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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

4-NH2-bqd  4-ʘʤʠʥʦ-2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣ 

4-NH2-bsd  4-ʘʤʠʥʦ-2,1,3-ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣ 

4-NH2-btd  4-ʘʤʠʥʦ-2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ 

4-NO2-btd  4-ʥʠʪʨʦ-2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ 

4-OH-btd  4-ʛʠʜʨʦʢʩʦ-2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ 

5-NO2-btd  5-ʥʠʪʨʦ-2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ 

acac  ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ 

Ar   ʘʨʠʣ 

bqd 2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣ 

bsd 2,1,3-ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣ 

btd  2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ 

H3btc 1,3,5-ʙʝʥʟʦʣʪʨʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

btdas  2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ-5,6-ʜʠʪʠʦʣʘʪ 

Cp  ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ 

Cp*  ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ 

Dppe ʙʠʩ-ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʵʪʘʥ 

H3ctc  1,3,5-ʮʠʢʣʦʛʝʢʩʘʥʪʨʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

Et  ʵʪʠʣ 

Hacac  ʘʮʝʪʠʣʘʮʝʪʦʥ 

Hacnacbtd  4-(2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ-4-ʠʣʘʤʠʥʦ)-ʧʝʥʪ-3-ʝʥ-2-ʦʥ 

Hdbm ʜʠʙʝʥʟʦʠʣʤʝʪʘʥ 

iPr   ʠʟʦ-ʧʨʦʧʠʣ 

L ʣʠʛʘʥʜ 

M  ʤʝʪʘʣʣ 

Me  ʤʝʪʠʣ 

MeCN, 

CH3CN  

ʘʮʝʪʦʥʠʪʨʠʣ 

Mes  ʤʝʟʠʪʠʣ 

NEt3  ʪʨʠʵʪʠʣʘʤʠʥ 

Nu ʥʫʢʣʝʦʬʠʣ 

Ph  ʬʝʥʠʣ 

PPh3 ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ 

Py  ʧʠʨʠʜʠʥ 

R  ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ, ʧʦʜ R ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ. 
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ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʩʤ. ʩʩʳʣʢʠ ʚ ʪʝʢʩʪʝ 

R-btd  ʟʘʤʝʱʝʥʥʳʡ ʧʦ ʘʪʦʤʫ C 2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ 

solv ʩʦʣʴʚʘʪʥʘʷ ʤʦʣʝʢʫʣʘ ʨʘʩʪʚʦʨʠʪʝʣʷ 

t
Bu  ʪʨʝʪ-ʙʫʪʠʣ 

tdas  3,4-ʜʠʪʠʦʣʘʪ-1,2,5-ʪʠʘʜʠʘʟʦʣ 

THF, ʊɻʌ  ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ɼʄʉʆ  ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ  ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

OFET organic field-effect transistor, ʦʨʛʘʥʠʯʝʩʢʠʡ ʧʦʣʝʚʦʡ ʪʨʘʥʟʠʩʪʦʨ 

OLED organic light-emitting diode, ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʚʝʪʦʜʠʦʜ 

OPV organic photovoltaic cell 

PCR polymerase chain reaction, ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ 

ʂʇɿ  ʢʦʤʧʣʝʢʩ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ 

ʄʆʂʇ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

HOMO   ʚʳʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

LUMO   ʥʠʟʰʘʷ ʚʘʢʘʥʪʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

CTC ʩʚʝʨʭʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ 

  

ʈʉɸ  ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʎɺɸ ʮʠʢʣʦʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʕʇʈ  ʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʕʉʇ  ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. 2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣr (bqd) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʧʦʜʢʣʘʩʩʦʚ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʭʘʣʴʢʦʛʝʥ-ʘʟʦʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʪʦ-

ʨʳʭ, ʩʧʨʦʚʦʮʠʨʦʚʘʥʥʦʝ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʘʢʪʠʚʥʦ ʨʘʟ-

ʚʠʚʘʝʪʩʷ ʥʘ ʩʪʳʢʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɹʣʘʛʦʜʘʨʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤ 

ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʨʦʠʟʚʦʜʥʳʝ bqd ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʜʠʦʜʦʚ (OLED), ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ (OPV), ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʝʚʳʭ 

ʪʨʘʥʟʠʩʪʦʨʦʚ (OFET), ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʘʥʠʦʥ-

ʨʘʜʠʢʘʣʴʥʳʭ ʩʦʣʝʡ ʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʥʘ ʦʩʥʦʚʝ bqd ʧʦʟʚʦʣʷʝʪ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ çʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚè ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʠʟʚʦʜʥʳʝ bqd ʥʘʭʦʜʷʪ ʪʘʢʞʝ ʧʨʠ-

ʤʝʥʝʥʠʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʬʝʨʝ ʢʘʢ ʬʣʫʦʨʦʬʦʨʳ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʜʚʫʭʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʅʂ, ʤʘʨʢʝʨʳ ʜʣʷ ʇʎʈ-ʘʥʘʣʠʟʦʚ 

ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʢʠ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʵʪʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝ-

ʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ, ʙʳʣʠ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʯʠʩʪʦ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ bqd, ʯʪʦ 

ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ. ɿʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴ-

ʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʠʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ, ʪ.ʝ. ʭʠʤʠʠ, ʚ ʢʦʪʦʨʦʡ bqd ʚr -

ʩʪʫʧʘʶʪ ʣʠʛʘʥʜʘʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʥʪʝʨʝʩ ʢ ʩʠʩʪʝʤʘʤ, ʩʦʯʝʪʘʶʱʠʤ bqd ʠ ʠʦʥʳ ʤʝ-

ʪʘʣʣʦʚ, ʨʘʩʪʝʪ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʠʤʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʩʚʦʡʩʪʚ. 

ʅʘʧʨʠʤʝʨ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ bqd ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʣʠʛʘʥʜʘʤʠ-ʘʥʪʝʥʥʘʤʠ, ʚʳʟʳ-

ʚʘʶʱʠʤʠ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ; ʩʦʯʝʪʘʥʠʝ bqd ʚ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʥʦʡ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ ʬʦʨʤʝ ʩ ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʠʦʥʦʤ ʤʝʪʘʣʣʘ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʛʝʪʝʨʦʩʧʠʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʠʥʪʝʨʝʩʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ; ʘ ʧʦ-

ʣʫʯʝʥʥʳʝ ʥʝʜʘʚʥʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʩ ʣʠʥʢʝʨʘʤʠ ʥʘ ʦʩʥʦʚʝ bqd ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʪʦ-

ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪ-

ʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʣʠʛʘʥʜʘʤʠ ʥʘ ʦʩʥʦʚʝ bqd, ʠʟʫʯʝ-

ʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨ, ʠʟʫʯʝʥʠʝ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʦʩʪʘʚ-

ʩʪʨʦʝʥʠʝ-ʩʚʦʡʩʪʚʦ. ʈʝʰʝʥʠʶ ʵʪʠʭ ʟʘʜʘʯ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. 
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ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ bqd. ɺʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴ-

ʠʨʦʚʘʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʠʭ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʦʦʨ-

ʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ bqd ʩʠʣʴʥʦ ʦʪʩʪʘʝʪ ʦʪ ʭʠʤʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ: ʯʠʩʣʦ 

ʨʘʙʦʪ ʧʦ ʦʨʛʘʥʠʯʝʩʢʠʤ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʦʪʥʦʩʷʪʩʷ ʧʨʠʤʝʨʥʦ ʢʘʢ 

100 : 1. ʈʘʙʦʪʳ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ bqd ʧʝʨʚʦʛʦ ʵʪʘʧʘ (1960-1980 ʛʛ.) ʥʝ ʩʦ-

ʜʝʨʞʘʪ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ), ʧʦʵʪʦʤʫ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʘʚʝ ʠ 

ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʥʠʭ ʧʨʦʪʠʚʦʨʝʯʠʚʳ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʰʠʙʦʯʥʳ. ʇʦ-

ʥʘʩʪʦʷʱʝʤʫ ʭʠʤʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ bqd ʩʪʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʈʉɸ ʚ 1980-ʭ ʛʦʜʘʭ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʭʠʤʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʘ (btd) ʨʘʟʚʠʪʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ. ʀʟʚʝʩʪʥʦ 71 ʩʪʨʫʢʪʫʨʥʦ ʦʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʀʟ ʥʠʭ ʧʨʠʤʝʨʥʦ 80% ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʧʦʩʣʝʜʥʠʝ 8 ʣʝʪ, 

ʧʨʠʯʝʤ 16 ʢʦʤʧʣʝʢʩʦʚ ʧʦʣʫʯʝʥʦ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʥʳʤʠ 

ʦʩʪʘʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 2,1,3-ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʘ (bsd): ʠʟʚʝʩʪʥʦ 15 

ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ ʧʦʯʪʠ ʚʩʝ ʦʥʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʧʦʩʣʝ 

2010 ʛ. ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ï ʧʦʩʣʝʜʥʠʝ 7-8 ʣʝʪ ï ʦʪʥʦʩʠʪʩʷ ʠ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʠʟʫʯʝ-

ʥʠʝ ʩʚʦʡʩʪʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʣʠʛʘʥʜʘʤʠ ʥʘ ʦʩʥʦʚʝ bqd. ʆʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʭʦʪʷ ʦʪ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʤʦʞʥʦ ʦʞʠ-

ʜʘʪʴ ʠ ʩʦʯʝʪʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʠʥʪʝʨʝʩʥʳʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʧʘʨʘ-

ʤʘʛʥʝʪʠʟʤ, ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʩʪʴ, ʧʨʦʚʦʜʠʤʦʩʪʴ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʥʘʰʝʤ 

ʢʦʣʣʝʢʪʠʚʝ, ʠ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʠʭ ʯʘʩʪʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʭʠʤʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʝʪʘʣʣʦʚ ʩ ʣʠʛʘʥʜʘʤʠ ʥʘ ʦʩʥʦʚʝ bqd, ʧʦ ʩʫʪʠ, ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪ ʩʚʦʝ ʨʘʟʚʠʪʠʝ, ʠ ʨʘʟʨʘ-

ʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʥʘʢʦʧʣʝʥʠʝ ʟʥʘʥʠʡ ʦ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʦʷʚʣʷʝʤʳʭ 

ʠʤʠ ʩʚʦʡʩʪʚʘʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ d- ʠ f-ʤʝʪʘʣʣʦʚ ʩ  

2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʘʤʠ, ʠʤʝʶʱʠʤʠ ʘʤʠʥʦ-, ʪʠʦʣʘʪʥʳʝ ʠ ʢʝʪʦʠʤʠʥʘʪʥʫʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ. ʀʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ, ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʦʚʳʭ: 
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Å ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Zn(II) ʠ Cd(II) c 4-ʘʤʠʥʦ-2,1,3-

ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʘʤʠ, 

Å ɓ-ʢʝʪʦʠʤʠʥʦʚ ʥʘ ʦʩʥʦʚʝ 4-ʘʤʠʥʦ-2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʘ ʠ  

ɓ-ʢʝʪʦʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ d-ʵʣʝʤʝʥʪʦʚ (M = Co, Zn, Ni, Pd) ʠ  

f-ʵʣʝʤʝʥʪʦʚ (Ln = Sm, Gd, Nd, Er, Dy), 

Å ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ d-ʵʣʝʤʝʥʪʦʚ (Zn(II), Cd(II), Co(III), 

Ni(II), Pt(II), Mo(V) ʠ W(V)) ʩ ʪʠʘʜʠʘʟʦʣʜʠʪʠʦʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ; 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʢʦʦʨʜʠʥʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʡ; 

- ʧʦʣʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʩʧʝʢʪʨʦʚ ʬʦ-

ʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʠʤʠ; 

- ʠʟʫʯʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʪʠʘʜʠʘʟʦʣʦʚ ʠ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʠʤʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 25 ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ 2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ ʠ 4 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʷʜʨʦʤ 

{ Mo2S2O2}. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ ʩʪʨʦʝ-

ʥʠʝ 31 ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʠ ʦʜ-

ʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ btd. 

ʇʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʳʜʝʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʪʚʝʨʜʳʭ ʬʘʟ ʚ ʨʝ-

ʘʢʮʠʠ CdCl2 ʩ 4-ʘʤʠʥʦ-2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʦʤ (4-NH2-btd): Ŭ-[Cd(NH2-btd)Cl2]n,  

ɓ-[Cd(NH2-btd)Cl2]n ʠ [Cd(NH2-btd)2Cl2]n. ʇʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʧʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥ-

ʢʘ ʠ ʢʘʜʤʠʷ ʩ 4-ʘʤʠʥʦ-2,1,3-ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʧʝʢʪʨʦʚ ʬʦ-

ʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʢʦʨʨʝʣʷʮʠʶ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦ-

ʜʦʚ ʠ ʧʦʣʦʞʝʥʠʡ ʤʘʢʩʠʤʫʤʦʚ ʵʤʠʩʩʠʠ ʩʦ ʩʧʦʩʦʙʦʤ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ ʠ ʥʘʣʠʯʠʝʤ 

ʩʝʨʳ ʠʣʠ ʩʝʣʝʥʘ ʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʤ ʬʨʘʛʤʝʥʪʝ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʥʦʚʦʛʦ ɓ-ʢʝʪʦʠʤʠʥʘ ʥʘ ʦʩʥʦʚʝ 4-ʘʤʠʥʦ-2,1,3-

ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʘ ï 3-(ʙʝʥʟʦ[c][1,2,5]ʪʠʘʜʠʘʟʦʣ-4-ʠʣʘʤʠʥʦ)-1,3-ʜʠʬʝʥʠʣʧʨʦʧʘʥ-1-ʦʥʘ 

(H
Ph
acnacbtd). ʀʟʫʯʝʥʳ ʝʛʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʢʦʤʧʣʝʢʩʦʚ d- ʠ f-ʵʣʝʤʝʥʪʦʚ ʩ H
Ph
acnacbtd ʚ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ: 

[M(
Ph

acnacbtd)2] (M = Co, Zn, Ni), [Ln(
Ph

acnacbtd)3] (Ln = Nd, Dy, Er, Dy) ʠ 

[SmCp*2(
Ph
acnacbtd)]. ʇʦʢʘʟʘʥʦ, ʯʪʦ (

Ph
acnacbtd)

ï
 ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʝʡ çʘʥʪʝʥʥʦʡè 
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ʜʣʷ ʣʘʥʪʘʥʦʠʜʦʚ, ʠʟʣʫʯʘʶʱʠʭ ʚ ʀʂ-ʜʠʘʧʘʟʦʥʝ. ʄʝʪʦʜʦʤ ʮʠʢʣʦʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ 

(ʎɺɸ) ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʪʠʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ H
Ph
acnacbtd ʠ ʢʦʤʧʣʝʢʩʦʚ  

d-ʵʣʝʤʝʥʪʦʚ. ʉ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʟʘʬʠʢʩʠʨʦ-

ʚʘʥ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ ʥʘ ʦʩʥʦʚʝ (
Ph

acnacbtd)
ï
. 

ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ-5,6-

ʜʠʪʠʦʣʘ (H2btdas). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ (NBu4)2[M(btdas)2] (M = Zn, Cd) 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʨʘʣʠʛʘʥʜʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [(PPh3)2Pt(btdas)] ï ʠʥ-

ʪʝʥʩʠʚʥʘʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʷ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ ʩ ʤʝʪʘʣʣʘ ʥʘ ʣʠʛʘʥʜ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɼʘʥʥʳʝ ʦ ʩʪʨʦʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ 

ʜʦʩʪʫʧʥʳ ʜʣʷ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ ʠ ʩʧʦʩʦʙʘʭ ʢʦʦʨʜʠ-

ʥʘʮʠʠ ʢ ʤʝʪʘʣʣʘʤ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ ʭʘʣʴʢʦʛʝʥ-ʘʟʦʪʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ  

4-NH2-btd, 4-NH2-bsd, (
Ph
acnacbtd)Ȥ ʠ (btdas)

2
Ȥ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʨʘʟʚʠʪʴ ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʭʘʣʴʢʦʛʝ-

ʥʘ ʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʤ ʬʨʘʛʤʝʥʪʝ (S ʠʣʠ Se), ʧʨʠʨʦʜʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ, ʟʘʤʝʩʪʠ-

ʪʝʣʝʡ ʚ ʣʠʛʘʥʜʘʭ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʠʦʥʫ ʤʝʪʘʣʣʘ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘ-

ʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʪʘʧʳ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ ʠʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʛʦʥ-

ʚʘʢʫʫʤʥʦʡ ʣʠʥʠʠ ʠ ʩʪʘʥʜʘʨʪʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʐʣʝʥʢʘ. ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘ-

ʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʈʉɸ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʵʣʝʢʪʨʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ), ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʌʃʉ) ʠ 

ʎɺɸ. ʇʦʜʛʦʪʦʚʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʜʝʡʩʪʚʠʶ ʚʦʟʜʫʭʘ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʘʨʛʦʥʦʚʦʤ ʙʦʢʩʝ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

¶ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Zn(II) ʠ Cd(II ) c 4-ʘʤʠʥʦ-2,1,3-

ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʦʤ (4-NH2-btd) ʠ 4-ʘʤʠʥʦ-2,1,3-ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʦʤ (4-NH2-bsd); 
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¶ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʦʚʦʛʦ ɓ-ʢʝʪʦʠʤʠʥʘ ï 3-(ʙʝʥʟʦ[c][1,2,5]ʪʠʘʜʠʘʟʦʣ-4-ʠʣʘʤʠʥʦ)-

1,3-ʜʠʬʝʥʠʣʧʨʦʧʘʥ-1-ʦʥʘ (H
Ph

acnacbtd); 

¶ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ɓ-ʢʝʪʦʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ d-ʵʣʝʤʝʥʪʦʚ (M = Co, Zn, 

Ni, Pd) ʠ f-ʵʣʝʤʝʥʪʦʚ (Ln = Sm, Gd, Nd, Er, Dy); 

¶ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Mo(V), ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ 

{ Mo2S2O2};  

¶ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ d-ʵʣʝʤʝʥʪʦʚ 

(Zn(II), Cd(II ), Co(III), Ni(II ), Pt(II), Mo(V) ʠ W(V)) ʩ ʪʠʘʜʠʘʟʦʣʜʠʪʠʦʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʘʤʠ ʈʉɸ, ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ; 

¶ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʘʤʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʮʠʢʣʦʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʚʳʧʦʣʥʝʥʠʠ ʚʩʝʭ ʩʠʥʪʝ-

ʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ, ʟʘʧʠʩʠ ʀʂ-

ʩʧʝʢʪʨʦʚ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʠʠ ʤʦ-

ʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʈʉɸ, ʘ ʪʘʢʞʝ ʚ ʘʥʘʣʠʟʝ ʧʦʣʫ-

ʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʦʪʦʣʶʤʠʥʝʩ-

ʮʝʥʮʠʠ ʠ ʎɺɸ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʩʫʞʜʝʥʠʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ, ʧʦʜʛʦʪʦʚ-

ʢʘ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʢ ʧʝʯʘʪʠ ʠ ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʭʦʜʠʣʠ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯ-

ʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʧʫʙʣʠʢʘʮʠʡ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʨʦʩʩʠʡʩʢʦʛʦ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʝʡ: IV
th
 International Workshop on 

Transition Metal Clusters, IWTMC (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2014); ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè (ʅʦʚʦ-

ʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2015); ʂʦʥʢʫʨʩ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʧʦʩʚʷʱʝʥʥʘʷ ʧʘʤʷʪʠ 

ʯʣ.-ʢ. ɸʅ ʉʉʉʈ, ʧʨʦʬʝʩʩʦʨʘ ɻ. ɹ. ɹʦʢʠʷ (ʅʦʚʦʩʠʙʠʨʩʢ, 2015); VI ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʩʠʤʧʦʟʠʫʤ ʧʦ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2016); III ʈʦʩ-

ʩʠʡʩʢʠʡ ʜʝʥʴ ʨʝʜʢʠʭ ʟʝʤʝʣʴ (ʅʦʚʦʩʠʙʠʨʩʢ, 2017); XXVII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʠ IV ʄʦʣʦʜʝʞʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʌʠ-

ʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 

ʈʦʩʩʠʷ, 2017). 
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ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ, ʠʟ ʥʠʭ 2 

ʩʪʘʪʴʠ ʚ ʟʘʨʫʙʝʞʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, 1 ʩʪʘʪʴʷ ʚ ʨʝʮʝʥʟʠʨʫʝʤʦʤ ʨʦʩʩʠʡʩʢʦʤ 

ʞʫʨʥʘʣʝ ʠ ʪʝʟʠʩʳ 8 ʜʦʢʣʘʜʦʚ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. ɺʩʝ 

ʩʪʘʪʴʠ ʚʭʦʜʷʪ ʚ ʩʧʠʩʢʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʙʘʟʘʤʠ ʜʘʥʥʳʭ Web of Science ʠ Scopus. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʝʥʘ ʚʳʩʦʢʠʤ ʤʝʪʦʜʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ, 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʤʝʞ-

ʜʫ ʩʦʙʦʡ ʠ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ 

ʧʨʠʟʥʘʥʠʝʤ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʟʥʘʯʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ 

ʩʦʦʙʱʝʩʪʚʦʤ ï ʦʧʫʙʣʠʢʦʚʘʥʠʝ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʠ ʚʳʩʦ-

ʢʘʷ ʦʮʝʥʢʘ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.01 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. ɼʠʩʩʝʨʪʘʮʠ-

ʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧ. 2. çɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠè, ʧ. 3. çʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʠ ʩʪʨʦʝ-

ʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè ʠ ʧ. 7 çʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠ-

ʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʈʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠ-

ʛʘʥʜʦʚè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 02.00.01 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 133 ʩʪʨʘʥʠʮʝ, ʩʦʜʝʨʞʠʪ 

70 ʨʠʩʫʥʢʦʚ, 20 ʪʘʙʣʠʮ ʠ 38 ʩʭʝʤ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 173 ʨʘʙʦʪ ʦʪʝʯʝʩʪʚʝʥ-

ʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ (ʛʣ. 1), 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ (ʛʣ. 2), ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ (ʛʣ. 3), ʚʳʚʦʜʦʚ, 

ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪ-

ʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʠʙʠʨ-

ʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍ ʉʆ ʈɸʅ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʀʅʍ ʉʆ ʈɸʅ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ 

ʈʌʌʀ (16-33-00305, 16-03-00637). 
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ɻʣʘʚʘ 1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫ-

ʯʝʥʠʷ 2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ (bqd) ʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʇʦʜ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʚʚʝʜʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦ 

ʢʘʨʙʦʮʠʢʣʫ ʠʣʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʤʫ ʬʨʘʛʤʝʥʪʫ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ bqd. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʫʛʣʝ-

ʨʦʜʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʥʦʤʝʥʢʣʘʪʫʨʝ bqd. ʇʦʤʠʤʦ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʦʧʠʩʳʚʘʝʪʩʷ ʪʘʢʞʝ 

ʩʪʨʦʝʥʠʝ ʥʝʟʘʤʝʱʝʥʥʳʭ bqd. ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ, ʘ ʪʘʢʞʝ ʬʦ-

ʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ bqd. 

 

ʈʠʩ. 1. ʅʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ bqd 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʦʙʟʦʨʘ ʦʧʠʩʘʥʳ ʩʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ ʥʝʟʘʤʝʱʝʥʥʳʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʤʠ bqd.  

1.1. ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ 2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ ʠ ʠʭ ʧʨʦʠʟ-

ʚʦʜʥʳʭ 

1.1.1. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʭ 

2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʩʠʥʪʝʟʫ bqd: 

1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʚ ʩ SOCl2, S2Cl2, SeO2 ʠʣʠ SeCl4 ï 

ʟʘʤʳʢʘʥʠʝ ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ (ʩʭʝʤʘ 1). ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʧʦʜʭʦʜ, ʧʦʣʫʯʘʶʪ 

2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ (btd), 2,1,3-ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣ (bsd) ʠ ʨʷʜ ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʭ 

btd ʠ bsd [1-16]. 
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ʉʭʝʤʘ 1. ʉʠʥʪʝʟ bqd ʚʟʘʠʤʦʜʝʡʩʪʚʝʤ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʚ ʩ SOCl2 ʠʣʠ SeO2 

2. ɺʚʝʜʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʢʘʨʙʦʮʠʢʣ ʫʞʝ ʛʦʪʦʚʦʛʦ bqd. ɼʣʷ ʧʝʨʚʠʯʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ï ʚʚʝʜʝʥʠʷ ʧʨʦʩʪʝʡʰʠʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʜʘʣʝʝ ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ: ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ, ʥʠʪʨʦʚʘʥʠʝ, ʩʫʣʴʬʠʨʦʚʘʥʠʝ ʠ ʪ.ʜ. ɼʘʣʝʝ ʧʨʦʩʪʝʡʰʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ ʚ ʙʦʣʝʝ ʩʣʦʞʥʳʝ. 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʙʠʥʘʮʠʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ. 

ʅʘʧʨʠʤʝʨ, 4-ʥʠʪʨʦ-2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʳ (4-NO2-bqd) ʧʦʣʫʯʘʶʪʩʷ ʧʨʷʤʳʤ 

ʥʠʪʨʦʚʘʥʠʝʤ bqd ʩʤʝʩʴʶ ʘʟʦʪʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ (ʩʭʝʤʘ 2), ʥʦ ʜʣʷ ʩʠʥʪʝʟʘ  

5-ʥʠʪʨʦ-2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ (5-NO2-bqd) ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʟʘʤʳʢʘʥʠʷ 

ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ, ʠʩʭʦʜʷ ʠʟ 4-ʥʠʪʨʦ-1,2-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ [1, 6, 9, 17].  

4-NO2-btd ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʨʝʘʢʮʠʝʡ 3-ʥʠʪʨʦ-1,2-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʩ SOCl2, 

ʥʦ ʚʳʭʦʜ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʪʨʦʚʘʥʠʝʤ btd [1]. 

 

ʉʭʝʤʘ 2. ʅʠʪʨʦʚʘʥʠʝ bqd 

ʅʠʪʨʦʚʘʥʠʝʤ 5-NO2-bsd ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʨʦʜʫʢʪʘ ʠʟ ʫʢ-

ʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 4,6-ʜʠʥʠʪʨʦ-2,1,3-ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣ (4,6-(NO2)2bsd, 

ʩʭʝʤʘ 3) [18]. 

 

ʉʭʝʤʘ 3. ʇʦʣʫʯʝʥʠʝ 4,6-(NO2)2-bsd 
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4,6-ʜʠʥʠʪʨʦ-2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ  

2,4,6-ʪʨʠʥʠʪʨʦʘʥʠʣʠʥʘ ʩʦ ʩʤʝʩʴʶ S2Cl2 ʠ ʧʠʨʠʜʠʥʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʩʭʝʤʘ 4) [19]. 

 

ʉʭʝʤʘ 4. ʇʦʣʫʯʝʥʠʝ 4,6-(NO2)2-btd 

ʃʝʛʢʦʩʪʴ ʩʠʥʪʝʟʘ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʭ bqd ʜʝʣʘʝʪ ʣʝʛʢʦʜʦʩʪʫʧʥʳʤʠ ʪʘʢʞʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʘʤʠʥʳ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ [6, 17, 20]. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ ʠʟʙʳʪʢʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʝ 

ʪʦʣʴʢʦ ʥʠʪʨʦ-ʛʨʫʧʧʳ, ʥʦ ʠ ʛʝʪʝʨʦʮʠʢʣʘ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʠʘʤʠʥʦʙʝʥʟʦʣʦʚ (ʩʭʝʤʘ 5). 

ʍʦʪʷ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʦʩʣʝʜʥʠʝ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʚʨʘʱʝʥʳ ʚ ʘʤʠʥʦ-bqd ʨʝ-

ʘʢʮʠʝʡ ʩ SOCl2 ʠʣʠ SeO2 [20, 21]. 

 

ʉʭʝʤʘ 5. ʇʦʣʫʯʝʥʠʝ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ bqd ʠ ʪʨʠʘʤʠʥʦʙʝʥʟʦʣʦʚ 

ɸʤʠʥʠʨʦʚʘʥʠʝ 4-NO2-bqd ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʥʠʪʨʦʘʤʠʥʦʧʨʦʠʟʚʦʜ-

ʥʳʤ 4-NO2-5-NH2-bqd, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʝ 4,5-(NH2)2-bqd (ʩʭʝʤʘ 6) [22, 23]. 

 

ʉʭʝʤʘ 6. ʇʦʣʫʯʝʥʠʝ 4,5-(NH2)2-bqd 

ʀʟ 4-NH2-btd ʧʦ ʨʝʘʢʮʠʠ ɹʫʭʝʨʝʨʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʛʠʜʨʦʢʩʦʧʨʦʠʟʚʦʜʥʦʝ (4-OH-

btd) [15, 24]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʣʝʥʘ-ʧʨʦʠʟʚʦʜʥʦʛʦ ʫʜʦʙʥʝʝ ʚʦʩʩʪʘʥʦʚʠʪʴ 4-OH-btd ʜʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʤʠʥʘ, ʘ ʜʘʣʝʝ ʟʘʤʢʥʫʪʴ ʩʝʣʝʥʘʜʠʘʟʦʣʴʥʳʡ ʮʠʢʣ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʝʤ ʩ SeO2 [25] (ʩʭʝʤʘ 7). 
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ʉʭʝʤʘ 7. ʇʦʣʫʯʝʥʠʝ 4-OH-bqd 

ʊʘʢʞʝ 4- ʠʣʠ 5-NH2-bqd ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʥʛʠʜʨʠʜʘʤʠ ʠ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʘʮʝʪʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ [6, 17]. 

ɸʤʠʥʦʧʨʦʠʟʚʦʜʥʳʝ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ, ʘʤʠʜʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʠ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʩʭʝ-

ʤʘ 8) [4, 21, 26, 27]. 

 

ʉʭʝʤʘ 8. ʇʨʠʤʝʨʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ bqd 

ʉʫʣʴʬʠʨʦʚʘʥʠʝ ʠʣʠ ʭʣʦʨʩʫʣʴʬʠʨʦʚʘʥʠʝ bqd ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʜʝʡʩʪʚʠ-

ʝʤ ʥʘ ʥʠʭ ʦʣʝʫʤʘ ʠʣʠ ʭʣʦʨʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʣʴʬʦʭʘʣʴʢʦʛʝʥʘ-

ʜʠʘʟʦʣʘʤ ʠʣʠ ʭʣʦʨʩʫʣʴʬʦʥʦʚʳʤ ʧʨʦʠʟʚʦʜʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʭʝʤʘ 9) [6, 28, 29]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʜʦ ʩʫʣʴʬʦʥʠʣ-N-ʛʠʜʨʦʢʩʠ-

ʛʫʘʥʠʜʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ 

[30]. 

 

ʉʭʝʤʘ 9. ʉʫʣʴʬʠʨʦʚʘʥʠʝ ʠ ʭʣʦʨʩʫʣʴʬʠʨʦʚʘʥʠʝ R-bqd 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʠʥʪʝʟʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʭ bqd ʠʤʝʶʪ 

ʨʝʘʢʮʠʠ ʠʭ ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ. ʇʨʷʤʦʝ ʭʣʦʨʠʨʦʚʘʥʠʝ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʦ-ʨʘʟʥʦʤʫ: ʚ ʩʣʫʯʘʝ bsd ʦʙʨʘʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʪʨʘʭʣʦʨ-2,1,3-

ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣ (Cl4-bsd), ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʭʣʦʨʠʨʦʚʘʥʠʠ btd ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʦʣʫ-



16 

 

ʯʘʝʪʩʷ  

4,7-Cl2-btd (ʩʭʝʤʘ 10) [6, 28]. 

 

ʉʭʝʤʘ 10. ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʧʨʦʠʟʚʦʜʥʳʭ bqd 

4-Cl-bqd ʠʣʠ 5-Cl-bqd ʧʦʣʫʯʘʶʪ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʚ (ʩʭʝʤʘ 

11) [20, 29, 31]. 

 

ʉʭʝʤʘ 11. ʇʦʣʫʯʝʥʠʝ ʤʦʥʦʭʣʦʨʧʨʦʠʟʚʦʜʥʳʭ bqd 

ʈʝʘʢʮʠʷ 5-Cl-bsd ʩ ʭʣʦʨʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʣʴʬʘʪʘ ʩʝʨʝʙʨʘ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 4,5-ʜʠʭʣʦʨ-2,1,3-ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʘ (4,5-Cl2-bsd, ʩʭʝʤʘ 12) 

[2, 17]. 

 

ʉʭʝʤʘ 12. ʇʦʣʫʯʝʥʠʝ 4,5-Cl-bsd 

4,7-ʜʠʙʨʦʤ-2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ btd ʩ Br2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 47%-ʦʛʦ ʨʘʩʪʚʦʨʘ HBr (ʩʭʝʤʘ 13) [32]. ʈʝʘʢ-

ʮʠʷ bsd ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ Br2 ʠ ʩʫʣʴʬʘʪʦʤ ʩʝʨʝʙʨʘ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ 4,7-ʜʠʙʨʦʤ-2,1,3-ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʫ 

(4,7-Br2-bsd). ɺ ʩʣʫʯʘʝ ʭʣʦʨʘ ʠ ʡʦʜʘ ʨʝʘʢʮʠʷ ʠʜʝʪ ʧʨʠ 100Áʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ 

ʧʨʦʜʫʢʪʦʚ 4-X-bsd ʠ 4,7-X2-bsd (X = Cl, I) (ʩʭʝʤʘ 13) [2]. 
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Cʭʝʤʘ 13. ʈʝʘʢʮʠʠ ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ bqd 

ɻʘʣʦʛʝʥʠʜʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ bqd ʦʯʝʥʴ ʚʘʞʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘ-

ʮʠʠ ʧʫʪʝʤ ʟʘʤʝʱʝʥʠʷ ʛʘʣʦʛʝʥʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʡ 

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ (ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ [33-35], ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ [36-38] 

ʠʣʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ [10, 39, 40]) ʠʣʠ ʨʝʘʢʮʠʡ ʩ ʘʤʠʥʘʤʠ (ʩʭʝʤʘ 14) [41-

43], ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʩʦʝʜʠʥʝʥʠʷ c ʨʘʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [4, 44, 45]. 

 

ʉʭʝʤʘ 14. ʇʦʣʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟ 4,7-Hal-bqd 

ɽʱʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʧʝʨʚʠʯʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ bqd ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʭʣʦʨʤʝʪʠ-

ʣʠʨʦʚʘʥʠʷ (ʩʭʝʤʘ 15). ɸʪʦʤʳ ʭʣʦʨʘ ʚ ʜʠ(ʭʣʦʨʤʝʪʠʣ)ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʣʝʛʢʦ ʟʘʤʝʱʘʶʪʩʷ ʥʘ ʜʨʫʛʠʝ ʟʘʤʝʩʪʠʪʝʣʠ, 

ʧʨʠʜʘʶʱʠʝ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ bqd ʠ ʨʘʩʰʠʨʷʶʱʠʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ [28, 46-49]. 
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ʉʭʝʤʘ 15. ʈʝʘʢʮʠʷ ʭʣʦʨʤʝʪʠʣʠʨʦʚʘʥʠʷ bqd 

ʆʪʜʝʣʴʥʳʤ ʢʣʘʩʩʦʤ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ bqd ʷʚʣʷʶʪʩʷ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʝ ʧʨʦ-

ʠʟʚʦʜʥʳʝ, ʠʥʪʝʨʝʩ ʢ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʟʦʚʳʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʳ 

ʠ ʢʦʤʧʣʝʢʩʳ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ [50, 51]. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʝʡ CïH ʧʦʟʚʦʣʷ-

ʝʪ ʦʞʠʜʘʪʴ ʠʥʪʝʨʝʩʥʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ɺ ʨʘʙʦʪʝ [50] ɿʠʙʘʨʝʚʳʤ ɸ.ɺ. ʠ ʩʦʘʚʪʦʨʘʤʠ ʦʧʠʩʳʚʘʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝ-

ʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦʤʠʤʦ ʬʪʦʨʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ R = Cl, CF3 

(ʩʭʝʤʘ 16). ʇʨʠʯʝʤ ʥʘʣʠʯʠʝ ʬʪʦʨʘ ʚ ʦ-ʧʦʣʦʞʝʥʠʠ ʢ ʘʟʦʪʫ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʝʱʝ 

ʦʜʠʥ ʩʧʦʩʦʙ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʘʤʳʢʘʥʠʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ btd ʧʫʪʝʤ ʦʙ-

ʨʘʙʦʪʢʠ Ar
F
-N=S=N-SiMe3 ʬʪʦʨʠʜʦʤ ʮʝʟʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʩʭʝʤʘ 16) [50]. 

 

ʉʭʝʤʘ 16. ʉʠʥʪʝʟ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ btd ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʢʦʥʜʝʥʩʘʮʠʝʡ  

ʩʠʣʠʣʠʨʦʚʘʥʥʳʭ ʪʠʦʜʠʠʤʠʜʦʚ 

ʇʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʝ bsd ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʚ ʩ ʦʢʩʠʜʦʤ ʠʣʠ ʭʣʦʨʠʜʦʤ ʩʝʣʝʥʘ (ʩʭʝʤʘ 17) [50]. 

 

ʉʭʝʤʘ 17. ʉʠʥʪʝʟ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ bsd ʠʟ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʚ 

ɺ ʨʘʙʦʪʝ [51] ʘʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʣʠʬ-

ʪʦʨʠʨʦʚʘʥʥʳʭ bqd ï ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʬʪʦʨʦʚ, ʢʦʪʦʨʦʝ ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦʩʝ-

ʣʝʢʪʠʚʥʦ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʩʦʝʜʠʥʝ-

ʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʦʪ 1 ʜʦ 4 ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ (OMe
ï
 ʠ Me2N

ï
) (ʩʭʝʤʘ 18). ɼʘʣʴ-
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ʥʝʡʰʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʠʘ- ʠ ʩʝʣʝʥʘʜʠʘʟʦʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʟʘʤʝʱʝʥʥʳʝ 1,2-ʜʠʘʤʠʥʦʙʝʥʟʦʣʳ. 

 

ʉʭʝʤʘ 18. ʅʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʚ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ bqd 

ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʤʦʥʦ- ʠ ʜʠʬʪʦʨ-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʳ ʩ ʘʨʠʣʴʥʳʤʠ ʟʘʤʝ-

ʩʪʠʪʝʣʷʤʠ ʚ 4 ʠ 7 ʧʦʣʦʞʝʥʠʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʨʠʣʙʨʦʤʠʜʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʩʭʝʤʘ 19) [52, 53]. 

 

ʉʭʝʤʘ 19. ʈʝʘʢʮʠʷ ʘʨʠʣʠʨʦʚʘʥʠʷ ʬʪʦʨʧʨʦʠʟʚʦʜʥʳʭ btd 

2,1,3-ɹʝʥʟʦʪʠʘʜʠʘʟʦʣ-5,6-ʜʠʪʠʦʣ (H2btdas) ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʦʮʠʘʥʘʪʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʫʣʴʬʠʜʘ ʥʘʪʨʠʷ 

(ʩʭʝʤʘ 20) [54]. 

