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

� 2,3,4,5,6-pentaphenyl-pyridine� �� ������,1,2

���� 
���  !"# $% &'"( )� �*

+ ,- ./� �0��%.3 (1
2345(cyclo-

addition-reaction)� Vollhardt,4 Jonas,5 Trost6 6  7

8� 9: ;<�=+, ����
��� >?+  !

"@+ 78�9A (2+2+2) 6A 45� B"#  C

DE%. FG Boennemann 6� nitrile9H alkyneA

(1
 45I AJK pyridine ���: L�"M%.7

N �0OIK- P<Q R STU V
��5,8,9� >?

+ W!"#, %X Y (1)� Z  aromatic nitrile� ;

<�=+ [\]^_`a� 45bcK pyridine ��

�: L�"M%.3

(1)

N �0- Y (1)� �de ./�+ 2-pyridyl

acetonitrile� pyrazinecarbonitrile ���H [\]^_

`a� �� 45bc fg-=g(1
45I Ae

pyridine h- pyrazine ���: L�"-i jk� l

�%. 2-pyridyl acetonitrileH Z  methylene �: d

 I l( nitrile  m���� nH pyrazineA op�

q!I Ae (1
45� r�"(� "M%.

� �

N OsI d!t bu9v: aromatic nitrile9, diphenyl

acetylene, CpCo(CO)2, Pd(OAc)2, THF, ether, petroleum

ether, toluene 6� Aldrich, Strem, Fluka, Junsei d

wx �%. CpCo(C2H4)2H (C3H5yPdCl)2- N �0

OIK z ��"# d!"M%. {|w(drierite }~

W.A. Hammondd wx)H ��w(BTS10. �� BASF

d wx) h �1! silica gel� Merckd wx, Kiesel

gel 60 G: d!"M%.

L��� ��"� �"# d!t ��- Bruker

AM 300 MHz R Bruker Digital NMR Avance DRX

400 MHz spectrometer:  !"# 1H, 13C NMR spectra

: ,�(, mass spectra- Kratos MS 25 RFA spec-

trometer:  !"M%. �1( �g ��� Carlo Erba

Elemental Analyzer CHNS-O EA1108�  !"M%.

����� �~w Jencons 9200�+ "M%. h ��

45�  �%��(double manifold) �� �o+ t

Schlenk technique "IK  CDE%.
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08,
2-Pyridylacetonitrile� CpCo(CO)2 �� ��	 2,2'-

(3,4,5,6-tetraphenyl)bipyridyl-methane� 
�

^�� 3�+ opb� 25 mL Schlenk tubeI 2-

pyridylacetonitrile 0.354 g(3 mmol)� �( #�I 1.069 g

(6 mmol)A [\]^_`a� 45b�(, >?+

0.011 g(0.06 mmol) CpCo(CO)2: 3"( !?+ �C

� 10 mL: d!"M%. !?: p9b��K 2�&

45b�%. TLCm� 45   ¡��X� ��e ¢

silica gel£ ¤+¥¦�T§+ L��� �1"M%. �

*� 0.471 g(0.99 mmol, 33%) �(, L��A m.p-

170.3oCM%. NMR, mass-spectrum R �g��I A

JK L��� ��"M%.
1H-NMR(CDCl3, δ): 8.57(m, 1H), 7.70(m, 1H), 7.49

(m, 5H), 7.39(m, 1H), 7.31(m, 5H), 7.23(m, 1H), 7.12(m,

5H), 6.86(m, 5H), 4.37(s, 2H)
13C-NMR(CDCl3, δ): 151.2, 150.50, 149.44, 139.05,

137.90, 136.43, 131.93, 130.85, 130.74, 128.16, 128.00,

127.93, 127.78, 127.42, 127.22, 127.09, 126.74, 126.65,

124.31, 123.53, 122.78, 121.42, 117.51, 111.25, 46.15�

Mass-spect(EI): 475[M+, 11.3%], 398[(M-Ph)+, 3.5%],

397[(M-Py)+, 9.4%], 383[(M-Py-CH2)+, 6.7%], 306[(M-

Ph-Py-CH2)+, 3.4%], 229[(M-2Ph-Py-CH2)+, 2.5%], 77

[Ph+, 4.5%]

Anal. Calcd. for C35H27N2(475.6117): C, 88.39; H, 6.08;

N, 5.72.

Found: C, 88.15; H, 6.01; N, 5.84.

