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ÇÇÖÑÖçàÖ‘

 

Ñ‡ÌÌ‡fl ‡·ÓÚ‡ fl‚ÎflÂÚÒfl ÔÓ‰ÓÎÊÂÌËÂÏ ÔÓ‚Ó-
‰ËÏ˚ı ÒÚÛÍÚÛÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ „ÂÚÂÓˆËÍÎË-
˜ÂÒÍËı ÒÓÂ‰ËÌÂÌËÈ, Ó·Î‡‰‡˛˘Ëı ÒÔÓÒÓ·ÌÓÒÚ¸˛
‚ÒÚÛÔ‡Ú¸ ‚ ‡ÁÎË˜Ì˚Â ÔÂÂ„ÛÔÔËÓ‚ÍË, ‚ ÚÓÏ
˜ËÒÎÂ Ë Â‡ÍˆËË ˆËÍÎËÁ‡ˆËË [1–12]. ä‡Í Ë ‚ ÔÂ-
‰˚‰Û˘Ëı ÒÓÓ·˘ÂÌËflı, Ï˚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ ËÁÛ-
˜‡ÂÏ ÏÂÚÓ‰ÓÏ ÂÌÚ„ÂÌÓÒÚÛÍÚÛÌÓ„Ó ‡Ì‡ÎËÁ‡
ÒÚÓÂÌËÂ ‚ÒÂı ËÌÚÂÏÂ‰Ë‡ÚÓ‚ Ë ÍÓÌÂ˜Ì˚ı ÔÓ‰ÛÍ-
ÚÓ‚ ÏÌÓ„ÓÒÚÛÔÂÌ˜‡Ú˚ı Â‡ÍˆËÈ ˆËÍÎËÁ‡ˆËÈ Ë ÔÂ-
Â„ÛÔÔËÓ‚ÓÍ. ëÚÛÍÚÛÌ˚ÏË ÔÂ‰¯ÂÒÚ‚ÂÌÌË-
Í‡ÏË ÏÌÓ„Ëı ÒËÒÚÂÏ, ËÁÛ˜ÂÌÌ˚ı Ì‡ÏË ‡ÌÂÂ, fl‚Îfl-
˛ÚÒfl ÔÓËÁ‚Ó‰Ì˚Â ÔËË‰ÓÌ‡-2 (ÒıÂÏ‡ 1). Ç
Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ Ï˚ ËÁÛ˜ËÎË

 

ëıÂÏ‡ 1

 

ÒÚÓÂÌËÂ 4,6-‰ËÏÂÚËÎ-1ç-ÔËË‰ËÌ-2-ÓÌ‡ (I) Ë fl‰‡
Â„Ó ‡Ì‡ÎÓ„Ó‚, ÒÓ‰ÂÊ‡˘Ëı ‡ÌÌÂÎËÓ‚‡ÌÌ˚È ÔÓ
Ò‚flÁË ë(5)–ë(6) ˆËÍÎÓ‡ÎÍ‡ÌÓ‚˚È Ù‡„ÏÂÌÚ, ‡
ËÏÂÌÌÓ 4-ÏÂÚËÎ-1,5,6,7-ÚÂÚ‡„Ë‰Ó-2ç-ˆËÍÎÓÔÂÌ-
Ú‡[

 

b

 

]ÔËË‰ËÌ-2-ÓÌ‡ (II

 

a

 

), Â„Ó ÍÓÏÔÎÂÍÒ‡ Ò ÙÓÒ-
ÙÓÌÓÈ ÍËÒÎÓÚÓÈ Ë ÏÂÚ‡ÌÓÎÓÏ ÒÓÒÚ‡‚‡ 2 : 1 : 1 (II),
4-ÏÂÚËÎ-1,5,6,7,8,9-„ÂÍÒ‡„Ë‰Ó-2ç-ˆËÍÎÓ„ÂÔ-
Ú‡[

 

b

 

]ÔËË‰ËÌ-2-ÓÌ‡ (III), 4-ÏÂÚËÎ-5,6,7,8,9,10-„ÂÍ-
Ò‡„Ë‰ÓˆËÍÎÓÓÍÚ‡[

 

b

 

]-ÔËË‰ËÌ-2(1ç)-ÓÌ‡ (IV) Ë 2-
ÓÍÒÓ-1,2,5,6,7,8-„ÂÍÒ‡„Ë‰ÓıËÌÓÎËÌ-3-Í‡·Ó-ÌËÚ-
ËÎ‡ (V). Ñ‡ÌÌ˚Â Ó ÒÚÓÂÌËË ÏÓÎÂÍÛÎ ‚ ÍËÒÚ‡Î-
Î‡ı ÒÓÂ‰ËÌÂÌËÈ, Ó·ÒÛÊ‰‡ÂÏ˚ı ‚ Ì‡ÒÚÓfl˘ÂÈ ÒÚ‡-
Ú¸Â, ‚ äÂÏ·Ë‰ÊÒÍÓÏ ·‡ÌÍÂ ÒÚÛÍÚÛÌ˚ı ‰‡ÌÌ˚ı
(‚ÂÒËfl 11.02) ÓÚÒÛÚÒÚ‚Û˛Ú [13].
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åÂÚÓ‰ÓÏ ÏÓÌÓÍËÒÚ‡Î¸ÌÓÈ ‰ËÙ‡ÍˆËË ËÒÒÎÂ‰Ó‚‡Ì˚ ÒÚÛÍÚÛ˚ 4,6-‰ËÏÂÚËÎ-1ç-ÔËË‰ËÌ-2-ÓÌ‡ (

 

a

 

 =
6.125(2), 

 

b

 

 = 15.153(4), 

 

c

 

 = 14.477(4) 

 

Å

 

, 

 

Z

 

 = 8, Ô. „. 

 

Pbca

 

), ÍÓÏÔÎÂÍÒ‡ 4-ÏÂÚËÎ-1,5,6,7-ÚÂÚ‡„Ë‰Ó-2ç-
ˆËÍÎÓÔÂÌÚ‡[

 

b

 

]ÔËË‰ËÌ-2-ÓÌ‡ Ò ÙÓÒÙÓÌÓÈ ÍËÒÎÓÚÓÈ Ë ÏÂÚ‡ÌÓÎÓÏ ÒÓÒÚ‡‚‡ 2 : 1 : 1 (

 

a

 

 = 11.181(2), 

 

b

 

 =
14.059(6), 

 

c

 

 = 13.593(4) 

 

Å

 

, 

 

β

 

 = 97.78(2)°, 

 

Z

 

 = 8, Ô. „. 

 

P

 

2

 

1

 

/

 

n

 

), 4-ÏÂÚËÎ-1,5,6,7,8,9-„ÂÍÒ‡„Ë‰Ó-2ç-ˆËÍÎÓ-
„ÂÔÚ‡[

 

b

 

]ÔËË‰ËÌ-2-ÓÌ‡ (

 

a

 

 = 12.565(6), 

 

b

 

 = 5.836(6), 

 

c

 

 = 13.007(3) 

 

Å

 

, 

 

β 

 

= 93.10(3)°, 

 

Z

 

 = 4, Ô. „. 

 

P

 

2

 

1

 

/

 

n

 

) Ë
4-ÏÂÚËÎ-5,6,7,8,9,10-„ÂÍÒ‡„Ë‰ÓˆËÍÎÓÓÍÚ‡[

 

b

 

]ÔËË‰ËÌ-2(1ç)-ÓÌ‡ (

 

a

 

 = 12.955(3), 

 

b

 

 = 6.1595(15), 

 

c

 

 =
13.038(3) 

 

Å

 

, 

 

β

 

 = 95.50(2)°, 

 

Z

 

 = 4, Ô. „. 

 

P

 

2

 

1

 

/

 

n

 

). ëÚÛÍÚÛ˚ Â¯ÂÌ˚ ÔflÏ˚ÏË ÏÂÚÓ‰‡ÏË Ë ÛÚÓ˜ÌÂÌ˚
ÔÓÎÌÓÏ‡ÚË˜Ì˚Ï åçä ‚ ‡ÌËÁÓÚÓÔÌÓÏ ÔË·ÎËÊÂÌËË ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ‰Ó 

 

R

 

 = 0.0755, 

 

R

 

 = 0.0644, 

 

R

 

 =
0.0754, 

 

R

 

 = 0.0569. åÂÚÓ‰ÓÏ ÔÓÓ¯ÍÓ‚ÓÈ ‰ËÙ‡ÍˆËË ËÒÒÎÂ‰Ó‚‡Ì˚ ÒÚÛÍÚÛ˚ 4-ÏÂÚËÎ-1.5,6.7-ÚÂÚ‡-
„Ë‰Ó-2ç-ˆËÍÎÓÔÂÌÚ‡[

 

b

 

]ÔËË‰ËÌ-2-ÓÌ‡ (

 

a

 

 = 7.353(4), 

 

b

 

 = 8.176(4), 

 

c

 

 = 13.00(1) 

 

Å

 

, 

 

β 

 

= 105.64(2)°, 

 

Z

 

 = 4,
Ô. „. 

