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ÇÇÖÑÖçàÖ

 

Ñ‡ÌÌ‡fl ‡·ÓÚ‡ fl‚ÎflÂÚÒfl ÔÓ‰ÓÎÊÂÌËÂÏ ÔÓ‚Ó-
‰ËÏ˚ı ÒÚÛÍÚÛÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ „ÂÚÂÓˆËÍÎË-
˜ÂÒÍËı ÒÓÂ‰ËÌÂÌËÈ, Ó·Î‡‰‡˛˘Ëı ÒÔÓÒÓ·ÌÓÒÚ¸˛
‚ÒÚÛÔ‡Ú¸ ‚ ‡ÁÎË˜Ì˚Â ÔÂÂ„ÛÔÔËÓ‚ÍË, ‚ ÚÓÏ
˜ËÒÎÂ Ë Â‡ÍˆËË ˆËÍÎËÁ‡ˆËË [1–13]. ä‡Í Ë ‚ ÔÂ-
‰˚‰Û˘Ëı ÒÓÓ·˘ÂÌËflı, Ï˚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ ËÁÛ-
˜‡ÂÏ ÏÂÚÓ‰ÓÏ ÂÌÚ„ÂÌÓÒÚÛÍÚÛÌÓ„Ó ‡Ì‡ÎËÁ‡
(

 

êëÄ

 

) ÒÚÓÂÌËÂ ‚ÒÂı ËÌÚÂÏÂ‰Ë‡ÚÓ‚ Ë ÍÓÌÂ˜Ì˚ı
ÔÓ‰ÛÍÚÓ‚ ÏÌÓ„ÓÒÚÛÔÂÌ˜‡Ú˚ı Â‡ÍˆËÈ ˆËÍÎËÁ‡-

ˆËÈ Ë ÔÂÂ„ÛÔÔËÓ‚ÓÍ. ëÚÛÍÚÛÌ˚ÏË ÔÂ‰¯Â-
ÒÚ‚ÂÌÌËÍ‡ÏË ÏÌÓ„Ëı ÒËÒÚÂÏ, ËÁÛ˜ÂÌÌ˚ı Ì‡ÏË ‡-
ÌÂÂ, fl‚Îfl˛ÚÒfl ÔÓËÁ‚Ó‰Ì˚Â ÔËË‰ÓÌ‡-2. 

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ Ï˚ ËÁÛ˜ËÎË ˆÂÔÓ˜ÍÛ ÔÂ-
‚‡˘ÂÌËÈ 4-ÏÂÚËÎ–5,6,7,8-ÚÂÚ‡„Ë‰Ó–1ç-ıËÌÓ-
ÎËÌ–2-ÓÌ‡ (I) ‚ ÔÂıÎÓ‡Ú 2-(4-ıÎÓÙÂÌËÎ)–5-ÏÂ-
ÚËÎ–6,7,8,9-ÚÂÚ‡„Ë‰ÓÓÍÒ‡ÁÓÎÓ[3,2-‡]ıËÌÓÎËÌ–
10-ËÌËfl (V) (ÒıÂÏ‡ 1). 

Ñ‡ÌÌ˚Â Ó ÒÚÓÂÌËË ÏÓÎÂÍÛÎ II–V ‚ ÍËÒÚ‡ÎÎ‡ı
Ó·ÒÛÊ‰‡ÂÏ˚ı ‚ Ì‡ÒÚÓfl˘ÂÈ ÒÚ‡Ú¸Â ÒÓÂ‰ËÌÂÌËÈ ‚
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åÂÚÓ‰ÓÏ ÏÓÌÓÍËÒÚ‡Î¸ÌÓÈ ‰ËÙ‡ÍˆËË ËÒÒÎÂ‰Ó‚‡Ì˚ ÒÚÛÍÚÛ˚ 4-ÏÂÚËÎ–2-ıÎÓ–5,6,7,8-ÚÂÚ‡„Ë‰Ó-
ıËÌÓÎËÌ‡ (

 

a

 

 = 8.138(2), 

 

b

 

 = 11.127(4), 

 

c

 

 = 11.234(2) 

 

Å

 

, 

 

β 

 

= 111.30(2)°, 

 

Z

 

 = 4, Ô. „. 

 

P

 

2

 

1

 

/

 

c

 

), 4-ÏÂÚËÎ–2-
ÏÂÚÓÍÒË–5.6,7.8-ÚÂÚ‡„Ë‰ÓıËÌÓÎËÌ‡ (

 

a

 

 = 5.7651(16), 

 

b

 

 = 8.530(2), 

 

c

 

 = 10.455(3) 

 

Å

 

, 

 

α 

 

= 73.76(2)°,

 

β

 

 

 

=

 

 

 

86.95(2)°, 

 

γ 

 

= 83.79(2)° 

 

Z

 

 = 2, Ô. „. ), 4-ÏÂÚËÎ-2-(4-ıÎÓÙÂÌ‡ˆËÎ)–5,6,7,8-ÚÂÚ‡„Ë‰Ó-–1ç-ıË-
ÌÓÎËÌ-2-ÓÌ‡ (

 

a

 

 = 8.873(2), 

 

b

 

 = 17.137(2), 

 

c

 

 = 24.515(4) 

 

Å

 

, 

 

Z

 

 = 8, Ô. „. 

 

Pbn

 

2

 

1

 

) Ë ÔÂıÎÓ‡Ú‡ 2-(4-ıÎÓ-
ÙÂÌËÎ)-5-ÏÂÚËÎ-6,7,8,9-ÚÂÚ‡„Ë‰ÓÓÍÒ‡ÁÓÎÓ-[3,2-‡]ıËÌÓÎËÌ-10-ËÎËfl (

 

a

 

 = 8.110(6), 

 

b

 

 = 17.818(7),

 

c 

 

=

 

 

 

17.721(5) 

 

Å

 

, 

 

β 

 

= 100.46(4)°, 

 

Z

 

 = 4, Ô. „. 

 

P

 

2

 

1

 

/

 

c

 

). ëÚÛÍÚÛ˚ Â¯ÂÌ˚ ÔflÏ˚ÏË ÏÂÚÓ‰‡ÏË Ë ÛÚÓ˜ÌÂ-
Ì˚ ÔÓÎÌÓÏ‡ÚË˜Ì˚Ï åçä ‚ ‡ÌËÁÓÚÓÔÌÓÏ ÔË·ÎËÊÂÌËË ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ‰Ó 

 

R

 

 0.0581, 0.0667, 0.0830,
0.0607.

P1

 

ìÑä 548.73;547.7
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äÂÏ·Ë‰ÊÒÍÓÏ ·‡ÌÍÂ ÒÚÛÍÚÛÌ˚ı ‰‡ÌÌ˚ı (‚Â-
ÒËfl 11.02) ÓÚÒÛÚÒÚ‚Û˛Ú [14].

 

ùäëèÖêàåÖçíÄãúçÄü óÄëíú

 

ëÓÂ‰ËÌÂÌËÂ I ÔÓÎÛ˜ÂÌÓ Ë ËÒÒÎÂ‰Ó‚‡ÌÓ Ì‡ÏË ‡-
ÌÂÂ [11]. ëËÌÚÂÁ ÒÓÂ‰ËÌÂÌËÈ II–V Ë Ëı ÒÚÛÍÚÛ˚
ÓÔËÒ‡Ì˚ ‚ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ.

