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 U  (Å2  103)*
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3130(1)
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* U -

Uij.

I: , , ; T  = 251—252 C ( .)

C28H22N
2
4 2(C6H4Cl4O2P

–)(C40H30Cl8N4O4P2); M = 976,22; a = 8,483(2), b = 23,986(4), c =

= 10,727(2) Å;  = 106,84(2)°; V = 2089,1(7) Å3, dc = 1,55 / 3, Z = 2, 

P21/n.  2,61  <  < 22,78 .  2475 , 2193 

I  2 . ; (MoK ) = 6,64 –1. -

R = 0,0355 Rw = 0,0978  2193 F > 2 (F 2).

 (CCDC 600228).

, , -

I . 1  2.

I  — 2,2,2- [d]-1,3,2-

 (II)  (III) — -

Vector 22  Bruker  400  4000 –1.

 ( 1 . 4)  ( 2 . 4) . -

,
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 d (Å)  ( .) I

d d d

Cl(1)—P(2)

Cl(2)—P(2)

Cl(3)—P(2)

Cl(4)—P(2)

P(2)—O(1)

P(2)—O(3)

2,135(1)

2,140(1)

2,224(1)

2,113(1)

1,683(2)

1,696(2)

O(3)—C(3A)

O(1)—C(7A)

N(3)—C(2)

N(3)—C(6A)1

N(3)—C(31)

N(1)—C(2)

1,385(4)

1,368(4)

1,352(4)

1,372(4)

1,453(4)

1,339(4)

N(1)—C(6A)

N(1)—C(11)

C(3A)—C(4)

C(3A)—C(7A)

C(6A)—C(6A)1

C(6A)—N(3)1

1,374(4)

1,451(4)

1,370(5)

1,380(4)

1,344(6)

1,372(4)
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.  2

O(1)P(2)O(3)

O(1)P(2)Cl(4)

O(3)P(2)Cl(4)

O(1)P(2)Cl(1)

O(3)P(2)Cl(1)

Cl(4)P(2)Cl(1)

O(1)P(2)Cl(2)

O(3)P(2)Cl(2)

Cl(4)P(2)Cl(2)

Cl(1)P(2)Cl(2)

O(1)P(2)Cl(3)

92,8(1)

176,76(8)

89,44(8)

86,56(8)

177,90(8)

91,11(4)

91,98(8)

91,39(8)

90,29(4)

90,63(5)

89,37(8)

Cl(4)P(2)Cl(3)

Cl(1)P(2)Cl(3)

Cl(2)P(2)Cl(3)

C(3A)O(3)P(2)

C(7A)O(1)P(2)

C(2)N(3)C(6A)*

C(2)N(3)C(31)

C(6A)1N(3)C(31)

C(2)N(1)C(6A)

C(2)N(1)C(11)

C(6A)N(1)C(11)

  88,35(4)

  89,27(4)

178,63(5)

110,3(2)

111,1(2)

105,6(2)

127,3(3)

126,7(3)

106,0(2)

126,2(3)

127,7(2)

C(7A)C(3A)O(3)

C(32)C(31)N(3)

C(36)C(31)N(3)

C(16)C(11)N(1)

C(12)C(11)N(1)

O(1)C(7A)C(7)

O(1)C(7A)C(3A)

C(6A)1C(6A)N(3)1

C(6A)1C(6A)N(1)

N(3)1C(6A)N(1)

N(1)C(2)N(3)

112,5(3)

119,0(3)

117,3(3)

118,4(3)

118,6(3)

125,7(3)

113,1(3)

108,7(3)

108,5(3)

142,8(3)

111,1(3)

O(3)P(2)Cl(3) 88,73(8) C(4)C(3A)O(3) 125,5(3)

*  –x, –y+1, –z+1.

I .
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[4,5-d]- -

 ( . 1).

, C2v,

 — , (6A)= (6A)1 (
1 —   –x, –y+1, –z+1). [4,5-d]- -

-

 (0,002(3) Å). -

 N1  N3 -

-

 48,5(1)  55,0(1) -

. , -

-

-

- -

. -

 N(1)—C(2)  N(3)—

C(2),  N(1)—C(6A)  N(3)—C(6A)1

. 1. I -

.

 1,3,4,6- [4,5-d]-
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. 2. ,

 C—H X -

                         I

( . . 2) -

. -

-

, -

[1,2-

a:2 ,1 -f ]-1,3,4,6-  [ 2 ],

 N(1)—C(2)

 N(3)—C(2)  0,05  0,1 Å
[2, 8—10 ].  N(1)—C(2),

N(3)—C(2), N(1)—C(6A)  N(3)—C(6A)1
I

—N [ 11 ] (  C(sp2)=N(2)

 1,313 Å  C(sp2)—N(3) — 1,370 Å), [4,5-

d]-  10 -  ( . . 2). 

I -

 2,4,6,8- [3,3,0]  [ 12 ],

 1,452—1,559 Å.

,  [ 13 ] 

, I.

I .

-

 ( . . 1):  O(1)P(2)O(3) 92,8(1) ,  XP(2)Y

(X, Y = O, Cl; Cl, Cl)  88,35(4)—91,98(8) ; -

 O(1)Cl(2)Cl(4)Cl(3), Cl(1)Cl(2)O(3)Cl(3)  O(1)Cl(1)Cl(4)O(3) 

360 .  0,033(2) Å.

I -

—H  (X = O, Cl) -

.  C(14)—H(14) Cl(1)  (d(H Cl )

2,82 Å, d(C Cl ) 3,608(3) Å, (C—H Cl ) 143 ,  1–x, 1–y, –z)  C(2)—

H(2) O(3) (d(H O) = 2,54 Å, d(C O) = 3,457(4) Å, (C—H O) 168 )

I

 [10-1] ( . 2).

I — - -

,

- (31)—C(36)

 ( d = 3,74 Å,  6 , -

 3,54 Å) (11)— (16) ,

 0  (

d = 3,95 Å, ,  3,69 Å) ( . 3).

-

 0z, —H — -  — 
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. 3. — - -

I; — - -

        

. , -

-

, ,

68,2 %.

I -

II III

 [ 14—

18 ]. I  ( . 4) 

 ( –1): 3088, ; 1596  1590 -

;  1525, 1515, 1481 — , -

,  [ 17 ]. 

 1400—1300 –1  CN;  1247, 1240

 1220 –1 CN—C= — =.  1200—

850 –1 , CN, — ,  818 –1 — ,

 754—687 –1 — 

- ;  515—419 –1, , -

PCln, CNC, POC ( . . 4).

I, -

. , II III -

. , II -

P—OC 900 –1 [ 15 ], III -

2120 –1 ( N+ –) [ 16 ]. 

I ( . . 4) ,

. 4. -
I:  —  3200—2700 –1,

 — 1700—1350 –1,  — 1300—500 –1,

1 — , -

      2 — 



. . , . . , . . .574

III ( 2400 –1). , , -

II, .

, I -

 —  1537 –1. -

,

 [ 15, 18 ]. , -

I = .

(1550 –1) , -

I [ 17 ].
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