 

ʉʭʝʤʘ 20. ʉʠʥʪʝʟ H2btas 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʨʝʘʢʮʠʠ ʦʪʦʙʨʘʞʘʶʪ ʩʧʦʩʦʙʳ ʚʚʝʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʢʘʨʙʦʮʠʢʣ. ʊʘʢʞʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦ 

ʘʟʦʪʫ ʛʝʪʝʨʦʮʠʢʣʘ, ʘ ʠʤʝʥʥʦ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʥʘ bqd ʪʘʢʠʭ ʘʣʢʠʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʢʘʢ ʜʠʘʣʢʠʣʩʫʣʴʬʘʪ,r ʪʝʪ-

ʨʘʬʪʦʨʙʦʨʘʪ ʪʨʠʤʝʪʠʣʦʢʩʦʥʠ ̫ʠʣʠ ʘʣʢʠʣʠʦʜʠʜʳ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʣʢʠʣʘ 
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ʢ ʘʪʦʤʫ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ ʠ ʦʙʨʘʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʝʪʚʝʨʪʠʯʥʳʝ ʩʦʣʠ (ʩʭʝʤʘ 

21) [55-58]. 

 

ʉʭʝʤʘ 21. N-ʘʣʢʠʣʧʨʦʠʟʚʦʜʥʳʝ bsd 

ɺ ʩʣʫʯʘʝ btd ʧʨʦʠʩʭʦʜʠʪ ʧʨʷʤʦʝ ʘʣʢʠʣʠʨʦʚʘʥʠʝ, ʘ ʚ ʩʣʫʯʘʝ bsd ʚʦʟʤʦʞʥʦ ʜʚʘ ʚʘ-

ʨʠʘʥʪʘ: ʧʨʷʤʦʝ ʘʣʢʠʣʠʨʦʚʘʥʠʝ (ʩʭʝʤʘ 22) ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ N-ʘʣʢʠʣʠʨʦʚʘʥʥʦʛʦ 

ʦʨʪʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʩ ʩʝʣʝʥʠʩʪʦʡ ʢʠʩʣʦʪʦʡ ʚ ʩʫʭʦʤ ʩʧʠʨʪʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NaI ʩ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ [N-alkyl-bsd]I [58]. 

 

 

ʉʭʝʤʘ 22. ʈʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʧʦ ʘʟʦʪʫ  

1.1.2. ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ btd ʠ bsd 

ʉʪʨʦʝʥʠʝ btd ʠ bsd ʙʳʣʦ ʚʧʝʨʚʳʝ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʨʘʙʦʪʝ ʃʫʮʮʘʪʠ ʚ 1951 ʛʦʜʫ 

[59]. ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ [60] ʠ [61] ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘ-

ʤʠ. ɺ ʂʝʤʙʨʠʜʞʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ (ʚʝʨʩʠʷ 5.39, ʥʦʷʙʨʴ 2017) ʥʘʭʦʜʠʪʩʷ 

219 ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʦʚ (52). 

ɼʣʠʥʳ ʩʚʷʟʝʡ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʬʨʘʛʤʝʥʪʫ, ʙʣʠʟʢʠ ʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ: 

a) ʜʣʷ ʪʠʘʜʠʘʟʦʣʴʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ: 1,595ï1,638 ¡ (SïN); 1,319ï1,362 ¡ (CïN); 

1,409ï1,457 ¡ (CïC); 
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b) ʜʣʷ ʩʝʣʝʥʘʜʠʘʟʦʣʴʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ: 1,773ï1,808 (SeïN); 1,311ï1,354 ¡ (CïN); 

1,429ï1,469 ¡ (CïC).  

ʉʫʱʝʩʪʚʝʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʢʨʘʪʥʦʩʪʠ, ʚ 

ʛʝʪʝʨʦʮʠʢʣʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʢ ʘʪʦʤʫ ʘʟʦʪʘ (ʧʨʦʪʦʥʠ-

ʨʦʚʘʥʠʝ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ) [55-58].  

ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʧʘʢʦʚʦʢ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ ï ʥʘʣʠʯʠʝ ʢʦʨʦʪ-

ʢʠʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ QĀĀĀN (Q = S, Se) ʠ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʊʘʢ, ʥʘʧʨʠ-

ʤʝʨ, ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʧʘʢʦʚʢʘʭ ʥʝʟʘʤʝʱʝʥʥʳʭ btd ʠ bsd ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʨʦʪʢʠʝ 

ʢʦʥʪʘʢʪʳ SĀĀĀN (3,215(7) ¡) ʠ SeĀĀĀN (3,155(3) ¡) (ʨʠʩ. 2), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʝʞʧʣʦʩ-

ʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʨʘʚʥʦ 3,49 ¡ (btd) ʠ 3,57 ¡ (bsd), ʯʪʦ ʫʢʘʟʳʚʘ-

ʝʪ ʥʘ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʨʠʩ. 3) [60, 61]. 

 

 

 

ʘ) ʙ) 

ʈʠʩ. 2. ʌʨʘʛʤʝʥʪʳ ʫʧʘʢʦʚʦʢ btd (ʘ) ʠ bsd (ʙ), ʚ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʳ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ SĿĿĿN 

  
ʘ) ʙ) 

ʈʠʩ. 3. ʌʨʘʛʤʝʥʪʳ ʫʧʘʢʦʚʦʢ btd (ʘ) ʠ bsd (ʙ), ʚ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʳ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

1.1.3. ʉʚʦʡʩʪʚʘ 2,1,3 ï ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ (bqd) 

1.1.3.1. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, bqd ʠʥʪʝʨʝʩʥʳ ʩʚʦʠʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʩʨʦʜʩʪʚʦʤ ʢ ʵʣʝʢ-

ʪʨʦʥʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʪʘʙʠʣʴʥʳʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʳ ʠʣʠ ʢʦʤʧʣʝʢʩʳ ʩ ʧʝʨʝʥʦ-

ʩʦʤ ʟʘʨʷʜʘ ʥʘ ʠʭ ʦʩʥʦʚʝ [62, 63]. ʇʦʜʦʙʥʦ 1,2,5-ʪʠʘʜʠʘʟʦʣʘʤ, bqd ʤʦʛʫʪ ʚʦʩʩʪʘʥʘʚʣʠ-

3,49 ¡ 3,57 ¡ 
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ʚʘʪʴʩʷ ʚ ʜʚʝ ʩʪʘʜʠʠ: ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʙʨʘʪʠʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ, ʜʘʣʴʥʝʡʰʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ [62, 64, 65]. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʥʠʪʨʦʧʨʦʠʟ-

ʚʦʜʥʳʝ bqd, ʚ ʢʦʪʦʨʳʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦʛʨʫʧʧʳ ʧʨʦʠʩʭʦʜʠʪ ʨʘʥʴʰʝ, ʯʝʤ ʛʝʪʝʨʦ-

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ [64]. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ ʧʨʦʪʦʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ (M/H
+
, M = Zn, Sn; HI) ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʢʨʳʪʠʝ ʪʠʘʜʠʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. 

ʊʘʢʠʝ ʨʝʘʢʮʠʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʭ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘʧʨʷʤʫʶ [66]. ʀʟʚʝʩʪ-

ʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʧʦʪʝʥʮʠʘʣ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (E1/2) ʩʤʝ-

ʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʤʝʱʝʥʥʳʭ bqd (E1/2 (btd) = ï1,51 ɺ, E1/2 (bsd) = ï1,38 B) [62]. 

ʊʘʢ, ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʚʦʣʥʳ ʩʤʝʱʘʝʪʩʷ ʚ 

ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ï ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʟʘʤʝʱʝʥʥʳʤʠ bqd [12, 40, 60, 67-69]. 

ʂʘʢ ʧʨʘʚʠʣʦ, bqd ʫʩʪʦʡʯʠʚʳ ʢ ʦʢʠʩʣʝʥʠʶ (E1/2 (btd) = 2,3 ɺ, E1/2 (bsd) = 2,15 ɺ). 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ ʠ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʨʘʟʨʫʰʘʝʪʩʷ ʙʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʠʘʜʠʘʟʦʣ-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ 

ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ [70].  

ɸʥʠʦʥ-ʨʘʜʠʢʘʣʳ (ʩʭʝʤʘ 23) ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

bqd ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʥʘʪʨʠʝʤ ʠʣʠ ʢʘʣʠʝʤ ʚ ʘʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʕʪʦ ʙʳʣʦ ʚʧʝʨ-

ʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚ 60-ʭ ʛʦʜʘʭ ʤʝʪʦʜʦʤ ʕʇʈ [71, 72]. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨ-

ʞʜʘʶʪ ʥʘʣʠʯʠʝ ʦʜʥʦʛʦ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʚ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʝ (g = 2,004) ʠ ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʪ ʨʘʩʱʝʧʣʝʥʠʝ ʥʘ ʜʚʫʭ ʘʪʦʤʘʭ ʘʟʦʪʘ ʠ ʯʝʪʳʨʝʭ ʘʪʦʤʘʭ ʚʦʜʦʨʦʜʘ [73, 74]. 

ʊʘʢʞʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʘ ʩ 

ʤʝʪʘʣʣʦʤ (K ʠʣʠ Na) ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʠ ʩ ʧʦʤʦʱʴʶ ʕʇʈ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ 

ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ [75]. ɺ ʩʣʫʯʘʝ ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʘ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʩʦʣʴ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ 

K
+
(thf)(btd)

Āï
, ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʧʦʤʦʱʴʶ ʈʉɸ [76]. ʇʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ btd ʧʨʦʠʩʭʦʜʠʪ ʫʜʣʠʥʝʥʠʝ ʩʚʷʟʝʡ S-N ʠ ʫʢʦʨʦʯʝʥʠʝ ʩʚʷʟʠ C5ïC6 [60, 

76]. ʊʘʢʞʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʩʪʘʙʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʟʘʤʝ-

ʱʝʥʥʳʭ ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʦʚ [26, 27]. 

 
ʉʭʝʤʘ 23. ʇʦʣʫʯʝʥʠʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʥʘ ʦʩʥʦʚʝ bqd 
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ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ bqd ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʣʥʳʤ, ʪʘʢ ʠ ʯʘʩʪʠʯʥʳʤ. ɺ ʩʣʫʯʘʝ ʧʦʩʣʝʜ-

ʥʝʛʦ ʧʨʠ ʧʝʨʝʥʦʩʝ ʵʣʝʢʪʨʦʥʘ ʩ ʜʦʥʦʨʘ (ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ) ʥʘ ʘʢʮʝʧʪʦʨ (bqd) ʚʦʟʤʦʞʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ (ʂʇɿ) [77]. ɺ ʨʘʙʦʪʝ [78] ʦʧʠʩʘʥ ʧʝʨʚʳʡ 

ʧʨʠʤʝʨ ʂʇɿ, ʚ ʢʦʪʦʨʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ ʵʣʝʢʪʨʦʥʦʚ ʚʳ-

ʩʪʫʧʘʶʪ ʤʦʣʝʢʫʣʳ ʧʨʦʠʟʚʦʜʥʳʭ 2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʘ: 4-NO2-btdĿ4-NH2-btd. ʇʦʟʜʥʝʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʨʫʛʠʝ ʧʨʠʤʝʨʳ ʂʇɿ, ʚ ʢʦʪʦʨʳʭ NH2-btd ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ 

[79]. 

1.1.3.2. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ (bqd) 

ʀʥʪʝʨʝʩ ʢ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʘʤ ʚʦ ʤʥʦʛʦʤ ʚʳʟʚʘʥ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ [4, 44]. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʪʘ-

ʪʝʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ 

ʦʩʥʦʚʥʦʤ, ʠʩʩʣʝʜʫʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ bqd, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʠʤʝʨʥʳʝ, ʧʦ-

ʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʫʢʪʦʚ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 4,7-Br2-bqd ʩ ʥʝ-

ʧʨʝʜʝʣʴʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʪʠʦʬʝʥʘ. ɹʣʘʛʦʜʘʨʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʵʪʠ ʩʦ-

ʝʜʠʥʝʥʠʷ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʜʠʦʜʦʚ (OLED) 

[80], ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ (OPV) [12, 81, 82], ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (OFET) 

[83, 84]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʟʚʦʜʥʳʝ btd ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʥʘʧʨʠʤʝʨ, ʢʘʢ ʬʣʫʦʨʦʬʦʨʳ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʜʚʫʭʮʝʧʦʯʝʯʥʦʡ ɼʅʂ, 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʅʂ, PCR ʘʥʘʣʠʟʦʚ [44]. ʊʘʢʞʝ ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʳ ʥʘʭʦʜʷʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʢ. ʅʘʧʨʠʤʝʨ, ʥʠʪʨʦʧʨʦ-

ʠʟʚʦʜʥʦʝ ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʘ, ʠʟʦʙʨʘʞʝʥʥʦʝ ʥʘ ʨʠʩ. 4 (ʥʝ ʬʣʫʦʨʝʩʮʠʨʫʶʱʝʝ) ʤʦʞʝʪ ʨʘʩ-

ʧʦʟʥʘʚʘʪʴ ʥʦʨʤʘʣʴʥʳʝ ʠ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ. ʇʦʧʘʜʘʷ ʚ ʢʣʝʪʢʫ, ʬʝʨʤʝʥʪ ʥʠʪʨʦʨʝʜʫʢʪʘʟʘ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʥʠʪʨʦʛʨʫʧʧʳ ʜʦ ʘʤʠʥʦʛʨʫʧʧ, ʠ ʦʙʨʘʟʫʶʱʠʡʩʷ ʛʝʪʝʨʦʮʠʢʣ ʜʘʝʪ ʠʥ-

ʪʝʥʩʠʚʥʫʶ ʢʨʘʩʥʫʶ ʬʣʫʦʨʝʩʮʝʥʮʠʶ [44]. 

 

ʈʠʩ. 4. ʅʠʪʨʦʧʨʦʠʟʚʦʜʥʦʝ btd, ʷʚʣʷʶʱʝʝʩʷ ʤʘʨʢʝʨʦʤ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 
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1.2. ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʣʠʛʘʥʜʘʤʠ 

ʥʘ ʦʩʥʦʚʝ bqd 

ɺ ʵʪʦʡ ʯʘʩʪʠ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ d ʠ f-ʵʣʝʤʝʥʪʦʚ ʩ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʘʤʠ. ʆʥʘ ʩʦʜʝʨʞʠʪ ʜʚʘ ʨʘʟʜʝʣʘ: 

ʢʦʤʧʣʝʢʩʳ ʩ ʥʝʟʘʤʝʱʝʥʥʳʤʠ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʘʤʠ ʠ ʢʦʤʧʣʝʢʩʳ ʩ ʬʫʥʢʮʠʦʥʘ-

ʣʠʟʦʚʘʥʥʳʤʠ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʘʤʠ. 

1.2.1. ʂʦʤʧʣʝʢʩʳ ʩ ʥʝʟʘʤʝʱʝʥʥʳʤʠ 2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʘʤʠ 

ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʩ ʥʝʟʘʤʝʱʝʥʥʳʤʠ bqd ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʚ 1970-ʭ ʛʦʜʘʭ. ɺ ʥʠʭ ʩʦʜʝʨʞʘʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʩʚʝʜʝʥʠʷ ʦ 

ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ, ʩʦʩʪʘʚʝ ʠ ʩʪʨʦʝʥʠʠ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʷʤʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʦʜʥʦʡ ʠʟ ʨʘʥʥʠʭ ʨʘʙʦʪ ʫʪʚʝʨʞʜʘʣʦʩʴ, ʯʪʦ 

ʠʟ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʩʤʝʩʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 

[Cu(bqd)Cl2] ʠ [Cu(bsd)2Cl2] [85]. ʆʜʥʘʢʦ ʧʦʟʞʝ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ [Cu(btd)Cl2] ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ ʨʘʟʨʫʰʘʝʪʩʷ ʜʦ ʚʦʜʥʦʛʦ ʭʣʦʨʠʜʘ ʤʝʜʠ ʠ btd [86], 

ʧʦʵʪʦʤʫ ʧʦʣʫʯʝʥʠʝ ʝʛʦ ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ ʩʦʤʥʠʪʝʣʴʥʦ. ɹʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘ-

ʟʦʣʳ ʷʚʣʷʶʪʩʷ ʩʣʘʙʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ, ʠ ʚʦʜʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʢʦʥʢʫʨʠʨʫʶʱʠʤ 

ʣʠʛʘʥʜʦʤ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ. ʇʦʵʪʦʤʫ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [86] ʜʣʷ ʩʠʥʪʝʟʘ 

[Cu(btd)Cl2] ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʟʚʦʜʥʳʡ ʭʣʦʨʠʜ ʤʝʜʠ (II), ʘ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʘʙʩʦ-

ʣʶʪʥʦʤ ʵʪʘʥʦʣʝ. ʂʦʤʧʣʝʢʩʳ ʩ bsd ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ, ʯʝʤ ʩ btd. ʊʘʢ, 

ʢʦʤʧʣʝʢʩ ʩ [Cu(bsd)2Cl2] ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠ ʠʟ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ (50%) ʩʤʝʩʠ [87], 

ʦʜʥʘʢʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ [Cu(bsd)Cl2] ʠ [Cu(bsd)2Cl2] ʪʘʢʞʝ 

ʨʘʟʨʫʰʘʶʪʩʷ ʜʦ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

ɺ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ bqd ʚʳʚʦʜʳ ʦ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʪʦʚ ʠ 

ʢʦʦʨʜʠʥʘʮʠʠ bqd ʢ ʤʝʪʘʣʣʫ ʘʪʦʤʦʤ ʘʟʦʪʘ ʙʳʣʠ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʵʣʝ-

ʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ [Cu(bqd)Cl2] 

ʠ [Cu(bqd)2Cl2], ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʣʠʯʠʷ ʧʦʣʦʩ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʝʡ Cu-Cl(ʢʦʥʮ.) ʠ Cu-Cl(ʤʦʩʪ.) 

ʠʤ ʙʳʣʦ ʧʨʠʧʠʩʘʥʦ ʜʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩ. 5) [86, 87]. 

 

ʈʠʩ. 5. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Cu(bqd)Cl2] (ʘ) ʠ [Cu(bsd)2Cl2] (ʙ) 
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ʆʜʥʘʢʦ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦ ʩʧʦʩʦʙʘʭ ʢʦʦʨʜʠʥʘʮʠʠ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ ʢ ʤʝ-

ʪʘʣʣʘʤ ʥʝ ʙʳʣʦ: ʦʜʥʠ ʘʚʪʦʨʳ ʩʯʠʪʘʣʠ, ʯʪʦ ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʤʝʪʘʣʣʫ ʯʝʨʝʟ 

ʘʪʦʤ ʭʘʣʴʢʦʛʝʥʘ [88, 89], ʜʨʫʛʠʝ ï ʯʝʨʝʟ ʘʪʦʤ ʘʟʦʪʘ [85, 86, 90]. ʅʘʜʝʞʥʘʷ ʭʘʨʘʢʪʝʨʠ-

ʟʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʦʛʣʘ ʙʳʪʴ ʩʜʝʣʘʥʘ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʷʤʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ bqd ʩʪʘʣʠ ʧʦʷʚ-

ʣʷʪʴʩʷ ʚ 1980-ʭ ʛʦʜʘʭ. ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦ ʚʩʝʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʠʟ-

ʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʦʦʨʜʠʥʘʮʠʷ ʪʦʣʴʢʦ ʘʪʦʤʘʤʠ ʘʟʦʪʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʦʙʘ ʘʪʦʤʘ ʘʟʦʪʘ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʠʦʥʘʤ ʤʝʪʘʣʣʦʚ ʠʣʠ ʦʜʠʥ ʠʟ 

ʥʠʭ, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʠʷʜʝʨʥʳʭ ʠʣʠ 

ʤʦʥʦʷʜʝʨʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

1.2.1.1. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʩ bqd ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʪʠʧʘ. ʂ ʧʝʨʚʦʤʫ ʠʟ ʥʠʭ 

ʦʪʥʦʩʷʪʩʷ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ bqd ʚʳʩʪʫʧʘʶʪ ʣʠʥʢʝʨʘʤʠ ʦʪʜʝʣʴʥʳʭ ʠʦʥʦʚ ʤʝʪʘʣ-

ʣʘ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʥʠʦʥʘʤʠ ï ʛʘʣʦʛʝʥʠʜʘʤʠ, 

NO3Ė, ClO4Ė. ɺʪʦʨʦʡ ʪʠʧ ï ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʚ ʢʦʪʦʨʳʭ bqd ʚʳʩʪʫʧʘʶʪ 

ʣʠʥʢʝʨʘʤʠ ʜʠʩʢʨʝʪʥʳʭ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʠʦʥʳ ʤʝ-

ʪʘʣʣʦʚ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʥʦ ʠʤʝʶʪ 

ʣʘʙʠʣʴʥʳʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ. ʊʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ, ʥʘʧʨʠʤʝʨ, çʢʠʪʘʡʩʢʠʝ 

ʬʦʥʘʨʠʢʠè ï ʢʘʨʙʦʢʩʠʣʘʪʳ ʤʝʜʠ(I) [Cu2(O2CMe)4L2], ʛʜʝ L ï ʣʘʙʠʣʴʥʳʡ ʪʝʨʤʠʥʘʣʴ-

ʥʳʡ ʣʠʛʘʥʜ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʧʝʨʚʦʛʦ ʪʠʧʘ ʧʦʣʫʯʘʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ bqd ʩ 

ʩʦʣʷʤʠ MX (Cu, Ag) ʠ MX 2 (M = Cu, Mn, Fe, Co, Ni, Pd, Zn, Cd, Hg), ʛʜʝ XĖ = ClĖ, BrĖ, 

NO3Ė, ClO4Ė. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ CuCl, CuCl2 ʠ CoX2 (X = Cl, Br) c btd ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩ-

ʪʚʦʨʠʪʝʣʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [Cu(btd)Cl]n, [Cu(btd)Cl2]n ʠ 

[Co(btd)X2]n. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʜʘʞʝ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ btd ʚ 

ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʦʙʨʘʟʫʶʪʩʷ ʪʦʣʴʢʦ ʧʨʦʜʫʢʪʳ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ M:L 1:1, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ [86]. ʂʦʤʧʣʝʢʩ [Cu(btd)Cl]n ʧʦʤʠʤʦ ʧʨʷʤʦʛʦ ʤʝʪʦ-

ʜʘ ʠʟ ʭʣʦʨʠʜʘ ʤʝʜʠ (I) ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ [Cu(btd)Cl2]n ʤʝʜʥʦʡ 

ʧʨʦʚʦʣʦʢʦʡ [91, 92]. 

ʂʦʤʧʣʝʢʩʳ [M(btd)X2]n (M = Cu, Co) ʠ [Cu(btd)Cl]n ʠʤʝʶʪ 2D-ʧʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝ-

ʥʠʝ. ɹʝʥʟʦʪʠʘʜʠʘʟʦʣ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʷʚʣʷʝʪʩʷ ʤʦʩʪʠʢʦʚʳʤ ʣʠʛʘʥʜʦʤ ʠ ʢʦʦʨʜʠʥʠʨʫʝʪ-



26 

 

ʩʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ. ʄʦʩʪʠʢʦʚʳʤʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʘʪʦʤʳ ʛʘʣʦʛʝʥʦʚ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ 

ʤʝʞʜʫ ʩʦʙʦʡ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʧʦ ʜʨʫʛʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ (ʨʠʩ. 6). 

 

 
ʘ) ʙ) 

ʈʠʩ. 6. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ: ʘ) [Cu(btd)Cl]n; ʙ) [M(btd)Hal2]n (M = Cu, Co) (ʥʘ ʧʨʠʤʝʨʝ ʤʝʜʠ) 

ʂʦʤʧʣʝʢʩʳ ʤʝʜʠ {[Cu2(btd)3(ClO4)]ClO4Ā2thf} n ʠ [Cu(NO3)btd]n ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 

ʨʝʘʢʮʠʷʭ Cu(ClO4)2Ā6H2O ʠ Cu(NO3)2Ā3H2O ʩ btd ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ. 

ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʩʪʨʦʝʥʠʝ 2D ʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʰʝʩʪʠʯʣʝʥʥʳʭ 

ʢʦʣʝʮ {Cu6btd6} ʠʣʠ {Cu6btd4(NO3)4}. ʕʪʠ ʢʦʣʴʮʝʚʳʝ ʬʨʘʛʤʝʥʪʳ ʩʦʝʜʠʥʝʥʳ ʤʦʩʪʠʢʦ-

ʚʳʤʠ btd ʣʠʛʘʥʜʘʤʠ (ʨʠʩ. 7). ɺ ʩʣʫʯʘʝ ʥʠʪʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘ-

ʢʦʚʢʝ ʠʤʝʶʪʩʷ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʣʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʞʝ ʙʳʣʘ ʠʟʤʝʨʝʥʘ 

ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (5Ā10
-7
 ʉʤ/ʩʤ) [93]. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʝʨʭʣʦʨʘʪʘ ʩʝʨʝʙʨʘ ʩ btd ʚ ʘʮʝʪʦʥʝ ʦʙʨʘʟʫʝʪʩʷ 

[Ag(btd)ClO4]n. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʠʤʝʨʥʫʶ 

ʮʝʧʴ, ʛʜʝ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʩʚʷʟʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʘʤʠ (ʨʠʩ. 8) [93]. 

ɺ ʨʝʘʢʮʠʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʩ ʜʚʫʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ bsd ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʘʮʝʪʦʥʠʪʨʠʣ/ʚʦʜʘ (2:1) ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʩʝʨʝʙʨʘ ʩ ʩʝʣʝʥʘ-

ʜʠʘʟʦʣʦʤ {[Ag(bsd)2NO3]Ā0,5bsd} n. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢ-

ʮʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʜʚʝ ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ {Ŭ-[Ag(bsd)2NO3]Ā0,5bsd} n ʠ  

{ɓ-[Ag(bsd)2NO3]Ā0,5bsd} n [94]. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʣʦʨʠʜʘ ʨʪʫʪʠ ʩ bsd ʙʳʣʠ ʧʦʣʫʯʝʥʳ [HgCl2(bsd)]n ʠ 

[HgCl2(bsd)2]n [95]. ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʧʨʦʚʝ-

ʜʝʥʠʠ ʨʝʘʢʮʠʠ ʩ ʠʟʙʳʪʢʦʤ bsd ʚʩʝʛʜʘ ʦʙʨʘʟʫʝʪʩʷ [HgCl2(bsd)2]n, ʪʦʛʜʘ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ ʨʪʫʪʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [HgCl2(bsd)]n. 
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ʘ) ʙ) 

ʈʠʩ. 7. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ {[ Cu2(btd)3(ClO4)]ClO4Ā2thf} n (ʘ) ʠ [Cu(NO3)btd]n (ʙ) 

 
ʈʠʩ. 8. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Ag(btd)ClO4]n 

ʂʦʤʧʣʝʢʩ [HgCl2(bsd)]n ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ 2D ʧʦʣʠʤʝʨʘ. ɺʜʦʣʴ ʦʩʠ ʘ ʘʪʦʤʳ ʨʪʫʪʠ 

ʩʚʷʟʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʛʘʣʦʛʝʥʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʜʦʣʴ ʦʩʠ b ʧʦʣʠʤʝʨʥʳʝ ʮʝ-

ʧʠ ʦʙʨʘʟʦʚʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ bsd. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʠʤʝʝʪ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ ʩ 

ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [M(btd)Hal2] (M = Cu, Co) (ʨʠʩ. 6ʙ). [HgCl2(bsd)2]n 

ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ (1D). ɸʪʦʤʳ ʨʪʫʪʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʩʪʠʢʦ-

ʚʳʤʠ ʘʪʦʤʘʤʠ ʭʣʦʨʘ, ʘ ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʦ (ʨʠʩ. 9ʘ). ɺ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʩʦʩʝʜʥʠʝ ʩʣʦʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʢʦʨʦʪʢʠʝ ʧʘʨ-

ʥʳʝ ʢʦʥʪʘʢʪʳ SeĀĀĀN (2,8748 ¡) (ʨʠʩ. 9ʙ). 
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ʘ) ʙ) 

ʈʠʩ. 9. ʘ) ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [MCl2(bsd)2]n (M = Hg, Mn, Cd), ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ ʨʪʫʪʠ; 

ʙ) ʬʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ ʩ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ SeĀĀĀN 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Mn, Cd, Fe, Co ʠ Ni ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʩʣʘʠʚʘʥʠʝʤ 

ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ MCl2 ʥʘ ʨʘʩʪʚʦʨ bsd ʚ ɼʄʉʆ ʚ ʵʢʚʠʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ [96]. ɺ ʩʣʫʯʘʝ Mn ʠ Cd ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 

[MCl2(bsd)2]n, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ [HgCl2(bsd)2]n (ʨʠʩ. 9). ɺ ʩʣʫʯʘʝ Fe, 

Co, Ni ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʜʨʫʛʦʡ ʩʦʩʪʘʚ ï [MCl2(ɼʄʉʆ)2(bsd)]n, ʛʜʝ ʢ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʜʚʝ ʤʦʣʝʢʫʣʳ ɼʄʉʆ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʦʙʨʘʟʦʚʘʥʘ ʬʨʘʛʤʝʥʪʘʤʠ {M(ɼʄʉʆ)Cl2}, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʡ ʩʝʣʝʥʘʜʠʘʟʦʣ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝ-

ʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ï ʦʢʪʘʵʜʨ (ʨʠʩ. 10). 

 

ʈʠʩ. 10. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [MCl2(ɼʄʉʆ)2(bsd)]n 

ʊʠʧʠʯʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ ʷʚʣ̫-

ʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ çʢʠʪʘʡʩʢʠʭ ʬʦʥʘʨʠʢʦʚè ï ʢʘʨ-

ʙʦʢʩʠʣʘʪʦʚ ʤʝʜʠ(I) [Cu2(O2CMe)4L2], ʛʜʝ L ï ʣʘʙʠʣʴʥʳʡ ʪʝʨʤʠʥʘʣʴʥʳʡ ʣʠʛʘʥʜ. ɿʘʤʝ-
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ʱʝʥʠʝ ʦʜʥʦʛʦ ʣʘʙʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʘ bqd ʠ ʜʘʣʴʥʝʡʰʘʷ ʢʦʥʜʝʥ-

ʩʘʮʠʷ ʧʦʣʫʯʠʚʰʠʭʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Cu2(O2CMe)4L(bqd)] ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʚʪʦʨʦʛʦ L ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪ ɹʢ ʧʦʣʠʤʝʨʥʳʤ ʩʪʨʫʢʪʫʨʘʤ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʤʝʱʝʥʠʝ ʩʨʘʟʫ ʜʚʫʭ L ʥʘ bqd ï ʢ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ, ʥʦ ʠʭ ʯʘ-

ʩʪʠʯʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʯʝʨʝʟ bqd, ʚʳʩʪʫʧʘʶʱʠʭ ʣʠʥ-

ʢʝʨʘʤʠ. 

ɺ ʨʘʙʦʪʝ [97] ʙʳʣ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

[Cu2(btd)(O2CCMe3)4], ʦʜʥʘʢʦ ʦʧʠʩʘʥʠʝ ʩʠʥʪʝʟʘ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪʩʷ. ʉʦ-

ʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, ʪʠʘʜʠʘʟʦʣʴʥʳʡ ʣʠʛʘʥʜ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚ-

ʣʷʝʪʩʷ ʤʦʩʪʠʢʦʚʳʤ ʠ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ. ʂʘʞʜʳʡ ʘʪʦʤ ʤʝʜʠ 

ʠʤʝʝʪ ʢʚʘʜʨʘʪʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ. 

ɺ ʨʘʙʦʪʝ [98] ʦʧʠʩʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [Cu2(O2CMe)4(H2O)2] ʩ btd ʚ ʩʦʦʪʥʦ-

ʰʝʥʠʠ 1:1 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʝʣʝʥʦʛʦ ʦʩʘʜʢʘ. ɸʚʪʦʨʳ ʧʨʠʧʠ-

ʩʳʚʘʶʪ ʝʤʫ ʩʦʩʪʘʚ [Cu2(O2CMe)4btd] ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʨʘʟʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʧʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ. ʆʜʥʘʢʦ ʧʦ-

ʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʫʜʘʣʦʩʴ. 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Cu2(O2CMe)4btd2] ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʠ [Cu2(O2CMe)4(H2O)2] ʩ ʠʟʙʳʪʢʦʤ ʪʠʘʜʠʘʟʦʣʘ (1:5, 1:7, 1:8) ʚ ʘʮʝʪʦʥʠʪʨʠ-

ʣʝ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ ʩ ʥʝʜʦʩʪʘʪʢʦʤ btd ʚ ʤʝʪʘʥʦʣʝ ʧʨʠʚʦ-

ʜʠʪ ʢ ʧʦʣʠʤʝʨʫ {[Cu6(O2CMe)8(OMe)4btd2]} n, ʥʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ btd 

ʦʙʨʘʟʫʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ [Cu2(O2CMe)4btd2]. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʧʦʣʠʤʝʨʠ-

ʟʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʪʘʢʞʝ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʤʝʪʘʥʦʣʝ [Cu2(O2CMe)4btd2] ʠ 

[Cu2(O2CMe)4(H2O)2], ʧʨʠʚʦʜʷʱʝʤ ʢ {[Cu6(O2CMe)8(OMe)4btd2]} n (ʩʭʝʤʘ 24). 

 

ʉʭʝʤʘ 24. ʉʠʥʪʝʟ btd/ʘʮʝʪʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ 

ʉʪʨʦʝʥʠʝ [Cu2(O2CMe)4(btd)2] ʠ {[Cu6(O2CMe)8(OMe)4btd2]} n ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ʈʉɸ [97, 98]. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ 

[Cu2(O2CMe)4(btd)2] ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʤ, ʣʠʛʘʥʜ btd ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʤʝʜʠ ʦʜ-
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ʥʠʤ ʘʪʦʤʦʤ ʘʟʦʪʘ. ʂʘʞʜʳʡ ʘʪʦʤ ʤʝʜʠ ʠʤʝʝʪ ʢʚʘʜʨʘʪʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ 

(ʨʠʩ. 11). [Cu6(O2CMe)8(OMe)4btd2] ʠʤʝʝʪ ʧʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ (2D), ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʣʠʛʘʥʜ ʷʚʣʷʝʪʩʷ ʤʦʩʪʠʢʦʚʳʤ, ʩʚʷʟʳʚʘʷ ʨʘʟʥʳʝ ʘʪʦʤʳ ʤʝʜʠ ʚ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ ʚʜʦʣʴ 

ʦʜʥʦʡ ʦʩʠ (ʨʠʩ. 12).  

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ ʙʳʣ ʧʦʣʫʯʝʥ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

[Cu(CH3CN)4]PF6 ʩ ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʦʤ ʚ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʘʮʝʪʦʥʝ. ʂʦʤ-

ʧʣʝʢʩ ʠʤʝʝʪ ʩʦʩʪʘʚ [Cu(btd)(HPO3F)]n. ɽʛʦ ʩʪʨʦʝʥʠʝ ï 2D ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʰʝʩʪʠʯʣʝʥʥʳʭ ʢʦʣʝʮ [Cu6(btd)4(HPO3F)4], ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦ-

ʩʪʠʢʦʚʳʤʠ btd ʣʠʛʘʥʜʘʤʠ (ʨʠʩ. 13) [93]. 

 

ʈʠʩ. 11. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu2(O2CMe)4(btd)2] 

 

ʈʠʩ. 12. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu6(O2CMe)8(OMe)4btd2] 
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ʈʠʩ. 13. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(btd)(HPO3F)]n 

ʉʦʝʜʠʥʝʥʠʷ [Ag3(btc)(bsd)6]Ŀ0,5H2O ʠ [Ag3(ctc)(bsd)3]Ŀ1,5bsdĿ3,5H2O (H3btc = 

1,3,5-ʙʝʥʟʦʣʪʨʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ H3ctc = 1,3,5-ʮʠʢʣʦʛʝʢʩʘʥʪʨʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦ-

ʪʘ), ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʚ ʢʦʪʦʨʳʭ ʩʣʦʞʥʳʡ 

ʧʦʣʠʷʜʝʨʥʳʡ ʬʨʘʛʤʝʥʪ çʩʰʠʪè ʚ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʣʠʛʘʥʜʦʤ bsd. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʘʤʤʠʘʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Ag(NH3)2]OH ʠ bsd 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʭʦʩʥʦʚʥʳʭ ʢʠʩʣʦʪ (ʨʠʩ. 14) [99]. 

  

ʘ) ʙ) 

ʈʠʩ. 14. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Ag3(btc)(bsd)6]Ŀ0,5H2O (ʘ) ʠ [Ag3(ctc)(bsd)3]Ŀ1,5bsdĿ3,5H2O (ʙ)  

(ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ bsd ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ) 

ʆʪʜʝʣʴʥʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʦʨʬʠʨʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ. ʊʘʢʠʝ ʧʨʠʤʝʨʳ ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʜʣʷ ʦʙʦʠʭ ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

[NiOETPP(btd)2Ag]ClO4Ā2CH2Cl2 (OETPP = 2,3,7,8,12,13,17,18-octaethyl-5,10,15,20-

tetraphenylporphyrin) (II  ʠʣʠ III ) ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʧʦʨʬʠ-

ʨʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ ʧʝʨʭʣʦʨʘʪʦʤ ʩʝʨʝʙʨʘ AgClO4 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʥʟʦʪʠʘʜʠʘ-
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ʟʦʣʘ [100]. ʉ ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʜʨʫʛʦʡ ʧʦʨʬʠʨʠʥʦʚʳʡ ʢʦʤʧʣʝʢʩ 

[NiOETNP(bsd)2] (OETNP = 2,3,7,8,12,13,17,18-octaethyl-5,10,15,20-tetranitroporphyrin) 

[101]. 

1.2.1.2. ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʣʠʛʘʥʜʘʤʠ bqd 

ɺ ʨʝʘʢʮʠʠ GaCl3 ʩ btd ʠʟ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʵʬʠʨ (60:40) ʙʳʣ ʚʳʜʝʣʝʥ [GaCl3(btd)2] 

[102]. ʂʠʧʷʯʝʥʠʝ ʙʝʟʚʦʜʥʳʭ ʩʦʣʝʡ Zn
2+

 ʠ Cu
2+

 ʩ ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

1:2 ʚ ʩʫʭʦʤ ʤʝʪʘʥʦʣʝ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ [ZnCl2(bsd)2] ʠ [CuBr2(bsd)2] [103, 

104]. ɺʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʴʥʳʝ ʣʠʛʘʥʜʳ ʢʦʦʨʜʠʥʠʨʫ-

ʶʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʦ ʘʪʦʤʘʤʠ ʘʟʦʪʘ (ʨʠʩ. 15). 

 
  

ʘ) ʙ) ʚ) 

ʈʠʩ. 15. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [GaCl3(btd)2] (ʘ); ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [ZnCl2(bsd)2] (ʙ);  

ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [CuBr2(bsd)2] (ʚ) 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Ir ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʘʢʮʠʠ [IrCp*Cl2]2 ʩ btd ʚ 

ʪʦʣʫʦʣʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʠʘʜʠʘʟʦʣ ʚʥʝʜʨʷʝʪʩʷ ʚ ʜʠʤʝʨ, ʨʘʟʨʳʚʘʷ ʭʣʦʨʠʜʥʳʝ ʤʦʩʪʠʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [Ir2Cp2*Cl 4(Õ-btd)], ʚ ʢʦʪʦʨʦʤ btd ʷʚʣʷʝʪ-

ʩʷ ʤʦʩʪʠʢʦʚʳʤ (ʨʠʩ. 16) [105]. 

 
ʈʠʩ. 16. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Ir2Cp2*Cl 4(Õ-btd)] 

ʂʦʤʧʣʝʢʩʳ Ru(II ) ï [RuCl(H)CO(PPh3)(bqd)] ï ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

[RuCl(H)CO(PPh3)3] ʩ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʘʤʠ [106]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ bqd ʟʘʤʝʱʘʶʪ 
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ʣʠʛʘʥʜ PPh3, ʢʦʪʦʨʳʡ ʜʦʩʪʘʪʦʯʥʦ ʣʘʙʠʣʝʥ ʚ [RuCl(H)CO(PPh3)3]. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʦʩ-

ʤʠʷ PPh3 ʥʝ ʷʚʣʷʝʪʩʷ ʣʝʛʢʦ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʦʡ, ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠ-

ʥʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ [OsH(CO)(NCMe)2(PPh3)2]ClO4, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʩ Et4NCl 

ʠ btd ʧʨʠʚʦʜʠʪ ʢ ʘʥʘʣʦʛʠʯʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʩʦʩʪʘʚʘ [OsCl(H)CO(PPh3)(btd)] [107]. 

