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(N-CH3-2,2 - )( - - - )

 2007   . . , . . *, . .

. . . ,

 5  2006 .

 [N-Me-2,2 -Bipy]+[C2B9H12]
–—(N-CH3-2,2 -

)( - - - ).

, 11B, 14N . -

: C13H23B9N2, M = 304,62, ,

P21/c, a = 11,840(4), b = 10,051(3), c = 15,573(6) Å,  = 102,43(3) , V =

= 1809,8(10) Å3, Z = 4, d  = 1,118 / 3, R = 0,0607.

: , ,

, , 11B, 14N, , .

-

, -

 [ 1, 2 ].  [ 2 ], , ,

- - (2–)  [B10H10]
2– J-  (

- ,

)

- -

 B—H H—C. -

 B10H
2
10  ( -

, , .) [ 3—5 ]. 

B10H
2
10  [2,2 -BipyH]+  [2,2 -

BipyH2]
2+  [ 4, 5 ] ,

-

, H +...H –.  (B)H H(N)  2,2 Å

[2,2 -BipyH]2[B10H10]  1,9 Å  [2,2 -BipyH2][B10H10]

- . ,

 ( )  ( ) [ 5 ], 

.  [2,2 -BipyH2][B10H10] ,

 [2,2 -BipyH2]
2+ (  = 0, 13,  = 0,38 e), , -

,  [2,2 -BipyH]+ (  = 0,36,  = 0,59 e)  [2,2 -

BipyH]2[B10H10].

,

. -
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- - - (1–) C2B9H12 ,  DbH–, -

 N- -2,2 - (1+) [N-Me-2,2 -Bipy]+ -

 [N-Me-2,2 -Bipy][C2B9H12],  [BipyMe][DbH]. ,

 = 540 10–4

ZnS [ 6 ].  — ,

-

. -  B—X, 

X = Hal, R, Ar . [ 7 ]. , , -

 C2B9H12  B10H
2
10 -

, -

.

 — ,

 [BipyMe][DbH].

 [BipyMe][DbH] ,

[ 3 ],  Cs[C2B9H12]  [BipyMe]I  (50—60 ).

-  89 %.

, %: C 51,41; H 7,76; N 8,76.  B9C13H23N2 , %: C 51,25; H 7,61; N 9,20.

 [N,N -Me2-2,2 -Bipy][DbH]2 ,

Cs[C2B9H12]  [N,N -Me2-2,2 -Bipy]I2 . -

. -

.  87 %. , %: C 42,21; H 8,90; N 6,30. 

B18C16H38N2 , %: C 42,41; H 8,45; N 6,18.

 [BipyMe][DbH] -

 Siemens P3/PC ( MoK , -

, /2 -  293 K). Ihkl Fhkl

. .

,  98 -

, , . -

 SIR-97 [ 8 ]. 

, -

 SHELXL-97 [ 9 ] , -

.  ( -

H(8B), - )

. -

,

0,3  0,7 . , -

. 1. -

. 2,

 — . 3,  — . 4.
11B 14N  Bruker MSL-400  128,33 

28,9 .  — MeOH.  — H3BO3  NO 3 .

 UR-20.  —  KBr.
11B -  [BipyMe][DbH] -

 [ 10 ].
11B: , . . (JBH, ){ , . 1}: –30,8(134){B(9,7)};

–36,7( 110){B(3,4)}; –37,5( 98){B(6)}; –42,0(150){B(2,5)}; –53,1(128, 50){B(8)};

–58,4(138){B(1)}. -  B(3,4)  B(6) JBH  B(3,4)  B(6)

.
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 1

,

[N-Me-2,2 -Bipy][C2B9H12]

C13H23B9N2

304,62

, K 293(2)

, Å 0,71073

21/

, Å, . a = 11,840(4), b = 10,051(3),

c = 15,573(6),   = 102,43(3)

, Å3 1809,8(10)

Z;  ( .), / 3 4; 1,118

, –1 0,058

F(000) 640

, . 1,76—25,04

–12 h  14, –8 k  11, –18 l  18

. / . 3366 / 3203 [R(int) = 0,0175]

F 2

 / 3203 / 323

F 2 1,069

R-  [I > 2  (I)] R1 = 0,0607, wR2 = 0,1472

R-  ( ) R1 = 0,1310, wR2 = 0,1480

0,0014(8)

, Å–3 0,203  –0,152

 2

( 104)

