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��� ���� � � !� "#$�%&. �'� (

)* +, -. �� �� �����	 /.+,0�

1 (4+2), (4+4), (2+2+2)��	 +, 2�3,1−18 ��$

� 45� 6� 7#89��1, CpCo(CO)219, CpCo

(C2H4)2
20, *CpCo(η3-allyl)21 2�&. : �;<=1�

>?@A 7#8 9�, CpCo(CO)2, CpCo(C2H4)2B CD

E 9�(C3H5FPdCl)222, Pd2(dba)323, G� 9�, (C3H5F

PtCl)424, (C3H5)2Pt25 2� ���H H' IJ* 7#8

, CDE, G� 2* ���	��� ���HK&. �

L �M� ��� benzene �NON P��Q�R, S

-. triple-decker 9�T bis(η5-cyclopentadienyl)-µ-

(η6-2,3-diethyl-1.4-dibora-2,5-cyclohexadiene)dicobaltU

���H 3-hexyne� +,VW 3-hexyne* (2+2+2)�

�	/.+, P��T 1,2,3,4,5,6,-hexaethylbenzene�

XY Z. %&.16,18

Jonas,26 Fuss,27 Vollhardt28 2= *� (2+2+2)��	

/.+,, Boennemann,29 Jaworski,30 Nehl31 2= *� �

�� ��	/.+,0� pyridine JU ���Q&. �

�[1 45"# 2 !Y �\� �;= *[1 ]�^

�����	 +,N "#$_&.32-34 : �;<=1�

`�a �NOU ��� b�H H' IJ* 45B

+,�c� Zde .f1 !Y <g� �h�Q&. i

j alkylnitrile� k#�c� `�a �NOU P��

Boennemann � � �\� �;U !� h�Q&.28

: �;* lmY ���	��� 45� ���

H �����	 +,0� pyridine JU P��3, �

n ���Qo &p � � ]���� �&. ij �

'� +,= %e1� Boennemann � � ���Q0

3, 7#8 9� q= &p 45* r�� .s�tN

u\�&. k#�c�1 v (1)� wY aromatic nitrile

�NOT benzonitrile� cyanopridine JU \����

�&.

(1)

� ��cO. Xett xNy � b�H �^z

* V{T |}~����� \��Q03, 45� :

�;<=1 !� �u�Qo Co � PdU �����

�� ���	��� &��� ���Q&.

� 	

 

: <g= \�� V{JM: aromatic nitrileJ, |}

~����, CpCo(CO)2, Pd(OAc)2, THF, =��, ��

=��, ��� 2Y Aldrich, Strem, Fluka, Junsei\ ��

�_�, CpCo(C2H4)2B (C3H5FPdCl)2 2Y : �;<

=1 �
 ���H \��Q&.

�u�(drierite, n� W. A .Hammond\ ��), ��

�(BTS35. �( BASF\ ��) S�� ��� silica
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gelY Merck\ ��T Kiesel gel 60 GU \��Q&. 

P��� �T� b�H \�� � Bruker

Avance 400(DRX 400 MHz) � Bruker WP 80SY

(80 MHz) spectrometerU ���H 1H � 13C NMR

spectraU X_�, mass spectra� Kratos MS 25 RFA

spectrometerU ���Q&. S�� �� ��Y Carlo

Erba Elemental Analyzer CHNS-O. EA1108� ���

Q&. ����Y ��� Jencons 92000� �Q&. �

  +,Y ��&s(double manifold) ¡¢ £¤� �

Schlenk technique�=1 ��e¥&.

2-Cyanopyridine���� CpCo(C2H4)2� ���

3,4,5,6,-tetraphenyl-2,2'-bipyridine[2-(2'pyridyl)-3,4,5,6,-

tetraphenylpyridine]	 
�

��¦ .§� ¤¨� 25 mL Schlenk tube= 2-

cyanopyridine(0.312 g, 3 mmol)� * |}~����

(1.065 g, 6 mmol)� ©� 45� CpCo(C2H4)2 (0.031 g,

0.17 mmol)� ©Y ª ¡¢ �Q&. ��¦ .§U «

¬� ���� �5� 10 mLU «&. �5U ¨JV

®f1 72V¯ �°� +,V±&. TLC= *[ +,�

²h³� �T�Q&. { 72V¯ ´ +,Vµ ª silica

gel ¶ ·�¸¹SD`= *[ CH2Cl2U �5� P��

� ���Q&. �ºY 0.872 g(1.89 mmol, 63%)Q�,

P��* m.p� 236oCQ&.
1H NMR(CDCl3, δ): 8.82(s, 1H), 8.13(s, 1H),

7.40(m, 2H), 6.86-6.47(m, 10H), 6.53-6.39(m, 10H).