ɺ ʩʣʫʯʘʝ [RuCl(H)CO(PPh3)(btd)] ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʩʤʝʩʠ ʘʮʝ-

ʪʦʥ/ʵʪʘʥʦʣ, ʠ ʚʳʧʦʣʥʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. ɹʝʥʟʦʪʠʘʜʠʘʟʦʣ ʢʦʦʨʜʠʥʠʨʫʝʪ-

ʩʷ ʘʪʦʤʦʤ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ, ʠ ʘʪʦʤ ʨʫʪʝʥʠʷ ʠʤʝʝʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ (ʨʠʩ. 

17). ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʢʦʨʦʪʢʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ SĀĀĀN 

ʢʦʥʪʘʢʪʳ [106].  

 

ʈʠʩ. 17. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [RuCl(H)CO(PPh3)(btd)] 

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʠʤʝʶʪ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(III) ʠ 

ʨʦʜʠʷ(I), ʦʜʥʘʢʦ ʩʪʨʫʢʪʫʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɺ ʨʝʘʢʮʠʠ Na3[RhCl6] ʩ bqd ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʤʝʱʝʥʠʝ ʛʘʣʦʛʝʥʠʜʦʚ ʚʥʫʪʨʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʥʘ bqd (ʩʭʝʤʘ 25) [89]. ɺʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ Na3[RhBr6] ʩ ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʦʤ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ [Rh2(btd)4Br6]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, [Rh(btd)3Br3] ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥ ʠʟ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ Na[Rh(dmso)2Br4] (ʩʭʝʤʘ 25) 

[108]. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʥʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Rh(btd)3X3] 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʨʠ ʩʪʘʜʠʠ. ʇʝʨʚʳʡ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ 

[Rh2(btd)4X6] [108]. ʕʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʚ: ʚ ʜʣʠʥʥʦʚʦʣʥʦ-

ʚʦʡ ʦʙʣʘʩʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʮʝʚʳʤ Rh-X ʠ 

ʤʦʩʪʠʢʦʚʳʤ Rh-X-Rh ʩʚʷʟʷʤ. ʊʘʢʞʝ ʠʟ ʜʘʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦ-
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ʷʚʣʝʥʠʷ ʧʦʣʦʩʳ 420 ʩʤĖ
1
 ʙʳʣ ʩʜʝʣʘʥ ʦʰʠʙʦʯʥʳʡ ʚʳʚʦʜ ʦ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ ʢ ʤʝ-

ʪʘʣʣʫ ʯʝʨʝʟ ʘʪʦʤ ʩʝʨʳ [89]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʦʚ [Rh(btd)3X3] ʩ ʛʘʟʦʦʙʨʘʟʥʳʤ 

ʘʤʤʠʘʢʦʤ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʭʘʣʴʢʦʛʝʥ-ʘʟʦʪʥʳʭ ʣʠʛʘʥʜʦʚ (ʩʭʝʤʘ 25) 

[109]. 

 
ʉʭʝʤʘ 25. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Rh ʩ btd 

[Rh(CO)2(btd)Cl] ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʦʩʪʠʢʦʚʦʛʦ ʢʘʨʙʦʥʠʣʴ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ [Rh(CO)2Cl]2 c ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʦʤ. ʆʥ ʪʘʢʞʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ 

ʩ ʛʘʟʦʦʙʨʘʟʥʳʤ ʘʤʤʠʘʢʦʤ, ʢʘʢ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝ-

ʱʝʥʠʶ btd ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʘʤʤʠʘʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Rh(CO)2(NH3)2Cl] [110]. 

1.2.1.3. ʂʦʤʧʣʝʢʩʳ ʩ ʣʠʛʘʥʜʘʤʠ (bqd)
Āï
 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ bqd ʜʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝ-

ʪʘʣʣʦʚ 6 ʛʨʫʧʧʳ [111-113]. ɼʝʡʩʪʚʠʝʤ bqd ʥʘ [M(CO)5THF] (M = Cr, Mo, W) ʚ THF ʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʘʮʝʪʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [M(CO)5(bqd)]. ɼʘʣʴʥʝʡʰʝʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ c [M(CO)5(thf)] ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠ-

ʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [(M(CO)5)2(bqd)]. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ [M(CO)5(bqd)] ʩʚʝʞʝ-

ʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʢʘʣʠʝʚʳʤ ʟʝʨʢʘʣʦʤ ʧʨʠʚʦʜʠʪ ʢ [M(CO)5(bqd)]
Āï
 (ʩʭʝʤʘ 26). ʉ ʧʦʤʦ-

ʱʴʶ ʗʄʈ ʠ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ bqd
Āï
 ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʯʝʨʝʟ 

ʘʪʦʤ ʘʟʦʪʘ. ʄʦʥʦ- ʠ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Mo ʠ W ʩ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʤʠ bqd
Āï
 ʤʦʛʫʪ 

ʙʳʪʴ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʧʨʷʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ [M(CO)5THF] ʩ ʩʦʣʷʤʠ ʘʥʠʦʥʦʚ bqd
Āï
. 

ʉʭʝʤʘ 26. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ [M(CO)5(bqd)], [(M(CO)5)2(bqd)], [M(CO)5(bqd)]
Āï 
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1.2.2. ʂʦʤʧʣʝʢʩʳ ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʘʤʠ 

ʅʘ ʩʭʝʤʝ 27 ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʠʟʚʦʜʥʳʭ bqd, ʩ ʢʦʪʦʨʳʤʠ ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʥʝʟʘʤʝʱʝʥʥʳʤʠ bqd, ʩʫ-

ʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʧʦ ʢʦʤʧʣʝʢʩʘʤ ʩ ʥʠʤʠ ʥʝ ʩʦʜʝʨʞʠʪ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʠʤʝʥʥʦ ʚ ʵʪʠʭ 

ʨʘʙʦʪʘʭ. ʂ ʚʳʚʦʜʘʤ ʦ ʩʪʨʦʝʥʠʠ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴʩʷ ʩ ʦʩʪʦʨʦʞʥʦ-

ʩʪʴʶ, ʦʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ ʟʘʩʣʫʞʠʚʘʶʪ ʚʥʠʤʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʙʳ-

ʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʢʦʤʧʣʝʢʩʳ ʩ ʟʘʤʝʱʝʥʥʳʤʠ bqd ʙʣʠʟʢʠ ʢ ʩʦ-

ʝʜʠʥʝʥʠʷʤ ʩ ʥʝʟʘʤʝʱʝʥʥʳʤʠ bqd. ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Cu(btd)Cl2] 

ʭʘʨʘʢʪʝʨʥʦ ʨʘʟʨʫʰʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ [86]. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʠ 

ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʩ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʤʠ ʪʠʘʜʠʘʟʦʣʦʚ (4-ʥʠʪʨʦ- ʠ 5-ʥʠʪʨʦ-

ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ [Cu(4-NO2-btd)2Cl2], 

[Cu(5-NO2-btd)2Cl2] ʠ [Cu(5-NO2-bsd)Cl2] ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ ʚʦʜʥʳʭ ʩʨʝʜ [86, 87]. ʇʦ 

ʀʂ-ʩʧʝʢʪʨʘʤ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʩ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʠʛʘʥʜ 

ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʘʪʦʤʦʤ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ. ʅʠʪʨʦʛʨʫʧ-

ʧʘ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʥʝ ʫʯʘʩʪʚʫʝʪ, ʪʦ ʝʩʪʴ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ 

ʷʚʣʷʶʪʩʷ ʤʦʥʦʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʘʢ ʠ ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʝ bqd. ʀ ʚ ʪʦʤ, ʠ ʚ ʜʨʫ-

ʛʦʤ ʩʣʫʯʘʝ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ bqd ʦʢʘʟʳʚʘʝʪ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʥʦʝ ʚʣʠʷ-

ʥʠʝ, ʷʚʣʷʷʩʴ ʘʢʮʝʧʪʦʨʦʤ ʠʣʠ ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʥʝʢʦʦʨʜʠʥʠ-

ʨʫʶʱʝʛʦʩʷ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʠ 4 ʩʦʟʜʘʝʪ ʩʪʝʨʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʜʝʣʘʷ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦʡ ʙʠʜʝʥʪʘʪʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ bqd. 

ʊʘʢ, ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [Cu(4-Me-btd)I] ʤʝʪʦʜʦʤ ʈʉɸ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʪʝʨʤʠʥʘʣʴʥʦ ï ʪʦʣʴʢʦ ʦʜʥʠʤ ʘʪʦʤʦʤ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ (ʨʠʩ. 

18) [114]. ʂʦʦʨʜʠʥʘʮʠʷ ʚʪʦʨʳʤ ʥʝʚʦʟʤʦʞʥʘ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ. ʉʦʝʜʠʥʝ-

ʥʠʝ ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, ʚ ʢʦʪʦʨʦʡ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʳ ʤʦʩʪʠʢʦ-

ʚʳʤʠ ʘʪʦʤʘʤʠ ʡʦʜʘ. 

ʇʨʦʠʟʚʦʜʥʳʝ bqd ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʢ ʢʦʦʨʜʠʥʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ, ʪ.ʢ. ʜʘʶʪ ʙʦʣʴʰʫʶ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʩʧʦʩʦʙʦʚ ʢʦʦʨʜʠʥʘʮʠʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʛʘʪʩʪʚʦ ʩʪʨʫʢʪʫʨ ï ʧʦʣʠʤʝʨʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ. 
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ʉʭʝʤʘ 27. ʇʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʧʦʣʫʯʝʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝ-

ʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 1 

ʇʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ bqd 

L ʂʦʤʧʣʝʢʩʳ ʃʠʪʝʨʘʪʫʨʘ 

4-Me-btd [RhL3Cl3], [Rh(CO)2LCl] [89, 110] 

5-Me-btd [RhL3Cl3], [Rh(CO)2LCl], [PdL2Cl2] [89, 110, 115] 

4-MeO-btd [PdL2Cl2], [Rh(CO)2LCl]  [110, 115] 

5-MeO-btd [Rh(CO)2LCl]  [89] 

5-EtO-btd [RhL3Cl3], [Rh(CO)2LCl]  [89, 110] 

4-NO2-btd [CuL2Cl2] [86] 

5-NO2-btd [CuL2Cl2] [86] 

4-NH2-5-Me-btd [PdL2Cl2] [115] 

4-NO-5-OH-btd [PdL2], [CoL3], [FeL2] [115, 116] 

4-OH-5-Me-btd [Pd(LH)2Cl2], [CoL2], [Cu(LH)Cl2]2 [115, 116] 

4-OH-5-Me-7-NO2-btd [CoL3] [116] 

4-OH-5-NO2-btd [CuL2], [Co(LH)(OH)2]2 [116] 

4-OH-5-NO-btd [PdL2], CoL3, [FeL2]ĀLH [115, 116] 

4-NHac-btd [PdL2Cl2] [115] 

4-Gly-btd [Cu(LH)Cl2], [CuL2]Ā2H2O,  [117] 

5-Gly-btd [Cu(LH)2Cl2], [Pt(LH)2Cl2] [117] 

5-Me-bsd [CdLCl2], [CuLCl2] [85] 

5,6-Me2-bsd [CdLCl2], [CuLCl2] [85] 

5-Cl-bsd [CdLCl2], [CuLCl2], [RhL3Cl3], [PdL2Cl2] [89] 

4-Gly-bsd [Cu(LH)Cl2] [117] 

5-Gly-bsd [Cu(LH)2Cl2], [Pt(LH)Cl2] [117] 

 
ʈʠʩ. 18. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cu(4-Me-btd)I] 
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ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩ ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʤʠ bqd, ʠʤʝʶʱʠʤʠ 

ʜʦʥʦʨʥʳʝ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʘʪʦʤʫ ʤʝʪʘʣʣʘ. 

1.2.2.1. ʂʦʤʧʣʝʢʩʳ ʩ 4-ʛʠʜʨʦʢʩʦ-2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʦʤ 

ɺ ʨʘʙʦʪʝ [116] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ, ʢʘʜʤʠʷ ʠ ʢʦʙʘʣʴʪʘ ʩ 4-ʛʠʜʨʦʢʩʦ-

2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʦʤ. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʢ ʨʘʩʪʚʦʨʫ 4-OH-btd ʚ 1%-ʦʤ ʨʘʩʪʚʦʨʝ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ, ʜʦʙʘʚʣʝʥʠʝ ʢʦ-

ʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ (4-O-btd)
ï
. ɹʳʣʦ ʚʳʜʚʠ-

ʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʣʠʛʘʥʜʳ ʷʚʣʷʶʪʩʷ ʙʠʜʝʥʪʘʪʥʳʤʠ, ʠ ʦʙʨʘʟʫʶʪ ʭʝʣʘʪ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʠ ʧʨʝʜʣʦ-

ʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʳ ʢʦʤʧʣʝʢʩʦʚ ï [Cu(4-OH-btd)Cl2], [Co(4-O-btd)2]Ā2H2O ʠ 

[Cd(4-O-btd)2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʤʝʜʠ ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʪʦʥʠ-

ʨʦʚʘʥʥʦʡ ʬʦʨʤʳ. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʙʳʣʦ ʦʧʨʦʚʝʨʛʥʫʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ [118]. ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʜʨʫʛʦʛʦ ʩʦʩʪʘʚʘ 

[Cu(4-O-btd)2]Ā2H2O, ʚ ʢʦʪʦʨʦʤ ʣʠʛʘʥʜ ʥʘʭʦʜʠʪʩʷ ʚ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʧʘʣʣʘʜʠʷ, ʢʘʜʤʠʷ ʠ ʩʝʨʝʙʨʘ. ʂʦʤ-

ʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʘʢ ʩ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ, ʪʘʢ ʠ ʩ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʦʡ ʣʠʛʘʥʜʘ ([Pd(4-HO-btd)2Cl2] ʠ [Pd(4-O-btd)2]). ʇʦʩʣʝʜʥʠʡ ʙʳʣ ʧʦʣʫʯʝʥ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝʤ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ Na2PdCl4 ʠ Na(4-O-btd) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2. ʂʦʤʧʣʝʢʩ 

ʢʘʜʤʠʷ [Cd(4-O-btd)Br]ĀH2O ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦ-

ʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ CdBr2 ʠ 4-OH-btd. ʊʘʢʞʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣ 

ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ [Ag(4-HO-btd)NO3]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʪʠʧʳ ʢʦʦʨʜʠʥʘʮʠʠ 4-OH-btd ʠ O-btd
ï
 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʩʭʝʤʝ 28. ɺ ʨʘʙʦʪʝ [118] ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʘʚʪʦʨʳ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʧʦ II  ʠ III  ʪʠʧʫ, 

ʘ ʜʣʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʢʦʦʨʜʠʥʘʮʠʷ ʧʦ IV 

ʪʠʧʫ. 

ʇʦʟʜʥʝʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩ 4-OH-btd, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʥʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʧʦʩʦʙʳ ʢʦʦʨʜʠʥʘʮʠʠ ʵʪʦʛʦ 

ʣʠʛʘʥʜʘ ʚ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ. 
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ʉʭʝʤʘ 28. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʩʧʦʩʦʙʳ ʢʦʦʨʜʠʥʘʮʠʠ 4-OH-btd 

ʂʦʤʧʣʝʢʩʳ ʠʨʠʜʠʷ ʩ (4-O-btd)Ė ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ [IrCp
*
Cl2]2 ʩ  

4-OH-btd ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ï K2CO3. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟʳ: [Ir(4-O-btd)Cp
*
Cl], [Ir(4-O-

btd)Cp
*
Cl]Ā4-OH-btd ʠ [Ir2(4-O-btd)Cp

*
2Cl3] [105]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ [IrCp
*
Cl2]2 ʩ ʠʟʙʳʪʢʦʤ ʣʠʛʘʥʜʘ (1:4), ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ï [Ir(4-O-btd)Cp

*
Cl]Ā4-

OH-btd, ʛʜʝ ʩʦʢʨʠʩʪʘʣʣʠʟʘʪʦʤ ʷʚʣʷʝʪʩʷ ʩʘʤ 4-OH-btd. ʂʦʤʧʣʝʢʩ [Ir(4-O-btd)Cp
*
Cl] 

ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʥʘ 1:2 ([IrCp
*
Cl2]2:4-

OH-btd), ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣ ʚʳʜʝʣʝʥ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Ir2(4-O-

btd)Cp
*
2Cl3]. ʇʦʩʣʝʜʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʢʘʢ ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʦʦʪʥʦʰʝʥʠʷ [IrCp
*
Cl2]2 ʠ 4-OH-btd ʥʘ 1:1. ɺʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 4-O-btd

ï
 

ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʧʦ ʪʠʧʫ IV. ɹʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Ir2(4-O-btd)Cp
*
2Cl3] ʦʙʨʘʟʫʝʪʩʷ ʟʘ 

ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʠ ʝʱʝ ʦʜʥʠʤ ʘʪʦʤʦʤ ʘʟʦʪʘ ʢʦ ʚʪʦʨʦʤʫ ʠʦʥʫ ʠʨʠʜʠʷ (ʨʠʩ. 19). 

 
ʈʠʩ. 19. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Ir2(4-O-btd)Cp

*
2Cl3] 
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ʇʦʩʣʝʜʥʠʝ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʠʜʨʦʢʩʦʧʨʦʠʟʚʦʜʥʳʤ btd ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ, 

ʧʦʩʚʷʱʝʥʳ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʣʘʥʪʘʥʦʠʜʦʚ (Ln = Er, Yb, Dy) [119, 120]. 

ɼʣʷ ʠʭ ʩʠʥʪʝʟʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʚʘ ʧʦʜʭʦʜʘ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ LnCl3Ā6H2O, ʜʠʙʝʥ-

ʟʦʠʣʤʝʪʘʥʘ (Hdbm) ʠ 4-OH-btd ʚ ʩʦʦʪʥʦʰʝʥʠʠ 4:4:6 ʚ ʧʨʠʩʫʪʩʪʚʠʠ NEt3 ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʘʥʠʷ, ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [Ln5(dbm)10(OH)5] ʩ ʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ 4-OH-btd. ʀʩ-

ʧʦʣʴʟʫʷ ʧʝʨʚʳʡ ʤʝʪʦʜ, ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ (90-95%) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦ-

ʩʪʘʚʘ [Ln4(dbm)4(O-btd)6(OH)2)]; ʚ ʩʣʫʯʘʝ Ln = Er ʠ Yb ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʧʫʪʝʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ THF. ɺʪʦ-

ʨʦʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ (70-80%) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

[Ln4(dbm)6(O-btd)4(OH)2]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ ʢʦʤʧʣʝʢʩʦʚ Er, Yb ʠ Dy, ʧʨʠʛʦʜʥʳʝ 

ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʪʦʣʫʦʣʘ (ʨʠʩ. 20).  

 

ʘ) ʙ) 

ʈʠʩ. 20. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Ln4(dbm)6(O-btd)4(OH)2] (ʘ) ʠ [Ln4(dbm)4(O-btd)6(OH)2)] (ʙ) 

1.2.2.2. ʂʦʤʧʣʝʢʩʳ ʩ 4-ʘʤʠʥʦ-2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʘʤʠ 

ʈʷʜ ʢʦʤʧʣʝʢʩʦʚ ʩ 4-ʘʤʠʥʦ-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʘʤʠ (4-NH2-btd ʠ 4-NH2-bsd) 

ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʘʢʮʠʷʭ ʭʣʦʨʠʜʦʚ ʤʝʜʠ, ʢʘʜʤʠʷ ʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ: [M(4-NH2-

btd)2Hal2] (M = Cu, Hal = Cl, M = Cd, Hal = Br) ʠ [Ag(4-NH2-btd)2NO3] [121]. ɺ ʩʣʫʯʘʝ 

ʤʝʜʠ ʨʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʙʫʪʘʥʦʣʝ, ʚ ʩʣʫʯʘʝ ʢʘʜʤʠʷ ʠ ʩʝʨʝʙʨʘ ï ʚ ʚʦʜʥʦ-

ʵʪʘʥʦʣʴʥʦʡ ʩʤʝʩʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʝʘʢʮʠʷ PdCl2 ʩ 4-NH2-btd ʚ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ [PdCl2(4-NH2-btd)]Ā2HCl. ɸʚʪʦʨʘʤʠ ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʢʦʦʨʜʠʥʘʮʠʠ 4-NH2-btd ʢ ʮʝʥʪʨʘʣɹ-

ʥʦʤʫ ʘʪʦʤʫ (ʩʭʝʤʘ 28), ʦʧʨʦʚʝʨʛʥʫʪʘ ʢʦʦʨʜʠʥʘʮʠʷ ʧʦ ʪʠʧʫ III  ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 



41 

 

ʋʌ- ʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ ʚ ʧʦʣʫ-

ʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ II  ʠ IV ʪʠʧʫ (ʩʭʝʤʘ 29). 

ʇʦʟʜʥʝʝ ʵʪʠʤ ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʙʳʣ ʚʳʜʝʣʝʥ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ 

ʢʦʤʧʣʝʢʩ [Cd(4-NH2-btd)2Br2]n. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 4-NH2-btd ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʧʦ ʪʠʧʫ 

IV (ʩʭʝʤʘ 29). ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ, ʚ ʢʦʪʦʨʦʡ 

ʘʪʦʤʳ ʢʘʜʤʠʷ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʙʨʦʤʘ (ʨʠʩ. 21) [122]. 

 

ʉʭʝʤʘ 29. ʇʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ ʪʠʧʳ ʢʦʦʨʜʠʥʘʮʠʠ 4-NH2-btd 

 

ʈʠʩ. 21. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cd(4-NH2-btd)2Br2]n 

ɺ ʨʘʙʦʪʘʭ [86, 87] ʙʳʣʠ ʧʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʩʪʝʤʳ ʩ ʭʣʦʨʠʜʦʤ ʤʝʜʠ (II) ʠ 

ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʤʠ ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
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ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ ʦʪʥʦʰʝʥʠʝʤ M:L 1:1 ʠ 1:2. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʚ ʨʘʩʪʚʦʨʘʭ, ʪʘʢ ʠ ʚ 

ʪʚʝʨʜʦʤ ʚʠʜʝ. ʊʘʢ, ʢʦʤʧʣʝʢʩʳ [Cu(4-NH2-btd)2Cl2] ʠ [Cu(4-NH2-btd)Cl2] ʙʳʣʠ ʧʦʣʫʯʝ-

ʥʳ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʚ ʧʨʦʧʘʥʦʣʝ. ʂʦʤʧʣʝʢʩ [Cu(4-NH2-btd)2Cl2] ʙʳʣ ʚʳʜʝ-

ʣʝʥ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ ï10ÁC, ʪʦʛʜʘ ʢʘʢ [Cu(4-NH2-btd)Cl2] ï ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʨʝʘʢʮʠ-

ʦʥʥʦʡ ʩʤʝʩʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

[Cu(4-NH2-btd)2Cl2] ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ [Cu(4-NH2-btd)Cl2], ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʝʨʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʧʝ-

ʢʘʥʠʠ ʙʝʟʚʦʜʥʦʛʦ ʭʣʦʨʠʜʘ ʤʝʜʠ (II) ʠ 4-NH2-btd ʙʳʣ ʧʦʣʫʯʝʥ ʝʱʝ ʦʜʠʥ ʧʨʦʜʫʢʪ ʩ ʩʦ-

ʦʪʥʦʰʝʥʠʝʤ M:L 1:1, ʢʦʪʦʨʳʡ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʠʤʝʝʪ ʧʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ ([Cu(4-

NH2-btd)Cl2]n) [86]. ʉ ʧʨʦʠʟʚʦʜʥʳʤʠ bsd ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ [Cu(4-NH2-

bsd)Cl2] ʠ [Cu(5-NH2-bsd)Cl2]2 [87]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʙʳʣʦ ʧʨʝʜ-

ʧʦʣʦʞʝʥʦ, ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩʦʩʪʘʚʘ [Cu(4-NH2-bqd)Cl2] ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʧʦ 

ʪʠʧʫ I (ʩʭʝʤʘ 29), ʘ ʚ [Cu(4-NH2-btd)2Cl2] ï ʧʦ ʪʠʧʫ II  (ʩʭʝʤʘ 29). 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ [Cu(CH3CN)4][PF6] ʩ 4-NH2-btd ʚ ʊɻʌ ʧʨʦ-

ʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ 4-NH2-btd, ʠ ʦʙʨʘʟʫʝʪʩʷ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

[Cu2(4-NH2-btd)2(CH3CN)4][PF6]2 (ʩʭʝʤʘ 30) [123]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝ-

ʘʢʮʠʠ ʚ ʘʮʝʪʦʥʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ (ʩʭʝʤʳ 

30, 31). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [Cu2(4-N(C3H6)-

btd)2(CH3CN)4][PF6]2 (ʩʭʝʤʘ 30). ʊʘʢʞʝ ʨʝʘʢʮʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ Cu(ClO4)2Ā6H2O ʩ 4-NH2-btd ʚ ʘʮʝʪʦʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ [Cu2(4-N(C3H6)-btd)2][ClO4]2 (ʩʭʝʤʘ 30).  

ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʈʉɸ. ɺʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ 4-NH2-btd ʠ 4-N(C3H6)-btd ʷʚʣʷʶʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ. ɺ ʢʦʤʧʣʝʢʩʘʭ ʪʠʧʘ 

[Cu2(4-R-btd)2(CH3CN)4][PF6]2 (R = NH2 ʠʣʠ R = NC3H6) ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʳ ʢʦʦʨʜʠʥʠ-

ʨʫʶʪʩʷ ʘʪʦʤʘʤʠ N
1
 ʠ N

4
, ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʝ [Cu2(4-N(C3H6)-btd)2][ClO4]2 ï N

3
 ʠ N

4
. 
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ʉʭʝʤʘ 30. ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Cu2(4-NH2-btd)2(CH3CN)4][PF6]2, [Cu2(4-NR-btd)2(CH3CN)4][PF6]2 

(R = C3H6), [Cu2(4-NR-btd)2][ClO4]2 

 

ʉʭʝʤʘ 31. ʂʦʥʜʝʥʩʘʮʠʷ 4-NH2-btd ʠ ʘʮʝʪʦʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Cu(I) 

ʈʝʘʢʮʠʷ ʙʠʷʜʝʨʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [IrCp
*
Cl2]2 ʩ 4-ʘʤʠʥʦ-2,1,3-

ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʦʤ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 1:1 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʷʜʝʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ [Ir(4-NH2-btd)Cp
*
Cl2]. ʃʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʘʪʦʤʦʤ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦ-

ʛʦ ʬʨʘʛʤʝʥʪʘ (ʨʠʩ. 22) [105].  

 

ʈʠʩ. 22. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Ir(4-NH2-btd)Cp
*
Cl2] 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʣʦʨʠʜʘ ʮʠʥʢʘ ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ 4-NH2-btd ʚ ʜʠʵʪʠʣʦʚʦʤ 

ʵʬʠʨʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [Zn(4-NH2-btd)2Cl2] [78]. ʂʦʤʧʣʝʢʩ ʠʤʝʝʪ ʤʦʣʝʢʫʣʷʨ-

ʥʦʝ ʩʪʨʦʝʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʣʠʛʘʥʜʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʧʨʠʤʝʨʦʚ ʢʦʦʨʜʠʥʠ-

ʨʫʶʪʩʷ ʪʦʣʴʢʦ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʘʤʠʥʦ-ʛʨʫʧʧʳ, ʦʢʨʫʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ï ʪʝʪʨʘ-

ʵʜʨ (ʨʠʩ. 23). 
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ʈʠʩ. 23. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Zn(4-NH2-btd)2Cl2] 

1.2.2.3. ʂʦʤʧʣʝʢʩʳ ʩ 2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ-5,6-ʜʠʪʠʦʣʘʪʦʤ 

ʍʠʤʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ-5,6-ʜʠʪʠʦʣʘʪʦʤ 

(btdas)
2
Ė ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʠʟʫʯʝʥʘ ʤʘʣʦ. ʉʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʧʦʩʣʝʜʥʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ ʫʩʠʣʠʷʤʠ ʪʦʣʴʢʦ ʦʜʥʦʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ [124-127]. ʈʘʩʪʚʦʨʝʥʠʝ H2btdas ʚ 

ʤʝʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ ʱʝʣʦʯʠ (NaOH ʠʣʠ KOH) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʜʠʪʠʦʣʘʪʥʦʡ ʬʦʨʤʳ btdas
2ï
, ʢʦʪʦʨʘʷ ʚʳʩʪʫʧʘʝʪ ʭʝʣʘʪʠʨʫʶʱʠʤ 

ʣʠʛʘʥʜʦʤ. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʢ 

ʨʘʩʪʚʦʨʫ btdas
2ï

 ʪʚʝʨʜʳʭ ʭʣʦʨʠʜʦʚ (CuCl2 ʠʣʠ NiCl2) ʠʣʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʤʝʪʘʣʣʘ 

(HAuCl4 ʠʣʠ K2PtCl4) [124, 127]. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʝʨʝ-

ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ ʠʟ ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʣʠ ʧʝʨʝʚʝʜʝʥʳ ʚ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʥʳʝ 

ʩʦʣʠ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ NBu4Br (ʩʭʝʤʘ 32).  

 

ʉʭʝʤʘ 32. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʩ btdas
2ï

 

ɺ ʩʣʫʯʘʝ ʟʦʣʦʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ {[Na(solv)x][Au(btdt)2]} n 

(solv = CH3OH, x = 4; solv = H2O, x = 4; solv = DMF, x = 2; solv = CH3CN, x = 2) ʠ 

(NBu4)[Au(btdas)2] [126]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ [Na2(H2O)6(Õ-H2O)2][Au(btdt)2]2 ʙʳʣ ʧʦ-

ʣʫʯʝʥ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʤʝʪʘʥʦʣʘ ʥʘ ʚʦʟʜʫʭʝ, ʪʦ-

ʛʜʘ ʢʘʢ [Na(CH3OH)4][Au(btdt)2] ʙʳʣ ʚʳʜʝʣʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʭʦʛʦ CH3OH. ɺ 

ʩʣʫʯʘʝ ʤʝʜʠ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʩʦʩʪʘʚ {K(solv)x[Cu(btdas)2]} n, ʛʜʝ 
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solv = CH3COCH3, x = 3; solv = CH3CN, x = 2 [125]. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʟʦʣʦʪʘ ʙʳʣ 

ʧʦʣʫʯʝʥ (NBu4)[Cu(btdas)2]. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ Cu ʦʢʠʩʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ 

ʜʦ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +3, ʯʪʦ ʚʳʛʣʷʜʠʪ ʩʦʤʥʠʪʝʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʚʦʟʜʫʭʝ ʜʦʩʪʘ-

ʪʦʯʥʦ ʣʝʛʢʦ ʦʢʠʩʣʷʝʪʩʷ ʜʠʪʠʦʣʘʪʥʳʡ ʣʠʛʘʥʜ. 

ʕʪʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ [127]: ʚ ʠʥʝʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩ 

ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʦʙʨʘʟʫʝʪʩʷ (NBu4)2[Ni(btdas)2], ʦʜʥʘʢʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʥʘ 

ʚʦʟʜʫʭʝ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʩʤʝʩʠ ʧʨʠʩʫʪʩʪʚʫʝʪ (NBu4)2[Ni(btdasO2)2]ĀH2O, 

ʚ ʢʦʪʦʨʦʤ ʤʝʨʢʘʧʪʦ-ʛʨʫʧʧʳ ʦʢʠʩʣʝʥ rʜʦ SO2
ï
. ʉ ʧʦʤʦʱʴʶ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʫʩʢʦʨʷʝʪʩʷ ʥʘ ʩʚʝʪʫ. ɼʣʷ ʦʙʦʠʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʩ ʧʦʤʦʱʴʶ ʎɺɸ. 

ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ E1/2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʨʘʪʠʤʳʤ ʧʝʨʝʭʦʜʘʤ [Ni(btdt)2]
1ï

/[Ni(btdt)2]
2ï

 (E1/2 = +0.22 V ʦʪʥ. Ag/AgCl) ʠ [Ni(btdtO2)2]
1ï

/[Ni(btdtO2)2]
2ï

 (E1/2 =+0.50 V 

ʦʪʥ. Ag/AgCl). ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʙʦʣʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ ʚʪʦʨʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʥʝʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ, ʪʚʝʨʜʳʭ ʬʘʟ, ʩʦʜʝʨʞʘʱʠʭ Ni (III), ʚʳʜʝʣʝʥʦ ʥʝ ʙʳ-

ʣʦ. 

ɺʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʬʨʘʛʤʝʥʪʳ {M(btdas)2} ʠʤʝʶʪ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʝ ʩʪʨʦʝʥʠʝ, 

ʣʠʛʘʥʜʳ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʤʝʨʢʘʧʪʦ-ʛʨʫʧʧʘʤʠ (ʨʠʩ. 24). ʂʦʤʧʣʝʢʩʳ (NBu4)[M(btdas)2] 

(M = Cu, Au) ʠ (NBu4)2[M(btdas)2] (M = Ni, Pt) ʷʚʣʷʶʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʤʠ, ʪʦʛʜʘ ʢʘʢ 

{Na(solv)x[Au(btdt)2]} n ʠ {K(solv)x[Cu(btdas)2]} n ʠʤʝʶʪ ʧʦʣʠʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʘʪʦʤʦʤ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ ʢ ʱʝʣʦʯʥʦʤʫ 

ʤʝʪʘʣʣʫ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ [Na2(H2O)6(Õ-

H2O)2][Au(btdas)2]2 ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ: 

{[Na(CH3OH)4][Au(btdas)2]} n ï 1D, {[Na(DMF)2][Au(btdas)2]} n ï 2D, 

{[Na(CH3CN)2][Au(btdas)2]} n ï 3D. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʂʏ ʘʪʦʤʘ ʥʘʪʨʠʷ ʨʘʚʥʦ ʰʝʩʪʠ. ɺ 

ʩʣʫʯʘʝ ʤʝʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʘʮʝʪʦʥʘ ʦʙʨʘʟʫʝʪʩʷ 3D ʧʦʣʠ-

ʤʝʨ {K(CH3COCH3)3[Cu(btdas)2]} n (ʂʏ (K
+
) = 7), ʚ ʩʣʫʯʘʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ï 2D ʧʦʣʠʤʝʨ 

{ K(CH3CN)2[Cu(btdas)2]} n (ʂʏ (K
+
) = 6). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʤʝʥʘ Na

+
 ʥʘ K

+
 ʚʣʠʷʝʪ 

ʥʘ ʩʪʨʦʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʦʭʦʞʠʝ ʧʦ ʩʦʩʪʘʚʫ ʢʦʤʧʣʝʢʩʳ 

{Na(CH3CN)2[Au(btdas)2]} n ʠ {K(CH3CN)2[Cu(btdas)2]} n ʠʤʝʶʪ ʨʘʟʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʠʝ ʫʧʘʢʦʚʢʠ: ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʣʠʛʘʥʜʳ btdas
2ï

 ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʱʝʣʦʯʥʦʤʫ ʤʝʪʘʣ-

ʣʫ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʚʦ ʚʪʦʨʦʤ ï ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʩʝʨʳ. 

ʊʘʢʠʝ ʨʘʟʣʠʯʠʷ ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʪʝʤ, ʯʪʦ ʢʘʣʠʡ ʠʤʝʝʪ ʙʦʣʴʰʠʡ ʨʘʟʤʝʨ. 
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ʈʠʩ. 24. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʦʚ [M(btdas)2]
ï
 (M = Cu, Au) ʠ [M(btdas)2]

2ï
 (M = Pt, Ni) 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʧʘʢʦʚʢʘʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (NBu4)[Au(btdas)2], 

(NBu4)2[Pt(btdas)2] ʠ (NBu4)2[Ni(btdasO2)2]ĀH2O ʤʝʞʜʫ ʘʥʠʦʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʠʤʝ-

ʶʪʩʷ ʢʦʨʦʪʢʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ SĀĀĀN, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 3,127 ¡ ï 

3,513 ¡. 

1.2.3. ʄʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩ ʣʠʛʘʥʜʘʤʠ ʥʘ ʦʩʥʦʚʝ btd 

ɺ ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ ʢ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ, ʘ ʠʤʝʥʥʦ ï 

ʢʦʤʧʣʝʢʩʘʤ ʩʦ ʩʚʷʟʴʶ ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜ, ʦʪʥʝʩʝʥʳ ʪʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʣʠʛʘʥʜ ʥʘ ʦʩʥʦʚʝ btd ʩʚʷʟʘʥ ʩ ʤʝʪʘʣʣʦʤ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ. ʂ ʪʘʢʦʚʳʤ ʦʪʥʦ-

ʩʷʪʩʷ ʢʦʤʧʣʝʢʩʳ ʘʮʝʪʠʣʝʥʠʜʥʦʛʦ ʪʠʧʘ ʠ ʦʨʪʦ-ʧʘʣʣʘʜʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʂʦʤʧʣʝʢʩʳ ʧʝʨʚʦʛʦ ʪʠʧʘ ʦʙʨʘʟʫʶʪ ʧʨʦʠʟʚʦʜʥʳʝ H2btd-da ʠ btd-dith
R
 (ʩʭʝʤʘ 27). 

ʇʨʦʪʦʥ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʥʠʭ ʜʦʩʪʘʪʦʯʥʦ ʢʠʩʣʳʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʤʝ-

ʪʘʣʣʠʨʦʚʘʪʴ ʣʠʛʘʥʜ ʩʠʣʴʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʠ ʚʚʦʜʠʪʴ ʜʘʣʝʝ ʚ ʨʝʘʢʮʠʠ ʩ ʛʘʣʦʛʝʥʠʜ-

ʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʝʪʘʣʣʦʚ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʙʳ-

ʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʧʣʘʪʠʥʳ(II). ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ: [(PEt3)2PtCl2] [128], [(PEt3)2(Ph)PtCl] [129], [(PBu3)2PtCl2] 

[130]. ʇʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʡ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ, ʦʣʠʛʦʤʝʨʥʦʛʦ ʠ ʧʦ-

ʣʠʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʊʠʧʠʯʥʳʝ ʧʨʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 25. 

 
ʈʠʩ. 25. ʂʦʤʧʣʝʢʩʳ ʧʣʘʪʠʥʳ ʩ H2btd-da ʠ btd-dith

R
 

ʦʨʪʦ-ʇʘʣʣʘʜʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʩ ʣʠʛʘʥʜʘʤʠ 
R
btd-ph (ʩʭʝʤʘ 27) ʠʟ 

[Pd(MeCN)4(BF4)2] [41] ʠ [Pd(OAc)2] [131]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʨʪʦ-ʧʘʣʣʘʜʠʨʦʚʘʥʠʝ ʩʪʘ-
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ʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʷʪʠʯʣʝʥʥʦʛʦ ʭʝʣʘʪʥʦʛʦ ʮʠʢʣʘ ʧʨʠ ʢʦʦʨʜʠ-

ʥʘʮʠʠ ʣʠʛʘʥʜʘ ʘʪʦʤʦʤ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ ʠ ʦʨʪʦ-ʫʛʣʝʨʦʜʦʤ ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ 

(ʨʠʩ. 26). 