U  = 1/3(U11+U22+U33) ( 103, Å2) [N-Me-2,2 -Bipy][C2B9H12]

x y z U x y z U

N(1) 1962(2) 9163(2) 120(1) 62(1) B(1) –2182(3) 9820(3) 4117(2) 54(1)

C(1) 2232(4) 9073(4) –667(2) 86(1) B(2) –3408(3) 8924(3) 4212(2) 57(1)

C(2) 3264(5) 8610(4) –792(3) 100(1) B(3) –3341(3) 9566(3) 3179(2) 59(1)

C(3) 4061(4) 8171(4) –87(3) 100(1) B(4) –1838(3) –9395(3) 3075(2) 58(1)

(4) 3819(3) 8255(3) 748(2) 77(1) B(5) –1081(3) 8676(3) 4046(2) 56(1)

C(5) 2766(2) 8771(2) 814(2) 49(1) B(6) –2043(3) 8335(3) 4725(2) 57(1)

N(2) 1468(2) 8749(2) 1876(1) 48(1) B(7) –3861(3) 7930(3) 3247(2) 59(1)

C(6) 1273(3) 8998(3) 2685(2) 63(1) B(8) –2933(3) 8339(4) 2481(2) 65(1)

C(7) 2107(3) 9482(3) 3345(2) 71(1) B(9) –1548(3) 7677(4) 3081(2) 59(1)

C(8) 3176(3) 9732(3) 3192(2) 69(1) C(11) –3032(2) 7302(3) 4089(2) 55(1)

C(9) 3377(2) 9497(3) 2372(2) 57(1) C(12) 2522(2) 8996(2) 1700(2) 44(1)

C(10) –1754(2) 7168(3) 4005(2) 54(1) C(13) 498(3) 8162(5) 1215(3) 71(1)

14N: , . . ( , ): –61,0(877), –176,3(54). 

 1:1. 

 (sp2)  (sp3)  [ 11 ].

[ 12 — 15 ].
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 3

[N-Me-2,2 -Bipy][C2B9H12], Å

N(1)—C(1) 1,334(4) C(9)—C(12) 1,385(3) B(4)—B(5) 1,739(5)

N(1)—C(5) 1,338(3) B(1)—B(2) 1,741(4) B(4)—B(9) 1,761(5)

C(1)—C(2) 1,360(5) B(1)—B(6) 1,756(5) B(4)—B(8) 1,775(5)

C(2)—C(3) 1,358(6) B(1)—B(5) 1,759(5) B(5)—C(10) 1,707(4)

C(3)—C(4) 1,393(5) B(1)—B(3) 1,795(4) B(5)—B(6) 1,747(4)

C(4)—C(5) 1,375(4) B(1)—B(4) 1,807(4) B(5)—B(9) 1,793(5)

C(5)—C(12) 1,487(3) B(2)—C(11) 1,711(4) B(6)—C(10) 1,707(4)

N(2)—C(6) 1,353(3) B(2)—B(6) 1,745(5) B(6)—C(11) 1,712(4)

N(2)—C(12) 1,357(3) B(2)—B(3) 1,751(5) B(7)—C(11) 1,590(4)

N(2)—C(13) 1,489(4) B(2)—B(7) 1,788(5) B(7)—B(8) 1,834(5)

C(6)—C(7) 1,354(4) B(3)—B(7) 1,767(5) B(8)—B(9) 1,829(5)

C(7)—C(8) 1,361(4) B(3)—B(8) 1,778(5) B(9)—C(10) 1,594(4)

C(8)—C(9) 1,369(4) B(3)—B(4) 1,830(5) C(10)—C(11) 1,553(4)

 4

[N-Me-2,2 -Bipy][C2B9H12], .

C(1)—N(1)—C(5) 116,9(3) B(5)—B(1)—B(4) 58,4(2) B(4)—B(5)—B(9) 59,8(2)

N(1)—C(1)—C(2) 123,7(4) B(3)—B(1)—B(4) 61,1(2) C(10)—B(6)—C(11) 54,0(2)

C(3)—C(2)—C(1) 119,0(4) C(11)—B(2)—B(6) 59,4(2) C(11)—B(6)—B(2) 59,3(2)

C(2)—C(3)—C(4) 119,2(4) B(1)—B(2)—B(6) 60,5(2) C(10)—B(6)—B(5) 59,2(2)

C(5)—C(4)—C(3) 117,7(4) B(1)—B(2)—B(3) 61,9(2) B(2)—B(6)—B(1) 59,6(2)

