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���       ( ��� �� ����
)2
J (��� � !
 !"# �α �$%� #& �' #�"!.  

) ( �� ����
 ���)2
J (��� � !
 !"# �α & � !
 ' #�"!.  

* ( �� ����
 ���)2
J (� !
 !"��� #+	� �� �'  & � !
 ' #�"!.  

� ( ( �� ����
 ���)2
J (��� � !
 !"#+	� �� �'  �$%� #& �' #�"!.  

  

,�   ����
 �"!- .� /-�& 0&��13
JH-H  � ��� 
��
    

���       (� 2�3� �4�C-C   

����  ) ب#!8 '�7 6/5%θ �  ,θ  

* (  ���#+	� �� �'   

�      ( �.�& �� /   

  

9� �� ���	 
��
�     � ��� �                                                                                  

                                                                                                                              

���       (!+4�:�/�5 Ha  �Hb  ; 2�!<&���=!'>7?  3!>@& /A4 �� !&� ��?'4 2�!<& ��>7?.  

 )       (!+4�:�/�5 Ha  �Hc  ; 2�!<&���=!' 3!>@& � �?'�>7?  .  

*       (!+4�:�/�5 Ha  �Hc  ; /A4 �����=!'3!>@& /A4 �� !&� �>7?  2�!<& �?'4 2�!<& ��>7?.  

�       (!+4�:�/�5 Ha  �Hc  ;  /A4 �����=!' 3!>@& � �?'4 2�!<& ��>7?.  

  

B� 3 .� C"/
 D��4�� �13
C NMR
/: �<: �. 0"!E& F��>
 C��   .  

 ���  (,)                        (9*                           (B�                                      (G                             

  

  

G� 3 .���� H.!I1 
��
 �J>" K�.�!& ����� �.  

���        ( HL!E74�n → π
*    !+��M N��:5IO� '!+	�& 2�3 �" 5& 0E7>& /:�>�" ���P.  

)         ( HL!E74�n → π
*    !+��M N��:5Q �IO� /'!+	�& 2�3 �" 5& 0E7>&  /7 !:�
 � ��P.  

*         ( HL!E74�→ π
*
 

  
π

  !+��M N��:5IO� '!+	�& 2�3 �" 5& 0E7>& /:�>�" ���P. 

       �  (  HL!E74�→ π
*
 

  
π

  !+��M N��:5IO� '!+	�& 2�3 �" 5& 0E7>& /7 !:�
 ���P.    
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R� ;!<:.� �S"'M!4 �M!4 
��
 $&/� T��!& ��& 0&!; �. *�& 2�3 �'���;   

���       ("� Cµ G/,  �  µ ,G     ) ("� Cµ G/8  �  µ G/,   

* ("� Cµ ,G  �  µ 9V     � ("� Cµ G/,  �  µ 8W  

    

X� ;!<:.� HL!E74�'PP
 'P�Y � 'M!4 
��
 �" Z�"/& �3 �� ��3!>@&�/7[�� ������ \  

���        ()      �J>" K�.�!&  (*      $&/� T��!& (!&#��/[#�      � (��. \4!
/%#�'#   

  

W� . �.�& .� ���	 
��
�3!>@& \4!4��?'��  �7?  �      � ��� �                                                              

���       (?4�� .�� / �4�/7[�� �7'" �7?  ]�/3� �=!� \4!
/% .� �7?  �;!" /7P�/: C5 .�\4!4�& '�>
 .  

 )       (?4�� .�� / �4�/7[�� �7'" �7?  ]�/3� �/: L!" \4!
/% .� �7?  �;!" /7P5 .�\4!4�& '�>
 .  

*       (?4�� .�� / �4�/7[�� �7'" �7?  ]�/3� �& H.��.� �7?  �;!" /7P�=!� T���/: C5 .�\4!4�& '�>
 .  

�      (?4�� .�� / �4�/7[�� �7'" �7?  ]�/3� � .� �7?  �;!" /7Pδ /: L!" 5 .�\4!4�& '�>
 .  