  

ʘ) ʙ) 

ʈʠʩ. 26. ʇʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʩ 4,7-R-btd 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʘ ʪʠʧʘ ʣʠʛʘʥʜʦʚ ï ʢʘʢ H2btd-da ʠ btd-dith
R
, ʪʘʢ ʠ 

R
btd-ph 

ï ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 4,7-Br2-btd. 

ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʤʦʜʠʬʠʢʘʮʠʠ btd ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ 

ʚ ʫʛʣʝʨʦʜʥʳʡ ʮʠʢʣ ʙʦʣʴʰʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

1.2.4. ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ bqd 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʭʠʤʠʷ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ (ʄʆʂʇ), ʚ ʢʦʪʦʨʳʭ ʣʠʥʢʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʝ  

2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ [132-139]. ɹʣʘʛʦʜʘʨʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʩʚʦʡʩʪʚʘʤ bqd, 

ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʟʜʘʥʠʠ ʩʝʥʩʦʨʦʚ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʝʪʝʢ-

ʮʠʠ ʣʝʪʫʯʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ [133, 134]. ʊʘʢʞʝ ʦʥʠ 

ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘ [135] ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦ-

ʪʦʭʠʤʠʯʝʩʢʠʤʠ [136] ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ [138, 139]. 

ʄʆʂʇ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʩʘʤʦʩʙʦʨʢʠ ʠʟ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʠ ʜʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʠʣʠ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ bqd. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʣʠʛʘʥʜʳ ʢʦ-

ʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʠʦʥʘʤ ʤʝʪʘʣʣʦʚ ʘʪʦʤʘʤʠ O ʠʣʠ N ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. 

ɽʩʪʴ ʪʘʢʞʝ ʧʨʠʤʝʨʳ ʄʆʂʇ, ʛʜʝ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʘʪʦʤ ʘʟʦʪʘ 

ʛʝʪʝʨʦʮʠʢʣʘ [136, 137]. ʅʘ ʨʠʩ. 27ʘ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʢʦʦʨʜʠʥʘʮʠʠ ʧʨʦʠʟʚʦʜʥʦʛʦ btd ʚ 

ʄʆʂʇ ʛʘʬʥʠʷ. 
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ʈʠʩ. 27. ʂʦʦʨʜʠʥʘʮʠʷ ʧʨʦʠʟʚʦʜʥʦʛʦ bqd ʥʘ ʧʨʠʤʝʨʝ ʄʆʂʇ ʛʘʬʥʠʷ (ʘ)  

ʠ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ (ʙ) 

 

1.3. ɿʘʢʣʶʯʝʥʠʝ 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ bqd, ʧʨʠʯʝʤ ʧʝʨʚʘ ̫ʯʘʩʪ ɹʦʙʟʦʨʘ, ʧʦ-

ʩʚʷʱʝʥʥʘʷ ʯʠʩʪʦ ʦʨʛʘʥʠʯʝʩʢʠʤ ʧʨʦʠʟʚʦʜʥʳʤ, ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦ-

ʰʝʡ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ ʤʝʪʦʜʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ bqd. ɺʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʚʚʦ-

ʜʠʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʧʦʩʦʙʥʳʝ ʢ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʤʝʪʘʣʣʫ ʛʨʫʧʧʠʨʦʚʢʠ ʚ ʫʛʣʝʨʦʜʥʳʡ 

ʮʠʢʣ ʵʪʠʭ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʤʘʪʝʨʠʘʣ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ 

ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʦʙʟʦʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʙʦʪʳ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠ-

ʤʠʠ bqd, ʧʦ ʩʫʪʠ, ʧʦʣʫʯʠʣʠ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʪʦʣʴʢʦ ʚ XXI  ʚʝʢʝ. ʈʘʥʥʠʝ ʨʘʙʦʪʳ 1960-80-

ʭ ʛ. ʥʝ ʩʦʜʝʨʞʘʪ ʜʘʥʥʳʭ ʈʉɸ, ʧʦʵʪʦʤʫ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʘʚʝ ʠ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʚ 
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ʥʠʭ ʧʨʦʪʠʚʦʨʝʯʠʚʳ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʰʠʙʦʯʥʳ. ʇʦ ʥʘʩʪʦʷʱʝʤʫ, ʭʠʤʠʷ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ bqd ʩʪʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʈʉɸ ʚ 1980-ʭ ʛʦʜʘʭ, ʘ 

ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʘ ʫʞʝ ʧʦʩʣʝ 2000-ʥʦʛʦ ʛʦʜʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʭʠʤʠʷ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʘ (btd) ʨʘʟʚʠʪʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ 

ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʝʛʦ ʩʝʣʝʥʘ-ʘʥʘʣʦʛʘ 2,1,3-ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʘ (bsd). ʇʦʩʣʝʜʥʠʝ, ʤʦʞ-

ʥʦ ʩʢʘʟʘʪʴ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʨʘʙʦʪ, ʛʜʝ ʠʩʩʣʝʜʫʶʪʩʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ bqd ʪʘʢʠʝ ʨʘʙʦʪʳ ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʚ 

ʧʦʩʣʝʜʥʠʝ 7-8 ʣʝʪ. 

ʆʪ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʯʝʪʘʶʱʠʭ bqd ʠ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʧʨʦʷʚʣʝʥʠʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʭ ʠʥʪʝʨʝʩʥʳʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʧʘʨʘ-

ʤʘʛʥʝʪʠʟʤʘ, ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʠ ʪ.ʜ. ʈʘʟʚʠʪʠʝ ʭʠʤʠʠ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʣʠʛʘʥʜʘʤʠ ʥʘ ʦʩʥʦʚʝ bqd, ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʦʩʪʘʚ-

ʩʪʨʦʝʥʠʝ-ʩʚʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʅʘ ʩʭʝʤʝ 33 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ bqd, ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦ-

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʩ ʠʦʥʘʤʠ d- ʠ f-ʤʝʪʘʣʣʦʚ ʠʟʫʯʝʥʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʉʘʤʳʤ ʜʦ-

ʩʪʫʧʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 4-NH2-btd, ʢʦʪʦʨʳʡ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʩʠʥʪʝʟʠʨʫʝʪʩʷ, ʘ ʚ ʧʦ-

ʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʘʞʝ ʩʪʘʣ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʝʥ (CAS Registry Number: 767-64-6), ʯʪʦ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʥʪʝʨʝʩ ʠ ʩʧʨʦʩ ʥʘ ʥʝʛʦ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩ 4-NH2-btd ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ, ʧʨʠʯʝʤ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʘ ʩʝʛʦʜʥʷʰ-

ʥʠʡ ʜʝʥʴ ʪʦʣʴʢʦ 7 ʢʦʤʧʣʝʢʩʦʚ. ʀʟ ʥʠʭ 5 ʧʦʣʫʯʝʥʳ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʘ ʠʟ ʥʠʭ 3 ï 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ [140]. 

 
ʉʭʝʤʘ 33. ʌʫʥʢʮʠʦʥʘʣʠʟʦʚʘʥʥʳʝ 2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʢʘʯʝʩʪʚʝ  

ʣʠʛʘʥʜʦʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ɼʦʩʪʫʧʥʦʩʪʴ 4-NH2-btd ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤ: ʚʦ-ʧʝʨʚʳʭ, ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʝ ʜʦ ʪʨʠʘʤʠʥʘ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʩ SeO2 ï ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ  
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4-NH2-bsd, ʚʦ-ʚʪʦʨʳʭ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʣʠʛʘʥʜ, ʠʩʧʦʣʴʟʫʷ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʘʥʠʣʠʥʦʚ ʨʝʘʢʮʠʠ ʘʤʠʥʦʛʨʫʧʧʳ, ʥʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʩ 

ʜʠʢʝʪʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʠʥʪʝʟʘ ʢʝʪʦʠʤʠʥʦʚ 

Hacnacbtd ʠ H
Ph

acnacbtd. 

ʉʦʝʜʠʥʝʥʠʝ 4-NH2-bsd ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ, ʥʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ ʥʠ ʦʜʥʦ-

ʛʦ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʵʪʠʤ ʣʠʛʘʥʜʦʤ, ʢʨʦʤʝ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ [141]. 

ʂʝʪʦʠʤʠʥʳ Hacnacbtd ʠ H
Ph

acnacbtd ʧʦʣʫʯʝʥʳ ʠ/ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʛʘʥʜʦʚ ʥʘʤʠ ʚʧʝʨʚʳʝ [142]. 

ɼʠʪʠʦʣ H2btdas ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʨʫʛʫʶ ʩʝʨʠʶ ʣʠʛʘʥʜʦʚ ʥʘ ʦʩʥʦʚʝ btd. ʄʝʪʦ-

ʜʠʢʘ ʝʛʦ ʩʠʥʪʝʟʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ [54], ʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʭʠʤʠʷ 

(btdas)
2
Ė ʥʘʩʯʠʪʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʛʨʫʧʧʦʡ ʠʥʜʠʡ-

ʩʢʦʛʦ ʧʨʦʬʝʩʩʦʨʘ ɼʘʩʘ (Das S.K.) ʠ ʚʳʟʳʚʘʶʱʠʭ ʥʝʢʦʪʦʨʳʝ ʩʦʤʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ. 

H2btdas ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʪʝʤ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʩʦʯʝʪʘʪʴ ʨʝʜʦʢʩ- ʠ 

ʬʦʪʦʘʢʪʠʚʥʦʩʪʴ, ʪ.ʢ. ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤ ʬʦʪʦʘʢʪʠʚʥʦʛʦ btd ʠ, ʧʦ ʩʫʪʠ, ʪʠʦ-

ʘʥʘʣʦʛʦʤ ʧʠʨʦʢʘʪʝʭʠʥʘ. H2tdas ʠʤʝʝʪ ʧʦʜʦʙʥʫʶ ʧʨʠʨʦʜʫ, ʥʦ ʤʝʥʝʝ ʧʨʦʪʷʞʝʥʥʫʶ 

ʘʨʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʙʦʣʝʝ ʠʟʫʯʝʥʦ ʢʘʢ ʣʠʛʘʥʜ (43 ʩʪʨʫʢʪʫʨʳ ʚ 

CCDC), ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʥ ʙʳʣ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʦʛʦ ʙʠʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ. 
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ɻʣʘʚʘ 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1. ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʉʠʥʪʝʟ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ: 

4-NH2-btd [78], 4-NH2-bsd [21], H2btdas [54], (NBu4)2[Zn(tdas)2] [143], [Pd(CH3CN)2Cl2] 

[144], (Et4N)2[CoCl4] [145], [Pt(PPh3)2Cl2] [146], (Me4N)2[Mo2O2S8] [147], 

(Et4N)2[Mo2O2S8] [148]. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʨʝʘʛʝʥʪʳ ʙʳʣʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳ, ʣʠʙʦ 

ʙʳʣʠ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʅʍ ʉʆ ʈɸʅ. ʉʠʥʪʝʟʳ 1-3, 24, 25, 26 

ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʚʦʟʜʫʭʝ. ʉʠʥʪʝʟʳ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʧʝʨʘʮʠʠ ʧʦ ʚʳʜʝʣʝ-

ʥʠʶ ʧʨʦʜʫʢʪʦʚ ʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʤʝʪʦʜʘʤʠ ʚʳʧʦʣ-

ʥʷʣʠʩʴ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʐʣʝʥʢʘ ʠʣʠ ʘʨʛʦʥʦʚʦʛʦ ʙʦʢʩʘ. 

ʈʘʩʪʚʦʨʠʪʝʣʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʝʟʚʦʞʠʚʘʥʠʶ ʠ 

ʜʝʛʘʟʘʮʠʠ ʢʠʧʷʯʝʥʠʝʤ ʠ ʧʝʨʝʛʦʥʢʦʡ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʦʩʫʰʠʪʝʣʝʡ [149]. ʆʩʪʘʣʴʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʍʏ ʠʣʠ ʚʳʰʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ, ʵʪʘʥʦʣ ï ʨʝʢʪʠʬʠʢʘʪ.  

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʀʅʍ ʉʆ ʈɸʅ ʥʘ ʜʠ-

ʬʨʘʢʪʦʤʝʪʨʘʭ Bruker APEX DUO ʠʣʠ Bruker Nonius X8Apex, ʠʟʣʫʯʝʥʠʝ ʄʦʂŬ ʩʦ-

ʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʢ.ʭ.ʥ. ʉʤʦʣʝʥʮʝʚʳʤ ɸ.ʀ., 

ʢ.ʭ.ʥ. ʂʫʨʘʪʴʝʚʦʡ ʅ.ɺ., ʢ.ʭ.ʥ. ʉʫʭʠʭ ʊ.ʉ. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʡ ʠʟʤʝʨʝʥʳ ʤʝʪʦ-

ʜʦʤ ű- ʠ ɤ-ʩʢʘʥʠʨʦʚʘʥʠʷ ʫʟʢʠʭ (0.5Á) ʬʨʝʡʤʦʚ. ʇʦʛʣʦʱʝʥʠʝ ʫʯʪʝʥʦ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠ 

ʧʦ ʧʨʦʛʨʘʤʤʝ SADABS [150]. ʉʪʨʫʢʪʫʨʳ ʨʘʩʰʠʬʨʦʚʘʥʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʠ ʫʪʦʯʥʝ-

ʥʳ ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ ʄʅʂ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʜʣʷ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʨʦʛʨʘʤʤ SHELXTL [151]. ɸʪʦʤʳ H ʣʦʢʘʣʠʟʦʚʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠ 

ʫʪʦʯʥʝʥʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʞʝʩʪʢʦʛʦ ʪʝʣʘ.  

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʥʘ C, H, N, S ʚʳʧʦʣʥʷʣʩʷ ʚ ʀʅʍ ʉʆ ʈɸʅ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ 

Euro EA 3000 ʠ vario MICRO cube ʢ.ʭ.ʥ. ɿʫʙʘʨʝʚʦʡ ɸ.ʇ. ʠ ʢ.ʭ.ʥ. ʂʦʱʝʝʚʦʡ ʆ.ʉ. (ʀʅʍ 

ʉʆ ʈɸʅ). 

ʀʂ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ɸʣʬʝʨʦʚʦʡ ʅ.ʀ. (ʀʅʍ ʉʆ ʈɸʅ) ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

Bruker IFS28 ʠ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʥʘ Simex FT-801 ʩ ʦʙʨʘʟʮʦʚ, ʟʘʧʨʝʩʩʦʚʘʥʥʳʭ ʚ ʪʘʙʣʝʪʢʠ 

KBr. 
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ʄʘʩʩ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʢ.ʬ-ʤ.ʥ. ʐʝʚʝʥʝʤ ɼ.ɻ. ʥʘ ʧʨʠʙʦʨʝ 6100 Series 

Single Quadrupole LC/MS, ʤʝʪʦʜ ʠʦʥʠʟʘʮʠʠ ï ʨʘʩʧʳʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʧʦʣʝ (ʵʣʝʢʪʨʦʩʧʨʝʡ, ESI-MS). 

ʉʧʝʢʪʨʳ ʕʇʈ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ E109 

ʬʠʨʤʳ Varian ʚ X-ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʨʠ T = 77K, 300K. ʆʙʨʘʙʦʪʢʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʧʝʢʪʨʦʚ ʕʇʈ ʧʨʦʚʦʜʠʣʘʩʴ ʜ.ʬ.-ʤ.ʥ. ʅʘʜʦʣʠʥʥʳʤ ɺ.ɸ. ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ WinEPR 

ʠ Simfonya. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ g-ʬʘʢʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʙʨʘʟʝʮ 

ɼʌʇɻ ʩ g = 2,0036. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʅʦʚʦʞʠʣʦʚʳʤ ʀ.ʅ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʩʦʝʜʠʥʝʥʠʡ ʚ 

CH3CN, CH2Cl2 ʠ ʊɻʌ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 0,1 ʄ Bu4NBF4. ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤ-

ʤʳ (ʎɺɸ) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʧʦʪʝʥʮʠʦʩʪʘʪʝ VA 797 Computrace ʬʠʨʤʳ Metrohm c 

ʢʦʤʧʴʶʪʝʨʥʳʤ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʦ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʩʭʝʤʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʙʦʯʠʭ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠʤʝʥʷʣʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʵʣʝʢʪʨʦʜʳ: ʧʣʘʪʠʥʦʚʳʡ ʠ ʩʪʝʢʣʦʫʛʣʝ-

ʨʦʜʥʳʡ. ʕʣʝʢʪʨʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ʩʣʫʞʠʣ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʩ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʤ ʢʣʶ-

ʯʦʤ. ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʧʨʝʜʝʣʘʭ 0,01 ï 1,0 ɺ/ʩ.  

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦ-

ʤʝʪʨʘʭ Cary 50 (ʅɻʋ) ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʭ.ʥ. ʇʨʠʪʯʠʥʦʡ ɽ.ɸ. ʠ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʥʘ Cary 60. 

ʉʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʖʰʠʥʦʡ ʀ.ɺ. (ʀʅʍ ʉʆ ʈɸʅ) ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu UV-3101 PL. ʆʙʨʘʟʮʳ ʜʣʷ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ ʜʠʬʬʫʟʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ʛʦʪʦʚʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘʚʝʩʢʫ ʠʩʩʣʝʜʫ-

ʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ BaSO4, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ. ʉʧʝʢʪʨʳ 

ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʙʳʣʠ ʧʝʨʝʩʯʠʪʘʥʳ ʚ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʂʫʙʝʣʢʠ-ʄʫʥʢʘ [152]. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩʧʝʢʪʨʦʚ ʠʭ ʧʨʠʚʦʜʠʣʠ ʢ ʦʜʥʦʡ 

ʤʦʣʴʥʦʡ ʜʦʣʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʤʝʩʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠ BaSO4 (ʩʨʝʜʥʷʷ ʤʦʣʴ-

ʥʘʷ ʜʦʣʷ ~10
ï2

).  

ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʘʩʪʚʦʨʦʚ ʠ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ 

ʟʘʧʠʩʘʥʳ ʢ.ʬ-ʤ.ʥ. ʈʘʭʤʘʥʦʚʦʡ ʄ.ʀ. ʠ ʢ.ʬ-ʤ.ʥ. ʈʷʜʫʥʦʤ ɸ.ɸ. (ʀʅʍ ʉʆ ʈɸʅ) ʥʘ ʩʧʝʢ-

ʪʨʦʤʝʪʨʝ Fluorolog-3 FL3-22 (Horiba). ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʚ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʢ.ʭ.ʥ. ʀʣʴʠʯʝʚʳʤ ɺ.ɸ. (ʀʌʄ ʈɸʅ, ʅʠʞʥʠʡ 

ʅʦʚʛʦʨʦʜ) ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Ocean Optics S2000.  
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ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʢ.ʭ.ʥ. ʇʨʠʪʯʠʥʦʡ ɽ.ɸ. ɼʣʷ ʨʘʩʯʝʪʘ 

ʩʧʝʢʪʨʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʨʝ-

ʤʝʥʠ ʤʝʪʦʜ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (TD-DFT) ʚ ʚʘʨʠʘʥʪʝ ʜʚʘʞʜʳ ʛʠʙʨʠʜʥʦʛʦ 

ʤʝʪʦʜʘ B2PLYP [153, 154] ʩ ʚʘʣʝʥʪʥʳʤ ʙʘʟʠʩʦʤ def2-TZVP [155]. ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢ-

ʩʦʚ ʢʘʜʤʠʷ ʠ ʧʣʘʪʠʥʳ ʜʘʥʥʳʡ ʙʘʟʠʩ ʩʦʜʝʨʞʠʪ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʩʪʦʚʘ (ECP) 

ʜʣʷ ʢʘʜʤʠʷ ʠ ʧʣʘʪʠʥʳ. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ, ʢʘʜʤʠʷ ʠ ʧʣʘʪʠʥʳ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʣʠʛʘʥ-

ʜʘ (btdas)
2-
 ʠ ʝʛʦ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ: (Hbtdas)

-
 ʠ (H2btdas) ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ ʪʝʦ-

ʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʚ ʚʘʨʠʘʥʪʝ ʥʝʛʠʙʨʠʜʥʦʛʦ ʤʝʪʦʜʘ B97-D3 [156, 157], ʫʯʠ-

ʪʳʚʘʶʱʝʛʦ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩ ʚʘʣʝʥʪʥʳʤ ʙʘʟʠʩʦʤ def2-TZVP. ɼʣʷ 

ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ 

ʩʦʣʴʚʘʪʘʮʠʠ COSMO [158]. ɺʩʝ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʧʘ-

ʢʝʪʝ ʧʨʦʛʨʘʤʤ ORCA [159].  



54 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 2 

ʉʧʠʩʦʢ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

 ˉ ʠʣʠ ʧʨʠʥʷʪʦʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʢʨʘʱʝʥʠʝ  

Ŭ-[Cd(4-NH2-btd)Cl 2]n 1ʘ 

ɓ-[Cd(NH 2-btd)Cl 2]n 1ʙ 

[Cd(4-NH2-btd)2Cl2]n 2 

[Cd(4-NH2-bsd)Cl2]n 3ʘ  

ɓ-[Cd(NH 2-bsd)Cl2]n 3ʙ 

[Cd(4-NH2-bsd)2Cl2]n 4 

[Zn(4-NH2-bsd)2Cl2]n 5 

H
Ph

acnacbtd 6 

[Pd(acnacbtd)2] 7 

[Ni(acnacbtd)2] 8 

[Zn(
Ph

acnacbtd)2] 9 

[Ni(
Ph

acnacbtd)2] 10 

[Co(
Ph

acnacbtd)2] 11 

[Gd(acnacbtd)3] 12 

[Er(
Ph

acnacbtd)3] 13 

[Dy(
Ph

acnacbtd)3] 14 

[Gd(
Ph

acnacbtd)3] 15 

[Nd(
Ph

acnacbtd)3] 16 

[SmCp
*
2(

Ph
acnacbtd)] 17 

(NBu4)2[Zn(btdas)2] 18 

(NBu4)2[Cd(btdas)2] 19 

(NBu4)[Co(btdas)2] 20ʘ 

{(NBu4)[Co(btdas)2]}4 20ʙ 

(NEt4)3[Co(btdas)3]Āɼʄʌɸ 21 

[Pt(PPh3)2(btdas)] 22 

[Pt(PPh3)2(btdas)]Ā3CH2Cl2 22ʘ 

[Pt(PPh3)2(btdas)]Ā2CH3CN 22ʙ 

[Ni(dppe)(btdas)] 23 

(Me4N)2[Mo 2S2O2Cl4] 24 

(Me4N)[Mo2S2O2Cl3(DMF)3] 25 

[Mo 2O2S2(DMF)6]I 2ĀDMF  26 

(NBu4)2[Mo 2S2O2(tdas)2]ĀDMF 27 

(NEt4)2[W 2S4(btdas)2] 28 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 3 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ˉ ʠʣʠ ʧʨʠʥʷ-

ʪʦʝ ʚ ʜʠʩʩʝʨʪʘ-

ʮʠʠ ʩʦʢʨʘʱʝ-

ʥʠʝ 

ʇʨ. ʛʨ. a, b, c (¡) Ŭ, ɓ, ɔ (Á) 
R-ʬʘʢʪʦʨ 

(ʚʩʝ ʜʘʥʥʳʝ) 

1ʘ P-1 
6,7876(3); 7,2110(3); 

10,2360(4) 

73,949(1); 

73,667(1); 79,334(1) 
0,0172 

2 ʉ2/c 
26,097(2); 3,7476(3); 

19,6597(15) 
125,945(2) 0,0277 

1ʙ P212121 
3,8181(8); 10,906(2); 

22,591(5) 
 0,0306 

3ʘ  P-1 
6,7772(4); 7,1470(4); 

10,3232(6) 

73,216(1); 

74,147(1); 80,581(2) 
0,0266 

4 ʉ2/c 
26,108(1); 3,784(2); 

19,310(1) 
125,107(1) 0,0583 

5 P21/n 
7,5753(3); 12,5536(5); 

17,3500(5) 
99,594(2) 0,0304 

6 P21/c 
15,313(2); 5,978(1); 

18,933(2) 
98,960(3) 0,0451 

7 P21/c 
11,3838(6); 5,2018(3); 

18,9106(11) 
95,061(2) 0,0213 

8 P2/n 
10,4739(5); 8,7649(4); 

12,6665(5) 
103,150(1) 0,0412 

9 P-1 
13,0010(4); 14,5995(4); 

14,7460(4) 

99,895(1); 

109,177(1); 

103,984(1) 

0,0384 

10 P-1 
11,7455(1); 12,4596(1); 

13,5870(1) 

82,350(4); 

73,773(4); 67,471(4) 
0,0405 

11 P-1 
11,8535(8); 12,5752(1); 

13,4070(1) 

82,243(3); 

72,844(3); 66,871(3) 
0,0522 

12 P21/c 
15,2112(5); 14,7836(5); 

19,0856(5) 
121,666(2) 0,0569 

13 P-1 
14,1630(6); 14,6805(5); 

17,7583(8) 

68,069(2); 

78,364(1); 75,049(1) 
0,0444 

14 P21/n 
13,9669(6), 18,8304(7); 

20,7147(9) 
99,895(1) 0,0632 

15 P-1 
14,0119(6); 14,9902(7); 

16,0961(8) 

86,654(2); 

64,718(1); 62,713(1) 
0,0328 

16 P-1 
14,024(3); 14,967(3); 

16,160(2) 

86,652(5); 

64,760(5); 62,510(5) 
0,0549 

17 P21/c 
10,2755(2); 20,3441(4); 

21,4129(4) 
101,783(1) 0,0275 
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ˉ ʠʣʠ ʧʨʠʥʷ-

ʪʦʝ ʚ ʜʠʩʩʝʨʪʘ-

ʮʠʠ ʩʦʢʨʘʱʝ-

ʥʠʝ 

ʇʨ. ʛʨ. a, b, c (¡) Ŭ, ɓ, ɔ (Á) 
R-ʬʘʢʪʦʨ (ʚʩʝ 

ʜʘʥʥʳʝ) 

18 P-1 

9,0199(4); 9,9431(4); 

30,2572(15) 

 

98,851(2); 

92,107(2); 

107,812(1) 

0,0479 

19 P-1 
8,8893(3); 9,8603(3); 

30,0812(1) 

99,225(1); 

91,038(1); 

106,041(1) 

0,0285 

20ʘ P21/c 
23,4858(5); 11,5687(5); 

25,7624(5) 
109,9295 0,0352 

20ʙ P21/c 
17,619(1); 20,095(1); 

19,223(1) 
110,701(2) 0,0369 

21 P21/c 
10,1775(4); 21,7914(11); 

25,2238(12) 
101,64(1) 0,0736 

22 P-1 
15,5465(5); 15,8160(5); 

16,5875(5) 

93,885(1); 

94,281(1); 

114,244(1) 

0,060 

22ʘ ʉ2/c 
33,513(2); 11,3746(5); 

25,2893(15) 
124,329(2) 0,0272 

22ʙ P-1 
13,2983(4); 13,7203(5); 

15,2474(5) 

113,626(1); 

102,730(1); 

104,707(1) 

0,0417 

23 P-1 
9,3105(2); 13,0130(3); 

15,0597(4) 

102,9252(8); 

98,5005(8); 

105,5487(8) 

0,0284 

24 Ibam 
16,4447(13); 10,9050(9); 

11,8661(11) 
 0,0640 

25 P-1 
8,7303(3); 11,7152(5); 

14,1880(6) 

72,519(2); 

76,6750(10); 

77,2770(10) 

0,0222 

26 ʉ2/c 
33,097(3); 14,7383(13); 

16,8993(12) 
105,951(2) 0,0752 

27 P-1 
10,4877(3); 15,4825(6); 

18,6123(6) 

110,871(1); 

90,448(1); 97,074(1) 
0,0678 

28 Pmn21 
15,615(1); 20,151(1); 

30,127(2) 
 0,2104 
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2.2. ʆʧʠʩʘʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʉʠʥʪʝʟ [Cd(4-NH2-btd)Cl2]n (1ʘ) 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ. ʂ ʨʘʩʪʚʦʨʫ CdCl2Ā2,5H2O (0,050 ʛ, 0,22 ʤʤʦʣʴ) ʚ 1,5 ʤʣ H2O ʙʳʣ ʜʦ-

ʙʘʚʣʝʥ ʨʘʩʪʚʦʨ 4-NH2-btd (0,033 ʛ, 0,22 ʤʤʦʣʴ) ʚ 1,5 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʇʦʩʣʝ ʧʦʣ-

ʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʩʤʝʩʴ ʙʳʣʘ ʦʩʪʘʚʣʝʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ ʩʪʦʷʥʠʠ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚʳʧʘʣʠ ʢʨʠʩʪʘʣʣʳ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝ-

ʪʘ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʤʳʪʳ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʨʮʠʷʤʠ Et2O ʠ ʚʳʩʫ-

ʰʝʥʳ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 0,050 ʛ (70%). 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʩʨʘʟʫ ʦʙʨʘʟʫʝʪʩʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʞʝʣʪʳʡ ʦʩʘʜʦʢ. ɺʳʭʦʜ 0,065 ʛ (90%). 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3354 (ʩʨ), 3281 (ʩʨ), 3101 (ʩʣ), 1611 (ʩ), 1571 (ʩ), 1551 (ʩ), 

1491 (ʩ), 1433 (ʩʣ), 1339 (ʩʨ), 1282 (ʩʣ), 1172 (ʩʨ), 1071 (ʩʣ), 909 (ʩ), 882 (ʩ), 858 (ʩ), 

804 (ʩ), 779 (ʩʨ), 753 (ʩ), 603 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 21,9; H, 1,5; N, 12,7; S, 10,0. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C6H5CdCl2N3S, %: C, 21,5; H, 1,5; N, 12,6; S, 9,6. 

ʉʠʥʪʝʟ [Cd(NH2-btd)2Cl2]n (2) 

ʉʤʝʩʴ NH2-btd (0,073 ʛ, 0,50 ʤʤʦʣʴ) ʠ CdCl2Ā2,5H2O (0,022 ʛ, 0,096 ʤʤʦʣʴ) ʚ ʵʪʠʣʦʚʦʤ 

ʩʧʠʨʪʝ (0,5 ʤʣ) ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ. ɺʳ-

ʧʘʚʰʠʡ ʪʝʤʥʦ-ʞʝʣʪʳʡ ʦʩʘʜʦʢ ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ, ʧʨʦʤʳʪ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʨʮʠʷʤʠ 

Et2O ʠ ʚʳʩʫʰʝʥ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 0,044 ʛ (100%). 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3437 (ʩʨ), 3350 (ʩʨ), 1614 (ʩ), 1549 (ʩʨ), 1493 (ʩ), 1428 (ʩʨ), 

1372 (ʩʣ), 1153 (ʩʣ), 906 (ʩʨ), 854 (ʩʨ), 797 (ʩʨ), 740 (ʩ). 

ʅʘʡʜʝʥʦ, %: C, 29,9; H, 2,2; N, 17,0; S, 13,2. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C12H10CdCl2N6S2, %: C, 29,7; H, 2,1; N, 17,3; S, 13,2. 

ʉʠʥʪʝʟ [Cd(NH2-btd)Cl2]n (1ʙ) 

ʂ ʨʘʩʪʚʦʨʫ CdCl2Ā2,5H2O (0,023 ʛ, 0,10 ʤʤʦʣʴ) ʚ 5 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʙʳʣ ʜʦʙʘʚʣʝʥ 

ʨʘʩʪʚʦʨ NH2-btd (0,015 ʛ, 0,10 ʤʤʦʣʴ) ʚ 5 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʇʦʣʫʯʝʥʥʘʷ ʨʝʘʢʮʠʦʥ-

ʥʘʷ ʩʤʝʩʴ ʤʝʜʣʝʥʥʦ ʫʧʘʨʠʚʘʣʘʩʴ ʧʨʠ ʊ = 65Áʉ. ʂʨʘʩʥʳʝ ʠʛʦʣʴʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠ-

ʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺʳʭʦʜ 0,033 ʛ (100%). 
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ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3472 (ʩʣ), 3377 (ʩʣ), 1612 (ʩ), 1550 (ʩʨ), 1491 (ʩʨ), 1417 (ʩʣ), 

1366 (ʩʣ), 1129 (ʩʣ), 915 (ʩʣ), 859 (ʩʣ), 794 (ʩʣ), 737 (ʩ). 

ʅʘʡʜʝʥʦ, %: C, 21,7; H, 1,5; N, 12,5; S, 9,8. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C6H5CdCl2N3S, %: C, 21,5; H, 1,5; N, 12,6; S, 9,6. 

ʉʠʥʪʝʟ [Cd(NH2-bsd)Cl2]n (3) 

ʂ ʨʘʩʪʚʦʨʫ CdCl2Ā2,5H2O (0,023 ʛ, 0,10 ʤʤʦʣʴ) ʚ 5 ʤʣ ɻʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʙʳʣ ʜʦʙʘʚʣʝʥ 

ʨʘʩʪʚʦʨ NH2-bsd (0,020 ʛ, 0,10 ʤʤʦʣʴ) ʚ 5 ʤʣ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʇʦʣʫʯʝʥʥʘʷ ʨʝʘʢʮʠʦʥ-

ʥʘʷ ʩʤʝʩʴ ʤʝʜʣʝʥʥʦ ʫʧʘʨʠʚʘʣʘʩʴ ʧʨʠ ʊ = 65Áʉ. ʂʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʈʉɸ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺʳʭʦʜ 0,023 ʛ (60%). 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3355 (ʩʨ), 3280 (ʩʨ), 3094 (ʩʣ), 1612 (ʩʨ), 1560 (ʩʣ), 1534 (ʩʨ), 

1483 (ʩ), 1347 (ʩʨ), 1293 (ʩʣ), 1271 (ʩʨ), 1168 (ʩʣ), 1073 (ʩʣ), 926 (ʩ), 868 (ʩ), 803 (ʩ), 

780 (ʩʨ), 752 (ʩ). 

ʅʘʡʜʝʥʦ, %: C, 18,7; H, 1,7; N, 10,7. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C6H5CdCl2N3Se, %: C, 18,9; H, 1,3; N, 11,0. 

ʉʠʥʪʝʟ [Cd(NH2-bsd)2Cl2]n (4) 

ʂ ʨʘʩʪʚʦʨʫ CdCl2Ā2,5H2O (0,035 ʛ, 0,15 ʤʤʦʣʴ) ʚ 1,5 ʤʣ H2O ʙʳʣ ʜʦʙʘʚʣʝʥ ʨʘʩʪʚʦʨ 

NH2-bsd (0,060 ʛ, 0,30 ʤʤʦʣʴ) ʚ 15,5 ʤʣ ʛʦʨʷʯʝʛʦ (T =50ÁC) ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʇʨʠ 

ʩʤʝʰʠʚʘʥʠʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚʳʧʘʣ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʚ ʚʠʜʝ ʠʛʣ, ʧʨʠ-

ʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. ɺʳʭʦʜ 0,065 ʛ (74%). 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3428 (ʩʨ), 3339 (ʩʨ), 1616 (ʩʨ), 1533 (ʩʨ), 1487 (ʩʨ), 1437 (ʩʣ), 

1347 (ʩʣ), 1284 (ʩʣ), 1074 (ʩʣ), 1015 (ʩʣ), 868 (ʩʣ), 798 (ʩʨ), 738 (ʩ). 

ʅʘʡʜʝʥʦ, %: C, 25,0; H, 1,9; N, 14,5. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C12H10CdCl2N6Se2, %: C, 24,9; H, 1,7; N, 14,5. 

ʉʠʥʪʝʟ [Zn(NH2-bsd)2Cl2] (5). 

ʂ ʙʝʟʚʦʜʥʦʤʫ ZnCl2 (0,017 ʛ, 0,12 ʤʤʦʣʴ) ʠ NH2-bsd (0,050 ʛ, 0,25 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚ-

ʣʝʥʦ 10 ʤʣ ʊɻʌ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʧʨʠ ʊ = 50Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. 

ʊʝʤʥʦ-ʤʘʣʠʥʦʚʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʧʨʦʬʠʣʴʪʨʦʚʘʥ ʠ ʫʧʘʨʝʥ ʜʦʩʫʭʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ 

ʙʳʣ ʧʨʦʤʳʪ ʛʝʢʩʘʥʦʤ ʠ ʚʳʩʫʰʝʥ. ɺʳʭʦʜ 0,052 ʛ (77%). ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʩʤʝʩʠ 

ʊɻʌ/ʛʝʢʩʘʥ. 
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ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3461 (ʩʣ), 3409 (ʩʣ), 3353 (ʩʣ), 3307 (ʩʨ), 3207 (ʩʣ), 1616 (ʩ), 

1589 (ʩʨ), 1528 (ʩ), 1487 (ʩ), 1424 (ʩʣ), 1349 (ʩʨ), 1296 (ʩʨ), 1253 (ʩʣ), 1091 (ʩʣ), 1054 

(ʩʨ), 1014 (ʩʣ), 866 (ʩʣ), 797 (ʩʣ), 744 (ʩ). 

ʅʘʡʜʝʥʦ, %: C, 27,7; H, 2,2; N, 15,1. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C12H10ZnCl2N6Se2, %: C, 27,0; H, 1,9; N, 15,8. 

ʉʠʥʪʝʟ Hacnacbtd 

ʂ ʨʘʩʪʚʦʨʫ NH2-btd (1,00 ʛ, 6,6 ʤʤʦʣʴ) ʚ 10 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣ ʜʦʙʘʚʣʝʥ Hacac (1,35 ʤʣ). 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʢʠʧʷʪʠʣʘʩʴ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʥʘʩʘʜʢʦʡ ɼʠʥʘ-ʉʪʘʨʢʘ ʚ 

ʪʝʯʝʥʠʝ ʜʚʫʭ ʜʥʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʫʧʘʨʝʥ ʜʦ ~3 ʤʣ. ʇʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ 10 ʤʣ ʛʝʢʩʘʥʘ ʚʳʧʘʣ Hacnacbtd, ʢʦʪʦʨʳʡ ʙʳʣ ʦʪ-

ʬʠʣʴʪʨʦʚʘʥ, ʧʨʦʤʳʪ ʛʝʢʩʘʥʦʤ ʠ ʚʳʩʫʰʝʥ. ɺʳʭʦʜ 1,40 ʛ (90 %). 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 2995 (ʩʣ), 2967 (ʩʣ), 2924 (ʩʣ), 1624 (ʩ), 1583 (ʩ), 1539 (ʩʨ), 

1507 (ʩʨ), 1480 (ʩʨ), 1355 (ʩʨ), 1312 (ʩʨ), 1282 (ʩ), 1202 (ʩʨ), 1162 (ʩʣ), 1089 (ʩʨ), 1029 

(ʩʨ), 978 (ʩʨ), 912 (ʩʨ), 850 (ʩʣ), 828 (ʩʨ), 802 (ʩʨ), 751 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 56,6; H ,5,0; N, 17,4; S, 13,0. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C11H11N3OS, %: C, 56,6; H, 4,8; N, 18,0; S, 13,7. 