4-ÏÂÚËÎ-2-ıÎÓ-5,6,7,8-ÚÂÚ‡„Ë‰ÓıËÌÓÎËÌ (2).
èÓÔ˚ÚÍ‡ ÔÂ‚‡˘ÂÌËfl ÔËË‰ÓÌ‡ I ‚ ÒÓÓÚ‚ÂÚÒÚ‚Û-
˛˘ËÈ ıÎÓÔËË‰ËÌ II ÔÓÒÚ˚Ï ÍËÔfl˜ÂÌËÂÏ ‚
POCl

 

3

 

 ÌÂ Û‚ÂÌ˜‡Î‡Ò¸ ÛÒÔÂıÓÏ, ‡ ÏÂÚÓ‰ËÍ‡ [15] ÚÂ-
·ÛÂÚ Ì‡„Â‚‡ÌËfl ‰Ó 180°ë ‚ Á‡Ô‡flÌÌÓÈ ‡ÏÔÛÎÂ, ̃ ÚÓ
ÌÂÛ‰Ó·ÌÓ. èÓ˝ÚÓÏÛ Ì‡ÏË ·˚Î ‡Á‡·ÓÚ‡Ì ÓË„Ë-
Ì‡Î¸Ì˚È ÔÛÚ¸ ÒËÌÚÂÁ‡ ÒÓÂ‰ËÌÂÌËfl II. 10 „ I Ë 11 „
ıÎÓË‰‡ ·ÂÌÁËÎÚËÏÂÚËÎ‡ÏÏÓÌËfl ÍËÔflÚËÎË ‚ 33
ÏÎ POCl

 

3

 

 ‚ ÍÓÎ·Â Ò Ó·‡ÚÌ˚Ï ıÓÎÓ‰ËÎ¸ÌËÍÓÏ ‰Ó
ÔÂÍ‡˘ÂÌËfl ‚˚‰ÂÎÂÌËfl HCl (ÓÍÓÎÓ 5 ̃ ). ÉÓfl˜ËÈ
Ó‰ÌÓÓ‰Ì˚È ÚÂÏÌ˚È ‡ÒÚ‚Ó ‚˚ÎËÎË ‚ ÒÚ‡Í‡Ì ÒÓ
Î¸‰ÓÏ, ‰Ó·‡‚ËÎË ‡ÍÚË‚ËÓ‚‡ÌÌÓ„Ó Û„Îfl, ÔÂÂÏÂ-
¯‡ÎË Ë ÓÚÙËÎ¸ÚÓ‚‡ÎË. èÓÎÛ˜ÂÌÌ˚È Ò‚ÂÚÎ˚È
‡ÒÚ‚Ó ÌÂÈÚ‡ÎËÁÓ‚‡ÎË Ú‚Â‰˚Ï „Ë‰ÓÍ‡·ÓÌ‡-

ÚÓÏ Ì‡ÚËfl ‰Ó pH = 7, ‚˚Ô‡‚¯ËÈ ÓÒ‡‰ÓÍ ÓÚÙËÎ¸Ú-
Ó‚‡ÎË. èÓÎÛ˜ËÎË ·ÂÎ˚È ÔÓÓ¯ÓÍ, ÍÓÚÓ˚È ÔÂ-
ÂÍËÒÚ‡ÎÎËÁÓ‚‡ÎË ËÁ ıÎÓÓÙÓÏ‡. å‡ÒÒ‡ 8.6 „,
‚˚ıÓ‰ 78%. 

 

t

 

ÔÎ

 

 35–40°ë. èåê 

 

δ

 

 (ÑMCO-

 

d

 

6

 

): 1.82
(Ï, 4ç, 6-ëç

 

2

 

 + 7-ëç

 

2

 

), 2.19 (Ò, 3ç, 4-ëç

 

3

 

), 2.60 (Ú,
2ç, 5-ëç

 

2

 

), 2.78 (Ú, 2ç, 8-ëç

 

2

 

), 6.95 (Ò, 1ç, 3-ëç).

4-ÏÂÚËÎ-2-ÏÂÚÓÍÒË-5,6,7,8-ÚÂÚ‡„Ë‰ÓıËÌÓÎËÌ
III. èË ÔÓÔ˚ÚÍÂ ÔÓÎÛ˜ÂÌËfl ÏÂÚÓÍÒËÔËË‰ËÌ‡ III
ËÁ ıÎÓÔËË‰ËÌ‡ II ÔÓ ÏÂÚÓ‰ËÍÂ [16] ÔËÁÌ‡ÍÓ‚
Â‡ÍˆËË (‚˚Ô‡‰ÂÌËÂ ıÎÓË‰‡ Ì‡ÚËfl) ÌÂ Ì‡·Î˛‰‡-
ÎÓÒ¸. ÄÌ‡ÎËÁ Â‡ÍˆËÓÌÌÓÈ ÒÏÂÒË ÔÓÍ‡Á‡Î, ˜ÚÓ
ÔÓ‰ÛÍÚ ÌÂ Ó·‡ÁÓ‚‡ÎÒfl, Ë ËÒıÓ‰ÌÓÂ ‚Â˘ÂÒÚ‚Ó ÓÒ-
Ú‡ÎÓÒ¸ ·ÂÁ ËÁÏÂÌÂÌËÈ. ç‡ÏË ·˚Î‡ ÔÂ‰ÎÓÊÂÌ‡
ÓË„ËÌ‡Î¸Ì‡fl ÏÂÚÓ‰ËÍ‡ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‚˚ÒÓ-
ÍÓÍËÔfl˘Â„Ó ËÌÂÚÌÓ„Ó ‡ÒÚ‚ÓËÚÂÎfl, ‚ ÍÓÚÓÓÏ
‡ÒÚ‚ÓflÂÚÒfl Í‡Í ËÒıÓ‰ÌÓÂ ‚Â˘ÂÒÚ‚Ó, Ú‡Í Ë ÏÂÚË-
Î‡Ú Ì‡ÚËfl, Ë ÍÓÚÓ˚È ÒÏÂ¯Ë‚‡ÂÚÒfl Ò ‚Ó‰ÓÈ ‰Îfl
Ó·ÎÂ„˜ÂÌËfl ‚˚‰ÂÎÂÌËfl ÔÓ‰ÛÍÚ‡. í‡ÍËÏ ÛÒÎÓ‚ËflÏ
Û‰Ó‚ÎÂÚ‚ÓflÂÚ ‰Ë„ÎËÏ. åÂÚ‡ÎÎË˜ÂÒÍËÈ Ì‡ÚËÈ
(2.8 „) ‡ÒÚ‚ÓËÎË ‚ 20 ÏÎ ‡·ÒÓÎ˛ÚÌÓ„Ó ÏÂÚ‡ÌÓÎ‡,
ÓÚÓ„Ì‡ÎË ËÁ·˚ÚÓÍ ÏÂÚ‡ÌÓÎ‡, ‰Ó·‡‚ËÎË ‡ÒÚ‚Ó
7.8 „ ÒÓÂ‰ËÌÂÌËfl II ‚ 40 ÏÎ ‡·ÒÓÎ˛ÚÌÓ„Ó ‰Ë„ÎËÏ‡.

 

í‡·ÎËˆ‡ I. 

 

 äËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËÂ ı‡‡ÍÚÂËÒÚËÍË, ‰ÂÚ‡ÎË ÂÌÚ„ÂÌ‰ËÙ‡ÍˆËÓÌÌÓ„Ó ˝ÍÒÔÂËÏÂÌÚ‡ Ë ÛÚÓ˜ÌÂÌËfl
ÒÚÛÍÚÛ˚ II–V

ùÏÔËË˜ÂÒÍ‡fl ÙÓÏÛÎ‡ C
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H
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NCl (II) C

 

11

 

H
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H
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2

 

O

 

2

 

Cl (IV) C

 

18

 

HNOVCl

 

2

 

 (V)

åÓÎÂÍÛÎflÌ˚È ‚ÂÒ 181.66 177.24 356.84 398.23

ëËÌ„ÓÌËfl åÓÌÓÍÎËÌÌ‡fl íËÍÎËÌÌ‡fl êÓÏ·Ë˜ÂÒÍ‡fl åÓÌÓÍÎËÌÌ‡fl

èÓÒÚ‡ÌÒÚ‚ÂÌÌ‡fl „ÛÔÔ‡

 

P

 

2

 

1

 

/

 

c ê Pbn
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1
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1

 

/

 

c
a

 

, 

 

Å

 

8.138(2) 5.7651(16) 8.873(2) 8.110(6)

 

b

 

, 

 

Å

 

11.127(4) 8.530(2) 17.137(2) 17.818(7)

 

c

 

, 

 

Å

 

11.234(2) 10.455(3) 24.515(4) 17.721(5)

 

α

 

, „‡‰ 90 73.76(2) 90 90

 

β

 

, „‡‰ 111.30(2) 86.95(2) 90 100.46(4)

 

γ

 

, „‡‰ 90 83.79(2) 90 90

 

V

 

, 

 

Å

 

3

 

947.8(4) 490.6(2) 3727.7(13) 1807.7(17)

 

Z

 

4 2 8 4

 

ρ

 

‚˚˜

 

, „/ÒÏ

 

3

 

1.273 1.200 1.272 1.463

 

µ

 

(

 

K

 

α

 

), cÏ

 

–1

 

3.46 0.77 19.33 34.97

é·Î‡ÒÚ¸ Û„ÎÓ‚ 

 

θ

 

, „‡‰ 2.67–25.97 2.03–25.95 3.60–69.78 5.54–69.77

é·Î‡ÒÚ¸ ËÌ‰ÂÍÒÓ‚ 

 

h
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k
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l
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h
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 9 –7 
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 1 0 

 

≤

 

 

 

h
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 10 –7 

 

≤

 

 

 

h

 

 

 

≤

 

 7

0 

 

≤

 

 

 

k

 

