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ǹȐȕȚȍȏ Ȑ ȈȕȚȐȖȒșȐȌȈȕȚȕȣȍ șȊȖȑșȚȊȈ 
ȕȍȒȖȚȖȘȣȝ ȗȘȖȐȏȊȖȌȕȣȝ ȜțȓȓȍȘȍȕȈ ǹ60
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Ǫ.ǭ.ȀȍȊȟȍȕȒȖ3, Ǫ.Ǫ.ǵȍȋȘȍȉȍȞȒȐȑ1
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(ȏȈȊ. ȒȈȜȍȌȘȖȑ – ȈȒȈȌ. ǸǨǵ, ȗȘȖȜ. Ǫ.Ǫ.ǳțȕȐȕ);
3ǸȖșșȐȑșȒȐȑ ȖȕȒȖȓȖȋȐȟȍșȒȐȑ ȕȈțȟȕȣȑ ȞȍȕȚȘ ȐȔ. ǵ.ǵ.ǩȓȖȝȐȕȈ,
ǵȈțȟȕȖ-ȐșșȓȍȌȖȊȈȚȍȓȤșȒȐȑ ȐȕșȚȐȚțȚ ȒȈȕȞȍȘȖȋȍȕȍȏȈ, ǴȖșȒȊȈ
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ǰșșȓȍȌȖȊȈȕȐȍ ȗȖșȊȧȡȍȕȖ ȗȖȓțȟȍȕȐȦ ȟȍȚȣȘȍȝ ȕȖȊȣȝ ȗȘȖȐȏȊȖȌȕȣȝ ȜțȓȓȍȘȍȕȈ ǹ
60 
Ȑ ȐȏțȟȍȕȐȦ Ȑȝ ȈȕȚȐȖȒșȐ-

ȌȈȕȚȕȖȑ ȈȒȚȐȊȕȖșȚȐ. ǩȣȓȐ ȘȈȏȘȈȉȖȚȈȕȣ ȌȊȈ ȕȖȊȣȝ ȔȍȚȖȌȈ șȐȕȚȍȏȈ ȗȘȖȐȏȊȖȌȕȣȝ ȜțȓȓȍȘȖȗȐȘȘȖȓȐȌȐȕȈ. ǹȚȘȖȍ-
ȕȐȍ Ȋșȍȝ șȖȍȌȐȕȍȕȐȑ ȗȖȌȚȊȍȘȎȌȍȕȖ ȔȍȚȖȌȈȔȐ șȗȍȒȚȘȖșȒȖȗȐȐ ȧȌȍȘȕȖȋȖ ȔȈȋȕȐȚȕȖȋȖ ȘȍȏȖȕȈȕșȈ Ȑ ȐȕȜȘȈȒȘȈșȕȖȑ 
șȗȍȒȚȘȖșȒȖȗȐȐ, ȔȈșș-șȗȍȒȚȘȖȔȍȚȘȐȐ ș ȓȈȏȍȘȕȖȑ ȌȍșȖȘȉȞȐȍȑ/ȐȖȕȐȏȈȞȐȍȑ Ȑ ȔȈșș-șȗȍȒȚȘȖȔȍȚȘȐȐ ȊȣșȖȒȖȋȖ ȘȈȏ-
ȘȍȠȍȕȐȧ. ǨȕȚȐȖȒșȐȌȈȕȚȕȣȍ șȊȖȑșȚȊȈ ȉȣȓȐ Ȑȏțȟȍȕȣ ȗțȚȍȔ ȖȗȘȍȌȍȓȍȕȐȧ Ȑ ȖȞȍȕȒȐ ȗȍȘȍȒȐșȕȖȋȖ ȟȐșȓȈ ș ȐșȗȖȓȤ-
ȏȖȊȈȕȐȍȔ șȚȈȕȌȈȘȚȕȖȑ ȔȍȚȖȌȐȒȐ.
ǲȓȦȟȍȊȣȍ șȓȖȊȈ: ȜțȓȓȍȘȖȗȐȘȘȖȓȐȌȐȕȣ, ȞȐȒȓȖȗȘȐșȖȍȌȐȕȍȕȐȍ, ȈȕȚȐȖȒșȐȌȈȕȚȕȈȧ ȈȒȚȐȊȕȖșȚȤ
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Synthesis and investigation of the antioxidative properties of four new fullerene C

60
 derivatives are reported. Two 

new synthetic procedures of the fulleropyrrolidine derivatives preparation were developed. All structures were 

confi rmed by means of nuclear magnetic resonance spectroscopy and infrared spectroscopy, mass-spectrometry 

with laser desorption/ionization and high-resolution mass-spectrometry. Antioxidative properties were investigated 

by determination of peroxide number using the standard procedure.
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ǹȗȖșȖȉȕȖșȚȤ ȘȧȌȈ ȗȘȖȐȏȊȖȌȕȣȝ ȜțȓȓȍȘȍȕȖȊ Ȑȕ-
ȋȐȉȐȘȖȊȈȚȤ Ǫǰǿ-1 ȗȘȖȚȍȈȏț ȗȖȓȖȎȐȓȖ ȕȈȟȈȓȖ Ȑȝ 

ȐȏțȟȍȕȐȦ Ȋ ȔȍȌȐȞȐȕșȒȖȔ ȕȈȗȘȈȊȓȍȕȐȐ [1, 2]. ǷȖȏȎȍ 
ȉȣȓȖ țșȚȈȕȖȊȓȍȕȖ, ȟȚȖ ȕȍȒȖȚȖȘȣȍ ȜțȓȓȍȘȍȕȖȊȣȍ șȖ-
ȍȌȐȕȍȕȐȧ ȗȘȖȧȊȓȧȦȚ ȈȕȚȐȔȐȒȘȖȉȕțȦ [3] Ȑ ȈȕȚȐȖȒșȐ-
ȌȈȕȚȕțȦ [4] ȈȒȚȐȊȕȖșȚȐ. ǵȈȓȐȟȐȍ ț ȜțȓȓȍȘȍȕȖȊ șȐ-
șȚȍȔȣ ȕȈȗȘȧȎȍȕȕȣȝ ȌȊȖȑȕȣȝ șȊȧȏȍȑ ȖȉțșȓȈȊȓȐȊȈȍȚ 

șȗȖșȖȉȕȖșȚȤ Ȑȝ ȔȖȓȍȒțȓ ȘȍȈȋȐȘȖȊȈȚȤ ș ȟȈșȚȐȞȈȔȐ ȘȈ-
ȌȐȒȈȓȤȕȖȑ ȗȘȐȘȖȌȣ. ǷȘȐșȖȍȌȐȕȍȕȐȍ ȈȌȌȍȕȌȖȊ Ȕȍȕȧ-
ȍȚ ȋȐȉȘȐȌȐȏȈȞȐȦ ȕȍșțȡȐȝ Ȑȝ ȈȚȖȔȖȊ țȋȓȍȘȖȌȈ șȜȍȘȣ, 

Ȋ ȘȍȏțȓȤȚȈȚȍ ȟȍȋȖ ȗȘȖȐșȝȖȌȐȚ ȐȏȔȍȕȍȕȐȍ ȋȍȖȔȍȚȘȐȐ 
șȊȧȏȍȑ ș Ȑȝ țȟȈșȚȐȍȔ Ȑ, ȒȈȒ șȓȍȌșȚȊȐȍ, — șȕȧȚȐȍ șȚȍ-
ȘȐȟȍșȒȖȋȖ ȕȈȗȘȧȎȍȕȐȧ.
Ǫ ȕȈșȚȖȧȡȍȍ ȊȘȍȔȧ ȕȈȐȉȖȓȍȍ ȖȉȠȐȘȕȣȑ ȘȧȌ ȗȘȖ-

ȐȏȊȖȌȕȣȝ ȜțȓȓȍȘȍȕȈ ǹ
60

 ȗȘȍȌșȚȈȊȓȍȕ ȒȓȈșșȖȔ Ȝțȓ-
ȓȍȘȖȗȐȘȘȖȓȐȌȐȕȖȊ. ȅȚȖ ȖȉțșȓȖȊȓȍȕȖ ȓȍȋȒȖșȚȤȦ Ȑȝ 
ȗȖȓțȟȍȕȐȧ Ȑ ȊȖȏȔȖȎȕȖșȚȤȦ ȊȊȍȌȍȕȐȧ ȘȈȏȓȐȟȕȣȝ ȏȈ-
ȔȍșȚȐȚȍȓȍȑ Ȋ ȗȐȘȘȖȓȐȌȐȕȖȊȣȑ ȞȐȒȓ. ǬȈȕȕȈȧ ȊȖȏȔȖȎ-

ȕȖșȚȤ ȖȚȒȘȣȊȈȍȚ ȗțȚȐ Ȓ șȐȕȚȍȏț ȗȘȖȐȏȊȖȌȕȣȝ Ȝțȓȓȍ-
ȘȍȕȖȊ ș ȚȖȕȒȐȔ ȒȖȕȚȘȖȓȍȔ Ȑȝ șȊȖȑșȚȊ.
ǬȖ ȕȍȌȈȊȕȍȋȖ ȊȘȍȔȍȕȐ ȖșȕȖȊȕȣȔ șȟȐȚȈȓșȧ ȔȍȚȖȌ 

șȐȕȚȍȏȈ ȏȈȔȍȡȍȕȕȣȝ ȜțȓȓȍȘȖȗȐȘȘȖȓȐȌȐȕȖȊ, ȗȘȍȌȓȖ-
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Ȏȍȕȕȣȑ Ǵ.ǷȘȈȚȖ Ȋ 1993 ȋ. [5]. Ƕȕ șȖșȚȖȐȚ Ȋ 1,3-ȌȐȗȖ-
ȓȧȘȕȖȔ ȞȐȒȓȖȗȘȐșȖȍȌȐȕȍȕȐȐ Ȓ ȜțȓȓȍȘȍȕȖȊȖȑ șȜȍȘȍ 
ȈȏȖȔȍȚȐȕȐȓȐȌȖȊ, ȒȖȚȖȘȣȍ ȋȍȕȍȘȐȘțȦȚ ȚȍȘȔȐȟȍșȒȐȔ 

ȌȍȒȈȘȉȖȒșȐȓȐȘȖȊȈȕȐȍȔ ȐȔȔȖȕȐȍȊȣȝ șȖȓȍȑ, ȖȉȘȈȏț-
ȦȡȐȝșȧ ȗȘȐ ȘȍȈȒȞȐȐ ȒȈȘȉȖȕȐȓȤȕȣȝ șȖȍȌȐȕȍȕȐȑ Ȑ 
N-ȔȍȚȐȓȋȓȐȞȐȕȈ (șȈȘȒȖȏȐȕȈ). ǹțȡȍșȚȊȍȕȕȣȑ ȕȍȌȖ-
șȚȈȚȖȒ ȘȈșșȔȈȚȘȐȊȈȍȔȖȋȖ ȔȍȚȖȌȈ — ȕȐȏȒȐȑ ȊȣȝȖȌ ȒȖ-
ȕȍȟȕȖȋȖ ȗȘȖȌțȒȚȈ Ȑ ȌȓȐȚȍȓȤȕȖȍ ȊȘȍȔȧ șȐȕȚȍȏȈ.
ǻșȚȈȕȖȊȓȍȕȈ ȊȖȏȔȖȎȕȖșȚȤ ȐșȗȖȓȤȏȖȊȈȕȐȧ Ȋ ȗȖ-

ȌȖȉȕȣȝ ȗȘȖȞȍșșȈȝ N-ȕȍȏȈȔȍȡȍȕȕȣȝ Į-ȈȔȐȕȖȒȐșȓȖȚ, 
ȕȈȗȘȐȔȍȘ ȈȓȈȕȐȕȈ, ȜȍȕȐȓȈȓȈȕȐȕȈ, ȊȈȓȐȕȈ Ȑ ȐȔ ȗȖ-
ȌȖȉȕȣȝ, ȗȘȐȊȖȌȧȡȐȝ Ȓ 2,5-ȌȐȏȈȔȍȡȍȕȕȣȔ ȜțȓȓȍȘȖ-
ȗȐȘȘȖȓȐȌȐȕȈȔ Ȋ ȊȐȌȍ șȔȍșȐ ȌȊțȝ ȌȐȈșȚȍȘȍȖȔȍȘȖȊ [6]. 

