, ʤʢʛ/ʤʣ), ʤʠʥʠʤʘʣʴʥʳʝ 

ʙʘʢʪʝʨʠʮʠʜʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʄɹʂ, ʤʢʛ/ʤʣ) ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʬʫʥʛʠʮʠʜʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

(ʄʌʂ, ʤʢʛ/ʤʣ) ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʩʝʨʠʡʥʳʭ ʨʘʟʚʝʜʝʥʠʡ ʚ ʞʠʜʢʦʤ ʙʫʣʴʦʥʝ [142]. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 96-ʣʫʥʦʯʥʳʝ ʧʣʘʥʰʝʪʳ, ʩʫʩʧʝʥʟʠʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (0,5 McFarland), ʙʫʣʴʦʥ ʄʶʣʣʝʨʘ-ʍʠʥʪʦʥʘ (Merck) ʠ ʠʩʭʦʜʥʳʝ ʨʘʩʪʚʦʨʳ 

ʢʘʞʜʦʛʦ ʪʝʩʪʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ. ɺ 96-ʣʫʥʦʯʥʳʭ ʧʣʘʥʰʝʪʘʭ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʧʳʪʫʝʤʳʭ ʚʝʱʝʩʪʚ: 1024, 512, 256, 128, 64, 32, 16, 8, 

4 ʠ 2 ʤʛ/ʤʣ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʧʨʠ 37Áʉ ʚ ʪʝʯʝʥʠʝ 18ï24 ʯ ʄʀʂ ʜʣʷ ʢʘʞʜʦʛʦ ʠʩʧʳʪʫʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʤʠʢʨʦʙʥʳʤ ʨʦʩʪʦʤ. ʕʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʫʥʢʝ ʩ ʥʘʠʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʩʧʳʪʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʛʜʝ ʤʠʢʨʦʙʥʳʡ 

ʨʦʩʪ ʙʳʣ ʷʚʥʦ ʧʦʜʘʚʣʝʥ. 

2.6.5.2 ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ABTSÅ+ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ 

ʚ [143] ʩ ʥʝʢʦʪʦʨʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ. ʂʘʪʠʦʥ-ʨʘʜʠʢʘʣʳ ABTSÅ+ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 7 ʤʄ ʨʘʩʪʚʦʨʘ ABTS (2,2ô-ʘʟʠʥʦ-ʙʠʩ(3-ʵʪʠʣʙʝʥʟʦʪʠʘʟʦʣʠʥ-6-

ʩʫʣʴʬʦʢʠʩʣʦʪʘ)) ʩʦ 140 ʤʄ ʨʘʩʪʚʦʨʘ ʧʝʨʩʫʣʴʬʘʪʘ ʢʘʣʠʷ (K2S2O8) ʧʨʠ 25Áʉ ʚ ʪʝʤʥʦʪʝ ʚ 

ʪʝʯʝʥʠʝ 12ï20 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʙʘʚʣʷʣʠ ʘʮʝʪʘʪʥʦ-ʩʦʣʝʚʳʤ 

ʙʫʬʝʨʦʤ (0.02 ʄ, ʨʅ 6.5) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ 0.70 Ñ 0.01 AU ʧʨʠ 734 ʥʤ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʚʝʱʝʩʪʚʘ ʨʘʩʪʚʦʨʷʣʠ ʚ ɼʄʉʆ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1, 

10 ʠ 100 ʤʢʄ. ʇʦʩʣʝ ʵʪʦʛʦ 20 ʤʢʣ ʢʘʞʜʦʛʦ ʨʘʩʪʚʦʨʘ ʪʝʩʪʠʨʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʥʦʩʠʣʠ 
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ʚ 96-ʣʫʥʦʯʥʳʡ ʪʠʪʨʘʮʠʦʥʥʳʡ ʤʠʢʨʦʧʣʘʥʰʝʪ, ʜʦʙʘʚʣʷʣʠ 180 ʤʢʣ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ABTSÅ+ 

ʠ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ. ʉʥʠʞʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 734 ʥʤ ʠʟʤʝʨʷʣʠ ʯʝʨʝʟ 30 ʤʠʥ ʠʥʢʫʙʘʮʠʠ 

ʧʨʠ 25Áʉ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʪʨʝʭʢʨʘʪʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ɼʄʉʆ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʛʠʙʨʠʜʥʤr ʤʫʣʴʪʠ-ʨʝʞʠʤʥʳʤ ʨʠʜʝʨʦʤ 

Synergy H1, BioTek. ɿʥʘʯʝʥʠʷ IC50 ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ ʍʠʣʣʘ. 

2.7 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

1. ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʯʝʪʳʨʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ (H2L
1-4), ʠʭ ʩʪʨʦʝʥʠʝ ʠ ʯʠʩʪʦʪʘ ʧʦʜʪʚʝʨʞʜʝʥʳ ʩʧʝʢʪʨʘʤʠ ʀʂ, ʗʄʈ 1H, 13C 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ. 

2. ɹʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 6 ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝʤ ʭʘʨʘʢʪʝʨʥʳʭ ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʘʭ FT-IR. 

3. ɹʳʣʦ ʧʦʣʫʯʝʥʦ 6 ʥʦʚʳʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ 

(HL5-10) ʠʭ ʩʪʨʦʝʥʠʝ ʠ ʯʠʩʪʦʪʘ ʧʦʜʪʚʝʨʞʜʝʥʳ ʩʧʝʢʪʨʘʤʠ FT-IR, ʗʄʈ 1H, 13C ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ. 

4. ɹʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 89 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷ Cu(II), Ni(II), Co(III), Fe(III), 

Zn(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ  (H2L
1-4, HL5-10), ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʘʥʘʣʠʟ ʥʘ ʤʝʪʘʣʣ, ʠʟʤʝʨʝʥʘ ʤʦʣʷʨʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ 

FT-IR.  
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3. ʉʄɽʐɸʅʅʆʃʀɻɸʅɼʅʓɽ ʂʆʆʈɼʀʅɸʎʀʆʅʅʓɽ 

ʉʆɽɼʀʅɽʅʀʗ ʄɽɼʀ(II) ʉ 4-ɸʃʃʀʃʊʀʆʉɽʄʀʂɸʈɹɸɿʆʅɸʄʀ 

ʇʈʆʀɿɺʆɼʅʓʍ ʉɸʃʀʎʀʃʆɺʆɻʆ ɸʃʔɼɽɻʀɼɸ 

ʉʘʣʠʮʠʣʦʚʳʡ ʘʣʴʜʝʛʠʜ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʦʙʨʘʟʫʶʪ ʚʳʩʦʢʦ ʩʪʘʙʠʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʠʦʥʘʤʠ ʤʝʜʠ ʚ ʨʘʩʪʚʦʨʝ [144], ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) ʩ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʟʘʯʘʩʪʫʶ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴ, 

ʪʘʢ ʢʘʢ ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʣʠʛʘʥʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʠʥʝʨʛʠʟʤʫ 

ʠ ʧʦʚʳʰʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʩʘʣʠʮʠʣʠʜʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʪʘʢʠʭ ʢʘʢ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʘ, ʤʝʪʦʢʩʠ-ʛʨʫʧʧʘ, ʘʪʦʤʳ ʙʨʦʤʘ, ʘ 

ʪʘʢʞʝ ʟʘʤʝʥʘ ʦʩʪʘʪʢʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʥʘ ʦʩʪʘʪʦʢ 2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʘ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʢ ʦʙʨʘʟʫʶʱʠʭʩʷ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ, ʪʘʢ ʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʩ ʜʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [118]. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩʠʥʪʝʟ, ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʩ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʟʘʤʝʱʝʥʥʳʤʠ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 2-ʛʠʜʨʦʢʩʠ-1-

ʥʘʬʪʘʣʴʜʝʛʠʜʘ. 

3.1 ʉʠʥʪʝʟ ʠ ʩʪʨʫʢʪʫʨʘ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʜʠ(II ) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʧʨʦʠʟʚʦʜʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, 

ʩʦʜʝʨʞʘʱʠʭ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ. 

4-ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (H2L
1) 2,4-

ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (H2L
2), 3,5-ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (H2L

3), ʠ 2-ʛʠʜʨʦʢʩʠ-

1-ʥʘʬʪʘʣʴʜʝʛʠʜʘ (H2L
4) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʘʢʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʣʴʜʝʛʠʜʘ ʚ ʤʦʣʷʨʥʦʤ ʦʪʥʦʰʝʥʠʠ 1:1 ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚ ʵʪʘʥʦʣʝ. ʇʦʣʫʯʝʥʥʳʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʙʳʣʠ ʦʯʠʱʝʥʳ ʧʫʪʝʤ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʵʪʘʥʦʣʘ.  

ʉʪʨʦʝʥʠʝ ʠ ʯʠʩʪʦʪʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʤʝʪʦʜʦʤ 1H ʠ 13ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʳ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʭ 

ʧʣʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [118]. 

ʊʘʢ ʢʘʢ ʨʘʥʝʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʠʪʨʘʪʦʤ ʤʝʜʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ-

ʵʣʝʢʪʨʦʣʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʠ 

ʥʠʪʨʘʪ-ʠʦʥ, ʘ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʜʚʘʞʜʳ 



73 

ʜʝʧʨʦʪʦʥʠʨʫʝʪʩʷ ʠ ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ-ʥʝʵʣʝʢʪʨʦʣʠʪʳ, ʪʦ ʜʣʷ ʩʠʥʪʝʟʘ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ, ʩʥʘʯʘʣʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩ 

ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʠ ʜʚʘʞʜʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ H2L
1-4. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʧʨʦʠʟʚʦʜʥʳʭ 

ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ H2L
1-4 ʩ ʤʦʥʦʛʠʜʨʘʪʦʤ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) ʚ ʤʦʣʷʨʥʦʤ ʦʪʥʦʰʝʥʠʠ 1:1 

ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ Cu(L1-4)ĿH2O, ʘ ʚ ʩʣʫʯʘʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʪʨʠʛʠʜʨʘʪʦʤ ʥʠʪʨʘʪʘ ʤʝʜʠ(II) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ Cu(HL1-4)NO3ĿnH2O (n=0-

3). ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʥʘ ʬʠʣʴʪʨʝ ʐʦʪʪʘ ʠ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʧʦʤʠʤʦ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʥʦʛʦ ʣʠʛʘʥʜʘ ʪʘʢʞʝ ʠ ʨʘʟʣʠʯʥʳʝ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ. ɼʣʷ 

ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʳ Cu(L1-4)ĿH2O ʠ Cu(HL1-4)NO3ĿnH2O ʨʘʩʪʚʦʨʷʣʠʩʴ ʚ ʵʪʘʥʦʣʝ ʠ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʦʩɹ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʝ ʦʩʥʦʚʘʥʠʝ 

(ʧʠʨʠʜʠʥ, 3-ʧʠʢʦʣʠʥ, 4-ʧʠʢʦʣʠʥ, 3,4-ʣʫʪʠʜʠʥ, 3,5-ʜʠʙʨʦʤʧʠʨʠʜʠʥ, ʠʤʠʜʘʟʦʣ, 2,2ô-

ʙʠʧʠʨʠʜʠʥ, 1,10-ʬʝʥʘʥʪʨʦʣʠʥ) ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ʆʙʨʘʟʫʶʱʘʷʩʷ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʠ 30-40 ʤʠʥ, ʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠʟ ʨʘʩʪʚʦʨʘ 

ʚr ʧʘʜʘʣʠ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʦʪʪʝʥʢʦʚ ʢʦʨʠʯʥʝʚʦʛʦ ʠʣʠ ʟʝʣʝʥʦʛʦ 

ʮʚʝʪʦʚ, ʢʦʪʦʨʳʡ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠʩʴ ʥʘ ʬʠʣʴʪʨʝ ʐʦʪʪʘ. ʇʨʦʤʳʚʘʣʠʩʴ ʥʝʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʘʥʦʣʘ ʠ ʚʳʩʫʰʠʚʘʣʠʩʴ ʥʘ ʚʦʟʜʫʭʝ. 

ʂʨʦʤʝ ʚʳʰʝ ʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ N-

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʪʦʨʦʡ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʣʩʷ 

ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚ ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʧʨʦʠʟʚʦʜʥʳʭ 

ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ H2L
1-4 c ʤʦʥʦʛʠʜʨʘʪʦʤ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) ʠʣʠ ʪʨʠʛʠʜʨʘʪʦʤ ʥʠʪʨʘʪʘ 

ʤʝʜʠ(II) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 2,2ô-ʙʠʧʠʨʠʜʠʥʘ ʠʣʠ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1:1, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʩʣʝ ʥʘʛʨʝʚʘʥʠʷ ʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 30-40 ʤʠʥ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʦʪʪʝʥʢʦʚ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. ɼʣʷ ʜʘʥʥʳʭ 

ʚʝʱʝʩʪʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʤʝʜʴ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʩʦʩʪʘʚ [Cu(A)(HL2-

4)]NO3 ʠ [Cu(A)(L1-4)], ʛʜʝ A - 1,10-ʬʝʥʘʥʪʨʦʣʠʥ, 2,2ô-ʙʠʧʠʨʠʜʠʥ, 3,5-ʜʠʙʨʦʤʧʠʨʠʜʠʥ, 3,4-

ʣʫʪʠʜʠʥ, 4-ʧʠʢʦʣʠʥ, 3-ʧʠʢʦʣʠʥ, ʧʠʨʠʜʠʥ ʠ ʠʤʠʜʘʟʦʣ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʣʷʨʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʢʦʤʧʣʝʢʩʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) ʷʚʣʷʶʪʩʷ ʥʝʵʣʝʢʪʨʦʣʠʪʘʤʠ, ʘ ʢʦʤʧʣʝʢʩʳ 

ʥʠʪʨʘʪʘ ʤʝʜʠ(II) ï ʵʣʝʢʪʨʦʣʠʪʳ ʪʠʧʘ 1:1. 
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ʊʘʙʣʠʮʘ 3.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʜʠ(II ) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ H2L1-4 

 ̄ ɺʝʱʝʩʪʚʦ ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ 

ɺʳ

ʭʦʜ, 

% 

ɸʥʘʣʠʟ ʥʘ ʤʝʜʴ (ɤ,%) ɚ, 

ʆʤ-1 

Ŀʩʤ2Ŀʤʦʣʴ-1 
ʅʘʡʜʝʥʦ ɺʳʯʠʩʣʝʥʦ 

1 [Cu(1,10-Phen)(HL1)]NO3 C24H24CuN6O5S 89 11.13 11.11 69 

2 [Cu(2,2ô-Bpy)(HL1)]NO3 C22H22CuN6O5S 72 11.23 11.64 95 

3 [Cu(3,5-Br2Py)(HL1)]NO3 C17H17Br2CuN5O5S 79 10.37 10.14 82 

4 [Cu(3,4-Lut)(HL1)]NO3 C19H23CuN5O5S 82 12.90 12.79 75 

5 [Cu(4-Pic)(HL1)]NO3 C18H21CuN5O5S 78 13.07 13.16 65 

6 [Cu(3-Pic)(HL1)]NO3 C18H21CuN5O5S 82 13.45 13.16 78 

7 [Cu(Py)(HL1)]NO3 C17H19CuN5O5S 78 13.71 13.55 76 

8 [Cu(Im)(HL1)]NO3 C15H18CuN6O5S 75 13.95 13.88 93 

9 [Cu(H2O)(L1)] C12H15CuN3O3S 89 18.08 18.43 11 

10 [Cu(1,10-Phen)(L1)] C24H21CuN5O2S 87 12.84 12.53 11 

11 [Cu(2,2ô-Bpy)(L1)] C22H21CuN5O2S 79 12.87 13.16 13 

12 [Cu(3,5-Br2Py)(L1)] C17H16Br2CuN4O2S 94 11.55 11.27 12 

13 [Cu(3,4-Lut)(L1)] C19H22CuN4O2S 76 14.98 14.64 15 

14 [Cu(4-Pic)(L1)] C18H20CuN4O2S 79 15.01 15.13 11 

15 [Cu(3-Pic)(L1)] C18H20CuN4O2S 78 15.30 15.13 9 

16 [Cu(Py)(L1)] C17H18CuN4O2S 82 15.26 15.65 12 

17 [Cu(Im)(L1)] C15H17CuN5O2S 97 15.69 16.09 9 

18 [Cu(H2O)(L2)] C11H13CuN3O3S 86 19.15 19.21 10 

19 [Cu(1,10-Phen)(L2)] C23H19CuN5O2S 83 12.67 12.89 11 

20 [Cu(2,2ô-Bpy)(L2)] C21H19CuN5O2S 90 13.22 13.55 10 

21 [Cu(3,4-Lut)(L2)] C18H20CuN4O2S 84 15.34 15.13 9 

22 [Cu(4-Pic)(L2)] C17H18CuN4O2S 87 15.59 15.65 9 

23 [Cu(3-Pic)(L2)] C17H18CuN4O2S 89 15.66 15.65 11 

24 [Cu(1,10-Phen)(HL3)]NO3 C23H18Br2CuN6O4S 85 9.19 9.11 99 

25 [Cu(2,2ô-Bpy)(HL3)]NO3 C21H18Br2CuN6O4S 86 9.69 9.43 89 

26 [Cu(H2O)(L3)] C11H11Br2CuN3O2S 87 13.34 13.44 9 

27 [Cu(1,10-Phen)(L3)] C23H17Br2CuN5OS 63 9.98 10.01 8 

28 [Cu(3,4-Lut)(L3)] C18H18Br2CuN4OS 84 11.26 11.31 14 

29 [Cu(4-Pic)(L3)] C17H16Br2CuN4OS 86 11.58 11.60 11 

30 [Cu(3-Pic)(L3)] C17H16Br2CuN4OS 88 11.50 11.60 8 

31 [Cu(Py)(L3)] C16H14Br2CuN4OS 79 12.02 11.91 9 

32 [Cu(1,10-Phen)(HL4)]NO3 C27H22CuN6O4S 78 11.01 10.77 84 

33 [Cu(2,2ô-Bpy)(HL4)]NO3 C25H22CuN6O4S 82 11.40 11.23 74 

34 [Cu(H2O)(L4)] C15H15CuN3O2S 88 17.33 17.41 9 

35 [Cu(1,10-Phen)(L4)] C27H21CuN5OS 71 11.64 12.06 10 

36 [Cu(2,2ô-Bpy)(L4)] C25H21CuN5OS 80 12.60 12.63 9 

37 [Cu(3,4-Lut)(L4)] C22H22CuN4OS 88 13.95 14.00 11 

38 [Cu(4-Pic)(L4)] C21H20CuN4OS 86 14.40 14.44 14 

39 [Cu(3-Pic)(L4)] C21H20CuN4OS 87 14.50 14.44 11 

40 [Cu(Py)(L4)] C20H18CuN4OS 80 14.89 14.92 11 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʘ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ ʤʝʜʠ(II) 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ FT-IR ʩʧʝʢʪʨʦʚ H2L
1-4 ʠ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) (ʊʘʙʣʠʮʘ A1.1). ɺʦ FT-IR 

ʩʧʝʢʪʨʘʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ 3300-

3000 ʩʤ-1, 1620-1550 ʩʤ-1, 1220-1175 ʩʤ-1, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʘ. ɺ ʦʙʣʘʩʪʠ 3300-3200 ʩʤ-1 FT-IR ʩʧʝʢʪʨʦʚ ʚʩʝʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʩʯʝʟʘʝʪ ʦʜʥʘ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ɜ(OïH), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʝʧʨʦʪʦʥʠʟʘʮʠʶ 

ʣʠʛʘʥʜʦʚ. ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ɜ(ʉ=N) ʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʥʘ 20-60 ʩʤ-1 ʠ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ɜ(N-H) ʚ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʥʘ 40-100 ʩʤ-1. ɺ ʢʦʤʧʣʝʢʩʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ɜ(C=S), ʠ ʧʦʷʚʣʷʝʪʩʷ ɜ(C-S) ʠʟ ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʣʠʛʘʥʜ ʙʳʣ ʜʚʘʞʜʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥ ʠ ʧʝʨʝʰʝʣ ʚ ʪʠʦʣʴʥʫʶ ʬʦʨʤʫ. ɸ ʚ ʢʦʤʧʣʝʢʩʘʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʥʠʪʨʘʪʘ ʤʝʜʠ(II ) ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ɜ(C=S) ʚ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʣʠʛʘʥʜ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥ ʠ 

ʜʝʧʨʦʪʦʥʠʟʘʮʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʭʦʜʠʪ ʪʦʣʴʢʦ ʯʝʨʝʟ ʬʝʥʦʣʴʥʫʶ ʛʨʫʧʧʫ OH. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʵʪʘʥʦʣʘ ʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʯʝʪʳʨʝʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II), ʘ 

ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʘ [Cu(H2O)(HL3)](NO3), ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʂʦʤʧʣʝʢʩ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʣʝʢʩʘ Cu(L1)ĿH2O ʠ 

ʠʤʠʜʘʟʦʣʘ (ʈʠʩʫʥʦʢ 3.1), ʦʙʣʘʜʘʝʪ ʤʦʥʦʤʝʨʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʠʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢ. ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 4. ɺ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ H2L
1 ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʪʨʝʭʜʝʥʪʘʪʥʦʛʦ, ʜʚʘʞʜʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ ʠ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʘʪʦʤʫ ʧʦʩʨʝʜʩʪʚʦʤ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʬʝʥʦʣʴʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʘʟʦʤʝʪʠʥʦʚʦʛʦ 

ʘʪʦʤʘ ʘʟʦʪʘ ʠ ʘʪʦʤʘ ʩʝʨʳ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʪʠʦʣʴʥʦʡ ʬʦʨʤʝ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʧʷʪʠ- ʠ 

ʰʝʩʪʠʯʣʝʥʥʳʝ ʤʝʪʘʣʣʦʮʠʢʣʳ. ʏʝʪʚʝʨʪʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ ʚ ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ 

ʟʘʥʠʤʘʝʪ ʘʪʦʤ ʘʟʦʪʘ ʠʤʠʜʘʟʦʣʘ. 

