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� � . (η5-Cyclopentadienyl)(η6-1,2,3,4-tetramethyl-1,4-dibora-2,5-cyclohexadiene)Ni(5) � cyclopentadienyl(carbonyl)-

nickel dimer� 1,2,3,4-tetramethyl-1,4-dibora-2-cyclohexene (1)� ����� ����� ���. Di-allyl nickel�

2,3-diethyl-1,4-dimethyl-1,4-dibora-2-cyclohexene (2)� −20 oC�� ����� bis(η6-2,3-diethyl-1,4-dimethyl-1,4-

dibora-2,5-cyclohexadiene)nickel (6)  
!�� 15% �"� ��#$�. %&' di-allyl nickel� 2,3-dimethyl-1,4-

diethoxy-1,4-dibora-2-cyclohexene (3)� (� −20oC�� ����� 22% �"� bis[η6-2,3-dimethyl-1,4-diethoxy-

1,4-dibora-2,5-cyclohexadiene]nickel (7)� ��#$�. )* double-decker  
!�*+ ,-.#/ 0&#1 234

56, NMR, MS, 7809 :5� ;<#$�.

���: => �,-?@  �, 1,4-dibora-2,5-cyclohexadiene ABC

ABSTRACT. (η5-Cyclopentadienyl)(η6-1,2,3,4-tetramethyl-1,4-dibora-2,5-cyclohexadiene)Ni (5) was synthe-

sized as a main product by the reaction of cyclopentadienyl(carbonyl)nickel dimer and 1,2,3,4-tetramethyl-1,4-di-

bora-2-cyclohexene (1). Di-allyl nickel reacted with 2,3-diethyl-1,4-di-methyl-1,4-dibora-2-cyclohexene (2) at −
20 oC to give bis(η6-2,3-diethyl- 1,4-dimethyl-1,4-dibora-2,5-cyclohexadiene)nickel (6) in the yield of 15%. By the

reaction of di-allyl nickel  and 2,3-dimethyl-1,4-diethoxy-1,4-di- bora-2-cyclohexene (3) at −20 oC bis[η6-2,3-dim-

ethyl-1,4-diethoxy-1,4-di- bora-2,5-cyclohexadiene]nickel (7) was obtained in 22% yield. These double-decker

complexes were difficult to separate because of their unstabilities and were identified by ESR, NMR, MS and ele-

mental analysis, etc.

Keywords: Ni double-Decker Complexes, 1,4-Dibora-2,5-Cyclohexadiene Derivatives
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&, 1,4-dibora-2,5-cyclohexadiene ABCJ &OP�

#�  
!�+ Timms� Herberich :) QR� !�

#$�.1,2 ST DE 7�� UV1W H!X 1,4-

dialkyl-1,4-dibora-2,5-cyclohexadiene 
!�� KL#

�  
!�+ HerberichW OY< Z[5� QR�

!�#$�.2 ) 
!�+ \] ,-.#/ ^_��

Ar W` 1a #��B 0b#/ nido-carbaborane�

���c1 de)�.3 f �g�� h�Y -.i 


!�< 1,4-dialkyl-1,4-dibora-2-cyclohexene� &OP�



214 � � �
)j#/ /k lam sandwichN  �� ��#$�.4,5

�� nop  �� q) ���r56, )s+ nop

GOC  �� q) )jt � u�1 de)�.6 %v

wx => GOC  �+ ���c1 2y', => 7

�m �� gz� mb�  
!�� ��t d gz{

e|}) u� � u�. f �g^��� )~ GOC


!�� (CpNiCO)27J )j#/, 6MN '&< 1,4-

dibora-2-cyclohexene ABC� &OP �� ��� m

b�  
!�� ��#$56, % #�m �W (CpNiCO)2

� 1,2,3,4-tetramethyl-1,4-dibora-2-cyclohexeneJ ��

��� Ni triple-decker  
!� 4<, bis(η5-cyclopen-

tadienylnickel)-µ-1,2,3,4-tetramethyl-1,4-dibora-2,5-

cyclohexadiene� h�Y �+ �"� ��#/ % �

�� z�#$�.4,5 % �� �j� �� � (1)� �)

��� �W u�.

