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 [Cu(m-HBH)2(OH2)2]SO4 H2O, m-H  = 7 8 2N2 (3- -

);  = 7,154(3), b = 8,012(2), c = 20,061(2) Å,  = 90,56(2) ; P21, Z = 2,

R(F) = 0,046.  [Cu(m-HBH)2(OH2)2]
2+,

SO
2
4 .  — -

 —  6 = 4 + 2 ( :  — 2,030(5), 2,054(6), 2,061(5),

2,097(3) Å;  — 2,459(4), 2,453(4) Å). , -

 3d- , m-H , ;

,

 — -

.

: , , , -

, 3- .

-

 3d-  M(m-HBH)2SO4

3H2O,  M(II) = Cu, Co, Ni; m-H  = 7 8 2N2  3- .

 M(m-HBH)2SO4 3H2O

.  M(m-HBH)2X2

nH2O,  M(II) = Mn, Co, Ni, Cu; X = Cl–( ), NCS– ( , ), NO3

( , ), 1/2SO2
4  ( , ), -

.

m-HBH,  3d- , -

. -

, ,

- .

.

 [Co(m-HBH)2(NCS)2] 2H2O [ 1 ]  (NCS)–

- . .

 ( ) -

- .
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 [Mn2(m-HBH)2(SO4)2(OH2)4] [ 5 ] 

-  SO2
4 , - -

— . -

.

 (NCS)– ,  NO3  — -

-  Co(II) — [Co(m-HBH)2(NCS)2] 2H2O

 [Co(m-HBH)2(OH2)2](NO3)2 3H2O -

.

, ,  SO2
4 -

 [Mn2(m-HBH)2(SO4)2(OH2)4] ( ) — 

. -

 Co(II)  Cu(II), m-HBH  SO2
4 ,

.

M(m-HBH)2SO4 3H2O.  3d- -

 MSO4 nH2O (M(II) = Ni, Co, Cu; n = 7, 7, 5, ) m-HBH

 M:m-HBH = 1:2. -

:

MSO4 nH2O + (m-HBH)2  M(m-HBH)2SO4 3H2O.

.

 ( )

.

: Cu(m-HBH)2SO4 3H2O,  %: Cu 12,32, C 32,38, H 4,12,

N 10,67.  Cu(C7H8N2O2)2SO4 3H2O  %: Cu 12,27, C 32,45,

H 4,28, N 10,82.  Ni(m-HBH)2SO4 3H2O,  %: Ni 11,63, C 32,55, H 4,21, N 11,05. 

 Ni(C7H8N2O2)2SO4 3H2O  %: Ni 11,44, C 32,75, H 4,32, N 10,92.

 Co(m-HBH)2SO4 3H2O,  %: Co 11,69, C 32,45, H 4,19, N 10,95. -

 Cu(C7H8N2O2)2SO4 3H2O  %: Co 11,48, C 32,74, H 4,32, N 10,91.

 HZG-4, CuK , - )

,

.

. -

 (

Co(II)  Ni(II) ). -

 Cu(m-HBH)2SO4 3H2O , -

.

.  (  Specord IR-75; 400—4000 –1)

, .

1640 –1 - -

.  1600—1610 –1 (NH2), -

 520—570  420—480 –1  — —

— .  3400—3600 –1,

( ) , (SO4) (SO4) 1120  620 –1

 SO2
4 .

- ,

 M(m-HBH)2(NO3)2 nH2O (M(II) = Cu, Co, Ni) 

 3- - -

 ( ).

SO2
4 . :



384

 1

( 104 103 )

(Å2 103) [Cu(m-HBH)2(OH2)2]SO4 H2O

x y z Ueq x y z Ueq /UH

Cu 4780(1) 5071(1) 3771(1) 39(2) O(11) 724(3) 471(2) 728(3) 44(5)

O(1w) 5952(4) 2186(2) 3763(3) 59(4) O(12) 2872(3) 2913(3) 695(3) 43(4)

O(2w) 3728(4) 7985(2) 3747(2) 65(4) O(13) 696(3) 2653(3) 1610(3) 42(6)

O(3w) –968(3) 4436(2)) 2417(2) 71(6) O(14) 3344(3) 721(3) 1472(3) 45(4)

O(1a) 6380(3) 5611(2) 2950(1) 50(4) H(11w) 596(4) 141(2) 339(3) 75(3)

O(2a) 6104(4) 5730(2) –86(2) 50(4) H(21w) 608(3) 156(2) 418(3) 76(3)