ǬȈȓȤȕȍȑȠȍȍ ȐȏțȟȍȕȐȍ ȗȘȖȞȍșșȖȊ 1,3-ȌȐȗȖȓȧȘȕȖ-
ȋȖ ȞȐȒȓȖȗȘȐșȖȍȌȐȕȍȕȐȧ Ȓ ȜțȓȓȍȘȍȕț ȗȘȐȊȍȓȖ Ȓ ȘȈȏ-
ȘȈȉȖȚȒȍ ȔȍȚȈȓȓ-ȒȈȚȈȓȐȚȐȟȍșȒȐȝ ȗȘȖȞȍșșȖȊ. Ǫ ȕȐȝ 
ȚȈȒȎȍ ȐȔȍȍȚ ȔȍșȚȖ ȖȉȘȈȏȖȊȈȕȐȍ ȈȏȖȔȍȚȐȕȐȓȐȌȖȊ, ȕȖ 
ȗȖȌ ȌȍȑșȚȊȐȍȔ ȒȈȚȈȓȐȏȈȚȖȘȖȊ ȕȈ ȖșȕȖȊȍ șȖȓȍȑ Ȑ ȒȖȔ-

ȗȓȍȒșȖȊ ȘȈȏȓȐȟȕȣȝ ȔȍȚȈȓȓȖȊ. ǺȈȒ, Ȋ ȘȈȉȖȚȍ [7] ȋȍ-
ȕȍȘȐȘȖȊȈȕȐȍ ȈȏȖȔȍȚȐȕȐȓȐȌȖȊ ȗȘȖȊȖȌȐȓȐ Ȑȏ ȐȔȐȕȖȊ, 
ȗȖȓțȟȍȕȕȣȝ ȊȏȈȐȔȖȌȍȑșȚȊȐȍȔ ȥȜȐȘȖȊ Į-ȈȔȐȕȖȒȐșȓȖȚ 
ș ȈȓȤȌȍȋȐȌȈȔȐ, ȗȖȌ ȌȍȑșȚȊȐȍȔ ȗȍȘȝȓȖȘȈȚȈ ȓȐȚȐȧ Ȑ Ȗș-
ȕȖȊȈȕȐȧ. Ǫ ȘȍȏțȓȤȚȈȚȍ ȉȣȓ ȗȖȓțȟȍȕ ȘȧȌ ȥȜȐȘȖȊ ȏȈȔȍ-
ȡȍȕȕȖȑ ȜțȓȓȍȘȖȗȐȘȘȖȓȐȌȐȕ-2-ȒȈȘȉȖȕȖȊȖȑ ȒȐșȓȖȚȣ 

(ȜțȓȓȍȘȖȗȘȖȓȐȕȈ) ș ȊȣșȖȒȐȔȐ ȊȣȝȖȌȈȔȐ Ȋ ȊȐȌȍ ȌȊțȝ 
ȌȐȈșȚȍȘȍȖȔȍȘȖȊ ș ȗȘȍȖȉȓȈȌȈȕȐȍȔ ȞȐș-ȐȏȖȔȍȘȈ.
Ǫ ȘȈȉȖȚȍ [8] ȉȣȓ ȖșțȡȍșȚȊȓȍȕ șȐȕȚȍȏ ȥȜȐȘȖȊ 5-ȏȈ-

ȔȍȡȍȕȕȖȋȖ ȜțȓȓȍȘȖȗȘȖȓȐȕȈ ȈȕȈȓȖȋȐȟȕȣȔ șȗȖșȖȉȖȔ, 

ȕȖ ș ȐșȗȖȓȤȏȖȊȈȕȐȍȔ ȊȔȍșȚȖ ȗȍȘȝȓȖȘȈȚȈ ȓȐȚȐȧ ȒȖȔ-

ȗȓȍȒșȖȊ șȍȘȍȉȘȈ Ȑ ȔȍȌȐ ș ȝȐȘȈȓȤȕȣȔȐ ȓȐȋȈȕȌȈȔȐ. 
ȅȚȐȔ ȔȍȚȖȌȖȔ șȍȓȍȒȚȐȊȕȖ ș ȊȣșȖȒȐȔȐ ȊȣȝȖȌȈȔȐ ȉȣȓȐ 
ȗȖȓțȟȍȕȣ ȐȕȌȐȊȐȌțȈȓȤȕȣȍ ȥȕȈȕȚȐȖȔȍȘȣ.

ǺȈȒȐȔ ȖȉȘȈȏȖȔ, Ȋ ȕȈșȚȖȧȡȍȍ ȊȘȍȔȧ șțȡȍșȚȊțȦȚ ȕȈ-
ȌȍȎȕȣȍ ȔȍȚȖȌȣ șȐȕȚȍȏȈ ȗȘȖȐȏȊȖȌȕȣȝ ȜțȓȓȍȘȖȗȐȘȘȖ-
ȓȐȌȐȕȈ ș ȘȈȏȓȐȟȕȣȔȐ ȏȈȔȍșȚȐȚȍȓȧȔȐ Ȋ ȉȖȒȖȊȖȑ ȞȍȗȐ.
ǾȍȓȤȦ ȐșșȓȍȌȖȊȈȕȐȧ șȚȈȓ șȐȕȚȍȏ ȗȘȖȐȏȊȖȌȕȣȝ 

ȜțȓȓȍȘȖȗȐȘȘȖȓȐȌȐȕȖȊ ș ȘȈȏȓȐȟȕȣȔȐ ȏȈȔȍșȚȐȚȍȓȧȔȐ 
Ȋ ȉȖȒȖȊȖȑ ȞȍȗȐ Ȑ ȘȈȏȕȣȔ ȒȖȓȐȟȍșȚȊȖȔ ȜțȓȓȍȘȍȕȖȊȣȝ 
șȜȍȘ Ȋ ȔȖȓȍȒțȓȍ, Ȉ ȚȈȒȎȍ ȐȏțȟȍȕȐȍ Ȑȝ ȈȕȚȐȖȒșȐȌȈȕȚ-
ȕȣȝ șȊȖȑșȚȊ.

ǴȈȚȍȘȐȈȓȣ Ȑ ȔȍȚȖȌȣ

ǹȗȍȒȚȘȣ ȧȌȍȘȕȖȋȖ ȔȈȋȕȐȚȕȖȋȖ ȘȍȏȖȕȈȕșȈ (ȇǴǸ) 
ȕȈ ȧȌȘȈȝ 1ǵ Ȑ 13ǹ ȉȣȓȐ ȗȖȓțȟȍȕȣ ȕȈ șȗȍȒȚȘȖȔȍȚȘȍ 
«Avance 600» (Bruker, ǫȍȘȔȈȕȐȧ) ș ȘȈȉȖȟȐȔȐ ȟȈșȚȖ-
ȚȈȔȐ 600 Ȑ 150 ǴǫȞ șȖȖȚȊȍȚșȚȊȍȕȕȖ. Ǫ ȒȈȟȍșȚȊȍ Ȋȕț-
ȚȘȍȕȕȍȋȖ șȚȈȕȌȈȘȚȈ ȐșȗȖȓȤȏȖȊȈȓȐ ȚȍȚȘȈȔȍȚȐȓșȐȓȈȕ. 
ǰȕȜȘȈȒȘȈșȕȣȍ (ǰǲ) șȗȍȒȚȘȣ ȉȣȓȐ ȏȈȘȍȋȐșȚȘȐȘȖȊȈȕȣ 

ȕȈ ȗȘȐȉȖȘȍ «Ǻensor 27» (Bruker) Ȋ ȗȓȈșȚȐȕȒȈȝ Ȑȏ KBr 

Ȑ ȕȈ ȗȘȐșȚȈȊȒȍ ȕȈȘțȠȍȕȕȖȋȖ ȗȖȓȕȖȋȖ ȊȕțȚȘȍȕȕȍȋȖ ȖȚ-
ȘȈȎȍȕȐȧ (ǵǷǪǶ). ǴȈșș-șȗȍȒȚȘȣ ȊȣșȖȒȖȋȖ ȘȈȏȘȍȠȍȕȐȧ 
ȉȣȓȐ ȗȖȓțȟȍȕȣ ȕȈ ȗȘȐȉȖȘȍ «LTQ Orbitrap XL» (Thermo 

Scientifi c, ǹȀǨ), Ȉ ȔȈșș-șȗȍȒȚȘȣ ȔȈȚȘȐȟȕȖ-ȈȒȚȐȊȐȘȖ-
ȊȈȕȕȖȑ ȓȈȏȍȘȕȖȑ ȌȍșȖȘȉȞȐȐ/ȐȖȕȐȏȈȞȐȐ (ǴǨǳǬǰ) — 

ȕȈ ȗȘȐȉȖȘȍ «Autofl ex-II» (Bruker), Ȋ ȒȈȟȍșȚȊȍ ȔȈȚȘȐ-
Ȟȣ ȐșȗȖȓȤȏȖȊȈȓȐ 2-ȚȘȈȕș-[3-(4-ȚȘȍȚ-ȉțȚȐȓȜȍȕȐȓ)-2-

ȔȍȚȐȓ-2-ȗȘȖȗȍȕȐȓȐȌȍȕ]ȔȈȓȖȕȖȌȐȕȐȚȘȐȓ (ǬǾǺǩ).

1. ǹȐȕȚȍȏ ȥȚȐȓȖȊȖȋȖ ȥȜȐȘȈ N-(4-ȋȐȌȘȖȒșȐ-
3,5-ȌȐ-ȚȘȍȚ-ȉțȚȐȓȉȍȕȏȐȓȐȌȍȕ)ȋȓȐȞȐȕȈ. ǲ ȘȈș-
ȚȊȖȘț 0,298 ȋ (2,14 ȔȔȖȓȤ) ȋȐȌȘȖȝȓȖȘȐȌȈ ȥȚȐȓȖȊȖ-
ȋȖ ȥȜȐȘȈ ȋȓȐȞȐȕȈ Ȋ 10 Ȕȓ ȝȓȖȘȐșȚȖȋȖ ȔȍȚȐȓȍȕȈ ȗȘȐ 
ȗȍȘȍȔȍȠȐȊȈȕȐȐ ȌȖȉȈȊȓȧȓȐ 0,357 Ȕȓ (2,56 ȔȔȖȓȤ) 
ȚȘȐȥȚȐȓȈȔȐȕȈ, 0,5 ȋ (2,14 ȔȔȖȓȤ) 4-ȋȐȌȘȖȒșȐ-3,5-

ȌȐ-ȚȘȍȚ-ȉțȚȐȓȉȍȕȏȈȓȤȌȍȋȐȌȈ Ȑ 40 Ȕȋ șțȓȤȜȈȚȈ ȔȈȋ-
ȕȐȧ. ǸȍȈȒȞȐȖȕȕțȦ șȔȍșȤ ȗȍȘȍȔȍȠȐȊȈȓȐ Ȋ ȚȍȟȍȕȐȍ 
24 ȟ ȗȘȐ ȒȖȔȕȈȚȕȖȑ ȚȍȔȗȍȘȈȚțȘȍ. ǶșțȠȐȚȍȓȤ ȖȚȌȍȓȧ-
ȓȐ ș ȗȖȔȖȡȤȦ ȜȐȓȤȚȘȈ ȀȖȚȈ. ǷȖȓțȟȍȕȕȣȑ ȐȔȐȕ ȌȈ-
ȓȍȍ ȐșȗȖȓȤȏȖȊȈȓȐ ȉȍȏ ȊȣȌȍȓȍȕȐȧ Ȑ ȌȖȗȖȓȕȐȚȍȓȤȕȖȑ 
ȖȟȐșȚȒȐ.