(1)

f �g� => GOC  
!�� (CpNiCO)2� di-

allyl nickel� �o ��� )j#', 1,4-dialkyl-1,4-

dibora-2-cyclohexene ABCJ �j�� 1,4-dialkyl-

1,4-dibora-2,5-cyclohexadiene ABCJ &OP� KL

#� ��� lam double-decker =>  
!�� �

�#� �� �gm �Y� F��.

� �

�� � ��

f �gJ ��#1 �#/ �� ��� z�+

Schlenk 1�� )j#$56, �zX �8� Ar(�z

|� �� W.A. Hammond� |�� ��|� ��

BASF� |� BTS-�\8J )j) 1a #� �#/�

�. j\� Aldrich�, Merck�   �� |�� Ar W

`J ,2 �¡� potassium, sodium, %&' CaH2�

benzophenone� Wi ¢ £�O ¤a#/ .|i s�

�j#$�. NMR 11� Bruker AC-200, Bruker WX-

360, 11B-NMR+ Jeol FX-90Q, mass-spectra� Varian

MATCH 7� )j#/ ¥.#$', ESR ;<+ Varian

Instruments ESR spectrometer EE3� )j#$56,

78 09+ Carlo Erba Elemental Analyzer CHNS-O

EA1108 11� MM H.#$�. M ���m ¦}+

§�| Gallen Kamp. M.P. apparatus 11� ¥.#$

�. f �g� �jX �¨+ Aldrich�, Strem�, %&

' Merck� S© |�5� �	0 .|#/ �j#$

56, ��� 0&J �#/ �ji ª�«¬%®j

¯°|� silica gel 60(�� Merck� |�)� 160oC

±²#�� ¯0T �z�³ ¢ ArW`J ´µ �j#

$�.

���, 1,4-dibora-2-cyclohexene 	
�� �

f �g�W !�¶· ¸�i Z[5� � (2)� �

) ��#$�.4

(2)

(ηηηη5-Cyclopentadienyl)(ηηηη6-1,2,3,4-tetramethyl-1,4-

dibora-2,5-cyclohexadiene)Ni (5)� ��

100 mL Schlenk tubeJ ArW`� ¹��c' 1 g

(3.29 mmol)m (CpNiCO)2J º+ ¢ 30 mL toluene5

� »)', 100oC� W¼b ½�. �¾b� 30 mL

toluene� 700 mg(5.22 mmol) &OP 1<, 1,2,3,4-

tetramethyl-1,4-dibora- 2-cyclohexene� »< j¿�

¸�� �j�r�. �� À!�+ 1.5�O ¸- �¾

��� �c¡� tlc� ��) )Á2��� ;<#$

�. �	0m j\J |Â#' silica gel Ã ª�«¬%

®� mb� ���� 0&#$�. Ä� double-

decker  �� �{Å� ÆÇ 	0� 0&#$56, �

�+ triple-decker  �< È+ »ÆÇ 	0� 0&#

/ ���.

�": 250 mg ÆÇ H.�(0.98 mmol, 19%), m.p.:

78.5oC, 320 mg »ÆÇ H.�(0.85 mmol, 16.2%),
Journal of the Korean Chemical Society
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m.p.: 112oC

ÆÇ H.�m 09 H�;
1H-, 11B-NMR(C6D6, δ): {��5� spectraJ �w

ÉL.

MS(EI): m/e(%) 255(M+, 7.6), 188[(Cp2Ni)+, 100],

132[(M-CpNi)+, 2.5], 127(M+2, 3.3), 123[(CpNi)+, 49.8],

65(Cp+, 6.3), 58(Ni+, 2.1), 41[(BMe2)+, 24.4]

78 09: C13H19B2Ni(255.6054)

78 09: calcd.: C 61.09 H 7.49

78 09: found: C 60.92 H 7.31

Bis(ηηηη6-2,3-diethyl-1,4-dimethyl-1,4-dibora-2,5-cyclohe-

xadiene)Ni (6)� ��

100 mL Schlenk tubeJ Ar W`� ¹��c' 260 mg

(1.84 mmol)m di-allyl Ni� º2 30 mL diethyl ether

� »)', −20 oCm Ê_5� ËM�³�. 600 mg

(3.7 mmol)m &OP 2<, 2,3-diethyl-1,4-dimethyl-1,4-

dibora-2-cyclo- hexene� 30 mL diethyl ether� »<

j¿� ��T �j�r�. �� À!�+ 3�O ¸-

��� �c¡� tlc� ��) )Á2��� ;<#$

�. j\J |Â#' ���+ 60oC/10−2 torrm ±²�

� Ì
��� 0&#$', �� silica gel Ã ª�«¬

%®� mb� ���� .|#$�. Double-decker

 �< ÆÍÇm Î{ H.�� ���.