 

 

≤

 

 13 –10 

 

≤

 

 

 

k

 

 

 

≤

 

 10 0 

 

≤

 

 

 

k

 

 

 

≤

 

 20 0 ≤ k ≤ 18

0 ≤ l ≤ 13 0 ≤ l ≤ 12 0 ≤ l ≤ 29 0 ≤ l ≤ 17

ê‡ÁÏÂ˚ ÍËÒÚ‡ÎÎ‡, ÏÏ 0.26 × 0.29 × 0.30 0.31 × 0.32 × 0.35 0.22 × 0.24 × 0.29 0.27 × 0.29 × 0.30

óËÒÎÓ ËÁÏÂÂÌÌ˚ı ÓÚ‡ÊÂÌËÈ 1892 1158 3342 3271

óËÒÎÓ ÌÂÁ‡‚ËÒËÏ˚ı ÓÚ‡ÊÂÌËÈ 1799 1140 3342 3271

äÓÎ-‚Ó ÓÚ‡ÊÂÌËÈ ‚ åçä/ÍÓÎ-‚Ó 
ÛÚÓ˜ÌflÂÏ˚ı Ô‡‡ÏÂÚÓ‚

1799/114 1140/121 3342/456 3271/237

GooF 1.020 1.026 0.914 0.998

R1/wR2 [I ≥ 2σ(I)] 0.0581/0.1474 0.0667/0.1793 0.0830/0.1991 0.0607/0.1604

∆ρmax/∆ρmin, ˝/Å3 0.284/–0.232 0.172/–0.151 0.592/–0.208 0.303/–0.325

1
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ëÏÂÒ¸ Ì‡„Â‚‡ÎË ÔË 120°ë ‚ ÚÂ˜ÂÌËÂ 3 ˜., ˜ÚÓ ÒÓ-
ÔÓ‚ÓÊ‰‡ÎÓÒ¸ Á‡„ÛÒÚÂÌËÂÏ ÒÏÂÒË ËÁ-Á‡ ‚˚Ô‡‰ÂÌËfl
·ÓÎ¸¯Ó„Ó ÍÓÎË˜ÂÒÚ‚‡ ÓÒ‡‰Í‡. êÂ‡ÍˆËÓÌÌÛ˛ Ï‡ÒÒÛ
‚˚ÎËÎË ‚ ‚Ó‰Û, ÔÂÂÏÂ¯‡ÎË, ÓÚÙËÎ¸ÚÓ‚‡ÎË ‚˚-
Ô‡‚¯ËÈ ÓÒ‡‰ÓÍ Ë ÔÓÏ˚ÎË Â„Ó ‚Ó‰ÓÈ. èÓÎÛ˜ËÎË
·ÂÎ˚È ÔÓÓ¯ÓÍ, ÍÓÚÓ˚È ÔÂÂÍËÒÚ‡ÎÎËÁÓ‚‡ÎË
ËÁ ıÎÓÓÙÓÏ‡. å‡ÒÒ‡ 6.1 „, ‚˚ıÓ‰ 80%. tÔÎ 35–
40°ë. èåê δ (ÑMëO-d6): 1.80 (Ï, 4ç, 6-ëç2 + 7-
ëç2), 2.15 (Ò, 3ç, 4-ëç3), 2.54 (Ú, 2ç, 5-ëç2), 2.70
(Ú, 2ç, 8-ëç2), 3.78 (Ò, 3ç, éëç3), 6.35 (Ò, 1ç, 3-
ëç).

4-ÏÂÚËÎ-2-(4-ıÎÓÙÂÌ‡ˆËÎ)-5,6,7,8-ÚÂÚ‡„Ë‰Ó-
1ç-ıËÌÓÎËÌ-2-ÓÌ (4). ëËÌÚÂÁ ÒÓÂ‰ËÌÂÌËfl IV ÒËÌÚÂ-
ÁËÓ‚‡ÌÓ ÔÓ ÏÓ‰ËÙËˆËÓ‚‡ÌÌÓÈ ÏÂÚÓ‰ËÍÛ [16]. 3 „
ÒÓÂ‰ËÌÂÌËfl III Ë 4 „ 4-ıÎÓÙÂÌ‡ˆËÎ·ÓÏË‰‡ ÍËÔfl-
ÚËÎË ‚ 20 ÏÎ Cç3CN ‚ ÍÓÎ·Â Ò Ó·‡ÚÌ˚Ï ıÓÎÓ‰ËÎ¸-
ÌËÍÓÏ ‚ ÚÂ˜ÂÌËÂ 5 ̃ . èË ̋ ÚÓÏ ÔÎÓıÓ ‡ÒÚ‚ÓËÏ˚È
4-ıÎÓÙÂÌ‡ˆËÎ·ÓÏË‰ ‡ÒÚ‚ÓËÎÒfl. ëÚÂÔÂÌ¸ ÔÓ-
ıÓÊ‰ÂÌËfl Â‡ÍˆËË ÍÓÌÚÓÎËÓ‚‡ÎË ÔÓ íëï („ÂÍ-
Ò‡Ì-˝ÚËÎ‡ˆÂÚ‡Ú 1:1). é·‡ ËÒıÓ‰Ì˚ı ‚Â˘ÂÒÚ‚‡ ËÏÂ-
˛Ú Rf 0.72, ‡ ÔÓ‰ÛÍÚ ËÏÂÂÚ Rf 0.1. èË ÓıÎ‡Ê‰ÂÌËË
‡ÒÚ‚Ó‡ ‚˚Ô‡ÎË ·ÂÒˆ‚ÂÚÌ˚Â ÍËÒÚ‡ÎÎ˚ ÔÓ‰ÛÍÚ‡,
ÒÓ‰ÂÊ‡˘ËÂ ÒÓÎ¸‚‡ÚÌ˚Â ÏÓÎÂÍÛÎ˚ Cç3CN. Ç Ï‡-
ÚÓ˜ÌÓÏ ‡ÒÚ‚ÓÂ ÔÓ‰ÛÍÚ‡ ÔÓ˜ÚË ÌÂ ÓÒÚ‡ÎÓÒ¸. å‡Ò-
Ò‡ 2 „, ‚˚ıÓ‰ 40%. tÔÎ 163–165°ë. èåê δ (ÑMëO-d6):
1.75 (Ï, 4ç, 6-ëç2 + 7-ëç2), 2.13 (Ò, 3ç, 4-ëç3), 2.50
(Ï, 4ç, 5-ëç2) + 8-ëç2), 5.45 (Ò, 2ç, Nëç2ëé), 6.15
(Ò, 1ç, 3-ëç), 7.55, 8.10 (‰‰, 4ç, Ar).

èÂıÎÓ‡Ú 2-(4-ıÎÓÙÂÌËÎ)-5-ÏÂÚËÎ-6,7,8,9-
ÚÂÚ‡„Ë‰ÓÓÍÒ‡ÁÓÎÓ-[3,2-‡]ıËÌÓÎËÌ-10-ËÎËfl (5).
ëËÌÚÂÁ ÒÓÂ‰ËÌÂÌËfl V Ú‡ÍÊÂ ÔÓ‚Â‰ÂÌ ÔÓ ÓÚ‡·Ó-
Ú‡ÌÌÓÈ Ì‡ÏË ‡ÌÂÂ ÏÂÚÓ‰ËÍÂ [16]. 1.2 „ ÒÓÂ‰ËÌÂÌËfl
IV ‡ÒÚ‚ÓËÎË ‚ 12 ÏÎ ÍÓÌˆÂÌÚËÓ‚‡ÌÌÓÈ ç2SO4
Ë ÓÒÚ‡‚ËÎË Ì‡ ÌÓ˜¸. ê‡ÒÚ‚Ó ‚˚ÎËÎË ‚ 100 ÏÎ 3%
-‡ çClO4, ÔË ˝ÚÓÏ ‚˚Ô‡Î ÓÒ‡‰ÓÍ. ê‡ÒÚ‚Ó Ò
ÓÒ‡‰ÍÓÏ ÓÒÚ‡‚ËÎË Ì‡ ÌÓ˜¸, ÓÒ‡‰ÓÍ ÓÚÙËÎ¸ÚÓ‚‡ÎË
Ë ÔÓÏ˚ÎË ‚Ó‰ÓÈ. èÓÎÛ˜ÂÌÌ˚È ·ÂÎ˚È ÔÓÓ¯ÓÍ
ÔÂÂÍËÒÚ‡ÎÎËÁÓ‚‡ÎË ËÁ Cç3CN. å‡ÒÒ‡ 1.5 „, ‚˚-
ıÓ‰ 98%. tÔÎ 300°ë (ÒÓ ‚Á˚‚ÓÏ). èåê δ (ÑMëO-
d6): 1.95 (Ï, 2ç, 7-ëç2), 2.05 (Ï, 2ç, 8-ëç2), 2.58 (Ò,
3ç, 5-ëç3), 2.85 (Ú, 2ç, 6-ëç2), 3.15 (Ú, 2ç, 9-ëç2),
7.63–7.66, 8.03–8.06 (‰‰, 4ç, Ar), 8.11 (Ò, 1ç, 4-ëç),
9.37 (Ò, 1ç, 1-ëç). 