ʉʠʥʪʝʟ H
Ph

acnacbtd (6) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ dbm (0,742 ʛ, 3,3 ʤʤʦʣʴ), NH2-btd (0,500 ʛ, 3,3 ʤʤʦʣʴ) ʠ p-

ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ ʪʦ-

ʣʫʦʣʘ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʢʠʧʷʪʠʣʘʩʴ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʥʘʩʘʜʢʦʡ ɼʠʥʘ-

ʉʪʘʨʢʘ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʜʥʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʫʧʘʨʝʥ ʜʦʩʫ-

ʭʘ. ʇʦʩʣʝ ʧʨʦʤʳʚʘʥʠʷ ʤʘʩʣʷʥʠʩʪʦʛʦ ʦʩʪʘʪʢʘ ʛʝʢʩʘʥʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʠʡ ʧʦʨʦʰʦʢ. ɺʳʭʦʜ 0,930 ʛ (80%). ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʚʳʜʝʣʝ-

ʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʨʘʩʪʚʦʨʘ ʚ ʪʦʣʫʦʣʝ. 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3064 (ʩʣ), 1606 (ʩ), 1583 (ʩ), 1564 (ʩ), 1504 (ʩʨ), 1467 (ʩʨ), 

1411 (ʩʣ), 1364 (ʩʣ), 1323 (ʩ), 1289 (ʩ), 1265 (ʩʨ), 1225 (ʩ), 1181 (ʩʣ), 1129 (ʩʨ), 1078 

(ʩʣ), 1055 (ʩ), 1019 (ʩʨ), 891 (ʩʨ), 858 (ʩʣ), 800 (ʩʨ), 743 (ʩ), 699 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 70,7; H, 4,2; N, 11,8; S, 9,6. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C21H15N3OS, %: C, 70,6; H, 4,2; N, 11,8; S, 9,0. 
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ʉʠʥʪʝʟ [Pd(acnacbtd)2] (7) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ [Pd(CH3CN)2Cl2] (0,024 ʛ, 0,1 ʤʤʦʣʴ), Hacnacbtd (0,044 ʛ, 0,2 ʤʤʦʣʴ) 

ʠ KN(SiMe3)2 (0,039 ʛ, 0,2 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 8 ʤʣ ʊɻʌ. ʆʙʨʘʟʦʚʘʚʰʘʷʩʷ ʢʨʘʩʥʦ-

ʞʝʣʪʘʷ ʩʫʩʧʝʥʟʠʷ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʙʝʟ ʜʦʩʪʫʧʘ ʩʚʝʪʘ. ʈʘʩ-

ʪʚʦʨ ʙʳʣ ʧʨʦʬʠʣʴʪʨʦʚʘʥ ʠ ʫʧʘʨʝʥ ʜʦ ~ 2 ʤʣ. ɺʳʧʘʚʰʠʡ ʞʝʣʪʳʡ ʦʩʘʜʦʢ ʙʳʣ ʦʪʬʠʣʴ-

ʪʨʦʚʘʥ ʠ ʚʳʩʫʰʝʥ. ɺʳʭʦʜ 0,020 ʛ (35%). ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʚʳʜʝ-

ʣʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʊɻʌ. 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3060 (ʩʣ), 2992 (ʩʣ), 2914 (ʩʣ), 1575 (ʩ), 1509 (ʩ), 1400 (ʩ), 

1315 (ʩʣ), 1257 (ʩʨ), 1212 (ʩʣ), 1091 (ʩʣ), 1014 (ʩʨ), 948 (ʩʣ), 903 (ʩʣ), 824 (ʩʨ), 753 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 46,3; H, 3,7; N, 14,3; S, 11,2. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C22H20N6S2O2Pd, %: C, 46,3; H, 3,5; N, 14,7; S, 11,2. 

ʉʠʥʪʝʟ [Ni(acnacbtd)2] (8) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ NiCl2 DME (0,053 ʛ, 0,24 ʤʤʦʣʴ), Hacnacbtd (0,112 ʛ, 0,48 ʤʤʦʣʴ), 

KN(SiMe3)2 (0,097 ʛ, 0,48 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ THF. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝ-

ʨʝʤʝʰʠʚʘʣʘʩʴ ʧʨʠ T = 50Áʉ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ʊʝʤʥʦ-ʤʘʣʠʥʦʚʳʡ ʨʘʩʪʚʦʨ 

ʙʳʣ ʧʨʦʬʠʣʴʪʨʦʚʘʥ ʠ ʫʧʘʨʝʥ ʜʦʩʫʭʘ. ɺʳʭʦʜ 0,118 ʛ (94%). ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʈʉɸ, ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ ʦʙʱʝʡ ʤʘʩʩʳ ʧʨʠ ʥʝʧʦʣʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 1619 (ʩʣ), 1563 (ʩʨ), 1518 (ʩʨ), 1484 (ʩʣ), 1454 (ʩʨ), 1385 (ʩ), 

1274 (ʩʨ), 1226 (ʩʣ), 1092 (ʩʣ), 1027 (ʩʣ), 938 (ʩʣ), 853 (ʩʣ), 745 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 50,0; H, 3,8; N, 15,7; S, 12,1. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C22H20N6S2O2Ni, %: C, 50,5; H, 3,9; N, 16,1; S, 12,3. 

ʉʠʥʪʝʟ [Zn(
Ph

acnacbtd)2] (9) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ ZnCl2 (0,019 ʛ, 0,14 ʤʤʦʣʴ), H
Ph

acnacbtd (0,100 ʛ, 0,28 ʤʤʦʣʴ), 
t
BuOK 

(0,035 ʛ, 0,3 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ THF. ʊʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠ-

ʚʘʣʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʈʘʩʪʚʦʨ ʙʳʣ ʧʨʦʬʠʣʴʪʨʦʚʘʥ ʠ 

ʫʧʘʨʝʥ ʜʦʩʫʭʘ. ʊʚʝʨʜʳʡ ʦʩʪʘʪʦʢ ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʪʦʣʫʦʣ/ʊɻʌ 

(1:1). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʫʧʘʨʠʚʘʣʩʷ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʆʙʨʘʟʦ-

ʚʘʚʰʠʝʩʷ ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ 9 ʙʳʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʳ, ʧʨʦʤʳʪʳ Et2O ʠ ʚʳʩʫʰʝʥʳ. 

ɺʳʭʦʜ 0,045 ʛ (35%). 
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ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3054 (ʩʣ), 1584 (ʩʣ), 1521 (ʩ), 1476 (ʩʨ), 1446 (ʩʨ), 1395 (ʩ), 

1325 (ʩʨ), 1240 (ʩʣ), 1174 (ʩʣ), 1086 (ʩʣ), 1069 (ʩʣ), 899 (ʩʨ), 803 (ʩʨ), 773 (ʩʨ), 747 (ʩʨ), 

724 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 64,4; H, 3,6; N, 10,3; S, 8,3. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C42H28N6ZnO2S2, %: C, 64,8; H, 3,6; N, 10,8; S, 8,2. 

ʉʠʥʪʝʟ [Ni(
Ph

acnacbtd)2] (10) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ NiCl2ĀDME (0,050 ʛ, 0,23 ʤʤʦʣʴ), H
Ph

acnacbtd (0,163 ʛ, 0,46 ʤʤʦʣʴ), 

KN(SiMe3)2 (0,093 ʛ, 0,465 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ THF. ʊʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ 

ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʧʨʠ T = 50Áʉ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ʈʘʩʪʚʦʨ ʙʳʣ ʧʨʦʬʠʣʴʪʨʦʚʘʥ 

ʠ ʫʧʘʨʝʥ ʜʦʩʫʭʘ. ɺʳʭʦʜ 0,170 ʛ (96 %). ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʧʨʠ ʥʝʧʦʣʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3055 (ʩʣ), 1583 (ʩʣ), 1523 (ʩ), 1476 (ʩʨ), 1446 (ʩʨ), 1388 (ʩ), 

1376 (ʩ), 1327 (ʩʨ), 1236 (ʩʨ), 1174 (ʩʣ), 1087 (ʩʣ), 1069 (ʩʣ), 1022 (ʩʣ), 899 (ʩʣ), 854 

(ʩʣ), 802 (ʩʣ), 746 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 64,9; H, 3,8; N, 10,5; S, 8,6. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C42H28N6NiO2S2, %: C, 65,4; H, 3,7; N, 10,9; S, 8,3. 

ʉʠʥʪʝʟ [Co(
Ph

acnacbtd)2] (11) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ Co(N(SiMe3)2)2 (0,060 ʛ, 0,16 ʤʤʦʣʴ), H
Ph

acnacbtd (0,113 ʛ, 

0,316 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ THF. ʊʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʫʧʘʨʝʥ ʜʦʩʫʭʘ. ɺʳʭʦʜ 0,100 ʛ (81 %). 

ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ 11 ʚ 

THF. 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3054 (ʩʣ), 1583 (ʩʣ), 1519 (ʩ), 1475 (ʩ), 1446 (ʩ), 1364 (ʩ), 1326 

(ʩʣ), 1238 (ʩʨ), 1174 (ʩʣ), 1086 (ʩʣ), 1069 (ʩʣ), 1019 (ʩʣ), 897 (ʩʨ), 853 (ʩʣ), 802 (ʩʣ), 746 

(ʩʨ), 724 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 65,5; H, 3,8; N, 10,7; S, 8,0. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C42H28N6CoO2S2, %: C, 65,4; H, 3,7; N, 10,9; S, 8,3. 

ʉʠʥʪʝʟ [Gd(acnacbtd)3] (12) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ Gd(N(SiMe3)2)3 (0,050 ʛ, 0,078 ʤʤʦʣʴ), Hacnacbtd (0,056 ʛ, 

0,240 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ ʪʦʣʫʦʣʘ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʧʨʠ 
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T = 50Áʉ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ʊʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʧʨʦʬʠʣʴʪʨʦʚʘʥ ʠ 

ʫʧʘʨʝʥ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʩʣʷʥʠʩʪʳʡ ʦʩʪʘʪʦʢ ʙʳʣ ʧʨʦʤʳʪ ʛʝʢʩʘʥʦʤ ʠ ʚʳʩʫʰʝʥ. ɺʳʭʦʜ 

0,043 ʛ (59%). ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩ-

ʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʊɻʌ. 

ʅʘʡʜʝʥʦ, %: C, 49,8; H, 4,6; N, 13,6; S, 10,6. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C33H30N9O3S3GdĀ(0,8C7H8), %: C, 49,9; H, 4,0; N, 13,6; S, 10,4. 

ʉʠʥʪʝʟ [Er(
Ph

acnacbtd)3] (13) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ Er(N(SiMe3)2)3 (0,050 ʛ, 0,077 ʤʤʦʣʴ), H
Ph

acnacbtd (0,083 ʛ, 

0,232 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ THF. ʊʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʈʘʩʪʚʦʨ ʙʳʣ ʫʧʘʨʝʥ ʜʦʩʫʭʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʙʳʣ ʧʨʦʤʳʪ ʛʝʢʩʘ-

ʥʦʤ ʠ ʚʳʩʫʰʝʥ. ɺʳʭʦʜ 0,082 ʛ (85 %). ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝ-

ʥʳ ʧʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʪʦʣʫʦʣʝ. 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3055 (ʩʣ), 2925 (ʩʣ), 1585 (ʩʨ), 1535 (ʩʣ), 1504 (ʩʨ), 1475 (ʩʨ), 

1449 (ʩʨ), 1387 (ʩ), 1327 (ʩʣ), 1306 (ʩʣ), 1229 (ʩʨ), 1179 (ʩʣ), 1069 (ʩʣ), 1027 (ʩʣ), 902 

(ʩʨ), 856 (ʩʣ), 828 (ʩʣ), 803 (ʩʣ), 764 (ʩʨ), 745 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 62,0; H, 3,7; N, 9,8; S, 8,4. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C63H42N9O3S3ErĀ(0,3C7H8), %: C, 61,9; H, 3,5; N, 10,0; S, 7,6. 

ʉʠʥʪʝʟ [Dy(
Ph

acnacbtd)3] (14) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ Dy(N(SiMe3)2)3 (0,046 ʛ, 0,071 ʤʤʦʣʴ), H
Ph

acnacbtd (0,076 ʛ, 

0,213 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ ʪʦʣʫʦʣʘ. ʊʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʩʷ 

ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʈʘʩʪʚʦʨ ʙʳʣ ʧʨʦʬʠʣʴʪʨʦʚʘʥ ʠ ʫʧʘʨʝʥ ʜʦʩʫʭʘ. ɼʘʣʝʝ ʙʳʣ ʜʦʙʘʚʣʝʥ 

Et2O. ʊʚʝʨʜʳʡ ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʠʣʩʷ ʥʝ ʧʦʣʥʦʩʪʴʶ; ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 0,038 ʛ (44 %). 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3052 (ʩʣ), 1585 (ʩʨ), 1534 (ʩʣ), 1504 (ʩʨ), 1474 (ʩʨ), 1449 (ʩ), 

1385 (ʩ), 1325 (ʩʣ), 1267 (ʩʣ), 1228 (ʩʨ), 1180 (ʩʣ), 1088 (ʩʣ), 1056 (ʩʣ), 902 (ʩʨ), 856 

(ʩʨ), 828 (ʩʣ), 802 (ʩʣ), 745 (ʩʨ), 715 (ʩʨ), 696 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 61,5; H, 3,6; N, 10,0; S, 8,1. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C63H42N9O3S3Dy, %: C, 61,4; H, 3,4; N, 10,2; S, 7,8. 
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ʉʠʥʪʝʟ [Gd(
Ph

acnacbtd)3] (15) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ Gd(N(SiMe3)2)3 (0,050 ʛ, 0,078 ʤʤʦʣʴ), H
Ph

acnacbtd (0,082 ʛ, 

0,230 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ THF. ʊʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʈʘʩʪʚʦʨ ʙʳʣ ʫʧʘʨʝʥ ʜʦʩʫʭʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʙʳʣ ʧʨʦʤʳʪ ʛʝʢʩʘ-

ʥʦʤ ʠ ʚʳʩʫʰʝʥ. ɺʳʭʦʜ 0,072 ʛ (75 %). ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝ-

ʥʳ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʠʟ Et2O. 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3055 (ʩʣ), 2954 (ʩʣ), 1585 (ʩʨ), 1510 (ʩ), 1476 (ʩʨ), 1448 (ʩʨ), 

1389 (ʩ), 1324 (ʩʨ), 1290 (ʩʣ), 1229 (ʩʨ), 1178 (ʩʣ), 1131 (ʩʣ), 1088 (ʩʣ), 1053 (ʩʣ), 1019 

(cʣ), 901 (ʩʨ), 853 (ʩʨ), 827 (ʩʣ), 802 (ʩʣ), 751 (ʩ), 695 (ʩ). 

ʅʘʡʜʝʥʦ, %: C, 61,8; H, 3,7; N, 10,0; S, 8,0. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C63H42N9O3S3Gd, %: C, 61,7; H, 3,5; N, 10,3; S, 7,8. 

ʉʠʥʪʝʟ [Nd(
Ph

acnacbtd)3] (16) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ Nd(N(SiMe3)2)3 (0,050 ʛ, 0,080 ʤʤʦʣʴ), H
Ph

acnacbtd (0,082 ʛ, 

0,230 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ THF. ʊʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʈʘʩʪʚʦʨ ʙʳʣ ʫʧʘʨʝʥ ʜʦʩʫʭʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʙʳʣ ʧʨʦʤʳʪ ʛʝʢʩʘ-

ʥʦʤ ʠ ʚʳʩʫʰʝʥ. ɺʳʭʦʜ 0,083 ʛ (79 %). ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝ-

ʥʳ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʠʟ Et2O. 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3053 (ʩʣ), 2923 (ʩʣ), 1585 (ʩʣ), 1527 (ʩʨ), 1507 (ʩʨ), 1474 (ʩʨ), 

1447 (ʩʨ), 1377 (ʩ), 1323 (ʩʣ), 1267 (ʩʣ), 1230 (ʩʨ), 1179 (ʩʣ), 1086 (ʩʣ), 1018 (ʩʣ), 898 

(ʩʨ), 852 (ʩʨ), 826 (ʩʣ), 802 (ʩʣ), 741 (ʩʨ), 692 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 62,9; H, 4,3; N, 9,7; S, 7,6. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C63H42N9O3S3NdĀ(1,4C4H8O), %: C, 62,7; H, 4,1; N, 9,6; S, 7,3. 

ʉʠʥʪʝʟ [SmCp
*
2(

Ph
acnacbtd)] (17) 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ. ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ [SmCp
*
2(THF)2] (0,079 ʛ, 0,14 ʤʤʦʣʴ), H

Ph
acnacbtd 

(0,050 ʛ, 0,14 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ THF. ʊʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠ-

ʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ, ʟʘʪʝʤ ʙʳʣ ʫʧʘʨʝʥ ʜʦʩʫʭʘ, ʧʨʦʤʳʪ ʛʝʢʩʘʥʦʤ ʠ ʚʳʩʫʰʝʥ. ɺʳ-

ʭʦʜ 80 ʤʛ (74 %). ʂʨʠʩʪʘʣʣʳ 17Ā2THF, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʥʝ-

ʧʦʣʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ. ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ [SmCp
*
2Cl2Li (THF)2] (0,090 ʛ, 0,14 ʤʤʦʣʴ), H

Ph
acnac-

btd (0,050 ʛ, 0,14 ʤʤʦʣʴ), KN(SiMe3)2 (0,029 ʛ, 0,14 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ THF. 
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ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. ʊʝʤʥʦ-ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʙʳʣ 

ʧʨʦʬʠʣʴʪʨʦʚʘʥ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ 17Ā2THF , 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ. ɺʳʭʦʜ 70 ʤʛ (64 %). 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 2966 (ʩʣ), 1585 (ʩʣ), 1654 (ʩʣ), 1525 (ʩʣ), 1474 (ʩʨ), 1448 (ʩʨ), 

1379 (ʩ), 1324 (ʩʨ), 1270 (ʩʣ), 1229 (ʩʣ), 1177 (ʩʣ), 1080 (ʩʣ), 1024 (ʩʣ), 892 (ʩʣ), 802 

(ʩʣ), 745 (ʩʨ), 694 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 63,0; H, 5,6; N, 5,5; S, 4,5. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C41H44N3OSSm, %: C, 63,4; H, 5,7; N, 5,4; S, 4,1. 

ʉʠʥʪʝʟ (NBu4)2[Zn(btdas)2] (18) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ ZnCl2 (0,017 ʛ, 0,125 ʤʤʦʣʴ), H2btdas (0,050 ʛ, 0,25 ʤʤʦʣʴ) ʠ 
t
BuOK 

(0,056 ʛ, 0,5 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 7 ʤʣ MeOH. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʂ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʤʫ ʨʘʩʪʚʦʨʫ ʙʳʣ ʜʦ-

ʙʘʚʣʝʥ ʨʘʩʪʚʦʨ NBu4Br (0,133 ʛ ʚ 13 ʤʣ ʜʝʛʘʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ); ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʩʫʩ-

ʧʝʥʟʠʷ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ɺʳʧʘʚʰʠʡ ʞʝʣʪʳʡ ʦʩʘʜʦʢ ʙʳʣ ʦʪʬʠʣʴʪʨʦ-

ʚʘʥ, ʧʨʦʤʳʪ ʚʦʜʦʡ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʚʳʩʫʰʝʥ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 0,107 ʛ (91%). 

ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʤʠʥʠʤʘʣʴʥʦʤ 

ʦʙʲʝʤʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ï24ÁC.  

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 2959 (ʩ), 2938 (ʩʣ), 2873 (ʩʨ), 1546 (ʩʣ), 1476 (ʩʣ), 1452 (ʩ), 

1426 (ʩ), 1377 (ʩʣ), 1336 (ʩʣ), 1233 (ʩ), 1041 (ʩ), 998 (ʩʣ), 878 (ʩʣ), 843 (ʩʨ), 805 (ʩʨ), 

656 (ʩʣ), 634 (ʩʣ). 

ʅʘʡʜʝʥʦ, %: C, 55,7; H, 8,5; N, 9,0; S, 20,2. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C44H76N6S6Zn, %: C, 55,8; H, 8,1; N, 8,8; S 20,3. 

ʉʠʥʪʝʟ (NBu4)2[Cd(btdas)2] (19) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ CdCl2 (0,023 ʛ, 0,125 ʤʤʦʣʴ), H2btdas (0,050 ʛ, 0,25 ʤʤʦʣʴ) ʠ 
t
BuOK 

(0,057 ʛ, 0,5 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 7 ʤʣ MeOH. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʂ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʤʫ ʨʘʩʪʚʦʨʫ ʙʳʣ ʜʦ-

ʙʘʚʣʝʥ ʨʘʩʪʚʦʨ NBu4Br (0,137 ʛ ʚ 13 ʤʣ ʜʝʛʘʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ); ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʩʫʩ-

ʧʝʥʟʠʷ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ɺʳʧʘʚʰʠʡ ʞʝʣʪʳʡ ʦʩʘʜʦʢ ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ, 

ʧʨʦʤʳʪ ʚʦʜʦʡ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʚʳʩʫʰʝʥ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 0,102 ʛ (82%). ʂʨʠ-

ʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ï24ÁC.  
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ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 2959 (ʩ), 2938 (ʩʣ), 2873 (ʩʨ), 1546 (ʩʣ), 1476 (ʩʣ), 1452 (ʩ), 

1422 (ʩ), 1377 (ʩʣ), 1336 (ʩʣ), 1360 (ʩʣ), 1231 (ʩ), 1037 (ʩ), 993 (ʩʣ), 877 (ʩʣ), 844 (ʩʨ), 

807 (ʩʨ), 656 (ʩʣ), 627 (ʩʣ). 

ʅʘʡʜʝʥʦ, %: C, 53,2; H, 7,9; N, 8,5; S, 19,6. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C44H76N6S6Cd, %: C, 53,2; H, 7,7; N, 8,5; S, 19,4. 

ʉʠʥʪʝʟ (NBu4)[Co(btdas)2] (20) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ CoCl2 (0,011 ʛ, 0,085 ʤʤʦʣʴ), H2btdas (0,032 ʛ, 0,16 ʤʤʦʣʴ) ʠ 
t
BuOK 

(0,036 ʛ, 0,33 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 7 ʤʣ MeOH. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ʂ ʬʠʦʣʝʪʦʚʦʤʫ ʨʘʩʪʚʦʨʫ ʙʳʣ ʜʦʙʘʚ-

ʣʝʥ ʨʘʩʪʚʦʨ NBu4Br (0,090 ʛ ʚ 9 ʤʣ ʜʝʛʘʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ); ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʩʫʩʧʝʥʟʠʷ 

ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʊʝʤʥʦ-ʬʠʦʣʝʪʦʚʳʡ ʦʩʘʜʦʢ ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ, ʧʨʦ-

ʤʳʪ ʚʦʜʦʡ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʚʳʩʫʰʝʥ ʚ ʚʘʢʫʫʤʝ. ʂʨʠʩʪʘʣʣʳ 20ʘ ʠ 20ʙ, ʧʨʠ-

ʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ 

Et2O (ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ) ʠ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʛʝʢʩʘʥʘ ʚ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ 

ʚ ʊɻʌ (ʚʳʭʦʜ 70%), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʂ ʩʧʝʢʪʨ 20ʘ (KBr, ɜ, ʩʤ
-1
): 2962 (ʩʨ), 2930 (ʩʣ), 2871 (ʩʣ), 1720 (ʩʣ), 1632 (ʩʣ), 1470 

(ʩʣ). 1427 (ʩʨ), 1379 (ʩʣ), 1262 (ʩ), 1245 (ʩʨ). 1097 (ʩ), 1056 (ʩ), 1024 (ʩ), 802 (ʩ). 

ʀʂ ʩʧʝʢʪʨ 20ʙ (KBr, ɜ, ʩʤ
-1
): 2959 (ʩʨ), 2926 (ʩ), 2872 (ʩʨ), 2855 (ʩʨ), 1768 (ʩʣ), 1723 

(ʩʣ), 1554 (ʩʨ). 1468 (ʩ), 1427 (ʩ), 1379 (ʩʣ), 1342 (ʩʣ), 1235 (ʩ), 1167 (ʩʨ), 1058 (ʩ). 986 

(ʩʨ), 919 (ʩʣ), 850 (ʩʣ), 811 (ʩ), 738 (ʩʣ), 639 (ʩ). 

ʉʠʥʪʝʟ (NEt4)3[Co(btdas)3]Āɼʄʌɸ (21) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ (Et4N)2[CoCl4]  (0,050 ʛ, 0,108 ʤʤʦʣʴ), H2btdas (0,044 ʛ, 0,22 ʤʤʦʣʴ) ʠ 

t
BuOK (0,049 ʛ, 0,44 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 8 ʤʣ ʊɻʌ. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠ-

ʚʘʣʘʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ʊʝʤʥʦ-ʬʠʦʣʝʪʦʚʳʡ 

ʨʘʩʪʚʦʨ ʙʳʣ ʧʨʦʬʠʣʴʪʨʦʚʘʥ ʠ ʫʧʘʨʝʥ ʜʦʩʫʭʘ. ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ Et2O ʚ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʚ ɼʄʌɸ. 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 2978 (ʩʣ), 1455 (ʩʨ), 1422 (ʩ), 1369 (ʩʣ), 1337 (ʩʣ), 1238 (ʩ), 

1181 (ʩʣ), 1053 (ʩ), 1000 (ʩʣ), 839 (ʩʣ), 806 (ʩ), 640 (ʩʨ). 
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ʉʠʥʪʝʟ [Pt(PPh3)2(btdas)] (22) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ [Pt(PPh3)2Cl2] (0,050 ʛ, 0,06 ʤʤʦʣʴ), H2btdas (0,013 ʛ, 0,065 ʤʤʦʣʴ) ʠ 

t
BuOK (0,015 ʛ, 0,13 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ CH2Cl2. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝ-

ʤʝʰʠʚʘʣʘʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʜʥʝʡ. ʇʦʣʫʯʝʥʥʳʡ ʞʝʣʪʳʡ 

ʨʘʩʪʚʦʨ ʙʳʣ ʧʨʦʬʠʣʴʪʨʦʚʘʥ ʠ ʫʧʘʨʝʥ ʜʦ ~ 3 ʤʣ. ʂ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʩʫʩʧʝʥʟʠʠ ʙʳʣ ʜʦ-

ʙʘʚʣʝʥ ʛʝʢʩʘʥ. ɿʘʪʝʤ ʞʝʣʪʳʡ ʦʩʘʜʦʢ ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ ʠ ʚʳʩʫʰʝʥ. ɺʳʭʦʜ 0,045 ʛ (82 

%). ʂʨʠʩʪʘʣʣʳ 22, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ 

ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ Et2O, 22Ā3CH2Cl2 (22ʘ) ï ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

CH2Cl2/ʛʝʢʩʘʥ ʧʨʠ +2ÁC.  

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3051 (ʩʣ), 1472 (ʩ), 1433 (ʩ), 1239 (ʩ), 1186 (ʩʣ), 1158 (ʩʣ), 

1095 (ʩ), 1070 (ʩ), 999 (ʩʣ), 836 (ʩʣ), 816 (ʩʨ), 743 (ʩʨ), 691 (ʩ), 641 (cʣ). 

ʅʘʡʜʝʥʦ, %: C, 55,7; H, 3,8; N, 3,1; S, 10,6. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C42H32N2P2PtS3, %: C, 55,0; H, 3,5; N, 3,1; S, 10,5. 

ʉʠʥʪʝʟ [Ni(dppe)(btdas)] (23) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ [Ni(dppe)Cl2]  (0,060 ʛ, 0,11 ʤʤʦʣʴ), H2btdas (0,022 ʛ, 0,11 ʤʤʦʣʴ) ʠ 

t
BuOK (0,026 ʛ, 0,23 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 8 ʤʣ THF. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠ-

ʚʘʣʘʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʣʫʯʝʥʥʳʡ ʞʝʣʪʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʧʨʦʬʠʣʴʪʨʦʚʘʥ 

ʠ ʫʧʘʨʝʥ ʜʦ ~ 3 ʤʣ. ʆʨʘʥʞʝʚʳʝ ʙʣʦʢʦʦʙʨʘʟʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʭʣʘ-

ʞʜʝʥʠʠ ʨʘʩʪʚʦʨʘ ʜʦ +2Áʉ. ɺʳʭʦʜ 0,040 ʛ (56%).  

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3049 (cʣ), 2857 (ʩʣ), 1470 (ʩʨ), 1436 (ʩʨ), 1418 (ʩʨ), 1369 (ʩʣ), 

1261 (ʩʣ), 1236 (ʩ), 1186 (ʩʣ), 1104 (ʩ), 1070 (ʩ), 1025 (ʩʣ), 998 (ʩʣ), 876 (ʩʣ), 856 (ʩʨ), 

816 (ʩ), 749 (ʩʨ), 693 (ʩ), 643 (cʣ). 

ʅʘʡʜʝʥʦ, %: C, 58,4; H, 3,8; N, 4,4; S, 14,4. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C32H26N2NiP2S3, %: C, 58,6; H, 4,0; N, 4,3; S, 14,7. 

ʉʠʥʪʝʟ (Me4N)2[Mo 2S2O2Cl4] (24) 

ʏʝʨʝʟ ʩʫʩʧʝʥʟʠʶ (Me4N)2[Mo2O2S8] (0,828 ʛ, 1,32 ʤʤʦʣʴ) ʚ CH2Cl2 (50 ʤʣ) ʚ ʪʝʯʝʥʠʝ 

40 ʤʠʥ ʧʨʦʜʫʚʘʣʩʷ HClʛ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ ʠ ʧʨʦʤʳʪ CS2 

(15 ʤʣ) ʜʣʷ ʫʜʘʣʝʥʠʷ S8, ʟʘʪʝʤ ʧʨʦʵʢʩʪʨʘʛʠʨʦʚʘʥ ʜʚʫʤʷ ʧʦʨʮʠʷʤʠ ʩʤʝʩʠ CH3CNï

CH2Cl2 (1:1, 60 ʤʣ). ʊʝʤʥʦ-ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʫʧʘʨʝʥ ʜʦʩʫʭʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʝʣʝ-

ʥʦʤʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʧʨʦʜʫʢʪʫ (Me4N)2[Mo2S2O2Cl4], ʟʘʛʨʷʟʥʝʥʥʦʤʫ S8. ʇʨʠʤʝʩʴ 

ʩʝʨʳ ʙʳʣʘ ʫʜʘʣʝʥʘ ʥʘʛʨʝʚʘʥʠʝʤ ʪʚʝʨʜʦʛʦ ʦʩʪʘʪʢʘ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʚ ʚʘʢʫʫʤʝ 
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(5Ĭ10
-2

 ʤʤ ʨʪ. ʩʪ.) ʧʨʠ 120ÁC. ɺʳʭʦʜ 0,482 ʛ (63%). ʇʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ ʢʨʠʩʪʘʣʣʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʳʤ ʫʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʩʤʝʩʠ CH2Cl2ïCH3CN 

(20:1). 

ʀʂ-ʩʧʝʢʪʨ (KBr; ɜ, ʩʤ
ï1
): 1611 (ʩʨ), 1484 (ʩ), 948 (ʩ), 467 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 16,6; H, 4,5; N, 4,7. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C8H24N2O2S2Cl4Mo2, %: C, 16,6; H, 4,2; N, 4,8. 

ʉʠʥʪʝʟ (Me4N)[Mo2S2O2Cl3(DMF)3] (25) 

ʂ ʪʚʝʨʜʦʤʫ ʦʙʨʘʟʮʫ (Me4N)2[Mo2S2O2Cl4] (0,686 ʛ, 1,19 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ 

DMF. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 12 

ʯʘʩʦʚ; ʨʘʩʪʚʦʨ ʙʳʣ ʧʨʦʬʠʣʴʪʨʦʚʘʥ. ʆʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʜʣʝʥʥʦʡ 

ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʚ DMF ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʝ. ɺʳʭʦʜ 0,213 ʛ (26 %).  

ʀʂ-ʩʧʝʢʪʨ (KBr; ɜ, ʩʤ
ï1
): 1640 (ʩ), 1484 (ʩʨ), 1363 (ʩʨ), 936 (ʩ), 682 (ʩʨ), 461 (ʩʨ).  

ʅʘʡʜʝʥʦ, %: C, 19,6; H, 4,7; N, 6,7; S 10,2. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C10H26N3O4S2Cl3Mo2, %: C, 19,5; H, 4,3; N, 6,8; S, 10,4. 

ʉʠʥʪʝʟ [Mo 2O2S2(DMF)6]I 2ĀDMF (26) 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʨʘʥʝʝ [160]. ʂ ʨʘʩʪʚʦ-

ʨʫ (Et4N)2[Mo2O2S8] (2 ʛ, 2,7 ʤʤʦʣʴ) ʚ 30 ʤʣ DMF ʙʳʣ ʜʦʙʘʚʣʝʥ ʨʘʩʪʚʦʨ I2 (1,38 ʛ, 

5,4 ʤʤʦʣʴ) ʚ 8,5 ʤʣ DMF. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ, ʟʘʪʝʤ 

ʢ ʥʝʡ ʙʳʣ ʜʦʙʘʚʣʝʥ ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ (Et2O, 70 ʤʣ). ʏʝʨʝʟ 10 ʤʠʥ ʨʝʘʢʮʠʦʥʥʘ ̫ʩʤʝʩʴ 

ʙʳʣʘ ʧʨʦʬʠʣʴʪʨʦʚʘʥʘ ʯʝʨʝʟ ʙʫʤʘʞʥʳʡ ʬʠʣʴʪʨ. ʂ ʪʝʤʥʦ-ʢʨʘʩʥʦʤʫ ʨʘʩʪʚʦʨʫ ʙʳʣʦ ʜʦ-

ʙʘʚʣʝʥʦ ʝʱʝ 70 ʤʣ Et2O. ʇʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʧʨʠ ï15ÜC ʚ ʪʝʯʝʥʠʝ 20 ʯ, 

ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʚʳʧʘʜʝʥʠʶ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (Et4N)I ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʤʥʦ-

ʢʨʘʩʥʦʡ ʧʣʝʥʢʠ ʥʘ ʜʥʝ ʩʦʩʫʜʘ. ʇʦʩʣʝʜʥʷʷ ʙʳʣʘ ʨʘʩʪʚʦʨʝʥʘ ʚ 40 ʤʣ DMF, ʦʭʣʘʞʜʝʥʥʦ-

ʛʦ ʜʦ ï15Üʉ, ʨʘʩʪʚʦʨ ʙʳʣ ʙʳʩʪʨʦ ʜʝʢʘʥʪʠʨʦʚʘʥ. ʂ ʥʝʤʫ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 130 ʤʣ Et2O. 

ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʤʝʩʠ ʜʦ ï15ÜC ʚ 

ʪʝʯʝʥʠʝ 4 ʜʥʝʡ. ɺʳʭʦʜ 1,28 ʛ (45%). 

ʀʂ-ʩʧʝʢʪʨ (KBr; ɜ, ʩʤ
ï1
): 2925 (ʩʣ), 1645 (ʩ), 1491 (ʩʣ), 1429 (ʩʨ), 1363 (ʩ), 947 (ʩ), 928 

(ʩʨ), 473 (ʩʨ). 

ʅʘʡʜʝʥʦ, %: C, 23,8; H, 4,7; N, 9,1; S, 5,9. 
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ɺʳʯʠʩʣʝʥʦ ʜʣʷ C21H49N7O9S2I2Mo2, %: C, 23,9; H, 4,7; N, 9,3; S, 6,1. 

ʉʠʥʪʝʟ (NBu4)2[Mo 2S2O2(tdas)2]ĀDMF (27) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ (NMe4)2[Mo2S2O2Cl4] (0,045 ʛ, 0,09 ʤʤʦʣʴ) ʠ (NBu4)2[Zn(tdas)2] 

(0,079 ʛ, 0,09 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 10 ʤʣ CH3CN. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘ-

ʣʘʩʴ ʧʨʠ ʊ = 65Áʉ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ʆʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʧʨʦʬʠʣʴʪʨʦ-

ʚʘʥ ʠ ʫʧʘʨʝʥ ʜʦʩʫʭʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ ʙʳʣ ʧʨʦʤʳʪ ʜʝʛʘʟʠʨʦʚʘʥʥʦʡ ʚʦ-

ʜʦʡ ʠ ʚʳʩʫʰʝʥ. ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʡ 

ʜʠʬʬʫʟʠʠ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ 27 ʚ ɼʄʌɸ. ɺʳʭʦʜ 0,052 ʛ (51%). 

ʀʂ-ʩʧʝʢʪʨ (KBr; ɜ, ʩʤ
ï1
): 2960 (cʨ), 2874 (ʩʣ), 1648 (ʩʣ), 1469 (ʩʨ), 1381 (ʩʣ), 1314 (ʩʨ), 

1236 (ʩ), 1172 (ʩʣ), 1027 (ʩʣ), 959 (ʩ), 943 (ʩʨ), 878 (ʩʣ), 777 (ʩ), 743 (ʩʣ). 

ʅʘʡʜʝʥʦ, %: C, 40,9; H, 6,8; N, 8,4; S, 22,0. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C39H79Mo2N7O3S8, %: C, 41,0; H, 7,0; N, 8,6; S, 22,5. 

ʉʠʥʪʝʟ (NEt4)2[W 2S4(btdas)2] (28) 

ʂ ʩʤʝʩʠ ʪʚʝʨʜʳʭ (NEt4)2[W2S4Cl4]  (0,045 ʛ, 0,05 ʤʤʦʣʴ), H2btdas (0,020 ʛ, 0,1 ʤʤʦʣʴ) ʠ 

t
BuOK (0,022 ʛ, 0,2 ʤʤʦʣʴ) ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 8 ʤʣ THF. ʈʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠ-

ʚʘʣʘʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʜʥʝʡ. ɺʳʧʘʚʰʠʡ ʦʨʘʥʞʝʚʳʡ 

ʦʩʘʜʦʢ ʙʳʣ ʦʪʬʠʣʴʪʨʦʚʘʥ, ʚʳʩʫʰʝʥ ʠ ʨʘʩʪʚʦʨʝʥ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ ʘʮʝʪʦʥʠʪʨʠ-

ʣʘ. ʆʨʘʥʞʝʚʳʝ ʙʣʦʢʦʦʙʨʘʟʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨʘ 

ʜʦ +2Áʉ. ɺʳʭʦʜ 0,016 ʛ (28%). 

ʀʂ ʩʧʝʢʪʨ (KBr, ɜ, ʩʤ
-1
): 3054 (ʩʣ), 2973 (cʨ), 2875 (cʣ), 1627 (ʩʣ), 1472 (ʩ), 1419 (ʩʨ), 

1388 (ʩʣ), 1363 (ʩʣ), 1238 (c), 1171 (cʨ), 1113 (ʩʣ), 1065 (ʩ), 997 (ʩʨ), 959 (ʩʣ), 855 (ʩʨ), 

816 (ʩ), 784 (ʩʨ), 641 (ʩ). 

ʅʘʡʜʝʥʦ, %: C, 29,7; H, 4,1; N, 6,9; S, 27,0. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C28H44N6S10W2, %: C, 29,2; H, 3,8; N, 7,3; S, 27,8. 
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ɻʣʘʚʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

3.1. ʂʦʤʧʣʝʢʩʳ Cd
2+

 ʠ Zn
2+

 ʩ 4-ʘʤʠʥʦ-2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʘʤʠ 

3.1.1. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ Cd
2+

 ʩ 4-NH2-bqd 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ CdCl2 ʩ 4-NH2-btd ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢ-

ʮʠʠ ʠ ʩʧʦʩʦʙʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʭ ʧʨʦʜʫʢʪʦʚ  

Ŭ-[Cd(4-NH2-btd)Cl2]n (1ʘ), [Cd(4-NH2-btd)2Cl2]n (2) ʠ b-[Cd(4-NH2-btd)Cl2]n (1ʙ) [140]. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ CdCl2 (10
-1
 ʄ) ʩ 4-NH2-btd ʚ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʦʡ ʩʤʝʩʠ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ 1:2 ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʢʦʤʧʣʝʢʩʦʚ 1ʘ ʠ 2. 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʫʜʘʣʦʩʴ ʨʘʟʜʝʣʠʪʴ ʤʘʥʫʘʣʴʥʦ ʙʣʘʛʦʜʘʨʷ ʨʘʟʥʦʤʫ ʚʥʝʰʥʝʤʫ 

ʚʠʜʫ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʧʘʨʠʚʘʥʠʠ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʳʣ ʚʳʜʝʣʝʥ ʢʦʤ-

ʧʣʝʢʩ 1ʙ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʈʉɸ, ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʦʧʠʩʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʳ ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʪʚʝʨʜʳʭ ʬʘʟ, ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʝʘʛʝʥʪʦʚ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʪʚʝʨʜʳʭ ʬʘʟ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪ.ʢ. ʚʩʝ ʪʚʝʨ-

ʜʳʝ ʬʘʟʳ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʧʝʢʪʨʳ. ɼʘʥʥʳʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4. 

