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(II)

 2007   . . *, . . , . . , . .

-

 13  2006 .

 Ru2( -O2CR)4,

Ru2( -O2CR)4(L)2  Ru2( -O2CR)4(NO)2 (R = H, CH3, CF3; L = H2O, THF). 

, (II)  Ru2( -O2CR)4 -

- — d -  Ru 

 NO.

: , , ,

(II).

—

M2( -O2C )4(L)2 , , .

 (d 4—d 4)  ( )2( )4( )2 (  = Mo, W)

 M—M [ 1 ]; d-

, , -

— , -

 4.  Rh(II, II)  ( )2( )4( )2( *)4( *)2

 [ 1 — 3 ], 

Ru2(II, II), * * , — -

 [ 4, 5 ].

.,  [ 6, 7 ],

 Ru2(II, II) 

( )2( )4( )2( *)3( *)1, , *- *-  [ 7 ]. -

 ZINDO/S-MRCI [ 8 ]  Ru2( -O2C )4

 ( *)2( *)1( *)1,  Ru2( -O2C )4(L)2 (L = 2 , -

) —  ( *)2( *)2;  DFT -

 Ru2(II, II)  ( *)2( *)2 [ 8 ]. 

 [ 9 ] 

M2( -O2CH)4 (M = Mo, Tc, Ru, Rh) —

,  DFT (  PW91) ; -

 Ru2( -O2C )4  ( )2( )4( )2( *)2( *)2( *)0.

,  Ru2( - 2CR)4(L)2

 Ru—Ru, Ru— , Ru—L -

 Ru2(III, II)  L  R [ 4 ]. -

                                                     
* E-mail: ovsizova@mail.ru
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-

 Ru2( -O2CR)4(NO)2,  Ru—Ru  2,5 Å [ 10 ], -

, . -

 [ 11 ], 

 [ 12 ],  DFT. 

2( )4  NO -

 N- ,  —  2-

 (Fap)  (dpf) [ 13, 14 ];  [ 14 ] -

—  2,444  Ru2(dpf)4(NO)  2,632 Å  Ru2(dpf)4(NO)2

 1,5  1,0.

 Ru2( -O2CR)4(NO)2 .

— -

: ( )2( )4( )2( *)4( *)2  ( )2( )4( )2( *)2( *)4, -

 Ru—Ru ,

 [ 10 ].  [ 10 ] , d-  Ru 

*-  NO . b initio , -

 [ 15 ]*, 

 Ru2( -O2C )4  Ru2( -O2C )4(NO)2 —  ( )2( )4( )2( *)2( *)2

( )2( )4( )2( *)2( *)4 .  [ 4 ] 

 Ru2(I, I)  NO+, -

-

 Ru2(II, II)  NO .

,

— -

(II),

— (II) .

: Ru2( -O2CR)4, (R = H,

C 3, CF3); Ru2( -O2C )4( 2 )2, Ru2( -O2C )4(THF)2 (THF = ); Ru2( -O2CR)4(N )2

(R = H, CH3, CF3).

 (DFT) -

 B3LYP [ 16 ]. : 1)  LanL2DZ

[ 17, 18 ]  2) :

6-31G**  H, C, N  O  SDD  Ru [ 19 ]. -

, .

,  Ru2( - 2CR)4(NO)2, -

 B3LYP 

( *)2( *)2 ( - , ; - ,

, — ).  CASSCF (12 

)  LanL2DZ  Ru2( - 2CR)4  Ru2( - 2CR)4( 2O)

. ,  Ru2( - 2CR)4 -

 CASSCF (10 )  Ru—Ru,  2,416 Å,

,  B3LYP .

Ru2( - 2CR)4(NO)2  B3LYP .

 (  Ru2( -

2CR)4(NO)2)  ( )  B3LYP.

                                                     
* .
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: 1) -

 2)  (NAO) [20 ]. 

( ) 2
A B

Q A B P S

,

 [ 21, 22 ]:

( ) ( ) ( ) ( ) ( ) .t t

A B

B A B PS PS P S P S

P P  — ; P = P  + P  — -

; P t = P P  — ; S — .

( ) ( ) ( ) .
A B

B A B PS PS

 [ 23 ]:
2

( ) ,
A B

W A B P

 NAO. 

 (NBO) [ 20 ]. -

 NBO -

 GAUSSIAN-03 [ 24 ]. -

 PC GAMESS [ 25, 26 ], 

PC GAMESS  GAUSSIAN-03.  NBO  Molekel 4.2

[ 27 ], -

 MOBuilder.

