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.
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CH—C(NHR)—CH3]BF4 - (II)
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- -

 —CH3  —C2H5 (II)
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Cu(CH3—C(NH)—CH—C(NH)—CH3)2 (1);

                                              Cu(CH3—C(NCH3)—CH—C(NCH3)—CH3)2 (2);
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                                              Cu(C2H5—C(NCH3)—CH—C(NCH3)—C2H5)2 (4).

 [ 11 ].

(II).

P = 10–4 T = 90—120 .

(II) , H, N  Cu ( -

) -  [ 11 ]. 

: 1 — 145—147 ; 2 — 147—149 ; 3 —

99—100 ; 4 — 88—90 .

- (II) - -

-1310  60 .

- , (II) -

. .

(CuL—H). -  (HL, L , L—H,

L—H2) ( . 1).

. 2 -

, -

3 — c P = 10–4 T = 90 C,  CH3—

(C=(NCH3))—CH=(C—(N CH3))—CH3 (HL) — 

(II)  HL. 

 HL .



(II) 949

2-( )-4-( )-2- -

 Syntex

P21 (CuK - , -

), 2 3 — 

 Bruker P4 (MoK -

, ).

-

. 2.

-

( ) ,

-

. -

. 3, 

 — 

. 4. 

 SHELX-97 [ 14 ].

-
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.

 ( H 0
T , S 0

T ) -

. 5.

C  2. -

, . ,

2,

. 1. 

, .

Cu—N 1,954 Å,  N—Cu—N  94,7 .  N—

 N— H3, — — H3  0,13  0,11 Å .

 N...N  3,5 , -

 64,7 . 2 -

 Cu…Cu 6,048—8,711 Å. -

. 2.

C  3. -

, . -

,  (3),

. 3. 

. -

, .  Cu—N 

 1

-

(II): 1, 2, 3, 4

M/z 1

( . . 257)
2

( . . 313)
3

( . . 369)
4

( . . 369)

CuN4C18H34
+ 369 32 40

CuN4C15H25
+ 324 7,2

CuN4C14H26
+ 313 26,8

CuN4C10H18
+ 257 54

CuN4C9H15
+ 242 3,3

CuN4C8H12
+ 227 45,8 2,8

CuN2C9H18
+ 217 100 100

CuN3C8H15
+ 216 6,2

CuN2C9H16
+ 215 17 7,4

CuN3C7H12
+ 201 1,7 1,6 7 2,9

CuN3C6H12
+ 189 100 3,3

CuN3C6H11
+ 188 7,2 3,1

CuN3C6H10
+ 187 6,8 2,8 6,9

CuN2C6H11
+ 174 6 2,8 2,3

CuN2C6H10
+ 173 1,2 5,2 2,8 3,7

CuN2C5H10
+ 161 100

CuN2C5H9
+ 160 23,3

CuN2C5H8
+ 159 23

CuN2C5H7
+ 158 4,0

CuNC5H8
+ 145 71

CuNC4H7
+ 132 5,8 2,8

CuNC3H7
+ 120 10

CuNC3H6
+ 119 9,1

CuNC2H3
+ 104 38,3 3,6 2,5 3,4

CuNCH+ 90 3,8

Cu+ 63 27,5 1,2 1,5 1,3
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 2

(II) HL

2 3 HL

- CuN4C14H26 CuN4C18H34 N2C7H14

313,93 370,03 126,20

, Å 0,71073 0,71073 1,54178

: , b, c, Å 10,363(1),

11,978(1),

12,653(1)

11,782(4),

13,951(8),

25,591(8)

12,129(2),

12,034(2),

5,6920(11)

, . 90 90 107,05(3)

V, Å3 1570,6(3) 4206(3) 794,3(3)

nc2 2221

Z 4 8 4

d, / 3 1,328 1,169 1,055

, . 1,97—24,98 2,26—24,99 5,30—69,91

. / . 1697/1465 2084/2067 876/839

R I  2  (I ) 0,027 0,1084 0,0599

R 0,0332 0,2780 0,0906

 3

 Ueq, Å
2

2, 3 HL

x y z Ueq

1 2 3 4 5

2

Cu(1)

Cu(2)

N(1)

N(2)

N(3)

N(4)

C(1)

C(2)

C(3)

C(4)

C(5)

C(6)

C(7)

C(8)

C(9)

C(10)

C(11)