  

^� � �_�! �4�5�/4� )`	 �" .�!� 2�[��& .� 5   ��>7?  $&/� T��!&   

  ���  ( C=O              )             (C=C !+>[�a .� 5       T.!E7&   

*    (C=C !+>[�a .� 5       T.!E7&!4    �    ($b#                           * � ��� �>  

  

8V�3  .� ���	 
��
��� $&/� T��!& ������ �  

���        (!+"`	5+: /-� /" T�:.�� �!� ��!M �� c#" HL!M �" ��/4� !5& H.�� /:L!" 'b ��/..  

)        (.�\4!4� &/%' 
!Q�� 0�!M #
/: )`	 d�I' !" #��� T�:.�� )`	 d .  

*         (%�7Y� )`	'& 0�!M e�; 
!Q�� )`	 �� 0f!J: �� '��; . 

       �  ( !  )`	5
/: �I'EM .� �/f �E#I'!+?4!
/% �� 5��� ' υ  & ��>;!I.  

  

88��$%� ��1 $&/� T��!& )`	 .�#/� .� \4!
/% �5� �! �4�5� #� ��� 
��
 / 

               C-I               C-Br               C-Cl              C-O               C-C                C-H 

                        500 cm
-1

       550 cm
-1

        800 cm
-1

      1000 cm
-1

        1200 cm
-1

        3000 cm
-1

 

      ���  (�$%�#IO� ��  �      ) (�$%�#4 �"!- ���/5 k    

* (�$%�#� H.�� ���4�     � (�$%�# �g  

    

8,��/4� 2!E74�5��.� �"!: 5�� .� �7?  �" # e�.�\4!4�3!>@& �?'& 
!h4� H.�� �_ .� �7?  '���;   

���        (/"�/"5& \4!
/% � T��/7[��#['& \4!
/% !" �"!: �/7[�� T��#['i�� �� 0�!M � �7?  C  

)         (/"�/"5& \4!
/% �/7[�� T��#['& \4!
/% !" �"!: �3!>@& T���?'i�� �� 0�!M � �7?  C    

*         (/"�/"5& \4!
/% �/7[�� T��#['& \4!
/% !" �"!: �3!>@& T���?' e!j7��   

�         ($b#  * � ��� �>  
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89�
/: .��@: 0"!E& F��; T![& /���!'#!+ �/b 57&  � 08 �,� �4�j_ �. �" ��>'& '>
 �                                                                                      ��

                                                                                                                                 

���        (1  CH3 δ    <     2  CH3 δ                                                           

 )         (2  CH3 δ    <     1  CH3 δ                                                           

*           ( 1  CH3 δ    =     2  CH3 δ                                                           

    �       (1   CH3 δ    <       CH2 δ                                                           

  

8B�3 .�� �1
H NMR /:   
�� F#� �_ /�=!  d'� #& e�'    ���;  

 ���  (� ���=!:�� d' �   #� d�=!: �� d'    

)     (#� d�=!: �� d' �  #� d�=!:�� d'   

*     (#� d�=!:�� d'=!:�� ' e�;  ) ��"�� ��"�� (� �� ��=!:�� d'   

�     (� ���=!:�� d'=!:�� ' e�; )��"�� ��"��                       (  

  

8G�#3  d� �1
H NMR     0&!;#� d�=!: �� d'   .� ppm'/)  =δ�  �� ���� ��	
 ppm63 /=δ �   #� d� d

=!: .!+_'  ppm '/*   =δ �  #� d�=!: �>_ d'.�  ppm +/, = δ 
��
  #!  T!�7Y!� �� d5� #�/" /5� #3 C� 0�7�& �

 ����            

  

���                       ()                                                                   (         

                          

  

         

*                                                                                                           (� (  

  

  

      

8m�&��
�dL� �� #� 0#1 /<f ��� T��" /7J.�\4!4� �7?  13
C �" �I?4  .�\4!4��7?   T�:�/�  �4' �;!" .  

���        (4���/%'I3 �<' 13
C?"  �=!� .!�  �� /: C���� T��.� .  

)         (3!>@& n�/b �I?4�?' #  �7?  d13
C3!>@& n�/b �I?4 �� /7[_�
 �?'  ���� T��.�.    