O(1b) 6444(2) 5710(2) 4556(2) 51(4) H(12w) 360(3) 858(2) 411(3) 73(4)

O(2b) 6229(4) 5790(2) 7589(3) 52(5) H(22w) 352(3) 857(3) 335(3) 77(4)

N(1a) 3860(3) 4788(2) 2374(2) 53(6) H(13w) –220(3) 431(3) 226(3) 78(4)

N(2a) 2980(3) 4382(2) 2987(2) 52(5) H(23w) –24(3) 354(3) 225(3) 77(5)

N(1b) 3960(3) 4826(2) 5154(2) 49(5) H(11a) 328(3) 464(3) 197(3) 76(4)

N(2b) 3008(3) 4539(2) 4542(2) 50(5) H(11b) 336(3) 460(3) 559(3) 77(4)

C(1a) 6608(3) 5893(3) 1762(2) 43(4) H(12a) 160(3) 465(3) 295(3) 79(6)

C(2a) 5844(3) 5623(3) 1126(2) 43(5) H(22a) 296(3) 315(3) 298(3) 77(5)

C(3a) 6816(2) 6034(3) 551(3) 45(5) H(12b) 248(3) 357(3) 458(3) 73(5)

C(4a) 8532(2) 6815(2) 616(2) 42(4) H(22b) 216(3) 535(3) 454(3) 73(6)

C(5a) 9304(2) 7237(3) 1232(3) 44(4) H(2a) 468(3) 491(3) 109(3) 73(4)

C(6a) 8344(2) 6704(3) 1797(3) 45(4) H(4a) 904(3) 732(3) 21(3) 74(4)

C(7a) 5616(3) 5407(2) 2386(3) 43(4) H(5a) 1036(3) 767(3) 125(3) 77(6)

C(1b) 6768(3) 5959(2) 5738(2) 46(4) H(6a) 872(3) 702(3) 218(3) 78(6)

C(2b) 6068(2) 5711(2) 6381(2) 42(4) H(2b) 484(3) 521(3) 640(3) 75(6)

C(3b) 7072(2) 6070(3) 6961(2) 44(4) H(4b) 952(3) 706(3) 726(2) 75(5)

C(4b) 8840(2) 6787(3) 6874(2) 45(4) H(5b) 1072(3) 769(3) 620(3) 74(5)

C(5b) 9576(2) 7038(3) 6241(2) 46(4) H(6b) 928(3) 665(3) 527(3) 73(4)

C(6b) 8576(2) 6587(2) 5678(2) 43(4) H(1Oa) 712(3) 571(3) –41(3) 80(4)

C(7b) 5672(2) 5469(2) 5122(2) 46(5) H(1Ob) 716(3) 601(3) 795(3) 79(5)

S(1) 1856(1) 1696(1) 1125(1) 40(4)

- -

?

 Cu(m-HBH)2SO4 3H2O .

.  C14H22N4O11Cu,

Mr = 517,79; , P21,  = 7,154(3), b = 8,012(2),

c = 20,061(2) Å,  = 90,56(2) , V = 1149,8(7) Å3, T = 293 K, Z = 2, D  = 1,50(3) / 3, ( K ) =

= 13,4 –1.

Nicolet P3 ( K  — 0,71069 Å, - , /2 - , 2 = 45 ,  1861

 1654 I  2 (I )). -

, . -

. R-  0,046. -

 SHELXTL [ 6 ]. Ueq U . 1.

. , -

. -

 [Cu(m-HBH)2(OH2)2]
2+,  SO2

4 -

 ( . ).



385

-

              [Cu(m-HBH)2(OH2)2]SO4 H2O

-

 Cu(II) -

- . -

- -

 O(1) 

N(2) 3-  (a ),  O(1w)  O(2w) 

.  M-Lig  0,395 Å
, .

. 2.  Cu—O (Cu—O  2,030(5)  2,061(5) Å;

Cu—O  2,459(4)  2,453(4) Å; Cu—N  2,054(6)  2,097(6) Å),

 Cu(II) m-HBH , -

 (Cu—O  2,033(3)  2,087(3) Å; Cu—O  2,367(3)  2,374(3) Å;

Cu—N  2,013(2)  2,021(2) Å [ 4 ]), ,  [ 9 ]: Cu—O

1,9504(13); 1,9549  1,9814(12) Å; Cu—O  2,4410(14)  2,5263(15) Å  Cu—N  1,9478(15) Å
[ 7 ], Cu—O  2,3940(10) Å)  Cu—N  (2,002(2)  2,021(2) Å) [ 8 ], Cu—N  1,981(2)

 2,042(3) Å).