 

P

 

2

 

1

 

/

 

c

 

) Ë 2-ÓÍÒÓ-2,5,6,7,8-„ÂÍÒ‡„Ë‰ÓıËÌÓÎËÌ-3-Í‡·ÓÌËÚËÎ‡ (

 

a

 

 = 5.9870(2), 

 

b

 

 = 16.5280(5), 

 

c

 

 =
9.6540(3) 

 

Å

 

, 

 

β

 

 = 111.52(4)°, 

 

Z

 

 = 4, Ô. „. 

 

P

 

2

 

1

 

/

 

c

 

). ëÚÛÍÚÛ˚ ÓÔÂ‰ÂÎÂÌ˚ ÏÂÚÓ‰ÓÏ ÒËÒÚÂÏ‡ÚË˜ÂÒÍÓ„Ó
ÔÓËÒÍ‡, ÛÚÓ˜ÌÂÌËÂ ÔÓ‚Ó‰ËÎÓÒ¸ ÏÂÚÓ‰ÓÏ êËÚ‚ÂÎ¸‰‡ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ‰Ó 

 

R

 

wp

 

 = 0.108, 

 

R

 

e

 

xp

 

 = 0.032, 

 

R

 

p

 

 =
0.076, 

 

R

 

b

 

 = 0.123, 

 

χ

 

2

 

 = 7.9 Ë 

 

R

 

wp

 

 = 0.058, 

 

R

 

exp

 

 = 0.027, 

 

R

 

p

 

 = 0.043, 

 

R

 

b

 

 = 0.077, 

 

χ

 

2

 

 = 3.64. ÇÓ ‚ÒÂı ÒÚÛÍÚÛ‡ı
ÓÚÏÂ˜ÂÌÓ Ó·‡ÁÓ‚‡ÌËÂ ‚Ó‰ÓÓ‰Ì˚ı Ò‚flÁÂÈ Ò Û˜‡ÒÚËÂÏ ‡ÚÓÏÓ‚ N, H Ë O ÔËË‰ÓÌÓ‚Ó„Ó Ù‡„ÏÂÌÚ‡.

 

ìÑä 548.73;547.7
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ëıÂÏ‡ 2

ëıÂÏ‡ 3

ëıÂÏ‡ 4

ëıÂÏ‡ 5

 

ëıÂÏ‡ 6

 

ëÓÂ‰ËÌÂÌËÂ I ÔÓÎÛ˜ÂÌÓ ÔÓ ÏÂÚÓ‰ËÍÂ [14]. ëËÌÚÂÁ
ÒÓÂ‰ËÌÂÌËÈ II, III Ë IV ‚˚ÔÓÎÌÂÌ ÔÓ ËÁÏÂÌÂÌÌÓÈ
ÏÂÚÓ‰ËÍÂ [15]: 16 „ ‡ˆÂÚÓ‡ˆÂÚ‡ÏË‰‡, ˝Í‚ËÏÓÎfl-
ÌÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó ˆËÍÎÓ‡ÎÍ‡ÌÓ-

Ì‡ Ë 80 „ ÔÓÎËÙÓÒÙÓÌÓÈ ÍËÒÎÓÚ˚ ÓÒÚÓÓÊÌÓ Ì‡-
„Â‚‡˛Ú ÔË ÔÂÂÏÂ¯Ë‚‡ÌËË ÒÚÂÍÎflÌÌÓÈ Ô‡ÎÓ˜-
ÍÓÈ ‚ ÒÚ‡Í‡ÌÂ. èË ÚÂÏÔÂ‡ÚÛÂ ÓÍÓÎÓ 70°ë
Ì‡˜ËÌ‡ÂÚÒfl ˝ÍÁÓÚÂÏË˜ÂÒÍ‡fl Â‡ÍˆËfl Ë ÒÏÂÒ¸ ÏÓ-
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+
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O

+ H O

O
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O–
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V

í‡·ÎËˆ‡ 1.  îËÁËÍÓ-ıËÏË˜ÂÒÍËÂ ı‡‡ÍÚÂËÒÚËÍË ÔÓÎÛ˜ÂÌÌ˚ı ÒÓÂ‰ËÌÂÌËÈ

ëÓÂ‰ËÌÂÌËÂ TÔÎ, °C èåê

I 180–182 6.04 (1H, c, C(5)H); 5.92 (1H, c, C(3)H); 2.23 (3H, c, 6-CH3); 2.13 (3H, c, 4-CH3) 
(‡ˆÂÚÓÌ-d6) 

[14]

IIa 245–248 5.87 (1H, c, C(3)H); 2.72 (2H, Ú, C(8)H2); 2.61 (2H, Ú, C(6)H2); 2.06 (3H, c, 
C(10)H3); 2.04 (2H, Ï, C(7)H2) (Ñåëé-d6)

[15]

III 258–260 5.88 (1H, c, C(3)H); 2.62 (2H, Ú, C(10)H2); 2.48 (2H, Ú, C(6)H2); 2.08 (3H, c, 
C(12)H3); 1.78 (2H, Ï, C(9)H2); 1.54 (4H, Ï, C(7)H2, C(8)H2) (Ñåëé-d6)

[15]

IV 230–233 5.99 (1H, c, C(3)H); 2.58 (2H, Ú, C(11)H2); 2.46 (2H, Ú, C(6)H2); 2.09 (3H, c, 
C(13)H3); 1.59 (2H, Ï, C(10)H2); 1.51 (2H, Ï, C(7)H2); 1.34 (4H, Ï, C(8)H2), 
C(9)H2) (Ñåëé-d6)

–

V 250–257 7.87 (1H, c, C(4)H); 2.56 (2H, Ú, C(7)H2); 2.43 (2H, Ú, C(9)H2); 1.66 (4H, Ï, 
C(7)H2), C(8)H2) (Ñåëé-d6)

[16]
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êËÒ. 1. ùÍÒÔÂËÏÂÌÚ‡Î¸Ì˚È Ë ‡ÁÌÓÒÚÌ˚È (ÛÚÓ˜ÌÂÌËÂ ÔÓ êËÚ‚ÂÎ¸‰Û) ÒÔÂÍÚ˚ ‰Îfl ÒÓÂ‰ËÌÂÌËfl IIa.

ÏÂÌÚ‡Î¸ÌÓ ‡ÁÓ„Â‚‡ÂÚÒfl ‰Ó 140°ë. Ñ‡ÎÂÂ Â‡ÍˆË-
ÓÌÌÛ˛ Ï‡ÒÒÛ ÔÂÂÏÂ¯Ë‚‡˛Ú ÔË 100°ë ‰Ó Ó‰ÌÓ-
Ó‰ÌÓÒÚË (ÓÍÓÎÓ 5 ÏËÌ) Ë ‚˚ÎË‚‡˛Ú ‚ „Ófl˜Û˛ ‚Ó-
‰Û. é·‡ÁÛÂÚÒfl ÚÂÏÌ˚È ‡ÒÚ‚Ó Ë ÊË‰Í‡fl ÒÏÓÎ‡.
ëÏÓÎÓÓ·‡ÁÌ˚È ÓÒÚ‡ÚÓÍ ÓÚ·‡Ò˚‚‡˛Ú, ‡ÒÚ‚Ó
ÌÂÈÚ‡ÎËÁÛ˛Ú Ú‚Â‰˚Ï „Ë‰ÓÍ‡·ÓÌ‡ÚÓÏ Ì‡ÚËfl
‰Ó ÔÂÍ‡˘ÂÌËfl ‚˚Ô‡‰ÂÌËfl ÓÒ‡‰Í‡, ÍÓÚÓ˚È ÓÚ-