N(1)—C(5)—C(4) 123,4(3) C(11)—B(2)—B(7) 54,0(2) B(5)—B(6)—B(1) 60,3(2)

N(1)—C(5)—C(12) 117,3(2) B(3)—B(2)—B(7) 59,9(2) C(11)—B(7)—B(2) 60,5(2)

C(4)—C(5)—C(12) 119,2(3) B(2)—B(3)—B(7) 61,1(2) B(3)—B(7)—B(2) 59,0(2)

C(6)—N(2)—C(12) 120,2(2) B(7)—B(3)—B(8) 62,3(2) B(3)—B(7)—B(8) 59,1(2)

C(6)—N(2)—C(13) 117,2(3) B(2)—B(3)—B(1) 58,8(2) B(4)—B(8)—B(3) 62,0(2)

C(12)—N(2)—C(13) 122,6(2) B(8)—B(3)—B(4) 58,9(2) B(4)—B(8)—B(9) 58,5(2)

N(2)—C(6)—C(7) 122,1(3) B(1)—B(3)—B(4) 59,8(2) B(3)—B(8)—B(7) 58,6(2)

C(6)—C(7)—C(8) 119,2(3) B(5)—B(4)—B(9) 61,6(2) C(10)—B(9)—B(5) 60,2(2)

C(7)—C(8)—C(9) 119,1(3) B(9)—B(4)—B(8) 62,3(2) B(4)—B(9)—B(5) 58,6(2)

C(8)—C(9)—C(12) 121,4(3) B(5)—B(4)—B(1) 59,5(2) B(4)—B(9)—B(8) 59,2(2)

N(2)—C(12)—C(9) 118,0(2) B(8)—B(4)—B(3) 59,1(2) B(9)—C(10)—B(5) 65,7(2)

N(2)—C(12)—C(5) 122,1(2) B(1)—B(4)—B(3) 59,2(2) C(11)—C(10)—B(6) 63,1(2)

C(9)—C(12)—C(5) 119,9(2) C(10)—B(5)—B(6) 59,2(2) B(5)—C(10)—B(6) 61,6(2)

B(2)—B(1)—B(6) 59,9(2) B(4)—B(5)—B(1) 62,2(2) B(7)—C(11)—B(2) 65,5(2)

B(6)—B(1)—B(5) 59,6(2) B(6)—B(5)—B(1) 60,1(2) C(10)—C(11)—B(6) 62,8(2)

B(2)—B(1)—B(3) 59,3(2) C(10)—B(5)—B(9) 54,1(2) B(2)—C(11)—B(6) 61,3(2)

 [BipyMe][DbH]. , –1: ( (BH): 2588 , 2578 , 2549 . ,

2526 . , 2515 , 2504 . , 2493 . , 2483 ; 2524 {100}), 979 , 922 . , 910 , 902 ,

842 . . , 808 , 505 . , –1: (3152 , 3095 , 3072 , 3063 , 3032 ,

3022 , 2979 , 2935 . . (CH)), 1623 , 1582 , 1572 , 1520 , 1488 , 1452 ,

1433 ,  1416 ,  1327 . ,   1296 ,  1278 / ,   1257 :1248 ,  1182 / ,  1160:1153  / ,
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. 1.  [BipyMe]+[C2B9H12]
–.

.

                                                                   [Db]B(9)H HC(6)[Bipy] 2,28 Å

1130 . , 1102 , 1082 . , 1050 , 1040 , 1000 / , 883 , 801 , 777 , 751 ,

732 , 708 . , 653 , 627 , 546 , 448:437 , 408 .

 [BipyMe2][DbH]2. , –1: ( (BH): 2567 , 2532 . , 2520 ,

2500 , 2488 ; 2523 {120}), 980 , 922 . , 831 . , 762 , 705 . , 644 . ,

600:612 . . , 558 . . , –1: (3142 , 3093 , 3075 / , 3055 , 2988 ,

2940 . , 2860 (CH)), 1638 , 1587 , 1505 , 1489 , 1467 / , 1458 , 1420 . ,

1395 , 1377 , 1359 , 1318 . , 1269 , 1222 . , 1170 / , 1100 , 1063 , 1037 ,

957 , 880 , 808 , 777 , 680 / , 650 , 545 . , 447 .

:  — ,  — ,  — ,  — ,  — ,

 — ,  — .

(BH), ,

. -

.

,  [BipyMe][DbH] (BH),

 2549  2578 –1,  2520 –1. -

 2524 –1.