 3- -

.

(1)  N(2);  3,92 (a)

 2,44  ( ).  O—Cu—N: 78,3(2) (a)  80,2(2)  ( ),

 [Cu(m-HBH)2(OH2)2](NO3)2 2H2O (80,44(8) (a)

 79,24(9)  ( )), ,  ( 76 ) Co(II)  Mn(II).

 (N(H2)N(H)CO)  (

0,003 Å (a)  0,008 Å ( )).

-  [ 10 ].

…  NH…O (O(3w)—H(13w)…O(14)  N(2a)—H(12a)…O(3w)).

. 3.

.  [Co(m-HBH)2(NCS)2] 2H2O,

[Co(m-HBH)2(OH2)2] (NO3)2 3H2O, [Cu(m-HBH)2(OH2)2](NO3)2 2H2O, [Mn2(m-HBH)2(SO4)2

(OH2)4]  [Cu(m-HBH)2(OH2)2]SO4 H2O , m-HBH

- . -

.

 [Co(m-HBH)2(NCS)2] 2H2O,  (NCS)– -

,  — ;  [Co(m-HBH)2(OH2)2](NO3)2 3H2O,

[Cu(m-HBH)2(OH2)2](NO3)2 2H2O  [Cu(m-HBH)2(OH2)2]SO4 H2O  NO3  SO2
4

, - -

.  [Mn2(m-HBH)2(SO4)2(OH2)4]  SO2
4

, .

 [Cu(m-HBH)2(OH2)2]SO4 H2O  [Mn2(m-

HBH)2(SO4)2(OH2)4] . ,

(CuSO4 5H2O)

,  ( -)  — -  ( ) -

 (Cu—OSO4
 2,379 Å). - -

- -  (
Mn—OSO4

 2,178 Å), .  [ 11 ]
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 d, Å , . [Cu(m-HBH)2(OH2)2]SO4 H2O

d d d

Cu—O(1w) 2,459(4) N(1a)—N(2a) 1,425(5) C(5a)—C(6a) 1,398(6)

Cu—O(2w) 2,453(4) N(1a)—C(7a) 1,351(6) C(5a)—H(5a) 0,83(3)

Cu—O(1a) 2,061(5) N(1a)—H(11a) 0,91(4) C(6a)—H(6a) 0,85(3)

Cu—O(1b) 2,030(5) N(2a)—H(12a) 1,01(3) C(1b)—C(2b) 1,402(5)

Cu—N(2a) 2,097(6) N(2a)—H(22a) 0,99(3) C(1b)—C(6b) 1,394(6)

Cu—N(2b) 2,054(6) N(1b)—N(2b) 1,417(6) C(1b)—C(7b) 1,509(6)

O(1w)—H(11w) 0,97(3) N(1b)—C(7b) 1,331(6) C(2b)—C(3b) 1,391(5)

O(1w)—H(21w) 0,98(4) N(1b)—H(11b) 0,99(3) C(2b)—H(2b) 0,97(3)

O(2w)—H(12w) 0,88(4) N(2b)—H(12b) 0,87(3) C(3b)—C(4b) 1,402(5)

O(2w)—H(22w) 0,93(3) N(2b)—H(22b) 0,89(3) C(4b)—C(5b) 1,394(5)

O(3w)—H(13w) 0,94(3) C(1a)—C(2a) 1,400(6) C(4b)—H(4b) 0,94(3)

O(3w)—H(23w) 0,95(3) C(1a)—C(6a) 1,403(6) C(5b)—C(6b) 1,379(6)

O(1a)—C(7a) 1,262(5) C(1a)—C(7a) 1,497(5) C(5b)—H(5b) 0,97(3)

O(2a)—C(3a) 1,392(5) C(2a)—C(3a) 1,392(5) C(6b)—H(6b) 0,97(3)

O(2a)—H(1Oa) 0,98(3) C(2a)—H(2a) 1,01(3) S(1)—O(11) 1,497(6)

O(1b)—C(7b) 1,282(5) C(3a)—C(4a) 1,383(5) S(1)—O(12) 1,495(5)

O(2b)—C(3b) 1,392(5) C(4a)—C(5a) 1,390(5) S(1)—O(13) 1,496(6)