ʂʦʤʧʣʝʢʩ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʠʟ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 2,4-

ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (H2L
2) ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʦʙʣʘʜʘʝʪ ʤʦʥʦʤʝʨʥʳʤ ʩʪʨʦʝʥʠʝʤ 

(ʈʠʩʫʥʦʢ 3.2). ɽʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʫʶ ʢʚʘʜʨʘʪʥʫʶ 

ʧʠʨʘʤʠʜʫ. ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 5. ɺ ʢʦʤʧʣʝʢʩʝ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʨʸʭʜʝʥʪʘʪʥʦʛʦ, ʜʚʘʞʜʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ, ʢʦʦʨʜʠʥʠʨʫʷʩʴ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ 
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ʘʪʦʤʫ ʤʝʜʠ ʩ ʧʦʤʦʱʴʶ ʆ,N,S ʥʘʙʦʨʘ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ. ʏʝʪʚʝʨʪʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ 

ʚ ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ ʠ ʘʧʠʢʘʣʴʥʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʘʟʦʪʘ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. 

ɺʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʥʘʭʦʜʷʪʩʷ ʤʦʣʝʢʫʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʠ ʤʦʣʝʢʫʣʘ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

 

ʈʠʩ. 3.1. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(Im)(L 1)] 

 

ʈʠʩ. 3.2. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(1,10-Phen)(L 2)]ĿDMFĿH2O 
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ʂʦʤʧʣʝʢʩ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 2,4-

ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (H2L
2) ʠ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ ʷʚʣʷʝʪʩʷ ʤʦʥʦʤʝʨʦʤ (ʈʠʩʫʥʦʢ 3.3). 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʤʝʜʠ ʚ ʥʸʤ ʨʘʚʥʦ 5. ɽʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ. ʊʨʠ ʧʦʟʠʮʠʠ ʚ ʦʩʥʦʚʘʥʠʠ ʟʘʥʠʤʘʝʪ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ, ʦʥ ʜʚʘʞʜʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥ ʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʪʠʦʣʴʥʦʡ ʬʦʨʤʝ, ʢʦʦʨʜʠʥʠʨʫʷʩʴ ʢ ʤʝʪʘʣʣʫ ʩ ʧʦʤʦʱʴʶ O,N,S ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ. 

ʏʝʪʚʝʨʪʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ ʚ ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ ʠ ʘʧʠʢʘʣʴʥʫʶ ʧʦʟʠʮʠʶ 

ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʘʟʦʪʘ 2,2ô-ʙʠʧʠʨʠʜʠʥʘ. ɺʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʥʘʭʦʜʠʪʩʷ ʤʦʣʝʢʫʣʘ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ. 

 

ʈʠʩ. 3.3. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(2,2ô-Bpy)(L 2)]ĿDMF 

ʂʦʤʧʣʝʢʩ [Cu(H2O)(HL3)]NO3, ʩʠʥʪʝʟ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥ ʚ [145], ʦʙʣʘʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʣʦʩʢʠʤ ʩʪʨʦʝʥʠʝʤ (ʈʠʩʫʥʦʢ 3.4). ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥ H2L
3 ʥʘʭʦʜʠʪʩʷ ʚ 

ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ (HL3)- ʠ ʟʘʥʠʤʘʝʪ ʪʨʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʤʝʩʪʘ ʘʪʦʤʘ ʤʝʜʠ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʝʪʚʝʨʪʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʤʦʣʝʢʫʣʘ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ, ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʟʘʨʷʜʘ ʢʦʪʦʨʦʛʦ ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ 

ʥʘʭʦʜʠʪʩʷ ʥʠʪʨʘʪ-ʠʦʥ. ɼʝʧʨʦʪʦʥʠʟʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʬʝʥʦʣʴʥʦʛʦ ʘʪʦʤʘ 

ʢʠʩʣʦʨʦʜʘ, ʧʨʠ ʵʪʦʤ ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʦʩʪʘʝʪʩʷ ʚ ʪʠʦʥʥʦʡ ʬʦʨʤʝ, ʥʘ ʯʪʦ 

ʫʢʘʟʳʚʘʶʪ ʜʣʠʥʳ ʩʚʷʟʝʡ: C-O 1.324 ¡, C=S 1.692 ¡. ɺ ʩʦʩʪʘʚʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 

3,5-ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ [145] ʜʣʠʥʳ ʜʘʥʥʳʭ ʩʚʷʟʝʡ ʨʘʚʥʳ 1.371 ¡ ʠ 1.673 ¡, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 3.4. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(H2O)(HL 3)]NO3 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ [Cu(2,2ô-Bpy)(L3)] ʦʧʠʩʘʥʥʦʡ ʚ [145] (ʈʠʩʫʥʦʢ 

3.5), ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʫʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʪʠʦʣʴʥʦʡ ʜʚʘʞʜʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ, ʥʘ ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʩʚʷʟʠ C-S ʜʦ 1.749 ¡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʚʷʟʠ ʉ(S)-

N2 ʜʦ 1.296 ¡ (ʚ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʝ ʠ ʢʦʤʧʣʝʢʩʝ ʙʝʟ ʘʤʠʥʘ [Cu(H2O)(HL3)]NO3 ʜʣʠʥ r

ʜʘʥʥʳʭ ʩʚʷʟʝʡ ʩʦʩʪʘʚʣʷʝʪ 1.348 ¡ ʠ 1.374 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 

ʈʠʩ. 3.5. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(2,2ô-Bpy)(L 3)] 
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ʂʦʤʧʣʝʢʩ ʥʠʪʨʘʪʘ ʤʝʜʠ(II) c 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 2-ʛʠʜʨʦʢʩʠ-1-

ʥʘʬʪʘʣʴʜʝʛʠʜʦʤ (H2L
4) ʠ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ ʦʙʣʘʜʘʝʪ ʤʦʥʦʤʝʨʥʳʤ ʩʪʨʦʝʥʠʝʤ. ɽʛʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ. 

ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 5. ɺ ʢʦʤʧʣʝʢʩʝ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʘ H2L
4 ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʨʸʭʜʝʥʪʘʪʥʦʛʦ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ, ʢʦʦʨʜʠʥʠʨʫʷʩʴ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ 

ʤʝʜʠ ʩ ʧʦʤʦʱʴʶ ʆ,N,S ʥʘʙʦʨʘ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʦʜʠʥ ʧʷʪʠʯʣʝʥʥʳʡ 

ʠ ʦʜʠʥ ʰʝʩʪʠʯʣʝʥʥʳʡ ʤʝʪʘʣʣʦʮʠʢʣ.r ʏʝʪʚʝʨʪʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ ʚ ʦʩʥʦʚʘʥʠʠ 

ʧʠʨʘʤʠʜʳ ʠ ʘʧʠʢʘʣʴʥʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʘʟʦʪʘ 2,2ô-ʙʠʧʠʨʠʜʠʥʘ. ɺʦ ʚʥʝʰʥʝʡ 

ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʠʪʩʷ ʥʠʪʨʘʪ-ʠʦʥ. 

 

 

ʈʠʩ. 3.6. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(2,2ô-Bpy)(HL 4)]NO3 

ɼʣʷ ʪʝʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʭʝʤʳ ʚʝʨʦʷʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫

ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʈʠʩʫʥʢʠ 3.7-

3.12): 
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A= 3,5-Br2Py, 3,4-Lut, 4-Pic, 3-Pic, Py. 

R1=H, Br, OCH3; R
2=OH, H; R3=H, Br. 

ʈʠʩ. 3.7. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Cu(A)(L 1-4)] 

NO3

-

N N

CH
N

NH
C

NH

S

CH2
CH

CH2

Cu
O

R
1

R
2

+

 

R1=Br, OCH3; R
2=Br, H 

ʈʠʩ. 3.8. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ  

[Cu(2,2ô-Bpy)(HL 1,3)]NO3 
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ʈʠʩ. 3.9. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ  

[Cu(1,10-Phen)(HL 4)]NO3 
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ʈʠʩ. 3.10. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ  

[Cu(1,10-Phen)(L 4)] 
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ʈʠʩ. 3.11. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ  

[Cu(2,2ô-Bpy)(L 4)] 
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A= 3,4-Lut, 4-Pic, 3-Pic, Py. 

ʈʠʩ. 3.12. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Cu(A)(L 4)] 
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3.2 ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II ) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʧʨʦʠʟʚʦʜʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ H2L 1-4 

ʉʘʣʠʮʠʣʦʚʳʡ ʘʣʴʜʝʛʠʜ, ʢʘʢ ʠ ʝʛʦ ʟʘʤʝʱʝʥʥʳʝ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʤʠ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʤʠ ʘʛʝʥʪʘʤʠ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [146]. ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 

ʝʛʦ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʷʚʣʷʶʪ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʛʨʠʙʦʚ. ʀʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʤʝʜʠ(II), ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ, ʟʘʯʘʩʪʫʶ 

ʧʨʝʚʦʩʭʦʜʷʪ ʘʢʪʠʚʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʠ ʧʨʝʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʚ ʤʝʜʠʮʠʥʝ. 

ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʝʨʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) c 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʩʦʜʝʨʞʘʱʠʭ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʩʬʝʨʝ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ (1,10-ʬʝʥʘʥʪʨʦʣʠʥ, 2,2ô-

ʙʠʧʠʨʠʜʠʥ, 3,5-ʜʠʙʨʦʤʧʠʨʠʜʠʥ, 3,4-ʣʫʪʠʜʠʥ, 4-ʧʠʢʦʣʠʥ, 3-ʧʠʢʦʣʠʥ, ʧʠʨʠʜʠʥ, ʠʤʠʜʘʟʦʣ), 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-

ʧʦʣʦʞʠʪʝʣʴʥʳʭ (Staphylococcus aureus, Bacillus cereus), ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ (Escherichia 

coli, Acinetobacter baumannii) ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʛʨʠʙʦʚ (Candida albicans, Candida krusei, 

Cryptococcus neoformans). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠʚʝʜʝʥʳ 

ʚ ʬʦʨʤʝ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʜʘʚʣʷʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʄʇʂ) ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʙʘʢʪʝʨʠʮʠʜʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ (ʄɹʂ) ʚ ʊʘʙʣʠʮʝ 3.2, ʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʭ ʩʚʦʡʩʪʚ ʚ ʬʦʨʤʝ ʄʇʂ 

ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʬʫʥʛʠʮʠʜʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʄʌʂ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.3. 

ɸʥʪʠʙʠʦʪʠʢ ʪʝʪʨʘʮʠʢʣʠʥ [147-150] ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʝ ʩʨʝʜʩʪʚʦ ʬʣʫʢʦʥʘʟʦʣ [151], 

ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʤʝʜʠʮʠʥʝ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ H2L
1 ʥʝ ʧʨʦʷʚʠʣ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʪʝʩʪʠʨʫʝʤʳʭ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ɽʛʦ ʢʦʦʨʜʠʥʘʮʠʷ ʢ ʘʪʦʤʫ ʤʝʜʠ(II) ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ [Cu(H2O)(HL1)]NO3Ŀ2H2O ʧʨʠʚʝʣʘ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʢ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ Staphylococcus aureus ʠ Bacillus cereus, ʘ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʢʦʤʧʣʝʢʩ ʪʘʢʞʝ 

ʢʘʢ ʠ ʠʩʭʦʜʥʳʡ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʦʩʪʘʝʪʩʷ ʥʝʘʢʪʠʚʥʳʤ. 
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ʊʘʙʣʠʮʘ 3.2. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʜʘʚʣʷʶʱʠʝ (ʄʇʂ) ʠ ʤʠʥʠʤʘʣʴʥʳʝ 

ʙʘʢʪʝʨʠʮʠʜʥʳʝ (ʄɹʂ) ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʦʩʥʦʚʝ H2L1 ʚ 

ʦʪʥʦʰʝʥʠʠ ʪʝʩʪ-ʤʠʢʨʦʙʦʚ (ʤʢʛ/ʤʣ) 

ʉʦʝʜʠʥʝʥʠʝ 

Staphylococcus 

aureus 

ATCC 25923 

Bacillus cereus 

ATCC 11778 

Escherichia 

coli  

ATCC 25922 

Acinetobacter 

baumannii 

 BAA-747 

ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ 

H2L1 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 

[Cu(H2O)(HL1)]NO3Ŀ2H2O 1.953 3.906 1.953 3.906 >1000 >1000 >1000 >1000 

[Cu(1,10-Phen)(HL1)]NO3 0.9766 1.953 0.9766 1.953 >1000 >1000 250.0 500.0 

[Cu(2,2ô-BPy)(HL1)]NO3 7.813 15.63 15.63 31.25 >1000 >1000 250.0 500.0 

[Cu(3,5-Br2Py)(HL1)]NO3 7.813 15.63 3.906 7.813 250.0 500.0 250.0 500.0 

[Cu(3,4-Lut)(HL1)]NO3 1.953 3.906 0.9766 1.9531 >1000 >1000 >1000 >1000 

[Cu(4-Pic)(HL1)]NO3 15.63 31.25 7.813 15.63 >1000 >1000 250.0 500.0 

[Cu(3-Pic)(HL1)]NO3 62.50 125.0 31.25 62.50 >1000 >1000 >1000 >1000 

[Cu(Py)(HL1)]NO3 125.0 250.0 62.50 125.0 >1000 >1000 250.0 500.0 

[Cu(Im)(HL1)]NO3 1.953 3.906 7.813 15.63 >1000 >1000 >1000 >1000 

[Cu(H2O)(L1)] 7.813 15.63 7.813 15.63 >1000 >1000 250.0 500.0 

[Cu(1,10-Phen)(L1)] 31.25 62.50 31.25 62.50 >1000 >1000 500.0 >1000 

[Cu(2,2ô-BPy)(L1)] 1.953 3.906 1.953 3.906 >1000 >1000 250.0 500.0 

[Cu(3,5-Br2Py)(L1)] 1.953 3.906 3.906 7.813 >1000 >1000 250.0 500.0 

[Cu(3,4-Lut)(L1)] 0.9766 1.953 0.9766 1.953 >1000 >1000 >1000 >1000 

[Cu(4-Pic)(L1)] 7.813 15.63 15.63 31.25 >1000 >1000 250.0 500.0 

[Cu(3-Pic)(L1)] 0.9766 1.953 0.9766 1.953 31.25 62.50 31.25 62.50 

[Cu(Py)(L1)] 1.953 3.906 3.906 7.813 >1000 >1000 >1000 >1000 

[Cu(Im)(L1)] 1.953 3.906 1.953 3.906 >1000 >1000 >1000 >1000 

ʊʝʪʨʘʮʠʢʣʠʥ 0.25 1.96 0.06 - 0.98 3.91 0.5 5.66 

 

ɺʚʝʜʝʥʠʝ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ 

[Cu(H2O)(HL1)]NO3Ŀ2H2O ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʩʬʝʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʚ ʦʪʥʦʰʝʥʠʠ Acinetobacter baumannii. ʊʘʢʞʝ ʢʦʤʧʣʝʢʩ [Cu(3,4-

Lut)(HL1)]NO3 ʩʪʘʣ ʘʢʪʠʚʥʝʝ ʚ ʦʪʥʦʰʝʥʠʠ Bacillus cereus. ʅʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 

3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʘ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʘ ʥʠʪʨʘʪʘ ʤʝʜʠ(II). ʂʦʤʧʣʝʢʩʳ ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ 

ʘʤʠʥʘʤʠ (1,10-ʬʝʥʘʥʪʨʦʣʠʥ ʠ 2,2ô-ʙʠʧʠʨʠʜʠʥ) ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʙʦʣʴʰʝ, ʯʝʤ 

ʢʦʤʧʣʝʢʩʳ ʩ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʘʤʠʥʘʤʠ. ɺ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ 
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ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚʚʝʜʝʥʠʝ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʚʣʠʷʣʦ 

ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʦʦʨʜʠʥʘʮʠʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʢ ʘʪʦʤʫ 

ʤʝʜʠ(II) ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ(II), ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʘʮʝʪʘʪʘ ʤʝʜʠ(II), ʧʨʠʚʝʣʘ ʢ 

ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ [Cu(H2O)(L1)] ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʚ ʦʪʥʦʰʝʥʠʠ Acinetobacter baumannii. ɺʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ N-

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ 

[Cu(1,10-Phen)(L1)], ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʘ [Cu(4-Pic)(L1)] ʚ ʦʪʥʦʰʝʥʠʠ Bacillus cereus 

ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʘʢʪʠʚʥʦʩʪʴ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) 

c 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʧʨʠʨʦʜʘ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʦʤʧʣʝʢʩʳ ʩ 3,4-ʣʫʪʠʜʠʥʦʤ ʠ 3-ʧʠʢʦʣʠʥʦʤ ʩʘʤʳʝ ʘʢʪʠʚʥʳʝ, ʘ ʟʘʚʝʨʰʘʝʪ ʨʷʜ ʘʢʪʠʚʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʨʝʜʠ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʤʧʣʝʢʩ 

[Cu(3-Pic)(L1)] ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʪʦ ʧʨʦʷʚʠʣ ʜʦʩʪʘʪʦʯʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʉʨʘʚʥʠʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʪʨʘʪʘ ʤʝʜʠ(II) ʠ ʘʮʝʪʘʪʘ ʤʝʜʠ(II), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) ʙʦʣʝʝ ʘʢʪʠʚʥʳ, ʥʘ ʯʪʦ ʚʦʟʤʦʞʥʦ ʚʣʠʷʝʪ ʜʚʘʞʜʳ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʣʠʛʘʥʜ ʚ ʩʦʩʪʘʚʝ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʥʠʪʨʘʪ ʠʦʥʘ 

ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʦʚ. ʉʨʝʜʠ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ 

ʢʦʤʧʣʝʢʩ [Cu(3-Pic)(L1)]. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ H2L
1 

ʥʝ ʧʨʦʷʚʠʣ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʩʪʠʨʫʝʤʳʭ ʰʪʘʤʤʦʚ ʛʨʠʙʦʚ. ɽʛʦ ʢʦʦʨʜʠʥʘʮʠʷ ʢ 

ʘʪʦʤʫ ʤʝʜʠ(II) ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʥʠʪʨʘʪʘ ʤʝʜʠ(II) ʥʝ ʧʨʠʚʝʣʘ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ Candida krusei ʠ Cryptococcus neoformans. ɺʚʝʜʝʥʠʝ 

N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ ʥʠʪʨʘʪʘ ʤʝʜʠ(II) ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʧʦʚʳʩʠʣʦ ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II). ʋʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʢʦʤʧʣʝʢʩʦʚ 

ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ, 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ ʠ 3,5-ʜʠʙʨʦʤʧʠʨʠʜʠʥʦʤ. ʅʘ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʘ N-

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʘʪʘ ʤʝʜʠ(II) ʩ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. 
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ʊʘʙʣʠʮʘ 3.3. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʜʘʚʣʷʶʱʠʝ (ʄʇʂ) ʠ ʤʠʥʠʤʘʣʴʥʳʝ 

ʬʫʥʛʠʮʠʜʥʳʝ (ʄʌʂ) ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʦʩʥʦʚʝ H2L 1 ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ (ʤʢʛ/ʤʣ) 

ʉʦʝʜʠʥʝʥʠʝ 

Candida albicans 

ATCC 10231 

Candida krusei  

ATCC 6258 

Cryptococcus 

neoformans 

CECT 1043 

ʄʇʂ ʄʌʂ ʄʇʂ ʄʌʂ ʄʇʂ ʄʌʂ 

H2L1 >1000 >1000 >1000 >1000 500 >1000 

[Cu(H2O)(HL1)]NO3Ŀ2H2O >1000 >1000 250.0 500.0 31.25 62.50 

[Cu(1,10-Phen)(HL1)]NO3 31.25 62.50 15.63 31.25 3.906 7.813 

[Cu(2,2ô-BPy)(HL1)]NO3 62.50 125.0 125.0 250.0 31.25 62.50 

[Cu(3,5-Br2Py)(HL1)]NO3 125.0 250.0 125.0 250.0 31.25 62.50 

[Cu(3,4-Lut)(HL1)]NO3 250.0 500.0 250.0 500.0 15.63 31.25 

[Cu(4-Pic)(HL1)]NO3 250.0 500.0 250.0 500.0 62.50 125.0 

[Cu(3-Pic)(HL1)]NO3 >1000 >1000 >1000 >1000 250.0 500.0 

[Cu(Py)(HL1)]NO3 >1000 >1000 250.0 500.0 >1000 >1000 

[Cu(Im)(HL1)]NO3 250.0 500.0 250.0 500.0 15.63 31.25 

[Cu(H2O)(L1)] 250.0 500.0 250.0 500.0 62.50 125.0 

[Cu(1,10-Phen)(L1)] >1000 >1000 >1000 >1000 250.0 500.0 

[Cu(2,2ô-BPy)(L1)] 62.50 125.0 62.50 125.0 15.63 31.25 

[Cu(3,5-Br2Py)(L1)] 62.50 125.0 62.50 125.0 7.813 15.63 

[Cu(3,4-Lut)(L1)] 125.0 250.0 62.50 125.0 7.813 15.63 

[Cu(4-Pic)(L1)] >1000 >1000 >1000 500.0 125.0 250.0 

[Cu(3-Pic)(L1)] 31.25 62.50 15.63 31.25 7.813 15.63 

[Cu(Py)(L1)] >1000 500.0 250.0 500.0 31.25 62.50 

[Cu(Im)(L1)] 250.0 500.0 250.0 500.0 15.63 31.25 

ʌʣʫʢʦʥʘʟʦʣ 15.62 31.25 15.62 31.25 2.0 8.0 

 

ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣʠ ʢʦʤʧʣʝʢʩʳ ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ ʘʤʠʥʘʤʠ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ. ɺʚʝʜʝʥʠʝ 1,10-ʬʝʥʘʥʨʦʣʠʥʘ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ [Cu(1,10-

Phen)(HL1)]NO3 ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

Cryptococcus neoformans, ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʚ 8 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʦʤ 

[Cu(H2O)(HL1)]NO3Ŀ2H2O. ʀʟ ʚʩʝʭ ʪʝʩʪʠʨʫʝʤʳʭ ʰʪʘʤʤʦʚ ʛʨʠʙʦʚ, ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ Cryptococcus neoformans. 

ʂʦʦʨʜʠʥʘʮʠʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʢ ʘʪʦʤʫ 

ʤʝʜʠ(II) ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʚʩʝʭ ʪʝʩʪʠʨʫʝʤʳʭ ʰʪʘʤʤʦʚ ʛʨʠʙʦʚ. ɺʚʝʜʝʥʠʝ N-

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ [Cu(H2O)(L1)] ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʩʦʙʦʝ 
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ʚʣʠʷʥʠʝ ʚʚʝʜʝʥʠʝ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʦʢʘʟʘʣʦ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

Cryptococcus neoformans. ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʘʮʝʪʘʪʘ ʤʝʜʠ(II), ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ ʢʦʤʧʣʝʢʩ ʩ 3-ʧʠʢʦʣʠʥʦʤ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʩʬʝʨʝ, ʘ ʥʘʠʤʝʥʴʰʫʶ ï ʢʦʤʧʣʝʢʩ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ. ʉʨʘʚʥʠʚʘʷ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠ ̫ʤʝʜʠ(II), ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʥʠʪʨʘʪʘ ʠ ʘʮʝʪʘʪʘ ʤʝʜʠ(II), ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ ʩʚʦʡʩʪʚʘ. ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʨʝʜʠ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʷʚʠʣ ʢʦʤʧʣʝʢʩ [Cu(1,10-Phen)(HL1)]NO3. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʬʣʫʢʦʥʘʟʦʣ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʡ ʧʨʝʧʘʨʘʪ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʤʝʜʠʮʠʥʝ. 

ʂʦʤʧʣʝʢʩʳ [Cu(1,10-Phen)(HL1)]NO3 ʠ [Cu(3-Pic)(L1)] ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʩ ʜʘʥʥʳʤ ʧʨʝʧʘʨʘʪʦʚ ʚ ʦʪʥʦʰʝʥʠʠ Candida krusei. 

ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) c 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ H2L
2-4 ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ (Staphylococcus aureus, Bacillus cereus, 

Baʩillus subtilis), ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ (Escherichia coli) ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʛʨʠʙʦʚ (Candida 

albicans, Candida krusei). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.4. 

ʀʟ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʥʘʠʙʦʣʴʰʫʶ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʦʷʚʣʷʝʪ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 3,5-ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ 

(H2L
3), ʝʛʦ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 0.9766 - 3.906 ʤʢʛ/ʤʣ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʦʨʜʠʥʘʮʠʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʢ ʘʪʦʤʫ ʤʝʜʠ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʚʝʜʝʥʠʝ 

ʙʠʜʝʥʪʘʪʥʳʭ ʘʤʠʥʦʚ (1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ 2,2ô-ʙʠʧʠʨʠʜʠʥʘ) ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʥʠʪʨʘʪʘ ʤʝʜʠ(II), ʥʝ ʧʨʠʚʝʣʦ ʢ 

ʧʦʚʳʰʝʥʠʶ ʜʘʥʥʦʛʦ ʚʠʜʘ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʘʮʝʪʘʪʘ ʤʝʜʠ(II), ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʤʠʥʘʤʠ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ, ʧʨʝʚʦʩʭʦʜʷʪ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʙʝʟ ʘʤʠʥʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʢ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ. ʅʘ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʘ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʘ ʚ ʩʦʩʪʘʚʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʘʮʝʪʘʪʘ ʤʝʜʠ(II). 
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ʊʘʙʣʠʮʘ 3.4. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʜʘʚʣʷʶʱʠʝ (ʄʇʂ), ʙʘʢʪʝʨʠʮʠʜʥʳʝ (ʄɹʂ) ʠ ʬʫʥʛʠʮʠʜʥʳʝ (ʄʌʂ) ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʷʜʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʩʪ-ʤʠʢʨʦʙʦʚ ʠ ʛʨʠʙʦʚ (ʤʢʛ/ʤʣ) 

ʉʦʝʜʠʥʝʥʠʝ 

Staphylococcus 

aureus 

ATCC 25923 

Bacillus cereus 

ATCC 11778 

Baʩillus subtilis 

ATCC 6633 

Escherichia coli 

ATCC 25922 

Candida albicans 

ATCC 10231 

Candida krusei 

ATCC 6258 

ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ 

H2L2 15.63 31.25 - - - - 500.0 >1000 250.0 500.0 62.50 125.0 

[Cu(H2O)(L2)] 0.1221 0.2441 1.953 3.906 1.953 3.906 125.0 250.0 125.0 250.0 62.50 125.0 

[Cu(1,10-Phen)(L2)] 0.9766 1.953 - - - - >1000 >1000 500.0 >1000 125.0 250.0 

[Cu(2,2ô-Bpy)(L2)] 0.4883 0.9766 - - - - 250.0 500.0 500.0 >1000 62.50 125.0 

[Cu(3,4-Lut)(L2)] 0.4883 0.9766 0.4883 0.9766 0.2441 0.4883 7.813 15.63 7.813 15.63 500.0 >1000 

[Cu(4-Pic)(L2)] 0.9766 1.953 1.953 3.906 - - 31.25 62.50 125.0 250.0 250.0 500.0 

[Cu(3-Pic)(L2)] 0.9766 1.953 1.953 3.906 - - 31.25 62.50 125.0 250.0 250.0 500.0 

H2L3 0.9766 1.953 1.953 3.906 - - >1000 >1000 500.0 >1000 250.0 500.0 

[Cu(H2O)(HL3)]NO3 0.9766 1.953 1.953 3.906 - - >1000 >1000 62.50 125.0 62.50 125.0 

[Cu(1,10-Phen)(HL3)]NO3 1.953 3.906 3.906 7.813 - - >1000 >1000 62.50 125.0 125.0 250.0 

[Cu(2,2ô-Bpy)(HL3)]NO3 1.953 3.906 3.906 7.813 - - >1000 >1000 62.50 125.0 62.50 125.0 

[Cu(H2O)(L3)] 0.03052 0.9766 0.4883 0.9766 0.2441 0.4883 >1000 >1000 125.0 250.0 31.25 62.50 

[Cu(1,10-Phen)(L3)] 1.953 3.906 0.9766 1.953 0.9766 1.953 >1000 >1000 250.0 500.0 125.0 250.0 

[Cu(2,2ô-Bpy)(L3)] 1.953 3.906 1.953 3.906 1.953 3.906 >1000 >1000 125.0 250.0 62.50 250.0 

[Cu(3,4-Lut)(L3)] 0.9766 1.953 0.2441 0.4883 0.2441 0.4883 >1000 >1000 125.0 250.0 31.25 62.50 

[Cu(4-Pic)(L3)] 1.953 3.906 0.9766 1.953 0.9766 1.953 >1000 >1000 125.0 250.0 31.25 62.50 

[Cu(3-Pic)(L3)] 1.953 3.906 0.9766 1.953 0.9766 1.953 >1000 >1000 125.0 250.0 15.63 31.25 

[Cu(Py)(L3)] 0.4883 0.9766 0.007529 0.03052 0.007529 0.03052 >1000 >1000 62.50 125.0 7.813 31.25 

H2L4 500.0 1000 15.63 31.25 15.63 31.25 >1000 >1000 500.0 >1000 500.0 >1000 

[Cu(H2O)(HL4)]NO3 0.9766 1.953 0.9766 1.953 0.4883 0.9766 >1000 >1000 500.0 >1000 500.0 >1000 

[Cu(1,10-Phen)(HL4)]NO3 0.9766 1.953 0.9766 0.9766 0.9766 0.9766 >1000 >1000 31.25 62.50 125.0 >1000 
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ʉʦʝʜʠʥʝʥʠʝ 

Staphylococcus 

aureus 

ATCC 25923 

Bacillus cereus 

ATCC 11778 

Baʩillus subtilis 

ATCC 6633 

Escherichia coli 

ATCC 25922 

Candida albicans 

ATCC 10231 

Candida krusei 

ATCC 6258 

ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ 

[Cu(2,2ô-Bpy)(HL4)]NO3 0.9766 1.953 0.9766 0.9766 0.9766 1.953 >1000 >1000 250.0 500.0 250.0 500.0 

[Cu(H2O)(L4)] 0.9766 1.953 0.9766 1.953 0.4883 0.9766 >1000 >1000 500.0 >1000 500.0 >1000 

[Cu(1,10-Phen)(L4)] 0.1221 0.2441 0.9766 1.953 0.4883 0.9766 >1000 >1000 250.0 500.0 125.0 250.0 

[Cu(2,2ô-Bpy)(L4)] 0.2441 0.4883 1.953 3.906 1.953 0.9766 >1000 >1000 125.0 250.0 62.50 125.0 

[Cu(3,4-Lut)(L4)] 0.2441 0.4883 0.4883 0.9766 0.4883 0.9766 >1000 >1000 125.0 250.0 62.50 125.0 

[Cu(4-Pic)(L4)] 0.4883 0.9766 1.953 3.906 1.953 0.9766 >1000 >1000 125.0 250.0 125.0 250.0 

[Cu(3-Pic)(L4)] 0.9766 1.953 1.953 3.906 - - >1000 >1000 500.0 >1000 250.0 500.0 

[Cu(Py)(L4)] 0.4883 0.9766 0.4883 0.9766 - - >1000 >1000 250.0 500.0 250.0 500.0 

ʊʝʪʨʘʮʠʢʣʠʥ 0.25 1.96 0.06 - 0.8 - 0.98 3.91 - - - - 

ʌʣʫʢʦʥʘʟʦʣ - - - - - - - - 15.62 31.25 15.62 31.25 
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ɼʣʷ ʢʘʞʜʦʡ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʨʷʜ ʟʘʚʠʩʠʤʦʩʪʠ ʘʢʪʠʚʥʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʝʥ. ɺ ʩʣʫʯʘʝ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʙʘʟʦʥʦʤ 

2,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ H2L
2 ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ ʢʦʤʧʣʝʢʩ ʩ 3,4-

ʣʫʪʠʜʠʥʦʤ, ʟʘʪʝʤ ʢʦʤʧʣʝʢʩʳ ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ ʘʤʠʥʘʤʠ ʠ ʥʘʠʤʝʥʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʦʷʚʠʣʠ ʢʦʤʧʣʝʢʩʳ ʩ ʧʠʨʠʜʠʥʦʤ ʠ ʝʛʦ ʟʘʤʝʱʝʥʥʳʤʠ. ʅʘ ʘʢʪʠʚʥʦʩʪʴ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 3,5-

ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ H2L
3 ʪʝ ʞʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʦʢʘʟʳʚʘʶʪ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʚʣʠʷʥʠʝ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ 

ʘʤʠʥʘʤʠ, ʘ ʟʘʚʝʨʰʘʶʪ ʨʷʜ ʘʢʪʠʚʥʦʩʪʠ- ʢʦʤʧʣʝʢʩʳ ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ ʘʤʠʥʘʤʠ. ɺ ʩʣʫʯʘʝ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʘ H2L
4 ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʦʚ ï ʥʘʠʙʦʣʴʰʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪ ʢʦʤʧʣʝʢʩ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ, ʟʘʪʝʤ ʢʦʤʧʣʝʢʩ ʩ 3,4-ʣʫʪʠʜʠʥʦʤ ʠ ʩ 

ʜʨʫʛʠʤʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ. ɺ ʦʪʥʦʰʝʥʠʠ ʢ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʊʝʪʨʘʮʠʢʣʠʥ, 

ʘ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩ [Cu(3,4-Lut)(L2)] ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ, ʯʝʤ 

ʌʣʫʢʦʥʘʟʦʣ. ʇʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ Escherichia coli ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ 

ʥʝ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 2,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʤʧʣʝʢʩʳ ʩ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʘʤʠʥʘʤʠ. 

ʉʨʝʜʠ ʘʤʠʥʩʦʜʝʨʞʘʱʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ [Cu(Py)(L3)], ʘ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ [Cu(3,4-Lut)(L2)], ʧʦʵʪʦʤʫ ʙʳʣ ʠʟʫʯʝʥ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʝʛʦ 

ʘʢʪʠʚʥʦʩʪʠ (ʊʘʙʣʠʮʘ 3.5). 

ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ [Cu(3,4-Lut)(L2)] ʧʨʦʷʚʣʷʝʪ ʢ 

Enterococcus faecium. ʆʥʦ ʧʨʝʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʊʝʪʨʘʮʠʢʣʠʥʘ ʚ ʦʪʥʦʰʝʥʠʠ Enterobacter 

cloacae, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʦʩʪʴ ʌʣʫʢʦʥʘʟʦʣʘ ʚ ʦʪʥʦʰʝʥʠʠ Cryptococcus neoformans. 

ʆʙʦʙʱʠʚ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʝʡ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʡ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ: ʚʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʙʝʥʟʠʣʠʜʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ ʩʦʩʪʘʚʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ, ʧʨʠʨʦʜʘ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II), ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ 

ʥʠʪʨʘʪ ʠʦʥʘ ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ 

ʣʠʛʘʥʜʘ ʠʣʠ ʜʚʘʞʜʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ. ɺʣʠʷʥʠʝ ʵʪʠʭ 
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ʬʘʢʪʦʨʦʚ ʚʝʩʴʤʘ ʩʝʣʝʢʪʠʚʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʘʚʣʝʥʥʦ ʧʦʚʳʰʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʛʨʠʙʦʚ. 

ʊʘʙʣʠʮʘ 3.5. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʜʘʚʣʷʶʱʠʝ (ʄʇʂ) ʠ ʤʠʥʠʤʘʣʴʥʳʝ 

ʙʘʢʪʝʨʠʮʠʜʥʳʝ (ʄɹʂ) ʢʦʥʮʝʥʪʨʘʮʠʠ [Cu(3,4-Lut) (L 2)] ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʩʪ-ʤʠʢʨʦʙʦʚ ʠ 

ʛʨʠʙʦʚ (ʤʢʛ/ʤʣ) 

ɻʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʝ, 

ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ 

ʛʨʠʙʳ 

[Cu(3,4-Lut)(L 2)] ʊʝʪʨʘʮʠʢʣʠʥ ʌʣʫʢʦʥʘʟʦʣ 

Enterococcus 

faecium 

ATCC 6569 

ʄʇʂ 0.9766 - - 

ʄɹʂ 1.953 - - 

Acinetobacter 

baumannii 

ATCC BAA-747 

ʄʇʂ 3.906 0.5 - 

ʄɹʂ 7.813 5.66 - 

Enterobacter 

cloacae 

ATCC 13047 

ʄʇʂ 7.813 29.5 - 

ʄɹʂ 15.63 - - 

Pseudomonas 

aeruginosa 

ATCC 27853 

ʄʇʂ 125.0 7.82 - 

ʄɹʂ 250.0 62.5 - 

Candida 

parapsilosis 

ATCC 22019 

ʄʇʂ 3.906 - 7.81 

ʄɹʂ 7.813 - 15.62 

Cryptococcus 

neoformans 

CECT 1043 

ʄʇʂ 7.813 - 2.0 

ʄɹʂ 15.63 - 8.0 

 

ʇʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ 

ʪʘʢʞʝ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 

ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ [113, 145]. (ʊʘʙʣʠʮʘ 3.6). 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 3,5-ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ H2L
3 

ʚ 7 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ H2TscSal 

ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ Staphylococcus aureus. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ [Cu(1,10-Phen)L2-4] ʠ [Cu(2,2ô-Bpy)L1-4] ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʘʢʪʠʚʥʳʤʠ ʚ 1.5-30 ʨʘʟ ʚ ʦʪʥʦʰʝʥʠʠ Staphylococcus aureus, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. ɺ ʩʣʫʯʘʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ 

H2TscSal ʧʨʠʨʦʜʘ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʘ ʚ ʩʦʩʪʘʚʝ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʣʠʷʝʪ ʥʘ ʠʭ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ Staphylococcus aureus ʠ 

ʛʨʠʙʦʚ Candida albicans, ʪʘʢ ʢʘʢ ʢʦʤʧʣʝʢʩ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʙʦʣʝʝ ʘʢʪʠʚʥʳʡ, ʯʝʤ ʩ 
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2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ, 

ʪʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ 2,2ô-ʙʠʧʠʨʠʜʠʥ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʙʦʣʝʝ ʘʢʪʠʚʥʳ, ʯʝʤ ʢʦʤʧʣʝʢʩʳ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ, ʣʠʙʦ ʥʘʭʦʜʷʪʩʷ 

ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

Escherichia coli ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʢʦʤʧʣʝʢʩ ʤʝʜʠ(II) ʩ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ 

ʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 2,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ. 