ÑËÙ‡ÍÚÓÏÂÚË˜ÂÒÍËÈ ˝ÍÒÔÂËÏÂÌÚ. ÑÎfl ÏÓ-
ÌÓÍËÒÚ‡ÎÓ‚ ÒÓÂ‰ËÌÂÌËÈ II Ë III ˝ÍÒÔÂËÏÂÌÚ‡Î¸-
Ì˚Â ËÌÚÂÌÒË‚ÌÓÒÚË ‰ËÙ‡ÍˆËÓÌÌ˚ı ÓÚ‡ÊÂÌËÈ
ÔÓÎÛ˜ÂÌ˚ ÔË ÍÓÏÌ‡ÚÌÓÈ ÚÂÏÔÂ‡ÚÛÂ Ì‡ ‡‚ÚÓÏ‡-
ÚË˜ÂÒÍÓÏ ‰ËÙ‡ÍÚÓÏÂÚÂ CAD-4 [17] (λ Mo Kα,
„‡ÙËÚÓ‚˚È ÏÓÌÓıÓÏ‡ÚÓ). è‡‡ÏÂÚ˚ ˝ÎÂÏÂÌ-
Ú‡ÌÓÈ fl˜ÂÈÍË ÓÔÂ‰ÂÎflÎË Ë ÛÚÓ˜ÌflÎË ÔÓ 25 Â-
ÙÎÂÍÒ‡Ï ‚ ËÌÚÂ‚‡ÎÂ Û„ÎÓ‚ θ 12–15°. ÑÎfl ÒÓÂ‰ËÌÂ-
ÌËÈ IV Ë V ˝ÍÒÔÂËÏÂÌÚ ÔÓ‚Ó‰ËÎË Ì‡ ‰ËÙ‡ÍÚÓ-
ÏÂÚÂ CAD-4 (λ Cu Kα, „‡ÙËÚÓ‚˚È
ÏÓÌÓıÓÏ‡ÚÓ). è‡‡ÏÂÚ˚ ˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈ-
ÍË ÓÔÂ‰ÂÎflÎË Ë ÛÚÓ˜ÌflÎË ÔÓ 25 ÂÙÎÂÍÒ‡Ï ‚ ËÌ-
ÚÂ‚‡ÎÂ Û„ÎÓ‚ θ 25–30°.

èÓÒÍÓÎ¸ÍÛ ÍËÒÚ‡ÎÎ˚ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı ÒÓÂ‰Ë-
ÌÂÌËÈ ËÏÂ˛Ú ÌËÁÍËÂ ÎËÌÂÈÌ˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚

í‡·ÎËˆ‡ 2.  ÑÎËÌ˚ Ò‚flÁÂÈ d (Å) ‚ ÒÚÛÍÚÛÂ II

ë‚flÁ¸ d ë‚flÁ¸ d

N(1)–C(2) 1.301(4) C(5)–C(10) 1.384(4)

N(1)–C(10) 1.344(4) C(5)–C(6) 1.516(4)

C(2)–C(3) 1.357(4) C(6)–C(7) 1.468(7)

C(2)–Cl(2) 1.754(3) C(7)–C(8) 1.350(8)

C(3)–C(4) 1.377(4) C(8)–C(9) 1.496(8)

C(4)–C(5) 1.388(4) C(9)–C(10) 1.510(5)

C(4)–C(11) 1.502(4)

í‡·ÎËˆ‡ 3.  Ç‡ÎÂÌÚÌ˚Â Û„Î˚ ω („‡‰) ‚ ÒÚÛÍÚÛÂ II

ì„ÓÎ ω ì„ÓÎ ω

C(2)–N(1)–C(10) 116.1(2) C(10)–C(5)–C(6) 120.9(3)

N(1)–C(2)–C(3) 126.5(3) C(4)–C(5)–C(6) 120.5(3)

N(1)–C(2)–Cl(2) 115.4(2) C(7)–C(6)–C(5) 114.3(4)

C(3)–C(2)–Cl(2) 118.1(2) C(8)–C(7)–C(6) 119.9(5)

C(2)–C(3)–C(4) 117.8(3) C(7)–C(8)–C(9) 120.5(5)

C(3)–C(4)–C(5) 118.2(3) C(8)–C(9)–C(10) 111.9(4)

C(3)–C(4)–C(11) 119.9(3) N(1)–C(10)–C(5) 122.8(3)

C(5)–C(4)–C(11) 121.9(3) N(1)–C(10)–C(9) 114.7(3)

C(10)–C(5)–C(4) 118.5(2) C(5)–C(10)–C(9) 122.5(3)

í‡·ÎËˆ‡ 4.  ÑÎËÌ˚ Ò‚flÁÂÈ d (A) ‚ ÒÚÛÍÚÛÂ III

ë‚flÁ¸ d ë‚flÁ¸ d

N(1)–C(2) 1.328(5) C(5)–C(10) 1.337(5)

N(1)–C(10) 1.368(4) C(5)–C(6) 1.537(4)

C(2)–O(1) 1.363(4) C(6)–C(7) 1.531(6)

C(2)–C(3) 1.381(6) C(7)–C(8) 1.444(7)

C(3)–C(4) 1.369(4) C(8)–C(9) 1.501(5)

C(4)–C(5) 1.422(5) C(9)–C(10) 1.514(5)

C(4)–C(11) 1.492(6) O(1)–C(1) 1.402(6)

í‡·ÎËˆ‡ 5.  Ç‡ÎÂÌÚÌ˚Â Û„Î˚ ω („‡‰) ‚ ÒÚÛÍÚÛÂ III

ì„ÓÎ ω ì„ÓÎ ω

C(2)–N(1)–C(10) 115.3(3) C(4)–C(5)–C(6) 118.5(3)

N(1)–C(2)–O(1) 118.7(4) C(7)–C(6)–C(5) 111.2(3)

N(1)–C(2)–C(3) 124.8(3) C(8)–C(7)–C(6) 115.1(3)

O(1)–C(2)–C(3) 116.5(3) C(7)–C(8)–C(9) 113.2(4)

C(4)–C(3)–C(2) 118.7(3) C(8)–C(9)–C(10) 112.4(3)

C(3)–C(4)–C(5) 117.9(4) C(5)–C(10)–N(1) 124.5(3)

C(3)–C(4)–C(11) 120.7(3) C(5)–C(10)–C(9) 122.8(3)

C(5)–C(4)–C(11) 121.4(3) N(1)–C(10)–C(9) 112.6(3)

C(10)–C(5)–C(4) 118.7(3) C(2)–O(1)–C(1) 118.1(3)

C(10)–C(5)–C(6) 122.8(3)
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ÔÓ„ÎÓ˘ÂÌËfl Ë Ï‡Î˚Â ‡ÁÏÂ˚ (Û‰Ó‚ÎÂÚ‚Ófl˛Ú
ÛÒÎÓ‚Ë˛ µR ≤ 0.4), ÔÓÔ‡‚Í‡ Ì‡ ÔÓ„ÎÓ˘ÂÌËÂ ÌÂ
‚‚Ó‰ËÎ‡Ò¸. èÂ‚Ë˜Ì‡fl Ó·‡·ÓÚÍ‡ Ï‡ÒÒË‚‡ ˝ÍÒÔÂ-
ËÏÂÌÚ‡Î¸Ì˚ı ‰‡ÌÌ˚ı ÔÓ‚Ó‰ËÎ‡Ò¸ ÔÓ ÍÓÏÔÎÂÍÒÛ
ÔÓ„‡ÏÏ WinGX [18]. ÇÒÂ ÔÓÒÎÂ‰Û˛˘ËÂ ‡Ò˜ÂÚ˚
‚˚ÔÓÎÌflÎËÒ¸ ‚ ‡ÏÍ‡ı ÍÓÏÔÎÂÍÒ‡ ÔÓ„‡ÏÏ
SHELX97 [19]. äËÒÚ‡ÎÎË˜ÂÒÍËÂ ÒÚÛÍÚÛ˚ ÓÔÂ-
‰ÂÎÂÌ˚ ÔflÏ˚ÏË ÏÂÚÓ‰‡ÏË Ò ÔÓÒÎÂ‰Û˛˘ËÏ ÛÚÓ˜-
ÌÂÌËÂÏ ÔÓÁËˆËÓÌÌ˚ı Ë ÚÂÔÎÓ‚˚ı Ô‡‡ÏÂÚÓ‚ ‚