O(2b)—H(1Ob) 0,99(3) C(4a)—H(4a) 0,98(3) S(1)—O(14) 1,488(6)

O(1w)—Cu—O(2w) 177,4(3) Cu—N(2a)—N(1a) 108,3(3) Cu—N(2b)—N(1b) 108,9(3)

O(1w)—Cu—O(1a) 90,0(2) Cu—O(1a)—C(7a) 116,7(2) Cu—O(1b)—C(7b) 113,2(3)

O(1w)—Cu—O(1b) 92,5(2) N(2a)—N(1a)—C(7a) 119,1(3) N(2b)—N(1b)—C(7b) 117,1(3)

O(1w)—Cu—N(2a) 87,4(2) N(1a)—C(7a)—O(1a) 117,2(3) N(1b)—C(7b)—O(1b) 120,3(3)

O(1w)—Cu—N(2b) 91,3(2) N(1a)—C(7a)—C(1a) 121,9(3) N(1b)—C(7b)—C(1b) 122,1(3)

O(2w)—Cu—O(1a) 87,5(1) O(1a)—C(7a)—C(1a) 120,7(3) O(1b)—C(7b)—C(1b) 117,4(3)

O(2w)—Cu—O(1b) 87,3(2) C(7a)—C(1a)—C(2a) 122,5(3) C(7b)—C(1b)—C(2b) 121,9(3)

O(2w)—Cu—N(2a) 92,8(2) C(7a)—C(1a)—C(6a) 120,3(3) C(7b)—C(1b)—C(6b) 118,9(3)

O(2w)—Cu—N(2b) 91,2(2) C(2a)—C(1a)—C(6a) 117,0(3) C(2b)—C(1b)—C(6b) 118,1(3)

O(1a)—Cu—O(1b) 103,9(2) C(1a)—C(2a)—C(3a) 121,6(3) C(1b)—C(2b)—C(3b) 123,6(3)

O(1a)—Cu—N(2a) 78,3(2) C(2a)—C(3a)—C(4a) 118,6(3) C(2b)—C(3b)—C(4b) 116,1(3)

O(1a)—Cu—N(2b) 175,6(1) C(2a)—C(3a)—O(2a) 122,5(3) C(2b)—C(3b)—O(2b) 119,3(3)

O(1b)—Cu—N(2a) 177,7(2) C(4a)—C(3a)—O(2a) 118,8(3) C(4b)—C(3b)—O(2b) 124,5(3)

O(1b)—Cu—N(2b) 80,2(2) C(3a)—C(4a)—C(5a) 122,5(3) C(3b)—C(4b)—C(5b) 121,4(3)

N(2a)—Cu—N(2b) 97,5(2) C(4a)—C(5a)—C(6a) 116,8(3) C(4b)—C(5b)—C(6b) 120,7(3)

C(5a)—C(6a)—C(1a) 122,8(3) C(5b)—C(6b)—C(1b) 119,8(3)

O(11)—S(1)—O(12) 112,5(3) O(11)—S(1)—O(14) 106,6(3) O(12)—S(1)—O(14) 105,2(3)

O(11)—S(1)—O(13) 112,4(4) O(12)—S(1)—O(13) 108,4(3) O(13)—S(1)—O(14) 111,3(3)

. ,

Mn(II)  Cu(II) 

.  Mn(II) 

([(H2O)4Mn(O—SO2—O)2Mn(OH2)4]), 

m-HBH ([(m-HBH)(H2O)2Mn(O—SO2—O)2Mn(OH2)2(m-HBH)]),  Cu(II)
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[Cu(m-HBH)2(OH2)2]SO4 H2O

D—H…A d(D—H), Å d(H…A), Å d(D…A), Å  (DHA), .

O(3w)—H(23w)…O(14) 0,95(3) 1,62(4) 2,473(3) 147(2)

N(2a)—H(12a)…O(3w) 1,01(3) 2,12(4) 3,037(3) 149(3)

- ;

.

 [Cu(HBH)2(OH2)2]SO4 H2O , -

 ( )  (CuSO4 5H2O),

: -

 (O(3w)—H(13w)…O(14)  N(2a)—H(12a)…O(3w)).

 ( ):

 3d-

m-HBH.

,  ( )

.

,

(Cu(II), Co(II), Ni(II)), .

 ( ) ,  ( -

) .

,  NO3 ,  Cu(II) [ 12 ],

Co(II), Ni(II)  Mn(II) [ 13 ] , -

. ,

 Mn(II) ,  NO3 ,

.
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