2. ǹȐ  ȕȚȍȏ ȥȚȐȓȖȊȖȋȖ ȥȜȐȘȈ 5-(4-ȋȐȌȘȖȒșȐ-3,5-
ȌȐ-ȚȘȍȚ-ȉțȚȐȕȐȓȜȍȕȐȓ)-3,4-ȜțȓȓȍȘȖȗȘȖȓȐȕȈ. 

ǲ ȘȈșȚȊȖȘț 100 Ȕȋ (0,14 ȔȔȖȓȤ) ȜțȓȓȍȘȍȕȈ ǹ
60

 Ȋ 125 Ȕȓ 
ȚȖȓțȖȓȈ ȌȖȉȈȊȓȧȓȐ 0,17 ȔȔȖȓȤ ȘȈȕȍȍ ȗȖȓțȟȍȕȕȖȋȖ 
ȐȔȐȕȈ, 10 Ȕȋ ȉȐș(ȚȘȐȜȍȕȐȓȜȖșȜȐȕ)ȕȐȒȍȓȤȌȐȝȓȖȘȐȌȈ 
Ȑ 25 ȔȒȓ (0,17 ȔȔȖȓȤ) ȚȘȐȥȚȐȓȈȔȐȕȈ. ǹȔȍșȤ ȒȐȗȧȚȐ-
ȓȐ 5 ȟ ș ȖȉȘȈȚȕȣȔ ȝȖȓȖȌȐȓȤȕȐȒȖȔ Ȑ ȝȓȖȘȒȈȓȤȞȐȍȊȖȑ 
ȚȘțȉȒȖȑ. ǷȘȖȚȍȒȈȕȐȍ ȘȍȈȒȞȐȐ ȒȖȕȚȘȖȓȐȘȖȊȈȓȐ ș ȗȖ-
ȔȖȡȤȦ ȚȖȕȒȖșȓȖȑȕȖȑ ȝȘȖȔȈȚȖȋȘȈȜȐȐ (Ǻǹǽ), ȥȓȦȍȕȚ — 

ȚȖȓțȖȓ–ȥȚȐȓȈȞȍȚȈȚ Ȋ șȖȖȚȕȖȠȍȕȐȐ 5:1. ǷȖ ȖȒȖȕȟȈȕȐȐ 
ȒȐȗȧȟȍȕȐȧ ȞȊȍȚ ȘȈșȚȊȖȘȈ ȐȔȍȓ ȒȖȘȐȟȕȍȊțȦ ȖȒȘȈșȒț. 
ǷȘȖȌțȒȚ ȊȣȌȍȓȧȓȐ ȔȍȚȖȌȖȔ ȜȓȍȠ-ȝȘȖȔȈȚȖȋȘȈȜȐȐ 
(ȥȓȦȍȕȚ — ȚȖȓțȖȓ, Ȉ ȏȈȚȍȔ ȚȖȓțȖȓ–ȥȚȐȓȈȞȍȚȈȚ Ȋ șȖȖȚ-
ȕȖȠȍȕȐȐ 5:1). ǪȣȝȖȌ — 72 Ȕȋ (50%). ǪȣșȖȒȖȥȜȜȍȒ-
ȚȐȊȕȈȧ ȎȐȌȒȖșȚȕȈȧ ȝȘȖȔȈȚȖȋȘȈȜȐȧ (ǪȅǮǽ), ȚȖȓțȖȓ, 
1 Ȕȓ/ȔȐȕ: t

r
 — 3,63 ȔȐȕ (ȚȘȈȕș-ȐȏȖȔȍȘ) Ȑ 3,88 ȔȐȕ 

(ȞȐș-ȐȏȖȔȍȘ). ǹȗȍȒȚȘ ȇǴǸ 1ǵ (CDCl
3
, į, Ȕ.Ȍ., J, ǫȞ): 

8,00 (2ǵ, ș, NH), 7,66 (2H, ș, Ar), 6,47 (ǵ, ș, CHAr-

ȚȘȈȕș), 5,79 (ǵ, ș, CHAr-ȞȐș), 5,23 (ǵ, ș, CHCOO-

ȚȘȈȕș), 5,03 (ǵ, ș, CHǹOO-ȞȐș), 4,54–4,49 (2ǵ, Ȕ, 

CH
2
-ȚȘȈȕș), 4,39–4,34 (2ǵ, Ȕ, CH

2
-ȞȐș), 1,41 (18ǵ, ș, 

t-Bu), 1,33–1,30 (3ǵ, Ț, J = 7,2, CH
2
CH

3
). ǴȈșș-șȗȍȒȚȘ 

ȊȣșȖȒȖȋȖ ȘȈȏȘȍȠȍȕȐȧ (nanoESI): MH+, ȕȈȑȌȍȕȖ m/z 
1040,2218, ȘȈșșȟȐȚȈȕȖ 1040,2220 Ȍȓȧ C

79
H

30
NO

3
.

3. CȐȕȚȍȏ N-ȈȞȍȚȐȓ-5-(4-ȋȐȌȘȖȒșȐ-3,5-ȌȐ-
ȚȘȍȚ-ȉțȚȐȕȐȓȜȍȕȐȓ)-3,4-ȜțȓȓȍȘȖȗȘȖȓȐȕȈ 
(ȖȉȘȈȏȍȞ 1). ǲ ȘȈșȚȊȖȘț 72 Ȕȋ ȥȚȐȓȖȊȖȋȖ ȥȜȐ-
ȘȈ 5-(4-ȋȐȌȘȖȒșȐ-3,5-ȌȐ-ȚȘȍȚ-ȉțȚȐȕȐȓȜȍȕȐȓ)-3,4-

ȜțȓȓȍȘȖȗȘȖȓȐȕȈ Ȋ 30 Ȕȓ ȚȖȓțȖȓȈ ȌȖȉȈȊȓȧȓȐ 50 ȔȒȓ
(0,7 ȔȔȖȓȤ) ȈȞȍȚȐȓȝȓȖȘȐȌȈ Ȑ 98 ȔȒȓ (0,7 ȔȔȖȓȤ) 
ȚȘȐȥȚȐȓȈȔȐȕȈ. ǹȔȍșȤ ȒȐȗȧȚȐȓȐ 1 ȟ ș ȖȉȘȈȚȕȣȔ ȝȖ-
ȓȖȌȐȓȤȕȐȒȖȔ Ȑ ȝȓȖȘȒȈȓȤȞȐȍȊȖȑ ȚȘțȉȒȖȑ. ǷȘȖȚȍȒȈ-
ȕȐȍ ȘȍȈȒȞȐȐ ȒȖȕȚȘȖȓȐȘȖȊȈȓȐ ș ȗȖȔȖȡȤȦ Ǻǹǽ (ȚȖ-
ȓțȖȓ–ȥȚȐȓȈȞȍȚȈȚ, 5:1). ǰȏȖȔȍȘȣ ȥȚȐȓȖȊȖȋȖ ȥȜȐȘȈ 
N-ȈȞȍȚȐȓ-5-(4-ȋȐȌȘȖȒșȐ-3,5-ȌȐ-ȚȘȍȚ-ȉțȚȐȕȐȓȜȍȕȐȓ)-
3,4-ȜțȓȓȍȘȖȗȘȖȓȐȕȈ ȊȣȌȍȓȧȓȐ ȔȍȚȖȌȖȔ ȜȓȍȠ-

ȝȘȖȔȈȚȖȋȘȈȜȐȐ ș ȐșȗȖȓȤȏȖȊȈȕȐȍȔ Ȋ ȒȈȟȍșȚȊȍ ȥȓȦ-

ȍȕȚȈ șȔȍșȐ ȚȖȓțȖȓȈ Ȑ ȥȚȐȓȈȞȍȚȈȚȈ Ȋ șȖȖȚȕȖȠȍȕȐȐ 
5:1. ǪȣȝȖȌ — 71 Ȕȋ (95%). ǪȅǮǽ, ȚȖȓțȖȓ, 1 Ȕȓ/ȔȐȕ:
t
r
 — 4,88 ȔȐȕ (ȚȘȈȕș-ȐȏȖȔȍȘ) Ȑ 5,49 ȔȐȕ (ȞȐș-ȐȏȖȔȍȘ). 
ǹȗȍȒȚȘ ȇǴǸ 1ǵ (CDCl

3
, į, Ȕ.Ȍ., J, ǫȞ): 8,04 (2H, ș, Ar), 

7,58 (1H, c, OH), 6,82 (H, ș, CHAr-ȚȘȈȕș), 6,71 (H, 

ș, CHAr-ȞȐș), 6,46 (H, ș, CHCOO-ȚȘȈȕș), 5,30 (H, ș, 
CHCOO-ȞȐș), 4,51–4,45 (2H, Ȕ, CH

2
-ȚȘȈȕș), 4,42–4,38 
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(2H, Ȕ, CH
2
-ȞȐș), 2,30 (3H, ș, COCH

3
-ȚȘȈȕș), 2,20 (3H, ș, 

COCH
3
-ȞȐș), 1,46 (18H, ș, t-Bu-ȞȐș), 1,40 (18H, ș, t-Bu-

ȚȘȈȕș), 1,29–1,26 (3H, Ț, J = 7,2, CH
2
CH

3
). ǹȗȍȒȚȘ ȇǴǸ 

13ǹ (CDCl
3, 
į, Ȕ.Ȍ.): 172,01 (COCH

3
), 169,59 (COO), 

154,58, 154,07, 153,89, 147,61, 146,53, 146,45, 

146,37, 146,30, 146,20, 146,11, 145,98, 145,78, 

145,71, 145,66, 145,51, 145,40, 145,32, 145,30, 

145,25, 145,18, 145,09, 144,62, 144,55, 144,52, 

144,49, 144,43, 142,73, 142,65, 142,27, 142,22, 

142,16, 142,13, 142,09, 141,96, 141,76, 141,71, 

141,63, 141,38, 140,37, 140,28, 140,12, 139,56, 

138,98, 139,89, 136,96 (sp2-C C
60

), 130,28 (n-Ar), 

129,06 (Ȕ-Ar), 128,25 (1-Ar), 125 (Ȗ-Ar), 82,84 (CMe
3
), 

75,82 (CHAr), 75,34 (CHCOO), 73,42 (sp3-C C
60

), 73,00 

(sp3-C C
60

), 61,96 (CH
2
), 30,45 (t-Bu), 24,05 (COCH

3
), 

12,24 (ǹH
2
CH

3
). ǴȈșș-șȗȍȒȚȘ ȊȣșȖȒȖȋȖ ȘȈȏȘȍȠȍȕȐȧ 

(nanoESI): MH+, ȕȈȑȌȍȕȖ m/z 1082,2406, ȘȈșșȟȐȚȈȕȖ 
1082,2325 Ȍȓȧ C

81
H

31
NO

4
.