ÙËÎ¸ÚÓ‚˚‚‡˛Ú, ÔÓÏ˚‚‡˛Ú ‚Ó‰ÓÈ Ë ‡ˆÂÚÓÌÓÏ.
Ç ÒÎÛ˜‡Â Ò ˆËÍÎÓÔÂÌÚ‡ÌÓÌÓÏ ‚˚Ô‡‚¯ËÈ ÓÒ‡‰ÓÍ
ÒÓ‰ÂÊËÚ H3PO4. èÓÒÎÂ ÔÂÂÍËÒÚ‡ÎÎËÁ‡ˆËË Ó·-
‡ÁÓ‚‡ÎÒfl ÍÓÏÔÎÂÍÒ II, ÒÓ‰ÂÊ‡˘ËÈ ÏÂÚ‡ÌÓÎ Ë
ÙÓÒÙÓÌÛ˛ ÍËÒÎÓÚÛ. èÓÒÎÂ Ó·‡·ÓÚÍË ÍÓÏÔÎÂÍ-
Ò‡ II 10%-Ì˚Ï ‚Ó‰Ì˚Ï ‡ÒÚ‚ÓÓÏ NaOH ÔÓÎÛ˜Ë-
ÎÓÒ¸ ÒÓÂ‰ËÌÂÌËÂ IIa. Ç˚ıÓ‰ ÒÓÂ‰ËÌÂÌËfl IIa 50%,
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× 10
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êËÒ. 2. ùÍÒÔÂËÏÂÌÚ‡Î¸Ì˚È Ë ‡ÁÌÓÒÚÌ˚È (ÛÚÓ˜ÌÂÌËÂ ÔÓ êËÚ‚ÂÎ¸‰Û) ÒÔÂÍÚ˚ ‰Îfl ÒÓÂ‰ËÌÂÌËfl V.
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í‡·ÎËˆ‡ 2.  äËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËÂ ı‡‡ÍÚÂËÒÚËÍË, ‰ÂÚ‡ÎË ÂÌÚ„ÂÌ‰ËÙ‡ÍˆËÓÌÌÓ„Ó ˝ÍÒÔÂËÏÂÌÚ‡ Ë ÛÚÓ˜ÌÂÌËfl
ÒÚÛÍÚÛ˚

ùÏÔËË˜ÂÒÍ‡fl 
ÙÓÏÛÎ‡

C7H9NO (I) C19H29N2O7P (II) C9H11NO (IIa) C11H15NO (III) C12H17NO (IV) C10H10N2O (V)

åÓÎÂÍÛÎflÌ˚È 
‚ÂÒ 

123.15 428.42 149.19 177.24 191.27 174.20

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

èÓÒÚ‡ÌÒÚ‚ÂÌ-
Ì‡fl „ÛÔÔ‡

Pbca P21/n P21/c P21/n P21/n P21/c

a, Å 6.125(2) 11.181(2) 7.353(4) 12.565(6) 12.955(3) 5.9870(2)

b, Å 15.153(4) 14.059(6) 8.176(4) 5.836(6) 6.1595(15) 16.5280(5)

c, Å 14.477(4) 13.593(4) 13.00(1) 13.007(3) 13.038(3) 9.5640(3)

β, „‡‰ 90 97.78(2) 105.64(2) 93.10(3) 95.50(2) 111.52(4)

V, Å3 1343.6(7) 2117.1(12) 752.6(8) 952.5(10) 1035.6(4) 888.71(5)

Z 8 4 4 4 4 4

ρ‚˚˜, „/ÒÏ3 1.218 1.344 1.313 1.236 1.227 1.304

µ, cÏ–1 0.82 1.73 0.86 0.79 0.78 0.70

é·Î‡ÒÚ¸ Û„ÎÓ‚ 
θ, „‡‰

2.69 – 24.97 2.09 – 25.98 3 – 40 2.20 – 24.97 2.12 – 19.99 3 – 40

é·Î‡ÒÚ¸
ËÌ‰ÂÍÒÓ‚ h, k, l

0 ≤ h ≤ 7 0
≤ k ≤ 18

0 ≤ l ≤ 17

–13 ≤ h ≤ 13
0 ≤ k ≤ 17
0 ≤ l ≤ 16

0 ≤ h ≤ 5
0 ≤ k ≤ 6
–9 ≤ l ≤ 9

–14 ≤ h ≤ 14
0 ≤ k ≤ 6
0 ≤ l ≤ 15

–12 ≤ h ≤ 12
0 ≤ k ≤ 5
0 ≤ l ≤ 12

–4 ≤ h ≤ 4
0 ≤ k ≤ 7
0 ≤ l ≤ 3

ê‡ÁÏÂ˚ ÍËÒ-
Ú‡ÎÎ‡, ÏÏ

0.32 × 0.35 × 0.41 0.31 × 0.32 × 0.34 0.34 × 0.37 × 0.49 0.28 × 0.30 × 45

é·˙ÂÏ ˝ÍÒÔÂ-
ËÏÂÌÚ‡

1120 4269 1576 962

çÂÁ‡‚ËÒËÏ˚ı 
ÓÚ‡ÊÂÌËÈ

1120 4095 1509 913

äÓÎË˜ÂÒÚ‚Ó
ÓÚ‡ÊÂÌËÈ ‚ 
åçä/ÍÓÎË˜ÂÒÚ-
‚Ó ÛÚÓ˜ÌflÂÏ˚ı 
Ô‡‡ÏÂÚÓ‚

1120/119 4095/379 1509/174 913/132

GooF 1.105 1.023 0.926 0.941

R-Ù‡ÍÚÓ
[I ≤  2(I)] R1/wR2

0.0755/0.1825 0.0644/0.1319 0.0754/0.1343 0.0569/0.1028

R-Ù‡ÍÚÓ ÔÓ 
‚ÒÂÏ ÓÚ‡ÊÂÌËflÏ 
R1/wR2

0.1523/0.2209 0.1328/0.1622 0.2563/0.2091 0.1569/0.1404

∆ρmax/∆ρmin, ̋ /Å3 0.222/–0.298 0.209/–0.233 0.212/–0.209 0.201/–0.165

ò‡„ ÒÍ‡ÌË-
Ó‚‡ÌËfl

0.02 0.02

Rwp 0.108 0.058

Rexp 0.032 0.027

Rp 0.076 0.043

Rb 0.123 0.077

χ2 7.9 3.64
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í‡·ÎËˆ‡ 3.  ÑÎËÌ˚ Ò‚flÁÂÈ d (Å) ‚ ÒÚÛÍÚÛÂ I

ë‚flÁ¸ d ë‚flÁ¸ d

N(1)–C(6) 1.3584(8) C(3)–C(4) 1.3526(9)

N(1)–C(2) 1.3684(8) C(4)–C(5) 1.3951(9)

N(1)–H(1) 0.874(5) C(4)–C(8) 1.5215(10)

O(2)–C(2) 1.2534(8) C(5)–C(6) 1.3519(8)

C(2)–C(3) 1.4227(9) C(6)–C(7) 1.4983(9)

í‡·ÎËˆ‡ 4.  Ç‡ÎÂÌÚÌ˚Â Û„Î˚ ω („‡‰) ‚ ÒÚÛÍÚÛÂ I

ì„ÓÎ ω ì„ÓÎ ω

C(6)–N(1)–C(2) 124.55(5) C(3)–C(4)–C(5) 124.55(5)

C(6)–N(1)–H(1) 119.4(3) C(3)–C(4)–C(8) 119.4(3)

C(2)–N(1)–H(1) 116.0(3) C(5)–C(4)–C(8) 116.0(3)

O(2)–C(2)–N(1) 119.58(5) C(6)–C(5)–C(4) 119.58(5)

O(2)–C(2)–C(3) 125.01(6) C(5)–C(6)–N(1) 125.01(6)

N(1)–C(2)–C(3) 115.40(5) C(5)–C(6)–C(7) 115.40(5)

C(4)–C(3)–C(2) 121.18(6) N(1)–C(6)–C(7) 121.18(6)

