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(IV)
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(IV) 

Hf(dpm)4 - -( ) (IV) Hf(dpm)3Cl. -

: a = 22,6606(5), b = 11,3990(4), c = 19,8513(7) Å,  = 106,458(1) , , Z = 4, 

d  = 1,231 / 3, R = 0,075  C44H76HfO8; a = 10,6376(13), b = 10,6701(10), c = 

= 19,440(2) Å,  = 74,970(3),  = 75,672(3),  = 61,725(2) , P 1 , Z = 2, d  = 1,366 / 3,

R = 0,031  C33H57ClHfO6. , -

, - - .

Hf(dpm)4 ,

. ,

(IV), 

,  Hf—O 

 2,084—2,222 Å,  Hf…Hf  — 10,07—13,87 Å.

 Hf(dpm)3Cl , -

- ,  Hf—O 

 2,087—2,179 Å,  Hf—Cl 

 Hf(1)  Hf(2)  2,466  2,442 Å .

: - (IV), , -

, , - .

 [ 1, 2 ] 

(IV) , . -

(IV) -

 [ 3 ].  — -

: (IV) Hf(dpm)4 - -( ) -

(IV) Hf(dpm)3Cl (dpm = OCC(CH3)3CHC(CH3)3CO).

 Hf(dpm)4.  50 -  (1:1) -

 (2,9 , 8,9 ),  (7 , 38,0 ).

 NaOH 

 5—6  4 . , -

. -

 200 C  5 10–2 .  6,8  (85 %). -

, -

. , %: H 8,81, C 58,1.  C44H76HfO8 , %: H 8,42,  

C 58,0. 
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 Hf(dpm)3Cl.  Hf(dpm)3Cl -

 Hf(dpm)4.

,  Hf(dpm)4

 Hf(dpm)3Cl. , %: H 8,16, C 56,3, Cl 0,48.  Cl 

 Hf(dpm)3Cl  12 %.  

- - -1201  

 60  Hf(dpm)4 (

 — 100 C)  35  (

 — 130 C). -

.

 Hf(dpm)4, -

-3  (CuK - )  2  5  50 ,

.

 Hf(dpm)4  Hf(dpm)3Cl, -

,  200 C.

-

 Bruker-

Nonius X8 Apex [ 4 ],  CCD  (MoK - , -

). -

. 1. .

 Hf(dpm)3Cl 3 -

. CIF- , ,

 CCDC  645651  www.ccdc.cam.ac.uk/data_reguest/cif. 

 — . 2. 

Hf(dpm)4 , -

.  SHELX-97 [ 4 ]. -

-

. . 1, , .

 1  

-  C44H76HfO8 C33H57ClHfO6

 911,57 763,73 

, K 243(2) 273(2) 

a, b, c, Å 22,6606(5),  11,3990(4), 19,8513(7) 10,6376(13),  10,6701(10), 19,440(2)

, , , . 90,  106,458(1),  90 74,970(3),  75,672(3),  61,725(2) 

V, Å3 4917,64 1856,5(4) 

1

Z 4 2 

V /z, Å3 1229,4 928,2 

d , / 3 1,231 1,366 

, . 2,81—32,57 2,19—28,25 

. / . -

      

35789 / 22823 14964 / 13217 

I > 2 (I ) 10352 11849 

R I > 2 (I ) 0,0747 0,0309 

R  0,1614 0,0378 
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 2  

 d (Å)  ( .) Hf(dpm)3Cl

d d d

Hf(1)—O(1)  2,151(8) C(6)—C(7)  1,517(17) O(9)—C(21)  1,292(14) 

Hf(1)—O(2)  2,182(9) C(6)—C(9)  1,502(18) O(10)—C(23)  1,209(17) 

Hf(1)—O(3)  2,155(10) C(7)—C(8)  1,356(19) O(11)—C(26)  1,324(13) 

Hf(1)—O(4)  2,110(11) C(8)—C(10)  1,665(17) O(12)—C(28)  1,357(13) 

Hf(1)—O(5)  2,124(10) C(11)—C(12)  1,402(19) C(16)—C(17)  1,34(2) 

Hf(1)—O(6)  2,127(10) C(11)—C(14)  1,43(2) C(16)—C(19)  1,399(19) 

Hf(1)—Cl(1)  2,466(4) C(12)—C(13)  1,36(2) C(17)—C(18)  1,566(19) 

O(1)—C(1)  1,298(14) C(13)—C(15)  1,58(2) C(18)—C(20)  1,47(2) 

O(2)—C(3)  1,200(16) Hf(2)—O(7)  2,009(8) C(21)—C(22)  1,437(19) 

O(3)—C(6)  1,200(15) Hf(2)—O(8)  2,102(7) C(21)—C(24)  1,493(19) 

O(4)—C(8)  1,236(16) Hf(2)—O(9)  2,143(9) C(22)—C(23)  1,39(2) 

O(5)—C(11)  1,330(14) Hf(2)—O(10)  2,143(10) C(23)—C(25)  1,633(19) 

O(6)—C(13)  1,275(16) Hf(2)—O(11)  2,097(10) C(26)—C(27)  1,41(2) 

C(1)—C(2)  1,208(19) Hf(2)—O(12)  2,133(8) C(26)—C(29)  1,407(18) 

C(1)—C(4)  1,603(18) Hf(2)—Cl(2)  2,442(5) C(27)—C(28)  1,26(2) 

C(2)—C(3)  1,421(19) O(7)—C(16)  1,387(16) C(28)—C(30)  1,578(19) 

C(3)—C(5)  1,666(19) O(8)—C(18)  1,301(15)   

O(1)—Hf(1)—O(2) 73,2(3) O(3)—C(6)—C(7) 119,1(12) C(23)—O(10)—Hf(2) 134,7(11) 