4. ǹȐȕȚȍȏ ȝȓȖȘȔȍȚȐȓȚȘȐȔȍȚȐȓșȐȓȈȕȈ. Ǫ ȌȊț-
ȋȖȘȓȖȑ ȒȖȓȉȍ ȍȔȒȖșȚȤȦ 250 Ȕȓ ȋȖȚȖȊȐȓȐ 100 Ȕȓ ȘȈș-
ȚȊȖȘȈ ȔȍȚȐȓȔȈȋȕȐȑȐȖȌȐȌȈ Ȑȏ 2 ȋ ȔȈȋȕȐȧ Ȑ 5,3 Ȕȓ 
ȔȍȚȐȓȐȖȌȐȌȈ Ȋ ȌȐȥȚȐȓȖȊȖȔ ȥȜȐȘȍ. ǲ ȗȖȓțȟȍȕȕȖȔț 
ȘȍȈȒȚȐȊț ǫȘȐȕȤȧȘȈ ȌȖȉȈȊȓȧȓȐ ȗȖ ȒȈȗȓȧȔ 13 Ȕȓ ȝȓȖȘ-
ȔȍȚȐȓȌȐȔȍȚȐȓȝȓȖȘșȐȓȈȕȈ. ǷȖȓțȟȍȕȕțȦ șȔȍșȤ ȒȐȗȧȚȐ-
ȓȐ 8 ȟ, ȏȈȚȍȔ ȘȈșȚȊȖȘ ȜȐȓȤȚȘȖȊȈȓȐ, ȥȜȐȘ țȗȈȘȐȊȈȓȐ, 
Ȉ ȖșȚȈȚȖȒ ȗȍȘȍȋȖȕȧȓȐ ȗȘȐ ȈȚȔȖșȜȍȘȕȖȔ ȌȈȊȓȍȕȐȐ. 
ǺȒȐȗ = 98 °ǹ. ǪȣȝȖȌ — 5,1 Ȕȓ (50%). ǹȗȍȒȚȘ ȇǴǸ 1ǵ 

(CDCl
3
, į, Ȕ.Ȍ.): 2,77 (2H, c, CH

2
Cl), 0,13 (9H, c, CH

3
). 

ǹȗȍȒȚȘ ǰǲ (ǵǷǪǶ, Ȟ, șȔ-1): 2960, 2928, 2901, 2869, 

1395, 1250, 1176, 1119, 841, 758, 698, 640.

5. ǹȐȕȚȍȏ ȚȘȐȔȍȚȐȓșȐȓȐȓȔȍȚȐȓȈȔȐȕȈ. ǹȔȍșȤ 
5,1 Ȕȓ (0,042 ȔȖȓȤ) ȝȓȖȘȔȍȚȐȓȚȘȐȔȍȚȐȓșȐȓȈȕȈ Ȋ 
10 Ȕȓ ȌȐȔȍȚȐȓȜȖȘȔȈȔȐȌȈ Ȑ 3,5 ȋ (0,054 ȔȖȓȤ) ȈȏȐȌȈ 
ȕȈȚȘȐȧ ȗȍȘȍȔȍȠȐȊȈȓȐ ȗȘȐ 60 °ǹ Ȋ ȚȍȟȍȕȐȍ 8 ȟ. ǯȈȚȍȔ 

Ȓ șȔȍșȐ ȌȖȉȈȊȓȧȓȐ 14 ȋ (0,054 ȔȖȓȤ) ȚȘȐȜȍȕȐȓȜȖșȜȐ-
ȕȈ Ȑ 2 Ȕȓ ȊȖȌȣ, ȗȖșȓȍ ȟȍȋȖ ȍȍ ȗȖȌȊȍȘȋȈȓȐ ȗȍȘȍȋȖȕȒȍ. 
TȒȐȗ = 92°ǹ. ǪȣȝȖȌ — 2,8 Ȕȓ (50%). ǹȗȍȒȚȘ ȇǴǸ 1ǵ 

(CDCl
3
, į, Ȕ.Ȍ.): 2,09 (2H, c, CH

2
N), 1,42 (2H, țȠ.ș, 

NH
2
), –0,04 (9ǵ, ș, ǹǵ

3
). ǹȗȍȒȚȘ ǰǲ (ǵǷǪǶ, Ȟ, șȔ-1): 

2973, 1460, 1066, 907, 859, 841, 659. 

6. ǹȐȕȚȍȏ (N-ȉȍȕȏȐȓȐȌȍȕ)ȚȘȐȔȍȚȐȓșȐȓȐȓȔȍ-
ȚȐȓȈȔȐȕȈ. ǹȔȍșȤ 0,5 Ȕȓ ȚȘȐȔȍȚȐȓșȐȓȐȓȔȍȚȐȓȈȔȐȕȈ 
Ȑ 0,38 Ȕȓ ȉȍȕȏȈȓȤȌȍȋȐȌȈ Ȋ 10 Ȕȓ ȝȓȖȘȐșȚȖȋȖ ȔȍȚȐ-
ȓȍȕȈ ȗȍȘȍȔȍȠȐȊȈȓȐ Ȋ ȗȘȐșțȚșȚȊȐȐ 0,8 ȋ ȉȍȏȊȖȌȕȖȋȖ 
șțȓȤȜȈȚȈ ȔȈȋȕȐȧ Ȋ ȚȍȟȍȕȐȍ șțȚȖȒ. ǷȖȓțȟȍȕȕțȦ șț-
șȗȍȕȏȐȦ ȜȐȓȤȚȘȖȊȈȓȐ, Ȉ ȜȐȓȤȚȘȈȚ țȗȈȘȐȊȈȓȐ ȌȖșț-
ȝȈ. ǪȣȝȖȌ — 0,78 Ȕȓ (95%). ǹȗȍȒȚȘ ȇǴǸ 1ǵ (CDCl

3
, 

į, Ȕ.Ȍ., J, ǫȞ): 8,15 (1ǵ, țȠ.ș, HC = N), 7,70 (2H, ȌȌ, 
J

1
 = 1,83, J

2 
= 7,52, Ar-ȖȘȚȖ), 7,39 (3ǵ, Ȕ, Ar), 3,43 

(2H, Ȍ, J
HH

 = 1,10, ǹǵ
2
), 0,09 (9ǵ, ș, ǹǵ

3
). ǹȗȍȒȚȘ ȇǴǸ 

13ǹ (CDCl
3
, į, Ȕ.Ȍ.): 158,08 (ǹ = N), 136,97 (Ar-1), 

129,78 (Ar-ȗȈȘȈ), 128,52 (Ar-ȖȘȚȖ), 127,49 (Ar-ȔȍȚȈ), 
54,63 (ǹǵ

2
), –2,61 (CH

3
). ǹȗȍȒȚȘ ǰǲ (ǵǷǪǶ, Ȟ, șȔ-1):

3062, 3026, 2955, 2896, 2834, 2788, 1633, 1450, 

1416, 1247, 838, 748, 692. ǴȈșș-șȗȍȒȚȘ ȊȣșȖȒȖȋȖ ȘȈȏ-

ȘȍȠȍȕȐȧ (nanoESI): MH+, ȕȈȑȌȍȕȖ m/z 192,1194, ȘȈș-
șȟȐȚȈȕȖ 192,1203 Ȍȓȧ C

11
H

18
NSi.

7. ǹȐȕȚȍȏ 2-ȜȍȕȐȓȜțȓȓȍȘȖȗȐȘȘȖȓȐȌȐȕȈ. 

ǸȈșȚȊȖȘ 100 Ȕȋ (0,14 ȔȔȖȓȤ) ȜțȓȓȍȘȍȕȈ ǹ
60

, 35 Ȕȋ 
(0,18 ȔȔȖȓȤ) (N-ȉȍȕȏȐȓȐȌȍȕ)ȚȘȐȔȍȚȐȓșȐȓȐȓȔȍȚȐȓȈ-
ȔȐȕȈ Ȑ 20 ȔȒȓ (0,14 ȔȔȖȓȤ) ȚȘȐȔȍȚȐȓȝȓȖȘșȐȓȈȕȈ ȒȐȗȧ-
ȚȐȓȐ Ȋ 120 Ȕȓ ȚȖȓțȖȓȈ Ȋ ȚȍȟȍȕȐȍ 2 ȟ. ǷȘȖȌțȒȚ ȊȣȌȍȓȧ-
ȓȐ ȗȘȐ ȗȖȔȖȡȐ ȒȖȓȖȕȖȟȕȖȑ ȝȘȖȔȈȚȖȋȘȈȜȐȐ (ȥȓȦȍȕȚ — 

ȚȖȓțȖȓ, Ȉ ȏȈȚȍȔ ȚȖȓțȖȓ–ȥȚȐȓȈȞȍȚȈȚ Ȋ șȖȖȚȕȖȠȍȕȐȐ 
5:1). ǪȣȝȖȌ — 79 Ȕȋ (68%). ǹȗȍȒȚȘ ȇǴǸ 1ǵ (CS

2
-CDCl

3 

1:1, į, Ȕ.Ȍ., J, ǫȞ): 7,86 (2ǵ, Ȕ, Ar), 7,44 (3ǵ, Ȕ, Ar), 

5,90 (1ǵ, ș, ǹǵ-2), 5,18 (1ǵ, Ȍ, J
HH 

= 10,88, CH-5-ȞȐș), 
4,96 (1ǵ, Ȍ, J

HH 
= 10,88, CH-5-ȚȘȈȕș). ǹȗȍȒȚȘ ȇǴǸ 

13ǹ (CS
2
-CDCl

3 
1:1, į, Ȕ.Ȍ.): 155,68, 155,31, 154,32, 

149,12, 148,88, 147,77, 147,52, 147,20, 146,26, 

146,13, 145,94, 145,70, 145,57, 145,35, 145,28, 

144,93, 144,81, 144,59, 144,44, 144,36, 144,08, 

143,14, 142,64, 142,42, 142,22, 142,10, 142,00, 

141,73, 140,18 (C
sp2

 șȜȍȘȣ ǹ
60

), 136,74 (Ar-1), 129,62 

(Ar-ȗȈȘȈ), 128,84 (Ar-ȖȘȚȖ), 128,20 (Ar-ȔȍȚȈ), 79,93 

(C
sp2

-3 șȜȍȘȣ ǹ
60

), 75,75 (C
sp2

-4 șȜȍȘȣ ǹ
60

), 73,69 (ǹ-

2), 60,96 (ǹ-5). ǹȗȍȒȚȘ ǰǲ (KBr, Ȟ, șȔ-1): 2954, 2921, 

2852, 1456, 1427, 1302, 1263, 1184, 1094, 1073, 

1030, 761, 731, 697, 527. ǴȈșș-șȗȍȒȚȘ ȊȣșȖȒȖȋȖ ȘȈȏ-
ȘȍȠȍȕȐȧ (nanoESI): MH+, ȕȈȑȌȍȕȖ m/z 840,0808, ȘȈș-
șȟȐȚȈȕȖ 840,0808 Ȍȓȧ C

68
H

10
N. 

8. ǹȐȕȚȍȏ N-[5-(3-ȌȐȚȐȖȓȈȕȐȓ-1,2)ȗȍȕ-
ȚȈȕȖȐȓ]-2-ȜȍȕȐȓȜțȓȓȍȘȖȗȐȘȘȖȓȐȌȐȕȈ (Ȗȉ-
ȘȈȏȍȞ 2). ǲ ȖȝȓȈȎȌȍȕȕȖȔț ȌȖ 0°ǹ ȘȈșȚȊȖȘț 37 Ȕȋ 
(0,18 ȔȔȖȓȤ) ȓȐȗȖȍȊȖȑ ȒȐșȓȖȚȣ Ȋ 2 Ȕȓ ȥȚȐȓȈȞȍȚȈȚȈ 
ȗȘȐ ȗȍȘȍȔȍȠȐȊȈȕȐȐ ȌȖȉȈȊȐȓȐ 37 Ȕȋ ȌȐȞȐȒȓȖȋȍȒșȐȓ-
ȒȈȘȉȖȌȐȐȔȐȌȈ. ǷȖȓțȟȍȕȕțȦ șțșȗȍȕȏȐȦ ȗȖȔȍșȚȐȓȐ Ȋ 
ȘȈșȚȊȖȘ 79 Ȕȋ (0,1 ȔȔȖȓȤ) 2-ȜȍȕȐȓȜțȓȓȍȘȖȗȐȘȘȖȓȐ-
ȌȐȕȈ Ȋ 50 Ȕȓ ȚȖȓțȖȓȈ Ȑ ȒȐȗȧȚȐȓȐ ȗȖȓțȟȍȕȕțȦ șȔȍșȤ 
Ȋ ȚȍȟȍȕȐȍ 2 ȟ Ȋ ȈȚȔȖșȜȍȘȍ ȈȘȋȖȕȈ. ǷȘȖȌțȒȚ ȊȣȌȍ-
ȓȧȓȐ ȗȘȐ ȗȖȔȖȡȐ ȒȖȓȖȕȖȟȕȖȑ ȝȘȖȔȈȚȖȋȘȈȜȐȐ (ȥȓȦ-