C(12)

C(13)

C(14)

0

0,5000

–0,0805(6)

0,0622(6)

0,4199(6)

0,5640(6)

–0,0834(7)

–0,0119(8)

0,0539(7)

–0,1571(8)

0,1214(9)

–0,1525(10)

0,1342(13)

0,4213(7)

0,4850(7)

0,5552(8)

0,3448(8)

0,6225(9)

0,3463(8)

0,6319(8)

0

0

0,1038(5)

0,1165(6)

0,1066(5)

0,1140(6)

0,2149(6)

0,2648(8)

0,2216(8)

0,2903(7)

0,3043(8)

0,0587(8)

0,0815(11)

0,2142(6)

0,2735(7)

0,2253(7)

0,2839(7)

0,3064(7)

0,0555(6)

0,0782(8)

–0,0045(1)

0,7491(1)

0,0948(6)

–0,0987(6)

0,6523(6)

0,8471(6)

0,0870(7)

–0,0030(12)

–0,0813(7)

0,1598(7)

–0,1555(7)

0,1857(8)

–0,1860(9)

0,6658(7)

0,7393(10)

0,8295(7)

0,5885(8)

0,8998(7)

0,5685(7)

0,9464(7)

0,0035(1)

0,0035(1)

0,0036(2)

0,0038(2)

0,0033(2)

0,0044(2)

0,0038(2)

0,0044(2)

0,0038(2)

0,0045(2)

0,0053(2)

0,0049(3)

0,0077(4)

0,0032(2)

0,0039(2)

0,0044(2)

0,0051(3)

0,0061(3)

0,0039(2)

0,0043(2)
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1 2 3 4 5

3

Cu

N(1)

N(2)

C(1)

C(2)

C(3)

C(4)

C(5)

C(6)

C(7)

C(8)

C(9)

N(3)

N(4)

C(10)

C(11)

C(12)

C(13)

C(14)

C(15)

C(16)

C(17)

C(18)

0,1991(2)

0,3119(16)

0,0886(17)

0,306(3)

0,209(3)

0,108(3)

0,402(2)

0,019(2)

0,421(2)

0,497(3)

–0,022(3)

–0,102(3)

0,2009(19

0,1913(19)

0,207(2)

0,204(2)

0,201(2)

0,215(3)

0,195(3)

0,189(4)

0,073(2

0,192(3)

0,312(4)

0,11363(18)

0,0167(13)

0,0229(16)

–0,0730(15)

–0,114(2)

–0,068(2)

–0,1427(17)

–0,137(2)

0,0537(19)

0,101(2)

0,062(2)

0,0724(18)

0,2008(13)

0,2150(13)

0,293(2)

0,3420(15)

0,3008(18)

0,363(2)

0,372(2)

0,1536(17)

0,149(4)

0,1798(19)

0,149(2)

0,37848(10)

0,3962(6)

0,3531(7)

0,3845(10)

0,3625(10)

0,3470(9)

0,3971(14)

0,3292(10)

0,4196(9)

0,3802(14)

0,3402(10)

0,3840(14)

0,4386(7)

0,3258(6)

0,4332(10)

0,3841(11)

0,3330(11)

0,4798(11)

0,2914(11)

0,4909(10)

0,5078(12)

0,2694(10)

0,2515(10)

0,0692(10)

0,063(5)

0,078(6)

0,073(7)

0,097(9)

0,067(7)

0,133(14)

0,111(10)

0,082(7)

0,140(12)

0,110(11)

0,115(11)

0,067(5)

0,069(6)

0,082(8)

0,078(7)

0,072(8)

0,127(13)

0,114(9)

0,115(12)

0,18(2)

0,109(11)

0,138(13)

HL

C(1)

C(2)

C(3)

N(1)

N(2)

C(4)

C(5)

C(6)

C(7)

0,9696(6)

0,8953(10)

0,8270(6)

0,9706(5)

0,8232(5)

1,0385(6)

0,7548(8)

1,0408(8)

0,7537(9)

0,2836(7)

0,3325(3)

0,2834(8)

0,1725(6)

0,1746(7)

0,3503(10)

0,3552(12)

0,1146(9)

0,1163(9)

0,8946(14)

0,690(2)

0,4707(14)

0,9065(12)

0,4603(10)

1,1060(17)

0,2609(19)

1,1279(18)

0,2488(17)

0,069(2)