í‡·ÎËˆ‡ 6.  Ç‡ÎÂÌÚÌ˚Â Û„Î˚ ω („‡‰) ‚ ÒÚÛÍÚÛÂ II

ì„ÓÎ ω ì„ÓÎ ω

O(11)–P(1)–O(14) 111.85(17) C(9A)–C(8A)–C(7A) 102.6(3)
O(11)–P(1)–O(13) 112.07(16) C(5A)–C(9A)–N(1A) 120.3(3)
O(14)–P(1)–O(13) 109.31(18) C(5A)–C(9A)–C(8A) 114.6(3)
O(11)–P(1)–O(12) 111.53(16) N(1A)–C(9A)–C(8A) 125.1(3)
O(14)–P(1)–O(12) 106.88(18) C(9B)–N(1B)–C(2B) 121.6(3)
O(13)–P(1)–O(12) 104.83(18) C(9B)–N(1B)–H(1B) 120(2)
P(1)–O(12)–H(12) 113(4) C(2B)–N(1B)–H(1B) 119(2)
P(1)–O(13)–H(13) 119(4) O(2B)–C(2B)–N(1B) 117.0(3)
P(1)–O(14)–H(14) 124(5) O(2B)–C(2B)–C(3B) 126.6(3)
C(2A)–N(1A)–C(9A) 122.8(3) N(1B)–C(2B)–C(3B) 116.4(3)
C(2A)–N(1A)–H(1A) 119(2) C(4B)–C(3B)–C(2B) 123.1(4)
C(9A)–N(1A)–H(1A) 119(2) C(3B)–C(4B)–C(5B) 117.2(4)
O(2A)–C(2A)–N(1A) 119.7(3) C(3B)–C(4B)–C(10B) 122.6(4)
O(2A)–C(2A)–C(3A) 123.5(3) C(5B)–C(4B)–C(10B) 120.2(4)
N(1A)–C(2A)–C(3A) 116.9(3) C(9B)–C(5B)–C(4B) 119.5(3)
C(4A)–C(3A)–C(2A) 121.4(4) C(9B)–C(5B)–C(6B) 111.4(4)
C(3A)–C(4A)–C(5A) 118.6(3) C(4B)–C(5B)–C(6B) 129.1(4)
C(3A)–C(4A)–C(10A) 121.5(4) C(5B)–C(6B)–C(7B) 103.4(4)
C(5A)–C(4A)–C(10A) 119.9(4) C(8B)–C(7B)–C(6B) 109.4(4)
C(9A)–C(5A)–C(4A) 120.0(3) C(9B)–C(8B)–C(7B) 102.1(4)
C(9A)–C(5A)–C(6A) 109.8(3) C(5B)–C(9B)–N(1B) 122.2(3)
C(4A)–C(5A)–C(6A) 130.2(3) C(5B)–C(9B)–C(8B) 113.4(3)
C(5A)–C(6A)–C(7A) 104.4(3) N(1B)–C(9B)–C(8B) 124.4(4)
C(6A)–C(7A)–C(8A) 108.3(4) C(21)–O(21)–H(21) 105(3)

í‡·ÎËˆ‡ 5.  ÑÎËÌ˚ Ò‚flÁÂÈ d (Å) ‚ ÒÚÛÍÚÛÂ II

ë‚flÁ¸ d ë‚flÁ¸ d ë‚flÁ¸ d ë‚flÁ¸ d

P(1)–O(11) 1.496(2) N(1A)–H(1A) 0.89(4) C(8A)–C(9A) 1.481(5) C(4B)–C(10B) 1.479(6)

P(1)–O(14) 1.512(3) C(2A)–O(2A) 1.274(4) N(1B)–C(9B) 1.359(5) C(5B)–C(9B) 1.338(5)
P(1)–O(13) 1.542(3) C(2A)–C(3A) 1.417(5) N(1B)–C(2B) 1.367(5) C(5B)–C(6B) 1.498(5)
P(1)–O(12) 1.544(3) C(3A)–C(4A) 1.370(5) N(1B)–H(1B) 0.88(4) C(6B)–C(7B) 1.524(7)
O(12)–H(12) 0.89(7) C(4A)–C(5A) 1.402(5) C(2B)–O(2B) 1.271(4) C(7B)–C(8B) 1.520(7)
O(13)–H(13) 0.94(7) C(4A)–C(10A) 1.499(5) C(2B)–C(3B) 1.410(5) C(8B)–C(9B) 1.508(5)
O(14)–H(14) 0.86(8) C(5A)–C(9A) 1.358(5) C(3B)–C(4B) 1.366(5) C(21)–O(21) 1.387(7)
N(1A)–C(2A) 1.356(5) C(5A)–C(6A) 1.505(5) C(4B)–C(5B) 1.424(5) O(21)–H(21) 0.86(5)
N(1A)–C(9A) 1.359(4) C(7A)–C(8A) 1.538(6)
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ÒÓÂ‰ËÌÂÌËÈ III Ë IV 20%. ëÓÂ‰ËÌÂÌËÂ V ÔÓÎÛ˜ÂÌÓ
ÔÓ ÏÂÚÓ‰ËÍÂ [16]. ï‡‡ÍÚÂËÒÚËÍË ÔÓÎÛ˜ÂÌÌ˚ı
ÒÓÂ‰ËÌÂÌËÈ ÔË‚Â‰ÂÌ˚ ‚ Ú‡·Î. 1.

ÑÎfl ÏÓÌÓÍËÒÚ‡ÎÓ‚ ÒÓÂ‰ËÌÂÌËÈ I, II, III Ë IV
˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ËÌÚÂÌÒË‚ÌÓÒÚË ‰ËÙ‡ÍˆËÓÌ-
Ì˚ı ÓÚ‡ÊÂÌËÈ ÔÓÎÛ˜ÂÌ˚ ÔË ÍÓÏÌ‡ÚÌÓÈ ÚÂÏÔÂ-
‡ÚÛÂ Ì‡ ‰ËÙ‡ÍÚÓÏÂÚÂ CAD-4 [17] (λMoKα,
„‡ÙËÚÓ‚˚È ÏÓÌÓıÓÏ‡ÚÓ, ω-ÒÍ‡ÌËÓ‚‡ÌËÂ).
è‡‡ÏÂÚ˚ ˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË ÓÔÂ‰ÂÎflÎË Ë
ÛÚÓ˜ÌflÎË ÔÓ 25 ÂÙÎÂÍÒ‡Ï ‚ ËÌÚÂ‚‡ÎÂ Û„ÎÓ‚ θ
12–15°. èÓÒÍÓÎ¸ÍÛ ÍËÒÚ‡ÎÎ˚ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı ÒÓ-
Â‰ËÌÂÌËÈ ËÏÂ˛Ú ÌËÁÍËÂ ÎËÌÂÈÌ˚Â ÍÓ˝ÙÙËˆËÂÌ-
Ú˚ ÔÓ„ÎÓ˘ÂÌËfl Ë Ï‡Î˚Â ‡ÁÏÂ˚, 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 ÔÓ‚Ó‰ËÎ‡Ò¸
ÔÓ ÍÓÏÔÎÂÍÒÛ ÔÓ„‡ÏÏ WinGX98 [18]. ÇÒÂ ÔÓÒÎÂ-
‰Û˛˘ËÂ ‡Ò˜ÂÚ˚ ‚˚ÔÓÎÌflÎËÒ¸ ‚ ‡ÏÍ‡ı ÍÓÏÔÎÂÍ-
Ò‡ ÔÓ„‡ÏÏ SHELX97 [19]. äËÒÚ‡ÎÎË˜ÂÒÍËÂ
ÒÚÛÍÚÛ˚ ÓÔÂ‰ÂÎÂÌ˚ ÔflÏ˚ÏË ÏÂÚÓ‰‡ÏË Ò ÔÓ-
ÒÎÂ‰Û˛˘ËÏ ÛÚÓ˜ÌÂÌËÂÏ ÔÓÁËˆËÓÌÌ˚ı Ë ÚÂÔÎÓ‚˚ı
Ô‡‡ÏÂÚÓ‚ ‚ ‡ÌËÁÓÚÓÔÌÓÏ ÔË·ÎËÊÂÌËË ‰Îfl
‚ÒÂı ÌÂ‚Ó‰ÓÓ‰Ì˚ı ‡ÚÓÏÓ‚.