ȍȕȚ — ȚȖȓțȖȓ–ȥȚȐȓȈȞȍȚȈȚ Ȋ șȖȖȚȕȖȠȍȕȐȐ 5:1). Ǫȣ-

ȝȖȌ — 140 Ȕȋ (98%). ǹȗȍȒȚȘ ȇǴǸ 1ǵ (CDCl
3
, į, Ȕ.Ȍ., 

J, ǫȞ): 7,82 (2H, Ȍ, J
HH

 = 7,52, Ar-ȖȘȚȖ), 7,54 (2ǵ, Ț, 
J

HH
 = 7,70, Ar-ȔȍȚȈ), 7,43 (1ǵ, Ț, J

HH
 = 7,34, Ar-ȗȈȘȈ), 

6,13 (2H, țȠ.ș, ǹǵ
2
), 5,64 (1H, țȠ.ș, ǹǵ), 3,60 (1H, 

Ȕ, ǹǵS), 3,19 (2ǵ, Ȕ, CH
2
S), 2,82 (2H, Ȕ, ǹǵ

2
ǹǶ), 

2,48 (2ǵ, Ȕ, CH
2
CH

2
S), 1,94 (2H, Ȕ, CH

2
), 1,76 (4H, Ȕ, 

CH
2
), 1,59 (2H, Ȕ, CH

2
). ǴȈșș-șȗȍȒȚȘ ǴǨǳǬǰ (ǬǾǺǩ): 

m/z 1027 (M-). ǴȈșș-șȗȍȒȚȘ ȊȣșȖȒȖȋȖ ȘȈȏȘȍȠȍȕȐȧ 
(nanoESI): MHO

2

+, ȕȈȑȌȍȕȖ m/z 1060,1014, ȘȈșșȟȐȚȈ-
ȕȖ 1060,1036 Ȍȓȧ C

76
H

32
NO

3
S

2
.

9. ǹȐȕȚȍȏ ȚȘȐȔȍȚȐȓșȐȓȐȓȖȊȖȋȖ ȥȜȐȘȈ șȈȘ-
ȒȖȏȐȕȈ. Ǫ ȒȖȓȉț ȍȔȒȖșȚȤȦ 100 Ȕȓ, șȕȈȉȎȍȕȕțȦ Ȗȉ-
ȘȈȚȕȣȔ ȝȖȓȖȌȐȓȤȕȐȒȖȔ ș ȝȓȖȘȒȈȓȤȞȐȍȊȖȑ ȚȘțȉȒȖȑ Ȑ 
ȔȈȋȕȐȚȕȖȑ ȔȍȠȈȓȒȖȑ, ȌȖȉȈȊȓȧȓȐ 2 ȋ (23 ȔȔȖȓȤ) șȈȘ-
ȒȖȏȐȕȈ, 30 Ȕȓ ȋȍȒșȈȔȍȚȐȓȌȐșȐȓȈȏȈȕȈ Ȑ 0,5 Ȕȓ ȚȘȐ-
ȔȍȚȐȓȝȓȖȘșȐȓȈȕȈ. ǸȍȈȒȞȐȖȕȕțȦ șȔȍșȤ ȒȐȗȧȚȐȓȐ Ȋ 
ȚȍȟȍȕȐȍ 1–1,5 ȟ. ǷȖșȓȍ ȥȚȖȋȖ ȐȏȉȣȚȖȒ ȋȍȒșȈȔȍȚȐȓȌȐ-
șȐȓȈȏȈȕȈ țȗȈȘȐȊȈȓȐ, Ȉ ȖșȚȈȚȖȒ ȗȍȘȍȋȖȕȧȓȐ Ȋ ȊȈȒțțȔȍ 
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ǹȐȕȚȍȏ Ȑ ȈȕȚȐȖȒșȐȌȈȕȚȕȣȍ șȊȖȑșȚȊȈ ȕȍȒȖȚȖȘȣȝ ȗȘȖȐȏȊȖȌȕȣȝ ȜțȓȓȍȘȍȕȈ ǹ
60

(ǺȒȐȗ = 48°ǹ ȗȘȐ 10 ȔȔ ȘȚ.șȚ.). ǪȣȝȖȌ — 3 Ȕȓ (80%). 

ǹȗȍȒȚȘ ǰǲ, Ȟ, șȔ-1: 2957 (N-CH
3
), 2889, 2799, 1724, 

1361, 1252, 1197, 1181, 1033, 926, 916, 837, 761, 

735, 705, 686, 620.

10. ǹȐȕȚȍȏ ȥȚȐȓȖȊȖȋȖ ȥȜȐȘȈ N-ȔȍȚȐȓ-
ȜțȓȓȍȘȖȗȘȖȓȐȕȈ (ȖȉȘȈȏȍȞ 3). ǲ ȘȈșȚȊȖȘț 100 Ȕȋ 
(0,14 ȔȔȖȓȤ) ȜțȓȓȍȘȍȕȈ ǹ

60
 Ȋ 125 Ȕȓ ȚȖȓțȖȓȈ ȌȖȉȈȊ-

ȓȧȓȐ 37 ȔȒȓ (0,18 ȔȔȖȓȤ) 50% ȘȈșȚȊȖȘȈ ȥȚȐȓȖȊȖȋȖ 
ȥȜȐȘȈ ȋȓȐȖȒșȐȓȖȊȖȑ ȒȐșȓȖȚȣ Ȑ 32 ȔȒȓ (0,18 ȔȔȖȓȤ) 
ȚȘȐȔȍȚȐȓșȐȓȐȓȖȊȖȋȖ ȥȜȐȘȈ șȈȘȒȖȏȐȕȈ. ǹȔȍșȤ ȒȐȗȧ-
ȚȐȓȐ 2 ȟ, ȗȘȖȌțȒȚ ȊȣȌȍȓȧȓȐ ȗȘȐ ȗȖȔȖȡȐ ȒȖȓȖȕȖȟ-
ȕȖȑ ȝȘȖȔȈȚȖȋȘȈȜȐȐ (ȥȓȦȍȕȚ — ȚȖȓțȖȓ, Ȉ ȏȈȚȍȔ ȚȖȓț-
Ȗȓ–ȥȚȐȓȈȞȍȚȈȚ, 5:1). ǪȣȝȖȌ — 100 Ȕȋ (85%). ǹȗȍȒȚȘ 
ȇǴǸ 1ǵ (CDCl

3
, į, Ȕ.Ȍ., J, ǫȞ): 4,99 (1ǵ, Ȍ, Jǵǵ = 9,41, 

ǵǹǵ), 4,82 (1ǵ, ș, ǹǵǹǶǶ), 4,44 (1ǵ, Ȍ.ȒȊ, J
1
 = 7,09, 

J
2
 = 10,76, ǵǹǵǶ), 4,35 (1ǵ, Ȍ.ȒȊ, J

1
 = 7,09, J

2
 = 10,76, 

ǵǹǵǶ), 4,28 (1ǵ, Ȍ, Jǵǵ = 9,41, ǵǹǵ), 3,04 (3ǵ, ș, 
ǹǵ

3
N), 1,27 (3ǵ, Ț, Jǵǵ = 7,09, ǹǵ

3
ǹǵ

2
). ǹȗȍȒȚȘ ȇǴǸ 13ǹ 

(CDCl
3, 
į, Ȕ.Ȍ.): 169,53 (COO), 154,88, 154,01, 153,06, 

151,13, 147,62, 147,52, 146,82, 146,63, 146,48, 

146,29, 146,03, 145,81, 145,75, 145,59, 145,51, 

144,91, 144,71, 144,61, 143,35, 142,88, 142,35, 

142,10, 142,35, 142,10, 141,98, 140,53, 140,47, 

139,95, 139,74, 138,03, 136,77, 136,26, 135,73 (C
sp2

 

șȜȍȘȣ ǹ
60

), 79,60 (CHN), 73,54 (ǹ
sp3

-3), 69,83 (ǹ
sp3

-4)

68,99 (CH
2
N), 61,99 (CH

2
O), 40,16 (CH

3
N), 14,54 

(CH
3
CH

2
). ǹȗȍȒȚȘ ǰǲ (KBr, Ȟ, șȔ-1): 2973, 2951, 2921, 

2845, 2780, 1731, 1462, 1429, 1182, 1093, 526. ǴȈșș-
șȗȍȒȚȘ ȊȣșȖȒȖȋȖ ȘȈȏȘȍȠȍȕȐȧ (nanoESI): MH+, ȕȈȑȌȍȕȖ 
m/z 850,0859, ȘȈșșȟȐȚȈȕȖ 850,0863 Ȍȓȧ C

66
H

12
NO

2
.

11. ǹȐȕȚȍȏ ȋȐȌȘȖȝȓȖȘȐȌȈ ȌȍȞȐȓȖȊȖȋȖ ȥȜȐȘȈ 
ȋȓȐȞȐȕȈ. ǲ șțșȗȍȕȏȐȐ 2 ȋ (27 ȔȔȖȓȤ) ȋȓȐȞȐȕȈ Ȋ 30 Ȕȓ 
ȈȉșȖȓȦȚȕȖȋȖ ȥȚȈȕȖȓȈ ȌȖȉȈȊȓȧȓȐ ȗȖ ȒȈȗȓȧȔ ȗȘȐ Ȑȕ-
ȚȍȕșȐȊȕȖȔ ȗȍȘȍȔȍȠȐȊȈȕȐȐ 2 Ȕȓ (27 ȔȔȖȓȤ) ȚȐȖȕȐȓ-
ȝȓȖȘȐȌȈ. ǷȘȐ ȥȚȖȔ ȗȘȖȐșȝȖȌȐȓȖ ȗȖȓȕȖȍ ȘȈșȚȊȖȘȍȕȐȍ 
ȈȔȐȕȖȒȐșȓȖȚȣ. ǸȈșȚȊȖȘ ȒȐȗȧȚȐȓȐ 2 ȟ, Ȉ ȏȈȚȍȔ ȘȈș-
ȚȊȖȘȐȚȍȓȤ țȗȈȘȐȊȈȓȐ Ȋ ȊȈȒțțȔȍ ȌȖșțȝȈ. ǶșȚȈȚȖȒ ȘȈș-
ȚȊȖȘȧȓȐ Ȋ ȝȓȖȘȐșȚȖȔ ȔȍȚȐȓȍȕȍ, ȜȐȓȤȚȘȖȊȈȓȐ Ȑ șȕȖȊȈ 
țȗȈȘȐȊȈȓȐ ȌȖșțȝȈ Ȋ ȊȈȒțțȔȍ. ǪȣȝȖȌ — 6,1 ȋ (91%). 