Mass-spect(EI): 460[M+, 44], 382[(M-Py)+, 1.5], 78

[Py+, 2.2], 77[Ph+, 6.2].

Anal. Calcd. for C34H24N2(460.577): C, 88.67; H,

6.08; N, 5.25. Found: C, 88.42; H, 6.37; N, 5.21.

k#�c� 3-cyanopyridine� 4-cyanopyridine� wY

� 0� »» +,V±0¼ +,� (e¼t x½&.

2-Cyanopyridine��� Pd(OAc)2 �����	

3,4,5,6-tetraphenyl-2,2'-bipyridine	 
�

��¦ .§� ¤¨Vµ 25 mL Schlenk tube= 2-

cyanopyridine(0.312 g, 3 mmol)©� H= |}~��

��(1.069 g, 6 mmol)� +,V®f1 45� Pd(OAc)2

(0.0067 g, 0.03 mmol)� PPh3(0.039 g, 0.15 mmol) ¾

� Et3N(0.11 g, 1mmol)� \��Q&. �5� 10

mL ���� .�� <¿=1 26¯ +,V±&. TLC

� +,� �T�� silica gel ¶ ·�¸¹SD`= *

[ P��� ���Q&. �ºY 0.668 g(1.45 mmol,

48%)�_�, nmr, mass-spectrum, m.p � ���� À

�� ° <gÀ�B w½&.

wY +,�= 45�(C3H5FPdCl)2(0.0219 g, 0.06

mmol)B PPh3(0.039 g, 0.075 mmol)U ©� u�� Z

de .f1 +,V±0¼ +,� (e¼t x½&.

Cyanobenzene��� �� ��	 �����

pentaphenylpyridine	 
�

��¦ .§� ¤¨Vµ 25 mL Schlenk tube=

cyanobenzene(0.3094 g, 3 mmol)� |}~����

(1.0694 g, 6 mmol)� +,V®�, 45� (C3H5FPdCl)2

(0.055 g, 0.15 mmol)� PPh3(0.157 g, 0.6 mmol), S�

� HCOOH(0.276 g, 6 mmol)� .��, �5��

DMF 5 mLU \��Q03, +,¿NU 65oC� �t

�f1 26¯� +,V±&. TLC� P��� �T��

silica gel ¶ ·�¸¹SD`= *[ P��� ���

Q&. �ºY 0.97 g(2.11 mmol, 70%)�_�, m.p�

116.1oCQ&.
1H NMR(CDCl3, δ): 7.57(m, 10H), 7.41(m, 10H),

7.29(m, 5H).
13C NMR(CDCl3, δ): 138.12(s), 129.48(s), 129.35(s),

128.29(s), 127.22(s).

Mass-spect(EI): 459[M+, 48], 458[(M-1)+, 100], 178

[(Ph2C2)+, 12], 152[(Ph-C5N)+, 6], 77[Ph+, 5.5].

Anal. Calcd. for C35H25N(459.5892): C, 91.47; H,

3.05; N, 5.48. Found: C, 91.29; H, 3.19; N, 5.52.

wY +,�= 45� CpCo(C2H4)2(0.031 g, 0.17 mmol)

� ©� ���� �5� «¬� +,u�� H' .t

� �Q0¼ +,� (e¼t x½&.


� � �
 

: �;=1 V{0� ��� |}~����Y ]
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�m A�� �c�&. S ;u� v (2)= ¼ÁÂ ZB

w� Ã }~ . ÄÅ� Æf0� ÇÈ�t x� 1

�. +��É0� »» ÊeË %03 Ì�À�*

Ã "* π-À�� }~ B »» �Í$e %&. �M

}~ M* À�ÎY Ì�À�� Ï* 120oU �t�

H .s� Ï�U Ã� %&.36 ÐD1 Ì�À�* π-À

�= CpCo-Ñ�* ÒÓ� ���H ÔO£Õ. ·�

$t xNy ÖÓ� �t�&� P»�&. Ì�À� �

L= À�� ¤¨O. &p ×ØT� \��f P��

� ��	 $� ��= ��	 +,� (e¼1 H'

IJ* ��� eÙÚ ��cO. Xec � % Û

Ü=, : �;=1� �^zT |}~���� Ý� \

��Q&. : �;=1 k#�c� Þ8ß JU &��

� \��Q03, �MY °àj áâ�� %ã� ä

� %&. å 2-cyanopyridineY +,� æ (e¼tÝ

3-�� 4-cyanopyridineY Åç +,� (e¼t x�

è0� �T$_&.