í‡·ÎËˆ‡ 6.  ÑÎËÌ˚ Ò‚flÁÂÈ d (Å) ‚ ÒÚÛÍÚÛÂ IV

ë‚flÁ¸ d ë‚flÁ¸ d

Cl(1)–C(17) 1.728(9) C(7)–C(8) 1.438(15)

N(1)–C(2) 1.361(10) C(8)–C(9) 1.471(13)

N(1)–C(10) 1.422(10) C(9)–C(10) 1.513(11)

N(1)–C(12) 1.456(10) C(12)–C(13) 1.509(11)

C(2)–O(2) 1.232(11) C(13)–O(13) 1.215(9)

C(2)–C(3) 1.417(12) C(13)–C(14) 1.495(10)

C(3)–C(4) 1.355(11) C(14)–C(19) 1.390(10)

C(4)–C(5) 1.459(12) C(14)–C(15) 1.402(10)

C(4)–C(11) 1.591(14) C(15)–C(16) 1.375(10)

C(5)–C(10) 1.376(12) C(16)–C(17) 1.376(10)

C(5)–C(6) 1.498(11) C(17)–C(18) 1.377(11)

C(6)–C(7) 1.552(15) C(18)–C(19) 1.389(11)

í‡·ÎËˆ‡ 7.  Ç‡ÎÂÌÚÌ˚Â Û„Î˚ ω („‡‰) ‚ ÒÚÛÍÚÛÂ IV

ì„ÓÎ ω ì„ÓÎ ω

C(2)–N(1)–C(10) 124.7(8) C(5)–C(10)–N(1) 117.0(7)

C(2)–N(1)–C(12) 115.1(7) C(5)–C(10)–C(9) 125.1(8)

C(10)–N(1)–C(12) 120.1(7) N(1)–C(10)–C(9) 117.9(8)

O(2)–C(2)–N(1) 120.7(8) N(1)–C(12)–C(13) 112.3(7)

O(2)–C(2)–C(3) 123.9(9) O(13)–C(13)–C(14) 122.8(7)

N(1)–C(2)–C(3) 115.1(8) O(13)–C(13)–C(12) 120.7(8)

C(4)–C(3)–C(2) 125.5(10) C(14)–C(13)–C(12) 116.4(7)

C(3)–C(4)–C(5) 116.0(9) C(19)–C(14)–C(15) 119.7(8)

C(3)–C(4)–C(11) 125.8(10) C(19)–C(14)–C(13) 123.3(7)

C(5)–C(4)–C(11) 118.0(9) C(15)–C(14)–C(13) 117.0(7)

C(10)–C(5)–C(4) 121.6(8) C(16)–C(15)–C(14) 122.1(9)

C(10)–C(5)–C(6) 118.5(9) C(15)–C(16)–C(17) 118.3(9)

C(4)–C(5)–C(6) 119.8(9) C(16)–C(17)–C(18) 119.6(9)

C(5)–C(6)–C(7) 112.3(9) C(16)–C(17)–Cl(1) 123.1(8)

C(8)–C(7)–C(6) 119.4(13) C(18)–C(17)–Cl(1) 117.2(8)

C(7)–C(8)–C(9) 109.4(12) C(17)–C(18)–C(19) 123.4(10)

C(8)–C(9)–C(10) 114.6(10) C(18)–C(19)–C(14) 116.7(9)

í‡·ÎËˆ‡ 8.  ÑÎËÌ˚ Ò‚flÁÂÈ d (Å) ‚ ÒÚÛÍÚÛÂ V

ë‚flÁ¸ d ë‚flÁ¸ d

Cl(1)–C(18) 1.727(4) C(7)–C(8) 1.423(5)

Cl(2)–O(23) 1.334(4) C(7)–C(14) 1.506(5)

Cl(2)–O(21) 1.357(4) C(8)–C(13) 1.359(5)

Cl(2)–O(24) 1.367(4) C(8)–C(9) 1.515(5)

Cl(2)–O(22) 1.392(5) C(9)–C(10) 1.555(6)

N(1)–C(5) 1.339(4) C(10)–C(11) 1.467(7)

N(1)–C(13) 1.381(4) C(11)–C(12) 1.520(6)

N(1)–C(2) 1.398(4) C(12)–C(13) 1.501(5)

C(2)–C(3) 1.335(5) C(15)–C(20) 1.382(5)

C(3)–O(4) 1.394(4) C(15)–C(16) 1.388(5)

C(3)–C(15) 1.450(5) C(16)–C(17) 1.376(5)

O(4)–C(5) 1.339(4) C(17)–C(18) 1.387(6)

C(5)–C(6) 1.374(5) C(18)–C(19) 1.380(6)

C(6)–C(7) 1.378(5) C(19)–C(20) 1.370(5)

í‡·ÎËˆ‡ 9.  Ç‡ÎÂÌÚÌ˚Â Û„Î˚ ω („‡‰) ‚ ÒÚÛÍÚÛÂ V

ì„ÓÎ ω ì„ÓÎ ω

O(23)–Cl(2)–O(21) 112.7(5) C(13)–C(8)–C(7) 120.6(3)

O(23)–Cl(2)–O(24) 108.3(3) C(13)–C(8)–C(9) 119.0(3)

O(21)–Cl(2)–O(24) 120.1(4) C(7)–C(8)–C(9) 120.3(3)

O(23)–Cl(2)–O(22) 107.1(6) C(8)–C(9)–C(10) 110.5(3)

O(21)–Cl(2)–O(22) 100.0(4) C(11)–C(10)–C(9) 112.9(4)

O(24)–Cl(2)–O(22) 107.5(4) C(10)–C(11)–C(12) 109.8(4)

C(5)–N(1)–C(13) 121.2(3) C(13)–C(12)–C(11) 111.8(4)

C(5)–N(1)–C(2) 108.2(3) C(8)–C(13)–N(1) 118.0(3)

C(13)–N(1)–C(2) 130.5(3) C(8)–C(13)–C(12) 126.6(3)

C(3)–C(2)–N(1) 106.5(3) N(1)–C(13)–C(12) 115.4(3)

C(2)–C(3)–O(4) 109.0(3) C(20)–C(15)–C(16) 118.7(3)

C(2)–C(3)–C(15) 133.5(3) C(20)–C(15)–C(3) 119.8(3)

O(4)–C(3)–C(15) 117.5(3) C(16)–C(15)–C(3) 121.6(3)

C(5)–O(4)–C(3) 106.9(2) C(17)–C(16)–C(15) 121.5(3)

N(1)–C(5)–O(4) 109.4(3) C(16)–C(17)–C(18) 118.3(4)

N(1)–C(5)–C(6) 123.1(3) C(19)–C(18)–C(17) 121.1(3)

O(4)–C(5)–C(6) 127.4(3) C(19)–C(18)–Cl(1) 119.7(3)

C(5)–C(6)–C(7) 116.9(3) C(17)–C(18)–Cl(1) 119.1(3)

C(6)–C(7)–C(8) 120.1(3) C(20)–C(19)–C(18) 119.3(4)

C(6)–C(7)–C(14) 120.2(3) C(19)–C(20)–C(15) 121.0(4)

C(8)–C(7)–C(14) 119.8(3)
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‡ÌËÁÓÚÓÔÌÓÏ ÔË·ÎËÊÂÌËË ‰Îfl ‚ÒÂı ÌÂ‚Ó‰ÓÓ‰-
Ì˚ı ‡ÚÓÏÓ‚.

éÒÌÓ‚Ì˚Â ÛÒÎÓ‚Ëfl ‰ËÙ‡ÍÚÓÏÂÚË˜ÂÒÍËı ˝ÍÒ-
ÔÂËÏÂÌÚÓ‚ Ë ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËÂ ı‡‡ÍÚÂË-
ÒÚËÍË ÒÓÂ‰ËÌÂÌËÈ ÔË‚Â‰ÂÌ˚ ‚ Ú‡·Î. 1. åÂÊ‡ÚÓÏ-
Ì˚Â ‡ÒÒÚÓflÌËfl Ë ‚‡ÎÂÌÚÌ˚Â Û„Î˚ ÒËÒÚÂÏ‡ÚËÁË-
Ó‚‡Ì˚ ‚ Ú‡·Î. 2–9. èÓÒÚ‡ÌÒÚ‚ÂÌÌÓÂ
‡ÒÔÓÎÓÊÂÌËÂ ‡ÚÓÏÓ‚ ‚ ÏÓÎÂÍÛÎ‡ı, Ëı ÌÛÏÂ‡ˆËfl
Ë ˝ÎÎËÔÒÓË‰˚ ÚÂÔÎÓ‚˚ı ÍÓÎÂ·‡ÌËÈ ÔÓÍ‡Á‡Ì˚ Ì‡
ËÒ. 1–4, ÔÓÎÛ˜ÂÌÌ˚ı Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÔÓ„‡Ï-
Ï˚ ORTEP-3 [20, 21].

äËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍ‡fl ËÌÙÓÏ‡ˆËfl ÔÓ ËÒÒÎÂ-
‰Ó‚‡ÌÌ˚Ï ÒÓÂ‰ËÌÂÌËflÏ ‰ÂÔÓÌËÓ‚‡Ì‡ ‚ äÂÏ·-
Ë‰ÊÒÍÓÈ Å‡ÁÂ ëÚÛÍÚÛÌ˚ı Ñ‡ÌÌ˚ı (‰ÂÔÓÌÂÌÚ˚
‹ 000001–000004).

êÖáìãúíÄíõ à éÅëìÜÑÖçàÖ

Ç ÏÓÎÂÍÛÎÂ II (ËÒ. 1) 6-˜ÎÂÌÌ˚È ˆËÍÎ
N(1)…C(10) ÔÎÓÒÍËÈ Ò ÚÓ˜ÌÓÒÚ¸˛ ‰Ó 0.011 Å. ÄÚÓ-
Ï˚ ël(2), C(6), C(9) Ë C(11) ÎÂÊ‡Ú ‚ ÔÎÓÒÍÓÒÚË ̋ ÚÓ-
„Ó ˆËÍÎ‡. ÄÚÓÏ˚ ë(7) Ë ë(8) ÓÚÍÎÓÌfl˛ÚÒfl ÓÚ ˝ÚÓÈ
ÔÎÓÒÍÓÒÚË Ì‡ 0.124 Ë –0.290 Å ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. ùÎ-
ÎËÔÒÓË‰˚ ÚÂÔÎÓ‚˚ı ÍÓÎÂ·‡ÌËÈ ‡ÚÓÏÓ‚ ë(7) Ë ë(8)
ı‡‡ÍÚÂËÁÛ˛ÚÒfl ÒËÎ¸ÌÓÈ ‡ÌËÁÓÚÓÔËÂÈ, ‚ÒÎÂ‰ÒÚ-
‚ËÂ ˜Â„Ó ‡ÒÒÚÓflÌËÂ ÏÂÊ‰Û ‡ÚÓÏ‡ÏË ë(7) Ë ë(8)
ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÍÓÓ˜Â (1.35 Å) ‡ÒÒÚÓflÌËÈ ë(5)–
ë(6), ë(6)–ë(7), ë(8)–ë(9) Ë ë(9)–ë(10) (Ú‡·Î. 2),
Ó‰Ì‡ÍÓ Ò Û˜ÂÚÓÏ ‡ÌËÁÓÚÓÔËË ÚÂÔÎÓ‚˚ı ÔÓÔ‡‚ÓÍ
[22], ˝ÚÓ ‡ÒÒÚÓflÌËÂ ÒÓÒÚ‡‚ÎflÂÚ 1.58 Å, ˜ÚÓ ÒÓÓÚ-
‚ÂÚÒÚ‚ÛÂÚ sp3-„Ë·Ë‰ËÁ‡ˆËË. èÓ Ò‡‚ÌÂÌË˛ Ò ËÒ-
ıÓ‰Ì˚Ï ÒÓÂ‰ËÌÂÌËÂÏ I [11] Ó‰ËÌ‡Ì˚Â Ò‚flÁË „ÂÚÂ-
ÓˆËÍÎË˜ÂÒÍÓ„Ó Ù‡„ÏÂÌÚ‡ ·ËˆËÍÎ‡ ÒÚ‡ÎË ÍÓÓ-
˜Â, ‡ ‰‚ÓÈÌ˚Â – ÌÂÒÍÓÎ¸ÍÓ ‰ÎËÌÌÂÂ, ˜ÚÓ ÓÚ‚Â˜‡ÂÚ
ÓÊË‰‡ÂÏÓÈ ‡ÓÏ‡ÚË˜ÂÒÍÓÈ ÒÚÛÍÚÛÂ ÔËË‰ËÌÓ-
‚Ó„Ó Ù‡„ÏÂÌÚ‡ (ÒıÂÏ‡ 1).

Ç ÏÓÎÂÍÛÎÂ III (ËÒ. 2) 6-˜ÎÂÌÌ˚È ˆËÍÎ
N(1)…C(10) ÔÎÓÒÍËÈ Ò ÚÓ˜ÌÓÒÚ¸˛ ‰Ó 0.01 Å. ÄÚÓ-
Ï˚ é(1), ë(1), C(6), C(9) Ë C(11) ÎÂÊ‡Ú ‚ ÔÎÓÒÍÓ-
ÒÚË ˝ÚÓ„Ó ˆËÍÎ‡. ÄÚÓÏ˚ ë(7) Ë ë(8) ÓÚÍÎÓÌfl˛ÚÒfl
ÓÚ ˝ÚÓÈ ÔÎÓÒÍÓÒÚË Ì‡ –0.237 Ë 0.405 Å ÒÓÓÚ‚ÂÚÒÚ-
‚ÂÌÌÓ. ùÎÎËÔÒÓË‰˚ ÚÂÔÎÓ‚˚ı ÍÓÎÂ·‡ÌËÈ ‡ÚÓÏÓ‚
ë(7) Ë ë(8), Ú‡Í ÊÂ Í‡Í Ë ‚ ÏÓÎÂÍÛÎÂ II, ÒËÎ¸ÌÓ ‡ÌË-
ÁÓÚÓÔÌ˚, ‚ÒÎÂ‰ÒÚ‚ËÂ ˜Â„Ó ‡ÒÒÚÓflÌËÂ ÏÂÊ‰Û ‡ÚÓ-
Ï‡ÏË ë(7) Ë ë(8) ÛÍÓÓ˜ÂÌÓ (1.44 Å) ‡ÒÒÚÓflÌËÈ
ë(5)–ë(6), ë(6)–ë(7), ë(8)–ë(9) Ë ë(9)–ë(10) (Ú‡·Î.
4), Ó‰Ì‡ÍÓ Ò Û˜ÂÚÓÏ ‡ÌËÁÓÚÓÔËË ÚÂÔÎÓ‚˚ı ÔÓÔ‡-
‚ÓÍ [22], ÓÌÓ ‡‚ÌÓ 1.57 Å, ˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ sp3-
„Ë·Ë‰ËÁ‡ˆËË. ä‡Í Ë ‚ ÔÂ‰˚‰Û˘ÂÏ ÒÎÛ˜‡Â, ÒÚÓÂ-
ÌËÂ ÔËË‰ËÌÓ‚Ó„Ó Ù‡„ÏÂÌÚ‡ ·ËˆËÍÎ‡ ÓÚ‚Â˜‡ÂÚ
ÓÊË‰‡ÂÏÓÈ ‡ÓÏ‡ÚË˜ÂÒÍÓÈ ÒÚÛÍÚÛÂ (ÒıÂÏ‡ 1). 