ǹȗȍȒȚȘ ȇǴǸ 1ǵ (CDCl
3
, į, Ȕ.Ȍ., J, ǫȞ): 8,57 (3ǵ, țȠ.ș, 

NH
3
), 4,17 (2H, Ț, J

HH
 = 6,79, ǹǵ

2
Ƕ), 3,99 (2ǵ, ș, CH

2
N), 

1,64 (2H, Ȕ, CH
2
), 1,33–1,27 (14ǵ, Ȕ, CH

2
), 0,89 (3H, 

Ț, J
HH

 = 7,15, CH
3
). ǹȗȍȒȚȘ ȇǴǸ 13ǹ (CDCl

3, 
į, Ȕ.Ȍ.): 

167,77 (ǹ = Ƕ), 66,63 (ǹǵ
2
Ƕ), 40,54 (ǹǵ

2
N), 31,89 

(ǹǵ
2
), 29,57 (ǹǵ

2
), 29,53 (ǹǵ

2
), 29,33 (ǹǵ

2
), 29,28 

(ǹǵ
2
), 28,35 (ǹǵ

2
), 25,79 (ǹǵ

2
), 22,68 (ǹǵ

2
), 14,10 

(ǹǵ
3
). ǹȗȍȒȚȘ ǰǲ (ǵǷǪǶ, Ȟ, șȔ-1): 2962, 2916, 2893, 

2849, 1738, 1569, 1493, 1474, 1434, 1415, 1233, 

1112, 1057, 959, 894, 720.

12. ǹȐȕȚȍȏ ȌȍȞȐȓȖȊȖȋȖ ȥȜȐȘȈ 3,4,6,7-ȉȐș-
ȜțȓȓȍȘȖ[60]ȗȐȘȘȖȓȐȏȐȌȐȕ-5-ȒȈȘȉȖȕȖȊȖȑ ȒȐș-
ȓȖȚȣ (ȖȉȘȈȏȍȞ 4). Ǫ ȘȈșȚȊȖȘ (0,17 ȔȔȖȓȤ) ȋȐȌȘȖȝ-
ȓȖȘȐȌȈ ȌȍȞȐȓȖȊȖȋȖ ȥȜȐȘȈ ȋȓȐȞȐȕȈ Ȋ 5 Ȕȓ ȝȓȖȘȐșȚȖȋȖ 
ȔȍȚȐȓȍȕȈ ȌȖȉȈȊȐȓȐ 23 ȔȒȓ (0,17 ȔȔȖȓȤ) ȚȘȐȥȚȐȓȈ-
ȔȐȕȈ, ȏȈȚȍȔ ȗȘȐȓȐȓȐ 15 Ȕȓ ȚȖȓțȖȓȈ Ȑ șȔȍșȤ țȗȈȘȐȓȐ 

Ȋ ȊȈȒțțȔȍ ȌȖ ȗȖȓȖȊȐȕȣ ȖȉȢȍȔȈ. ǷȖȓțȟȍȕȕțȦ șȔȍșȤ 
ȗȘȐȉȈȊȐȓȐ Ȓ ȘȈșȚȊȖȘț 100 Ȕȋ (0,14 ȔȔȖȓȤ) ȜțȓȓȍȘȍȕȈ 
ǹ

60
 Ȋ 120 Ȕȓ ȚȖȓțȖȓȈ, ȌȖȉȈȊȐȓȐ 10 Ȕȋ (0,34 ȔȔȖȓȤ) ȗȈ-

ȘȈȜȖȘȔȈȓȤȌȍȋȐȌȈ, 18 Ȕȋ (0,17 ȔȔȖȓȤ) ȗȍȘȝȓȖȘȈȚȈ ȓȐ-
ȚȐȧ Ȑ 23 ȔȒȓ (0,17 ȔȔȖȓȤ) ȚȘȐȥȚȐȓȈȔȐȕȈ Ȑ ȒȐȗȧȚȐȓȐ 
3 ȟ. ǾȍȓȍȊȖȍ șȖȍȌȐȕȍȕȐȍ ȊȣȌȍȓȧȓȐ ȔȍȚȖȌȖȔ ȒȖȓȖȕȖȟ-
ȕȖȑ ȝȘȖȔȈȚȖȋȘȈȜȐȐ (ȥȓȦȍȕȚ — ȚȖȓțȖȓ–ȋȍȒșȈȕ, 2:1, Ȉ 
ȏȈȚȍȔ ȚȖȓțȖȓ). ǪȣȝȖȌ — 68 Ȕȋ (58%). ǹȗȍȒȚȘ ȇǴǸ 1ǵ 

(1,2-Ǭǽǩ-d
4
, į, Ȕ.Ȍ., J, ǫȞ): 5,96 (2H, Ȍ, J

HH
 = 11,93, 

CH
2
N), 5,93 (2H, Ȍ, J

HH
 = 11,93, CH

2
N), 4,39 (2H, Ț, 

J
HH

 = 6,29, CH
2
O), 1,61 (2ǵ, Ȕ, CH

2
), 1,53–1,36 (14ǵ, 

Ȕ, CH
2
), 1,10 (3ǵ, Ț, J

HH
 = 6,93, CH

3
). ǹȗȍȒȚȘ ȇǴǸ 13ǹ 

(CDCl
3, 
į, Ȕ.Ȍ.): 170,28 (ǹ = Ƕ), 154,91, 153,38, 149,71, 

149,47, 149,26, 148,81, 148,61, 148,52, 148,35, 

147,55, 147,38, 147,33, 147,26, 146,79, 146,71, 

146,63, 146,50, 146,06, 145,99, 145,93, 145,42, 

145,23, 145,19, 145,14, 144,94, 144,87, 144,80, 

144,64, 144,53, 144,44, 144,36, 144,23, 144,19, 

143,87, 143,80, 143,32, 143,16, 142,93, 142,82, 

142,70, 142,64, 141,79, 141,64, 141,51, 139,01, 

138,11, 137,70, 137,56 (C
sp2

 șȜȍȘȣ ǹ
60

), 109,65 (ǹ
sp3 

șȜȍȘȣ ǹ
60

), 84,44 (ǹ-N) 72,21 (CH
2
N), 69,79 (ǹ

sp3 
șȜȍ-

Șȣ ǹ
60

), 66,48 (CH
2
O), 32,54 (ǹǵ

2
), 30,21 (ǹǵ

2
), 30,13 

(ǹǵ
2
), 30,05 (ǹǵ

2
), 29,85 (ǹǵ

2
), 29,23 (ǹǵ

2
), 26,96 

(ǹǵ
2
), 23,38 (ǹǵ

2
), 14,75 (ǹǵ

3
). ǹȗȍȒȚȘ ǰǲ (KBr, Ȟ, șȔ-1):

2922, 2851, 1741, 1462, 1429, 1382, 1298, 1260, 

1191, 1126, 1071, 526. ǴȈșș-șȗȍȒȚȘ ǴǨǳǬǰ (ǬǾǺǩ): 

m/z 1680 (M-), 720 (ȜȘ. C
60

-).

13. ǶȗȘȍȌȍȓȍȕȐȍ ȗȍȘȍȒȐșȕȖȋȖ ȟȐșȓȈ Xn ȔȍȚȖ-
ȌȖȔ ȚȐȚȘȖȊȈȕȐȧ. Ǫ ȗȘȖȉȐȘȒț ȕȈȓȐȊȈȓȐ 5 Ȕȓ ȖȓȍȐ-
ȕȖȊȖȑ ȒȐșȓȖȚȣ Ȑ ȘȈșȚȊȖȘȧȓȐ 5 ȔȒȔȖȓȤ ȈȕȈȓȐȏȐȘțȍ-
ȔȖȋȖ șȖȍȌȐȕȍȕȐȧ. ǯȈȚȍȔ Ȋ ȒȖȓȉț ȗȖȔȍȡȈȓȐ ȈȓȐȒȊȖȚț 
0,5 Ȕȓ ȗȖȓțȟȍȕȕȖȋȖ ȘȈșȚȊȖȘȈ, 6 Ȕȓ CHCl

3
, 9 Ȕȓ ȓȍȌȧ-

ȕȖȑ țȒșțșȕȖȑ ȒȐșȓȖȚȣ Ȑ 0,5 Ȕȓ șȊȍȎȍȗȘȐȋȖȚȖȊȓȍȕȕȖȋȖ 
ȕȈ ȝȖȓȖȌȍ ȕȈșȣȡȍȕȕȖȋȖ ȘȈșȚȊȖȘȈ KI Ȑ ȊșȚȘȧȝȐȊȈȓȐ 
Ȋ ȚȍȟȍȕȐȍ 2 ȔȐȕ, ȗȖșȓȍ ȟȍȋȖ ȌȖȉȈȊȓȧȓȐ 50 Ȕȓ ȌȐș-
ȚȐȓȓȐȘȖȊȈȕȕȖȑ ȊȖȌȣ Ȑ 0,5 Ȕȓ 1% ȘȈșȚȊȖȘȈ ȒȘȈȝȔȈȓȈ 
Ȑ ȕȍȔȍȌȓȍȕȕȖ ȚȐȚȘȖȊȈȓȐ 0,01 Ǵ ȘȈșȚȊȖȘȖȔ Na

2
S

2
O

3
. 

ǰȖȌ, ȊȣȌȍȓȐȊȠȐȑșȧ Ȋ ȥȒȊȐȊȈȓȍȕȚȕȖȔ ȋȐȌȘȖȗȍȘȖȒșȐ-
Ȍț (LOOH) ȒȖȓȐȟȍșȚȊȍ, ȚȐȚȘȖȊȈȓȐ șȚȈȕȌȈȘȚȕȣȔ ȘȈș-
ȚȊȖȘȖȔ ȚȐȖșțȓȤȜȈȚȈ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș țȘȈȊȕȍȕȐȍȔ:

LOOH + 2KI + 2H+ = I
2 
+ H

2
O + LOH + 2K+.

ǷȍȘȍȒȐșȕȖȍ ȟȐșȓȖ (ȔȈșșȈ ȋȐȌȘȖȗȍȘȍȒȐșȍȑ Ȑ ȗȍȘȖȒ-
șȐȌȖȊ) X, ½Ƕ ȔȔȖȓȤ/Ȓȋ, ȊȣȟȐșȓȧȓȐ ȗȖ ȜȖȘȔțȓȍ:

                                                         , ȋȌȍ

Y — șțȔȔȈȘȕȣȑ ȖȉȢȍȔ ȘȈșȚȊȖȘȈ ȚȐȖșțȓȤȜȈȚȈ ȕȈ-
ȚȘȐȧ, ȗȖȠȍȌȠȍȋȖ ȕȈ ȚȐȚȘȖȊȈȕȐȍ Ȋ ȘȈȉȖȟȍȔ ȖȗȣȚȍ, Ȕȓ;

Y1 — șțȔȔȈȘȕȣȑ ȖȉȢȍȔ ȘȈșȚȊȖȘȈ ȚȐȖșțȓȤȜȈȚȈ ȕȈ-
ȚȘȐȧ, ȗȖȠȍȌȠȍȋȖ ȕȈ ȚȐȚȘȖȊȈȕȐȍ Ȋ ȒȖȕȚȘȖȓȤȕȖȔ Ȗȗȣ-

Țȍ, Ȕȓ;
0,00127 — ȒȖȓȐȟȍșȚȊȖ ȐȖȌȈ, ȥȒȊȐȊȈȓȍȕȚȕȖȍ 1 șȔ3 

ȘȈșȚȊȖȘȈ ȚȐȖșțȓȤȜȈȚȈ ȕȈȚȘȐȧ ȔȖȓȧȘȕȖȑ ȒȖȕȞȍȕȚȘȈ-
ȞȐȐ ș (Na

2
S

2
O

3
×5H

2
O) = 0,01 ȔȖȓȤ/ȓ;
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78,7 — ȒȖȥȜȜȐȞȐȍȕȚ ȗȍȘȍȊȖȌȈ ȍȌȐȕȐȞȣ ȐȏȔȍȘȍ-
ȕȐȧ ȗȍȘȍȒȐșȕȖȋȖ ȟȐșȓȈ, ȊȣȘȈȎȍȕȕȖȑ Ȋ ȗȘȖȞȍȕȚȈȝ 
ȐȖȌȈ (Ȋ ȋȘȈȔȔȈȝ ȐȖȌȈ ȕȈ 100 ȋ ȎȐȘȈ) Ȋ ½Ƕ ȔȔȖȓȤ/Ȓȋ;

m — ȔȈșșȈ ȖȓȍȐȕȖȊȖȑ ȒȐșȓȖȚȣ, ȋ.
ǷȖșȓȍ ȚȐȚȘȖȊȈȕȐȧ ȗȘȖȉȐȘȒț ș ȘȈșȚȊȖȘȖȔ ȗȖȔȍȡȈ-

ȓȐ Ȋ ȚȍȘȔȖșȚȈȚ ȗȘȐ 50 °ǹ Ȑ ȉȈȘȉȖȚȐȘȖȊȈȓȐ ȊȖȏȌțȝ 
Ȋ ȚȍȟȍȕȐȐ 1 ȟ, ȗȖșȓȍ ȟȍȋȖ ȚȐȚȘȖȊȈȕȐȍ ȗȖȊȚȖȘȧȓȐ ȗȖ 
ȖȗȐșȈȕȕȖȑ ȊȣȠȍ ȔȍȚȖȌȐȒȍ. ǲȈȎȌȣȑ ȖȉȘȈȏȍȞ ȚȐȚȘȖȊȈ-
ȓȐ 5 ȘȈȏ ș ȐȕȚȍȘȊȈȓȖȔ Ȋ 1 ȟ.