 ( . 1—3) -

-

;

r(Ru—Ru)  (  LanL2DZ)

( . . 1).   Ru—O :

 1

Ru—Ru Ru2( -O2C )4(L)2 B3LYP

2 THF NO

H CH3 CF3 H CH3 CF3 H CH3 CF3

. [10,28] r(Ru—Ru) 2,261 2,277 2,515* 2,532

r(Ru—Ru) 2,309 2,298 2,323 2,340 2,349 2,336 2,371 2,613 2,593 2,613

(Ru—Ru) 343 370 340 333 336 357 337 211 (204)

214

(173)

221

W(Ru—Ru) 1,26 1,24 1,25 1,16 1,14 1,14 1,096 0,52 0,50 0,51

LanL2DZ

B(Ru—Ru) 1,87 1,86 1,88 1,78 1,81 1,81 1,758 0,66 0,63 0,65

r(Ru—Ru) 2,271 2,264 2,276 2,294 2,575 2,558 2,577

(Ru—Ru) 364 384 369 362 220

(256)

212

222

229

(263)

W(Ru—Ru) 1,30 1,29 1,30 1,20 0,53 0,53 0,53

SDD/6-31G**

B(Ru—Ru) 1,91 1,89 1,87 1,83 0,59 0,58 0,56

*  R=Et.
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 2

Ru—L Ru2( -O2C )4(L)2 B3LYP

2 THF NO

H CH3 CF3 H CH3 CF3

. [10,28] r(Ru—L) 2,390 2,268 1,781 1,790

LanL2DZ r(Ru—L) 2,500 2,321 2,342 2,258 1,839 1,836 1,850

W(Ru—L 0,10 0,10 0,094 0,121 1,11 1,13 1,07

B(Ru—L) 0,24 0,18 0,177 0,211 1,02 1,04 0,96

SDD/6-31G** r(Ru—L) 2,401 1,821 1,818 1,829

W(Ru—L) 0,10 1,14 1,16 1,11

B(Ru—L) 0,32 1,01 1,03 0,96

 3

N—O NO, NO+ NO–

Ru2( -O2C )4(NO)2  B3LYP

Ru2(O2CR)4(NO)2

 LanL2DZ  SDD/6-31G**  LanL2DZ  SDD/6-31G**

NO+ NO NO– NO+ NO NO– R=H R=CH3 R=CF3 R=H R=CH3 R=CF3

q(NO)Mul +1 0 1 +1 0 1 0,04 0,06 0,03 0,03 0,06 0,01

q(NO)NAO +1 0 1 +1 0 1 0,07 0,05 0,15 0,07 0,04 0,13

R 1,106 1,199 1,333 1,073 1,159 1,279 1,194 1,198 1,184 1,159 1,162 1,154

(N—O)* 2219 1770 1290 2480 1991 1467 1729;

1749

1711;

1730

1776;

1795

1883;

1906

1864;

1887

1911;

1934

W(N—O) 2,80 2,09 1,39 2,79 2,10 1,40 1,92 1,90 1,99 1,92 1,90 1,96

B(N—O) 2,64 2,11 1,63 2,63 2,16 1,69 1,69 1,67 1,76 1,67 1,65 1,70

Q(N—O) 0,79 0,41 0,16 0,96 0,56 0,25 0,54 0,53 0,56 0,58 0,56 0,59

* ,

( ) .

2,10—2,12 Å  LanL2DZ  2,07—2,11 Å  SDD/6-31G**.  Ru—Ru 

 R;  Ru2( -O2CR)4  H2O

THF —  0,05 Å, -

r(Ru—Ru)

0,3 Å ( . . 1).

,  [ 10 ] -

 Ru—N , : , Ru—Ru—N

 162—165 .  RuN , -

 Ru—N—O  Ru2( -O2CR)4(NO)2:

R=H R=CH3 R=CF3

LanL2DZ

SDD/6-31G**

149,84

150,54

150,68

148,80

152,83

151,79

: 152,45  (R=Et)  152,83  (R=CF3) [ 10, 28 ].

 LanL2DZ —

 Ru2( -O2CR)4, Ru2( -O2CR)4(H2O)2, Ru2( -O2CR)4(THF)2

340 –1,  SDD/6-31G** — 360 1,
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350 1 [ 4, 8, 29 ]. -

(Ru—Ru)  130—140 1

 Ru2( -O2CR)4 ( . . 1). -

(N—O)  1756 1  Ru2( -O2C 3)4(NO)2  1800 1  Ru2( -

O2C F3)4(NO)2 [ 10 ].