*         (!  \4!
/% T��" /7�
5 .�\4!4� �7?  13
C   T�:�/� �" �I?4   

�         (" 
/	� /7P13
C   T�:�/� �" �I?4   
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8X�&��
�� H��	 �� d#�� /� �4� � �?                                                   

���  (-!:�:!j4�/7[�� /��#  �7�I/#����4a � T����/:�$'@: /" ��; T![& H�/���=!' 13
C" �@: �� /7P��; T![& H�/���=!' 1

H 

���   . 

       )   (3 .�� �13
C NMR:!j4�/7[�� /o>1 �@: ���� T![& /#& ]/3 �" �!�<f T��� � )=!�� C (& F	�& �.'��;  .  

*           (-!:�/4a ���/:�$'@: /" ��;  T![& /���=!' !  C"/
5!  �E�M 5:!&�.a �� !  C[�a � d#��� �!.  

    �      (@: e����&��; T![& /���!'#�/" 5!  p:� 5  �" T��.��!+�:� �� /7P5 ��� C"/
 .  

8W� ����
 �"!-HCH  J 2  
 
/: 
��
 .� �" F�    �  ��� /7P 

  

      

 ���                                                     ()                                             (*                           (� (  

                            

  

�q�3 .�� �1
H NMR   &a �" Z�"/&��&!1 �_ ! �' C+� r1!" b�; '� � �" Z�"/& dNH�4 '��; �   

���   (IO� .!+_ .�!7Pb'4  N��7& �T��/7  

)           (N��7& �1/�  2�!I: ��. /" T��.�54 � T��/7  

*           (/"�/" !45  � T��.�) �!+4��.�5 (NH�� �" ��Y/_ �<4!�& 0.                     

�          (IO� .!+_ .�!7Pb'4 s.$" � T��/7   

                                                                                

     

,V�/-� .� �.a�4 '#:/%L d& ':�" �.�& .� �t>Y 2�[��& T$>" 0'& ]`M �
 '_ ��; ���?  

���       .                 C:�")  .     C��/� *                 .�#�                       C:�"�$ .,�C:�"                                               

                                                               

,8��/"5<: ��:!&�.a �E�M .� !  ]�S7�� 
/% C�M!4 
��
 �� d�3 .� )`	 ��& e�!J7�� $&/� T��!& �'                                             ���; 

                                                                                                                      

���        (=C-H P�Y   '  ��J� �� *.!Y  )OOP   (        )   (=C-H PP
   '  

*           (C=C PP
  '             �       ($b# * � ��� �>  

,,�3 .� ���	 
��
���  $&/� T��!& ��    � ��� � 

 ��� (� .��! �4�54� � !
 �E�M *.!Y �4!b�� �$%� r1!" �E�M e���#& )`	 \4!
/% �'��/b .  

)     (� .��! �4�5�$%� r1!" �E�M e���4� � !
 �E�M  0Y�� �4!b�� #& )`	 \4!
/% �'��/b .  

 *  (� .��! �4�5 �E�M e���4� � !
 �E�M  0Y�� �4!b��  K!>t7�� T��"& )`	 \4!
/% � !
 r1!"'��/b .  

�   (� .��! �4�5�E�M *.!Y �4!b�� & )`	 \4!
/% � !
 r1!" �E�M e���4� � !
 '��/b .  

  

  

H

H

H

H

H

H

H

H



  

  �

  ��� ���� 	
 ���
 ��� 
��	��  ��  �  �  

  ����  ��  ��  

  ������  �  

  

,9��� #�/% .�  T�; D!I;� e�#3!>@& \4!4��. �>�?'& u. H.�� �_ .� �7?  ' �� �                                                                        

 ��� .�$%� /-� .�#� \4!
/% �� 2!>jRF 

) .<�	 ���!&�i�� ��!M.� !  �7?  ��/:L!" C  

* ./"�/"5<�	 �!+7�!M .� !  �7?  �5i�� �!� � /:L!" C�#/7>  

� .�$%� /-� .�#& H.�� �� T��  

 vw�=�.a�4':/% L d& '
/: 
��
 .� �� F# e��4'��;  � 

                                                                                                                                                  

   

                         ���    (             )                                                                                  (*           (                        

  

  

  

  

�                           (  

                                                                                                                    

                       

  ,G� �<O� #4�'  BB =m/e3 .� �&/	 �' 
��
 #
/: �� d�� H!I# /�#� �!#& e�'��;                                                    �  

                                                                                                                           

���       (=��a�  !  �                   )          (         !+4�7
                   

*       (���! �5?
�"/
 ���    d    �                    ( ! /7��  

�-. /0�12
                                                                                    �3�                                                                          

      

8�3 .��@: �J>" K�.�!& ���=!� \4!
/% �" )`	 T![& /� /: C#  �. /:�>�" *�& 2�3 !         ......�b#�>. 