ǸȍȏțȓȤȚȈȚȣ ȐșșȓȍȌȖȊȈȕȐȧ Ȑ Ȑȝ ȖȉșțȎȌȍȕȐȍ

ǵȈȔȐ ȉȣȓȐ ȐșȗȖȓȤȏȖȊȈȕȣ ȔȍȚȖȌȣ ȗȖȓțȟȍȕȐȧ ȗȘȖ-
ȐȏȊȖȌȕȣȝ ȜțȓȓȍȘȖȗȘȖȓȐȕȈ, ȗȘȍȌȓȖȎȍȕȕȣȍ Ȋ ȘȈȉȖȚȍ 
[7], ȔȖȌȐȜȐȒȈȞȐȧ ȔȍȚȖȌȈ ǷȘȈȚȖ, Ȉ ȚȈȒȎȍ ȌȊȈ ȗȘȐȕȞȐ-
ȗȐȈȓȤȕȖ ȕȖȊȣȝ ȗȖȌȝȖȌȈ Ȓ șȐȕȚȍȏț ȗȘȖȐȏȊȖȌȕȣȝ Ȝțȓ-
ȓȍȘȖȗȐȘȘȖȓȐȌȐȕȈ.
ǹȐȕȚȍȏ ȜțȓȓȍȘȍȕȖȊȣȝ ȗȘȖȐȏȊȖȌȕȣȝ. ȅȚȐ-

ȓȖȊȣȑ ȥȜȐȘ N-ȈȞȍȚȐȓ-5-(4-ȋȐȌȘȖȒșȐ-3,5-ȌȐ-ȚȘȍȚ-
ȉțȚȐȓȜȍȕȐȓ)ȜțȓȓȍȘȖȗȘȖȓȐȕȈ (ȖȉȘȈȏȍȞ 1) ȉȣȓ ȗȖȓț-
ȟȍȕ Ȋ ȚȘȐ șȚȈȌȐȐ (ȘȐș. 1).

ǵȈ 1-ȑ șȚȈȌȐȐ ȗȘȐ ȊȏȈȐȔȖȌȍȑșȚȊȐȐ 5-(4-ȋȐȌȘȖȒșȐ-
3,5-ȌȐ-ȚȘȍȚ-ȉțȚȐȓ)ȉȍȕȏȈȓȤȌȍȋȐȌȈ ș ȥȚȐȓȖȊȣȔ ȥȜȐȘȖȔ 

ȋȓȐȞȐȕȈ ȗȖȓțȟȈȓȐ ȐȔȐȕ, ȒȖȚȖȘȣȑ ȌȈȓȍȍ ȉȍȏ ȊȣȌȍȓȍ-
ȕȐȧ Ȑ ȌȖȗȖȓȕȐȚȍȓȤȕȖȑ ȖȟȐșȚȒȐ ȗȘȐȊȖȌȐȓȐ ȊȖ ȊȏȈȐȔȖ-
ȌȍȑșȚȊȐȍ ș ȜțȓȓȍȘȍȕȖȔ Ȋ ȗȘȐșțȚșȚȊȐȐ ȒȈȚȈȓȐȏȈȚȖȘȈ Ȑ 
ȖșȕȖȊȈȕȐȧ. ǷȖȓțȟȍȕȕȣȑ ȥȜȐȘ 5-ȏȈȔȍȡȍȕȕȖȋȖ Ȝțȓȓȍ-
ȘȖȗȘȖȓȐȕȈ ȈȞȐȓȐȘȖȊȈȓȐ ȈȞȍȚȐȓȝȓȖȘȐȌȖȔ ȗȘȐ ȒȐȗȧ-
ȟȍȕȐȐ Ȋ ȚȖȓțȖȓȍ ș ȖșȕȖȊȈȕȐȍȔ.

ǷȘȖȌțȒȚ ȊȣȌȍȓȧȓȐ ȗȘȐ ȗȖȔȖȡȐ ȒȖȓȖȕȖȟȕȖȑ ȝȘȖ-
ȔȈȚȖȋȘȈȜȐȐ. ǷȖ ȌȈȕȕȣȔ ǪȅǮǽ (ȒȖȓȖȕȒȈ Cosmosil 

Buckyprep 4 x 250 ȔȔ, ȥȓȦȍȕȚ — ȚȖȓțȖȓ), ȗȘȖȌțȒȚ 
ȗȘȍȌșȚȈȊȓȍȕ șȔȍșȤȦ ȞȐș- Ȑ ȚȘȈȕș-ȐȏȖȔȍȘȈ Ȋ șȖȖȚȕȖ-
ȠȍȕȐȐ 2:1. ǹȚȘȖȍȕȐȍ ȗȖȓțȟȍȕȕȣȝ șȖȍȌȐȕȍȕȐȑ ȉȣȓȖ 
ȗȖȌȚȊȍȘȎȌȍȕȖ ȔȍȚȖȌȈȔȐ 1ǵ, 13ǹ ȇǴǸ șȗȍȒȚȘȖșȒȖȗȐȐ, 

ǰǲ șȗȍȒȚȘȖșȒȖȗȐȐ Ȑ ȔȈșș-șȗȍȒȚȘȖȔȍȚȘȐȐ ȊȣșȖȒȖ-
ȋȖ ȘȈȏȘȍȠȍȕȐȧ ș ȐȖȕȐȏȈȞȐȍȑ ȕȈȕȖȥȓȍȒȚȘȖȘȈșȗȣ-

ȓȍȕȐȍȔ.

ǷȘȐȕȞȐȗȐȈȓȤȕȖ ȕȖȊȣȑ ȔȍȚȖȌ ȗȘȍȌȓȖȎȍȕ Ȍȓȧ șȐȕ-
ȚȍȏȈ ȜțȓȓȍȘȖȗȐȘȘȖȓȐȌȐȕȈ, ȖȉȘȈȏȍȞ 2 (ȘȐș. 2). Ǫ ȍȋȖ 
ȖșȕȖȊȍ ȓȍȎȐȚ 1,3-ȌȐȗȖȓȧȘȕȖȍ ȞȐȒȓȖȗȘȐșȖȍȌȐȕȍȕȐȍ Ȓ 
ȜțȓȓȍȘȍȕț ȈȏȖȔȍȚȐȕȐȓȐȌȈ, ȗȖȓțȟȍȕȕȖȋȖ ȌȍșȐȓȐȓȐ-
ȘȖȊȈȕȐȍȔ (N-ȉȍȕȏȐȓȐȌȍȕ)ȚȘȐȔȍȚȐȓșȐȓȐȓȔȍȚȐȓȈȔȐȕȈ. 

ǸȐș. 1. ǹȝȍȔȈ șȐȕȚȍȏȈ N-ȈȞȍȚȐȓ-5-(4-ȋȐȌȘȖȒșȐ-3,5-ȌȐ-ȚȘȍȚ-ȉțȚȐȓȜȍȕȐȓ)ȜțȓȓȍȘȖȗȘȖȓȐȕȈ

ǸȐș. 2. ǹȝȍȔȈ șȐȕȚȍȏȈ ȜțȓȓȍȘȖȗȐȘȘȖȓȐȌȐȕȈ

Ǫ.Ǩ.ǰȖțȚșȐ Ȑ ȌȘ. / ǪȍșȚȕȐȒ ǸǫǴǻ, 2012, ȹ5, ș. 76–82



81

ǹȐȕȚȍȏ Ȑ ȈȕȚȐȖȒșȐȌȈȕȚȕȣȍ șȊȖȑșȚȊȈ ȕȍȒȖȚȖȘȣȝ ȗȘȖȐȏȊȖȌȕȣȝ ȜțȓȓȍȘȍȕȈ ǹ
60

ǸȐș. 3. ǹȝȍȔȈ șȐȕȚȍȏȈ ȜțȓȓȍȘȖȗȘȖȓȐȕȈ

ǸȐș. 4. ǹȐȕȚȍȏ ȌȍȞȐȓȖȊȖȋȖ ȥȜȐȘȈ 3,4,6,7-ȉȐș-ȜțȓȓȍȘȖ[60]ȗȐȘȘȖȓȐȏȐȌȐȕ-5-ȒȈȘȉȖȕȖȊȖȑ ȒȐșȓȖȚȣ

ǺȈȉȓȐȞȈ. ǶȗȘȍȌȍȓȍȕȐȍ ȗȍȘȍȒȐșȕȖȋȖ ȟȐșȓȈ Xn

ʦ̬̖̥́, ̸
Xn, ̨̥̥̣̽/̡̐

̡̨̨̦̯̬̣̽ ˁ60 ̶̨̬̖̍̌̚ 1 ̶̨̬̖̍̌̚ 2 ̶̨̬̖̍̌̚ 3 ̶̨̬̖̍̌̚ 4
0 0,00 0,00 0,00 0,00 0,00 0,00
1 0,03 0,01 0,00 0,00 0,00 0,00
2 0,07 0,04 0,01 0,03 0,03 0,03
3 0,13 0,09 0,03 0,06 0,04 0,03
4 0,20 0,11 0,08 0,16 0,06 0,04
5 0,31 0,20 0,11 0,25 0,08 0,06

ǹțȔȔȈȘȕȣȑ ȊȣȝȖȌ ȒȖȕȍȟȕȖȋȖ ȗȘȖȌțȒȚȈ Ȋ ȗȍȘȍșȟȍȚȍ ȕȈ 
ȜțȓȓȍȘȍȕ ǹ

60
 șȖșȚȈȊȐȓ 67%.

ǷȘȖȐȏȊȖȌȕȖȍ ȜțȓȓȍȘȖȗȘȖȓȐȕȈ (ȖȉȘȈȏȍȞ 3) ȉȣȓȖ 
șȐȕȚȍȏȐȘȖȊȈȕȖ ȗȖ ȔȖȌȐȜȐȞȐȘȖȊȈȕȕȖȑ ȕȈȔȐ ȘȍȈȒȞȐȐ 
ǷȘȈȚȖ (ȘȐș. 3). ǴȖȌȐȜȐȒȈȞȐȧ ȏȈȒȓȦȟȈȓȈșȤ Ȋ ȐșȗȖȓȤ-
ȏȖȊȈȕȐȐ ȊȔȍșȚȖ șȈȘȒȖȏȐȕȈ ȍȋȖ ȚȘȐȔȍȚȐȓșȐȓȐȓȖȊȖȋȖ 
ȥȜȐȘȈ. Ǫ ȖȚȓȐȟȐȍ ȖȚ șȊȖȉȖȌȕȖȑ ȈȔȐȕȖȒȐșȓȖȚȣ Ȗȕ ȘȈș-
ȚȊȖȘȐȔ Ȋ ȉȖȓȤȠȐȕșȚȊȍ ȕȍȗȖȓȧȘȕȣȝ ȘȈșȚȊȖȘȐȚȍȓȍȑ, 
Ȋ ȒȖȚȖȘȣȝ ȘȈșȚȊȖȘȧȍȚșȧ ȜțȓȓȍȘȍȕ ǹ

60
. Ǫ ȘȍȏțȓȤȚȈȚȍ 

ȊȣȝȖȌ ȒȖȕȍȟȕȖȋȖ ȗȘȖȌțȒȚȈ țȊȍȓȐȟȐȊȈȍȚșȧ Ȋ 2 ȘȈȏȈ, Ȉ 
șȒȖȘȖșȚȤ ȘȍȈȒȞȐȐ — Ȋ 4 ȘȈȏȈ. 