ÑËÙ‡ÍˆËÓÌÌ˚È ˝ÍÒÔÂËÏÂÌÚ ‰Îfl ÒÓÂ‰ËÌÂÌËÈ
IIa Ë V, ‰ÓÒÚÛÔÌ˚ı ÚÓÎ¸ÍÓ ‚ ‚Ë‰Â ÔÓÓ¯ÍÓ‚, ÔÓ-
‚Ó‰ËÎÒfl ÔË ÍÓÏÌ‡ÚÌÓÈ ÚÂÏÔÂ‡ÚÛÂ Ì‡ ‡‚ÚÓÏ‡ÚË-

ÁËÓ‚‡ÌÌÓÏ ÔÓÓ¯ÍÓ‚ÓÏ ‰ËÙ‡ÍÚÓÏÂÚÂ Ñêéç-
3 (çèé “ÅÛÂ‚ÂÒÚÌËÍ”) (λ CuKα, Ge-ÏÓÌÓıÓÏ‡-
ÚÓ) Ò ¯‡„ÓÏ 2θ 0.02°. è‡‡ÏÂÚ˚ ˝ÎÂÏÂÌÚ‡ÌÓÈ
fl˜ÂÈÍË ÔÓÎÛ˜ÂÌ˚ ÔÓ ÔÓ„‡ÏÏÂ ËÌ‰ËˆËÓ‚‡ÌËfl
ITO [20]. èÓÒÚ‡ÌÒÚ‚ÂÌÌ˚Â „ÛÔÔ˚ ÓÔÂ‰ÂÎÂÌ˚
ÔÓ ÒËÒÚÂÏ‡ÚË˜ÂÒÍËÏ ÔÓ„‡Ò‡ÌËflÏ ÓÚ‡ÊÂÌËÈ.
èÂ‰‚‡ËÚÂÎ¸Ì‡fl ËÌÙÓÏ‡ˆËfl Ó ÒÚÛÍÚÛÂ ÏÓÎÂ-
ÍÛÎ ÒÓÂ‰ËÌÂÌËÈ IIa Ë V ÔÓ‰Ú‚ÂÊ‰ÂÌ‡ ‰‡ÌÌ˚ÏË
èåê-ÒÔÂÍÚÓÒÍÓÔËË. àÒıÓ‰Ì˚Â „ÂÓÏÂÚË˜ÂÒÍËÂ
ÏÓ‰ÂÎË ÔÓÒÚÓÂÌ˚ ÔÓÎÛ˝ÏÔËË˜ÂÒÍËÏË Ë ̋ ÏÔËË-
˜ÂÒÍËÏË ÏÂÚÓ‰‡ÏË Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÔÓ„‡ÏÏ
åéêÄë 6.0 [21] Ë êëåéDÖL [22]. CÚÛÍÚÛ˚ Â-
¯ÂÌ˚ ÏÂÚÓ‰ÓÏ “ÒËÒÚÂÏ‡ÚË˜ÂÒÍÓ„Ó ÔÓËÒÍ‡” [23] Ò
ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ Á‡‰‡ÌÌ˚ı ÏÓÎÂÍÛÎflÌ˚ı Ù‡„-
ÏÂÌÚÓ‚. èÓÎÌÓÔÓÙËÎ¸ÌÓÂ ÛÚÓ˜ÌÂÌËÂ ÒÚÛÍÚÛ˚
ÔÓ ÏÂÚÓ‰Û êËÚ‚ÂÎ¸‰‡ ÔÓ‚Ó‰ËÎÓÒ¸ ÔÓ„‡ÏÏÓÈ
MRIA [24]. Ç Í‡˜ÂÒÚ‚Â ÙÛÌÍˆËË ÔÓÙËÎfl ËÒÔÓÎ¸-
ÁÓ‚‡Î‡Ò¸ ÔÒÂ‚‰Ó-ÇÓÈÚ-ÙÛÌÍˆËfl, ÙÓÌ ‡ÔÓÍÒËÏË-
Ó‚‡ÎÒfl ÔÓÎËÌÓÏ‡ÏË óÂ·˚¯Â‚‡ 5-„Ó ÔÓfl‰Í‡.
íÂÔÎÓ‚˚Â Ô‡‡ÏÂÚ˚ ÌÂ‚Ó‰ÓÓ‰Ì˚ı ‡ÚÓÏÓ‚ ÏÓ-
ÎÂÍÛÎflÌÓ„Ó Í‡Í‡Ò‡ ‚Ó ‚ÂÏfl ÛÚÓ˜ÌÂÌËfl ÛÒÂ‰-
ÌflÎËÒ¸.

éÒÌÓ‚Ì˚Â Ô‡‡ÏÂÚ˚ ˝ÍÒÔÂËÏÂÌÚÓ‚ Ë ÍËÒ-
Ú‡ÎÎÓ„‡ÙË˜ÂÒÍËÂ ı‡‡ÍÚÂËÒÚËÍË ÒÓÂ‰ËÌÂÌËÈ
ÔË‚Â‰ÂÌ˚ ‚ Ú‡·Î. 2. åÂÊ‡ÚÓÏÌ˚Â ‡ÒÒÚÓflÌËfl ÒË-

í‡·ÎËˆ‡ 7.  ÑÎËÌ˚ Ò‚flÁÂÈ d (Å) ‚ ÒÚÛÍÚÛÂ II‡

ë‚flÁ¸ d ë‚flÁ¸ d

N(1)–C(2) 1.43(2) C(4)–C(10) 1.51(2)

N(1)–C(9) 1.37(2) C(5)–C(6) 1.57(3)

N(1)–H(1) 0.86(7) C(5)–C(9) 1.34(3)

O(2)–C(2) 1.23(2) C(6)–C(7) 1.53(2)

C(2)–C(3) 1.41(2) C(7)–C(8) 1.57(2)

C(3)–C(4) 1.39(2) C(8)–C(9) 1.46(2)

C(4)–C(5) 1.40(2)

í‡·ÎËˆ‡ 8.  ÑÎËÌ˚ Ò‚flÁÂÈ d (Å) ‚ ÒÚÛÍÚÛÂ III

ë‚flÁ¸ d ë‚flÁ¸ d

N(1)–C(2) 1.352(3) C(5)–C(11) 1.383(3)

N(1)–C(11) 1.358(3) C(5)–C(6) 1.513(4)

N(1)–H(1) 0.839(19) C(6)–C(7) 1.491(4)

C(2)–O(2) 1.264(3) C(7)–C(8) 1.501(4)

C(2)–C(3) 1.424(3) C(8)–C(9) 1.563(4)

C(3)–C(4) 1.382(3) C(9)–C(10) 1.561(4)

C(4)–C(5) 1.392(3) C(10)–C(11) 1.467(3)

C(4)–C(12) 1.507(4)

í‡·ÎËˆ‡ 9.  Ç‡ÎÂÌÚÌ˚Â Û„Î˚ ω („‡‰) ‚ ÒÚÛÍÚÛÂ III

ì„ÓÎ ω ì„ÓÎ ω

C(2)–N(1)–C(11) 124.8(2) C(11)–C(5)–C(6) 117.5(2)

C(2)–N(1)–H(1) 124.6(13) C(4)–C(5)–C(6) 124.1(2)

C(11)–N(1)–H(1) 110.6(13) C(7)–C(6)–C(5) 117.1(2)

O(2)–C(2)–N(1) 121.1(2) C(6)–C(7)–C(8) 114.8(2)

O(2)–C(2)–C(3) 123.0(2) C(7)–C(8)–C(9) 116.1(2)

N(1)–C(2)–C(3) 115.9(2) C(10)–C(9)–C(8) 113.7(2)

C(4)–C(3)–C(2) 120.6(2) C(11)–C(10)–C(9) 115.1(2)

C(3)–C(4)–C(5) 120.6(2) N(1)–C(11)–C(5) 119.7(2)

C(3)–C(4)–C(12) 118.2(2) N(1)–C(11)–C(10) 115.2(2)

C(5)–C(4)–C(12) 121.2(2) C(5)–C(11)–C(10) 125.1(2)

C(11)–C(5)–C(4) 118.4(2)

í‡·ÎËˆ‡ 10.  ÑÎËÌ˚ Ò‚flÁÂÈ d (Å) ‚ ÒÚÛÍÚÛÂ IV

ë‚flÁ¸ d ë‚flÁ¸ d

N(1)–C(2) 1.361(3) C(5)–C(12) 1.361(3)

N(1)–C(12) 1.381(3) C(5)–C(6) 1.527(3)

N(1)–H(1) 0.82(2) C(6)–C(7) 1.518(3)

C(2)–O(2) 1.273(3) C(7)–C(8) 1.519(4)

C(2)–C(3) 1.394(4) C(8)–C(9) 1.550(4)

C(3)–C(4) 1.355(4) C(9)–C(10) 1.507(3)