,�PP
 H!;!<:.� L��<&'PP
 H!;!<:.� �" �I?4 T.!E7&!4 '�.�� T.!E7& 5 \4!
/%            ....�>7? . 

9�3 .�� T�; *��$& $&/� T��!& �#� d� �4!b�� �4�C=C !" #e�/b d>"/
 � 0# !C=C� # r1!" /j ....4 �"!-� �/K �   

�/"!>"  # C  .....;!<:.� \4!
/%'& '��;  .  

B� ��� H�; #��[��& T�'!" #?4!7� � !
 !" �� T�/7[�� 0 ....# H!<O� 0�� H�; � �"!#4�'!" # � ...#�"!. 

G�3 .��. ��3!>@& \4!4��?'�/" �7?  5SP: �!+4�:�/� x5 2�M �� 2�!I: 0"!�   ...& e�!J7��'��;   
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                                                                         �4. /0�12
  56�                                                                              

  

8�!�
/: T!�7Y�3 �" �	�: !" �.  F� �IR  �1
H NMR >
 xSP& ��.3 ��!+J5?J: �. �3�"/& �>
/��  .�#
/: C��.�� F5 
/	 

��� yV,m,/Gm  ���  .  

=!�4 �	�:    � �
 �# .� ��� d: dcm
-1 99VV4!;�i�  !h4a .� ��	�& C+� ��� !" ' ��� e���4  .!  �7�� Z!?I4�'# z��� 0�� �� 

 .�ppm G/, � ppm 9/B3 .� � �NMR4 T�:�/� ���� e�; p �/% $ .<��&� .� z��� ��� �ppm ,G/9) # T�:�/� d  (j7?"' 

�.�� �A�Q � 2�M �" ) .�f� ��8 (  

,�3 .��&/	 �'
/: �� F� H!<O� T�4�$j  ��[#4�'!+&/	 !" 5 m/e ^W �XV �B, �GG �W9� #��� e�; e� .4![&�� p?# C

�>" �. H!<O�#?�� . 
��
# d/:�>�"#���� ��� C  

  

9�
/: T!�7Y!��3 �" �	�: !"  �. F�!+J5  IR ,
1
 HNMR , 

13
CNMR>
 xSP& �.� �.3 .��&/	 �'� #
/: C�� F� d# T�

��[��&'�� 5 .� 8X,&/	 �M�� ' � # ��� dM+2:�; !" �. '& T!�  �" �& T!P4 T�$'� �   .3 .��! .��4 $&/� T��!& �5 

PP
' C-H� !+4a $
/& �
 F�!Q  .cm
-1 ,^VV
/:  �" y�<7& � e��" 2���4 �" Z�"/& ��� �4 F��?. 3 .� � �NMR 

�  T�:�/��!+[5 ppm 6.7  �7.3  /  #� �� d��>7?  �Y!; �� d ) .�f� ��,(  

  

B�3 .�� �1
HNMR �" Z�"/&  N,N� 5 7&�0 &!&/%��,� �7& e�/b �� �" Z�"/& d�@: !" 0��@: �4�j_  !&� H�/���/
 � ��Y / .

�1f�: �. �� � ���.   

                

  

  

  

G�3 �7& ��0 �#>�0 :�/:�� �f .� �
 �.� ��9?J: e�; e���  �>
 /�� .!+4�:�/� �" �. !  ���5!+7"!- � e��� �I?4 �3�"/& 5 

����
JBD, JCD, JBC/E: .�O" �.  #I'<: ��>
 C�� .�. /" d_�
 z"/& / 53 � 2�!<& �5 Hz���              .  
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