ǬȊțșȜȍȘȕȣȑ ȉȐȞȐȒȓȖȈȌȌțȒȚ (ȖȉȘȈȏȍȞ 4) ȉȣȓ 
ȗȖȓțȟȍȕ Ȑȏ ȌȍȞȐȓȖȊȖȋȖ ȥȜȐȘȈ ȋȓȐȞȐȕȈ, ȗȈȘȈȜȖȘ-
ȔȈȓȤȌȍȋȐȌȈ Ȑ ȜțȓȓȍȘȍȕȈ Ȋ ȗȘȐșțȚșȚȊȐȐ ȗȍȘȝȓȖȘȈ-
ȚȈ ȓȐȚȐȧ Ȋ ȒȈȟȍșȚȊȍ ȒȈȚȈȓȐȏȈȚȖȘȈ Ȑ ȚȘȐȥȚȐȓȈȔȐȕȈ 
Ȋ ȒȈȟȍșȚȊȍ ȖșȕȖȊȈȕȐȧ (ȘȐș. 4). ǰșȝȖȌȕȣȑ ȥȜȐȘ ȋȓȐ-

ȞȐȕȈ ȉȣȓ ȗȘȐȋȖȚȖȊȓȍȕ Ȑȏ șȊȖȉȖȌȕȖȑ ȈȔȐȕȖȒȐșȓȖȚȣ 

Ȑ șȖȖȚȊȍȚșȚȊțȦȡȍȋȖ șȗȐȘȚȈ ȚȐȖȕȐȓȝȓȖȘȐȌȕȣȔ ȔȍȚȖ-
ȌȖȔ [9].

ǰȏțȟȍȕȐȍ ȈȕȚȐȖȒșȐȌȈȕȚȕȖȑ ȈȒȚȐȊȕȖșȚȐ. Ǭȓȧ 
șȐȕȚȍȏȐȘȖȊȈȕȕȣȝ șȖȍȌȐȕȍȕȐȑ ȉȣȓȖ ȖȗȘȍȌȍȓȍȕȖ ȗȍȘȍ-
ȒȐșȕȖȍ ȟȐșȓȖ X

n
. ǷȍȘȖȒșȐȌȕȣȍ ȘȈȌȐȒȈȓȣ ȋȍȕȍȘȐȘȖȊȈ-
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ȓȐ Ȋ ȗȘȖȞȍșșȍ ȖȒȐșȓȍȕȐȧ ȖȓȍȐȕȖȊȖȑ ȒȐșȓȖȚȣ ȒȐșȓȖ-
ȘȖȌȖȔ ȊȖȏȌțȝȈ. Ǫ ȒȈȟȍșȚȊȍ ȒȖȕȚȘȖȓȤȕȖȋȖ ȖȉȘȈȏȞȈ Ȑș-
ȗȖȓȤȏȖȊȈȓȐ ȟȐșȚț Ȧ ȖȓȍȐȕȖȊțȦ ȒȐșȓȖȚț. ǲȖȓȐȟȍșȚȊȖ 
ȖșȚȈȊȠȐȝșȧ Ȋ ȈȕȈȓȐȏȐȘțȍȔȖȔ ȖȉȘȈȏȞȍ ȗȍȘȖȒșȐȌȖȊ 
ȖȗȘȍȌȍȓȧȓȐ ȗȘȐ ȗȖȔȖȡȐ ȐȖȌȖȔȍȚȘȐȟȍșȒȖȋȖ ȚȐȚȘȖȊȈ-
ȕȐȧ. ǸȍȏțȓȤȚȈȚȣ ȗȘȐȊȍȌȍȕȣ Ȋ ȚȈȉȓȐȞȍ.
ǰȏ ȘȐș. 5 ȊȐȌȕȖ, ȟȚȖ ȕȈȐȓțȟȠȐȍ ȘȍȏțȓȤȚȈȚȣ Ȋ Ȑȕ-

ȋȐȉȐȘȖȊȈȕȐȐ ȗȘȖȞȍșșȈ ȖȉȘȈȏȖȊȈȕȐȧ ȋȐȌȘȖȗȍȘȍȒȐșȍȑ 
ȗȖȒȈȏȈȓ ȌȍȞȐȓȖȊȣȑ ȥȜȐȘ 3,4,6,7-ȉȐș-ȜțȓȓȍȘȖ[60]

ȗȐȘȘȖȓȐȏȐȌȐȕ-5-ȒȈȘȉȖȕȖȊȖȑ ȒȐșȓȖȚȣ (ȖȉȘȈȏȍȞ 4). 

ǪȣșȖȒȈȧ ȈȒȚȐȊȕȖșȚȤ ȥȚȖȋȖ șȖȍȌȐȕȍȕȐȧ ȔȖȎȍȚ ȉȣȚȤ 
șȊȧȏȈȕȈ ș ȏȈȝȊȈȚȖȔ ȘȈȌȐȒȈȓȖȊ șȘȈȏț ȌȊțȔȧ ȜțȓȓȍȘȍ-
ȕȖȊȣȔȐ șȜȍȘȈȔȐ.
ǵȍȖȉȣȟȈȑȕȖ ȕȐȏȒȈȧ ȈȒȚȐȊȕȖșȚȤ ȖȉȘȈȏȞȈ 2 șȊȧȏȈȕȈ 

ș ȍȋȖ ȊȣȘȈȎȍȕȕȖȑ ȊȖșșȚȈȕȖȊȐȚȍȓȤȕȖȑ șȗȖșȖȉȕȖșȚȤȦ, 

Ȋ ȘȍȏțȓȤȚȈȚȍ ȟȍȋȖ Ȋ ȗȘȖȞȍșșȍ ȖȗȘȍȌȍȓȍȕȐȧ ȗȍȘȍȒȐș-
ȕȖȋȖ ȟȐșȓȈ ȊȍȡȍșȚȊȖ ȗȖȓȕȖșȚȤȦ ȖȒȐșȓȐȓȖșȤ ȒȐșȓȖȘȖ-
ȌȖȔ ȊȖȏȌțȝȈ. ȅȚȖ ȉȣȓȖ ȗȖȌȚȊȍȘȎȌȍȕȖ ȌȈȕȕȣȔȐ ȔȈșș-
șȗȍȒȚȘȖȔȍȚȘȐȐ ȊȣșȖȒȖȋȖ ȘȈȏȘȍȠȍȕȐȧ (ǴȈȚȍȘȐȈȓȣ Ȑ 
ȔȍȚȖȌȣ, ȗ. 8).

ǯȈȒȓȦȟȍȕȐȍ

ǵȈȔȐ șȐȕȚȍȏȐȘȖȊȈȕȣ ȕȖȊȣȍ șȖȍȌȐȕȍȕȐȧ, șȖȌȍȘ-
ȎȈȡȐȍ ȖȌȕț Ȑ ȌȊȍ ȜțȓȓȍȘȍȕȖȊȣȍ șȜȍȘȣ Ȋ ȔȖȓȍȒțȓȍ. 
ǻșȚȈȕȖȊȓȍȕȈ ȊȖȏȔȖȎȕȖșȚȤ Ȑȝ ȐșȗȖȓȤȏȖȊȈȕȐȧ Ȋ ȒȈȟȍ-
șȚȊȍ ȥȜȜȍȒȚȐȊȕȣȝ ȈȕȚȐȖȒșȐȌȈȕȚȖȊ, ȗȘȐȟȍȔ ș țȊȍȓȐ-
ȟȍȕȐȍȔ ȟȐșȓȈ șȜȍȘ Ȋ ȔȖȓȍȒțȓȍ ȈȕȚȐȖȒșȐȌȈȕȚȕȈȧ ȈȒ-
ȚȐȊȕȖșȚȤ ȊȖȏȘȈșȚȈȍȚ.

Ǫ.Ǩ.ǰȖțȚșȐ Ȑ ȌȘ. / ǪȍșȚȕȐȒ ǸǫǴǻ, 2012, ȹ5, ș. 76–82

ǸȐș. 5. ǰȏȔȍȕȍȕȐȍ ȗȍȘȍȒȐșȕȖȋȖ ȟȐșȓȈ șȖ ȊȘȍȔȍȕȍȔ
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ȗȘȖȜ. Ǩ. ǵ. ǩȖȑȒȖ. ǯȈȡȐȚȈ șȖșȚȖȐȚșȧ 12.12.2012 ȕȈ ȏȈșȍȌȈȕȐȐ ȌȐșșȍȘȚȈȞȐȖȕȕȖȋȖ șȖȊȍȚȈ Ǭ 208.072.09
(117997, ǴȖșȒȊȈ, țȓ. ǶșȚȘȖȊȐȚȧȕȖȊȈ, 1; Țȍȓ. Ȍȓȧ șȗȘȈȊȖȒ: (495) 434-84-64).

ǽȖȘȍȊȈ
ǴȈȘȐȕȈ ǪȐȒȚȖȘȖȊȕȈ

ǲȖȔȗȓȍȒșȕȣȑ ȈȕȈȓȐȏ șȐșȚȍȔȣ Toll-ȗȖȌȖȉȕȣȝ ȘȍȞȍȗȚȖ-
ȘȖȊ ȗȘȐ ȘȈȏȓȐȟȕȣȝ ȗȈȚȖȓȖȋȐȟȍșȒȐȝ șȖșȚȖȧȕȐȧȝ ȟȍȓȖ-
ȊȍȒȈ

14.01.05 — ȒȈȘȌȐȖȓȖȋȐȧ
(ȔȍȌȐȞȐȕșȒȐȍ ȕȈțȒȐ) 

ǸȈȉȖȚȈ ȊȣȗȖȓȕȍȕȈ Ȋ ǫǩǶǻ ǪǷǶ «ǸȖșșȐȑșȒȐȑ ȕȈȞȐȖȕȈȓȤȕȣȑ ȐșșȓȍȌȖȊȈȚȍȓȤșȒȐȑ ȔȍȌȐȞȐȕșȒȐȑ țȕȐȊȍȘșȐȚȍȚ
ȐȔ. ǵ. ǰ. ǷȐȘȖȋȖȊȈ» ǴȐȕȐșȚȍȘșȚȊȈ ȏȌȘȈȊȖȖȝȘȈȕȍȕȐȧ ǸȖșșȐȑșȒȖȑ ǼȍȌȍȘȈȞȐȐ. ǵȈțȟȕȣȑ ȒȖȕșțȓȤȚȈȕȚ — Ȍ. Ȕ. ȕ., 
ȗȘȖȜ. ǳ. Ǫ. ǲȖȊȈȓȤȟțȒ. ǯȈȡȐȚȈ șȖșȚȖȐȚșȧ 24.12.2012 ȕȈ ȏȈșȍȌȈȕȐȐ ȌȐșșȍȘȚȈȞȐȖȕȕȖȋȖ șȖȊȍȚȈ Ǭ 208.072.05 
(117997, ǴȖșȒȊȈ, țȓ. ǶșȚȘȖȊȐȚȧȕȖȊȈ, 1; Țȍȓ. Ȍȓȧ șȗȘȈȊȖȒ: (495) 434-84-64).