C(4)–C(5) 1.425(3) C(10)–C(11) 1.540(3)

C(4)–C(13) 1.504(4) C(11)–C(12) 1.478(3)
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ÒÚÂÏ‡ÚËÁËÓ‚‡Ì˚ ‚ Ú‡·Î. 3–12. ùÍÒÔÂËÏÂÌÚ‡Î¸-
Ì˚Â ÂÌÚ„ÂÌÓ‚ÒÍËÂ Ë ‡ÁÌÓÒÚÌ˚Â ÒÔÂÍÚ˚ ÔÂ‰-
ÒÚ‡‚ÎÂÌ˚ Ì‡ ËÒ. 1 Ë 2. èÓÒÚ‡ÌÒÚ‚ÂÌÌÓÂ ‡ÒÔÓ-
ÎÓÊÂÌËÂ ‡ÚÓÏÓ‚ ‚ ÏÓÎÂÍÛÎ‡ı Ë Ëı ÌÛÏÂ‡ˆËfl
ÔÓÍ‡Á‡Ì˚ Ì‡ ËÒ. 3–8, ÔÓÎÛ˜ÂÌÌ˚ı Ò ËÒÔÓÎ¸ÁÓ‚‡-
ÌËÂÏ „‡ÙË˜ÂÒÍÓ„Ó Ô‡ÍÂÚ‡ ÔÓ„‡ÏÏ PLUTON96
[25].

äËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍ‡fl ËÌÙÓÏ‡ˆËfl ÔÓ ËÒÒÎÂ-
‰Ó‚‡ÌÌ˚Ï ÒÓÂ‰ËÌÂÌËflÏ ‰ÂÔÓÌËÓ‚‡Ì‡ ‚ äÂÏ·-
Ë‰ÊÒÍÓÈ ·‡ÁÂ ÒÚÛÍÚÛÌ˚ı ‰‡ÌÌ˚ı (‰ÂÔÓÌÂÌÚ˚
‹ 000001–000005).

êÖáìãúíÄíõ à àï éÅëìÜÑÖçàÖ

é·˘ÂËÁ‚ÂÒÚÌÓ, ̃ ÚÓ ÔËË‰ÓÌ˚-2 Ë Ëı ÒÓÎË fl‚Îfl-
˛ÚÒfl ‡Ï·Ë‰ÂÌÚÌ˚ÏË ÒÓÂ‰ËÌÂÌËflÏË ‚ Â‡ÍˆËflı Ò
˝ÎÂÍÚÓÙËÎ‡ÏË, Ì‡ÔËÏÂ, ‚ Â‡ÍˆËflı ‡ÎÍËÎËÓ-
‚‡ÌËfl. ç‡ÎË˜ËÂ ÏÂÚËÎ¸ÌÓÈ „ÛÔÔ˚ ËÎË ÏÂÚËÎÂÌÓ-
‚Ó„Ó Á‚ÂÌ‡ ‚ ÔÓÎÓÊÂÌËË 6 ÔËË‰ÓÌ‡-2 ÒÔÓÒÓ·ÌÓ
ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÔÓ‚ÎËflÚ¸ Ì‡ ÒÂÎÂÍÚË‚ÌÓÒÚ¸ Ú‡ÍËı
Â‡ÍˆËÈ Á‡ Ò˜ÂÚ ÒÚÂË˜ÂÒÍÓ„Ó ˝Í‡ÌËÓ‚‡ÌËfl ‡Î-
ÍËÎ¸Ì˚Ï Ù‡„ÏÂÌÚÓÏ ‡ÚÓÏ‡ ‡ÁÓÚ‡. Ç ˝ÚÓÈ Ò‚flÁË
ÔÂ‰ÒÚ‡‚ÎflÎÓ ËÌÚÂÂÒ ‚˚flÒÌËÚ¸, Ì‡ÒÍÓÎ¸ÍÓ ‚ÂÎË-
Í‡ ÒÚÂÔÂÌ¸ Ú‡ÍÓ„Ó ˝Í‡ÌËÓ‚‡ÌËfl ÔË Á‡ÏÂÌÂ ÏÂ-

í‡·ÎËˆ‡ 11.  Ç‡ÎÂÌÚÌ˚Â Û„Î˚ ω („‡‰) ‚ ÒÚÛÍÚÛÂ IV

ì„ÓÎ ω ì„ÓÎ ω

C(2)–N(1)–C(12) 124.1(2) C(12)–C(5)–C(6) 120.7(2)

C(2)–N(1)–H(1) 119.8(14) C(4)–C(5)–C(6) 121.2(2)

C(12)–N(1)–H(1) 116.0(14) C(7)–C(6)–C(5) 114.8(2)

O(2)–C(2)–N(1) 119.2(2) C(8)–C(7)–C(6) 117.8(2)

O(2)–C(2)–C(3) 124.9(2) C(7)–C(8)–C(9) 114.7(2)

N(1)–C(2)–C(3) 115.9(2) C(10)–C(9)–C(8) 115.8(2)

C(4)–C(3)–C(2) 122.3(2) C(9)–C(10)–C(11) 115.2(2)

C(3)–C(4)–C(5) 120.2(2) C(12)–C(11)–C(10) 112.2(2)

C(3)–C(4)–C(13) 119.1(2) C(5)–C(12)–N(1) 119.6(2)

C(5)–C(4)–C(13) 120.7(2) C(5)–C(12)–C(11) 125.8(2)

C(12)–C(5)–C(4) 118.0(2) N(1)–C(12)–C(11) 114.6(2)

í‡·ÎËˆ‡ 12.  ÑÎËÌ˚ Ò‚flÁÂÈ d (Å) ‚ ÒÚÛÍÚÛÂ V

ë‚flÁ¸ d ë‚flÁ¸ d

ë(1)–C(2) 1.396(12) C(5)–C(6) 1.485(12)

C(1)–C(9) 1.346(14) C(5)–C(10) 1.588(15)

C(2)–O(2) 1.270(13) C(6)–C(7) 1.452(14)

C(2)–C(3) 1.506(13) C(7)–C(8) 1.623(18)

C(3)–C(4) 1.463(14) C(8)–C(9) 1.512(13)

C(3)–C(11) 1.259(12) C(9)–C(10) 1.254(14)

C(4)–C(10) 1.452(12) C(11)–N(11) 1.207(9)

í‡·ÎËˆ‡ 13.  è‡‡ÏÂÚ˚ ÏÂÊ‡ÚÓÏÌ˚ı ÍÓÌÚ‡ÍÚÓ‚ ‚ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı ÒÚÛÍÚÛ‡ı

D–H d(D–H) d(D···A) d(H···A) ωDHA A (ÓÔÂ‡ˆËfl ÒËÏÏÂÚËË)

I

N(1)–H(1) 0.874(1) 2.768(1) 1.895(5) 176.1(1) O(2) (–x; 1 – y; 1 – z)

II

N(1A)–H(1A) 0.89(4) 2.780(4) 1.89(4) 177(4) O(11)

N(1B)–H(1B) 0.88(4) 2.768(4) 1.89(4) 173(4) O(21)

O(12)–H(12) 0.89(7) 2.548(4) 1.68(7) 168(7) O(2A)

O(13)–H(13) 0.94(6) 2.589(4) 1.65(6) 173(6) O(11) (–x; 1 – y; 1 – z)

O(14)–H(14) 0.86(8) 2.462(4) 1.60(8) 175(8) O(2B) (–x; 1 – y; 1 – z)

O(21)–H(21) 0.86(5) 2.710(4) 1.86(5) 173(5) O(2A) (1 – x; 1 – y; 1 – z)

IIa
N(1)–H(1) 0.86(7) 2.81(1) 2.01(7) 156(7) O(2) (1 – x; y – 1/2; 1/2 – z)

III

N(1)–H(1) 0.839(19) 2.785(3) 1.96(2) 167(2) O(2) (–x; –y; 1 – z)

IV

N(1)–H(1) 0.82(2) 2.776(3) 1.96(2) 174(2) O(2) (1 – x; –y; 1 – z)

V

N(1)–H(1) 0.89(5) 2.71(1) 1.83(5) 171(6) O(2) (–1 – x; 1 – y; –z)