�": 105mg H.�(0.28mmol, 15.1%), m.p.: 79.5oC
1H-NMR(C6D6, δ): 4.23(s, 4H), 1.36(q, 8H), 1.11(t, 12H),

0.74(s, 12H)
11B-.NMR(C6D6, δ): 33.3 ppm

MS(EI): m/e(%) 378(M+, 36.5), 218[(LNi)+, 100], 189

(M+2, 5.8), 160(L+, 3.8], 58(Ni+, 4.6), 41[(BMe2)+, 15.8]

78 09: C20H36B4Ni(378.437)

78 09: calcd.: C 63.48 H 9.59

78 09: found: C 63.32 H 9.44

Bis[ηηηη6-2,3-dimethyl-1,4-diethoxy-1,4-dibora-2,5-cyclohe-

xadiene]Ni (7)� ��

100 mL Schlenk tubeJ Ar W`� ¹��c' 260 mg

(1.84 mmol)m di-allyl Ni� º' 30 mL diethyl ether

� »)', −20oCm Ê_5� ËM�³�. �¾b�

30 mL diethyl ether� 720 mg(3.71 mmol)m &OP 3

<, 2,3-dimethyl-1,4-diethoxy-1,4-dibora-2-cyclohexene

� »< j¿� ��T �j�r�. �� À!�+ 12

�O ¸- �¾ ��� �c¡� tlc� ��) )Á2

��� ;<#$�. �� À!�+ È+ ÆÇ5� Ï#

$', �	0m j\J |Â#' ���+ 9A�ÐÑ

J j\� 0 oCm Ê_ silica gel Ã ª�«¬%®�

mb� 0&#$�. double-decker  �< ÆÇm H.

�� ���.

�": 180 mg ÆÇ H.�(0.41 mmol, 22%), m.p.:

68.5oC
1H-NMR(C6D6, δ): 4.78(4, 4H), 3.48(q, 8H), 1.50(s,

12H), 1.12(t, 12H)
11B-NMR(C6D6, δ): 29.2 ppm

MS(EI): m/e(%) 442(M+, 66), 250[(M-L)+, 100], 221

(M+2, 7.9), 192(L+, 5.5], 58(Ni+, 10.4), 41[(BMe2)+, 29.8]

 

�	 
 ��

1,4-Dialkyl-1,4-dibora-2-cyclohexene 	
�� ��

f �g^��� DE F 7�J KL#' )GH!

� #� Ò� 6MN '& 
!�< 1,4-dialkyl-1,4-

dibora-2-cyclohexene ABCm ��� �b� q+ �

gJ ��#/Ó�.4,9 ) 
!�+ A& {Ôm 1,4-dialkyl-

1,4-dibora-2,5-cyclohexadiene ABC�� �ÑÕ h�

Y -.#6, Í¾� ��� �c¡ 5,6 �¹� H!X

F Im �8W )�#/ 1,4-dialkyl-1,4-dibora-2,5-

cyclohexadiene ABCJ N�#6, 4Im π�� �/

C� �j#/ Í¾ 7��  �� N�i�. ST 1,4

�¹� H!Å2 u� F Im DE 7�� 6MN '&

� ��J hÖ×
 ���Ø� h�Y -.i  
!

�� ���³�. )� �+ ��+ Siebertm �g10 �

�B A�L� Ù � u�', % �.� �� � (3)�

�) ��� � u�.