Ç ÍËÒÚ‡ÎÎ‡ı IV (ËÒ. 3) ËÁ-Á‡ ÌÂÔÓÎÌÓÈ Á‡ÒÂ-
ÎÂÌÌÓÒÚË ÔÓÁËˆËÈ ÒÓÎ¸‚‡ÚÌ˚ı ÏÓÎÂÍÛÎ Cç3CN
‚ÓÁÌËÍÎË ÔÓ·ÎÂÏ˚ ÔË ÛÚÓ˜ÌÂÌËË ÒÚÛÍÚÛ˚.
ÑÎfl Ëı Â¯ÂÌËfl ‰ÎËÌ˚ Ò‚flÁÂÈ ‚ ‰‚Ûı ÍËÒÚ‡ÎÎÓ-
„‡ÙË˜ÂÒÍË ÌÂÁ‡‚ËÒËÏ˚ı ÏÓÎÂÍÛÎ‡ı ·˚ÎË ÔÓÔ‡-
ÌÓ ÛÒÂ‰ÌÂÌ˚. 6-˜ÎÂÌÌ˚È ˆËÍÎ N(1)…(10) ÔÎÓÒ-
ÍËÈ Ò ÚÓ˜ÌÓÒÚ¸˛ ‰Ó 0.02 Å. ÄÚÓÏ˚ é(1), ë(1), C(6),
C(9) Ë ë(12) ÎÂÊ‡Ú ‚ ÔÎÓÒÍÓÒÚË ˝ÚÓ„Ó ˆËÍÎ‡. ÄÚÓ-
Ï˚ ë(7), ë(8) Ë ë(11) ÓÚÍÎÓÌfl˛ÚÒfl ÓÚ ˝ÚÓÈ ÔÎÓÒ-
ÍÓÒÚË Ì‡ –0.256, 0.340 Ë –0.204 Å ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ.
óÂÂ‰Ó‚‡ÌËÂ Ó‰ËÌ‡Ì˚ı Ë ‰‚ÓÈÌ˚ı Ò‚flÁÂÈ ‚ „ÂÚÂ-
ÓˆËÍÎÂ ÓÚ‚Â˜‡ÂÚ ÌÂ‡ÓÏ‡ÚË˜ÂÒÍÓÈ ÔËË‰ÓÌÓ‚ÓÈ
ÒÚÛÍÚÛÂ (ÒıÂÏ‡ 1). ä‡Í Ë ‚ ÒÚÛÍÚÛ‡ı I – III, ‡Ò-
ÒÚÓflÌËÂ ÏÂÊ‰Û ‡ÚÓÏ‡ÏË ë(7) Ë ë(8) ÛÍÓÓ˜ÂÌÓ
(1.44 Å) (Ú‡·Î. 6), Ó‰Ì‡ÍÓ Ò Û˜ÂÚÓÏ ÔÓÔ‡‚ÍË [22],
ÓÌÓ ‡‚ÌÓÚ 1.54 Å. îÂÌËÎ¸Ì˚È ˆËÍÎ ë(14)…C(19)
ÔÎÓÒÍËÈ Ò ÚÓ˜ÌÓÒÚ¸˛ ‰Ó 0.013 Å. ÄÚÓÏ˚ Cl(1),
ë(13) Ë ë(12) ÎÂÊ‡Ú ‚ ÔÎÓÒÍÓÒÚË ˝ÚÓ„Ó ˆËÍÎ‡.
ÄÚÓÏ˚ é(13) Ë N(1) ÓÚÍÎÓÌfl˛ÚÒfl ÓÚ ˝ÚÓÈ ÔÎÓÒÍÓ-
ÒÚË Ì‡ –0.116 Ë –0.373 Å ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. Ñ‚Û„‡Ì-
Ì˚È Û„ÓÎ ÏÂÊ‰Û ÔÎÓÒÍÓÒÚflÏË ÔËË‰ÓÌÓ‚Ó„Ó
Ù‡„ÏÂÌÚ‡ Ë ‡ËÎ¸ÌÓÈ „ÛÔÔ˚ ÒÓÒÚ‡‚ÎflÂÚ 86.45°.

C(6)

C(5)

C(11)

C(4)

C(3)

C(2)

Cl(2)
N(1)

C(10)

C(9)

C(8)

C(7)

êËÒ. 1. ëÚÓÂÌËÂ ÏÓÎÂÍÛÎ˚ Ë ÌÛÏÂ‡ˆËfl ‡ÚÓÏÓ‚ ÒÓ-
Â‰ËÌÂÌËfl II. ùÎÎËÔÒÓË‰˚ ÚÂÔÎÓ‚˚ı ÍÓÎÂ·‡ÌËÈ Á‰ÂÒ¸ Ë
‰‡ÎÂÂ ÔË‚Â‰ÂÌ˚ Ò ‚ÂÓflÚÌÓÒÚ¸˛ 50%.

C(7)

C(6)

C(5)
C(4)

C(11)

C(3)

C(2)

O(1)

C(1)
N(1)

C(10)
C(9)

C(8)

êËÒ. 2. ëÚÓÂÌËÂ ÏÓÎÂÍÛÎ˚ Ë ÌÛÏÂ‡ˆËfl ‡ÚÓÏÓ‚ ÒÓ-
Â‰ËÌÂÌËfl III. 
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ëÚÓÂÌËÂ ‰‚Ûı ÒÓÎ¸‚‡ÚÌ˚ı ÏÓÎÂÍÛÎ Cç3CN ÚË-
ÔË˜ÌÓ Ë ‚ ÍÓÏÏÂÌÚ‡Ëflı ÌÂ ÌÛÊ‰‡ÂÚÒfl.

Ç Í‡ÚËÓÌÂ V (ËÒ. 4) 9-˜ÎÂÌÌ˚È ÓÍÒ‡ÁÓÎÓÔËË-
‰ËÌËÂ‚˚È ·ËˆËÍÎ N(1)…ë(13) ÔÎÓÒÍËÈ Ò ÚÓ˜ÌÓÒ-
Ú¸˛ ‰Ó 0.03 Å. ÄÚÓÏ˚ C(12), C(14), C(15), ë(19) Ë
ë(20) ÎÂÊ‡Ú ‚ ÔÎÓÒÍÓÒÚË ˝ÚÓ„Ó ˆËÍÎ‡. ÄÚÓÏ˚
ë(9), ë(10), ë(11), ë(16), ë(17) Ë ë(18) ÓÚÍÎÓÌfl˛Ú-
Òfl ÓÚ ˝ÚÓÈ ÔÎÓÒÍÓÒÚË Ì‡ 0.119, 0.562, –0.225, 0.275,
0.348 Ë 0.226 Å ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. îÂÌËÎ¸Ì˚È ˆËÍÎ
ë(15)…C(20) ÔÎÓÒÍËÈ Ò ÚÓ˜ÌÓÒÚ¸˛ ‰Ó 0.01 Å. ÄÚÓ-

Ï˚ Cl(1) Ë ë(3) ÎÂÊ‡Ú ‚ ÔÎÓÒÍÓÒÚË ˝ÚÓ„Ó ˆËÍÎ‡.
ëÚÓÂÌËÂ ÙÂÌËÎ¸ÌÓ„Ó ÍÓÎ¸ˆ‡ ÓÚ‚Â˜‡ÂÚ ÓÊË‰‡Â-
ÏÓÈ ‡ÓÏ‡ÚË˜ÂÒÍÓÈ ÒÚÛÍÚÛÂ. ÇÂÎË˜ËÌ‡ ‰‚Û-
„‡ÌÌÓ„Ó Û„Î‡ ÏÂÊ‰Û „ÂÚÂÓˆËÍÎË˜ÂÒÍÓÈ Ë ÙÂ-
ÌËÎ¸ÌÓÈ ÔÎÓÒÍÓÒÚflÏË ÒÓÒÚ‡‚ÎflÂÚ ‚ÒÂ„Ó 7.37°, ˜ÚÓ
Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ ‚ ÔÓÎ¸ÁÛ ÒÓÔflÊÂÌËfl ‡ÓÏ‡ÚË˜Â-
ÒÍËı ˆËÍÎÓ‚.

ÑÎfl Í‡ÚËÓÌ‡ ÓÍÒ‡ÁÓÎÓÔËË‰ËÌËfl ÏÓÊÌÓ Ì‡ÔË-
Ò‡Ú¸ ÚË ÂÁÓÌ‡ÌÒÌ˚Â ÒÚÛÍÚÛ˚, ‰‚Â Ò ÔÓÎÓÊË-
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C(15)

C(13)
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C(6) C(5)

C(10)

êËÒ. 3. ëÚÓÂÌËÂ ÏÓÎÂÍÛÎ˚ Ë ÌÛÏÂ‡ˆËfl ‡ÚÓÏÓ‚ ÒÓ-
Â‰ËÌÂÌËfl IV. ëÓÎ¸‚‡ÚÌ˚Â ÏÓÎÂÍÛÎ‡ ‡ˆÂÚÓÌËÚËÎ‡ Ì‡
ËÒÛÌÍÂ ÌÂ ÔÓÍ‡Á‡Ì‡.
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êËÒ. 4. ëÚÓÂÌËÂ ÏÓÎÂÍÛÎ˚ Ë ÌÛÏÂ‡ˆËfl ‡ÚÓÏÓ‚ ÒÓ-
Â‰ËÌÂÌËfl V.
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ÄÎ¸·Ó‚ Ë ‰.