O(4)—Hf(1)—O(3) 73,8(4) C(8)—C(7)—C(6) 117,2(11) C(26)—O(11)—Hf(2) 138,5(9) 

O(5)—Hf(1)—O(6) 79,4(4) C(7)—C(8)—O(4) 128,0(12) C(28)—O(12)—Hf(2) 131,7(8) 

C(1)—O(1)—Hf(1) 130,6(8) O(5)—C(11)—C(12) 116,4(13) O(7)—C(16)—C(17) 117,5(13) 

C(3)—O(2)—Hf(1) 128,7(8) C(13)—C(12)—C(11) 122,6(12) C(16)—C(17)—C(18) 125,6(13) 

C(6)—O(3)—Hf(1) 143,0(9) O(6)—C(13)—C(12) 132,7(13) O(8)—C(18)—C(17) 119,9(11) 

C(8)—O(4)—Hf(1) 138,1(10) O(7)—Hf(2)—O(8) 80,9(3) O(9)—C(21)—C(22) 113,9(11) 

C(11)—O(5)—Hf(1) 138,8(9) O(10)—Hf(2)—O(9) 73,9(4) C(23)—C(22)—C(21) 121,8(13) 

C(13)—O(6)—Hf(1) 127,3(9) O(11)—Hf(2)—O(12) 77,4(4) O(10)—C(23)—C(22) 128,7(15) 

O(1)—C(1)—C(2) 123,9(12) C(16)—O(7)—Hf(2) 139,6(8) O(11)—C(26)—C(27) 117,6(12) 

C(1)—C(2)—C(3) 122,1(13) C(18)—O(8)—Hf(2) 134,3(7) C(28)—C(27)—C(26) 128,4(14) 

O(2)—C(3)—C(2) 127,1(12) C(21)—O(9)—Hf(2) 143,6(9) O(12)—C(28)—C(27) 124,1(12) 

. 1. , -

                 Hf(dpm)4 — , Hf(dpm)3Cl —  Zr(dpm)3Cl [ 6 ] — 
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 3  

- *

Hf(dpm)4 Hf(dpm)4 + Hf(dpm)3Cl

M /z I, % M /z I, % M /z I, %

[HfL3]
+ 729 100 [HfL3Cl]+ 764 0,06 [HfL2Cl—CH3]

+ 566 6,3 

[HfL4—2 (CH3)3]
2+ 399     5 [HfL3Cl—CH3]

+ 749 0,53 [HfL2—CH3]
+ 561 2,4 

[HfL3—2 (CH3)3]
2+ 336   11 [HfL3]

+ 729 100 [HfL2—2CH3]
+ 516 2,2 

   [HfL3—CH3]
+ 714 3,3 [HfL3]

2+ 364,5 2,4 

   [HfL2Cl]+ 581 36,9 [HL]+ 184 1,6 

* L = dpm. 

. 3 -

Hf(dpm)4  Hf(dpm)4  Hf(dpm)3Cl. - , -

.

, -

. -

.

IHf(dpm)3Cl /IHf(dpm)4

:

3
3

43

Hf(dpm) Cl
Hf(dpm) Cl

Hf(dpm)Hf(dpm) Cl

0,16.

i

i

i

i

I dt
q

qI dt

Hf(dpm)3Cl / Hf(dpm)4
 = 0,14. 

 Hf(dpm)4. ,

(IV), -

-

.  Hf—O  2,084—2,222 Å; -

 O—Hf—O  76,4 . -

 Hf…Hf 10,07—13,87 Å ( . 2). -

 [ 5 ]  Hf(dpm)4.

 (R = 0,076, T = 295 K), ,

.  (  = 22,545(6), b = 

= 11,275(3), c = 19,763(5) Å,  = 106,550(7) , . . P2/c, Z = 4, V = 4816(2) Å3, d  = 1,257 / 3),

 Hf—O (2,109—2,183 Å)  Hf…Hf (10,02—13,79 Å), -

 [ 5 ], .

 Hf(dpm)3Cl .

, Hf(dpm)3Cl.

, . . 3 

. -

. ,

, - , .  Hf—O 

 2,009—2,182 Å,  Hf—Cl

2,454(17) Å.  O—Hf—O  73,2—80,9  ( -
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. 2 ( ).  Hf(dpm)4

. 3 ( ).  Hf(dpm)3Cl — ,

(IV) ( -

… , -

           ) — 

 76,4(3,2) ). - : -

— , — , —  1,20—1,39, 1,21—1,57  1,40—1,67 Å,

 1,28(6), 1,40(10)  1,54(10) Å . -

—  1,52(9) Å. -

, …  3,3—24,9 . -

-

-

(IV) -

[ 1—3 ]. 

. 4 

 Hf(dpm)3Cl

.

-

,  Hf…Hf -

 9,245—10,930 Å.

 H-

 Cl…H—C  O…H—

C,  2,92—3,17 2,9 Å
.

. 4.

               Hf(dpm)3Cl 
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 [ 6 ]  Zr(dpm)3Cl,

P21/m -

:  = 10,6883(6), b = 18,270(2), c = 10,9819(7) Å,  = 117,706(5) , V = 1898,5 Å3,

Z = 2, d  = 1,183 / 3. .

. 1, ,  Hf(dpm)3Cl

 Zr(dpm)3Cl, .

, (IV) -

- -( ) (IV). , -

 Hf(dpm)4,

Hf(dpm)4  Hf(dpm)3Cl.  Hf(dpm)4 -

 (–30 C). . -

- -( ) (IV). -

(IV)  [ 4 ], 

-

.  Hf(dpm)3Cl  Zr(dpm)3Cl. 

, ,

.

. .

. . - .
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