(3)

(ηηηη5-Cyclopentadienyl)(ηηηη6-1,2,3,4-tetramethyl-1,4-dibora-

2,5-cyclohexadiene)Ni (5)� ��

� (1)�� DÚÛ) 1,4-dialkyl-1,4-dibora-2-cyclohexene

m ABC� (CpNiCO)2J ���V d, (CpNiCO)2J

�Ü5� �j�c¡ triple-decker  �< 4m 
!�
2002, Vol. 46, No. 3
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) � ���� �2�', double-decker  �< 5m 


!�+ 1% )�� 8Ü ��Ý� U �W u��.4 f

�g��� 
!� 5J q) �1 �#/ &OP 1<,

1,2,3,4-tetramethyl-1,4-dibora-2-cyclohexene� �Ü5

� ���rÞ= % ���) 19% .Bm �"� �2

��. )d��  
!� 4W 16%m �"� x �2w

Ø� 5W � ���) Å��. ) ��+ (CpNiCO)2�

� COW )�Å¡� % �&� &OPW ¹�Å2 *

2O�' ß¥) Å�, x� &OPm à) ¯0#¡

CpNiW 0&Å2 á &OP� H!X�' Ù � u

�. �2°  � 5� 7�W ��(valence electron,

VE) �J 19I ÒÕ ÅØ� {��â� NMR� ;<

#$�. f �g^���  � 4m �1
�Y< ��

� z�i ãW u56,11 f �g��B ��� 5m

ESR z�J �#/ ��� �+ �gJ ��#$�.

ESR ¥.j probe�  � 5J º' .|X THF j\

� »< ¢� −60 oC� ËM� �c', potassium Âä

� ���c¡� å� ESR� ¥.#$�. % H��

<g>=2.063, g1=2.17, g2=2.03 %&' g3=1.99 gauss�

�  � 4m ESR ¥. H�� �Ú�. 
!� 4� 7

�W ��� 34IJ Ò' u56, )s+ �H!(anti-

bonding) HOMO� 4Im ��� ´µæ u5Ø� �

��) ç èx é=ê, triple-decker  ��� Q��

m 7�W ��J Ww'12 u�� UÕ #/½�. %k

Ø� ) 
!�+ potassiumm �7� mb� ëÕ 0

b#/ double-decker  �� X�� s) )� z�i

ã� ��. ìê�  � 4��	í CpNiW 0b#/ 


!� 5m radical �)_) ��Å� s)�. % �.�

��� �) � (4)� ��� �W u�.

(4)

) ���  � 4W 0b#/ radical �)_ 5W Å

��� s+ {1 H�   /k Ww �1
�Y< �

��� ;<) Å��.11 )� f �g^�� !�#$

· tetra-decker  � �� �.��B �+ ��� î

ï ãW u�.13 %&'  
!� 4m x-ray� mi 0�

gzB îð56, %sm gzY< �ñB DéÓ�.5 f

�g�� ��X  � 5B potassium Âä� �7Å2

radical �)_) Å�1 de�, ESR ¥. H�� 


!� 4W 0b#/ �2° H�� �Ú�. )ki ��

+ nop sandwich  
!�m ��� z�#� �g

��B A�L� Ù � u��.14 )s+ ��� 5m g

z� CpNiW H!X�¡,  � 4m gz� ��� U

Õ b½�. ò   
!� 5� {��)Ø� NMR� ;

<) ,Wó#$5�, {1 ESR ¥.m ô5� % g

zJ U � u�56, ò )  �m MS, 78 09 H

�� �{#� 
!�â� ;<t � u��.

Bis(ηηηη6-2,3-diethyl-1,4-dimethyl-1,4-dibora-2,5-

cyclohexa-diene)Ni (6)� ��

Di-allyl Ni� &OP 2<, 2,3-diethyl-1,4-dimethyl-

1,4-dibora-2-cyclohexene� 1:2m h"� ��� �c

¡ �� � (5)� �+ �.5� ��� 6) �2� s

5� �{t � u�.

Di-allyl Ni) -.i 
!�) é=Ø� Ê_�� �

�� �r56, ���B 6MN '&� H!X alkyl 1

*) 	®W õ� öC £÷W �jÅØ� F Im 6M

N '&W =>Í¾ Gø5� ù� �ú+ Åw û�

s5� �MÅ6, Siebertm �g��B %� �+ A�

�� Ù � u�.10 %kØ�  
!� 6+ %vÕ -.

i ��) éü� U �W u�. 
!� 6+ 18Im W

��(VE)J ÒÕ ÅØ� ���)6 NMR, MS   7

8 09 :5� ëÕ ;<t � u��.

