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C=C����	
�� ������ ��  C�Cl
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�� #�)� ��:*I� ?�G� J�(�� #� K��L4��

F �� M�:  ��# 9�!:�3�D 9�� $� ��� �5 N!�  �� ���= ����� ?@A $�

       C H C H C H

         cm
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2900                cm
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3100                    cm
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3300

 �����  �� !"  �#$�� �%�&  �'�(k*���+#� �'�( �� !" ,
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  +�, $� O�D �P�)��A �� ��>�$:�! :�3�D ��Q��1
HNMRF�� M�:  

�-. /
 $	�-�  � 0�
 1�2�� 1% �-3#$4 5�4 /6�7%�8 9:�% /�;#�0�' 0�-�4

�-. /
   �-3#$4 5�4  <=8 >0. �� !"  9:�% /�;#�0�' 0�-�4.

δ 1�2�� 1% �-3#$4 5�4 /6�7%�8  9:�% �-. /
  $3?�% .

 �� 0� �-3#$4 5�4 /6�7%�8 �� �$�&�3 �@AB.
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δδδδ  J��4'- K:( K��� ��R� 9�I�3���D J��  S��T� U� �� $�F �� �! �3���D �4��  M�:  �� V3��� 

 COOH1
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4

C���
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3*'�   ����3��  ��W� �� NL*� X�$��� +�, $� ?@A M�: FG�� 

*
n π→

*
σ σ→

*
π π→

*
n σ→
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F�� �I�>�$:�! M�:- �� V3��� >]D3- J��4^$�� ��# U�-�� �>�$:�! �4G! �G�,�*\� �����#$ +�,$�

H1

H4

H2

H3

 �;#�0�' E�% C #  � �;#�0�' E�%� # � �;#�0�' E�%� # � �;#�0�' E�%C #  �
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 F�� _�8` S��T� U� ��  ���= ����� +�,$� ��>�$:�! :�3�D �$3� $� ��'A M�: 

+%�        ( $�3�HbO�3( �� ST4*� �4R�� ��� �5 d�, ��   .

 ?         ( $�3� �;=3�ObH :*  �� ���\� e�f ��  

g          ( $�3�C=O �3( �� ST4*� �4*�P�D ��� �5  d�, �� 

�           ( �� V3��� $�3�ObH�3( �'� K:�� ��#&  .

 � -�H�O�-. /
 G�	
 $	H�% *��($" I$J 1%  . � -� ��K�-
O�H 0( /
 $��L3 �@AB �%  

 � -�C=O�-. /
 G�	
 $	MN *��($"  I$J 1%  1% O-%$
 � -�O�H�-. /
 P0�� � +�  .
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 �3A� B��W� S��= �3���D ��# U�-�� M�:- $��$�:�F

H C COOH−3H C OH−3H C CHO−3H C NH−3 2
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F�3R�� K:!�R� ���= ����� +�, $� ��# ���\� M�:- j ���^ $��= ��- /� S��3��- K��^ /� �L%& �;=3�  $� �^�

�-H�
 G�	
 $3?�% *��N$" 1% G��-%$N P#$Q 1% O-%$
 /HHN 0��%

�-H�
 G�	
 $	�6�4 *��N$" 1% G��-%$N P#$Q 1% O-%$
 /HHN 0��%

�� 0� G��-%$N <=8 $% �$&  R�'.

�-H�
 G��-%$N P#$Q 1% O-%$
 /HHN  0��%  >0. �� !"  9:�%
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 +�, $�NMRF:*!:�� ��R� �n�D 
3� �E S�4� 9�I�>$�:�! j M3��3�& S�4� $���- U�-�� �>�$:�! 

/6�	S�/6�3#�/6�3 1T/6�3���U
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+�, $�NMR�� �>��4�� �� S�4� �>$�:�! �� V3��� /�D :(�� o$�� �>��4�� �Wp= $�IE $��4R^ �^� j �>�$:�! 

 F�3� :!�3q �$3` �E

  /6�	S� E�4 /6�	S�/6�3 1T E�4 /6�3 1T
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 ���= ����� +�, $�N, Nb  K:�� ?@A M�:- :���4�� S�4� 9�F�3( �'�

cm −1
1680cm −1

3350cm −1
2950cm −1

1400
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 K�r4�� $� ��3���D �����#$ ���-�5.11MHz  ��:�� �� j 2/0t �G�,�*\� "��^ WG� ��   ]G�  2Z[/t0�� �����$ 

 F ��  ���! :*E ]G�

CC�  CVV�VV�C�
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F�� NL*� X�$��� +�, $� ����-3��� ��n� ���\� _�8` +��;�  �*��^ M�:-

$	�6�4 W-
 X-J �� $3?�% *��N$" 1% ��S
 $��L3 $3?�% W-
 X-J �� $3 E�6�4 *��N$" 1% ��S
 $��L3 

<=8 >0. �� !" <=8 >0. �'�N
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F�� ��3rE NL*� X�$��� +�, $� /�����$& 9�! �T�� ?@A ��3��Q $�3� �� K:*R- ���4n%� 9�I!��^ ��Q��

�-H�
 W-
 X-J �� !"  9:�%�-H�
 W-
 X-J �'�N 9:�%

�� 0�  <=8� -� ��K�-
 $% �$�&�3 ?-Y �-H�
 W-
 X-J �� !"  # >0. �� !"  9:�%.
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F�� _�8` ���A +�, $� ��'A M�:-

0%��
 �'�N /�-� >�K�� GA� >0. # /�-S�-
 �-� 1A� >0. P0N P!��-� �#$	S�   Z-3$4 �;$�  �'�N �%

0%��
  �� !"  /�-� >�K�� GA� >0. # �'�N /�-S�-
 �-� 1A� >0. P0N P!��-� �#$	S�   Z -3$4 �;$�  �'�N �%

0%��
  �� !"   /�-� >�K�� GA� >0. #  /�-S�-
 �-� 1A� >0. P0N P!��-� �#$	S�  Z-3$4 �;$�  �'�N �%

0%��
 �'�N /�-� >�K�� GA� >0. #  �� !"  /�-S�-
 �-� 1A� >0. P0N P!��-� �#$	S�  Z-3$4 �;$�  �'�N �%
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F�� U�- �� $� ��- u�� �� $3�� K:*!� ��R� ��# v�, M �:- ���A +�, $�

M

M+2

M+4

M

M+2

M+4

D

M M+2

M+4
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 9��� $�2tF�3� :!�3q ��3rE :�����5 S�4� 9� $� S�4� K��^ �� �� V3��� /�D ���r�4��� �A$� 

E�4 /6�	S�E�4 /6�3#�!�3 /6�3#�!�3 /6�	S�

20

.���

-

....

 +�,1
HNMR U�-��C H Cl4 7 3�� ��# �$3` ��:

( ) : / ( , ), / ( , ), / ( , ), / ( , )ppm t H m H m H d Hδ 0 9 3 1 7 2 4 3 1 5 8 1

F�� U�-�� J�� 9$�4q�� B3��5 ��# �*��^ M�:- 

CH CCl CH CH Cl3 2 2 2

Cl

CH CH C HCHCl3 2 2

CH CHClCH CHCl3 2 2CH CH CCl CH Cl3 2 2 2

21
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 +�, $� ��# ��W�-�� #� /���:-IR9 ����� $� ��@A $�3� �3qcm −
−

1
1700 1900 F:!:�� ��R�

O O

CH C O C CH3 3

CH CH CH CH OH3 2 2 2

CH CH C CH≡3 2CH CH C N≡3 2
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F:*n�� �;W� 3r%� M�:- #� ��# U�-�� �>�$:�! �4G! �G�,�*\� �����#$ +�,

C C

HH

Cl

Cl H

Br

 /6�	S� \�4 \� # /6�3#� \�4 \�/6�3#� \�4 \� # /6�3 1T \�4 \�

 /6�3#� \�4  1T/6�	S� \�4 \� # /6�3 1T \�4 \�
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+�,$�1
H NMR$� ���� �� /�D /�/ ppmσ =1 3 �� V3���Z$� ���� L! /�D /� � �3���D 
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K:�� ���5w /� �P�$�3� U�-�� M�:- $�F�3( �'� 

C

H2

C

H2

C CH3

O

C O

H2

C CH3

O

H2

C

H2

C CH3

C O

H2

C CH3

O

CH3
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F�$�� ��3��Q

0'0�
 X��	�  $	'�3-N W-
 X-J 1%  � 1�-��& # 1��#  ��'� -�.

0'0�
 X��	�   $30A% W-
 X-J 1%  � 1�-��& # 1��#  ��'� -�.

0'0�
 X��	�  $	'�3-N W-
 X-J 1%  � 1�-��& � -� # $30A% W-
 X-J 1%  �  1��#  � -�.
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 X��	�  $30A% W-
 X-J 1%  � 1�-��& � -� # $	'�3-N W-
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j�'GA ���A +�, $�/m e�� ��# �$3` �� �I�& �WG�  ������5 � �!:

:               2x             <0            t[               ty        [.             yZ/m e      

:      .Z              .11            2Z                x             x             2t�WG� ������5)z(

J��uGA :

���T  �-��	4.���T  �-� !]'�T  X���3-%�T  0�
� ��3-%.
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 J��- �4G! ��,�*\� �����#$ +�, Sn(.0F�� ��3rE ��# U�-�� 9��� �3���D #� K:( LA�� 

I=1/2

JCF>180 Hz  ي����� �	

JCF=40 Hzدو �����ي    

F C

H

F

H2

C Cl

 >]D3- ��Q ��  �P�� �� /�D /�.y1 >]D3- ��Q �� �P�� �� /�D /� �    ���! <1���! 

 >]D3- ��Q ��  �P�� �� /�D /�.y1 >]D3- ��Q �� �P�� �� /�D /� �    ���! <1���! 

 >]D3- ��Q ��  �P�� �� /�D /�.y1 >]D3- ��Q �� �P�� �� /�D /� �    ���! <1���! 

 >]D3- ��Q ��  �P���� /�D /�.y1 >]D3- ��Q �� �P�� �� /�D /� �    ���! <1���! 
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NH

O

NH

O

NH

O

NH

O
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