ʊʘʙʣʠʮʘ 3.6. ʉʨʘʚʥʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʜʘʚʣʷʶʱʠʭ (ʄʇʂ), ʙʘʢʪʝʨʠʮʠʜʥʳʭ 

(ʄɹʂ) ʠ ʬʫʥʛʠʮʠʜʥʳʭ (ʄʌʂ) ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʩ 

ʢʦʤʧʣʝʢʩʘʤʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (H2TscSal) ʚ 

ʦʪʥʦʰʝʥʠʠ ʪʝʩʪ-ʤʠʢʨʦʙʦʚ ʠ ʛʨʠʙʦʚ (ʤʢʛ/ʤʣ) 

ʉʦʝʜʠʥʝʥʠʝ 

Staphylococcus 

aureus 

ATCC 25923 

Escherichia coli 

ATCC 25922 

Candida 

albicans 

ATCC 10231 

ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄʌʂ 

H2L1 >1000 >1000 >1000 >1000 >1000 >1000 

[Cu(1,10-Phen)(L1)] 31.25 62.50 >1000 >1000 >1000 >1000 

[Cu(2,2ô-Bpy)(L1)] 1.953 3.906 >1000 >1000 62,50 125,0 

H2L2 15.63 31.25 500.0 >1000 250.0 500.0 

[Cu(1,10-Phen)(L2)] 0.9766 1.953 >1000 >1000 500.0 >1000 

[Cu(2,2ô-Bpy)(L2)] 0.4883 0.9766 250.0 500.0 500.0 >1000 

H2L3 0.9766 1.953 >1000 >1000 500.0 >1000 

[Cu(1,10-Phen)(L3)] 1.953 3.906 >1000 >1000 250.0 500.0 

[Cu(2,2ô-Bpy)(L3)] 1.953 3.906 >1000 >1000 125.0 250.0 

H2L4 500.0 1000 >1000 >1000 500.0 >1000 

[Cu(1,10-Phen)(L4)] 0.1221 0.2441 >1000 >1000 250.0 500.0 

[Cu(2,2ô-Bpy)(L4)] 0.2441 0.4883 >1000 >1000 125.0 250.0 

H2TscSal [113] 7 60 >1000 >1000 >1000 >1000 

[Cu(1,10-Phen)(TscSal)]Ŀ0.5H2O [113]  1.5 30 500 500 1.5 30 

[Cu(2,2ô-Bpy)(TscSal)]Ŀ0.5H2O [113] 30 30 500 500 30 30 

 

ʅʘʠʙʦʣʴʰʫʶ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʢʦʤʧʣʝʢʩʳ ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ 

ʘʤʠʥʘʤʠ ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. ʆʙʦʙʱʠʚ ʚʩʝ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ, 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʝʛʦ ʟʘʤʝʱʝʥʥʳʭ ʠ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʥʘ ʠʭ ʦʩʥʦʚʝ, ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʙʝʥʟʠʣʠʜʝʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ. 

ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʠ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʪʘʢʞʝ ʚʳʩʦʢʫʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ [152, 153] ʠ ʙʦʨʶʪʩʷ 

ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʦʢʩʠʜʘʪʠʚʥʳʡ ʩʪʨʝʩʩ ʠ ʧʦʚʨʝʞʜʝʥʠʝ 
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ʩʪʨʫʢʪʫʨʳ ʢʣʝʪʦʢ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʭʨʦʥʠʯʝʩʢʠʤ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʥʘʧʨʠʤʝʨ 

ʪʘʢʠʤ ʢʘʢ: ʨʘʢ [154], ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷ [155], ʘʪʝʨʦʩʢʣʝʨʦʟ [156], ʨʘʟʚʠʪʠʶ 

ɸʣʴʮʛʝʡʤʝʨʘ [157]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ, ʠʟʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ DPPH [16]. ʇʦʵʪʦʤʫ ʙʳʣʘ ʠʟʫʯʝʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ABTSĿ+ ʢʘʪʠʦʥ ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʙʦʣʴʰʠʥʩʪʚʫ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʚʢʣʶʯʘʷ ʬʝʥʦʣʳ, ʪʠʦʣʳ ʠ ʚʠʪʘʤʠʥ ʉ (ʊʘʙʣʠʮʘ 3.7). ɺ 

ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʊʨʦʣʦʢʩ - ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʘʥʘʣʦʛ ʚʠʪʘʤʠʥʘ ɽ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʷ [158]. 

ɺʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ H2L
1-4 ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʝʥʠʷ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 6.30-12.45 ʤʢʄ. ʂʦʦʨʜʠʥʘʮʠʷ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ H2L
1-4 ʢ ʘʪʦʤʫ ʤʝʜʠ ʥʝ ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʢʘʢ ʠ ʚʚʝʜʝʥʠʝ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ 

ʩʬʝʨʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 3-

ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ H2L
1 ʧʦʷʚʣʝʥʠʝ ʘʤʠʥʘ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʪʨʘʪʘ ʠ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) ʩʜʝʣʘʣʦ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʙʦʣʝʝ 

ʘʢʪʠʚʥʳʤʠ. ʅʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʘ N-

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ. ɼʣʷ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) ʥʝʪ ʦʙʱʝʡ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʝʨʠʶ ʢʦʤʧʣʝʢʩʦʚ ʢʘʞʜʦʛʦ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʢʦʤʧʣʝʢʩʳ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ H2L
1 ʧʨʝʚʳʰʘʶʪ ʘʢʪʠʚʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʘ ʙʝʟ ʘʤʠʥʘ [Cu(H2O)(L1)], ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʣʠʛʘʥʜʘ.  

ʉʘʤʳʤʠ ʘʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ 

ʠʤʠʜʘʟʦʣʦʤ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ, ʘ ʥʘʠʤʝʥʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ ʢʦʤʧʣʝʢʩ ʩ 4-

ʧʠʢʦʣʠʥʦʤ. ɺ ʩʣʫʯʘʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 2,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ H2L
2 

ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ ʢʦʤʧʣʝʢʩ ʩ 3,4-ʣʫʪʠʜʠʥʦʤ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ, 

ʩʣʝʜʫʶʱʠʡ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩ ʩ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ, ʘ ʟʘʚʝʨʰʘʝʪ ʨʷʜ ʘʢʪʠʚʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ. ɼʣʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 3,5-ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ H2L
3 ʩʘʤʳʤ ʘʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ, ʘ ʟʘʪʝʤ 

ʘʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ 

ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II). ʉʨʝʜʠ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʦʤ H2L
4 

ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣʠ ʢʦʤʧʣʝʢʩʳ ʩ 3,4-ʣʫʪʠʜʠʥʦʤ ʠ ʧʠʨʠʜʠʥʦʤ.  
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ʊʘʙʣʠʮʘ 3.7. ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ H2L1-4 ʠ 

ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ABTSĿ+ ʢʘʪʠʦʥ ʨʘʜʠʢʘʣʦʚ 

ɺʝʱʝʩʪʚʦ IC 50, ʤʢM SD, ʤʢM 

H2L1 12.45 1.84 

[Cu(H2O)(HL1)]NO3Ŀ2H2O 21.54 8.24 

[Cu(1,10-Phen)(HL1)]NO3 7.82 1.30 

[Cu(2,2ô-BPy)(HL1)]NO3 6.75 1.27 

[Cu(3,5-Br2Py)(HL1)]NO3 6.65 0.56 

[Cu(3,4-Lut)(HL1)]NO3 3.15 0.19 

[Cu(4-Pic)(HL1)]NO3 12.75 1.22 

[Cu(3-Pic)(HL1)]NO3 18.68 0.59 

[Cu(Py)(HL1)]NO3 16.42 0.04 

[Cu(Im)(HL1)]NO3 8.62 1.97 

[Cu(H2O)(L1)] 13.88 0.80 

[Cu(1,10-Phen)(L1)] 5.22 0.02 

[Cu(2,2ô-BPy)(L1)] 7.32 0.20 

[Cu(3,5-Br2Py)(L1)] 7.02 0.80 

[Cu(3,4-Lut)(L1)] 7.58 1.31 

[Cu(4-Pic)(L1)] 18.71 0.62 

[Cu(3-Pic)(L1)] 12.79 0.06 

[Cu(Py)(L1)] 8.36 0.53 

[Cu(Im)(L1)] 6.97 0.98 

H2L2 6.30 0.81 

[Cu(H2O)(L2)] 6.50 0.08 

[Cu(1,10-Phen)(L2)] >100 - 

[Cu(2,2ô-Bpy)(L2)] 7.37 0.84 

[Cu(3,4-Lut)(L2)] 4.54 0.26 

[Cu(4-Pic)(L2)] 23.9 2.95 

[Cu(3-Pic)(L2)] 17.3 0.86 

H2L3 11.9 0.1 

[Cu(H2O)(HL3)]NO3 18.7 0.8 

[Cu(1,10-Phen)(HL3)]NO3 19.9 2.1 

[Cu(2,2ô-Bpy)(HL3)]NO3 13.4 0.5 

[Cu(H2O)(L3)] - - 

[Cu(1,10-Phen)(L3)] 14.8 0.7 

[Cu(2,2ô-Bpy)(L3)] 19.67 3.60 

[Cu(3,4-Lut)(L3)] >100 - 

[Cu(4-Pic)(L3)] 16.8 0.76 

[Cu(3-Pic)(L3)] 23.87 3.83 

[Cu(Py)(L3)] 18.71 2.18 

H2L4 12.24 0.23 

[Cu(H2O)(HL4)]NO3 13.97 0.16 

[Cu(1,10-Phen)(HL4)]NO3 14.45 1.54 

[Cu(2,2ô-Bpy)(HL4)]NO3 87.29 9.14 

[Cu(H2O)(L4)] 18.88 0.86 

[Cu(1,10-Phen)(L4)] 33.69 4.43 

[Cu(2,2ô-Bpy)(L4)] 11.56 1.54 

[Cu(3,4-Lut)(L4)] 8.90 1.14 

[Cu(4-Pic)(L4)] >100 - 

[Cu(3-Pic)(L4)] 15.41 0.27 

[Cu(Py)(L4)] 9.53 1.76 

ʊʨʦʣʦʢʩ 33 1.03 
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ʅʘ ʘʢʪʠʚʥʦʩʪʴ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʥʠʪʨʘʪʘ ʤʝʜʠ(II) ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʘ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʘ ʚ ʩʦʩʪʘʚʝ 

ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʉʨʝʜʠ ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 3-

ʤʝʪʦʢʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʢʦʤʧʣʝʢʩʳ ʩ 3,4-

ʣʫʪʠʜʠʥʦʤ ʠ 3,5-ʜʠʙʨʦʤʧʠʨʠʜʠʥʦʤ, ʘ ʥʘʠʤʝʥʴʰʫʶ ʢʦʤʧʣʝʢʩʳ ʩ ʧʠʨʠʜʠʥʦʤ ʠ ʝʛʦ 

ʟʘʤʝʱʝʥʥʳʤʠ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 3,5-ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, 

ʢʦʤʧʣʝʢʩ ʩ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ [Cu(2,2ô-Bpy)(HL3)]NO3 ʘʢʪʠʚʥʝʝ, ʯʝʤ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ. 

ɸ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʘ ʥʘʦʙʦʨʦʪ, 

ʢʦʤʧʣʝʢʩ ʩ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ ʥʘʤʥʦʛʦ ʘʢʪʠʚʥʝʝ, ʯʝʤ ʝʛʦ ʘʥʘʣʦʛʠʯʥʳʡ ʢʦʤʧʣʝʢʩ ʩ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʦʤ. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ [Cu(3,4-Lut)(HL1)]NO3, ʟʥʘʯʝʥʠʝ IC50 

ʢʦʪʦʨʦʛʦ 3.15 ʤʢʄ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ 

ʚʳʰʝ, ʯʝʤ ʊʨʦʣʦʢʩ.  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʛʦ ʚ ʣʠʪʝʨʘʪʫʨʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʝʛʦ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) [113] (ʈʠʩʫʥʦʢ 3.13). 

 

ʈʠʩ. 3.13. ʉʨʘʚʥʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ABTSĿ+ ʥʝʢʦʪʦʨʳʭ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 
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ʀʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʚʠʜʥʦ, ʯʪʦ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 2,4-

ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ H2L
2 ʧʨʦʷʚʣʷʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ H2TscSal. ʊʘʢʞʝ ʘʢʪʠʚʥʦʩʪʴ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) [Cu(2,2ô-Bpy)(L1,2)] ʠ 

[Cu(1,10-Phen)(L1-3)] ʧʨʝʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʙʝʥʟʠʣʠʜʝʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ ʚ ʩʦʩʪʘʚʝ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ 

ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ, ʪʘʢ ʠ ʝʛʦ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

3.3 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

1. ʉʠʥʪʝʟʠʨʦʚʘʥʦ ʯʝʪʳʨʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʧʨʦʠʟʚʦʜʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ (3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ, 2,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ, 3,5-

ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ 2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʘ) ʠ 40 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II), ʚ ʪʦʤ ʯʠʩʣʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ, 

ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ. 

2. ʉʪʨʦʝʥʠʝ ʠ ʯʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʳʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ 

ʧʦʤʦʱʴʶ 1H, 13C ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʧʝʢʪʨʳ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ. 

3. FT-IR ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʘʪʦʤʫ ʤʝʜʠ ʩ ʧʦʤʦʱʴʶ ONS- ʥʘʙʦʨʘ 

ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ, ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʢʘʢ ʪʨʝʭʜʝʥʪʘʪʥʳʝ ʣʠʛʘʥʜʳ. ɺ ʩʦʩʪʘʚʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʥʠʪʨʘʪʘ ʤʝʜʠ(II) ʣʠʛʘʥʜʳ 

ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʳ, ʘ ʚ ʩʦʩʪʘʚʝ ʘʮʝʪʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II ) ʣʠʛʘʥʜʳ ʜʚʘʞʜʳ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʳ. 

4. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʪʨʦʝʥʠʝ 5 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: [Cu(Im)(L1)], [Cu(1,10-Phen)(L2)]ĀDMFĀH2O, [Cu(2,2ô-

Bpy)(L2)]ĀDMF, [Cu(H2O)(HL3)]NO3, [Cu(2,2ô-Bpy)(HL4)]NO3. ɺʩʝ ʢʦʤʧʣʝʢʩʳ 

ʦʙʣʘʜʘʶʪ ʤʦʥʦʤʝʨʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ N-

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʤʝʜʠ ʨʘʚʥʦ ʧʷʪʴ, ʘ ʚ 

ʢʦʤʧʣʝʢʩʘʭ [Cu(Im)(L1)], [Cu(H2O)(HL3)]NO3 ï ʯʝʪʳʨʝʤ. 

5. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) ʧʨʦʷʚʣʷʶʪ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

0.007-1000 ʤʢʛ/ʤʣ. ɺʚʝʜʝʥʠʝ ʙʠʜʝʥʪʘʪʥʳʭ ʘʤʠʥʦʚ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ 
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ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʥʠʪʨʘʪʘ ʤʝʜʠ(II), ʥʝ ʧʨʠʚʝʣʦ 

ʢ ʧʦʚʳʰʝʥʠʶ ʜʘʥʥʦʛʦ ʚʠʜʘ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʦʚ. ɺ 

ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʘʮʝʪʘʪʘ ʤʝʜʠ(II), ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʘʤʠʥʘʤʠ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ, ʧʨʝʚʦʩʭʦʜʷʪ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) ʙʝʟ 

ʘʤʠʥʦʚ. ɺ ʦʪʥʦʰʝʥʠʠ ʢ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʊʝʪʨʘʮʠʢʣʠʥ, ʘ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ ʪʦʣʴʢʦ 

ʢʦʤʧʣʝʢʩ [Cu(3,4-Lut)(L2)] ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ, ʯʝʤ ʌʣʫʢʦʥʘʟʦʣ. 

6. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ABTSĿ+ ʢʘʪʠʦʥ ʨʘʜʠʢʘʣʦʚ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʢ ʘʪʦʤʫ 

ʤʝʜʠ(II), ʢʘʢ ʠ ʚʚʝʜʝʥʠʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ 

ʢʦʤʧʣʝʢʩʦʚ, ʥʝ ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʘʥʥʦʛʦ ʚʠʜʘ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ, ʯʝʤ ʊʨʦʣʦʢʩ. 
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4. ʂʆʆʈɼʀʅɸʎʀʆʅʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ʅɽʂʆʊʆʈʓʍ 3d 

ʄɽʊɸʃʃʆɺ ʉ 4-ɸʃʃʀʃʊʀʆʉɽʄʀʂɸʈɹɸɿʆʅɸʄʀ ɸʄʀɼʆɺ 

ʇʀʈʆɺʀʅʆɻʈɸɼʅʆʁ ʂʀʉʃʆʊʓ 

ʇʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ ʩʦʜʝʨʞʠʪʩʷ ʚʦ ʚʩʝʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʫʯʘʩʪʚʫʝʪ ʚ ʮʠʢʣʝ 

ʂʨʝʙʙʩʘ ʠ ʚ ʪʘʢʠʭ ʚʘʞʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʢʘʢ ʤʝʪʘʙʦʣʠʟʤ ʙʝʣʢʦʚ, ʞʠʨʦʚ, 

ʫʛʣʝʚʦʜʦʚ ʠ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʧʨʠʨʦʜʥʳʤ ʧʨʦʜʫʢʪʦʤ ʠ ʩʦʜʝʨʞʠʪʩʷ ʚ Populus tremula, Macrobrachium nipponense ʠ ʜʨ. 

ʨʘʩʪʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ. ʇʠʨʦʚʠʥʦʛʨʘʜʥʘʷ 

ʢʠʩʣʦʪʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʦʩʤʝʪʦʣʦʛʠʠ ʠ 

ʜʝʨʤʘʪʦʣʦʛʠʠ. 

ɸʤʠʜʳ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʘʤʠ 

ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʷʚʣʷʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ in vitro ʠ in vivo. 

ʅʘʧʨʠʤʝʨ, N,N-ʜʠʵʪʠʣ-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜ ʦʙʣʘʜʘʝʪ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʠ 

ʘʥʪʠʵʢʟʠʪʦʪʦʢʩʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ. ʆʥ ʵʬʬʝʢʪʠʚʥʦ ʙʣʦʢʠʨʫʝʪ ʥʝʡʪʨʦʬʠʣʳ, ʢʦʪʦʨʳʝ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚʦʢʨʫʛ ʧʦʚʨʝʞʜʝʥʥʳʭ ʪʢʘʥʝʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʫʩʫʛʫʙʣʷʶʪ ʧʦʚʨʝʞʜʝʥʠʝ 

ʪʢʘʥʝʡ ʚʦ ʚʨʝʤʷ ʠʥʩʫʣʴʪʘ. N,N-ʜʠʠʟʦʧʨʦʧʠʣ-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜ ʧʨʦʷʚʣʷʝʪ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʠ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʤ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʠʰʝʤʠʯʝʩʢʦʤ ʧʦʚʨʝʞʜʝʥʠʠ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʜʨʫʛʠʭ ʧʘʪʦʣʦʛʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʩʧʘʣʝʥʠʝʤ. 

ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤ 

ʩ Ŭ-ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʕʪʦʪ ʢʣʘʩʩ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʚʳʨʘʞʝʥʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʦʷʚʣʷʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ: ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ, ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ, ʢʘʢ ʧʦʷʚʣʝʥʠʝ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ 

ʩʦʩʪʘʚʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʧʦʚʣʠʷʝʪ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

4.1 ʉʠʥʪʝʟ ʠ ʩʪʨʫʢʪʫʨʘ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ 

ʢʠʩʣʦʪʳ HL 5-10 

ɸʤʠʜʳ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʩ ʦʢʩʘʣʠʣ ʭʣʦʨʠʜʦʤ ʚ ʤʦʣʷʨʥʦʤ ʦʪʥʦʰʝʥʠʠ 1:1.2 ʚ 

ʜʠʭʣʦʨʤʝʪʘʥʝ, ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 4.1.) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʩʘʣʠʣ ʭʣʦʨʠʜʘ ʩ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʦʤ, ʦʙʨʘʟʫʷ ʢʘʪʠʦʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ 

ʩ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʨʝʘʛʠʨʫʝʪ ʩ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʦʡ, 

ʦʙʨʘʟʫʷ ʭʣʦʨʘʥʛʠʜʨʠʜ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʘʥʛʠʜʨʠʜʘ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʭʣʦʨʘʥʛʠʜʨʠʜ ʧʦ ʢʘʧʣʷʤ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʦʭʣʘʞʜʝʥʠʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʣʠ ʚ ʢʦʣʙʫ, ʩʦʜʝʨʞʘʱʫ  ʁʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʤʠʥ (4-

ʤʝʪʦʢʩʠʘʥʠʣʠʥ, ʧʠʧʝʨʠʜʠʥ, ʤʦʨʬʦʣʠʥ, ʛʝʢʩʘʤʝʪʠʣʝʥʠʤʠʥ, ʮʠʢʣʦʛʝʢʩʠʣʘʤʠʥ, 3-

ʤʝʪʦʢʩʠʧʨʦʧʘʥ-1-ʘʤʠʥ) ʠ ʙʝʟʚʦʜʥʳʡ ʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʝʪʩʷ ʩ ʮʝʣʴʶ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʭʣʦʨʦʚʦʜʦʨʦʜʘ. 
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ʈʠʩ. 4.1. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʘʥʛʠʜʨʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʘʤʠʜʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ ʠ N-

ʮʠʢʣʦʛʝʩʠʣ-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʩʣʷʥʠʩʪʳʝ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʠʭ 

ʦʯʠʩʪʢʠ ʧʨʠʤʝʥʷʣʘʩʴ ʢʦʣʦʥʦʯʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʤʝʩʴ ʛʝʢʩʘʥ-ʵʪʠʣʘʮʝʪʘʪ. N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜ ʠ N-ʮʠʢʣʦʛʝʩʠʣ-2-

ʦʢʩʦʧʨʦʧʘʥʘʤʠʜ ʧʨʝʜʩʪʘʚʣʷʪʁ ʩʦʙʦʡ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ ʙʝʣʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʦʯʠʱʘʣʠʩʴ 

ʧʫʪʝʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʵʪʘʥʦʣʘ. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʣʫʯʝʥʠʝ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʩʨʘʚʥʠʪʝʣʴʥʳʤ ʘʥʘʣʠʟʦʤ FT-IR ʩʧʝʢʪʨʦʚ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʆʜʥʠʤ 

ʠʟ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʩ ʦʢʩʘʣʠʣ ʭʣʦʨʠʜʦʤ ʠ ʛʝʢʩʘʤʝʪʠʣʝʥʠʤʠʥʦʤ. ɺ ʢʘʯʝʩʪʚʝ FT-IR 

ʩʧʝʢʪʨʦʚ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʳ FT-IR ʩʧʝʢʪʨʳ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʛʝʢʩʘʤʝʪʠʣʝʥʠʤʠʥʘ. (ʈʠʩʫʥʦʢ 4.2.) 
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ʈʠʩ. 4.2. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ FT-IR ʩʧʝʢʪʨʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ 

(ʯʝʨʥʦʛʦ ʮʚʝʪʘ), ʛʝʢʩʘʤʝʪʠʣʝʥʠʤʠʥʘ (ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ) ʠ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-

ʜʠʦʥʘ (ʩʠʥʝʛʦ ʮʚʝʪʘ) 

ʇʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʩʧʝʢʪʨʫ ʚʠʜʥʦ ʧʦʷʚʣʝʥʠʝ ʚ ʧʦʣʫʯʝʥʥʦʤ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-

1,2-ʜʠʦʥʝ ʜʚʫʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʛʨʫʧʧ C=O, ʘʤʠʜʥʦʡ ʠ ʢʘʨʙʦʥʠʣʴʥʦʡ, ʧʨʠ 1709 ʠ 1628 

ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʝ ʩʤʝʱʝʥʳ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʛʨʫʧʧ C=O ʠʟ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. ʊʘʢʞʝ ʠʩʯʝʟʘʝʪ ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʛʨʫʧʧʳ NH, ʢʦʪʦʨʘʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʧʝʢʪʨʝ 

ʛʝʢʩʘʤʝʪʠʣʝʥʠʤʠʥʘ ʧʨʠ 3299 ʩʤ-1, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʘʤʠʜʥʦʡ ʩʚʷʟʠ C-N. 

ɺ ʩʣʫʯʘʝ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ, N-ʮʠʢʣʦʛʝʢʩʠʣ-2-

ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ ʠ N-(3-ʤʝʪʦʢʩʠʧʨʦʧʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 4-

ʤʝʪʦʢʩʠʘʥʠʣʠʥʦʤ, ʮʠʢʣʦʛʝʢʩʠʣʘʤʠʥʦʤ ʠ 3-ʤʝʪʦʢʩʠʧʨʦʧʘʥ-1-ʘʤʠʥʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʨʦʠʩʭʦʜʠʪ ʠʩʯʝʟʥʦʚʝʥʠʝ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ɡ(N-H). ɺ ʩʣʫʯʘʝ 1-(ʧʠʧʝʨʠʜʠʥ-

1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ, 1-(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ ʠ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-

ʜʠʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʠʩʯʝʟʥʦʚʝʥʠʝ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ɡ(N-H), 

ʧʨʠʩʫʪʩʪʚʦʚʘʚʰʝʡ ʚ ʩʧʝʢʪʨʝ ʠʩʭʦʜʥʦʛʦ ʘʤʠʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʷʚʣʷʶʪʩʷ ʜʚʝ ʭʘʨʘʢʪʝʨʥʳʝ 

ʧʦʣʦʩʳ ɡ(ʉ=O) ʘʤʠʜʥʦʡ ʠ ʢʝʪʦʥʥʦʡ ʛʨʫʧʧ (ʇʨʠʣʦʞʝʥʠʝ A2.1-A2.6). 

4-ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ (HL5), 1-

(ʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ (HL6), 1-(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ (HL7), 1-

(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ (HL8), N-ʮʠʢʣʦʛʝʩʠʣ-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ (HL9) ʠ N-(3-
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ʤʝʪʦʢʩʠʧʨʦʧʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ (HL10) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʘʢʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʤʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʚ ʵʪʘʥʦʣʝ ʚ 

ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. 

ʈʝʟʫʣʴʪʘʪ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʤ ʘʥʘʣʠʟʦʤ FT-IR 

ʩʧʝʢʪʨʦʚ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 4.3).  

 

ʈʠʩ. 4.3. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ FT-IR ʩʧʝʢʪʨʦʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ 

(ʯʝʨʥʦʛʦ ʮʚʝʪʘ), 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ (ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ) ʠ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ HL 8 (ʩʠʥʝʛʦ ʮʚʝʪʘ) 

ʅʘ FT-IR ʩʧʝʢʪʨʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʧʦʷʚʣʷʶʪʩʷ ʜʚʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʛʨʫʧʧ NH ʧʨʠ 3286 ʠ 3166 ʩʤ-1 ʠʟ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʊʘʢʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩʧʝʢʪʨʦʚ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-

1,2-ʜʠʦʥʘ ʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ HL7 ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ C=O ʧʨʠ 1710 ʩʤ-1, ʠ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ 

C=O ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ. 

ʉʪʨʦʝʥʠʝ ʠ ʯʠʩʪʦʪʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʤʝʪʦʜʦʤ 1H ʠ 13ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʵʪʘʥʦʣʘ ʠ ʤʝʪʘʥʦʣʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ (HL5-10) (ʈʠʩʫʥʢʠ 4.4-4.8). ɺʩʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʪʠʦʥʥʦʡ ʬʦʨʤʝ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʜʣʠʥʘ ʩʚʷʟʠ C=S ʚ ʜʠʘʧʘʟʦʥʝ 1.671-1.681 ¡, 

ʠ ʩʚʷʟʴ ʉ-NH ʚ ʜʠʘʧʘʟʦʥʝ 1.312-1.373 ¡.  
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ʈʠʩ. 4.4. ʉʪʨʦʝʥʠʝ HL 5 

 

ʈʠʩ. 4.5. ʉʪʨʦʝʥʠʝ HL 6 



102 

 

ʈʠʩ. 4.6. ʉʪʨʦʝʥʠʝ HL 8 

 

ʈʠʩ. 4.7. ʉʪʨʦʝʥʠʝ HL 9 
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ʈʠʩ. 4.8. ʉʪʨʦʝʥʠʝ HL 10 

ɼʣʷ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ 

ʢʠʩʣʦʪʳ HL5-10 ʙʳʣʘ ʠʟʫʯʝʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ (ʊʘʙʣʠʮʘ 4.1) 

ʊʘʙʣʠʮʘ 4.1. ʈʘʩʪʚʦʨʠʤʦʩʪʴ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ HL 5-10 ʚ ʚʦʜʝ 

ʉʦʝʜʠʥʝʥʠʝ HL5 HL6 HL7 HL8 HL9 HL10 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ, 

ʤʛ/ʤʣ 
1.0 2.5 10 2.5 <0.2 5.0 

 

ʅʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʣʠʷʝʪ ʧʨʠʨʦʜʘ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʦʩʪʘʚʝ  

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ. ʅʘʠʙʦʣʴʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʧʦʢʘʟʘʣ  

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 1-(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ HL7. ʅʘʠʤʝʥʝʝ ʨʘʩʪʚʦʨʠʤ  

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ N-ʮʠʢʣʦʛʝʩʠʣ-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ HL9. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʫʙʳʚʘʝʪ 

ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʤʫ ʨʷʜʫ ʘʤʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ: 1-(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥ >  

N-(3-ʤʝʪʦʢʩʠʧʨʦʧʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜ > 1-(ʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥ ~ 1-(aʟʝʧʘʥ-

1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥ > N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜ > N-ʮʠʢʣʦʛʝʩʠʣ-2-

ʦʢʩʦʧʨʦʧʘʥʘʤʠʜ. 

4.2 ʉʠʥʪʝʟ ʠ ʩʪʨʫʢʪʫʨʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ ʩ 

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ HL 5-10 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 
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4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʘʢʮʠʝʡ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩ ʩʦʣʷʤʠ ʤʝʜʠ(II) ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʚ ʵʪʘʥʦʣʝ, ʘ 

ʢʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ(III ), ʞʝʣʝʟʘ(III ) ʠ ʮʠʥʢʘ(II) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʘʢʮʠʝʡ ʚ ʤʦʣʷʨʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 2:1. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ(II ) ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʘʢ ʚ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

1:1, ʪʘʢ ʠ 2:1. ʉʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʘʢ ʨʝʘʢʮʠʝʡ ʛʦʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʪʨʘʪʘ ʤʝʜʠ(II) ʩ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ, ʪʘʢ ʠ 

ʪʝʤʧʣʘʪʥʳʤ ʧʫʪʝʤ. ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: [M(L5-10)X] (M = Cu2+, 

Ni2+; X = NO3
-, Cl-, Br-, OAc-, Cl2CHCOO-), [M(L5-10)2]X (M  = Co3+, Fe3+; X = Br-, Cl-, NO3

-, 

OAc-), Zn(L5)2, [Ni(HL4-9)2](NO3)2, [Cu(A)(L5-7)]NO3 (A = 1,10-Phen, 2,2ô-Bpy, 3,4-Lut, 4-Pic, 

3-Pic, Py, Im). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.2. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʷʨʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʤʝʪʘʥʦʣʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʩʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʣʠʪʘʤʠ 1:1, ʢʨʦʤʝ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʘʪʘ 

ʥʠʢʝʣʷ(II), ʢʦʤʧʣʝʢʩʦʚ [Ni(HL5)2]Cl2 ʠ [Cu(1,10-Phen)(HL6)](NO3)2 ï ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʵʣʝʢʪʨʦʣʠʪʘʤʠ 1:2. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʘ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ 

ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ FT-IR ʩʧʝʢʪʨʦʚ HL5-10 ʠ ʚʩʝʭ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʊʘʙʣʠʮʘ A1.2). ɺ FT-IR ʩʧʝʢʪʨʘʭ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ 3315-3288  

ʩʤ-1, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʫʤ ʛʨʫʧʧʘʤ NH ʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʝ, ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1632, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ɜ(C=O), ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ɜ(C=N) ʧʨʠ 1620 

ʩʤ-1 ʠ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ɜ(C=S) ʧʨʠ 1362 ʩʤ-1. ʆʜʥʘ ʠʟ ʜʚʫʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʛʨʫʧʧ NH 

ʠʩʯʝʟʘʝʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʝʧʨʦʪʦʥʠʟʘʮʠʶ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʣʝʢʩʦʚ. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚʪʦʨʦʡ ʛʨʫʧʧʳ NH ʩʤʝʱʘʝʪʩʷ ʚ ʥʠʟʢʦ-ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ 

ʥʘ 63-69 ʩʤ-1. ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʘʪʘ ʥʠʢʝʣʷ(II), [Ni(HL5)2]Cl2 ʠ [Cu(1,10-

Phen)(HL6)](NO3)2 ʚ ʩʧʝʢʪʨʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʦʣʦʩʳ NH, ʯʪʦ ʦʟʥʘʯʘʝʪ ʯʪʦ ʚ 

ʩʦʩʪʘʚʝ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʠʛʘʥʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ. ʊʘʢʞʝ ʚ 

ʩʧʝʢʪʨʘʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ɜ(C=O) ʠ ɜ(C=N) ʩʤʝʱʘʶʪʩʷ ʚ 

ʥʠʟʢʦ-ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʥʘ 9-19 ʩʤ-1 ʠ 37-46 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 

ɜ(C=S) ʠʩʯʝʟʘʝʪ, ʠ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ɜ(C-S) ʧʨʠ 780-791 ʩʤ-1. 

ʀʩʯʝʟʥʦʚʝʥʠʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ɜ(C=S) ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʠʟ 

ʪʠʦʥʥʦʡ ʚ ʪʠʦʣʴʥʫʶ ʬʦʨʤʫ. ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʘʪʘ ʥʠʢʝʣʷ, [Ni(HL5)2]Cl2 ʠ [Cu(1,10-

Phen)(HL6)](NO3)2 ï ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ɜ(C=S) ʥʝ ʠʩʯʝʟʣʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ 

ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʪʠʦʥʥʦʡ ʬʦʨʤʝ. 
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ʊʘʙʣʠʮʘ 4.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ ʩ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ HL 5-10 

 ̄ ɺʝʱʝʩʪʚʦ ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ ɺʳʭʦʜ, % 

ɸʥʘʣʠʟ ʥʘ ʤʝʪʘʣʣ (ɤ,%) ɚ, 

ʆʤ-1 

Ŀʩʤ2Ŀʤʦʣʴ-1 
ʅʘʡʜʝʥʦ ɺʳʯʠʩʣʝʥʦ 

1 [Cu(L5)Cl] C14H17ClCuN4O2S 78 15.77 15.71 70 

2 [Cu(L5)Br] C14H17BrCuN4O2S 88 14.00 14.16 74 

3 [Cu(L5)(Cl2CHCOO)] C16H18Cl2CuN4O4S 77 12.70 12.79 66 

4 [Cu(L5)NO3] C14H17CuN5O5S 75 14.80 14.75 70 

5 [Cu(L5)(CH3COO)] C16H20CuN4O4S 80 14.88 14.85 65 

6 [Fe(L5)2]NO3 C28H34FeN9O7S2 78 7.59 7.66 86 

7 [Ni(HL5)2]Cl2 C28H36Cl2N8NiO4S2 81 7.79 7.91 160 

8 [Ni(HL 5)2](NO3)2 C28H36N10NiO10S2 84 7.28 7.38 153 

9 [Cu(1,10-Phen)(L5)]NO3 C26H25CuN7O5S 82 10.31 10.40 76 

10 [Cu(2,2ô-Bpy)(L5)]NO3 C24H25CuN7O5S 84 10.76 10.82 80 

11 [Cu(3,4-Lut)(L5)]NO3 C21H26CuN6O5S 79 11.75 11.81 78 

12 [Cu(4-Pic)(L5)]NO3 C20H24CuN6O5S 85 12.05 12.13 82 

13 [Cu(3-Pic)(L5)]NO3 C20H24CuN6O5S 81 12.04 12.13 79 

14 [Cu(Py)(L5)]NO3 C19H22CuN6O5S 84 12.39 12.46 85 

15 [Cu(Im)(L5)]NO3 C17H21CuN7O5S 81 12.67 12.73 76 

16 [Cu(L6)Cl] C12H19ClCuN4OS 77 17.27 17.34 90 

17 [Cu(L6)Br] C12H19BrCuN4OS 85 15.35 15.47 88 

18 [ʉu(L6)NO3] C12H19CuN5O4S 80 15.99 16.17 82 

19 [Ni(HL 6)2](NO3)2 C24H40N10NiO8S2 79 8.25 8.16 158 

20 [Fe(L6)2]Cl C24H39ClFeN8O2S2 82 8.80 8.91 86 

21 [Co(L6)2]Br C24H39BrCoN8O2S2 79 8.63 8.74 96 

22 [Zn(L6)2] C24H38N8O2S2Zn 78 10.79 10.90 7 

23 [Cu(1,10-Phen)(L6)]NO3 C24H28CuN7O4S 83 10.92 11.09 80 

24 [Cu(1,10-Phen)(HL6)](NO3)2 C24H28CuN8O7S 84 10.10 9.99 165 

25 [Cu(2,2ô-BPy)(L6)]NO3 C22H27CuN7O4S 86 11.70 11.57 72 
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 ̄ ɺʝʱʝʩʪʚʦ ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ ɺʳʭʦʜ, % 

ɸʥʘʣʠʟ ʥʘ ʤʝʪʘʣʣ (ɤ,%) ɚ, 

ʆʤ-1 

Ŀʩʤ2Ŀʤʦʣʴ-1 
ʅʘʡʜʝʥʦ ɺʳʯʠʩʣʝʥʦ 

26 [Cu(L7)Br] C11H17BrCuN4O2S 86 15.48 15.39 70 

27 [Cu(L7)Cl] C11H17ClCuN4O2S 79 17.19 17.25 79 

28 [Cu(L7)NO3] C11H17CuN5O5S 78 16.18 16.09 72 

29 [Cu(L7)(CH3COO)] C13H20CuN4O4S 80 16.13 16.21 69 

30 [Cu(L7)(Cl2CHCOO)] C13H18Cl2CuN4O4S 81 13.88 13.79 68 

31 [Ni(HL 7)2](NO3)2 C22H36N10NiO10S2 84 8.01 8.11 162 

32 [Ni(L 7)Cl] C11H17ClN4NiO2S 82 16.02 16.15 73 

33 [Co(L7)2]Cl C22H34ClCoN4O8S2 79 9.20 9.31 90 

34 [Cu(1,10-Phen)(L7)]NO3 C23H25CuN4O5S 82 11.15 11.05 98 

35 [Cu(2,2ô-BPy)(L7)]NO3 C21H25CuN7O5S 89 11.41 11.53 84 

36 [Cu(3,4-Lut)(L7)]NO3 C18H26CuN6O5S 86 12.78 12.66 82 

37 [Cu(3-Pic)(L7)]NO3 C17H24CuN6O5S 79 13.18 13.02 98 

38 [Cu(Py)(L7)]NO3 C17H21CuN7O5S 84 12.60 12.73 87 

39 [Cu(Im)(L7)]NO3 C14H20CuN7O5S 83 13.88 13.76 82 

40 [Cu(L8)Cl] C13H21ClCuN4OS 88 16.58 16.71 94 

41 [Ni(HL 8)2](NO3)2 C26H44N10NiO8S2 76 7.71 7.85 166 

42 [Fe(L8)2]NO3 C26H42FeN9O5S2 85 8.02 8.20 86 

43 [Cu(L9)Cl] C13H21ClCuN4OS 87 16.60 16.71 83 

44 [Ni(HL 9)2](NO3)2 C26H44N10NiO8S2 77 7.71 7.85 164 

45 [Fe(L9)2]Cl C26H42ClFeN8O2S2 79 8.43 8.54 90 

46 [Fe(L9)2]NO3 C26H42FeN9O5S2 84 8.12 8.20 87 

47 [Co(L9)2]NO3 C26H42CoN9O5S2 87 8.51 8.62 96 

48 [Cu(L10)Cl] C11H19ClCuN4O2S 89 17.02 17.16 88 

49 [Ni(HL 10)2](NO3)2 C22H40N10NiO10S2 76 7.91 8.07 165 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ HL5-10 ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʠʦʥʘʤ ʤʝʪʘʣʣʦʚ ʚ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʪʠʦʣʴʥʦʡ ʬʦʨʤʝ ʧʦʩʨʝʜʩʪʚʦʤ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ, ʘʪʦʤʘ ʘʟʦʪʘ ʘʟʦʤʝʪʠʥʦʚʦʡ 

ʛʨʫʧʧʳ ʠ ʘʪʦʤʘ ʩʝʨʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʵʪʘʥʦʣʘ, ʤʝʪʘʥʦʣʘ ʠ ʩʤʝʩʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʩ 

ʘʮʝʪʦʥʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 10 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʝʜʠ(II) ʠ ʥʠʢʝʣʷ(II) c 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ HL5-7,9, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩʫʥʢʠ 4.9-4.18). 