Bis[ηηηη6-2,3-dimethyl-1,4-diethoxy-1,4-dibora-2,5-

cyclohexadiene]Ni (7)� ��

�E�� 1,4-dialkyl-1,4-dibora-2,5-cyclohexdiene+

,-.#/ nido-carbaborane5� Ïi�' ý©#$5

�,3 x� F Im DE 7�� �1��BW þ 7�

� 7�ÿ) H!Å¡ h�Y -.#Õ �×t � u�.1

%vwx f �g��� 1,4-dibora-2-cyclohexene AB

(5)
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e

e

ai,

d,

-

-

.

r,
C� KLX F Im DE 7�� ethoxy 1W H!X


!�� &OP� )j#$�. )� A�i �gJ �

b� )~ 
!�� ethoxy� amino 1W H!Å¡ D

E 7�� �� �BW ¨bæ� Í¾�m ��H! #

� s) % x� ¨b°�' Ù � u�.15 %kØ� )

*  
!�+ �ÿT ,-.#/ ëÕ 0b#6, 0&

#�� 23�) u�', ò ;<#� �B 23�)

u��.  
!� bis[η6-2,3-dimethyl-1,4-diethoxy-1,4-

dibora-2,5-cyclohexadiene]Ni� ��#1 �#/, di-allyl

Ni� 2,3-dimethyl-1,4-diethoxy-1,4-dibora-2- cyclohexene

� 1:2m h"� Ê_�� ����� ���  
!�

7� �� � u��. ) 
!�m �� �.� �� �

(6)� �) �����. &OP� �jX 
!� 3) H

!Åw û� A& {Ô� �×#¡ 11B-NMRm ô)

53.8 ppm) Å�, ��� 7� �+  �� ��#¡ %

ô) 29.2 ppm5� �+ �1£5� )¸Ý� U � u

�. )s+ DE 7�W Í¾� ��#$�� ����

s)�.16 % ��B ) 
!�m NMR, MS H�� )

ki lam A�i �g H�15J l!#/ Ù d, f

�g�� ��X 
!�) �{#� 7� �+ gzJ

Ò� ��â� U � u��.

(6)

 � �

f �g� 1,4-dialkyl-1,4-dibora-2-cyclohexene AB

CJ ��#/, => GOC  
!�< (CpNiCO)2�

di-allyl Ni� MM ���� 	 lam => double-

decker  
!�� ���r�. )* =>  
!�*

+ �� gz� �Si 0� gzJ Ww' u5Ø�

�	0 ,-. #$�.

Cyclopentadienyl(carbonyl)nickel dimer� 1,2,3,4-

tetramethyl-1,4-dibora- 2-cyclohexene (1)� ���rÞ

=, double-decker =>  
!�� (η5-cyclopentadienyl)

(η6-1,2,3,4-tetramethyl-1,4-dibora-2,5-cyclohexadiene)Ni

(5)� triple-decker  
!�� bis(η5-cyclopentadieny-

lnickel)-µ-1,2,3,4-tetramethyl-1,4-dibora-2,5-cyclohexadien

(4)J ��#$�. )d &OPJ �Ü5� �j#¡

double-decker  �) � ���� �2��. Di-allyl

nickel� 2,3-diethyl-1,4-dimethyl-1,4-dibora-2-cyclohexen

(2)� −20 oCm Ê_�� ���rÞ=, bis(2,3-diethyl-

1,4-dimethyl-1,4-dibora-2,5-cyclohexadiene)nickel (6)

) 15%m �"� ��Å��. %&' di-allyl nickel�

2,3-dimethyl-1,4-diethoxy-1,4-dibora-2-cyclohexene (3)

� (� −20oCm _B�� ���rÞ=, bis[2,3-dimethyl-

1,4-diethoxy-1,4-dibora-2,5-cyclohexadiene]nickel (7))

22%m �"� �2��. )* double-decker  
!�

*+ ESR, NMR, MS, 7809 :5� ;<Å��.
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