ɺ ʨʝʘʢʮʠʠ CdCl2 ʠ 4-NH2-btd ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʢʦʤ-

ʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ (ʪʘʙʣ. 4) ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ 1ʘ. ʇʨʠ ʩʤʝʰʠʚʘ-

ʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ CdCl2 (10
-1
 ʄ) ʠ ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 4-NH2-btd ʧʨʦʠʩʭʦʜʠʪ ʧʦ-

ʩʪʝʧʝʥʥʦʝ ʚʳʧʘʜʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ ʩʦʝʜʠʥʝʥʠʷ 1ʘ ʩ 70 % ʚʳʭʦʜʦʤ. ʇʨʠ 

ʫʧʘʨʠʚʘʥʠʠ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʢʦʤʧʣʝʢʩʦʚ 1ʘ ʠ 1ʙ. ʋʚʝʣʠʯʠʪʴ ʚʳ-

ʭʦʜ 1ʘ ʜʦ 90 % ʫʜʘʝʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʩʧʠʨʪʝ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ CdCl2
 
ʜʦ 10

-2
 ʄ, ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʋʧʘʨʠʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʤʝʩʠ ʢʦʤʧʣʝʢʩʦʚ 1ʘ ʠ 1ʙ. ɺ ʩʣʫʯʘʝ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʧʨʠ ʊ = 65ęʉ ʦʙʨʘʟʫʝʪʩʷ ʩʦ-

ʝʜʠʥʝʥʠʝ 1ʙ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʚ ʚʠʜʝ ʜʣʠʥʥʳʭ ʢʨʘʩʥʳʭ ʠʛʣ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʈʉɸ. 

ʂʦʤʧʣʝʢʩ 2 ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʩʧʠʨʪʦʚʳʭ 

ʨʘʩʪʚʦʨʦʚ CdCl2 (10
-1
 ʄ) ʠ ʧʷʪʠʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ 4-NH2-btd. ɺʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫ-

ʯʘʷʭ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʢʦʤʧʣʝʢʩʦʚ 1ʘ, 1ʙ, 2 ʠ 4-NH2-btd (ʪʘʙʣ. 4). 
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ɺ ʨʝʘʢʮʠʷʭ CdCl2 ʩ 4-NH2-bsd, ʠʟʤʝʥʷʷ ʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʪʘʢʞʝ ʪʨʠ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʪʨʦʝʥʠʶ ʦʢʘʟʳʚʘʶʪʩʷ ʠʜʝʥ-

ʪʠʯʥʳʤʠ ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʴʥʳʤ ʢʦʤʧʣʝʢʩʘʤ. ʀʟ-ʟʘ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 4-NH2-bsd 

ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤʠ 10
-2
 ʄ. ʇʨʠ 

ʩʤʝʰʠʚʘʥʠʠ ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʦʚ CdCl2 (10
-2
 ʄ) ʠ 4-NH2-bsd ʚ ʵʢʚʠʤʦʣʷʨʥʦʤ ʩʦʦʪ-

ʥʦʰʝʥʠʠ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʋʧʘʨʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʧʨʠ ʊ = 65ęʉ ʧʨʠʚʦ-

ʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ Ŭ-[Cd(4-NH2-bsd)Cl2]n (3ʘ) ʠ ʧʦʙʦʯʥʦʛʦ ʩʦʝʜʠ-

ʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ b-[Cd(4-

NH2-bsd)Cl2]n (3ʙ). ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ CdCl2 ʠ 4-NH2-bsd ʚ ʦʪʥʦʰʝʥʠʠ 1:2 ʦʙʨʘʟʫʝʪ-

ʩʷ ʢʦʤʧʣʝʢʩ [Cd(4-NH2-bsd)2Cl2]n (4). ɺʳʧʘʜʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ CdCl2 ʠ ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʙʝʥ-

ʟʦʩʝʣʝʥʘʜʠʘʟʦʣʘ. ʊʘʢʞʝ ʵʪʦʪ ʢʦʤʧʣʝʢʩ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʩʧʠʨʪʦʚʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʧʨʠ ʊ = 65ęʉ ʩ ʚʳʭʦʜʦʤ 60%. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ 3ʙ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩ ʧʦʤʦʱʴʶ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ [161]. 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 4 

ʉʦʩʪʘʚ ʪʚʝʨʜʦʡ ʬʘʟʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ CdCl2 ʩ 4-NH2-btd (L) ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ 

Cd:L  CCd
2+

, M 
EtOH/H 2O, 25 ÁC 

EtOH  

25 ÁC 65 ÁC 

ʉʦʩʪʘʚ ʪʚ. ʬ.
a
 ʉʦʩʪʘʚ ʪʚ. ʬ.

b
 ʉʦʩʪʘʚ ʪʚ. ʬ.

a
 ʉʦʩʪʘʚ ʪʚ. ʬ.

b
 ʉʦʩʪʘʚ ʪʚ. ʬ.

b
 

1:1 

10
ï1

 1ʘ (70 %) 1ʘ, 1ʙ 1ʘ (90 %) 1ʘ ï
d
 

10
ï2

 ï
ʩ
 1ʘ, 1ʙ ï

ʩ
 1ʘ (ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ), 1ʙ 1ʙ (~100 %) 

1:2 

10
ï1

 
1ʘ (35 %), 2 (30 

%) 
1ʘ, 1ʙ, 2, L 1ʘ (90 %) L  ï

d
 

10
ï2

 ï
ʩ
 1ʘ, 1ʙ, 2 (ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ), L  1ʘ (85 %) 1ʘ, 2, L 1ʘ (~70 %), 1ʙ (~30 %), L  

1:3 10
ï1

 1ʘ, 2 1ʘ, 1ʙ, 2, L 1ʘ, 2 L  ï
d
 

1:5 
10
ï1

 1ʘ, 2 1ʘ, 1ʙ, 2, L 2 (~100 %) L  ï
d
 

10
ï2

 ï
ʩ
 1ʘ, 2, L  1ʘ, 2 (ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ) L  ï

d
 

a) ʪʚʝʨʜʘʷ ʬʘʟʘ, ʚʳʧʘʚʰʘʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ; 

b) ʪʚʝʨʜʘʷ ʬʘʟʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ; 

c) ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʪʚʝʨʜʦʡ ʬʘʟʳ; 

d) ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ 
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3.1.2. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Cd
2+

 ʩ 4-NH2-bqd 

3.1.2.1. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) 

ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʈʉɸ. ʂʦʤʧʣʝʢʩʳ 1ʘ ʠ 2 ʚ̫-

ʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʤʧʣʝʢʩʘʤ ʩ ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʦʤ. ɺʦ 

ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʘʪʦʤʳ ʢʘʜʤʠʷ ʩʚʷʟʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʭʣʦʨʘ; ʢʦʦʨʜʠʥʘʮʠʦʥ-

ʥʦʝ ʦʢʨʫʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ï ʦʢʪʘʵʜʨ. 

 
 

ɸ ɹ 

ʈʠʩ. 28. ʊʠʧʳ ʢʦʦʨʜʠʥʘʮʠʠ 4-NH2-btd ʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʉʦʝʜʠʥʝʥʠʷ 1ʘ ʠ 3ʘ ʠʤʝʶʪ ʩʪʨʦʝʥʠʝ 2D ʧʦʣʠʤʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʣʠʛʘʥʜ 4-NH2-bqd 

ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʘʪʦʤʦʤ ʘʟʦʪʘ ʘʤʠʥʦʛʨʫʧʧʳ (N
3
) ʠ ʛʝʪʝʨʦʮʠʢʣʘ (N

1
) ʢ ʜʚʫʤ ʨʘʟʥʳʤ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʮʝʥʪʨʘʤ (ʨʠʩ. 28 ʪʠʧ ɸ). ʄʦʩʪʠʢʦʚʳʝ ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʳ ʩʦʝʜʠʥʷʶʪ 

ʮʝʧʠ {CdCl2} n, ʦʙʨʘʟʫʷ ʩʪʦʧʢʠ ʚʜʦʣʴ ʦʩʠ b, ʚ ʢʦʪʦʨʳʭ ʣʠʛʘʥʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʘʥʪʠ-

ʧʘʨʘʣʣʝʣʴʥʦ. ʄʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʨʘʚʥʦ 3,26 ¡ ʜʣʷ S ʠ 3,23 ¡ 

ʜʣʷ Se, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ḯ́ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʊʘʢʞʝ ʤʝʞʜʫ ʛʝʪʝʨʦʮʠʢʣʘʤʠ ʠʟ ʨʘʟʥʳʭ 

ʩʣʦʝʚ ʚʜʦʣʴ ʦʩʠ a ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʨʦʪʢʠʝ ʧʘʨʥʳʝ QĀĀĀN ʢʦʥʪʘʢʪʳ (SĀĀĀN ï 3,02 ¡, SeĀĀĀN 

ï 2,88 ¡) (ʨʠʩ. 29). 

 
ʈʠʩ. 29. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 1ʘ. ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʝʥ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Cu(4-NH2-

btd)(CH3CN)2} 2](PF6)2 ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ 4-NH2-btd [123]. ɺ ʜʘʥʥʦʤ ʩʦʝʜʠ-

ʥʝʥʠʠ ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʦ 3,36 ¡, ʢʦʨʦʪʢʠʝ ʧʘʨʥʳʝ SĀĀĀN ʢʦʥʪʘʢʪʳ ʦʪ-

ʩʫʪʩʪʚʫʶʪ. 

ʂʦʤʧʣʝʢʩʳ 2 ʠ 4 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 1D ʧʦʣʠʤʝʨ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʮʝʧʴʶ 

{CdCl2} n ʚʜʦʣʴ ʦʩʠ b. ʃʠʛʘʥʜʳ 4-NH2-bqd ʷʚʣʷʶʪʩʷ ʪʝʨʤʠʥʘʣʴʥʳʤʠ, ʦʥʠ ʨʘʩʧʦʣʘʛʘ-

ʶʪʩʷ ʢʦʧʣʘʥʘʨʥʦ ʠ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʢ ʠʦʥʘʤ ʢʘʜʤʠʷ ʘʪʦʤʘʤʠ N
1
 (ʨʠʩ. 28, ʪʠʧ ɹ). ʈʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʣʠʛʘʥʜʦʚ 4-NH2-bqd ʨʘʚʥʦ 3,44 ¡ ʜʣʷ S ʠ 3,49 ¡ ʜʣʷ Se, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ḯ́ ʩʪʵʢʠʥʛʘ (ʨʠʩ. 30ʘ). ɺʜʦʣʴ ʦʩʠ a ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʮʝ-

ʧʦʯʢʘʤʠ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʨʦʪʢʠʝ ʧʘʨʥʳʝ QĀĀĀN ʢʦʥʪʘʢʪʳ (3,03 ¡ ʜʣʷ S ʠ 2,89 ¡ ʜʣʷ Se), 

ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʥʘʭʦʜʷʱʠʝ-

ʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʘʪʦʤʦʚ ʦʪ ʧʣʦʩʢʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 

0,12 ¡) (ʨʠʩ. 30ʙ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʚ ʠʟʚʝʩʪʥʦʤ ʠʟʦʩʪʨʫʢʪʫʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ [Cd(NH2-

btd)2Br2]n [122] ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʣʠʛʘʥʜʦʚ ʨʘʚʥʦ 3,55 ¡, ʘ ʢʦʥʪʘʢʪʳ 

SĀĀĀN ʩʦʩʪʘʚʣʷʶʪ 3,05 ¡, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʤ ʨʘʜʠʫʩʦʤ 

ʘʪʦʤʘ Br ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Cl. 

 
ʘ) ʙ) 

ʈʠʩ. 30. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 2 (ʘ). ʌʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʳ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ 

SĿĿĿN (ʙ). ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ 

ʉʦʝʜʠʥʝʥʠʝ 1ʙ ʪʘʢ ʞʝ, ʢʘʢ ʠ 2, ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ 1D ʧʦʣʠʤʝʨʘ, ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʦʥ ʦʙʨʘʟʦʚʘʥ ʩʜʚʦʝʥʥʦʡ ʮʝʧʴʶ {(CdCl2)2} n (ʨʠʩ. 31(ʘ, ʙ)). ʃʠʛʘʥʜʳ 4-NH2-btd ʢʦʦʨʜʠ-

ʥʠʨʫʶʪʩʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʪʠʧ ɹ). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʣʦʩʢʦʩʪʷʤʠ ʣʠʛʘʥʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 3,45 ¡. ʊʠʘʜʠʘʟʦʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʠʟ ʩʦʩʝʜʥʠʭ ʮʝ-

ʧʝʡ ʩʚʷʟʘʥʳ ʢʦʨʦʪʢʠʤʠ SĀĀĀN ʢʦʥʪʘʢʪʘʤʠ (3,18 ¡), ʥʦ ʥʝ ʧʦʧʘʨʥʦ, ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʩʣʫʯʘʷʭ, ʘ ʦʙʨʘʟʫʷ ʟʠʛʟʘʛʦʦʙʨʘʟʥʫʶ ʮʝʧʴ ʛʝʪʝʨʦʮʠʢʣʦʚ (ʨʠʩ. 31(ʙ, ʚ)). 
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ʘ) ʙ) 

 
ʚ) 

ʈʠʩ. 31. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 2 (ʘ). ʌʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʳ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ 

SĿĿĿN (ʙ, ʚ). ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ 

ɺʦ ʚʩʝʭ ʪʨʝʭ ʢʦʤʧʣʝʢʩʘʭ ʜʣʠʥʳ ʩʚʷʟʝʡ SïN (2,89 ï 3,26 ¡), ʢʘʢ ʠ ʜʣʠʥʳ ʦʩʪʘʣʴ-

ʥʳʭ ʩʚʷʟʝʡ ʥʘʭʦʜʷʪʩʷ ʦʞʠʜʘʝʤʳʭ ʚ ʧʨʝʜʝʣʘʭ (ʪʘʙʣ. 5) [78, 119, 142]. ɺ ʫʧʘʢʦʚʢʘʭ ʚʩʝʭ 

ʪʨʝʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ḯ́ ʩʪʵʢʠʥʛ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 5 

ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ (¡) ʢʦʤʧʣʝʢʩʦʚ 1ʘ, 1ʙ, 2 ʠ NH2-btd 

ʉʚʷʟʴ 1ʘ 1ʙ 2 
[Cd(NH 2-btd)2Br 2]n 

[122] 
NH2-btd 

CdïN
1
 2,4400(15) 2,355(3) 2,443(2) 2,495(4)  

CdïN
3
 2,4588(16)     

CdïX 
2,5793(5) ï 

2,6536(5) 

2,5441(10) ï 

2,7339(9) 

2,6048(7); 

2,6095(7) 
2,727(1); 2,732(1)  

C
5
ïN

3
 1,425(2) 1,378(5) 1,392(4) 1,42(1) 1,3868(17) 
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3.1.2.2. ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʋʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʧʦʩʦʙʘ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ ʚ ʢʦʤʧʣʝʢʩʝ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʥʘʜʝʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʪʚʝʨʜʳʝ ʬʘʟʳ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʈʉɸ, ʷʚʣʷ-

ʝʪʩʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʇʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ ʢʦʣʝʙʘʥʠʡ NH2-ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤ 

ʠʥʜʠʢʘʪʦʨʦʤ ʩʧʦʩʦʙʘ ʢʦʦʨʜʠʥʘʮʠʠ 4-NH2-bqd (ʨʠʩ. 32). 

  
ʘ) ʙ) 

ʈʠʩ. 32. ʀʂïʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ Ŭ-[Cd(4-NH2-bqd)Cl2]n (1ʘ, 3ʘ), b-[Cd(4-NH2-bqd)Cl2]n (1ʙ, 3ʙ),  

[Cd(4-NH2-bqd)2Cl2]n (2, 4) ʠ 4-NH2-bqd ʚ ʦʙʣʘʩʪʠ N-H ʢʦʣʝʙʘʥʠʡ (KBr) 

ɺʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʷʟʝʡ NïH ʩʦʝʜʠʥʝʥʠʷ 4-NH2-btd ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦ-

ʩʳ 3354 ʠ 3190 ʩʤ
ï1
. ʇʨʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʠ ʠʩʯʝʟʘʝʪ ʧʦʣʦʩʘ 3296 ʩʤ

ï1
, ʢʦʪʦʨʘʷ 

ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʚ 4-NH2-btd. ɺ ʩʣʫʯʘʝ ʤʦʩʪʠʢʦʚʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ (N
1
 ʠ N

3
) ʚ ʢʦʤʧʣʝʢʩʝ 1ʘ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʢʦʣʝʙʘʥʠʷ 

ɜ(NH2) ʠ ʧʦʷʚʣʷʶʪʩʷ ʪʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʣʦʩʳ 3101, 3066 ʠ 3030 ʩʤ
ï1

. 

ʂʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʘ ʘʪʦʤʦʤ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ N
1
 ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʧʦʣʦʩʳ ʚ 

ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ ʚ ʩʣʫʯʘʝ ʠʟʚʝʩʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [Cd(4-NH2-btd)2Br2]n (ʪʘʙʣ. 6). ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ NH2-bsd ʥʘʙʣʶʜʘʝʪʩʷ 

ʘʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ (ʪʘʙʣ. 6, ʨʠʩ. 32ʙ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʦʣʝʙʘʥʠʡ N-H ʛʨʫʧʧʳ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ 3ʙ, ʪʘʢ ʢʘʢ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ, ʧʦʣʫʯʝʥʦ ʥʝ ʙʳʣʦ. 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 6 

ʏʘʩʪʦʪʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ɜ(NH) 

ʅʘʙʦʨ ʯʘʩʪʦʪ ɜ(NH) ʚ 4-NH2-bqd 

4-NH2-btd 3354 3296 3190   

4-NH2-bsd 3344 3300 3188   

ʅʘʙʦʨ ʯʘʩʪʦʪ ɜ(NH) ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ NH2-ʛʨʫʧʧʦʡ, ʥʝ ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʢʦʦʨʜʠʥʘʮʠʠ 

[Cd(4-NH2-btd)2Cl2]n (2) 3437 3350    

b-[Cd(4-NH2-btd)Cl2]n (1ʙ) 3472 3377    

[Cd(4-NH2-bsd)2Cl2]n (4) 3428 3338    

b-[Cd(4-NH2-bsd)Cl2]n (3ʙ) 3447 3358    

[Cd(4-NH2-btd)2Br2]n 3450 3364    

ʅʘʙʦʨ ʯʘʩʪʦʪ ɜ(NH) ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ NH2-ʛʨʫʧʧʦʡ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʢ ʤʝʪʘʣʣʫ 

Ŭ-[Cd(4-NH2-btd)Cl2]n (1ʘ) 3354 3282 3101 3066 3030 

Ŭ-[Cd(4-NH2-bsd)Cl2]n (3a) 3355 3280 3094 3070 3038 

 

3.1.3. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Zn(4-NH2-bsd)2Cl2] (5) 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʟʚʦʜʥʦʛʦ ʭʣʦʨʠʜʘ ʮʠʥʢʘ ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ 

ʩʝʣʝʥʘʜʠʘʟʦʣʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ 5. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʊɻʌ ʚ 

ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʝʜʣʝʥʥʦʤ 

ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʩʤʝʩʠ ʊɻʌ/ʛʝʢʩʘʥ. ʂʦʤʧʣʝʢʩ 5 ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ 

ʪʘʢ ʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʥʦ ʢʦʥʝʯʥʳʡ 

ʧʨʦʜʫʢʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʪʩʷ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤ ʚʳʭʦʜʦʤ ʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʟʘʛʨʷʟʥʝʥʥʳʤ ʠʩʭʦʜʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ [162]. 

ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 5 ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʈʉɸ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʜʤʠʷ ʢʦʤʧʣʝʢʩ ʮʠʥʢʘ ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʤ. ʆʢʨʫʞʝʥʠʝ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ï ʪʝʪʨʘʵʜʨ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʣʝʢʩʘ ʮʠʥʢʘ ʩ 

ʪʠʘʜʠʘʟʦʣʦʤ [Zn(4-NH2-btd)2Cl2], ʛʜʝ ʦʙʘ ʣʠʛʘʥʜʘ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʘʤʠʥʦʛʨʫʧʧʘʤʠ 

[78], ʚ ʢʦʤʧʣʝʢʩʝ 5 ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘ ʢʦʦʨʜʠʥʘʮʠʠ 4-NH2-bsd: ʦʜʠʥ 

ʩʝʣʝʥʘʜʠʘʟʦʣ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʘʪʦʤʦʤ ʘʟʦʪʘ ʘʤʠʥʦʛʨʫʧʧʳ (N
3
), ʘ ʚʪʦʨʦʡ ï ʘʪʦʤʦʤ 

ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ (N
1
). ɺ ʢʨʠʩʪʘʣʣʝ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʪʘʢ, ʯʪʦ 

ʣʠʛʘʥʜʳ 4-NH2-bsd ʦʜʥʦʛʦ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳ ʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ ḯ́ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ (ʨʠʩ. 33), ʘ ʣʠʛʘʥʜʳ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʢʦʨʦʪʢʠʤʠ ʢʦʥʪʘʢʪʘʤʠ Se3ĀĀĀN1 (2,92 ¡) ʠ Se1ĀĀĀN3 (2,74 ¡) (ʨʠʩ. 34). 



77 

 

 

 

ʙ) 

 

ʘ) ʚ) 

ʈʠʩ. 33. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʢʦʤʧʣʝʢʩʘ 5: ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʚ 

ʢʨʠcʪʘʣʣʝ (ʘ); ʨʘʩʧʦʣʦʞʝʥʠʝ ʣʠʛʘʥʜʦʚ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ, ʢʦʦʨʜʠʥʠʨʫʶʱʠʭʩʷ ʘʪʦʤʘʤʠ N
1
 (ʙ) 

ʠ N
3
 (ʚ). ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ¡: Zn2ïCl4 2,2188(6); Zn2ïCl5 2,2487(6); 

Zn2ïN2 2,074(2); Zn2ïN5 2,031(2); Se1ïN1 1,783(2); Se1ïN5 1,817(2); N1ïC8 1,325(3); N5ïC7 1,334(3); 

C7ïC8 1,448(3); N4ïC13 1,381(3);Se3ïN3 1,782(2); Se3ïN6 1,780(2); N3ïC14 1,333(3); N6ïC21 

1,333(3); C14ïC21 1,444(3); N2ïC3 1,435(3) 

 
ʈʠʩ. 34. ʌʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ ʢʦʤʧʣʝʢʩʘ 5, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʳ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ SeĿĿĿN.  

ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ 

3.1.4. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ Cd
2+

 ʠ Zn
2+

 ʩ 4-NH2-bqd 

3.1.4.1. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 4-NH2-btd ʠ 4-NH2-bsd 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 4-NH2-btd ʠ 4-NH2-bsd ʚ CH2Cl2 ʙʣʠʟʢʠ ʜʨʫʛ 

ʜʨʫʛʫ (ʨʠʩ. 35), ʥʦ ʚ ʩʣʫʯʘʝ ʩʝʣʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ, 

ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [17]. ʂʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ ʜʣʠʥʥʦ-

ʚʦʣʥʦʚʳʭ ʧʦʣʦʩ ʙʝʥʟʦʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ ʩʨʘʚʥʠʤʳ, ʦʜʥʘʢʦ ʚ ʦʙʣʘʩʪʠ 300 ï 340 ʥʤ 

ʜʣʷ 4-NH2-bsd ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ Ů ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ, ʘ ʚ ʦʙʣʘʩʪʠ 242 ï 247 ʥʤ 

ï ʫʤʝʥʴʰʝʥʠʝ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ (ʨʠʩ. 35, ʪʘʙʣ. 7). 

3,38 ¡ 

3,23 ¡ 
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ʘ) ʙ) 

ʈʠʩ. 35. ʘ) ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 4-NH2-btd ʠ 4-NH2-bsd ʚ CH2Cl2 ʙ) ʥʦʨʤʠʨʦʚʘʥʥʳʝ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 7  

ʄʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ (ɚabs) 4-NH2-bqd ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʠ ʚ CH2Cl2 

ʉʦʝʜʠʥʝʥʠʝ ɚabs, ʥʤ (Ů Ĭ 10
-4
, ʣĀʤʦʣʴ

-1
Āʩʤ

-1
) ɚabs, ʥʤ ʚ ʪʚ. ʚʠʜʝ 

4-NH2-btd 247 (1,9); 300 (0,67); 305 (0,67); 313 (0,81); 410 (0,24) 308, 410 

4-NH2-bsd 242 (1,4); 323 (1,2); 330 (1,4); 337 (1,4); 450 (0,22) 340, 475 

ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ 4-NH2-btd ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʧʦ-

ʣʦʩʘ ʩʧʝʢʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ ʩ HOMO ʦʨʙʠʪʘʣʝʡ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ 

ʢʘʨʙʦʮʠʢʣʝ ʥʘ LUMO ʦʨʙʠʪʘʣʠ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʛʝʪʝʨʦʮʠʢʣʝ [78]. ɺʝʨʦʷʪʥʦ, ʵʪʦ 

ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ 4-NH2-bsd. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʣʷ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʭʘʣʴ-

ʢʦʛʝʥʘʜʠʘʟʦʣʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʩʝʨʳ ʥʘ ʩʝʣʝʥ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʠʠ 

HOMO ʠ ʧʦʥʠʞʝʥʠʶ ʵʥʝʨʛʠʠ LUMO ʦʨʙʠʪʘʣʝʡ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ [10, 16]. ʕʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʧʝʢ-

ʪʨʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʭʘʣʴʢʦʛʝʥʘʜʠʘʟʦʣʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʧʝʨʝʩʯʝʪʝ ʠʟ ʩʧʝʢʪʨʦʚ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʕʉʇ ʚ ʨʘʩʪʚʦʨʝ (ʨʠʩ. 35, 

ʪʘʙʣ. 7). 

 

3.1.4.2. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ Cd
2+

 ʠ Zn
2+

 ʩ 4-NH2-bqd 

ʅʘ ʨʠʩ. 36 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʠʟ ʩʧʝʢ-

ʪʨʦʚ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʪʚʝʨʜʳʭ ʬʘʟ ʢʦʤʧʣʝʢʩʦʚ Cd
2+

 ʠ Zn
2+

 ʩ 4-NH2-bqd. ʇʦʣʦ-

ʞʝʥʠʷ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8. 
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ʕʉʇ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 4-NH2-btd ʠ 4-NH2-bsd ʧʦʭʦʞʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʘʤʠʭ 4-NH2-btd ʠ 4-NH2-bsd, ʚ ʩʤʝʱʝʥʠʠ 

ʧʦʣʦʩ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ S ʢ Se. ʇʦʣʦʞʝʥʠʝ ʧʦʣʦʩ ʚ ʋʌ-ʦʙʣʘʩʪʠ (308 

ʥʤ (S) ʠ 340 ʥʤ (Se)) ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʦʥʠ ʦʙʫʩʣʦʚʣʝʥʳ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʤʠ ḯ́* ʧʝʨʝʭʦʜʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʤʝʱʝʥʠʝ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʢʦʦʨʜʠʥʘʮʠʷ ʪʦʣʴʢʦ ʘʪʦʤʦʤ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ (N
1
) ʧʨʠʚʦʜʠʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʦʨʜʠʥʘʮʠʷ ʘʤʠʥʦʛʨʫʧʧʦʡ (N
3
) ï ʢ ʛʠʧʩʦʭʨʦʤʥʦʤʫ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴ-

ʥʦ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ LUMO ʦʨʙʠʪʘʣʠ, ʚʦ ʚʪʦʨʦʤ ï 

HOMO ʦʨʙʠʪʘʣʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝ ʜʚʫʭ 

ʤʘʢʩʠʤʫʤʦʚ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʚ ʕʉʇ ʢʦʤʧʣʝʢʩʘ 5 (ʨʠʩ. 36ʙ), ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʶʪ-

ʩʷ ʦʙʘ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ. 

  
ʘ) ʙ) 

ʈʠʩ. 36. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ Ŭ-[Cd(4-NH2-bqd)Cl2]n (1ʘ, 3ʘ), b-[Cd(4-NH2-bqd)Cl2]n 

(1ʙ, 3ʙ), [Cd(4-NH2-bqd)2Cl2]n (2, 4), [Zn(4-NH2-bsd)2Cl2] (5) ʠ 4-NH2-bqd ʚ ʩʤʝʩʠ ʩ BaSO4 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 8  

ʄʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ (ɚabs) 1-5, 4-NH2-bqd, [Zn(4-NH2-btd)2Cl2] ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʉʦʝʜʠʥʝʥʠʝ ɚabs, ʥʤ ʉʦʝʜʠʥʝʥʠʝ ɚabs, ʥʤ 

4-NH2-btd 308, 410 4-NH2-bsd 340, 475 

Ŭ-[Cd(4-NH2-btd)Cl2]n (1ʘ) 308, 400 Ŭ-[Cd(4-NH2-bsd)Cl2]n (3ʘ)  340, 430 

[Cd(4-NH2-btd)2Cl2]n (2) 308, 430 [Cd(4-NH2-bsd)2Cl2]n (4) 340, 500 

b-[Cd(4-NH2-btd)Cl2]n (1ʙ) 308, ~460 b-[Cd(4-NH2-bsd)Cl2]n (3ʙ) 340, 525 

[Zn(4-NH2-btd)2Cl2] 308, 355, 420 [Zn(4-NH2-bsd)2Cl2] (5) 340, 407, 530 

ʅʘ ʧʨʠʤʝʨʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Zn(4-NH2-btd)2Cl2] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʦʨʜʠʥʘʮʠʷ ʘʤʠʥʦʛʨʫʧʧʦʡ ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʩʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦ-



80 

 

ʣʦʩʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ ʥʘ 55 ʥʤ. ʇʦ ʜʘʥʥʳʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʢʣʘʜ ʚʥʦʩʠʪ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʡ ʧʝʨʝʭʦʜ, ʥʦ ʠ ʧʝʨʝ-

ʥʦʩ ʟʘʨʷʜʘ ʩ Cl
ï
 ʥʘ ʛʝʪʝʨʦʮʠʢʣ [142]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ c 4-NH2-bqd ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʪʠʧ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ. 

3.1.4.3. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 4-NH2-bqd ʠ ʢʦʤʧʣʝʢʩʦʚ Cd
2+

 ʠ Zn
2+

 ʩ ʥʠʤʠ 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 4-NH2-bsd, ʢʘʢ ʠ 4-NH2-btd [142], ʧʨʦʷʚʣʷʝʪ ʣʶʤʠʥʝʩ-

ʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʠ ʚ ʨʘʩʪʚʦʨʝ (ʨʠʩ. 37, ʪʘʙʣ. 9). 

  

ʘ) ʙ) 

ʈʠʩ. 37. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 4-NH2-bqd ʚ CH2Cl2 (ʘ) ʠ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ (ʙ) 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 9 

ʄʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʵʤʠʩʩʠʠ (ɚem), ʜʣʠʥʳ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ (ɚex) ʠ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ (ɖ)  

4-NH2-bqd ʚ CH2Cl2 ʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʉʦʝʜʠʥʝʥʠʝ ɚem, ʥʤ ʚ ʨʘʩʪʚʦʨʝ ɚex, ʥʤ ɖ, %  ɚem, ʥʤ ʚ ʪʚ. ʚʠʜʝ ɚex, ʥʤ ɖ, %  

4-NH2-btd 575 380 10 550 410 6,5 

4-NH2-bsd 640 430 ~1 630 400 ð 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 9, ʜʣʠʥʳ ʚʦʣʥ ʵʤʠʩʩʠʠ ʚ CH2Cl2 ʜʣʷ ʦʙʦʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʤʝʱʝʥʳ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʢʩʠʤʫʤʦʚ 

ʵʤʠʩʩʠʠ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ. ʅʦ ʵʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

çʟʘʤʝʥʘè ʭʘʣʴʢʦʛʝʥʘ ʚ ʛʝʪʝʨʦʮʠʢʣʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩ-

ʮʝʥʮʠʠ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʜʣʷ ʨʘʩʪʚʦʨʘ 4-NH2-bsd ʙr ʣ ʦʮʝʥʝʥ ʧʦ ʬʦʨʤʫ-

ʣʝ – Ͻ Ͻ–, ʛʜʝ ɖ ï ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, S ï ʚʝʣʠʯʠʥʘ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ, D ï ʚʝʣʠʯʠʥʘ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ, ʘ ʧʦʜʩʪʨʦʯ-

ʥʳʝ ʠʥʜʝʢʩʳ Se ʠ S ʦʙʦʟʥʘʯʘʶʪ, ʯʪʦ ʵʪʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 4-NH2-bqd. 

ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʬʦʨʤʫʣʝ, ʦʪʥʦʰʝʥʠʝ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ 4-NH2-btd ʠ 4-NH2-bsd ʨʘʚʥʦ 
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10. ʂʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 4-NH2-btd ʚ ʨʘʩʪʚʦʨʝ, ʧʦʩʯʠʪʘʥʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʠʣʝʥʘ ʚ 

ʵʪʘʥʦʣʝ, ʩʦʩʪʘʚʣʷʝʪ 10 % [142]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɖ(Se) ʚ CH2Cl2 ʨʘʚʝʥ ~1 %. ɺ ʪʚʝʨʜʦʤ 

ʚʠʜʝ ʜʣʷ 4-NH2-bsd ʘʙʩʦʣʶʪʥʳʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʥʝ ʫʜʘʣʦʩʴ ʠʟʤʝʨʠʪʴ ʠʟ-ʟʘ ʦʯʝʥʴ 

ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʨʠʯʠʥʘ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʤʦʞʝʪ ʟʘ-

ʢʣʶʯʘʪʴʩʷ ʚ ʙʦʣʝʝ ʧʨʦʯʥʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʭʘʣʴʢʦʛʝʥ-ʘʟʦʪʥʳʭ ʢʦʥʪʘʢʪʘʭ ʚ ʩʣʫʯʘʝ 

ʩʝʣʝʥʘ. 

ʇʦʣʠʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʢʘʜʤʠʷ ʩ 4-NH2-btd ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʠʭ ʵʤʠʩʩʠʷ ʠʤʝʝʪ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 38). ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ  

4-NH2-btd ʥʘ 100 ʥʤ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 1ʘ ʠ 2 ʠ ʥʘ 120 ʥʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1ʙ (ʪʘʙʣ. 10). 

ʇʨʠ ʵʪʦʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʜʦ 

~1 %. 

  

ʘ) ʙ) 

ʈʠʩ. 38. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Ŭ-[Cd(4-NH2-btd)Cl2]n (1ʘ), ɓ-[Cd(4-NH2-btd)Cl2]n 

(1ʙ), [Cd(4-NH2-btd)2Cl2]n (2) ʠ 4-NH2-btd (ʘ) ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ 

[Zn(4-NH2-btd)2Cl2] ʠ 4-NH2-btd (ʙ) ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 10 

ʄʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʵʤʠʩʩʠʠ (ɚem), ʜʣʠʥʳ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ (ɚex) 1-5, 4-NH2-bqd,  

[Zn(4-NH2-btd)2Cl2] ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʉʦʝʜʠʥʝʥʠʝ ɚem, ʥʤ ɚex, ʥʤ ʉʦʝʜʠʥʝʥʠʝ ɚem, ʥʤ ɚex, ʥʤ 

4-NH2-btd 550 410 4-NH2-bsd 630 400 

Ŭ-[Cd(4-NH2-btd)Cl2]n (1ʘ) 645 500 Ŭ-[Cd(4-NH2-bsd)Cl2]n (3ʘ) 727 450 

[Cd(4-NH2-btd)2Cl2]n (2) 650 500 [Cd(4-NH2-bsd)2Cl2]n (4) ï ï 

b-[Cd(4-NH2-btd)Cl2]n (1ʙ) 670 530 b-[Cd(4-NH2-bsd)Cl2]n (3ʙ) ï ï 

[Zn(4-NH2-btd)2Cl2] 440, 560 380 [Zn(4-NH2-bsd)2Cl2] (5) ï ï 
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ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʟʚʝʩʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Zn(4-NH2-btd)2Cl2] ʥʘʙʣʶʜʘʣʩʷ 

ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ, ʘ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʧʨʠ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʫʤʝʥʴʰʘʣʩʷ ʩ 6,5 % ʜʦ 4,4 % (ʨʠʩ. 38) [142]. ʊʘʢʠʝ ʨʘʟʣʠʯʠʷ ʩʧʝʢ-

ʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʝʞʜʫ ʧʦʣʠʤʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʢʘʜʤʠʷ ʠ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʮʠʥʢʘ ʩ 4-NH2-btd ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʨʘʟʥʳʭ ʪʠʧʦʚ ʢʦʦʨ-

ʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ, ʥʦ ʠ ʧʨʠʨʦʜʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. 

ʀʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 4-NH2-bsd ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʫʶ ʣʶʤʠʥʝʩʮʝʥ-

ʮʠʶ ʧʨʦʷʚʣʷʝʪ ʪʦʣʴʢʦ 3ʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʘʢʩʠʤʫʤ ʵʤʠʩʩʠʠ ʩʤʝʱʝʥ ʚ ʝʱʝ ʙʦʣʝʝ 

ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ (ʨʠʩ. 39) [161]. ʆʪʩʫʪʩʪʚʠʝ ʵʤʠʩ-

ʩʠʠ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʝʱʝ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʤʝʞʤʦʣʝ-

ʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ SeĀĀĀN, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʤ ʧʝʨʝʭʦ-

ʜʘʤ ʠʟ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 
ʈʠʩ. 39. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ Ŭ-[Cd(4-NH2-bsd)Cl2]n (3ʘ) ʠ  

4-NH2-bsd ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʩʝʨʳ ʥʘ ʩʝʣʝʥ ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 4NH2-bqd: ʦʪʣʠʯʠʷ ʚ ʩʪʨʦʝʥʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Zn. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʬʦ-

ʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ: ʧʨʠ ʟʘʤʝʥʝ ʩʝʨʳ ʥʘ ʩʝʣʝʥ ʚ ʛʝʪʝʨʦʮʠʢʣʝ ʧʨʦʠʩʭʦʜʠʪ ʪʫʰʝ-

ʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʚʣʠʷʝʪ 

ʪʠʧ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ. 

3.2. ʂʝʪʦʠʤʠʥʳ ʥʘ ʦʩʥʦʚʝ 4-NH2-btd ʠ ʢʦʤʧʣʝʢʩʳ ʩ ʥʠʤʠ 

3.2.1. ʉʠʥʪʝʟ ʢʝʪʦʠʤʠʥʦʚ ʥʘ ʦʩʥʦʚʝ 4-NH2-btd 

ʈʘʥʝʝ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣ ʧʦʣʫʯʝʥ ʢʝʪʦʠʤʠʥ Hacnacbtd ʨʝʘʢʮʠʝʡ ʢʦʥʜʝʥ-

ʩʘʮʠʠ 4-ʘʤʠʥʦ-2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʘ ʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘ. ɺʳʭʦʜʳ ʧʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝ-

ʪʦʜʠʢʝ ʩʦʩʪʘʚʣʷʣʠ 35% ï 40% [163]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʜʘʣʦʩʴ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʝʪʦ-
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ʜʠʢʫ ʧʦʣʫʯʝʥʠʷ Hacnacbtd (ʩʭʝʤʘ 34). ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʪʦʣʫʦʣʝ ʩ ʥʘʩʘʜʢʦʡ ɼʠ-

ʥʘ-ʉʪʘʨʢʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʳʜʝʣʷʶʱʝʡʩʷ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʚʳʭʦʜ ʢʝʪʦʠʤʠʥʘ ʜʦʩʪʠʛ 90%. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʧʨʠʤʝ-

ʥʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʢʝʪʦʠʤʠʥʘ H
Ph

acnacbtd (6) ʥʘ ʦʩʥʦʚʝ ʜʠʙʝʥʟʦʠʣʤʝʪʘʥʘ 

[162]. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʦʣʫʦʣʝ ʚ ʠʥʝʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʫʧʘ-

ʨʠʚʘʥʠʠ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʚ ʚʠʜʝ ʞʝʣʪʳʭ ʠʛʣ, ʩʪʨʦʝʥʠʝ ʢʦ-

ʪʦʨʳʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʈʉɸ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʜʥʘ ʤʦʜʠ-

ʬʠʢʘʮʠʷ (Tʧʣ. = 127 ï 129ÁC) ʚ ʦʪʣʠʯʠʝ ʦʪ Hacnacbtd, ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʥʦ ʜʚʘ ʧʦʣʠ-

ʤʦʨʬʘ [142].  