 

ʈʠʩ. 4.9. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [{Cu(L 5)(Cl2CHCOO)}2] 

ʂʦʤʧʣʝʢʩ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʠʭʣʦʨʘʮʝʪʘʪʘ ʤʝʜʠ(II) ʩ  

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ HL5, ʦʙʣʘʜʘʝʪ 

ʜʠʤʝʨʥʳʤ ʩʪʨʦʝʥʠʝʤ (ʈʠʩʫʥʦʢ 4.9). ɽʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʩʢʘʞʝʥʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ. ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

5. ʊʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʪʠʦʣʴʥʦʡ 

ʬʦʨʤʝ (L5)-. ʅʘ ʧʝʨʝʭʦʜ ʚ ʪʠʦʣʴʥʫʶ ʬʦʨʤʫ ʫʢʘʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʩʚʷʟʠ ʉ-S ʦʪ 1.674 
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¡ ʚ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʝ ʜʦ ʟʥʘʯʝʥʠʷ 1.731 ¡. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʩʚʷʟʠ ʉ-N2 ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʪ 1.363 ¡ ʚ 

ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʝ ʜʦ 1.325 ¡. ʂʦʦʨʜʠʥʘʮʠʷ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʪʠʦʣʴʥʦʛʦ ʘʪʦʤʘ ʩʝʨʳ, ʘʟʦʤʝʪʠʥʦʚʦʛʦ ʘʪʦʤʘ 

ʘʟʦʪʘ ʠ ʘʤʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʪ.ʝ. ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ HL5 ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

ʪʨʝʭʜʝʥʪʘʪʥʦʛʦ ʣʠʛʘʥʜʘ ʩ O,N,S-ʥʘʙʦʨʦʤ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ. ɸʧʠʢʘʣʴʥʫʶ ʧʦʟʠʮʠʶ ʠ 

ʯʝʪʚʝʨʪʫʶ ʧʦʟʠʮʠʶ ʚ ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʜʚʫʭ ʜʠʭʣʦʨʘʮʝʪʘʪ 

ʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʤʦʩʪʠʢʘ. 

ʂʦʤʧʣʝʢʩ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʝʢʩʘʛʠʜʨʘʪʘ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ(II) ʩ  

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ HL5, ʦʙʣʘʜʘʝʪ ʤʦʥʦʤʝʨʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ 

ʧʦʣʠʵʜʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ (ʈʠʩʫʥʦʢ 4.10). ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʢʦʤʧʣʝʢʩʘ [{Cu(L 5)(Cl2CHCOO)}2], ʚ ʢʦʪʦʨʦʤ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ N-(4-

ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ ʥʘʭʦʜʠʣʩʷ ʚ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʪʠʦʣʴʥʦʡ ʬʦʨʤʝ, 

ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ [Ni(HL5)2]Cl2 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ HL5 ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʥʠʢʝʣʷ ʚ ʥʝʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʪʠʦʥʥʦʡ ʬʦʨʤʝ. ʅʘ ʥʘʭʦʞʜʝʥʠʝ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ HL5 ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʚ ʪʠʦʥʥʦʡ ʬʦʨʤʝ ʫʢʘʟʳʚʘʝʪ ʜʣʠʥʘ ʩʚʷʟʠ C-S 

ʨʘʚʥʘ ̫1.678 ¡, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʣʠʥʳ 

ʜʘʥʥʦʡ ʩʚʷʟʠ ʚ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʝ (1.674 ¡).  

 

ʈʠʩ. 4.10. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Ni(HL 5)2]Cl2 
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ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ ʜʠʭʣʦʨʘʮʝʪʘʪʘ ʤʝʜʠ ʩ ʜʘʥʥʳʤ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ, 

ʢʦʦʨʜʠʥʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ O,N,S-ʥʘʙʦʨʘ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ 

ʧʷʪʠʯʣʝʥʥʳʭ ʤʝʪʘʣʣʦʮʠʢʣʦʚ. ɸʤʠʜʥʳʡ ʘʪʦʤ ʘʟʦʪʘ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʢʦʦʨʜʠʥʘʮʠʠ. ɺʦ 

ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʷʪʩʷ ʜʚʘ ʭʣʦʨʠʜ-ʠʦʥʘ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘʨʷʜʘ. 

ʂʦʤʧʣʝʢʩ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʥʠʪʨʘʪʘ ʤʝʜʠ(II ), 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ N-(4-

ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ HL5 ʠ 4-ʧʠʢʦʣʠʥʘ ʦʙʣʘʜʘʝʪ ʤʦʥʦʤʝʨʥʳʤ ʩʪʨʦʝʥʠʝʤ 

(ʈʠʩʫʥʦʢ 4.11). ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 5. ʃʠʛʘʥʜ 

ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʘʪʦʤʫ ʤʝʜʠ ʯʝʨʝʟ ONS-ʥʘʙʦʨ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ, ʦʙʨʘʟʫʷ ʜʚʘ ʧʷʪʠʯʣʝʥʥʳʭ 

ʤʝʪʘʣʣʦʮʠʢʣʘ. ʏʝʪʚʝʨʪʦʝ ʤʝʩʪʦ ʚ ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ ʠ ʘʧʠʢʘʣʴʥʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʶʪ 

ʘʪʦʤ ʘʟʦʪʘ ʠʟ 4-ʧʠʢʦʣʠʥʘ ʠ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʠʟ ʥʠʪʨʘʪ ʠʦʥʘ. 

 

ʈʠʩ. 4.11. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(4-Pic)(L 5)NO3] 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʥʠʪʨʘʪʘ ʤʝʜʠ(II ), 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ HL5 ʠ 3,4-ʣʫʪʠʜʠʥʘ 

ʦʙʣʘʜʘʝʪ ʤʦʥʦʤʝʨʥʳʤ ʩʪʨʦʝʥʠʝʤ (ʈʠʩʫʥʦʢ 4.12). ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʘʪʦʤʘ ʤʝʜʠ ʨʘʚʥʦ 4. ʃʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʘʪʦʤʫ ʤʝʜʠ ʩ ʧʦʤʦʱʴʶ ONS-ʥʘʙʦʨʘ 

ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ, ʯʝʪʚʝʨʪʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʝʪ ʘʪʦʤ ʘʟʦʪʘ ʠʟ 3,4-ʣʫʪʠʜʠʥʘ. 4-

ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʪʠʦʣʴʥʦʡ ʬʦʨʤʝ, ʥʘ ʯʪʦ 
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ʫʢʘʟʳʚʘʝʪ ʜʣʠʥʘ ʩʚʷʟʝʡ C-S 1.747 ¡ ʠ C=N 1.313 ¡. ɺʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʥʘʭʦʜʠʪʩʷ ʥʠʪʨʘʪ-

ʠʦʥ. 

 

ʈʠʩ. 4.12. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(3,4-Lut )(L 5)]NO3 

ʂʦʤʧʣʝʢʩ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʠʟ ʭʣʦʨʠʜʘ ʤʝʜʠ(II ) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 1-

(ʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ (HL6) ʦʙʣʘʜʘʝʪ ʤʦʥʦʤʝʨʥʳʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʠʤ 

ʩʪʨʦʝʥʠʝʤ (ʈʠʩʫʥʦʢ 4.13). ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 4. ɺ 

ʢʦʤʧʣʝʢʩʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ ʜʣʠʥʳ ʩʚʷʟʝʡ 

C-S 1.738 ¡, C=N 1.329 ¡. ʃʠʛʘʥʜ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʭʜʝʥʪʘʪʥʦʛʦ ʣʠʛʘʥʜʘ, 

ʢʦʦʨʜʠʥʠʨʫʷʩʴ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʤʝʜʠ, ʩ ʧʦʤʦʱʴʶ O,N,S-ʥʘʙʦʨʘ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ. 

ʏʝʪʚʝʨʪʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʘʪʦʤ ʭʣʦʨʘ. 

ʂʦʤʧʣʝʢʩ ʙʨʦʤʠʜʘ ʤʝʜʠ c 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ HL7 ʦʙʣʘʜʘʝʪ ʜʠʤʝʨʥʳʤ 

ʩʪʨʦʝʥʠʝʤ (ʈʠʩʫʥʦʢ 4.14). ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 5. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʧʠʨʘʤʠʜʫ. ɺ 

ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ ʥʘʭʦʜʪ̫ʩʷ ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ ONS 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ. 

ʏʝʪʚʝʨʪʫʶ ʧʦʟʠʮʠʶ ʚ ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ ʠ ʘʧʠʢʘʣʴʥʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʙʨʦʤʘ, 

ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʤʦʩʪʠʢʘ. ʃʠʛʘʥʜ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥ ʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʪʠʦʣʴʥʦʡ ʬʦʨʤʝ. 
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ʈʠʩ. 4.13. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(L 6)Cl] 

 

ʈʠʩ. 4.14. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [{Cu(L 7)Br}2] 
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ʂʦʤʧʣʝʢʩ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʠʟ ʥʠʪʨʘʪʘ ʤʝʜʠ(II ) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 1-

(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ HL7 ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʦʙʣʘʜʘʝʪ ʤʦʥʦʤʝʨʥʳʤ 

ʩʪʨʦʝʥʠʝʤ (ʈʠʩʫʥʦʢ 4.15). ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʝʜʠ ʨʘʚʥʦ 5, ʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ-ʠʩʢʘʞʝʥʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʧʠʨʘʤʠʜʘ. ɺ ʜʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 1-(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʢʘʢ 

ʪʨʝʭʜʝʥʪʘʪʥʳʡ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʣʠʛʘʥʜ ʠ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ 

ʤʝʜʠ ʩ ʧʦʤʦʱʴʶ ONS-ʥʘʙʦʨʘ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ. ʏʝʪʚʝʨʪʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ ʚ 

ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ ʠ ʘʧʠʢʘʣʴʥʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʘʟʦʪʘ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. ɺʦ 

ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʠʪʨʘʪ-ʠʦʥ. 

 

ʈʠʩ. 4.15. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(1,10-Phen)(L 7)]NO3 

ʂʦʤʧʣʝʢʩ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʥʠʪʨʘʪʘ ʤʝʜʠ(II ) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 1-

(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ HL7 ʠ 2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ ʦʙʣʘʜʘʝʪ ʤʦʥʦʤʝʨʥʳʤ 

ʩʪʨʦʝʥʠʝʤ (ʈʠʩʫʥʦʢ 4.16). ʃʠʛʘʥʜ ʚ ʩʦʩʪʘʚʝ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥ ʥʘ ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʜʣʠʥʘ ʩʚʷʟʠ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʛʨʫʧʧʳ C-S 1.735 ¡ ʠ ʜʣʠʥʘ ʩʚʷʟʠ C=N 1.337 ¡. 4-

ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʘʪʦʤʫ ʤʝʜʠ ʩ ʧʦʤʦʱʴʶ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ, 
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ʢʠʩʣʦʨʦʜʘ ʠ ʩʝʨʳ, ʦʙʨʘʟʫʷ ʜʚʘ ʧʷʪʠʯʣʝʥʥʳʭ ʤʝʪʘʣʣʦʮʠʢʣʘ. ʏʝʪʚʝʨʪʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʤʝʩʪʦ ʚ ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ ʠ ʘʧʠʢʘʣʴʥʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʘʟʦʪʘ 2,2ô-

ʙʠʧʠʨʠʜʠʥʘ. ɺʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʠʪʩʷ ʥʠʪʨʘʪ-ʠʦʥ. 

 

ʈʠʩ. 4.16. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(2,2ô-BPy)(L 7)]NO3 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʥʠʪʨʘʪʘ ʤʝʜʠ(II ), 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ HL7 ʠ ʠʤʠʜʘʟʦʣʘ ʦʙʣʘʜʘʝʪ 

ʤʦʥʦʤʝʨʥʳʤ ʩʪʨʦʝʥʠʝʤ (ʈʠʩʫʥʦʢ 4.17). ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ 4. ʃʠʛʘʥʜ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ, ʢʘʢ ʪʨʝʭʜʝʥʪʘʪʥʳʡ ʠ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʘʪʦʤʫ ʤʝʜʠ ʩ 

ʧʦʤʦʱʴʶ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʘʟʦʪʘ ʠ ʩʝʨʳ. ʏʝʪʚʝʨʪʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʝʪ ʘʪʦʤ ʘʟʦʪʘ ʠʟ 

ʠʤʠʜʘʟʦʣʘ. ɺʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʥʘʭʦʜʠʪʩʷ ʥʠʪʨʘʪ ʠʦʥ. 

ʂʦʤʧʣʝʢʩ [Ni(HL9)2](NO3)2 ʷʚʣʷʝʪʩʷ ʤʦʥʦʤʝʨʦʤ (ʈʠʩʫʥʦʢ 4.18). ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ ʥʠʢʝʣʷ ʨʘʚʥʷʝʪʩʷ 6. ɺ ʩʦʩʪʘʚʝ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʠʛʘʥʜʳ ʥʝʜʝʧʨʦʪʦʥʠʨʦʚʘʥʳ ʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʪʠʦʥʥʦʡ ʬʦʨʤʝ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ ʜʣʠʥʳ ʩʚʷʟʝʡ C=S 1.676 ¡ ʠ C-NH 1.397 ¡. 

ɺʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʥʘʭʦʜʷʪʩʷ ʜʚʘ ʥʠʪʨʘʪ-ʠʦʥʘ. 
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ʈʠʩ. 4.17. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(Im)(L 7)]NO3 

 

ʈʠʩ. 4.18. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Ni(HL 9)2](NO3)2 

ɼʣʷ ʪʝʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʝʨʦʷʪʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʈʠʩʫʥʢʠ 4.19-4.44): 
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X = Cl-; Br-; NO3
-; CH3COO-. 

ʈʠʩ. 4.19. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Cu(L 5)X] 
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ʈʠʩ. 4.20. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Fe(L5)2]NO3 
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ʈʠʩ. 4.21. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ 

[Ni(HL 5)2](NO3)2 
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ʈʠʩ. 4.22. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ  

[Cu(1,10-Phen)(L 5)]NO3 
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ʈʠʩ. 4.23. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ  

[Cu(2,2ô-BPy)(L 5)]NO3 
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A = 3-Pic, Py, Im 

ʈʠʩ. 4.24. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ 

[Cu(A)(L 5)]NO3 



117 

C N

N C

CH3

C

O

N

S

NH

CH2 CH

CH2

Cu

X

 

X = Br-; NO3
- 

ʈʠʩ. 4.25. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Cu(L 6)X] 
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ʈʠʩ. 4.26. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ 

[Ni(HL 6)2](NO3)2 
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M = Fe3+; Co3+ 

X = Cl-; Br- 

ʈʠʩ. 4.27. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [M(L 6)2]X 
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ʈʠʩ. 4.28. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Zn(L 6)2] 
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ʈʠʩ. 4.29. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ  

[Cu(1,10-Phen)(L 6)]NO3 
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ʈʠʩ. 4.30. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ  

[Cu(1,10-Phen)(HL 6)](NO3)2 
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ʈʠʩ. 4.31. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ  

[Cu(2,2ô-BPy)(L 6)]NO3 
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X = Cl-; NO3
-; CH3COO-; Cl2CHCOO- 

ʈʠʩ. 4.32. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Cu(L 7)X] 
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ʈʠʩ. 4.33. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ 

[Ni(HL 7)2](NO3)2 
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ʈʠʩ. 4.34. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Ni(L 7)Cl] 
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ʈʠʩ. 4.35. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Co(L 7)2]Cl  
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A = 3,4-Lut; 3-Pic; Py 

ʈʠʩ. 4.36. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ 

[Cu(A)(L 7)]NO3 
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ʈʠʩ. 4.37. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Cu(L 8)Cl] 
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ʈʠʩ. 4.38. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ 

[Ni(HL 8)2](NO3)2 
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ʈʠʩ. 4.39. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Fe(L 8)2]NO3 
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ʈʠʩ. 4.40. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Cu(L 9)Cl] 
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ʈʠʩ. 4.41. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ 

[Ni(HL 9)2](NO3)2 
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M = Fe3+; Co3+ 

X = Cl-; NO3
- 

ʈʠʩ. 4.42. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [M(L 9)2]X 
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ʈʠʩ. 4.43. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ [Cu(L 10)Cl] 
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ʈʠʩ. 4.44. ɺʝʨʦʷʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʩʪʘʚʝ 

[Ni(HL 10)2](NO3)2 

4.3 ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 3d 

ʤʝʪʘʣʣʦʚ ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ HL 5-10 

ʈʘʟʣʠʯʥʳʝ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ rʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ: ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ, 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ. ʀʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 3d 

ʤʝʪʘʣʣʦʚ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ, ʠ ʜʘʞʝ 

ʧʨʝʚʳʰʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʝʜʠʮʠʥʝ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʧʠʩʘʥʳ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʫʯʝʥʠʷ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʠ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ (Staphylococcus aureus, 

Bacillus cereus), ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʴʥʳʭ (Acinetobacter baumannii, Escherichia coli) 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʛʨʠʙʦʚ (Candida albicans). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 4.3. 
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ʊʘʙʣʠʮʘ 4.3. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʜʘʚʣʷʶʱʠʝ (ʄʇʂ) ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʙʘʢʪʝʨʠʮʠʜʥʳʝ (ʄɹʂ) ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʢʦʪʦʨʳʭ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʩʪ-ʤʠʢʨʦʙʦʚ ʠ ʛʨʠʙʦʚ (ʤʢʛ/ʤʣ) 

ʉʦʝʜʠʥʝʥʠʝ 

Staphylococcus 

aureus 

ATCC 25923 

Bacillus cereus 

ATCC 11778 

Acinetobacter 

baumannii 

BAA-747 

Escherichia coli 

ATCC 25922 

Candida albicans 

ATCC 10231 

ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ 

HL5 - - 125 250 - - - - - - 

[Cu(L5)Cl] 15.63 31.25 7.813 15.63 - - - - - - 

[Cu(L5)Br] 31.25 62.50 31.25 62.50 250 500 - - - - 

[Cu(L5)(Cl2CHCOO)] 31.25 62.50 62.50 125 250 500 - - - - 

[Cu(L5)NO3] 15.63 31.25 15.63 31.25 250 500 - - - - 

[Cu(L5)(CH3COO)] 15.63 31.25 31.25 62.50 250 500 - - - - 

[Cu(1,10-Phen)(L5)]NO3 31.25 31.25 - - - - - - 62.50 250 

[Cu(2,2ô-BPy)(L5)]NO3 31.25 31.25 - - - - - - - - 

[Cu(3,4-Lut)(L5)]NO3 31.25 31.25 62.50 62.50 - - - - 250 250 

[Cu(4-Pic)(L5)]NO3 31.25 31.25 125 125 - - - - 500 500 

[Cu(3-Pic)(L5)]NO3 31.25 31.25 125 125 - - - - 500 500 

[Cu(Py)(L5)]NO3 62.50 62.50 125 125 - - - - - - 

[Cu(Im)(L5)]NO3 62.50 125 7.813 7.813 - - - - - - 

[Cu(L6)Cl] 1.953 1.953 0.9766 1.953 - - - - 31.25 125 

[Cu(L6)Br] 3.906 3.906 3.906 3.906 - - - - 15.63 125 

[ʉu(L6)NO3] 62.50 62.50 62.50 62.50 - - - - 250 500 

[Ni(HL 6)2](NO3)2 1.953 3.906 1.953 3.906 - - - - 62.50 125 

[Cu(1,10-Phen)(L6)]NO3 62.50 125 15.63 15.63 500 - 250 500 125 250 

[Cu(1,10-Phen)(HL6)](NO3)2 62.50 62.50 7.813 7.813 62.50 125 125 250 31.25 62.50 

HL7 - - 62.50 62.50 250 500 - - - - 

[Cu(L7)Br] 125 125 62.50 62.50 - - - - - - 

[Cu(L7)Cl] 250 250 125 125 500 - - - - - 

[Cu(L7)NO3] 62.50 125 125 125 - - - - 500 500 
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ʉʦʝʜʠʥʝʥʠʝ 