(2)

S ��U &ã� w� é�ê � %� è�&. `�

aJ* ëì� ¤¨+,Y ��* 2B4 b¤=1 (e

¼3, : �;=1 2-cyanopyridineÝ� ��	/.+,

� (eí� ä Û eî �\�� #ïê � %&. `

�a ��=1 c���= T
� 2b¤=1 Å�ðN

. {[t� ÐD1 Þ8ß * Å�ðN. °�m0

� {[²&. � Þ8ß * Å�ðN. Ã }~U

À��� %� ����* Å�ðNB ]ñ� °ò

. $e ��7#8B ó� 9�� æ P�ê � %�

è0� P»�&. � ��* |}~����* ÒÓ�

ô�1 ó� 9�� P��� %� Ã ��* �¯õ�

ö�B c�. »» ��7#8B VS¸ À��f1

5»z ��z� ÝM� |}~������ ó� À�

� P��&. +,� ��$e ó�À�* Ã ö��

��� VS¸ À��� c�B ö�U »» ÒÓ�H

ö�-ö�, ö�-c� À�� P�VW 6»z ����

�	��� z��&. � �����	��Y ���

ó� 9�� P��� � 9�Y ]�m ÷A��ø�

�[�H `�a �NOU P�V®� è�&. �'�

��Y (2+2+2)��	 +,* :ù��3,1,2 &ã�

w� : �;<=1 �;� è�N @(�&.37 (η5-

Cyclopentadienyl)(2,3,4,5-tetraphenyl-cobalt-acyclo-

pentadiene)-π-(diphenylacetylene)* ;u=1Ñú ö�

-ö�, ö�-c� ��	+,� (e¼� � 0� +,

� ²h³� × � %&. �Û 45� û��� ��

��c� �ü0� \��f V{0� ��� |}~

����* Ìü	+,(trimerization)= *[1 hexa-

phenylbenzene� P�$N �&. �L ��$� [CpCo]-

¹ý(fragment)Y �� 45� û��H �º� þHÿ

� %&. 

Jaworski � Nehl� ��� ��

Pyridinenitrile � benzonitrile� |}~����� �

�	 +,� (e¼� �¬� H' .t +,u�� V

h9>mT � ��* <g� �[1�3, 45� Co

�� Pd	��� � .t +,u�� ��ê Û +,

� (eí� × � %_&. S�tÝ �M +,* P�

�, 3,4,5,6-tetraphenyl-2,2'-bipyridine� 2,3,4,5,6-penta-

phenylpyridineY JaworskiB Nehl= *[1 »» ��

$_&.30,31

Jaworski� tetraphenylcyclopentadienone� cyano-

pyridine� ����, 215oC* +,¿N=1 50V¯ �

°* +,� VW6ø� 61%* �º� 3,4,5,6-tetra-

phenyl-2,2'-bipyridine� X_&.30 : �;<=1� 4

5U ���� ¯�� +,u�=1, ]�m A���

	¤. 
 |}~����� ��	 +,� �ø� ]

ñ� �º� P��� Xe¥&. � +,Y Jaworski*

��� ]�ê Û ]�m ¯L� � �D� ä � %

&. � NehlY ��� ��� 	��21T, (η5-penta-

methylcyclopentadienyl)(η3-allyl) CoU 45� ���

H P��� X_� �ºY 12%Q&.31 +,¿N�

20oC +,V¯Y 72V¯�_�, n-hexane� �5� �

��H ��� ]�m ¿	� u�=1 P��� X

e¥&. : �;* <gù�� ]��f, ×ß-CDE

9�� 45� �Q�, ]�m ���5T DMFB "

n�� û�V±�, 65oC� .��Q� Û 70% �º

� +,� ��e¥&. ª�* �¬ v (4)= ¼ÁÂ +

,�ØÞ�� w� 45û�� ��°ò=1 HPdCl.

æ P�$�, � û�� æ $e �º� þY è0� -

°� �&.10-14 2-Cyanopyridine� +,V�Û� ��	
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��* c�û�0� 2b¤* Å�ðN� é�� ê �

%0¼, benzonitrile�� &p IJ* 45= *[1 +

,� (e¼� �¬�&. H= �� °�� �ØÞ�

Y �= ��� �&.

Pyridine �NO� �i� {�û�� %� è0� ×

ÙË �'� 	��* P�� {�û�= �� �;.