 ( ), .

 VG ESCALAB. -

 —  AlK ,  — 10–8 .  —

Au4f7/2 (84,0), Ag3d5/2 (368,2)  Cu2p3/2 (932,6 ).  — C1s- , -

, — 285,0 . -

. 0,1 .

 [N-Me-2,2 -Bipy][C2B9H12].

:  C2B9H12 -

 [BipyMe]+. . 1. 

. P21/c

. . -

- ,  N(1)C(5)C(12)N(2)  42,8 .

,  42,0 .

: , -

1 2,  N(1)  N(2) ,  0,009  0,003 Å. -

 C(13) 2  0,064 Å. -

1.

,  2,2 - -

. , , - -
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 [2,2 -BipyH]+

[BPh4]
–  253 K  Py- ,  5,2  [ 16 ]. -

 [2,2 -BipyH]2B10H10

 [ -2,2 -BipyH]+,  1,3  16,4 .

 [2,2 -BipyH2]B10H10  [2,2 -BipyH2]
2+ -

- -

 Py- ,  44,4  [ 4 ].  [BipyMe][BPh4] -

, ,

-  Py- ,  190 K 53,0

 53,1  [ 17 ], , -

 [BipyMe][DbH].

 N(1)—C (  1,336(4) Å) 1  0,02 Å
 N(2)—C (  1,355(3) Å) 2, .

N(2)—CMe  1,488(4) Å.  C—C 1 2

1,353(4)—1,393(5) Å (  1,369(4) Å).  C—H 

0,90(4)  1,01(3) Å  0,96(3) Å.  CNC -

 N(sp2) (116,9 ) ,  N(sp3),

Me-  (120,2 ).

 C2B9H12 . -

 —  B(8)  BH2 -, H(8B) -, H(8B) -

. .  H(8B) —B(8)—

H(8B)  112 .

 B—B  B—C 

1,739(5)—1,830(5)  1,706(4)—1,712(4) Å  1,771(5)  1,709(4) Å -

.  B—B  B—C , ,

 1,829(5)—1,833(5)  1,590(4)—1,595(4) Å  1,831(5)

 1,593(4) Å . , -

,  C—C (1,553(3) Å)  B—C ,

B—B - .

 B—H  1,07(2)—1,14(3) Å  1,10(2) Å.

 B(8)—H  1,13(3) Å.  C—H 

 0,97(3) Å.

,  {C2B3} .

B(7)—B(8)—B(9)—C(10)—C(11)  B(7)…B(9) 

 4,7 .  B(8), C(10)  C(11) -

.  B(2)—B(3)—B(4)—B(5)—B(6) -

,  B(2)…B(5), 

 3,1 . , -

,

 0,4 .

 (100) . 2. 

, :

[Db]B(9)H HC(6)[Bipy] 2,28 ( . . 1), [Db]B(1)H HC(Me) 2,22  [Db]C(10)H N(1), 2,56 Å

( . . 2). , -

 — , .
11

B  [BipyMe][DbH] . 3. -

 Cs[DbH],  [ 10 ], - -

. ,

B(8) . , -
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. 2.  [BipyMe][C2B9H12]  (100).

 [Db]C(10)H N, 2,56 Å

. 3. 11B

        [BipyMe][C2B9H12]
. 4. (BH) (CH)

: 1 — Cs[C2B9H12], 2 — [BipyMe][C2B9H12],

                            3 — [BipyMe2][C2B9H12]2

,  H(8B) -

 B(7), B(8)  B(8), B(9) [ 10 ].

 [BipyMe][DbH]  [BipyMe2][DbH]2 . 4, 2

3,  Cs[C2B9H12] [ 15 ], 1.

(BH)  Cs[C2B9H12]

[BipyMe][DbH]. (BH) -

, , -

2520 –1.

  2578 –1  [BipyMe][DbH]   2591 –1  Cs[C2B9H12].  ,



. . , . . , . .314

 5

, . E(C1s) = 285,0 

B1s( 1/2)
1) N1s( 1/2) (BH)2), –1

Cs[C2B9H12] 188,3(2,4) 2519{95} [ 15 ]

[Fe(C5H5)2][C2B9H12] 188,5(2,0) 2520{140} [ 15 ]

{Mo3S7[(C2H5)2NCS2]3}[C2B9H12] 188,0 2522{85} [ 20 ]

[N-Me-2,2 -Bipy][C2B9H12] 188,0(1,9) 399,2( 1,7)

401,9( 1,7)

2524{100} .