Staphylococcus 

aureus 

ATCC 25923 

Bacillus cereus 

ATCC 11778 

Acinetobacter 

baumannii 

BAA-747 

Escherichia coli 

ATCC 25922 

Candida albicans 

ATCC 10231 

ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ 

[Cu(L7)(CH3COO)] 31.25 31.25 31.25 31.25 - - - - - - 

[Cu(L7)(Cl2CHCOO)] 125 125 125 125 - - - - - - 

[Ni(HL 7)2](NO3)2 500 - 125 125 - - - - - - 

[Cu(1,10-Phen)(L7)]NO3 31.25 31.25 15.63 15.63 125 125 250 250 15.63 31.25 

[Cu(2,2ô-BPy)(L7)]NO3 250 250 250 250 500 500 - - 62.50 250 

[Cu(3,4-Lut)(L7)]NO3 125 125 62.50 125 - - - - 500 - 

[Cu(3-Pic)(L7)]NO3 31.25 31.25 15.63 31.25 - - - - 250 500 

[Cu(Py)(L7)]NO3 31.25 125 15.63 31.25 - - 500 500 - - 

[Cu(Im)(L7)]NO3 62.50 62.50 62.50 62.50 - - - - 250 500 

ʊʝʪʨʘʮʠʢʣʠʥ 0.25 1.96 0.06 - 5.66 11.31 0.98 3.91 - - 

ʌʣʫʢʦʥʘʟʦʣ - - - - - - - - 15.62 31.25 
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ʀʩʩʣʝʜʫʝʤʳʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʥʝ ʧʨʦʷʚʣʷʶʪ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʠ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʩʪʠʨʫʝʤʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʉʨʝʜʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʙʘʟʦʥʘ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-

ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ HL5 ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ [Cu(L5)Cl] ʚ ʦʪʥʦʰʝʥʠʠ 

Bacillus cereus. ʅʘ ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʘ ʢʠʩʣʦʪʥʦʛʦ 

ʦʩʪʘʪʢʘ, ʘʢʪʠʚʥʦʩʪʴ ʫʙʳʚʘʝʪ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʤʫ ʨʷʜʫ Cl- > NO3
- > CH3COO- > Br- > 

Cl2CHCOO-. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II) ʜʘʥʥʦʛʦ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʥʝ ʧʨʦʷʚʠʣʠ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɺʚʝʜʝʥʠʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʚʦ ʚʥʫʪʨʝʥʥʶʶ 

ʩʬʝʨʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʠʪʨʘʪʘ ʤʝʜʠ(II ) [Cu(L5)NO3] ʥʝ ʧʨʠʚʝʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʝʱʝʩʪʚ. ɺ ʩʣʫʯʘʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II ) ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʡ ʘʤʠʥ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʂʦʤʧʣʝʢʩʳ ʩ 

ʙʠʜʝʥʪʘʪʥʳʤʠ ʘʤʠʥʘʤʠ ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʢʦʤʧʣʝʢʩʳ ʩ 

ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʘʤʠʥʘʤʠ. ʉʘʤʳʤ ʩʣʘʙʳʤ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʩ 

ʥʝʟʘʤʝʱʝʥʥʳʤ ʧʠʨʠʜʠʥʦʤ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ. ʉʨʝʜʠ ʢʦʤʧʣʝʢʩʦʚ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(ʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ (HL6) ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʢʦʤʧʣʝʢʩ ʩ ʭʣʦʨʠʜʦʤ ʤʝʜʠ(II ) ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʄʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʘʢʪʠʚʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ. ʉʨʝʜʥʶʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ ʢʦʤʧʣʝʢʩ ʩ 

ʙʨʦʤʠʜʦʤ ʤʝʜʠ(II ), ʘ ʥʘʠʤʝʥʴʰʫʶ- ʢʦʤʧʣʝʢʩ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʥʠʪʨʘʪʘ ʤʝʜʠ(II). ɺʚʝʜʝʥʠʝ 

1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ [ʉu(L6)NO3] ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [Cu(1,10-

Phen)(HL6)](NO3)2 ʚ ʦʪʥʦʰʝʥʠʠ Bacillus cereus ʠ Candida albicans. ʀʟ ʩʝʨʠʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʝʱʝʩʪʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ HL7 ʠ ʝʛʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʘʤʳʤ ʘʢʪʠʚʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ [Cu(L7)(CH3COO)]. ʅʘ ʘʢʪʠʚʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) c HL7 ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʘ ʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ. ɺʚʝʜʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʘ ʥʠʪʨʘʪʘ ʤʝʜʠ(II ) 

ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II ) ʩ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ 3-ʧʠʢʦʣʠʥʦʤ. ʉʨʝʜʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ [Cu(L6)Cl], ʘ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ- [Cu(1,10-Phen)(L7)]NO3, ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʩ 

ʊʝʪʨʘʮʠʢʣʠʥʦʤ ʠ ʌʫʨʘʮʠʣʠʥʦʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ. 
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ʇʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ 

ʪʘʢʞʝ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ (ʊʘʙʣʠʮʘ 4.4) ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʝʜʠ(II ), 

ʥʠʢʝʣʷ(II) ʠ ʢʦʙʘʣʴʪʘ(III ) 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ (H2TscPyr) , 

ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ [159].  

ʊʘʙʣʠʮʘ 4.4. ʉʨʘʚʥʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʜʘʚʣʷʶʱʠʭ (ʄʇʂ) ʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʙʘʢʪʝʨʠʮʠʜʥʳʭ (ʄɹʂ) ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʢʦʪʦʨʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʩʪ-ʤʠʢʨʦʙʦʚ ʠ ʛʨʠʙʦʚ (ʤʢʛ/ʤʣ) 

ʉʦʝʜʠʥʝʥʠʝ 

Staphylococcus aureus 

ATCC 25923 

Candida albicans 

ATCC 10231 

ʄʇʂ ʄɹʂ ʄʇʂ ʄɹʂ 

HL5 - - - - 

[Cu(L5)Cl] 15.63 31.25 - - 

[Cu(L5)Br] 31.25 62.50 - - 

[Cu(L5)NO3] 15.63 31.25 - - 

[Cu(L6)Cl] 1.953 1.953 31.25 125 

[Cu(L6)Br] 3.906 3.906 15.63 125 

[ʉu(L6)NO3] 62.50 62.50 250 500 

H2TscPyr >1000 >1000 500 >1000 

[Cu(HTscPyr)Cl] 62.50 125 125 500 

[Cu(HTscPyr)Br] >1000 500 31.25 62.50 

[{ Cu(HTscPyr)NO3} 2] 62.50 125 125 >1000 

 

ʅʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ H2TscPyr 

ʥʝ ʧʨʦʷʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢʞʝ ʢʘʢ ʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʘʤʠʜʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ 

ʢʠʩʣʦʪʳ HL5. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) ʩ HL5-6 ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ, 

ʯʝʤ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ Staphylococcus aureus. ɸʢʪʠʚʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʘ [Cu(L6)Cl] ʚ 32 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʘʥʘʣʦʛʠʯʥʦʛʦ ʝʤʫ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʦʩʥʦʚʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ Candida 

albicans ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ HL5 ʥʝ 

ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II) ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ HL6 ʷʚʣʷʶʪʩʷ 

ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ, ʯʝʤ ʠʭ ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. ʀʟ ʚʩʝʛʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʦʩʪʘʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 
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ʇʠʨʦʚʠʥʦʛʨʘʜʥʘʷ ʢʠʩʣʦʪʘ ʠʟʚʝʩʪʥʘ, ʢʘʢ ʤʦʱʥʳʡ ʵʥʜʦʛʝʥʥʳʡ ʘʥʪʠʦʢʩʠʜʘʥʪ ʠ 

ʧʦʛʣʦʪʠʪʝʣʴ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ [160]. ʇʦʵʪʦʤʫ ʦʥʘ 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ, ʢʦʪʦʨʳʝ, 

ʢʘʢ ʩʯʠʪʘʝʪʩʷ, ʦʧʦʩʨʝʜʦʚʘʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʧʦʚʨʝʞʜʝʥʠʝ ʤʠʦʢʘʨʜʘ, ʢʠʰʝʯʥʠʢʘ ʠʣʠ ʧʝʯʝʥʠ, ʚʳʟʚʘʥʥʦʝ ʠʰʝʤʠʝʡ. ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʥʝ ʦʧʠʩʘʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʵʪʦʤʫ ʧʦʣʫʯʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʪʘʢʞʝ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ABTSĿ+ ʢʘʪʠʦʥ ʨʘʜʠʢʘʣʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.5. 

ʊʘʙʣʠʮʘ 4.5. ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ HL 5-10 ʠ 

ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ABTSĿ+ ʢʘʪʠʦʥ ʨʘʜʠʢʘʣʦʚ 

ɺʝʱʝʩʪʚʦ IC 50, ʤʢM SD, ʤʢM 

HL5 68.60 4.62 

[Cu(L5)Cl] - - 

[Cu(L5)Br] - - 

[Cu(L5)(Cl2CHCOO)] 78.57 5.08 

[Cu(L5)NO3] - - 

[Cu(L5)(CH3COO)] 96.47 1.63 

[Fe(L5)2]NO3 62.52 3.34 

[Ni(HL 5)2]Cl2 58.49 5.18 

[Ni(HL 5)2](NO3)2 29.24 2.26 

[Cu(1,10-Phen)(L5)]NO3 72.34 3.27 

[Cu(2,2ô-BPy)(L5)]NO3 97.29 7.23 

[Cu(3,4-Lut)(L5)]NO3 99.31 17.52 

[Cu(4-Pic)(L5)]NO3 61.32 15.78 

[Cu(3-Pic)(L5)]NO3 68.49 2.51 

[Cu(Py)(L5)]NO3 83.48 19.80 

[Cu(Im)(L5)]NO3 68.58 14.06 

HL6 56.44 1.51 

[Cu(L6)Cl] 105.0 4.53 

[Cu(L6)Br] Ó100 - 

[ʉu(L6)NO3] 77.77 14.15 

[Ni(HL 6)2](NO3)2 38.62 2.14 

[Fe(L6)2]Cl 137.35 3.43 

[Cu(1,10-Phen)(L6)]NO3 89.55 4.50 

[Cu(1,10-Phen)(HL6)](NO3)2 Ó100 - 

[Cu(2,2ô-BPy)(L6)]NO3 102.84 3.28 



129 

ɺʝʱʝʩʪʚʦ IC 50, ʤʢM SD, ʤʢM 

HL7 94.44 4.88 

[Cu(L7)Br] 168.45 5.02 

[Cu(L7)Cl] 128.35 3.46 

[Cu(L7)NO3] 140.30 3.54 

[Cu(L7)(CH3COO)] Ó100 - 

[Cu(L7)(Cl2CHCOO)] Ó100 - 

[Ni(HL 7)Cl] 30.67 0.82 

[Ni(HL 7)2](NO3)2 19.61 0.01 

[Co(L7)2]Cl - - 

[Cu(1,10-Phen)(L7)]NO3 23.04 0.29 

[Cu(2,2ô-BPy)(L7)]NO3 22.31 0.30 

[Cu(3,4-Lut)(L7)]NO3 7.31 0.34 

[Cu(3-Pic)(L7)]NO3 6.66 0.21 

[Cu(Py)(L7)]NO3 17.10 0.69 

[Cu(Im)(L7)]NO3 11.35 0.40 

HL8 3.85 0.18 

[Cu(L8)Cl] 8.16 0.15 

[Ni(HL 8)2](NO3)2 10.1 0.9 

HL9 84.21 4.54 

[Cu(L9)Cl] Ó100 - 

[Ni(HL 9)2](NO3)2 13.88 0.41 

[Fe(L9)2]Cl 4.51 0.36 

[Fe(L9)2]NO3 10.27 1.87 

[Co(L9)2]NO3 Ó100 - 

HL10 7.71 0.27 

[Cu(L10)Cl] - - 

ʊʨʦʣʦʢʩ 33 1.03 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ 

HL5-10 ʠ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʨʝʜʠ 4-

ʘʣʣʠʣʪʠʦʩʤʠʢʘʨʙʘʟʦʥʦʚ ʧʨʦʷʚʣʷʝʪ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-

ʜʠʦʥʘ (HL8), ʝʛʦ ʟʥʘʯʝʥʠʝ IC50 3.85 ʤʢʄ. ʅʘ ʘʢʪʠʚʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ HL5 ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʘ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʢʦʤʧʣʝʢʩʳ ʩ ʥʠʢʝʣʝʤ(II), 

ʩʨʝʜʥʶʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ(III) ʠ ʥʘʠʤʝʥʴʰʫʶ ï ʢʦʤʧʣʝʢʩ r ʤʝʜʠ(II ). 

ʉʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʥʠʪʨʘʪʘ ʤʝʜʠ(II). ʅʘ ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʘ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚ ʩʦʩʪʘʚʝ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 
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ʅʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʢʦʤʧʣʝʢʩʳ ʩ 3-ʧʠʢʦʣʠʥʦʤ ʠ 4-ʧʠʢʦʣʠʥʦʤ. ɼʣʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 3d ʤʝʪʘʣʣʦʚ ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ 1-(ʧʠʧʝʨʠʜʠʥ-1-

ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ (HL6) ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ, 

ʢʦʤʧʣʝʢʩ ʥʠʢʝʣʷ(II) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ, ʟʘʪʝʤ ʩʣʝʜʫʶʪ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʠ 

ʥʘʠʤʝʥʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ(III ). ɺʚʝʜʝʥʠʝ ʙʠʜʝʥʪʘʪʥʳʭ ʘʤʠʥʦʚ ʚʦ 

ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʥʠʪʨʘʪʘ ʤʝʜʠ(II ) 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʜʠ(II) ʩ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʦʤ [Cu(1,10-Phen)(HL6)](NO3)2, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 

ʥʝʜʝʧʨʦʪʦʥʠʨʦʚʘʥ, ʷʚʣʷʝʪʩʷ ʥʝʘʢʪʠʚʥʳʤ, ʘ ʩʭʦʞʠʡ ʧʦ ʩʪʨʦʝʥʠʶ ʢʦʤʧʣʝʢʩ, ʥʦ ʩ 

ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʧʨʦʷʚʣʷʝʪ ʘʢʪʠʚʥʦʩʪʴ 89.55 ʤʢʄ. 

ʉʨʝʜʠ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʳʭ 3d ʤʝʪʘʣʣʦʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(ʤʦʨʬʦʣʠʥ-4-

ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ HL7 ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ(II), ʩʘʤʳʤ 

ʘʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ [Ni(HL7)2](NO3)2. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II ) ʠʟ ʵʪʦʡ ʩʝʨʠʠ ʤʦʞʥʦ 

ʧʨʦʩʣʝʜʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʢʠʩʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ. ʅʘʠʙʦʣʴʰʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ ʢʦʤʧʣʝʢʩ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʭʣʦʨʠʜʘ ʤʝʜʠ(II), ʢʦʤʧʣʝʢʩʳ ʙʨʦʤʠʜʘ ʠ 

ʥʠʪʨʘʪʘ ʤʝʜʠ(II)- ʩʨʝʜʥʶʶ ʘʢʪʠʚʥʦʩʪʴ, ʘ ʢʦʤʧʣʝʢʩʳ ʘʮʝʪʘʪʘ ʠ ʜʠʭʣʦʨʘʮʝʪʘʪʘ ʤʝʜʠ(II ) 

ʷʚʣʷʶʪʩʷ ʥʝʘʢʪʠʚʥʳʤʠ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʦʙʘʣʴʪʘ(III ) ʩ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ HL7 ʥʝ ʧʨʦʷʚʣʷʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʘʢʪʠʚʥʦʩʪʴ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʪʨʘʪʘ ʤʝʜʠ(II) ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʧʨʠʨʦʜʘ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʘ ʚ ʩʦʩʪʘʚʝ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʚʝʜʝʥʠʝ ʘʤʠʥʘ ʚʦ 

ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʜʝʣʘʝʪ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʥʝ ʪʦʣʴʢʦ ʘʢʪʠʚʥʝʝ, ʯʝʤ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʩ 

ʥʠʪʨʘʪʦʤ ʤʝʜʠ(II) [Cu(L7)NO3], ʥʦ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʘʢʪʠʚʥʝʝ ʯʝʤ ʢʦʤʧʣʝʢʩʳ ʩ 

ʥʠʢʝʣʝʤ(II ). ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʤʦʥʦʜʝʥʪʘʪʥʳʝ ʘʤʠʥʳ, 

ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʩ ʙʠʜʝʥʪʘʪʥʳʤʠ ʘʤʠʥʘʤʠ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ. 4-

ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ HL8 ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʝʝ, ʯʝʤ ʝʛʦ 

ʢʦʤʧʣʝʢʩ ʩ ʭʣʦʨʠʜʦʤ ʤʝʜʠ(II ) ʠ ʢʦʤʧʣʝʢʩ ʩ ʥʠʪʨʘʪʦʤ ʥʠʢʝʣʷ. ʅʘ ʘʢʪʠʚʥʦʩʪʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ ʩ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ N-

ʮʠʢʣʦʛʝʩʠʣ-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ HL9 ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ(III ) ʠ ʥʠʢʝʣʷ(II ), ʘ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʠ 

ʢʦʙʘʣʴʪʘ(III ) ʥʝ ʧʨʦʷʚʠʣʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ABTSĿ+ ʢʘʪʠʦʥ 

ʨʘʜʠʢʘʣʦʚ. ʂʦʤʧʣʝʢʩ ʩ ʭʣʦʨʠʜʦʤ ʤʝʜʠ(II ) [Cu(L10)Cl] ʥʝ ʧʨʦʷʚʠʣ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʦʪʣʠʯʠʠ ʦʪ 

ʝʛʦ ʠʩʭʦʜʥʦʛʦ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ HL10, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ 7.71 ʤʢʄ.  
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ʊʘʢ ʢʘʢ ʠʩʭʦʜʥʳʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʘʢʪʠʚʥʳʤʠ, ʯʝʤ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʘ ʈʠʩʫʥʢʝ 4.45 ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ 

ʩʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ HL5-10. 

 

ʈʠʩ. 4.45 ʉʨʘʚʥʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ 

HL 5-10 ʚ ʦʪʥʦʰʝʥʠʠ ABTSĿ+ 

ʇʦ ʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʚʣʠʷʥʠʝ ʘʤʠʜʘ ʚ ʩʦʩʪʘʚʝ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ HL5-10 ʥʘ ʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʅʘʠʙʦʣʴʰʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ (HL8), ʥʘ 

ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ï HL10. ʉʘʤʳʤ ʩʣʘʙʳʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʤ ʷʚʣʷʝʪʩʷ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥ ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʦʨʬʦʣʠʥ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʚ 

ʩʦʩʪʘʚʝ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʤʦʨʬʦʣʠʥ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ 

ʘʢʪʠʚʥʦʩʪʴ, ʥʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʘʪʝʣʴʥʳʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʠ ʫʣʫʯʰʝʥʥʦʡ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʦʡ [161]. 

4.4 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 4 

1. ʄʦʜʠʬʠʮʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ, ʧʦ 

ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 6 ʘʤʠʜʦʚ, ʠʟ ʢʦʪʦʨʳʭ 1 ï ʥʝ ʦʧʠʩʘʥ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʉʪʨʫʢʪʫʨʘ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ FT-IR ʩʧʝʢʪʨʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʚʧʘʜʘʶʪ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. 

2. ʉʠʥʪʝʟʠʨʦʚʘʥʦ 6 ʥʦʚʳʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ 

ʢʠʩʣʦʪʳ ʠ 49 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ. 