 
ʉʭʝʤʘ 34. ʉʠʥʪʝʟ ʢʝʪʦʠʤʠʥʦʚ ʥʘ ʦʩʥʦʚʝ 4-NH2-btd 

3.2.2. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ d- ʠ f-ʵʣʝʤʝʥʪʦʚ ʩ H
R
acnacbtd 

ɺ ʨʘʩʪʚʦʨʝ ʢʝʪʦʠʤʠʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ (
t
BuOK ʠʣʠ 

KN(SiMe3)2) ʜʝʧʨʦʪʦʥʠʨʫʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥʥʦʡ ʬʦʨʤʳ [163]. ʇʦʵʪʦʤʫ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʧʦʜʭʦʜʘ: 1) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ H
R
acnac-

btd (R = CH3, Ph) ʩ M(N(SiMe3)2)x; 2) ʨʝʘʢʮʠʷ ʢʝʪʦʠʤʠʥʘ ʩ MClx ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦ-

ʚʘʥʠʷ (
t
BuOK ʠʣʠ KN(SiMe3)2). 

ʉʦʝʜʠʥʝʥʠʷ [Pd(acnacbtd)2] (7) ʠ [Ni(acnacbtd)2] (8) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ [164]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʚʟʷʪʳ ʩʦʣʴʚʘʪ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ [PdCl2(CH3CN)2] ʠ NiCl2ĀDME (ʩʭʝʤʘ 35). ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 7 ʧʨʦʚʦ-

ʜʠʣʩʷ ʙʝʟ ʜʦʩʪʫʧʘ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ, ʪʘʢ ʢʘʢ ʥʘ ʩʚʝʪʫ ʦʙʨʘʟʫʝʪʩʷ ʯʝʨʥʳʡ ʦʩʘʜʦʢ ʥʝʫʩʪʘ-

ʥʦʚʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

 
ʉʭʝʤʘ 35. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 7 ʠ 8 
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ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʧʦʜʭʦʜʳ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʪʘʢʞʝ ʢ ʩʠʥʪʝʟʫ ʩʦʝʜʠʥʝʥʠʡ ʩ 

H
Ph

acnacbtd (ʩʭʝʤʘ 36). ʂʦʤʧʣʝʢʩʳ [Zn(
Ph

acnacbtd)2]Ā(9) ʠ [Ni(
Ph

acnacbtd)2] (10) ʦʙʨʘ-

ʟʫʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ZnCl2 ʠʣʠ NiCl2ĀDME, H
Ph

acnacbtd ʠ ʦʩʥʦʚʘʥʠʷ ʚ ʩʦʦʪʥʦ-

ʰʝʥʠʠ 1:2:2 ʚ ʊɻʌ (ʚʪʦʨʦʡ ʧʦʜʭʦʜ). ɸʥʘʣʦʛʠʯʥʳʡ ʢʦʤʧʣʝʢʩ ʢʦʙʘʣʴʪʘ 

[Co(
Ph

acnacbtd)2] (11) ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʘʢʮʠʠ Co(N(SiMe3)2)2 ʩ H
Ph

acnacbtd (ʧʝʨʚʳʡ 

ʧʦʜʭʦʜ) [141]. 

 

ʉʭʝʤʘ 36. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 9 - 11 

ʉʦʝʜʠʥʝʥʠʷ [M(
Ph

acnacbtd)2] (M = Co, Ni) ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʪʝʤʥʦ-ʢʨʘʩʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʚ ʊɻʌ. ʋʧʘʨʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ 

[Zn(
Ph

acnacbtd)2] ʧʨʠʚʦʜʠʪ ʢ ʤʘʩʣʷʥʠʩʪʦʤʫ ʦʩʪʘʪʢʫ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥ 

ʠʟ ʩʤʝʩʠ ʊɻʌ/ʪʦʣʫʦʣ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ 9Ā2tol.  

ɺ ʩʣʫʯʘʝ ʣʘʥʪʘʥʦʠʜʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʧʝʨʚʳʡ ʧʦʜʭʦʜ (ʩʭʝʤʘ 37). ʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Ln(N(SiMe3)2)3 ʩ H
R
acnacbtd ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʩʦʩʪʘʚʘ 

[Ln(
R
acnacbtd)3] [165]. 

 

ʉʭʝʤʘ 37. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 12 - 16 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʊɻʌ, ʪʦʣʫʦʣ ʠʣʠ ʠʭ ʩʤʝʩʴ. ʂʦʤʧʣʝʢʩʳ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 

[Gd(acnacbtd)3]ĀC7H8 (12Ātol), [Er(
Ph

acnacbtd)3]Ā2C7H8 (13Ā2tol) ʠ [Ln(
Ph

acnacbtd)3] (Ln = 

Dy (14), Gd (15), Nd (16)). 

3.2.3. ʉʪʨʦʝʥʠʝ ʢʝʪʦʠʤʠʥʘ H
Ph
acnacbtd ʠ ʢʦʤʧʣʝʢʩʦʚ d- ʠ f-ʵʣʝʤʝʥʪʦʚ ʩ ʥʠʤ 

ʉʪʨʦʝʥʠʝ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʈʉɸ. ʅʘ 

ʨʠʩ. 40 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʦʝʥʠʝ H
Ph

acnacbtd (6). ɼʣʠʥʳ ʩʚʷʟʝʡ ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʠ ʢʝʪʦʠʤʠʥʘʪʥʦʛʦ ʦʩʪʘʪʢʘ ʚ 6 ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʘʢʦʚʳʤʠ ʚ Hacnacbtd. ɺ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʣʠʛʘʥʜʳ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ ʩʪʦʧʢʠ ʚʜʦʣʴ ʦʩʠ b ʟʘ ʩʯʝʪ ḯ́ 

ʩʪʢɻʠʥʛʘ ʤʝʞʜʫ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʤʠ ʪʠʘʜʠʘʟʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ (ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʦ 

3,39 ¡). ʉʦʩʝʜʥʠʝ ʤʦʣʝʢʫʣʳ ʩʚʷʟʘʥʳ ʢʦʨʦʪʢʠʤʠ ʧʘʨʥʳʤʠ SĀĀĀN ʢʦʥʪʘʢʪʘʤʠ (3,04 ¡). 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʢʝʪʦʠʤʠʥʘ ʩ ʤʝʪʠʣʴʥʳʤʠ ʟʘ-

ʤʝʩʪʠʪʝʣʷʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʴʰʝ: ʜʣʠʥʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ SĀĀĀN ʢʦʥʪʘʢʪʦʚ ʨʘʚʥʘ 

3,255 ¡, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʠʬʠʢʘ-

ʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 3,72 ¡ ʠ 3,47 ¡. 

 

 

ʘ) ʙ) 

ʈʠʩ. 40. ʉʪʨʦʝʥʠʝ H
Ph

acnacbtd (6) (ʘ) ʠ ʬʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ 6 ʚ ʢʨʠʩʪʘʣʣʝ, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘ-

ʥʳ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ SĿĿĿN (3,04 ¡) (ʙ). ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ¡: S1ïN1 1,618(2); S1ïN2 1,619(2); 

N1ïC1 1,346(2); N2ïC2 1,353(2); C1ïC2 1,433(3); N3ïC6 1,403(2); N3ïC7 1,368(2); C7ïC8 1,368(3); 

C8ïC9 1,448(3); C9ïO1 1,243(2) 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʢʝʪʦʠʤʠʥʘʪ (acnacbtd)Ė ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʭʝʣʘʪʥʦ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʘʪʦʤʫ. ɼʣʷ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M(acnacbtd)2] (M = Zn, Co) 

[142, 163] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ (acnacbtd)Ė ʷʚʣʷʝʪʩʷ ʙʠʜʝʥʪʘʪʥʳʤ, ʚ ʢʦʦʨʜʠʥʘʮʠʠ 

ʫʯʘʩʪʚʫʶʪ ʪʦʣʴʢʦ ʘʪʦʤʳ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ ʢʝʪʦʠʤʠʥʘʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʘ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʘ ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ ʠʩʢʘʞʝʥʥʦʛʦ ʪʝʪʨʘʵʜʨʘ [142]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʠʤʝʨʦʚ ʢʦʤʧʣʝʢʩ 8 ʠʤʝʝʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʩʪʨʦ-

ʝʥʠʝ (ʨʠʩ. 41). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʪʨʠʜʝʥʪʘʪʥʦ: ʧʦʤʠʤʦ ʢʝʪʦʠ-

ʤʠʥʘʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʘʪʦʤ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʦʥʫ Ni
2+

 ʧʨʠʦʙʨʝʩʪʠ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʥʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ 6. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʤʦʣʝʢʫʣʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʷʟʘʥʳ ʢʦʨʦʪʢʠʤʠ 

ʧʘʨʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ SĀĀĀN (3,28 ¡). 

ɺ ʢʦʤʧʣʝʢʩʝ 7 ʧʘʣʣʘʜʠʡ ʠʤʝʝʪ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʝ ʦʢʨʫʞʝʥʠʝ (ʨʠʩ. 42). ʃʠʛʘʥʜ 

ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʙʠʜʝʥʪʘʪʥʦ ʘʪʦʤʘʤʠ N ʠ O ʢʝʪʦʠʤʠʥʘʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɺ ʦʜʥʦʡ ʤʦ-

ʣʝʢʫʣʝ ʪʠʘʜʠʘʟʦʣʳ ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʠ ʥʘʧʨʘʚʣʝʥʳ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʤʦʣʝʢʫʣʳ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ ʩʪʦʧʢʠ 

ʚʜʦʣʴ ʦʩʠ b: ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʪʠʘʜʠʘʟʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʨʘʚʥʦ 3,56 ¡, 
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ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ḯ́ ʩʪʵʢʠʥʛʘ. ʊʘʢʞʝ ʤʦʣʝʢʫʣʳ ʩʚʷʟʘʥʳ ʢʦʨʦʪʢʠʤʠ ʢʦʥʪʘʢ-

ʪʘʤʠ SĀĀĀN (3,2 ¡), ʥʦ ʥʝ ʧʦʧʘʨʥʦ, ʘ ʦʙʨʘʟʫʷ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʠ ʚʜʦʣʴ ʦʩʠ a ʠ b. 

 

 

 

ʘ) ʙ) 

ʈʠʩ. 41. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 8 (ʘ) ʠ ʬʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʝ, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʳ 

ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ SĿĿĿN (ʙ). ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ¡: Ni1ïO1 2,006(4); 

Ni1ïN2 2,067(4); Ni1ïN3 2,170(4); S2ïN3 1,627(4); S2ïN4 1,622(4); N3ïC7 1,340(4); N4ïC8 

1,345(4); C7ïC8 1,423(4); N2ïC11 1,394(4); N2ïC5 1,332(4); C5ïC9 1,399(4); 

 C6ïC9 1,395(4); C6ïO1 1,278(4) 

 

 
 

ʘ) ʙ) 

ʈʠʩ. 42. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 7 (ʘ) ʠ ʬʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʝ, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʳ 

ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ SĿĿĿN (ʙ). ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ¡: Pd1ïO1 1,981(1); 

Pd1ïN1 2,036(1); S1ïN2 1,619(2); S1ïN3 1,615(2); N2ïC7 1,342(2); N3ïC8 1,347(3); C7ïC8 1,441(2); 

N1ïC6 1,432(2); C1ïO1 1,284(2); N1ïC3 1,320(2); C1ïC2 1,373(3); C2ïC3 1,419(2) 

ɺ ʢʦʤʧʣʝʢʩʘʭ 9, 10 ʠ 11 (
Ph

acnacbtd)Ė ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʪʨʠʜʝʥʪʘʪʥʦ ï ʘʪʦʤʘʤʠ N ʠ 

O ʢʝʪʦʠʤʠʥʘʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʘʪʦʤʦʤ ʘʟʦʪʘ ʪʠʘʜʠʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʄʦʣʝʢʫʣʳ 

ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʩʪʨʦʝʥʠʝ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩ. 43 ʥʘ ʧʨʠʤʝʨʝ 11. 

3,2 ¡ 

3,28 ¡ 
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ʘ) ʙ) 

ʈʠʩ. 43. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 11 (ʘ) ʠ ʬʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʝ, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʳ 

ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ SĀĀĀN (3,33 ¡) (ʙ). ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʩʦʝʜʠʥʝʥʠʡ 10, 11 ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʨʦʪʢʠʝ ʦʜʠʥʦʯ-

ʥʳʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ SĀĀĀN (ʜʣʷ Co ï 3,33 ¡; ʜʣʷ Ni ï 3,29 ¡). ɺ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚ ʫʧʘʢʦʚʢʝ 9 ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ SĀĀĀN ʦʪʩʫʪʩʪʚʫʝʪ, ʢʦʤʧʣʝʢʩʳ ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫ-

ʛʘ ʤʦʣʝʢʫʣʘʤʠ ʪʦʣʫʦʣʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʪʠʘʜʠʘʟʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ (3,43 ¡ ʠ 3,51 ¡) ʠ ʬʝʥʠʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ (3,73 ¡). 

ɼʣʠʥʳ ʩʚʷʟʝʡ MïO ʠ MïN ʚ ʢʦʤʧʣʝʢʩʘʭ 9-11 ʙʣʠʟʢʠ ʧʦ ʟʥʘʯʝʥʠʶ (ʪʘʙʣ. 11, ʩʭʝʤʘ 33). 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 11 

ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ (¡) ʢʦʤʧʣʝʢʩʦʚ 9, 10 ʠ 11 

ʉʦʝʜʠʥʝʥʠʝ 
ʉʚʷʟʴ 

MïO, ¡ MïN3
, ¡ MïN2

, ¡ 

[Zn(
Ph

acnacbtd)2]Ā2C7H8 (9Ā2tol) 2,003(2) 2,030(2)-2,038(2) 2,466(2)-2,510(2) 

[Ni(
Ph

acnacbtd)2] (10) 1,991(1)-2,022(1) 2,053(2)-2,067(2) 2,111(2)-2,212(2) 

[Co(
Ph

acnacbtd)2] (11) 2,004(2)-2,030(2) 2,077(2)-2,089(2) 2,182(2)-2,310(2) 

ɺ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ 12, 15 ʠ 16 ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ Ln ʨʘʚʥʦ 9, ʘ ʚ 

ʢʦʤʧʣʝʢʩʘʭ 13 ʠ 14 ʦʥʦ ʨʘʚʥʦ 8 (ʨʠʩ. 44). ʕʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʵʬʬʝʢʪʦʤ ʣʘʥʪʘʥʦʠʜʥʦʛʦ 

ʩʞʘʪʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʩʝ ʢʝʪʦʠʤʠʥʘʪʥʳʝ ʣʠʛʘʥʜʳ ʷʚʣʷʶʪʩʷ ʪʨʠ-

ʜʝʥʪʘʪʥʳʤʠ, ʠ ʦʢʨʫʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʪʨʸʭʰʘʧʦʯʥʦʡ ʪʨʠʛʦ-

ʥʘʣʴʥʦʡ ʧʨʠʟʤʦʡ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʦʜʠʥ ʠʟ ʣʠʛʘʥʜʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʙʠʜʝʥʪʘʪʥʳʤ ʠʟ-ʟʘ 

ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

ʜʚʫʭʰʘʧʦʯʥʘʷ ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʠʟʤʘ. ʂʦʤʧʣʝʢʩʳ 15 ʠ 16 ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ. 

ɼʣʠʥʳ ʩʚʷʟʝʡ LnïO ʠ LnïN ʚ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 12. ʆʥʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤʠ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ ʚ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʢʦʤʧʣʝʢʩʘʭ [Ln(acnacbtd)3]Ŀʊɻʌ 
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(Ln = Sm, Eu) [163]. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʧʘʢʦʚʢʘʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʥʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʘʢʠʝ ʢʘʢ SĀĀĀN ʢʦʥʪʘʢʪʳ ʠ ˊ- -́ʩʪʵʢʠʥʛ. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 12 

ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ (¡) ʢʦʤʧʣʝʢʩʦʚ 12 ï 16 

ʉʦʝʜʠʥʝʥʠʝ 
ʉʚʷʟʴ 

Ln-O, ¡ Ln-N
3
, ¡ Ln-N

2
, ¡ 

[Gd(acnacbtd)3]ĀC7H8 (12Ātol) 2,301(4)-2,319(4) 2,557(6)-2,656(6) 2,605(5)-2,738(5) 

[Er(
Ph

acnacbtd)3]Ā2C7H8 (13Ā2tol) 2,220(3)-2,235(3) 2,471(3)-2,482(3) 2,530(3)-2,729(3) 

[Dy(
Ph

acnacbtd)3] (14) 2,240(6)-2,272(6) 2,506(6)-2,561(6) 2,525(7)-2,597(7) 

[Gd(
Ph

acnacbtd)3] (15) 2,269(2)-2,337(2) 2,571(2)-2,753(2) 2,583(2)-2,706(2) 

[Nd(
Ph

acnacbtd)3] (16) 2,317(3)-2,375(3) 2,607(4)-2,777(4) 2,640(3)-2,733(3) 

 

 

ʈʠʩ. 44. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 12, 15 ʠ 14. ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʝʥʠʝ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ:  

ʘ) ʚ ʢʦʤʧʣʝʢʩʘʭ d-ʵʣʝʤʝʥʪʦʚ ʥʘ ʪʠʧ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ ʠ ʂʏ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʢʝʪʦʠʤʠʥʘʪʥʦʤ ʬʨʘʛʤʝʥʪʝ ï ʩ ʤʝʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠ-

ʪʝʣʷʤʠ ʜʣʷ ʣʠʛʘʥʜʘ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ ʙʠʜʝʥʪʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ, ʘ ʩ ʬʝʥʠʣʴʥʳʤʠ ï 

ʪʦʣʴʢʦ ʪʨʠʜʝʥʪʘʪʥʘʷ; 

ʙ) ʚ ʢʦʤʧʣʝʢʩʘʭ Ln(III) ʥʘ ʢʦʦʨʜʠʥʘʮʠʶ ʣʠʛʘʥʜʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʨʘʟʤʝʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. 
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3.2.4. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʪʦʠʤʠʥʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʠʤʠ 

3.2.4.1. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ Hacnacbtd ʠ H
Ph

acnacbtd 

ʅʘ ʨʠʩ. 45ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʝʪʦʠʤʠʥʦʚ 

Hacnacbtd ʠ H
Ph

acnacbtd (6) ʚ CH2Cl2. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ ʤʝʪʠʣʴʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʬʝʥʠʣʴʥʳʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʧʝʢʪʨʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ï ʥʘ 13 

ʥʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ ʚ ʕʉʇ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʚ ʩʣʫʯʘʝ 6 ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ, ʘ ʧʦʣʦʩ ʦʙʣʘʩʪʠ 300 ï 330 ʥʤ ʧʨʠʤʝʨʥʦ ʪʘʢ ʞʝ ʫʤʝʥʴ-

ʰʘʝʪʩʷ. 

ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ Hacnacbtd ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʧʦ-

ʣʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ ʩ HOMO ʦʨʙʠʪʘʣʝʡ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʢʘʨʙʦ-

ʮʠʢʣʝ ʠ ʢʝʪʦʠʤʠʥʘʪʥʦʤ ʬʨʘʛʤʝʥʪʝ, ʥʘ LUMO ʦʨʙʠʪʘʣʠ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʛʝʪʝʨʦ-

ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ [142]. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʠʨʦʜʘ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʜʣʷ 6 ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʪʘʢ ʞʝ, ʢʘʢ ʜʣʷ Hacnacbtd. 

ɺ ʩʣʫʯʘʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ (ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʠʟ 

ʩʧʝʢʪʨʦʚ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ) ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ 

ʜʣʷ 6 ʥʘ 40 ʥʤ ʦʪʥʦʩʠʪʝʣʴʥʦ Hacnacbtd ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚʳʩʦʢʦʠʥ-

ʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ 308 ʥʤ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ Hacnacbtd, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʚʥʫʪʨʠʣʠʛʘʥʜʥʦʤʫ ḯ́* ʧʝʨʝʭʦʜʫ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ ʚ ʩʧʝʢʪʨʝ ʜʣʷ 6. ʉʪʦʠʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩ 4-NH2-btd, ʚ ʩʣʫʯʘʝ Hacnacbtd ʥʘʙʣʶʜʘʝʪʩʷ 

ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 6 ï ʙʘʪʦʭʨʦʤʥʳʡ (ʨʠʩ. 45ʙ, ʪʘʙʣ. 13).  

 
ʘ) ʙ) 

ʈʠʩ. 45. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʝʪʦʠʤʠʥʦʚ Hacnacbtd ʠ H
Ph

acnacbtd (6) ʚ CH2Cl2 (ʘ) ʠ ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʝ (ʙ) 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 13 

ʄʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ (ɚabs) 4-NH2-btd, Hacnacbtd ʠ H
Ph
acnacbtd (6) ʚ CH2Cl2 ʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʉʦʝʜʠʥʝʥʠʝ ɚabs, ʥʤ (Ů Ĭ 10
-4
, ʣĀʤʦʣʴ

-1
Āʩʤ

-1
) ɚabs, ʥʤ ʚ ʪʚ. ʚʠʜʝ 

4-NH2-btd 300 (0,67); 305 (0,67); 313 (0,81); 410 (0,24) 308, 410 

Hacnacbtd 308 (2,1); 326 (1,6); 412 (1,2) 310, 395 

H
Ph

acnacbtd (6) 308 (1,4); 315 (1,5); 356 (1,1); 425 (1,7) 314, 350, 434 

 

3.2.4.2. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ Hacnacbtd ʠ H
Ph
acnacbtd ʠ ʢʦʤʧʣʝʢʩʦʚ 

ʩ ʥʠʤʠ 

ɼʣʷ H
Ph

acnacbtd (6) ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʠ ʚ ʪʚʝʨ-

ʜʦʤ ʚʠʜʝ (ʨʠʩ. 46). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ Hacnacbtd ʩʤʝʱʘʝʪʩʷ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʥʘ 12 ʥʤ ʜʣʷ ʨʘʩʪʚʦʨʘ ʠ ʥʘ 40 ʥʤ ʜʣʷ 

ʪʚʝʨʜʦʛʦ ʦʙʨʘʟʮʘ. ʊʘʢʞʝ ʧʨʠ ʟʘʤʝʥʝ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʬʝʥʠʣʴʥʳʝ ʠʟʤʝʥʷʝʪʩʷ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ. ʀʟ-ʟʘ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʨʠʪʴ ɖ ʚ ʨʘʩʪʚʦʨʝ ʥʝ ʫʜʘʣʦʩʴ. ɺ 

ʪʚʝʨʜʦʤ ʚʠʜʝ ʘʙʩʦʣʶʪʥʳʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 6 ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʯʪʠ ʚ 6 ʨʘʟ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ Hacnacbtd. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 4-NH2-btd ʜʣʷ ʜʚʫʭ ʢʝʪʦʠʤʠʥʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʠʥʘʢʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ: ʚ ʩʣʫʯʘʝ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ 

ʩʤʝʱʘʝʪʩʷ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ, ʚ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʦʚ ï ʚ ʩʠʥʶʶ (ʪʘʙʣ. 14). ɿʥʘʯʠʪʝʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ ʜʣʠʥ ʚʦʣʥ ʵʤʠʩʩʠʠ ʢʝʪʦʠʤʠʥʦʚ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʘʤʠ ʫʧʘʢʦʚʢʠ. 

 
ʘ) ʙ) 

ʈʠʩ. 46. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ Hacnacbtd ʠ H
Ph

acnacbtd (6)  

ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ (ʘ) ʠ ʚ CH2Cl2 (ʙ) 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 14 

ʄʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʵʤʠʩʩʠʠ (ɚem) ʠ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ (ɖ) 4-NH2-btd Hacnacbtd ʠ H
Ph

acnacbtd  

ʚ CH2Cl2 ʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʉʦʝʜʠʥʝʥʠʝ ɚem, ʥʤ ʚ ʨʘʩʪʚʦʨʝ ɖ, % ɚem, ʥʤ ʚ ʪʚ. ʚʠʜʝ ɖ, % 

4-NH2-btd 575 10 550 6,5 

Hacnacbtd 538 80 593 8,3 

H
Ph

acnacbtd (6) 550 ð 635 1,5 

ʉʨʘʚʥʠʚʘʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʝʪʦʠʤʠʥʦʚ Hacnacbtd ʠ 

H
Ph

acnacbtd (6), ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʤʝʥʘ ʚ ʢʝʪʦʠʤʠʥʝ ʤʝʪʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ 

ʬʝʥʠʣʴʥʳʝ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ, ʘ ʪʘʢʞʝ ʟʘʤʝʪ-

ʥʦʤʫ ʪʫʰʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ 9 ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ 

(ʨʠʩ. 47). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʩʤʝʱʝʥʠʶ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʠ ʫʩʠʣʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʠʛʘʥʜʘ (ʪʘʙʣ. 15). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʵʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʘ 9 ʥʦʩʠʪ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʢʦʤʧʣʝʢʩʘ [Zn(acnacbtd)2] ʥʘʙʣʶʜʘʝʪʩʷ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪʘʢ ʞʝ ʢʘʢ 

ʜʣʷ ʩʚʦʙʦʜʥʳʭ ʣʠʛʘʥʜʦʚ [141]. 

 
ʘ) ʙ) 

ʈʠʩ. 47. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ Hacnacbtd, [Zn(acnacbtd)2] (ʘ) 

 ʠ H
Ph

acnacbtd (6), [Zn(
Ph

acnacbtd)2] (9) ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ (ʙ) 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 15 

ʄʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʵʤʠʩʩʠʠ (ɚem) ʠ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ (ɖ) Hacnacbtd, H
Ph

acnacbtd (6), 

[Zn(acnacbtd)2] ʠ [Zn(
Ph

acnacbtd)2] (9) ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʉʦʝʜʠʥʝʥʠʝ ɚem, ʥʤ ɖ, % ʉʦʝʜʠʥʝʥʠʝ ɚem, ʥʤ ɖ, % 

Hacnacbtd 593 8,3 [Zn(acnacbtd)2] 550 10,8 

H
Ph

acnacbtd (6) 635 1,5 [Zn(
Ph

acnacbtd)2] (9) 640 3 
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ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ 13 ʠ 16 ʪʘʢʞʝ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩ-

ʮʝʥʮʠʠ ʚ ʊɻʌ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʨʠʩ. 48). 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʤʠʤʦ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʭ ʧʝ-

ʨʝʭʦʜʦʚ ʦʙʫʩʣʦʚʣʝʥʘ f-f-ʧʝʨʝʭʦʜʘʤʠ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʢʦʤʧʣʝʢʩʘ 13 (ɚʚʦʟʙ = 405 ʥʤ) ʚ 

ʀʂ-ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ ʥʘ 1520 ʥʤ (
4
I13/2Ÿ

4
I15/2). 

ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʤʠʩʩʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺ ʩʣʫʯʘʝ ʢʦʤ-

ʧʣʝʢʩʘ 16 ʠʤʝʶʪʩʷ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 900 ʥʤ, 1060 ʥʤ ʠ 1360 ʥʤ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʧʝʨʝʭʦʜʘʤ 
4
F3/2Ÿ

4
I9/2, 

4
F3/2Ÿ

4
I11/2 ʠ 

4
F3/2Ÿ

4
I13/2 [166].  

 
ʘ) ʙ) 

ʈʠʩ. 48. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ [Er(
Ph

acnacbtd)3] (13)  

ʠ [Nd(
Ph

acnacbtd)3] (16) ʚ ʊɻʌ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʚ ʩʧʝʢʪʨʘʭ ʢʝʪʦʠʤʠʥʦʚ (H
R
acnacbtd) 

ʠ ʢʦʤʧʣʝʢʩʦʚ Zn ʩ ʥʠʤʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʢʝʪʦʠʤʠʥʘʪʥʦʤ ʬʨʘʛʤʝʥ-

ʪʝ: ʟʘʤʝʥʘ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʬʝʥʠʣʴʥʳʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦ-

ʜʘ ʠ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩʩʠʠ. ʊʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

H
Ph
acnacbtd ʤʦʞʝʪ ʩʣʫʞʠʪʴ çʘʥʪʝʥʥʦʡè ʜʣʷ ʣʘʥʪʘʥʦʠʜʦʚ, ʠʟʣʫʯʘʶʱʠʭ ʚ ʀʂ-

ʜʠʘʧʘʟʦʥʝ. 

3.2.5. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʝʪʦʠʤʠʥʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ 

ʇʦʤʠʤʦ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʭʘʣʴʢʦʛʝʥ-ʘʟʦʪʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ ʪʘʢʞʝ ʠʥʪʝ-

ʨʝʩʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʩʦʣʝʡ ʥʘ ʠʭ ʦʩʥʦʚʝ [63, 76]. ɸʢ-

ʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʤʝʪʘʣʣʦʮʝʥʪʨ ʠ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʣʠʛʘʥʜ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ 

H
R
acnacbtd (R = Me, Ph), ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 
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ʩʘʤʠʭ H
R
acnacbtd ʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʠʤʠ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʥʘ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ ʵʣʝʢʪʨʦʜʝ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʨʠʩ. 49). 

Hacnacbtd ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʧʨʠ E1/2 = -1,28 ɺ (ʨʠʩ. 49ʘ, 

ʪʘʙʣ. 16). ʂʦʤʧʣʝʢʩ ʢʦʙʘʣʴʪʘ [Co(acnacbtd)2] ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʜʚʝ ʩʪʘʜʠʠ ʧʨʠ ï

1,11 ɺ ʠ ï1,55 ɺ (ʨʠʩ. 49ʘ, ʪʘʙʣ. 16). ʇʨʦʮʝʩʩʳ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʦʪʝʢʘʶʪ ʦʙʨʘʪʠʤʦ. 

ɺ ʩʣʫʯʘʝ 6 ʢʘʨʪʠʥʘ ʚʳʛʣʷʜʠʪ ʩʣʦʞʥʝʝ: ʢʨʠʚʘʷ ʎɺɸ ʠʤʝʝʪ ʯʝʪʳʨʝ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʝ ʦʙʨʘʪʠʤʳʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʝ ʚʦʣʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ -1,4 ʜʦ 

-2,0 ɺ. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 9, 10, 11 ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʭʦʞʘʷ ʢʘʨʪʠʥʘ, ʥʦ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝ-

ʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ (ʨʠʩ. 49ʙ, ʪʘʙʣ. 17) [141]. 

 
ʘ) ʙ) 

ʈʠʩ. 49. ʎʠʢʣʦʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ Hacnacbtd, [Co(acnacbtd)2] (ʘ) ʠ H
Ph

acnacbtd (6) ʠ [Zn(
Ph

acnacbtd)2] (9) (ʙ). 
ʍʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ; ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʨʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ; ʬʦʥʦʚʳʡ ʵʣʝʢʪʨʦʣʠʪ: 0,15 M 

Bu4NClO4 ʚ CH3CN; ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 0,75 ɺ/ʩ 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ 16 

ɿʥʘʯʝʥʠʝ E1/2 ʩʦʝʜʠʥʝʥʠʡ Hacnacbtd ʠ [Co(acnacbtd)2] 

ʉʦʝʜʠʥʝʥʠʝ 
E1/2, ɺ 

1 2 

Hacnacbtd -1,28  

[Co(acnacbtd)2] -1,11 -1,55 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 17 

ɿʥʘʯʝʥʠʝ E1/2 ʩʦʝʜʠʥʝʥʠʡ H
Ph

acnacbtd ʠ [M(
Ph

acnacbtd)2] 

ʉʦʝʜʠʥʝʥʠʝ 
E1/2, ɺ 

1 2 3 4 

H
Ph

acnacbtd (6) -1,42 -1,67 -1,80 -2,00 

[Zn(
Ph

acnacbtd)2] (9) -1,27 -1,52 -1,70 -1,81 

[Co(
Ph

acnacbtd)2] (11) -1,21 -1,48 -1,68 -1,81 

[Ni(
Ph

acnacbtd)2] (10) -1,20 -1,48 -1,66 -1,78 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝ-

ʥʠʷ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ ʬʦʨʤ, ʥʦ ʠʟ ʟʥʘʯʝʥʠʡ ʧʦʪʝʥʮʠʘʣʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʴʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʠʣʠ 

ʩʨʘʚʥʠʤʳʝ ʩ ʥʠʤʠ ʧʦ ʩʠʣʝ ʩʦʝʜʠʥʝʥʠʷ Ln(II ). 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 11 ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʘʣʠʝʤ. 

ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʦʜʥʦʡ ʩʝʢʮʠʠ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʳ 

ʚʦʟʛʦʥʢʦʡ ʚ ʚʘʢʫʫʤʝ ʙʳʣʦ ʧʨʠʛʦʪʦʚʣʝʥʦ ʢʘʣʠʝʚʦʝ ʟʝʨʢʘʣʦ, ʢ ʢʦʪʦʨʦʤʫ ʜʦʙʘʚʠʣʠ ʨʘʩ-

ʪʚʦʨ ʢʦʤʧʣʝʢʩʘ 11 ʚ ʊɻʌ. ʇʦʩʣʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨ ʧʦʤʝ-

ʥʷʣ ʮʚʝʪ ʩ ʢʨʘʩʥʦʛʦ ʥʘ ʟʝʣʝʥʳʡ ʠ ʙʳʣ ʜʝʢʘʥʪʠʨʦʚʘʥ ʚ ʜʨʫʛʦʝ ʢʦʣʝʥʦ. ʇʦʧʳʪʢʠ ʟʘʢʨʠ-

ʩʪʘʣʣʠʟʦʚʘʪʴ ʧʨʦʜʫʢʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʥʝ ʫʜʘʣʠʩʴ, ʧʦʵʪʦʤʫ ʨʘʩʪʚʦʨ ʙʳʣ 

ʫʧʘʨʝʥ ʜʦʩʫʭʘ ʜʦ ʪʚʝʨʜʦʛʦ ʦʩʪʘʪʢʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʥʝʤ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ʙʳʣʦ ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʕʇʈ. 

ɺ ʩʧʝʢʪʨʝ ʕʇʈ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʛʥʘʣ, ʦʙʫʩʣʦʚ-

ʣʝʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʮʝʥʪʨʦʤ ʩ S = 1/2 ʠ ʘʥʠʟʦʪʨʦʧʥʳʤ ʩʚʝʨʭʪʦʥʢʠʤ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝʤ ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ (ʨʠʩ. 50). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘ 

ʕʇʈ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ WinEPR ʠ Simfonya ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫ-

ʶʱʠʤ ʩʧʠʥ-ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ: 

ʅ = g||ɓHzSz + gƍɓ[HxSx + HySy]  + Ɇ
2
 [A ||SzIz + Aƍ (SxIx + SyIy)], 

ʛʜʝ g|| = 2,0025, gƍ = 2,0052; A || = 13,8 ɻʩ, Aƍ=0,75 ɻʩ 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʣʦʢʘʣʠʟʘʮʠʶ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʥʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʤ 

ʬʨʘʛʤʝʥʪʝ. ʇʦʩʢʦʣʴʢʫ ʚ ʠʩʭʦʜʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩʦʜʝʨʞʠʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʠʦʥ Co
2+
, ʪʦ 

ʜʣʷ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʳ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʩʠʛʥʘʣ ʚ 

ʩʧʝʢʪʨʝ ʕʇʈ, ʩʚʷʟʘʥʥʳʡ ʩ ʥʘʣʠʯʠʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʦʠʟʦʰʣʦ ʥʝ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʣʠ-
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ʛʘʥʜʘ ʜʦ ʢʘʣʠʝʚʦʡ ʩʦʣʠ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ, ʥʦ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Co
2+

 ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʊ.ʝ. ʧʦʣʫʯʝʥʥʘʷ ʪʚʝʨʜʘʷ ʬʘʟʘ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʢʘʣʠʝʚʫʶ ʩʦʣ ɹ ʘʥʠʦʥ-

ʨʘʜʠʢʘʣʴʥʦʡ ʬʦʨʤʳ ʣʠʛʘʥʜʘ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʣʠʝʤ H
Ph

acnacbtd (6). ʈʝʘʢʮʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʪʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ, ʯʪʦ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ. ɿʘʢʨʠʩʪʘʣ-

ʣʠʟʦʚʘʪʴ ʧʨʦʜʫʢʪ ʪʘʢʞʝ ʥʝ ʫʜʘʣʦʩʴ, ʙʳʣ ʧʦʣʫʯʝʥ ʪʚʝʨʜʳʡ ʦʩʪʘʪʦʢ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣ 

ʟʘʧʠʩʘʥ ʩʧʝʢʪʨ ʕʇʈ. ʉʧʝʢʪʨ ʠʤʝʝʪ ʧʣʦʭʦ ʨʘʟʨʝʰʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɽʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩʧʠʥ-ʛʘʤʠʣʴʪʦʥʠʘʥʘ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʧʨʝʜʳʜʫʱʝ-

ʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʘ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʪʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʰʠʨʠʥʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʣʠʥʠʡ (ʨʠʩ. 51). 

ɺ ʩʧʝʢʪʨʝ ʕʇʈ ʨʘʩʪʚʦʨʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 6 ʚ ʊɻʌ ʧʦʤʠʤʦ ʨʘʩʱʝʧʣʝʥʠʷ ʥʘ 

ʜʚʫʭ ʘʪʦʤʘʭ ʘʟʦʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʚʝʨʭʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ (ʉʊʉ) ʦʪ ʜʚʫʭ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ (ʨʠʩ. 52). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣ ʧʦʣʫʯʝʥ ʣʠʛʘʥʜ ʚ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʝ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʜʘʞʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʨʘʩ-

ʪʚʦʨʘ 11 ʩ ʢʘʣʠʝʚʳʤ ʟʝʨʢʘʣʦʤ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ Co
2+

 ʜʦ Co
0
. 