!� �h$� %&.38 : �;<=1� H' IJ*

sandwichz ���	��� ���Q�, �M� ��

� ���= �� �;U �HK&. �n ö�-ö�

��	 +,= *� hexaalkyl benzene* P�� ö�-

c� ��	 +,= *� `�a �NON X_&.16 :

�;* <g= *[1 !� h[² ZB w� 2-

cyanopyridine0�Ñú H' IJ* ���	���

45� û�VW, +,¿N, +,V¯, ¢�°ò 2*

u�� Zde .f1 �����	��, ij `�a

�NO* P�� VN�Q&. : �;� Boennemann

� �;�o � � ,��Q&.29 AlkylnitrileJB� �

� `�aÞ8ßJ= %e1� ��= Å�U �� �

��t �� ÛÜ= Þ8ß� e� b¤= À�$�

�= ÐD1 +,�� &p è� �n é��Q&.

���� �� � ������
 

» P��= �� 1H NMR� mass-spectraU ���

0� -°� P���� �Tê � %_&. S �=1

3,4,5,6-tetraphenyl-2,2'-bipyridine* 1H NMR spectrumY

`�a��= À�� 4"* �� �= 6 b¤ ö�=

À�� ��. .£ ��£= ¼Á �, &ãY 3 b

¤* ��. ¼Á 03, 4,5 b¤* Ã ��� wY δ
!0� &�á0� ¼Á &. &ã " "* }~���

6.86#6.47 ppm= 3,6 b¤* Ã ��, S�� 6.53#6.39

ppm= 4,5* Ã }~��. û�³� × � %&. �

� P��* ��(mol) `·� 460= ¼Á &. ij

�M 	��* ����Y -°$� À�B $
��

¼Áù_&. �°* ��À�� Xe² P��Y -°

� 	���� × � %&. 2-cyanopyridineY &p 4

5T, CDE¾, [Pd(AcO)2]B PPh3* û�0� |}~

����* ��	 /.+,= *� °B wY P�

�� X� � %_&. � +,��Y &ã v (3)B w

� % �. %�R,39 �'� +,Y �� VN� Z.

&03, S +, �ØÞ� À�� b�H ´ !Y �;

. '(ê è0� P»�&. ij ¾ Et3NY Pd� �

�¿ °ò=1 A��� ÇÈ�Ny û��� è w&.

� &p 45U ��� �¬ +,�Y @(�¼ π-×ß

CDE9�, (C3H5FPdCl)2B PPh3� ��� +,=1

� |}~����* ��	/.+,� (e¼t x½

&. �) �¬� (+m0� �h� CDE9�� ��

� ö�-ö���	 +,3�� °�� è0� P»�&.

Boennemann� Vollhardt � =1B w� �Ñ�* ×

ØT, �� alkylnitrile �NOMY 7#89�T CpCo

(CO)2, CpCo(C2H4)2= *[1 ��	/.+,� ��

et3 S +,�ØÞ�Y b=1 é�� ZBw&.1,2,29

&ãY `�a �NO. �* benzonitrile� ×ØT

* ��	/.+,= *� pyridine �NO. P�$_

&. �'� �¬� π-×ß-CDE9�� ��=1 +,

�H ��	��� P��� +,�3, �'� +,Y

+$= B1 !� ��$� %&.10-14 S +,��� &

ã v (4)B w� ¼Á, � %&.

(3)

(4)

� +,=1 Xe² P��, pentaphenylpyridine*
1H S�� 13C NMR spectraB �è* mass-spectrum

� ���f &ã� w&. 5"* }~. � "* `

·� ¼Á �R 7.57= Ã ", 7.41= Ã " 7.29= �
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"- »» ¼Á &. � ö�-13 §.8/= %e1 `

�a��* c�= T
� ö�. 138.12= ¼0t "

IJ* ö�. 129.48, 129.35, 128.29, 127.22= »»

¼Á 03, � 	��* �� `·� 459= ¼Áí�

�T�Q&.

: �;� Boennemann � = *[ Þ8ß� ×Ø

T*(2+2+2)��	/. +,= *[ `�a �NOU

X_&. cyanopyridine� benzonitrile� �^z ×ØT

|}~����� û�V®� 7#89��¼ CDE

9�� 45� ���H pyridylpyridineJ �� penta-

phenylpyridine� P��Q&. k#�c� 45. ��

j áâm��, +,u�= ÐD1 1�Ú +,� ²h

$ø� �'� � � ���f 1�Ú ��� *

"#� -°�&. S�� P��* ;u, +,�ØÞ�,

��� = �� �;. 1�� ²h2 � %� è0�

P»�&.

: �;� 1999�3N ����� ]\�;�0�

��e¥03 �= ¡\õ4Þ&.

� � � �
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