 H ¨�e ./�+ 3-pyridylacetonitrile� 45b

���, 2� ¢I TLC+ 45#	: ��"M�© 4

5   ¡�ª «¬%. ̈ �e 45�I >?+ 0.0108 g

(0.06 mmol) CpCo(C2H4)2: 3"( !?- �C�

10 mL: d!"M%. 45�� 70oC �IK 2�&

45b�%. TLCm� 45   ¡�ª «¬X� ��

"M(, silica gel£ ¤+¥¦�T§+ �	�A ;<�

=� ®�"M%.

Pyrazinecarbonitrile� CpCo(CO)2 ���� �

� 2-(3,4,5,6-tetraphenyl)pyridyl pyrazine� 
�

^�� 3�+ opb� 10 mL pressure tubeI

pyrazinecarbonitrile 0.315 g(3 mmol)� [\]^_`a

1.069 g(6 mmol)� �(, >?+ CpCo(CO)2 0.011 g

(0.06 mmol)� q!b�( !?+ toluene 5 mL: ¯°

( 170oC+ 3±"�K 40b&  ² 45b�%. ³�

b�¢ TLC+ 45� ��"M( silica gel £ ¤+¥

¦�T§I AJK L��� �1"M%. �*�

0.43 g(0.93 mmol, 31%) �(, m.p- 155oCM%.
1H-NMR(CDCl3, δ): 8.70(m, 1H), 8.38(m, 1H), 8.35

(m. 1H), 7.38(m. 5H), 7.15(m, 5H), 7.00(m,5H), 6.9

(m, 5H).
13C-NMR(CDCl3, δ): 157.83, 151.41, 147.98, 146.72

143.93, 138.66, 138.17, 132.59, 131.86, 131.72, 131.

131.02, 130.82, 128.46, 128.26, 128.22, 128.14, 128.

127.76, 127.25, 127.19, 127.14.

Mass-spect(EI): 461[M+, 32%], 460[(M-H)+, 100%],

382[(M-Pyr)+, 2.4%], 305[(M-Pyr-Ph)+, 2.8%], 77[Ph+,

3.6%].

Anal. Calcd for C35H23N3(461.5648): C, 85.87; H, 9.10;

N, 5.02.

Found: C, 85.69; H, 9.34; N, 4.97.

Z� ./�+ 45�=� q!b�( >?+

Pd(OAc)2 0.0134 g(0.06mmol), PPh3 0.039g(0.15 mmol),

Et3N 0.11 g(1 mmol)� 3"M%. 170oC+ 3±"�K

72b& 45b�( TLC+ ��"M´µ �¶ 45 

 ·ªª «¬%.

Z� 45�=I >?+ CpCo(C2H4)2 0.0108 g

(0.06 mmol)� q!b�( !?+ �C� 5 mL: ¯°

( 70 oC+ 3±"�K 60b&  ² 45b�%. TLC

+ 45� ��"M´µ �¶ 45   CDªª «¬

%. silica gel £ ¤+¥¦�T§I AJK ;<�=�

®�"M%.

5,6-Dimethyl-2,3-pyrazinedicarbonitrile� CpCo(CO)2

���� 5,6-dimethyl-2,3-bis[2,2'-(3,4,5,6-tetraphenyl)]-

pyridyl pyrazine� 
�

^�� 3�+ opb� pressure tubeI 5,6-dimethyl-

2,3-pyrazinedicarbonitrile 0.2373 g(1.5 mmol)� [\]
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^_`a 1.069 g(6 mmol)� 45b�(, >?+ CpCo

(CO)2 0.011 g(0.06 mmol)� �( !?- �C� 5 mL

: 3"( 170oC: �ª"�K 72b& 45� b�%.

TLC m� 45  �D¸X� ��"( silica gel£ ¤

+¥¦�T§I AJK L��� �1"M%. �*�

0.681 g(0.782 mmol, 52%) �( m.p- 320oCM%.

NMR, mass-spectrum, �g��I AJK L��� �

�"M%.
1H-NMR(CDCl3, δ): 7.11(m, 10H), 6.95(m, 10H), 6.83

(m, 10H), 6.58(m, 10H), 2.13(s, 6H).
13C-NMR(CDCl3), δ): 155.6, 155.76, 151.28, 150.76,

149.0, 141.92, 139.13, 138.79, 138.69, 135.90, 134.64,

132.02, 131.16, 130.70, 127.94, 127.89, 127.61, 127.40,

127.30, 126.80, 126.65, 126.41, 21.83.

Mass-spect(EI): 870[M+, 100%].

Anal. Calcd for C64H46N4(871.0942): C, 88.25; H, 6.43;

N, 5.32.

Found: C, 88.08; H, 6.46; N, 5.46.