 

ʈʠʩ. 50. ʉʧʝʢʪʨ ʕʇʈ ʪʚʝʨʜʦʛʦ ʦʙʨʘʟʮʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ [Co(
Ph

acnacbtd)2] ʚ ʍ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʨʠ 

300 ʂ ʩ ʧʘʨʘʤʝʪʨʘʤʠ g|| = 2,0025, gƍ = 2,0052; ʉʊʉ ʦʪ ʜʚʫʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʩ A ||(N) = 13,8 ɻʩ, Aƍ(N) = 

0,75 ɻʩ 
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ʈʠʩ. 51. ʉʧʝʢʪʨ ʕʇʈ ʪʚʝʨʜʦʛʦ ʦʙʨʘʟʮʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ H
Ph

acnacbtd ʚ ʍ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʨʠ ʊ= 300 

ʂ ʩ ʧʘʨʘʤʝʪʨʘʤʠ g|| = 2,0025, gƍ = 2,0052; ʉʊʉ ʦʪ ʜʚʫʭ ʘʪʦʤʦʚ ʘʟʦʪʘ A ||(N) = 13,8 ɻʩ, Aƍ(N) = 0,75 ɻʩ 

 

 

ʈʠʩ. 52. ʉʧʝʢʪʨ ʕʇʈ ʨʘʩʪʚʦʨʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ H
Ph

acnacbtd (6) ʚ ʊɻʌ ʧʨʠ 300 ʂ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

g=2,0033, ɸ(N) = 5,1 ɻʩ ʦʪ ʜʚʫʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ ɸ(ʅ) = 2 ɻʩ ʦʪ ʜʚʫʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʜʣʷ 6, ʥʦ ʩʣʦʞʥʦʩʪʴ ʜʦʟʠʨʦʚʘʥʠʷ ʜʝʣʘʝʪ ʠʭ ʥʝʫʜʦʙʥʳʤʠ ʚʦʩ-

ʩʪʘʥʦʚʠʪʝʣʷʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ d-ʤʝʪʘʣʣʦʚ. 

ɼʨʫʛʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʙʳʣ ʚʳʙʨʘʥ [SmCp2
*
(THF)2] (Cp* = h5

-C5(CH3)5). ʊʘʢ 

ʢʘʢ ʥʘ ʢʨʠʚʦʡ ʎɺɸ ʜʣʷ 6 ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʦʣʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʪʦʥʦʚ, ʨʝʘʢ-

ʮʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʩ ʚʳʭʦʜʦʤ 75% ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ [SmCp2
*
(
Ph

acnacbtd)] (17) 

(ʨʠʩ. 53). ʂʦʤʧʣʝʢʩ ʪʘʢʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʨʝʘʢʮʠʠ [SmCp2
*
Cl2Li (THF)2] ʩ 

H
Ph

acnacbtd ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ. ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʦ ʫʩʪʘ-
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ʥʦʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʈʉɸ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ, ʣʠʛʘʥʜ ʢʦ-

ʦʨʜʠʥʠʨʫʝʪʩʷ ʪʨʠʜʝʥʪʘʪʥʦ. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ (Ln-O, Ln-N
2
, Ln-N

3
) ʭʦʨʦʰʦ ʩʦ-

ʛʣʘʩʫʶʪʩʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʘʭ [Ln(
Ph

acnacbtd)3] (ʨʠʩ. 44), 

ʪ.ʝ. ʵʪʦ ʢʦʤʧʣʝʢʩ Sm(III) ʩ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʦʡ H
Ph

acnacbtd (6) ï (
Ph

acnacbtd)Ė. 

ɺ ʨʝʘʢʮʠʠ [SmCp2
*
(THF)2] ʩ H

Ph
acnacbtd (6) ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ H

+
 ʜʦ H2, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ (
Ph

acnacbtd)Ė [166]. 

 
ʈʠʩ. 53. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 17. ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ¡: Sm1ïO1 

2,288(2); Sm1ïN1 2,644(2); Sm1ïN3 2,576(2); Sm1ïC30 2,769(2); Sm1ïC31 2,764(3); Sm1ïC32 2,751(2); 

Sm1ïC33 2,724(2); Sm1ïC34 2,732(2); Sm1ïC40 2,730(2); Sm1ïC41 2,744(2); Sm1ïC42 2,784(2); Sm1ï

C43 2,801(2); Sm1ïC44 2,766(2); S1ïN1 1,634(2); S1ïN2 1,613(2); N1ïC1 1,339(3); N2ïC2 1,348(3); 

C1ïC2 1,438(3); N3ïC6 1,406(3); N3ïC7 1,344(3); C7ïC8 1,397(3); C8ïC9 1,394(3); O1ïC9 1,275(3) 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ 6 ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ [SmCp2
*
(THF)2] ʦʙʨʘʟʫʝʪʩʷ 

ʨʘʩʪʚʦʨ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ 

ʬʦʨʤʳ ʚ ʨʘʩʪʚʦʨʝ. ʆʜʥʘʢʦ ʜʘʞʝ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʙʦʪʳ ʚ ʙʝʟʘʪʤʦʩʬʝʨʥʦʡ ʩʨʝʜʝ (ʟʘʧʘʷʥ-

ʥʳʭ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʘʤʧʫʣʘʭ) ʠʣʠ ʘʨʛʦʥʦʚʦʤ ʙʦʢʩʝ ʧʨʦʜʫʢʪ ʦʢʘʟʳʚʘʝʪʩʷ ʢʨʘʡʥʝ 

ʥʝʫʩʪʦʡʯʠʚʳʤ: ʦʙʨʘʟʫʝʪʩʷ ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ, ʠʟ ʢʦʪʦʨʦʛʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣ ʚʳʜʝʣʝʥ 

ʫʞʝ ʠʟʚʝʩʪʥʳʡ ʢʦʤʧʣʝʢʩ 17. 

3.3. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ d-ʵʣʝʤʝʥʪʦʚ ʩ (btdas)
2
Ė ʠ (tdas)

2
Ė 

3.3.1. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Zn
2+

 ʠ Cd
2+

 ʩ (btdas)
2
Ė 

ʂʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ (NBu4)2[M(btdas)2] (M = Zn (18), Cd (19)) ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦ-

ʜʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʙʝʟʚʦʜʥʳʭ ʭʣʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʜʚʫʤʷ ʵʢʚʠʚʘ-

ʣʝʥʪʘʤʠ H2btdas ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ï 
t
BuOK [167]. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʝ-

ʛʘʟʠʨʦʚʘʥʥʦʤ ʤʝʪʘʥʦʣʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦ-

ʙʘʚʣʷʣʩʷ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ (NBu4)Br. ʉʦʩʪʘʚ ʪʚʝʨʜʳʭ ʬʘʟ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʵʣʝʤʝʥʪ-

ʥʳʤ ʘʥʘʣʠʟʦʤ. 
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ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ 18 ʠ 19 ʚ ʬʦʨʤʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʘʩʪʠʥʦʢ, ʧʨʠʛʦʜʥʳʭ 

ʜʣʷ ʈʉɸ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʪʚʝʨʜʦʡ ʬʘʟʳ ʠʟ CH3CN. 

ʂʦʤʧʣʝʢʩʳ 18 ʠ 19 ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʠʤʝʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫ-

ʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ (ʨʠʩ. 54). ʕʪʦ ʧʝʨʚʳʝ ʧʨʠʤʝʨʳ ʩʦʝʜʠʥʝʥʠʡ ʩ btdas
2Ƅ
, ʠʤʝ-

ʶʱʠʭ ʪʘʢʦʝ ʩʪʨʦʝʥʠʝ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʩ ʪʘʢʠʤ ʣʠʛʘʥʜʦʤ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʧʣʦ-

ʩʢʦʢʚʘʜʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ (NBu4)[M(btdas)2] (M = Cu, Au) ʠ (NBu4)2[M(btdas)2] (M = 

Ni, Pt) [124, 127]. 

 

ʈʠʩ. 54. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [18]
2ï
. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ¡: Zn1ïS1 2,3213(7); Zn1ïS2 

2,3128(8); Zn1ïS4 2,3200(8); Zn1ïS5 2,3139(7); S3ïN1 1,634(3); S3ïN2 1,624(2); N1ïC5 1,351(3); N2ï

C4 1,345(3); C4ïC5 1,431(4); S6ïN3 1,628(3); S6ïN4 1,619(3); N3ïC11 1,344(3); N4ïC10 1,346(3); C10ï

C11 1,432(4) 

ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [19]
2ï
, ¡: Cd1ïS2 2,4978(5); Cd1ïS3 2,4988(4); Cd1ïS4 

2,4933(4); Cd1ïS6 2,4916(4); S5ïN6 1,633(2); S5ïN8 1,633(2); N6ïC0BA 1,345(2); N8ïC2BA 1,349(2); 

C0BAïC2BA 1,430(3); S7ïN7 1,626(2); S7ïN11 1,631(2); N7ïC5AA 1,348(2); N11ïC1BA 1,349(2); 

C1BAïC5AA 1,432(3) 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ 18 ʠ 19 ʦʙʨʘʟʦʚʘʥʘ ʘʥʠʦʥʘʤʠ 

[M(btdas)2]
2ï

 (M = Zn, Cd) ʠ ʢʘʪʠʦʥʘʤʠ (NBu4)
+
. ʃʠʛʘʥʜ (btdas)

2
Ė ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ 

ʘʪʦʤʫ ʤʝʪʘʣʣʘ ʙʠʜʝʥʪʘʪʥʦ ʘʪʦʤʘʤʠ ʩʝʨʳ. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʘʥʠʦʥʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʨʦʪʢʠʤʠ ʧʘʨʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ SĀĀĀN (3,2 ¡ ʜʣʷ Zn 

ʠ 3,05 ¡ ʜʣʷ Cd), ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʪʠʘʜʠʘʟʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʥʝ ʥʘʙʣʶ-

ʜʘʝʪʩʷ (ʨʠʩ. 55). 

 
ʈʠʩ. 55. ʌʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʦʚ [18]

2ï
 ʚ ʢʨʠʩʪʘʣʣʝ, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʳ ʢʦʨʦʪʢʠʝ 

ʢʦʥʪʘʢʪʳ SĿĿĿN 
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3.3.2. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ ʩ (btdas)
2
Ė 

ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ Co(II), ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷʤ 18 ʠ 19 ʙʳʣʘ ʧʨʦʚʝʜʝ-

ʥʘ ʨʝʘʢʮʠʷ CoCl2 ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ H2btdas ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ï 
t
BuOK, 

ʦʜʥʘʢʦ ʦʞʠʜʘʝʤʳʡ ʢʦʤʧʣʝʢʩ (NBu4)2[Co(btdas)2] ʧʦʣʫʯʝʥ ʥʝ ʙʳʣ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʠ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʢʠʩʣʝʥʠʝ Co(II) ʜʦ Co(III ) c ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ (NBu4)[Co(btdas)2] (20) 

[167]. ʃʦʛʠʯʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʵʪʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟ-

ʜʫʭʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʦʙʨʘʙʦʪʢʦʡ ʤʝʪʘʥʦʣʴʥʦʛʦ ʨʝ-

ʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ NBu4Br ʥʘ ʚʦʟʜʫʭʝ. ɺ ʚʳʧʘʚʰʝʤ ʧʨʠ ʵʪʦʤ 

ʧʦʨʦʰʢʝ Co(II) ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠʟʤʝʨʝʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠ-

ʚʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ ʙʳʣʦ ʧʦ-

ʣʫʯʝʥʦ ʜʚʘ ʠʟʦʤʝʨʘ (NBu4)[Co(btdas)2]: 

ʘ) ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ Et2O ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʘʟʘ 20ʘ, ʩʦ-

ʩʪʦʷʱʘʷ ʠʟ ʤʦʥʦʷʜʝʨʥʳʭ ʘʥʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ [Co(btdas)2]Ė ʠ ʢʘʪʠʦʥʦʚ (NBu4)
+
; 

ʙ) ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʩʤʝʩʠ ʊɻʌ/ʛʝʢʩʘʥ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʬʘʟʘ 20ʙ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʪʝʪʨʘʷʜʝʨʥʳʭ ʘʥʠʦʥʦʚ [{Co(btdas)2} 4]
4
Ė ʠ ʢʘʪʠʦʥʦʚ (NBu4)

+
. 

ɺ ʬʘʟʝ 20ʘ [Co(btdas)2]Ė ʠʤʝʝʪ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩ. 56). ɼʚʘ ʜʠʪʠʦ-

ʣʘʪʥʳʭ ʣʠʛʘʥʜʘ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʭʝʣʘʪʥʦ ʘʪʦʤʘʤʠ ʩʝʨʳ. ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʷʚ-

ʣʷʝʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤ ʢʦʤʧʣʝʢʩʫ (NBu4)[Au(btdas)2] [124]. ɺ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʥʘʭʦʜʷʪʩʷ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʘʥʠʦʥʥʳʭ ʬʨʘʛʤʝʥʪʘ. ʇʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

{[Co(btdas)2]
Ƅ
} ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʮʝʧʦʯʢʠ ʢʦʨʦʪʢʠʤʠ ʧʘʨʥʳʤʠ SĀĀĀN ʢʦʥʪʘʢʪʘʤʠ, ʢʦʪʦʨʳʝ 

ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 3,094 ï 3,132 ¡ (ʨʠʩ. 57). 

 
ʈʠʩ. 56. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [20ʘ]

ï
. ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ¡: 

Co1ïS12 2,1648(6); Co1ïS13 2,1614(6); Co1ïS22 2,1681(6); Co1ïS23 2,1580(6); S11ïN11 1,624(2); S11ï

N12 1,626(2); S21ïN21 1,629(2); S21ïN22 1,624(2); N11ïC11 1,347(3); N12ïC12 1,348(3); N21ïC21 

1,350(3); N22ïC22 1,339(3); C11ïC12 1,437(3); C21ïC22 1,435(3) 
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ʈʠʩ. 57. ʌʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʦʚ [20ʘ]

ï
 ʚ ʢʨʠʩʪʘʣʣʝ, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʳ ʢʦʨʦʪʢʠʝ 

ʢʦʥʪʘʢʪʳ SĿĿĿN 

ɺ ʬʘʟʝ 20ʙ ʘʥʠʦʥʳ [{Co(btdas)2} 4]
4
Ė ʦʙʨʘʟʦʚʘʥʳ ʠʟ ʬʨʘʛʤʝʥʪʦʚ {Co(btdas)2}, ʢʦ-

ʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ ʟʘ ʩʯʝʪ ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʦʜʥʦʛʦ ʠʟ ʘʪʦʤʦʚ ʩʝʨʳ ʢʘʞʜʦʛʦ 

ʣʠʛʘʥʜʘ (btdas)
2
Ė. ʇʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʮʝʥʪʨʘʣʴʥʳʭ ʠʦʥʦʚ ʢʦʙʘʣʴʪʘ ʨʘʚ-

ʥʦ 6 (ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ), ʢʨʘʡʥʠʝ ʠʦʥʳ ʢʦʙʘʣʴʪʘ ʠʤʝʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 5 

ʠ ʢʚʘʜʨʘʪʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ (ʨʠʩ. 58). ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ SĀĀĀN ʢʦʥʪʘʢʪʦʚ ʠ ˊ- -́

ʩʪʵʢʠʥʛʘ. 

 
 

ʘ) ʙ) 

ʈʠʩ. 58. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [20ʙ]
4ï

. ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, 

¡: Co1ïS3 2,219(1); Co1ïS4 2,365(1); Co1ïS5 2,333(1); Co1ïS5 2,243(1); Co1ïS6 2,258(1); Co1ïS7 

2,252(1); Co2ïS3 2,229(1); Co2ïS4 2,219(1); Co2ïS8 2,217(1); Co2ïS9 2,195(1); Co2ïS10 2,208(1); 

S1ïN7 1,620(3); S1ïN23 1,622(3); N7ïC26 1,355(4); N23ïC21 1,351(4); C21ïC26 1,442(5); S11ïN4 

1,628(3); S11ïN10 1,628(3); N4ïC5 1,357(4); N10ïC12 1,349(4); C5ïC12 1,435(4); S12ïN6 1,623(3); 

S12ïN27 1,633(3); N6ïC8 1,348(4); N27ïC19 1,351(4); C8ïC19 1,436(5); S13ïN25 1,621(3); S13ïN28 

1,623(3); N25ïC14 1,356(4); N28ïC0AA 1,360(4); C14ïC0AA 1,439(5) 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ 

ʚʦʟʜʫʭʘ, ʣʦʛʠʯʥʦ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʠ ʤʘʥʠʧʫʣʷʮʠʡ ʧʦ ʚʳ-

ʜʝʣʝʥʠʶ ʚ ʧʦʣʥʦʩʪʴʶ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩ Co(II). 
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ʕʪʦ ʙʳʣʦ ʧʨʦʚʝʨʝʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ (NEt4)2[CoCl4]. 

ʉʠʥʪʝʟ ʠ ʚʩʝ ʤʘʥʠʧʫʣʷʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʝʨʝʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʫʪʝʤ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ Et2O ʚ ʨʘʩʪʚʦʨ ʢʦʤ-

ʧʣʝʢʩʘ ʚ ɼʄʌɸ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ (NEt4)3[Co
III

(btdas)3]Āɼʄʌɸ (21). ʕʪʦ ʦʟʥʘʯʘ-

ʝʪ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʯʝʛʦ-ʪʦ ʜʨʫʛʦʛʦ, ʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʯʠ-

ʥʫ ʧʦʢʘ ʥʝ ʫʜʘʣʦʩʴ. 

ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 21 ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʈʉɸ, ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʰʝʩʪʠ ʘʪʦʤʦʚ ʩʝʨʳ ʪʨʝʭ ʣʠʛʘʥʜʦʚ (btdas)
2
Ė 

(ʨʠʩ. 59). ʉʧʝʮʠʬʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʘʥʠʦʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʢʨʠʩʪʘʣ-

ʣʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

 
ʈʠʩ. 59. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʠʦʥʘ [21]

3ï
. ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ¡: 

Co1ïS11 2,243(1); Co1ïS12 2,2548(1); Co1ïS21 2,260(1); Co1ïS22 2,250(1); Co1ïS31 2,246(1); Co1ïS32 

2,262(1); S13ïN11 1,620(5); S13ïN12 1,622(5); N11ïC13 1,342(6); N12ïC14 1,343(6); C13ïC14 

1,446(7); S23ïN21 1,607(5); S23ïN22 1,628(5); N21ïC23 1,369(7); N22ïC24 1,350(6); C23ïC24 

1,424(7); S33ïN31 1,618(6); S33ïN32 1,628(5); N31ïC33 1,346(7); N32ïC34 1,330(7); C33ïC34 1,432(8) 

3.3.3. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Pt
2+

 ʠ Ni
2+

 c (btdas)
2
Ė 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ [Pt(PPh3)2Cl2] ʠ [Ni(dppe)Cl2] ʩ H2btdas ʠ 
t
BuOK ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

1:1:2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʧʨʠʤʝʨʳ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʝ 

ʜʠʪʠʦʣʘʪʥʳʡ ʠ ʬʦʩʬʠʥʦʚʳʡ ʣʠʛʘʥʜʳ [Pt(PPh3)2(btdas)] (22) ʠ [Ni(dppe)(btdas)] (23) 

[167]. ɺ ʩʣʫʯʘʝ ʧʣʘʪʠʥʳ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʚ CH2Cl2, ʪʘʢ ʢʘʢ [Pt(PPh3)2Cl2] ʨʘʩʪʚʦʨʠʤ 

ʪʦʣʴʢʦ ʚ ʵʪʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʪʨʝʭ ʨʘʟʥʳʭ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʷʭ. ʀʟ Et2O ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʘʟʘ 22, ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʩʦʣʴ-
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ʚʘʪʥʳʭ ʤʦʣʝʢʫʣ, ʠʟ ʩʤʝʩʠ CH2Cl2/ʛʝʢʩʘʥ ï [(PPh3)2Pt(btdas)]Ā3CH2Cl2 (22Ā3CH2Cl2), ʘ 

ʠʟ CH3CN Ƅ [(PPh3)2Pt(btdas)]Ā2CH3CN (22Ā2CH3CN). 

ɺ ʩʣʫʯʘʝ ʥʠʢʝʣʷ ʨʝʘʢʮʠʷ ʠ ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʘ ʧʨʦʚʦʜʠʩʴ ʚ ʊɻʌ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʙʳʣ ʧʦʣʫʯʝʥ ʩʦʣʴʚʘʪʥʳʡ ʢʦʤʧʣʝʢʩ 23ĿTHF . 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Pt ʠ Ni ʚ ʢʦʤʧʣʝʢʩʘʭ 22 ʠ 23, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʳʤ. ʂ ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ 

ʦʜʠʥ ʜʠʪʠʦʣʘʪʥʳʡ ʣʠʛʘʥʜ ʘʪʦʤʘʤʠ ʩʝʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ 

ʘʪʦʤʘʤʠ ʬʦʩʬʦʨʘ (ʨʠʩ. 60). 

 
 

ʘ) ʙ) 

ʈʠʩ. 60. ʘ) ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 23. ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ¡: Ni1ïP1 

2,1645(4); Ni1ïP2 2,1604(4); Ni1ïS2 2,1558(4); Ni1ïS3 2,1574(4); S1ïN1 1,618(2); S1ïN2 1,629(2); 

N1ïC11 1,352(2); N2ïC16 1,357(2); C11ïC16 1,431(2).  

ʙ) ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 22. ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ¡: Pt1ïP11 2,283(1); 

Pt1ïP12 2,298(1); Pt1ïS11 2,309(1); Pt1ïS12 2,321(1); S13ïN11 1,617(5); S13ïN12 1,621(5); N11ï

C15 1,348(6); N12ïC14 1,353(6); C14ïC15 1,420(7) 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʧʘʢʦʚʢʘʭ ʠʟʚʝʩʪʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ (NBu4)2[M(btdas)2] (M = Ni, Pt) ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʩʣʘʙʳʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ SĀĀĀN (3,127 ¡ ʜʣʷ Pt ʠ 3,194 ¡ ʜʣʷ Ni) [124, 127]. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʚʳʰʝ ʩʦ-

ʝʜʠʥʝʥʠʡ ʪʦʣʴʢʦ ʚ ʢʨʠʩʪʘʣʣʝ ʢʦʤʧʣʝʢʩʘ 22 ʠʤʝʶʪʩʷ ʢʦʨʦʪʢʠʝ ʧʘʨʥʳʝ ʢʦʥʪʘʢʪʳ SĀĀĀN 

(3,155 ¡). ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʠʥʘ ʩʚʷʟʠ MïS ʚ ʩʣʫʯʘʝ [Ni(dppe)(btdas)] 

ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʣʫʯʘʝ [Pt(PPh3)2(btdas)] ʫʜʣʠʥʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (NBu4)2[M(btdas)2] (M = 

Ni, Pt) (ʪʘʙʣ. 18). 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ 18 

ɼʣʠʥʳ ʩʚʷʟʝʡ MïS ʚ ʢʦʤʧʣʝʢʩʘʭ (NBu4)2[Ni(btdas)2], [Ni(dppe)(btdas)] (23),  

(NBu4)2[Pt(btdas)2] ʠ [Pt(PPh3)2(btdas)] (22) 

ʂʦʤʧʣʝʢʩ MïS, ¡ 

(NBu4)2[Ni(btdas)2] 2,162 

[Ni(dppe)(btdas)]Āʊɻʌ (23ĿTHF ) 2,156 

(NBu4)2[Pt(btdas)2] 2,278 ï 2,283 

[Pt(PPh3)2(btdas)] (22) 2,302 ï 2,323 

 

3.3.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʦʚ (NMe4)2[Mo 2S2O2Cl4] ʠ (NEt4)2[W 2S4Cl4] 

c ʩʦʣʷʤʠ ʘʥʠʦʥʦʚ (tdas)
2
Ė ʠ (btdas)

2
Ė 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

ʩ ʦʨʪʦ-ʬʝʥʠʣʝʥʜʠʪʠʦʣʘʪʦʤ (bdt)
2
Ė (Et4N)2[M2O2(Õ-S)2(bdt)2] (M = Mo, W) [168]. ʆʥʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʘʢʮʠʷʭ (Et4N)2[MO2S2] (M = Mo, W) ʩ ʦʨʪʦ-ʬʝʥʠʣʝʥʜʠʪʠʦʣʦʤ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ.  

ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʥʪʝʨʝʩʥʳ ʪʝʤ, ʯʪʦ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ 

(Mo(V) ʠʣʠ W(V)) ʠ ʬʦʪʦʘʢʪʠʚʥʳʡ ʣʠʛʘʥʜ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ. 

ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʨʦʪʦ-

ʥʦʚ ʜʦ ʜʠʚʦʜʦʨʦʜʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʦʛʠʯʥʳʤ ʢʦʤʧʣʝʢ-

ʩʘʤ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ, ʩʦʜʝʨʞʘʱʠʤ ʙʠʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ {Mo2S2O2}
2+

 ʠ 

{ W2S4}
2+

 ʠ ʜʠʪʠʦʣʘʪʥʳʝ ʣʠʛʘʥʜʳ (tdas)
2
Ė ʠ (btdas)

2
Ė (ʩʭʝʤʘ 33). 

ɼʣʷ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʩʥʘʯʘʣʘ ʨʝʰʠʪʴ ʜʚʝ ʟʘʜʘʯʠ: 

1) ʚʳʙʨʘʪʴ ʫʜʦʙʥʳʝ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʠʩʭʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ Mo ʠ W, ʚ ʢʦʪʦʨʳʭ 

ʬʨʘʛʤʝʥʪʳ {Mo2S2O2}
2+

 ʠ {W2S4}
2+

 ʦʢʨʫʞʝʥʳ ʣʠʛʘʥʜʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʣʘʙʠʣʴʥʳʤʠ ʜʣʷ 

ʟʘʤʝʱʝʥʠʷ ʠʭ ʥʘ ʜʠʪʠʦʣʘʪʥʳʝ ʘʥʠʦʥʳ; 

2) ʚʳʙʨʘʪʴ ʫʜʦʙʥʳʡ ʠʩʪʦʯʥʠʢ ʜʠʪʠʦʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ. 

ɼʣʷ ʚʦʣʴʬʨʘʤʘ ʧʦʜʭʦʜʷʱʠʤ ʠʩʭʦʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʙʳʣ ʚʳʙʨʘʥ [W2S4Cl4]
2
Ė, ʚ 

ʢʦʪʦʨʦʤ ʪʝʨʤʠʥʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ClĖ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʚʠʞʥʳ. ʄʝʪʦʜʠʢʘ ʝʛʦ ʩʠʥʪʝʟʘ ʚ 

ʚʠʜʝ ʩʦʣʠ (NEt4)2[W2S4Cl4] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʨʘʥʝʝ ʚ ʥʘʰʝʤ ʠʥʩʪʠʪʫʪʝ [169]. 

ɸʥʘʣʦʛʠʯʥʳʡ ʢʦʤʧʣʝʢʩ (Me4N)2[Mo2S2O2Cl4] (24) ʨʘʥʝʝ ʥʝ ʙʳʣ ʠʟʚʝʩʪʝʥ, ʥʦ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʥ ʪʘʢʞʝ ʙʫʜʝʪ ʫʜʦʙʝʥ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʬʨʘʛʤʝʥʪʘ 

{ Mo2S2O2}
2+
, ʧʦʵʪʦʤʫ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʝʛʦ ʧʦʣʫʯʝʥʠʷ. 



104 

 

ʉʦʝʜʠʥʝʥʠʝ (Me4N)2[Mo2S2O2Cl4] (24) (ʨʠʩ. 61) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʦʧʫʩʢʘʥʠʝʤ 

ʩʫʭʦʛʦ HCl ʯʝʨʝʟ ʩʫʩʧʝʥʟʠʶ (Et4N)2[Mo2O2S8] ʚ CH2Cl2 (ʩʭʝʤʘ 38) [170]. ʇʨʦʜʫʢʪ ʚʳ-

ʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ ʚʤʝʩʪʝ ʩ ʩʝʨʦʡ, ʦʪ ʢʦʪʦʨʦʡ ʫʜʘʝʪʩʷ ʠʟʙʘʚʠʪʴʩʷ ʥʘʛʨʝʚʘʥʠʝʤ ʚ ʚʳʩʦʢʦʤ 

ʚʘʢʫʫʤʝ ʧʨʠ 120 ÁC ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʭʦ-

ʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ ʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʥʘʧʨʠʤʝʨ, ʚ N-ʜʦʥʦʨʥʦʤ 

ʘʮʝʪʦʥʠʪʨʠʣʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʪʚʝʨʜʘʷ ʬʘʟʘ 24. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ClĖ ʚ ʥʝʤ ʜʦʩʪʘʪʦʯʥʦ ʣʘʙʠʣʝʥ: ʝʩʣʠ ʘʮʝʪʦʥʠʪʨʠʣ ʥʝ ʟʘʤʝʱʘʝʪ ʝʛʦ ʚ ʢʦʦʨʜʠʥʘʮʠ-

ʦʥʥʦʡ ʩʬʝʨʝ ʤʦʣʠʙʜʝʥʘ, ʪʦ O-ʜʦʥʦʨʥʳʡ ʥʝʡʪʨʘʣʴʥʳʡ ʣʠʛʘʥʜ ɼʄʌɸ ʟʘʤʝʱʘʝʪ. ʈʘʩ-

ʪʚʦʨʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 24 ʚ ɼʄʌɸ ʠ ʜʘʣʴʥʝʡʰʘʷ ʤʝʜʣʝʥʥʘʷ ʜʠʬʬʫʟʠʷ ʧʘʨʦʚ ʵʬʠʨʘ ʚ 

ʵʪʦʪ ʨʘʩʪʚʦʨ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ 

(Me4N)[Mo2S2O2Cl3(dmf)3] (25) [171]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʦʜʥʦʛʦ 

ʭʣʦʨʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʢʦʤʧʣʝʢʩʝ 24 ʥʘ ʤʦʣʝʢʫʣʫ ɼʄʌɸ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ɼʄʌɸ ʢ ʦʙʦʠʤ ʘʪʦʤʘʤ Mo (ʩʭʝʤʘ 38). 

 
ʉʭʝʤʘ 38. ʇʦʣʫʯʝʥʠʝ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Mo(V) ʩ ʣʘʙʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʘʷ ʟʘʜʘʯʘ ʙʳʣʘ ʨʝʰʝʥʘ, ʫʜʦʙʥʳʝ ʠʩʪʦʯʥʠʢʠ ʬʨʘʛʤʝʥʪʦʚ 

{ Mo2S2O2}
2+

 ʠ {W2S4}
2+

 ʙʳʣʠ ʧʦʣʫʯʝʥʳ. 

ʀʩʪʦʯʥʠʢʦʤ ʜʠʪʠʦʣʘʥʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʩʦʣʠ ʪʠʧʘ ʜʠʪʠʦʣʘʪʦʚ ʱʝ-

ʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠʣʠ ʜʠʪʠʦʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʚʷʟʴ MïS ʜʦʩʪʘ-

ʪʦʯʥʦ ʩʣʘʙʘʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʣʠʛʘʥʜʘ (tdas)
2Ė
 ʭʦʨʦʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʵʪʦʛʦ ʘʥʠʦʥʘ ʷʚʣʷ-

ʝʪʩʷ ʢʦʤʧʣʝʢʩ (Bu4N)2[Zn(tdas)2] [143]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣ ʨʘʥʝʝ 

ʧʦʣʫʯʝʥ ʪʨʝʭʲʷʜʝʨʥʳʡ ʢʣʘʩʪʝʨ (Bu4N)2[Mo3S7(tdas)3] [143]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʦʡ 

ʧʦʜʭʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (Me4N)2[Mo2S2O2Cl4] (24). ʅʘʛʨʝ-

ʚʘʥʠʝ 24 ʠ (Bu4N)2[Zn(tdas)2] ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʤʦʨʬʥʦʛʦ 

ʦʨʘʥʞʝʚʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʠʟ ɼʄʌɸ/Et2O. ʉʪʨʦʝʥʠʝ ʧʦ-

ʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (NBu4)2[Mo2S2O2(tdas)2]ĀDMF (27) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ 

ʈʉɸ (ʨʠʩ. 62) [164]. 

ɹʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (NEt4)2[W2S4(btdas)2] (28) ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʨʝʘʢʮʠʠ 

(NEt4)2[W2S4Cl4] ʩ K2(btdas), ʧʦʣʫʯʝʥʥʳʤ in situ ʠʟ H2btdas ʠ 
t
BuOK. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣ-

ʩʷ ʚ ʊɻʌ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʟ CH3CN (ʨʠʩ. 
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63). ʇʦ ʪʘʢʦʡ ʞʝ ʩʭʝʤʝ ʧʨʦʚʦʜʠʣʘʩʴ ʨʝʘʢʮʠʷ (Me4N)2[Mo2S2O2Cl4] ʩ (btdas)
2
Ė, ʦʜʥʘʢʦ 

ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ ʧʦʢʘ ʥʝ ʫʜʘʣʦʩʴ. 

ʆʙʱʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʢʦʤʧʣʝʢʩʦʚ 24, 27, 28 ʷʚʣʷʝʪʩʷ {M(Õ-S)2Q2} 

(M = Mo, Q = O; M = W, Q = S), ʚ ʢʦʪʦʨʦʤ ʜʚʘ ʘʪʦʤʘ ʤʝʪʘʣʣʘ (Mo ʠʣʠ W) ʥʘʭʦʜʷʪʩʷ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʜʠʥʘʨʥʦʡ ʩʚʷʟʠ (dMoïMo = 2,8488(1) ¡, dWïW = 

2,8628(2) ¡). ʆʥʠ ʩʦʝʜʠʥʝʥʳ ʤʦʩʪʠʢʦʚʳʤʠ ʩʫʣʴʬʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʠ ʢ ʢʘʞʜʦʤʫ ʢʦ-

ʦʨʜʠʥʠʨʦʚʘʥ ʪʝʨʤʠʥʘʣʴʥʳʡ O
2Ƅ

 ʠʣʠ S
2Ƅ

. Mo (V) ʠ W (V) ʠʤʝʶʪ ʢʚʘʜʨʘʪʥʦ-

ʧʠʨʘʤʠʜʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ. ʉʨʝʜʥʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ MïSÕ, MïSthio (dMoïSthio = 2,4452 ¡, 

dMoïSÕ = 2,3293 ¡, dWïSÕ = 2,3318 ¡, dWïSthio = 2,3915 ¡) ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʪʘʢʦʚʳʤʠ ʚ 

ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʨʘʙʦʪʘʭ [148, 160]. 

 
ʈʠʩ. 61. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [24]

2ï
. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ¡: MoïMo 2,847(2); MoïO 

1,614(7); MoïS1 2,348(3); MoïS2 2,357(3); MoïCl1 2,477(2); MoïCl2 2,415(2) 

 
ʈʠʩ. 62. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [27]

2ï
. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ¡: Mo1ïMo2 2,8483(5); Mo1ï

S1 2,324(1); Mo1ïS2 2,330(1); Mo1ïS12 2,441(1); Mo1ïS13 2,447(1); Mo2ïS1 2,329(1); Mo2ïS2 

2,332(1); Mo2ïS22 2,445(1); Mo2ïS23 2,446(1); S11ïN11 1,646(4); S11ïN12 1,641(4); N11ïC11 

1,316(5); N12ïC12 1,319(5); C11ïC12 1,421(5); S21ïN21 1,649(4); S21ïN22 1,645(3); N21ïC21 

1,318(5); N22ïC22 1,319(5); C21ïC22 1,418(5) 

 
ʈʠʩ. 63. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʠʦʥʘ [28]

2ï
. ɸʪʦʤʳ H ʥʝ ʧʦʢʘʟʘʥʳ. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ¡: W1ï

W2 2,871(2); W1ïS15 2,143(1); W1ïS7 2,331(7); W1ïS8 2,345(8); W1ïS32 2,406(1); W1ïS33 2,405(9); 

S31ïN31 1,59(5); S31ïN32 1,56(6); N31ïC38 1,24(4); N32ïC39 1,30(6); C38ïC39 1,390(1); W2ïS17 

2,143(1); W2ïS7 2,330(8); W2ïS8 2,342(8); W2ïS34 2,398(1); W2ïS35 2,393(9); S39ïN33 1,59(4); S39ï

N34 1,67(4); N33ïC33 1,369(4); N34ïC32 1,35(4); C32ïC33 1,390(1) 
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3.3.5. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʦʤ (btdas)
2
Ė 

3.3.5.1. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ H2btdas 

ɺ ʕʉʇ H2btdas ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʘ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ɚ = 354 ʥʤ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ (ʨʠʩ. 64 ʩʣʝ-

ʚʘ). ɺ ʤʝʪʘʥʦʣʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʝ ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ ʧʦʣʦʩʳ (ɚ = 371 ʥʤ, ɚ = 428 ʥʤ), 

ʢʦʪʦʨʳʝ ʧʦ ʜʘʥʥʳʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ DFT-ʨʘʩʯʝʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʥʦʘʥʠʦʥ-

ʥʦʡ (Hbtdas)Ė ʠ ʜʠʘʥʠʦʥʥʦʡ (btdas)
2
Ė ʬʦʨʤʘʤ (ʨʠʩ. 64 ʚ ʮʝʥʪʨʝ), ʪ.ʝ. ʚ ʤʝʪʘʥʦʣʝ 

H2btdas ʧʦʣʥʦʩʪʴʶ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥ ʧʦ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʠ ʯʘʩʪʠʯʥʦ ʧʦ ʚʪʦʨʦʡ. 

 

ʈʠʩ. 64. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ H2btdas. ɺʝʨʪʠʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʨʘʩʩʯʠʪʘʥ-

ʥʳʝ ʩ ʧʦʤʦʱʴʶ DFT ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʚʦʣʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ 

ʅʘʣʠʯʠʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʝʛʦ 

ʩʤʝʱʝʥʠʶ ʜʦʙʘʚʣʝʥʠʝʤ ʢʠʩʣʦʪʳ ʠ ʦʩʥʦʚʘʥʠʷ ʢ ʤʝʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ H2btdas. ɼʦ-

ʙʘʚʣʝʥʠʝ ʠʟʙʳʪʢʘ CH3COOH ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʦʩʪʘʝʪʩʷ 

ʪʦʣʴʢʦ ʦʜʥʘ ʧʦʣʦʩʘ, ʤʘʢʩʠʤʫʤ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʪʘʢʦʚʳʤ ʜʣʷ ʨʘʩʪʚʦʨʘ H2btdas ʚ 

CH2Cl2, ʪʦ ʝʩʪʴ ʜʠʪʠʦʣ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʥʦʩʪʴʶ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ. ɼʦʙʘʚʣʝʥʠʝ 

ʞʝ ʠʟʙʳʪʢʘ KOH ʢ ʤʝʪʘʥʦʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʦʩʪʘʝʪʩʷ 

ʪʦʣʴʢʦ ʧʦʣʦʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʦʨʤʝ (btdas)
2
Ė (ʨʠʩ. 64 ʩʧʨʘʚʘ). 

3.3.5.2. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ (btdas)
2
Ė 

ʕʉʇ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ (NBu4)2[Zn(btdas)2] (18) ʠ (NBu4)2[Cd(btdas)2] (19) ʠʜʝʥʪʠʯ-

ʥʳ (ʨʠʩ. 65, ʪʘʙʣ. 19). ɼʣʠʥʥʦʚʦʣʥʦʚʘʷ ʧʦʣʦʩʘ (ɚ = 455 ʥʤ), ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʚʥʫʪʨʠʣʠʛʘʥʜʥʳʤ ʧʝʨʝʭʦʜʘʤ ʠ ʯʘʩʪʠʯʥʦʤʫ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ ʩ ʤʝʪʘʣʣʘ ʥʘ 

ʣʠʛʘʥʜ. 

ɼʣʠʥʥʦʚʦʣʥʦʚʘʷ ʧʦʣʦʩʘ ʚ ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ 22 (ɚ = 427 ʥʤ) ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʝʥʦ-

ʩʫ ʟʘʨʷʜʘ ʩ HOMO ʦʨʙʠʪʘʣʠ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʥʘ ʣʠʛʘʥʜʝ ʠ ʤʝʪʘʣʣʝ, ʥʘ LUMO ʦʨʙʠ-

ʪʘʣʴ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʥʘ ʜʠʪʠʦʣʘʪʥʦʤ ʣʠʛʘʥʜʝ (ʪʘʙʣ. 19). 

H2btdas 

H2btdas (CH3OH) 

Hbtdasï 

btdas2ï 
























