[N,N -Me2-2,2 -Bipy][C2B9H12]2 188,5(2,0) 401,9(1,7) 2523{120} .

2,2 -Bipy HI 399,2

401,4
[ 21 ]

2,2 -Bipy 399,0 [ 22 ]

Py 399,0 [ 23 ]

[PyH][ReCl6] 401,93) [ 24 ]

1)
1/2 — , .

2) .

3) E(C1s)  284,3  [ 25 ].

Cs[C2B9H12]  [BipyMe][DbH] (BH)  5 –1

,

 [ 15 ]. 

[BipyMe2][DbH]2, . 4, 3,  (BH) 

2523 –1, ,

, , . . 5 -

(BH)  DbH– . , -

(BH)  {Mo3S7[(C2H5)2NCS2]3}[DbH] -

 {Mo3}S…H[DbH] [ 20 ]. ,

{Mo3S7[(C2H5)2NCS2]3}[DbH] 

 2450 –1 (BH),  [BipyMe][DbH] 

.

,

 C2B9H12 (CH) ( . . 4, 1) (CH) [ 18 ] 

.

 [BipyMe][DbH] -

 [ 13 ], [N-MePy]I [ 12 ]  Bipy HCl [ 14 ]. , -

[BipyMe][DbH] [ 19 ]. ,  (Db)BH...HC(Bipy) 

(Db)CH...N(Bipy)  [BipyMe][DbH] .

. -

. 5. 

E(B1s)  [BipyMe][DbH] - , -

 Cs+  FeCp+, :

1) - -

;

2) -

;

3) .
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 1).  [BipyMe][DbH] -

, , - , -

 C2B9H12 .  PRDDO (Partial Retention of Diatomic

Differential Overlap, ,

, ,

ab initio),

: H(7,9) –0,14; H(1,3,4) –0,12;

H(2,5,6) –0,11; H(8) –0,03; H(10,11) 0,00 [ 26 ].  [ 5 ], -

 [2,2 -BipyH2][B10H10] , ,

— 0,4 e. ,

E(B1s).

- , -

 [ 5 ], 

 [ 27 ]. , , ,

,  [ 5 ], -

. -

[BipyMe][DbH]  N1s ( . 5).  (sp3)

 N(2)  N( +),

 (sp2)  N(1) — 

N( –). , , -

- . . 5 -

, E(N1s), ,

: [BipyMe][DbH], 2,2 -Bipy·HI, 2,2 -Bipy  Py. 

, E(N1s) , ,

[PyH]+[ReCl6]
–  [BipyMe][DbH], .

,

. , , -

-  [ 12, 14 ]. , -

 [BipyMe][DbH] 

 (Db)CH...N(Bipy), -

E(N1s) , .

,  [ 28 ], -

,  CNDO/2, : E(B1s)  9,2q

E(N1s)  10,2q. , E(B1s)  [BipyMe][DbH] -

-  0,4 

. , ,

 (0,4/9,2) 9  0,4 e (  9 — ). ,

0,4

 0,4 10,2  4 , .

- , ,

E(N1s) -

, . - -

E(N1s)  2,9 -

,

 2,9. , E(N1s)

, -

 (Db)CH...N(Bipy)  0,4 e ,

2,9 0,4 = 1,16 , .

,

. 5.  N1s  [BipyMe][C2B9H12]
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— . , -

 [BipyMe][DbH] , ,

(Db)CH...N(Bipy), -

 [Db]B(9)H HC(6)[Bipy] 

[Db]B(1)H HC(Me).

 (2). -

, - , ,

{Mo3S7[(C2H5)2NCS2]3}[DbH]  [Db]BH S{Mo3} 2,92 Å [ 29 ] 

[BipyMe][DbH] E(B1s) .

, E(B1s)

[BipyMe2][DbH]2  Cs[DbH]  [BipyMe][DbH], , -

, . .  [BipyMe][DbH] ,

,  N(sp2) .

 {Mo3S7[(C2H5)2NCS2]3}[DbH] [29 ].

 [N-Me-2,2 -Bipy]+[C2B9H12]
–,

, 11B, 14N .

(Db)BH...HC(Bipy)  (Db)CH...N(Bipy). , - ,

, ,

, .

, ,

 [BipyMe][DbH]. 

, , -

 [BipyMe][DbH]  [BipyMe2][DbH]2

Cs[DbH],  0,2/2,9  0,07 e.

. . , -

, . . -

, . . , , . .

.
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