 B3LYP, 

,  Ru2( - 2CR)4  ( )1( )1( )2( )1

( )2( )1( * )2( * )1( * )1, -

- ,  {Ru—Ru}. -

 ( )1( )1( )2( )1( )2( )1( * )2( * )1( * )1  Ru2( - 2C )4 -

 (  0,56 ,  B3LYP/LanL2DZ 

).  LanL2DZ  SDD/6-31G** , -

. -

 R :  R = H  R = CF3

 Ru—Ru

 CF3,  R = 3 — . -

 ( ) - *  ( ,  L=NO, *- ):

L-H2O L-THF L-NO

H CH3 CF3 H H CH3 CF3 H CH3 CF3

LanL2DZ 5,98 5,36 7,76 5,18 4,81 4,35 6,40 6,72 6,23 8,11

SDD/6-31G** 5,52 4,96 6,54 4,89 6,25 5,81 7,05

-  H2O  THF - *x

*y - *, 12 - -

,  Ru2( - 2CR)4.

,  Ru2( -O2C )4(H2O)2  Ru2( -

O2C )4(THF)2 — ( )2( )1( )1( )1( )1( )2( * )2( * )1( * )1,

 — ( )1( )3( )2.

: , d - *-  NO,

d-  Ru *- , -

,  ( . 1, 2, . 4). 

( )4( )2( *)4( )2( *)2,

,  {ON—Ru—Ru—NO}. 

 [ 10 ] -

2z
d (Ru1) + 2z

d (Ru2). , , d-

 Ru2( -O2C )4(NO)2 , -

 Ru2( -O2C )4(L)2:

L-H2O L-THF L-NO

1,08 3,03 2,74 1,11 3,05 2,56 1,14 3,05 2,56 1,18 3,06 2,60

-  2 -

 ( )1( )3( )2
2 2x y

d -  Ru - -

Ru. -

                                                     
* , — c z.
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. 2.

                Ru2( -O2CH)4(NO)2 ( )  Ru2( -O2CH)4( 2O)2 ( )

 Ru2( -O2CR)4(NO)2

 LanL2DZ 

SDD/6-31G**  R.

 Ru2( -O2CR)4(NO)2 -

-

. -

-

—  ( . . 1) 

.

. 1 (Ru—Ru) -

W(Ru—Ru) , -

. 1.

                    Ru2( -O2CH)4(NO)2

 4

( , ) Ru2( -O2C )4(L)2 (m, %)
 L (l, %) B3LYP/LanL2DZ*.

-

L-H2O L-THF L-NO
-

m m m l m l m l m l m l

* –6,38 85 –5,86 88 2 –5,36 83 8 –7,54 49 27

* –6,94 85 –5,92 88 2 –5,56 89 0 –7,66 65 11

* –6,94 85 –5,97 75 –5,56 74 0 –5,14 78 0 –5,19 75 0 –4,77 78 0 –6,70 69 1

–7,87 85 –7,45 85 –6,97 86 0 –6,55 86 0 –6,56 77 12 –6,15 86 0 –8,05 75 8

–8,67 32 –7,51 76 –7,71 49 4 –6,37 81 2 –7,67 26 34 –5,78 75 12 –8,24 39 22

–8,67 32 –7,51 76 –7,79 50 1 –6,38 82 1 –7,39 51 0 –5,98 84 0 –8,26 40 20

–9,54 89 –9,24 92 –7,32 73 18 –7,13 80 14 –6,60 71 6 –6,37 67 30 –7,33 56 41

*  GAMESS.
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. 3.  (NBO), —  ( , )

                     N ( , , , )  Ru2( -O2CH)4(NO)2

.

, — .

. -

 Ru2( -O2CR)4  Ru2( -O2CR)4(L)2 (R = H, CH3, CF3; L = H2O, THF) 

 NBO, 

: , 2z
d -  Ru, -NBO ( -

), dxz dyz.  Ru2( -O2CR)4 NBO

*(Ru—Ru) . -  Ru c 

 L -

 L  NBO, -

—  ( . . 1).

 L=NO  ( . . 1, . 3):

—  NBO - , ;

—  NBO(Ru—Ru) * NBO(Ru—

Ru), - ;

—  NBO d  (dxz

dyz)  Ru, -

 NO.

 NBO 

,  NBO 

[ 20 ].  NBO Ru—N  1,6,  —  0,4*.

-  Ru—

N , - -

 NO 

.

. 3  N—O  Ru2( -O2CR)4(NO)2

 NO, NO+  NO .  NO+, NO  NO r(N—O)

1,063, 1,1507  1,26 Å ; (N—O) 2377 1, 1904 1 [ 30 ] (  1875 1 [ 31 ] ) 

1470 1 [ 30, 31 ].  NO ( . . 3) -

                                                     
* .
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 0,1 . . r(N—O), -

(N—O), W(N—O) Q(N—O)

 Ru2( -O2CR)4(NO)2 -

 NO; -

 NO . -

 Ru2( -O2CR)4(NO)2  Ru(I, I)  NO+.

-

 NO  Ru—Ru, 

- — d - -

 Ru—NO. - -

. d- *-  NO -

, ,

 NO.  1966 .  [ 32 ] -

, -

, , -

. -

, -

,

— ,

.

(  05-03-32463).
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