Z� 45�I >?+ CpCo(C2H4)2 0.0108 g(0.06

mmol)� �( !?- �C� 5 mL: 3"( 70oC:

�ª"�K 72b&  ² 45b�%. TLC m� 45 

 ¡�ª «¬��, silica gel£ ¤+¥¦�T§I AJ

K ;<�=� ®�"M%.

2,3-Pyrazinedicarbonitrile� ���� �
� ��

�� 2,3-bis[2,2'-(3,4,5,6-tetraphenyl)]pyridyl pyrazine

� ����

^�� 3�+ opb� pressure tubeI 2,3-pyraz-

inedicarbonitrile 0.13 g(1 mmol)� [\]^_`a

0.72 g(4 mmol)� 45b�(, >?+ CpCo(CO)2

0.01 g(0.056 mmol)� �( !?- �C� 5 mL: 3"

( 170oC: �ª"�K 120b& 45� b�%. TLC

m� 45   ¡�ª «¬��, silica gel£ ¤+¥¦

�T§I AJK ;<�=� ®�"M%

Z� 45�I >?+ CpCo(C2H4)2 0.01 g(0.056 mmol)

� �( !?- �C� 5 mL: 3"( 70oC: �ª"

�K 120b& 45� b�%. TLC m� 45   ¡�

ª «¬��, silica gel£ ¤+¥¦�T§I AJK ;

<�=� ®�"M%.

�� � 	


2,2'-(3,4,5,6-Tetraphenyl)bipyridyl-methane� �

�� ����	


§1¹ ���- u1q!�+ !�3 ¤@+ ��

� �e �03 W<G �¡�( º%. N �0OIK

- »� ¼9A ½¾�o¿ ����
��� ��"

M(,  v�  !e À+Á ����/ Â<� b�"

#Ã%.11  } µQÄ� 78��A (2+2+2) (1
2

345� �¡"M%.3  Åe �0��IK \](1

h- §1¹(1I z m�t µQÄ� ²Æe Ç�

q!�+ � �*  Èª «( 45b&� »  gÉ

�Ê© ËÌe 45|{� ÍÉ+ e%. Ow+ CpCo

(C2H4)2: >?+ d!"( �C�!?I p9b��

K 72b& 45b�� n, (1
 45I Ae §1¹

���3 63%A �*+ ,DE%.3 2-pyridylacetoni-

trileA Î°I §1¹(1H µQÄ q!� d I

methylene  ÏÐ"# Ç��Ñ3 k� Ò�+ Ó²"

# rÔe 45|{�+ )� �*A L��  ,D=

Ò�+ Õ�"M�©, ¨�e >?+- 45  �D©

ª «¬%.   45� CpCo(CO)2A >?q!I AJ

K 33% �*+ L��  ,DE%. >?� CpCo

(CO)2A CO3  �"�K 78�� KKG op��

K �&� V�� L�"- Ò�+ L���%.

CpCo(C2H4)2- CpCo(CO)2$% Ö×�"# 78��

op45  �ª «� �� º%.  H Z� q!� ;

<�=, h- 45|{I ØTK %�@+ �O"Ù Ú

ÛÜ �- ÝªÞ pyridyl (1A ß�� (à"#á

e%.   45A Ó²�- â8µã� %X Y (2)H Z

� Ò %.
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-

(2)

  45A Fä� d!e >?� CpCo(CO)2IKÞ

fg-=g (1
45  �D¸%. 3-Cyano pyridine�

Z  3-pyridyl acetonitrileI ºDK� fg-=g (1


45  �D©ª «¬-i, �  �- �!åæ3� Z

  ç�  3�Ü Ò %. e' L��A nmr §¤A

��� §1¹ (1I m�t 6�oA �g3 8.57, 4

�o3 7.70, 3�o- 7.39 �1( 5�oA �g- 7.23

ppmI �� ©è¸%. \]�+ opt §1¹� 6�

oI 7.49, 4�oI 7.31, 2�oI 7.21 �1( 5�oI

6.86 ppmIK ��A \]�3 ©è¸%. FG methylene

§¤3 4.37 ppmIK k�oéª ê �o"M%.   


��A mass-spectrumI Ae mol. §¤- 475IK ©

è¸��, �g�� m�� r�k ��G ©è© Ó²

"- 
��ë� ��Ü � º�%.