èËÏÂ˜‡ÌËÂ. D – ‡ÚÓÏ-‰ÓÌÓ; A – ‡ÚÓÏ-‡ÍˆÂÔÚÓ; H – ‡ÚÓÏ ‚Ó‰ÓÓ‰‡; ‡ÒÒÚÓflÌËfl d, Å; Û„ÓÎ ω, „‡‰.
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ÚËÎ¸ÌÓÈ „ÛÔÔ˚ Ì‡ ˆËÍÎÓ‡ÎÍ‡ÌÓ‚˚È Ù‡„ÏÂÌÚ
‡ÁÎË˜ÌÓ„Ó ‡ÁÏÂ‡, ‡ÌÌÂÎËÓ‚‡ÌÌ˚È ÔÓ Ò‚flÁË
ë(5)–ë(6). ëÚÛÍÚÛÌ˚Â ‰‡ÌÌ˚Â ‰Îfl ÒÓÂ‰ËÌÂÌËfl Ò
ˆËÍÎÓ„ÂÍÒ‡ÌÓ‚˚Ï Ù‡„ÏÂÌÚÓÏ (2-ÓÍÒÓ-
1,2,5,6,7,8-„ÂÍÒ‡„Ë‰ÓıËÌÓÎËÌ‡ (VI)) ÔÓÎÛ˜ÂÌ˚
‡ÌÂÂ [11]. CÚÛÍÚÛÛ ˆË‡ÌÔÓËÁ‚Ó‰ÌÓ„Ó V Ò‡‚-
ÌË‚‡ÎË Ò ÂÂ ÔÓÚÓÚËÔÓÏ – 6-ÏÂÚËÎ-3-ˆË‡ÌÔËË‰Ó-
ÌÓÏ-2 (VII), ÓÔËÒ‡ÌÌ˚Ï ‚ [26].

èÓÒÚÂÈ¯ËÏ ÒÔÓÒÓ·ÓÏ ÒÓÔÓÒÚ‡‚ËÚ¸ ÒÚÛÍÚÛ-
Ì˚Â ËÁÏÂÌÂÌËfl ÔË ÔÂÂıÓ‰Â ÓÚ ÏÂÚËÎ¸ÌÓÈ „ÛÔ-
Ô˚ Í ˆËÍÎÓ‡ÎÍ‡ÌÓ‚ÓÏÛ Ù‡„ÏÂÌÚÛ ‚ ÏÓÎÂÍÛÎ‡ı I-
VII fl‚ÎflÂÚÒfl ÒÛÔÂÔÓÁËˆËfl ÒÚÛÍÚÛ˚ ÔËË‰ÓÌÓ-
‚Ó„Ó ÏÓÎÂÍÛÎ˚ ÔÓÚÓÚËÔ‡ I Ò ÔËË‰ÓÌÓ‚˚ÏË
Ù‡„ÏÂÌÚ‡ÏË ‰Û„Ëı ÔÓËÁ‚Ó‰Ì˚ı II-V Ë ÒÓÔÓÒ-
Ú‡‚ÎÂÌËÂ ‚Á‡ËÏÌÓ„Ó ‡ÒÔÓÎÓÊÂÌËfl 6-ëç3-„ÛÔÔ˚
Ë ÏÂÚËÎÂÌÓ‚˚ı Á‚ÂÌ¸Â‚ ‚ ÔÓÎÓÊÂÌËË 6 (ËÒ. 9).
ä‡Í ‚Ë‰ÌÓ, ÎË¯¸ ‚ ÒÎÛ˜‡Â ˆËÍÎÓÔÂÌÚ‡ÌÓ‚Ó„Ó ÔÓ-
ËÁ‚Ó‰ÌÓ„Ó IIa Ú‡ÍÓÂ ˝Í‡ÌËÓ‚‡ÌËÂ ÏÂÌ¸¯Â (ÒÚÂ-
Ë˜ÂÒÍÓÂ Ì‡ÔflÊÂÌËÂ “ÒÚfl„Ë‚‡ÂÚ” ÔflÚË˜ÎÂÌÌ˚È
ˆËÍÎ, ÓÚ‰‡Îflfl ÏÂÚËÎÂÌÓ‚ÓÂ Á‚ÂÌÓ ‚ ÔÓÎÓÊÂÌËË 6
ÓÚ ‡ÚÓÏ‡ ‡ÁÓÚ‡, ËÒ. 9‡). ÇÓ ‚ÒÂı ÓÒÚ‡Î¸Ì˚ı ÒÎÛ˜‡-
flı (ËÒ. 9·) ‡ÒÔÓÎÓÊÂÌËÂ ÏÂÚËÎÂÌÓ‚Ó„Ó Á‚ÂÌ‡
¯ÂÒÚË-, ÒÂÏË- Ë ‚ÓÒ¸ÏË˜ÎÂÌÌÓ„Ó ˆËÍÎÓ‚ Ô‡ÍÚË-
˜ÂÒÍË ÚÓ˜ÌÓ ÒÓ‚Ô‡‰‡ÂÚ Ò ‡ÒÔÓÎÓÊÂÌËÂÏ ÏÂÚËÎ¸-
ÌÓÈ „ÛÔÔ˚ ‚ Ó‰ÓÌ‡˜‡Î¸ÌÓÈ ÏÓÎÂÍÛÎÂ I. ÄÌ‡ÎÓ-
„Ë˜Ì‡fl Í‡ÚËÌ‡ Ì‡·Î˛‰‡ÂÚÒfl ÔË ÔÂÂıÓ‰Â ÓÚ ÏÂ-
ÚËÎ¸ÌÓ„Ó Í ˆËÍÎÓ„ÂÍÒ‡ÌÓ‚ÓÏÛ ÔÓËÁ‚Ó‰ÌÓÏÛ ‚ 3-
ˆË‡ÌÔËË‰ÓÌ‡ı V, VII (ËÒ. 9‚).

ÇÒÂ ·ÂÁ ËÒÍÎ˛˜ÂÌËfl ÒÓÂ‰ËÌÂÌËfl (I-V) Ó·‡ÁÛ-
˛Ú ÒËÒÚÂÏ˚ ç-Ò‚flÁÂÈ, ÍÓÚÓ˚Â fl‚Îfl˛ÚÒfl ÌÂÓÚ˙-

C(8)

C(4)

C(5)

C(6)

C(7)

C(3)

C(2)

N(1)

H(1)

O(2)

êËÒ. 3. ëÚÓÂÌËÂ ÏÓÎÂÍÛÎ˚, ÌÛÏÂ‡ˆËfl ‡ÚÓÏÓ‚ Ë Ó·-
‡ÁÓ‚‡ÌËÂ ‚Ó‰ÓÓ‰Ì˚ı Ò‚flÁÂÈ ‰Îfl ÒÓÂ‰ËÌÂÌËfl I.

C(3A)
C(2A)

C(4A)

C(5A)

C(6A)

C(7A) C(8A)

C(9A)

C(10B)

C(6B)

C(5B)
C(7B)

C(8B)

C(9B)C(3B)

C(4B)

C(2B)

C(10A)

H(21)

H(12)

H(1A)

H(13)

O(2A)

N(1A)

P(1)

O(12)

O(13)

H(14)

O(14)

O(11)

N(1B)

H(1B)

O(2B)
O(21)

H(21)
C(21)

O(2A)

êËÒ. 4. ëÚÓÂÌËÂ ÏÓÎÂÍÛÎ˚, ÌÛÏÂ‡ˆËfl ‡ÚÓÏÓ‚ Ë Ó·‡ÁÓ‚‡ÌËÂ ‚Ó‰ÓÓ‰Ì˚ı Ò‚flÁÂÈ ‰Îfl ÒÓÂ‰ËÌÂÌËfl II.
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ÂÏÎÂÏ˚Ï ‡ÚË·ÛÚÓÏ ÍËÒÚ‡ÎÎË˜ÂÒÍËı ÒÚÛÍÚÛ
˝ÚÓ„Ó ÍÎ‡ÒÒ‡ ‚Â˘ÂÒÚ‚. í‡Í, ÒÓÂ‰ËÌÂÌËfl I, III-V Ó·-
‡ÁÛ˛Ú ˆÂÌÚÓÒËÏÏÂÚË˜Ì˚Â ‚ÓÒ¸ÏË˜ÎÂÌÌ˚Â ‰Ë-
ÏÂ˚ Ò Û˜‡ÒÚËÂÏ ‡ÚÓÏÓ‚ H(1)N(1)C(2)O(2) ÔËË-
‰ÓÌÓ‚Ó„Ó ˆËÍÎ‡ (Ú‡·Î. 13, ËÒ. 3, 6–8).