0,0771(12)

0,073(2)

0,0789(19)

0,077(2)

0,090(3)

0,099(3)

0,103(4)

0,097(3)

 4

 d, Å , . 2, 3 HL

d

1 2 3 4

2

Cu(1)—N(2)

Cu(1)—N(1)

Cu(2)—N(3)

Cu(2)—N(4)

N(1)—C(1)

N(1)—C(6)

N(2)—C(3)

N(2)—C(7)

N(3)—C(8)

1,946(7)

1,955(7)

1,954(7)

1,961(7)

1,334(9)

1,473(11)

1,281(11)

1,398(13)

1,300(9)

N(2)#1—Cu(1)—N(2)

N(2)#1—Cu(1)—N(1)

N(2)—Cu(1)—N(1)

N(1)—Cu(1)—N(1)#1

N(3)—Cu(2)—N(3)#2

N(3)—Cu(2)—N(4)

N(3)—Cu(2)—N(4)#2

N(4)—Cu(2)—N(4)#2

C(1)—N(1)—C(6)

104,4(4)

135,2(3)

94,5(2)

100,0(4)

102,4(4)

94,9(2)

135,0(2)

101,5(5)

114,3(8)
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1 2 3 4

N(3)—C(13)

N(4)—C(10)

N(4)—C(14)

C(1)—C(2)

C(1)—C(4)

C(2)—C(3)

1,442(10)

1,354(12)

1,502(10)

1,484(14)

1,498(11)

1,309(15)

C(1)—N(1)—Cu(1)

C(6)—N(1)—Cu(1)

C(3)—N(2)—C(7)

C(3)—N(2)—Cu(1)

C(7)—N(2)—Cu(1)

C(8)—N(3)—C(13)

126,6(7)

119,0(5)

117,8(8)

125,2(6)

116,5(7)

121,6(7)

C(3)—C(5)

C(8)—C(9)

C(8)—C(11)

C(9)—C(10)

C(10)—C(12)

1,534(11)

1,343(12)

1,511(11)

1,472(13)

1,491(11)

C(8)—N(3)—Cu(2)

C(13)—N(3)—Cu(2)

C(10)—N(4)—C(14)

C(10)—N(4)—Cu(2)

C(14)—N(4)—Cu(2)

N(1)—C(1)—C(2)

C(3)—C(2)—C(1)

N(2)—C(3)—C(2)

N(3)—C(8)—C(9)

C(8)—C(9)—C(10)

N(4)—C(10)—C(9)

124,1(6)

114,1(4)

116,7(8)

123,9(6)

119,3(6)

116,5(8)

133,0(8)

123,6(8)

128,4(7)

124,9(7)

123,2(8)

3

Cu—N(2)

Cu—N(1)

Cu—N(4)

Cu—N(3)

N(1)—C(1)

N(1)—C(6)

N(2)—C(3)

N(2)—C(8)

C(1)—C(2)

C(1)—C(4)

C(2)—C(3)

C(3)—C(5)

C(6)—C(7)

C(8)—C(9)

N(3)—C(10)

N(3)—C(15)

N(4)—C(12)

N(4)—C(17)

C(10)—C(11)

C(10)—C(13)

C(11)—C(12)

C(12)—C(14)

C(15)—C(16)

C(17)—C(18)

1,93(2)

1,950(17)

1,956(16)

1,960(16)

1,29(2)

1,51(3)

1,29(3)

1,45(3)

1,39(4)

1,53(3)

1,42(3)

1,50(3)

1,50(3)

1,47(4)

1,30(3)

1,50(3)

1,22(3)

1,52(3)

1,43(3)

1,55(3)

1,43(3)

1,46(3)

1,44(4)

1,54(4)

N(2)—Cu—N(1)

N(2)—Cu—N(4)

N(1)—Cu—N(4)

N(2)—Cu—N(3)

N(1)—Cu—N(3)

N(4)—Cu—N(3)

C(1)—N(1)—C(6)

C(1)—N(1)—Cu

C(6)—N(1)—Cu

C(3)—N(2)—C(8)

C(3)—N(2)—Cu

C(8)—N(2)—Cu

N(1)—C(1)—C(2)

C(1)—C(2)—C(3)

N(2)—C(3)—C(2)

C(7)—C(6)—N(1)

N(2)—C(8)—C(9)

C(10)—N(3)—C(15)