2-Pyridyl pyrazine ��� ��

Pyrazine� �ì¿ (1 @+ nitrile �3 m�í n

- m��oI �î� ïª «-%.   
��A nitrile

�3 78�� (1
 2345  �Dð n- pyridine

nitrileA Î°H Z� 45|{IK rÔe â8µã�

Ó²Ü � º%.3   Î°I� CpCo(CO)2: >?+ d

!ñ� nÞ L��  ,DE%. L�� 2-(3,4,5,6-

tetraphenyl)pyridyl pyrazine� nmr+ ��"M%. 8.70

ppmA %�§¤- §T  (1 6�oA �g§¤ (,

8.38� 8.35 ppmA �� %�§¤- 3� 5I �o"-

l �gI Ae Òë� 7 � º�%. e' §1¹ �

��I m�t \] (1- 7.38 ppmI 6�o, 7.15I

- 4�o, 7.0� 3�o, �1( 6.92 ppmI- 5�oA

\]�3 �� ©èò- §¤ë� ��"M%.   
�

�A ��§¤- mass-spectrumI AJ 461 �%. h

  
��A �g��m�- ��oH Oso3 ó

"�,  ²A ��m�+ô N OsI Ae L���

Ó²�- 
��ë� 7 � º�%.

op�: õö"- 5,6-dimethyl-2,3-pyrazinedicar-

bonitrile� pyrazine (1A 5,6�oI m�t methyl

�A q!�+ 2,3�oI m�t nitrile �A 78��

(1
 2345  ´÷ �1Ü Ò�+ Õ�t%. ²�

OsIK 2,3-pyrazine- dicarbonitrile� ;<�=+ "

( Z� |{�+ 45b�� n, 45  �D©ª «

� Ò� 5,6-�oI m�t l methyl �A q!  Ý

� nå T( L�t%.   45IK ;<�=� �ì

¿ ( »� op�3 m����© (1
45  �

D©-i- Ç��ÑA ø �î� ïª «� Ò�+ ù

� º%. L��, 5,6-dimethyl-2,3-bis[2,2'-(3,4,5,6-tetraphenyl)

pyridyl pyrazineA nmr §¤ ��� §1¹ op�A

6�oA \]�- 7.11 ppmI, 3�o- 6.83, 4�o-

6.95I, �1( 6.58 ppmI 5�oA \]�A §¤3

�� ©è¸%. e' 2.13 ppmI Ú�+ ©èú §¤-

l methyl �A q! %. �1( l pyridine ���I

m�t 8ÂA \]�- ��A m��ûI Ae (1

�9(ring-current) nåI �	� (���(high field)

IK ©è %̧.   L��A mol. §¤- mass-spectrumI

AJ 870IK ©è¸��, �g��m�� ��oH O

so3 ²ÆG �o"@+ Ó²�- 
��ë� 7 �

º�%.   45  �Dú â8µã� Ó² Y (2)H Z

� Ò�+ Õ�t%.  v 45IK >?+ Jonas bu

� d!"M�© 45   CDªª «¬ü Ò�, Jonas

bu  Ö×�"# 70oCA �IK 45� bcá"

-i   �IK- 45�v  W�
�ª «- Ò�

+ L�t%.  v ��A 45IK L��A �*�

) � �JK- ý�+ ´÷ »� �03 ºDá Ü

Ò %.

� �

2-Pyridylacetonitrile� CpCo(CO)2 >?"IK diphenyl-

acetylene� (2+2+2)(1
2345I A"# 2,2'-

(3,4,5,6-tetraphenyl)bipyridyl methane� L�"M%.

  45A â8µã� Boennemann ./� �d"�,

CO3  �"�K �&�V�� L�b�%3 CpCo3

 �"�K (1
 45   CD %. Pyrazine

carbonitrile R 5,6-dimethyl-2,3-pyrazine dicarbonitrile

� CpCo(CO)2A >?q!�+ diphenylacetylene� �

� 45"# 2-(3,4,5,6-tetraphenyl)pyridyl pyrazine�
Journal of the Korean Chemical Society



���� 	
�� �� ��� 2,2'-Bipyridyl-methane ��� � Pyridyl pyrazine ���� �� 305

r,

,

.;

;
.

5,6-dimethyl-2,3-bis[2,2'-(3,4,5,6-tetraphenyl)]pyridyl

pyrazine� L�"M%. ;<�=+ 2,3-pyrazine dicar-

bonitrile� d!"# Z� |{IK 45� b��© 4

5   CDªª «� Ò� op�� l methyl �A

q!  Ý� nå T( L�t%. h  v 45I

Jonas bu� >?+ d!"M�© 45  �ª «¬%.

;<�=+ 3-pyridylacetonitrile� d!"# ²�H Z

� ./�+ L�� b�"M�© 45   CDªª

«¬%.
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