3. ʉʪʨʦʝʥʠʝ ʠ ʯʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʳʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ 1H, 13C ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 
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4. FT-IR ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 4-

ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʩ ʧʦʤʦʱʴʶ ONS-ʥʘʙʦʨʘ 

ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʠ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʢʘʢ ʪʨʝʭʜʝʥʪʘʪʥʳʝ ʣʠʛʘʥʜʳ. 4-ɸʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ 

ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʳ ʚ ʩʦʩʪʘʚʝ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʨʦʤʝ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʘʪʘ ʥʠʢʝʣʷ(II), 

[Ni(HL5)2]Cl2 ʠ [Cu(1,10-Phen)(HL6)](NO3)2 ï ʚ ʩʦʩʪʘʚʝ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʠʛʘʥʜ 

ʥʝʜʝʧʨʦʪʦʥʠʨʦʚʘʥ. 

5. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʪʨʦʝʥʠʝ 10 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: [{ Cu(L5)(Cl2CHCOO)} 2], [Ni(HL5)2]Cl2, [Cu(4-Pic)(L5)NO3], 

[Cu(3,4-Lut)(L5)]NO3, [Cu(L6)Cl], [{Cu(L 7)Br} 2], [Cu(1,10-Phen)(L7)]NO3, [Cu(2,2ô-

BPy)(L7)]NO3, [Cu(Im)(L7)]NO3, [Ni(HL9)2](NO3)2. ʂʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʢʘʢ ʤʦʥʦʤʝʨʥʳʤ, 

ʪʘʢ ʠ ʜʠʤʝʨʥʳʤ ʩʪʨʦʝʥʠʝʤ.  

6. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.9766-

1000 ʤʢʛ/ʤʣ. ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ(II ) ʩʨʝʜʠ ʚʩʝʭ ʩʝʨʠʡ ʚʝʱʝʩʪʚ ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ 

ʢʦʤʧʣʝʢʩʳ ʜʨʫʛʠʭ 3d ʤʝʪʘʣʣʦʚ. ɺʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʚʦ 

ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ ʢʦʤʧʣʝʢʩʦʚ ʥʠʪʨʘʪʘ ʤʝʜʠ(II ) ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʚʝʣʦ ʢ 

ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʉʨʝʜʠ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ [Cu(L6)Cl], ʘ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ ï [Cu(1,10-

Phen)(L7)]NO3, ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʩ ʊʝʪʨʘʮʠʢʣʠʥʦʤ ʠ ʌʫʨʘʮʠʣʠʥʦʤ. 

7. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ABTSĿ+ ʢʘʪʠʦʥ 

ʨʘʜʠʢʘʣʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʭʦʜʥʳʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ 

ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʯʝʤ ʠʭ ʢʦʤʧʣʝʢʩʳ. 
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ʆɹʑʀɽ ɺʓɺʆɼʓ ʀ ʈɽʂʆʄɽʅɼɸʎʀʀ 

1. ʅʘ ʦʩʥʦʚʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ 

(3-ʤʝʪʦʢʩʠʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (H2L
1), 2,4-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ (H2L

2),  

3,5-ʜʠʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (H2L
3) ʠ 2-ʛʠʜʨʦʢʩʠ-1-ʥʘʬʪʘʣʴʜʝʛʠʜʘ (H2L

4)) ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ 40 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʝ ʤʝʜʠ(II), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II), ʜʣʷ ʢʦʪʦʨʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʥʘ ʤʝʜʴ ʙʳʣ 

ʦʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ. 

2. ɹʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ, 

ʧʦ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 6 ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʠ 

FT-IR ʩʧʝʢʪʨʳ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʶʪ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. 

3. ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 6 ʥʦʚʳʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ HL5-10, ʜʣʷ ʢʦʪʦʨʳʭ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ FT-IR ʠ ʗʄʈ (1H ʠ 13C) ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

4. ʅʘ ʦʩʥʦʚʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ  

HL5-10 ʙʳʣʦ ʧʦʣʫʯʝʥʦ 49 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ 

ʥʘ ʤʝʪʘʣʣ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʩʦʩʪʘʚ. 

5. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ: 

- ʩʪʨʦʝʥʠʝ 5 ʥʦʚʳʭ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ; 

- ʚʩʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʪʠʦʥʥʦʡ ʬʦʨʤʝ; 

- ʩʪʨʦʝʥʠʝ 15 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 3d ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II); 

- ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʢʘʢ ʤʦʥʦʤʝʨʥʳʤ, ʪʘʢ ʠ ʜʠʤʝʨʥʳʤ ʩʪʨʦʝʥʠʝʤ; 

- ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʮʝʥʪʨʘʣʴʥʳʤ 

ʘʪʦʤʘʤ ʩ ʧʦʤʦʱʴʶ ONS ʥʘʙʦʨʘ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʜʝʧʨʦʪʦʥʠʨʦʚʘʥ,r ʠʣʠ ʥʘʭʦʜʠʪʩɹʷ ʚ ʤʦʥʦʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʠʣʠ ʜʚʘʞʜʳ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ; 

- ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ ʚʘʨʴʠʨʫʝʪʩʷ 

ʦʪ ʯʝʪʳʨʝʭ ʜʦ ʰʝʩʪʠ; 

6. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ FT-IR ʩʧʝʢʪʨʦʚ ʣʠʛʘʥʜʦʚ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩʪʨʦʝʥʠʝ ʤʝʪʦʜʦʤ ʈʉɸ, ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ONS 

ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʤʝʪʘʣʣʘ. 

7. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣʦ: 

- ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 3d ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ, ʯʝʤ 

ʠʩʭʦʜʥʳʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ; 
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- ʚʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʙʝʥʟʠʣʠʜʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ ʩʦʩʪʘʚʝ  

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ; 

- ʚʚʝʜʝʥʠʝ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ(II) ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ; 

- ʧʦʷʚʣʝʥʠʝ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʦʩʪʘʚʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʥʳʤ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ; 

- ʩʨʝʜʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 3d ʤʝʪʘʣʣʦʚ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ(II); 

- ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) ʩ  

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʧʨʦʠʟʚʦʜʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʧʨʦʷʚʣʷʶʪ 

ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ; 

8. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣʦ: 

- ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 3d ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ 

ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ, ʯʝʤ ʠʩʭʦʜʥʳʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʳ; 

- ʚʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʙʝʥʟʠʣʠʜʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ ʩʦʩʪʘʚʝ  

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ; 

- ʚʚʝʜʝʥʠʝ N-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʩʬʝʨʫ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʪʨʘʪʘ ʠ ʘʮʝʪʘʪʘ ʤʝʜʠ(II) ʧʦʚʳʰʘʝʪ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

- ʧʦʷʚʣʝʥʠʝ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʦʩʪʘʚʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʥʳʤ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʤ; 

- ʩʨʝʜʠ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 3d ʤʝʪʘʣʣʦʚ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ(II); 

- ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʦʷʚʣʷʶʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʳʰʝ, ʯʝʤ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) ʩ  

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʧʨʦʠʟʚʦʜʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʷʜ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ʧʨʦʜʦʣʞʠʪʴ ʧʦʠʩʢ ʥʦʚʳʭ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʭ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʘʛʝʥʪʦʚ ʩʨʝʜʠ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʜʠ(II), ʟʘʤʝʥʷʷ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʙʝʥʟʠʣʠʜʝʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ ʚ ʩʦʩʪʘʚʝ  

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʘ ʪʘʢʞʝ ʘʤʠʜʥʳʡ 

ʬʨʘʛʤʝʥʪ ʚ ʩʦʩʪʘʚʝ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ; 

2. ʧʨʦʜʦʣʞʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʭʦʞʠʤʠ  

4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘʤʠ ʜʣʷ ʧʦʠʩʢʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʚʝʱʝʩʪʚ; 

3. ʧʨʦʜʦʣʞʠʪʴ ʚʥʝʜʨʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ, ʚ ʩʦʩʪʘʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ; 

4. ʜʦʧʦʣʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩʧʝʮʢʫʨʩʦʚ ʧʦ 

ɹʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʍʠʤʠʠ ʠ ɹʠʦʭʠʤʠʠ; 

5. ʚʥʝʜʨʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ Bacillus cereus ʠ Bacillus subtilis. 
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ʇʈʀʃʆɾɽʅʀʗ 
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ʇʨʠʣʦʞʝʥʠʝ 1. ʅʝʢʦʪʦʨʳʝ ʯʘʩʪʦʪʳ (ʩʤ-1) FT-IR ʩʧʝʢʪʨʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʊʘʙʣʠʮʘ A1.1 ʅʝʢʦʪʦʨʳʝ ʯʘʩʪʦʪʳ (ʩʤ-1) FT-IR ʩʧʝʢʪʨʦʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ (H2L1-4) ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

 ̄ ʉʦʝʜʠʥʝʥʠʝ ɜ(OH)ʬʝʥʦʣ. ɜ(NH) ɜ(C=N1) ɜ(C=N2) ɜ(C=S) ɜ(C-O)ʬʝʥʦʣ. ɜ(C-S) 

1 H2L1 3321 3306, 3141 1615 - 1311 1237 - 

2 [Cu(1,10-Phen)(HL1)]NO3 - 3213, 3077 1598 - 1358 1215 - 

3 [Cu(2,2ô-BPy)(HL1)]NO3 - 3201, 3107 1600 - 1351 1216 - 

4 [Cu(3,5-Br2Py)(HL1)]NO3 - 3215, 3054 1600 - 1345 1216 - 

5 [Cu(3,4-Lut)(HL1)]NO3 - 3178, 3052 1601 - 1358 1216 - 

6 [Cu(4-Pic)(HL1)]NO3 - 3210, 3099 1599 - 1361 1218 - 

7 [Cu(3-Pic)(HL1)]NO3 - 3190, 3108 1595 - 1360 1217 - 

8 [Cu(Py)(HL1)]NO3 - 3205, 3143 1598 - 1359 1218 - 

9 [Cu(Im)(HL1)]NO3 - 3172, 3056 1601 - 1346 1217 - 

10 [Cu(H2O)(L1)] - 3052 1601 1586 - 1216 727 

11 [Cu(1,10-Phen)(L1)] - 3057 1598 1577 - 1210 729 

12 [Cu(2,2ô-BPy)(L1)] - 3075 1595 1578 - 1209 738 

13 [Cu(3,5-Br2Py)(L1)] - 3054 1601 1573 - 1217 730 

14 [Cu(3,4-Lut)(L1)] - 3050 1599 1587 - 1215 728 

15 [Cu(4-Pic)(L1)] - 3067 1598 1588 - 1212 735 

16 [Cu(3-Pic)(L1)] - 3056 1596 1586 - 1213 721 

17 [Cu(Py)(L1)] - 3053 1601 1587 - 1216 726 

18 [Cu(Im)(L1)] - 3059 1599 1576 - 1214 733 

19 H2L2 3384, 3289 3133, 3051 1622 - 1319 1221, 1205 - 

20 [Cu(H2O)(L2)] 3341 3167 1602 1588 - 1213, 1171 757 

21 [Cu(1,10-Phen)(L2)] 3343 3203 1601 1589 - 1204, 1175 775 
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 ̄ ʉʦʝʜʠʥʝʥʠʝ ɜ(OH)ʬʝʥʦʣ. ɜ(NH) ɜ(C=N1) ɜ(C=N2) ɜ(C=S) ɜ(C-O)ʬʝʥʦʣ. ɜ(C-S) 

22 [Cu(2,2ô-BPy)(L2)] 3260 3202 1601 1593 - 1205, 1171 764 

23 [Cu(3,4-Lut)(L2)] 3342 3231 1602 1562 - 1201, 1174 756 

24 [Cu(4-Pic)(L2)] 3222 3064 1600 1562 - 1201, 1153 756 

25 [Cu(3-Pic)(L2)] 3212 3068 1602 1556 - 1208, 1152 754 

26 H2L3 3392 3147, 3121 1605 - 1324 1222 - 

27 [Cu(1,10-Phen)(HL3)]NO3 - 3222, 3053 1598 - 1364 1157 - 

28 [Cu(2,2ô-BPy)(HL3)]NO3 - 3188, 3047 1593 - 1358 1151 - 

29 [Cu(H2O)(L3)] - 3211 1592 1578 - 1167 762 

30 [Cu(1,10-Phen)(L3)] - 3202 1589 1576 - 1166 765 

31 [Cu(3,4-Lut)(L3)] - 3206 1597 1576 - 1160 748 

32 [Cu(4-Pic)(L3)] - 3212 1596 1577 - 1159 749 

33 [Cu(3-Pic)(L3)] - 3210 1595 1577 - 1159 747 

34 [Cu(Py)(L3)] - 3198 1595 1572 - 1161 749 

35 H2L4 3420 3181, 3079 1621 - 1329 1219 - 

36 [Cu(1,10-Phen)(HL4)]NO3 - 3194, 3011 1598 - 1363 1192 - 

37 [Cu(2,2ô-BPy)(HL4)]NO3 - 3231, 3027 1594 - 1359 1189 - 

38 [Cu(H2O)(L4)] - 3415 1593 1575 - 1190 740 

39 [Cu(1,10-Phen)(L4)] - 3318 1597 1578 - 1183 752 

40 [Cu(2,2ô-BPy)(L4)] - 3337 1592 1575 - 1181 759 

41 [Cu(3,4-Lut)(L4)] - 3398 1599 1580 - 1186 748 

42 [Cu(4-Pic)(L4)] - 3394 1602 1581 - 1183 732 

43 [Cu(3-Pic)(L4)] - 3414 1595 158 - 1189 740 

44 [Cu(Py)(L4)] - 3415 1595 1583 - 1190 740 
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ʊʘʙʣʠʮʘ A1.2 ʅʝʢʦʪʦʨʳʝ ʯʘʩʪʦʪʳ (ʩʤ-1) FT-IR ʩʧʝʢʪʨʦʚ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ 

(HL 5-7) ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

 ̄ ʉʦʝʜʠʥʝʥʠʝ ɜ(NH) ɜ(C=O) ɜ(C=N1) ɜ(C=S) ɜ(C-S) 

1 HL5 3356, 3305, 3198 1645 1615 1361 - 

2 [Cu(L5)Cl] 3314, 3332 1614 1559 - 772 

3 [Cu(L5)Br] 3313, 3340 1613 1560 - 772 

4 [Cu(L5)(Cl2CHCOO)] 3282, 3316 1608 1559 - 780 

5 [Cu(L5)NO3] 3269, 3321 1621 1570 - 754 

6 [Cu(L5)(CH3COO)] 3310, 3256 1617 1565 - 772 

7 [Fe(L5)2]NO3 3249, 3360 1609 1595 - 755 

8 HL6 3315, 3288 1632 1620 1362 - 

9 [Cu(L6)Cl] 3219 1621 1574 - 791 

10 [Cu(L6)Br] 3325 1623 1572 - 789 

11 [ʉu(L6)NO3] 3225 1618 1583 - 787 

12 [Ni(HL 6)2](NO3)2 3333, 3311 1615 1570 1342 - 

13 [Fe(L6)2]Cl 3223 1613 1574 - 791 

14 [Co(L6)2]Br 3223 1617 1580 - 783 

15 [Zn(L6)2] 3288 1621 1574 - 789 

16 [Cu(1,10-Phen)(L6)]NO3 3225 1623 1583 - 780 

17 [Cu(1,10-Phen)(HL6)](NO3)2 3305, 3239 1617 1583 1335 - 

18 [Cu(2,2ô-BPy)(L6)]NO3 3225 1621 1574 - 785 

19 HL7 3282, 3200 1636 1619 1360 - 

20 [Cu(L7)Br] 3288 1617 1557 - 774 

21 [Cu(L7)Cl] 3310 1613 1564 - 771 



163 

22 [Cu(L7)NO3] 3294 1616 1572 - 772 

23 [Cu(L7)(CH3COO)] 3274 1623 1574 - 762 

24 [Cu(L7)(Cl2CHCOO)] 3278 1618 1576 - 773 

25 [Ni(HL 7)2](NO3)2 3284, 3230 1625 1570 1400 - 

26 [Ni(L 7)Cl] 3251 1623 1568 - 754 

27 [Co(L7)2]Cl 3286 1627 1574 - 760 

28 [Cu(1,10-Phen)(L7)]NO3 3239 1625 1556 - 769 

29 [Cu(2,2ô-BPy)(L7)]NO3 3286 1625 1552 - 767 

30 [Cu(3,4-Lut)(L7)]NO3 3266 1613 1552 - 767 

31 [Cu(3-Pic)(L7)]NO3 3294 1644 1556 - 776 

32 [Cu(Im)(L7)]NO3 3244 1619 1550 - 756 

33 HL8 3319, 3290 1635 1619 1364 - 

34 [Cu(L8)Cl] 3220 1620 1577 - 775 

35 [Ni(HL 8)2](NO3)2 3324, 3320 1614 1570 1341 - 

36 HL9 3358, 3301, 3189 1648 1613 1365 - 

37 [Cu(L9)Cl] 3315, 3330 1613 1561 - 774 

38 [Ni(HL 9)2](NO3)2 3361, 3308, 3191 1612 1573 1343 - 

39 [Fe(L9)2]Cl 3310, 3335 1616 1565 - 780 

40 [Fe(L9)2]NO3 3317, 3337 1618 1570 - 787 

41 [Co(L9)2]NO3 3319, 3334 1623 1560 - 783 

42 HL10 3363, 3309, 3181 1644 1617 1368 - 

43 [Cu(L10)Cl] 3311, 3331 1620 1569 - 769 
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ʇʨʠʣʦʞʝʥʠʝ 2. FT-IR ʩʧʝʢʪʨʳ ʘʤʠʜʦʚ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ 

 

ʈʠʩ. A2.1. FT-IR ʩʧʝʢʪʨ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ 

 

ʈʠʩ. A2.2. FT-IR ʩʧʝʢʪʨ 1-(ʧʠʧʝʨʠʜʠʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ 
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ʈʠʩ. A2.3. FT-IR ʩʧʝʢʪʨ 1-(ʤʦʨʬʦʣʠʥ-4-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ 

 

ʈʠʩ. A2.4. FT-IR ʩʧʝʢʪʨ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ 
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ʈʠʩ. A2.5. FT-IR ʩʧʝʢʪʨ N-ʮʠʢʣʦʛʝʩʠʣ-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ 

 

ʈʠʩ. A2.6. FT-IR ʩʧʝʢʪʨ N-(3-ʤʝʪʦʢʩʠʧʨʦʧʠʣ)-2-ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ  
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ʇʨʠʣʦʞʝʥʠʝ 3. 1H ʠ 13C ʗʄʈ ʩʧʝʢʪʨʳ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʘʤʠʜʦʚ 

ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ (HL 5-10) 

 

ʈʠʩ. A3.1. 1H ʗʄʈ ʩʧʝʢʪʨ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-

ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ (HL 5) 

 

ʈʠʩ. A3.2. 13C ʗʄʈ ʩʧʝʢʪʨ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ N-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-

ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ (HL 5) 
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ʈʠʩ. A3.3. 1H ʗʄʈ ʩʧʝʢʪʨ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(ʧʠʧʝʨʠʜʠʥ-1-

ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ (HL 6) 

 

ʈʠʩ. A3.4. 13C ʗʄʈ ʩʧʝʢʪʨ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(ʧʠʧʝʨʠʜʠʥ-1-

ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ (HL 6) 
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ʈʠʩ. A3.5. 1H ʗʄʈ ʩʧʝʢʪʨ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(ʤʦʨʬʦʣʠʥ-4-

ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ (HL 7) 

 

ʈʠʩ. A3.6. 13C ʗʄʈ ʩʧʝʢʪʨ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(ʤʦʨʬʦʣʠʥ-4-

ʠʣ)ʧʨʦʧʘʥ-1,2-ʜʠʦʥʘ (HL 7) 
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ʈʠʩ. A3.7. 1H ʗʄʈ ʩʧʝʢʪʨ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-1,2-

ʜʠʦʥʘ (HL 8) 

 

ʈʠʩ. A3.8. 13C ʗʄʈ ʩʧʝʢʪʨ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 1-(aʟʝʧʘʥ-1-ʠʣ)ʧʨʦʧʘʥ-

1,2-ʜʠʦʥʘ (HL 8) 



171 

 

ʈʠʩ. A3.9. 1H ʗʄʈ ʩʧʝʢʪʨ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ N-ʮʠʢʣʦʛʝʩʠʣ-2-

ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ (HL 9) 

 

ʈʠʩ. A3.10. 13C ʗʄʈ ʩʧʝʢʪʨ 4-ʘʣʣʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ N-ʮʠʢʣʦʛʝʩʠʣ-2-

ʦʢʩʦʧʨʦʧʘʥʘʤʠʜʘ (HL 9) 


