ÚÂÎ¸Ì˚Ï Á‡fl‰ÓÏ Ì‡ ‡ÚÓÏÂ ‡ÁÓÚ‡ Ë Ó‰ÌÛ Ò Á‡fl‰ÓÏ
Ì‡ ‡ÚÓÏÂ ÍËÒÎÓÓ‰‡:

ÇÓÁÌËÍ‡ÂÚ ‚ÓÔÓÒ, Í‡Í‡fl ËÁ ˝ÚËı ÙÓÏÛÎ ÚÓ˜-
ÌÂÂ ÓÚ‡Ê‡ÂÚ ÒÚÓÂÌËÂ Í‡ÚËÓÌ‡. ÑÎËÌ˚ Ò‚flÁÂÈ
ë(6)–ë(7), ë(7)–ë(8) Ë ë(8)–ë(13) (ËÒ. 5) ‡‚Ì˚
1.378(5), 1.423(5) Ë 1.359(5) Å ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ
(Ú‡·Î. 8). í‡Í‡fl ÙËÍÒ‡ˆËfl ‰‚ÓÈÌ˚ı Ò‚flÁÂÈ ‚ ÔËË-
‰ËÌÓ‚ÓÏ Ù‡„ÏÂÌÚÂ ÏÓÎÂÍÛÎ˚ „Ó‚ÓËÚ Ó ÚÓÏ, ˜ÚÓ
ÙÓÏÛÎ‡ A ‰‡ÂÚ Ì‡ËÏÂÌ¸¯ËÈ ‚ÍÎ‡‰. ÑÎfl ÓÍÓÌ˜‡-
ÚÂÎ¸ÌÓ„Ó ‚˚·Ó‡ ÏÂÊ‰Û ÒÚÛÍÚÛ‡ÏË B Ë C ‚ äÂÏ-
·Ë‰ÊÒÍÓÏ ·‡ÌÍÂ ÒÚÛÍÚÛÌ˚ı ‰‡ÌÌ˚ı [14] (‚Â-
ÒËfl 11.02) ·˚Î ÔÓ‚Â‰ÂÌ ÔÓËÒÍ ÒÓÂ‰ËÌÂÌËÈ, ÒÓ‰Â-
Ê‡˘Ëı ÔÓÚÓÌËÓ‚‡ÌÌÛ˛ ÔÓ ‡ÚÓÏ‡Ï ÍËÒÎÓÓ‰‡
ËÎË ‡ÁÓÚ‡ (ËÎË ‡ÎÍËÎËÓ‚‡ÌÌÛ˛ ÔÓ ‡ÚÓÏÛ ÍËÒÎÓ-
Ó‰‡) ‡ÏË‰ÌÛ˛ „ÛÔÔÛ. Ç ÂÁÛÎ¸Ú‡ÚÂ ·˚ÎÓ Ó·Ì‡-
ÛÊÂÌÓ, ˜ÚÓ ‰ÎËÌ‡ Ò‚flÁË ë=é ‚ Ú‡ÍËı Ù‡„ÏÂÌÚ‡ı
Ì‡ıÓ‰ËÚÒfl ‚ ÔÂ‰ÂÎ‡ı 1.25–1.30 Å, ÔË˜ÂÏ 60 ÙÓ-
ÏÛÎ ·˚ÎÓ ËÁÓ·‡ÊÂÌÓ Ò ÔÓÎÓÊËÚÂÎ¸Ì˚Ï Á‡fl‰ÓÏ
Ì‡ ÍËÒÎÓÓ‰Â, Ë ·ÓÎÂÂ 200 – Ò Á‡fl‰ÓÏ Ì‡ ‡ÚÓÏÂ
‡ÁÓÚ‡. Ç ÔËË‰ÓÌ‡ı ‰ÎËÌ˚ Ò‚flÁÂÈ ë=é Ì‡ıÓ‰flÚÒfl
‚ ÔÂ‰ÂÎ‡ı 1.21–1.25 Å, ˜ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÌÂ-
ÍÓÚÓÓÏ Û‚ÂÎË˜ÂÌËË ‰ÎËÌ˚ ‰‚ÓÈÌÓÈ Ò‚flÁË Û„ÎÂ-
Ó‰–ÍËÒÎÓÓ‰ ÔË ÂÂ ÔÓÚÓÌËÓ‚‡ÌËË (ËÎË ‡ÎÍË-
ÎËÓ‚‡ÌËË) ÔÓ ÍËÒÎÓÓ‰ÌÓÏÛ „ÂÚÂÓ‡ÚÓÏÛ. Ç
ÒÚÛÍÚÛÂ V ‰ÎËÌ‡ Ò‚flÁË ë(5)–é(4) ÒÓÒÚ‡‚ÎflÂÚ
1.339(4) Å, ˜ÚÓ Á‡ÌËÏ‡ÂÚ ÔÓÏÂÊÛÚÓ˜ÌÓÂ ÔÓÎÓÊÂ-
ÌËÂ ÏÂÊ‰Û Ó‰ËÌ‡ÌÓÈ ë-é Ë ‰‚ÓÈÌÓÈ Ò‚flÁ¸˛ ‚
‡ÏË‰ÌÓÈ „ÛÔÔÂ Ò ÔÓÎÓÊËÚÂÎ¸Ì˚Ï Á‡fl‰ÓÏ. ÑÎË-
Ì‡ Ò‚flÁË N(1)–ë(5) Ú‡ÍÊÂ ‡‚Ì‡ 1.339(4) Å, ˜ÚÓ
ÏÂÌ¸¯Â ‰ÎËÌ ‰‚Ûı ‰Û„Ëı Ò‚flÁÂÈ C–N ÔË ˝ÚÓÏ
‡ÚÓÏÂ ‡ÁÓÚ‡ (1.381(4) Ë 1.398(4) Å). ç‡ ÓÒÌÓ‚‡ÌËË
˝ÚËı ‡ÒÒÛÊ‰ÂÌËÈ ÏÓÊÌÓ Ò‰ÂÎ‡Ú¸ ‚˚‚Ó‰, ˜ÚÓ
ÒÚÓÂÌËÂ Í‡ÚËÓÌ‡ ÓÍÒ‡ÁÓÎÓÔËË‰ËÌËfl ÔÂ‰ÒÚ‡‚-
ÎflÂÚ „Ë·Ë‰ ÙÓÏÛÎ B Ë C (Ò ÌÂÒÍÓÎ¸ÍÓ ·ÓÎ¸¯ËÏ
‚ÍÎ‡‰ÓÏ ÒÚÛÍÚÛ˚ B). ÇÂÓflÚÌÓ, Ì‡Ë·ÓÎÂÂ ‡‰ÂÍ-
‚‡ÚÌÓ ÒÚÓÂÌËÂ Í‡ÚËÓÌ‡ ÒÎÂ‰ÛÂÚ ËÁÓ·‡Ê‡Ú¸ Ò ‰Â-
ÎÓÍ‡ÎËÁ‡ˆËÂÈ Á‡fl‰‡:

ùÎÎËÔÒÓË‰˚ ÚÂÔÎÓ‚˚ı ÍÓÎÂ·‡ÌËÈ ‡ÚÓÏÓ‚ ÍËÒ-
ÎÓÓ‰‡ ‚ ‡ÌËÓÌÂ ÔÂıÎÓ‡Ú‡ ÒËÎ¸ÌÓ ‡ÌËÁÓÚÓÔÌ˚
‚ ÔÎÓÒÍÓÒÚË, ÔÂÔÂÌ‰ËÍÛÎflÌÓÈ Ò‚flÁË Cl–O
(ËÒ.4). ùÚÓ „Ó‚ÓËÚ Ó Ì‡ÎË˜ËË ÌÂÍÓÚÓÓÈ ÒÚÂÔÂÌË
Ò‚Ó·Ó‰˚ ‚‡˘ÂÌËfl ÔÂıÎÓ‡Ú-ËÓÌ‡ ‚ÓÍÛ„ ‡ÚÓÏ‡
ıÎÓ‡.

Ä‚ÚÓ˚ ‚˚‡Ê‡˛Ú ·Î‡„Ó‰‡ÌÓÒÚ¸ êÓÒÒËÈÒÍÓ-
ÏÛ îÓÌ‰Û îÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı àÒÒÎÂ‰Ó‚‡ÌËÈ Á‡ ÙË-

Ì‡ÌÒÓ‚Û˛ ÔÓ‰‰ÂÊÍÛ ‚ ÓÔÎ‡ÚÂ ÎËˆÂÌÁËË Ì‡ ÔÓÎ¸-
ÁÓ‚‡ÌËÂ äÂÏ·Ë‰ÊÒÍËÏ Å‡ÌÍÓÏ ëÚÛÍÚÛÌ˚ı
Ñ‡ÌÌ˚ı („‡ÌÚ 02-07-90322), ‡ Ú‡ÍÊÂ ÙÓÌ‰Û àç-
íÄë („‡ÌÚ INTAS 00-0711).
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