C(10)—N(3)—Cu

C(15)—N(3)—Cu

C(12)—N(4)—C(17)

C(12)—N(4)—Cu

C(17)—N(4)—Cu

N(3)—C(10)—C(11)

C(12)—C(11)—C(10)

N(4)—C(12)—C(11)

C(16)—C(15)—N(3)

N(4)—C(17)—C(18)

94,8(8)

102,2(8)

133,9(8)

132,7(9)

103,9(8)

95,3(7)

118(2)

125,7(19)

115,9(13)

120(3)

124(2)

115,9(18)

122(3)

128(2)

124(3)

113(2)

116(2)

122(2)

122,2(17)

115,3(13)

117(2)

127,0(17)

114,8(14)

124(2)

127,7(19)

123(2)

112(3)

112(2)
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1 2 3 4

HL

C(1)—N(1)

C(1)—C(2)

C(1)—C(4)

C(2)—C(3)

C(3)—N(2)

C(3)—C(5)

N(1)—C(6)

N(2)—C(7)

1,339(10)

1,377(14)

1,484(12)

1,411(15)

1,310(11)

1,526(13)

1,473(12)

1,434(11)

N(1)—C(1)—C(2)

N(1)—C(1)—C(4)

C(2)—C(1)—C(4)

C(1)—C(2)—C(3)

N(2)—C(3)—C(2)

N(2)—C(3)—C(5)

C(2)—C(3)—C(5)

C(1)—N(1)—C(6)

C(3)—N(2)—C(7)

117,6(8)

120,3(9)

121,8(9)

129,6(4)

117,5(8)

121,7(9)

120,6(10)

120,7(8)

122,1(8)

. , :

#1 –x, –y, z; #2 –x+1, –y, z.

 5

- (II) (lgPTorr = – (A/T ) + B)

n* T, K B A H
0

T
, / S

0

T
, / K

1 4 335—397 10,82 5012 95,8 13,4 152,0 5,0

2 7 349—380 17,51 7564 145,2 10,4 279,9 3,8

3 5 326—361 15,23 6304 120,5 1,7 236,4 5,0

4 6 330—371 15,47 6205 120,0 1,7 241,0 9,6

* n — .

1,93—1,96,  1,95 Å,  N—Cu—N  95 .

 N—  1,28  1,50 Å -

.  N...N  6 , -  N—Cu—N

  133,3 . 3

. 2. 2

            . 1. 2
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. 3. 3

. 4. 3

 Cu…Cu 6,981—9,370 Å.

. 4.

C  CH3—(C=(NCH3))—CH=(C—(N CH3))—CH3 (HL). -

, ,

. , -

, . 5. -

. 5.  CH3—CNCH3—CH2—CNCH3—CH3 — ,

                                                                              — 
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. 6. -

(II): 1 — 1; 2 — 2;

                                     3 — 3; 4 — 4

,

 0,02 Å .

 N—

 1,324  1,452 Å,

—  1,394  1,506 Å. -

(1) (3) -

 120  2,5 . -

(1) (2) (3)  129,6 .

(1) , -

.  N(1)—H(1)  H(1)—N(2)  1,27  1,45 Å,

N(1)H(1)N(2)  154 .

,  — 49,4 ,

. -

… ,  2,59 Å.

- - . -

- -

- .

 [ 17 ]. -

,  1,21 / , -

 4,00 Å [ 18 ]. 

6
, , , , ,

2 1 1

1/ 2 / exp( ) ,
N n n

i j i j i j i j i j
k i j

U A R B R

k — ; N — ; i — 

; j — k- ; n — ; Ri,j —

i j; Ai,j, Bi,j, i,j — - .

. 2 -

, , -

 [ 18 ], 3 R0 = 4,2 Å -

 1,13 / . - - -

2  120,3 / , 3 —

114,5 / ,  — 66,5 / .

 ( . . 5).

2 3 -

. , -

 10 %.

, 2 3 -

, , - - -

3 , 2. ó -

2 5, .

. -

(II) -

 ( . 6) -

 ( H 0
T , S 0

T )  ( . . 5). ,

-

,  1—2 % .  6 ,



. . , . . , . . .956

R2 R1 (II)

 — . -

2 3 ó

3, , .

,  2-( )-4-

( )-2- (II) -

 Cu(R1C(NR2)CHC(NR2)R1)2,  R1, R2 — -

, (II).
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