àÒÍÎ˛˜ÂÌËÂÏ ËÁ Ô‡‚ËÎ‡ Ó·‡ÁÓ‚‡ÌËfl ‚ÓÒ¸ÏË-
˜ÎÂÌÌ˚ı ˆËÍÎË˜ÂÒÍËı ‰ËÏÂÓ‚ fl‚ÎflÂÚÒfl ÏÓÎÂÍÛ-
Î‡ II‡. Ç Ó·‡ÁÓ‚‡ÌËË ç-Ò‚flÁÂÈ ˝ÚÓ„Ó ÒÓÂ‰ËÌÂÌËfl

Û˜‡ÒÚ‚Û˛Ú ÚÂ ÊÂ ‡ÚÓÏ˚ – H(1), N(1) Ë O(2) ÔËË‰Ó-
Ì‡, ÌÓ ı‡‡ÍÚÂ Ò‚flÁ˚‚‡ÌËfl ‰Û„ÓÈ – ‚ ÍËÒÚ‡ÎÎË-
˜ÂÒÍÓÈ ÒÚÛÍÚÛÂ ‚ÏÂÒÚÓ ‰ËÏÂÌ˚ı Ó·‡ÁÓ‚‡ÌËÈ
ÔÓfl‚Îfl˛ÚÒfl ·ÂÒÍÓÌÂ˜Ì˚Â ̂ ÂÔË (ËÒ. 5). ÅÓÎÂÂ ‡Á-
‚ÂÚ‚ÎÂÌÌÓÈ ÒËÒÚÂÏÓÈ ç-Ò‚flÁÂÈ Ó·Î‡‰‡ÂÚ ÒÓÂ‰ËÌÂ-
ÌËÂ II, „‰Â ‚ Ëı Ó·‡ÁÓ‚‡ÌËË Û˜‡ÒÚ‚Û˛Ú ÌÂ ÚÓÎ¸ÍÓ
„ÂÚÂÓˆËÍÎË˜ÂÒÍËÂ ÏÓÎÂÍÛÎ˚, ÌÓ Ë ÏÓÎÂÍÛÎ˚ Ó-
ÚÓÙÓÒÙÓÌÓÈ ÍËÒÎÓÚ˚ Ë ÒÓÎ¸‚‡ÚÌÓÈ ÏÓÎÂÍÛÎ˚

O(2)

H(1)

N(1)
C(2)

C(3)

C(10)
C(6)

C(4)
C(5)

C(9)
C(8)

C(7)

êËÒ. 5. ëÚÓÂÌËÂ ÏÓÎÂÍÛÎ˚, ÌÛÏÂ‡ˆËfl ‡ÚÓÏÓ‚ Ë Ó·-
‡ÁÓ‚‡ÌËÂ ‚Ó‰ÓÓ‰Ì˚ı Ò‚flÁÂÈ ‰Îfl ÒÓÂ‰ËÌÂÌËfl IIa.

C(11)
N(1)

H(1)
O(2)

C(10)

C(2)
C(9)

C(8)

C(7) C(6)

C(12)

C(4)
C(5) C(3)

êËÒ. 6. ëÚÓÂÌËÂ ÏÓÎÂÍÛÎ˚, ÌÛÏÂ‡ˆËfl ‡ÚÓÏÓ‚ Ë Ó·-
‡ÁÓ‚‡ÌËÂ ‚Ó‰ÓÓ‰Ì˚ı Ò‚flÁÂÈ ‰Îfl ÒÓÂ‰ËÌÂÌËfl III.

C(4)

N(1)
H(1)

O(2)

C(6)

C(9)

C(11)

C(12)

C(2)

C(10)C(8)

C(7)

C(5)

C(3)C(13)

êËÒ. 7. ëÚÓÂÌËÂ ÏÓÎÂÍÛÎ˚, ÌÛÏÂ‡ˆËfl ‡ÚÓÏÓ‚ Ë Ó·-
‡ÁÓ‚‡ÌËÂ ‚Ó‰ÓÓ‰Ì˚ı Ò‚flÁÂÈ ‰Îfl ÒÓÂ‰ËÌÂÌËfl IV.

C(2)

C(3)
C(4)C(5)

C(6)

C(7)

C(8)

C(9)

C(10)

C(11)

N(1)
H(1)

O(2)

N(11)

êËÒ. 8. ëÚÓÂÌËÂ ÏÓÎÂÍÛÎ˚, ÌÛÏÂ‡ˆËfl ‡ÚÓÏÓ‚ Ë Ó·-
‡ÁÓ‚‡ÌËÂ ‚Ó‰ÓÓ‰Ì˚ı Ò‚flÁÂÈ ‰Îfl ÒÓÂ‰ËÌÂÌËfl V.
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O(2)
H(1)

N(1)

C(3)

C(2)

C(4)

C(5)

C(6)

(a)

O(2)
H(1)

N(1)

C(3)

C(2)

C(4)

C(5)

C(6)

(·)

O(2)
H(1)

N(1)

C(3)

C(2)

C(4)

C(5)

C(6)

(‚)

êËÒ. 9. ëÛÔÂÔÓÁËˆËfl ÏÓÎÂÍÛÎ: ‡ – I Ë IIa, · – I Ë IV, ‚ – VII Ë V.
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ÏÂÚ‡ÌÓÎ‡. ä‡Í ‚Ë‰ÌÓ ËÁ ËÒ. 4, ÚÓÎ¸ÍÓ ÏÓÎÂÍÛÎ˚
ç3êé4 Ó·‡ÁÛ˛Ú ç-Ò‚flÁflÏË ‰ËÏÂÌ˚È Ù‡„ÏÂÌÚ
ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ ÒÚÛÍÚÛ˚. ï‡‡ÍÚÂ ç-Ò‚flÁÂÈ
2 ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍË ÌÂÁ‡‚ËÒËÏ˚ı ÔËË‰ÓÌÓ-
‚˚ı ÏÓÎÂÍÛÎ (Ä Ë Ç) ‡ÁÎË˜ÂÌ. í‡Í, ÏÓÎÂÍÛÎ‡ Ä
Ó·‡ÁÛÂÚ ÚË ç-Ò‚flÁË – ‰‚Â Ò ç3êé4 Ë Ó‰ÌÛ Ò ÏÓÎÂ-
ÍÛÎÓÈ ÏÂÚ‡ÌÓÎ‡, ‡ ÏÓÎÂÍÛÎ‡ Ç – ÚÓÎ¸ÍÓ ‰‚Â ç-Ò‚fl-
ÁË – Ó‰ÌÛ Ò ç3êé4 Ë Ó‰ÌÛ Ò ÏÓÎÂÍÛÎÓÈ ÏÂÚ‡ÌÓÎ‡,
ÔË˜ÂÏ ÒÓÎ¸‚‡ÚÌ‡fl ÏÓÎÂÍÛÎ‡ ‚˚ÒÚÛÔ‡ÂÚ ‚ ‰‚Ûı
ËÔÓÒÚ‡Òflı – Ë ‰ÓÌÓ‡, Ë ‡ÍˆÂÔÚÓ‡ (Ú‡·Î. 13). ê‡Ò-
˜ÂÚ˚ Ô‡‡ÏÂÚÓ‚ ç-Ò‚flÁÂÈ ÔÓ‚Â‰ÂÌ˚ Ò ËÒÔÓÎ¸ÁÓ-
‚‡ÌËÂÏ ÔÓ„‡ÏÏ˚ PARST95 [27]

Ä‚ÚÓ˚ ‚˚‡Ê‡˛Ú ·Î‡„Ó‰‡ÌÓÒÚ¸ êÓÒÒËÈÒÍÓ-
ÏÛ ÙÓÌ‰Û ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ Á‡ ÙË-
Ì‡ÌÒÓ‚Û˛ ÔÓ‰‰ÂÊÍÛ ‚ ÓÔÎ‡ÚÂ ÎËˆÂÌÁËË Ì‡ ÔÓÎ¸-
ÁÓ‚‡ÌËÂ äÂÏ·Ë‰ÊÒÍËÏ ·‡ÌÍÓÏ ÒÚÛÍÚÛÌ˚ı ‰‡Ì-
Ì˚ı („‡ÌÚ ‹ 02-07-90322), ‡ Ú‡ÍÊÂ ÙÓÌ‰Û
àçíÄë („‡ÌÚ INTAS 00-0711).
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