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O2, MeCN, 35°C, 22h
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Chemical Formula: C30H24S

Molecular Weight: 416,58
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Chemical Formula: C30H24O4S

Molecular Weight: 480,57

OO



���������	
��
��	����

�

�0&�
�

����������������������	����	���������
�
���������  �3!�
��� 	�
������ ��	��� �������� ��
������� ��

�����	���!�
���43����
!���	
����������'�0���
�������4:�����
!����21.��-'�-3�
��B#���0���
���	��

0����
!��94��4���	�����!
��������.!�������	!	���	
������	�	����������
���
���������	���������������

�94��4#��3�
���	�
���������������

��
�	����4-���#�:�B����

"#�$%&� �''�%#(��)�)��!�+�-�&4����#�49�#�-�04�-�43���#��9�#�-�4'�

-��C���#��9�#�-�'C���#��
�
-�-�9,#��9�#�&�C&���#��
�
-�3�9,#��9�#�4�'C���#�

&9���

"�)�$%&� "''�%#(��)�)��!�+��0:�0�#��0C�C0#��0C�C�#��04�'3#��0��&3#�

�0'�:C#��0'�'C#��4:�--#��4:��'#��4C�43#��4&�-&#��4&�0C#�4'�4&��

%
�  �)�,�� %�	�
��!� ����  .!�+� �CC�:0� �(G�093G#� 3�#� �-&�:C�

�(G�493G#��3�#���:�'���(G9G#��''�#��''��'��44���

������/�4'-�&�4':��5���

�&�  50&!�8�  ���"!�+�&:�#� -'-#� -4C#� -3�#� --0#� -C4#� C':#� :�:#� :::#� �'4-#� �'-&#� ��0C#� �4C:#� ���0#� ��3&#�

��C-#��3-�#��3:-#��-0�#�4C3�#�4:44#�0'4�#�0'C'��

�

������ �
��	�
����"���!�������������	���������
�
���������  �2!� 
��� 	�
������ ��	��� ��������

��
��������������	���!�
����'����
!���	
�������4��'�0���
�������4:�����
!����21.��-'�-3�
��B#�

��0���
���	��0����
!��94��4���	�����!
��4�����.!�������	!	���	
������	�	����������
���
���������	���

�������������94��4#��2�
���	�
��������������������

��
�	����':���#�-'B����

"#�$%&� �''�%#(��)�)��!� +�C�':� ���#�49�#�-�:'� ��#� �
�
C�4�9,#�

49�#�-�C��-�C4���#�49�#�-�-&����#�49�#�-�34�-��3���#�&9�#�-�'3���#��
�


-�0�9,#�49�#�&�:3���#�-�-�9,#��9�#�&�C:���#��
�
-�0�9,#��9����

"�)� $%&�  "''� %#(�� )�)��!� *�  ���!�+� ��'�:�#� �0C�'&#� �0��'C#�

�04�3-#� �0��:3#� �0'�&-#� �0'���#� �4:�&0#� �4:��'#� �4C�-'#� �4C��C#�

�4-�44#��4&�&4#��4&��:#��43�-4#��43�4:��



���������	
��
��	����

�

�0-�
�

%
�  �)�,��%�	�
��!�����  .!� +�3C��'4� �(G�093G#� 0�#� 3�C�C�� �(G�493G#� 4'�#� 34'�:3� �(G9G#� �''�#�

3''�4&��C�#��-4�4&���3����

������/�04:���00'�&5���

�&� 50&!�8� ���"!�+�&:4#�-'�#�-0-#�-&3#�--0#�-:-#�C�-#��''�#��'�3#���03#���3-#��4&'#��4:'#��0:0#����4#�

��CC#��3'3#��3CC#�4C34#�4:44#�0'3���

�

������������������� ����	����������!	���������
�
���������  �1!� 
��� 	�
������ !
��

	���

�
�	!	�������������
��������������	��� !�
��3'����
!� ��	
�������� �'������
�������-&����
!���

�21.� �3'�&'�
��B#� '�4����
��� 	�� �����
!��94��4� ��	����� !
�� -'�� �'�4����
�� 
!����21.�
����

�������!���� -�3��
!� ��	��	�����.!�������	!	���	
����� �	�	������� ���
���
���������	���������������

�94��4#��1�
���	�
���������������

��
�	����C���#�C:B����

"#�$%&� �''�%#(��)�)��!�*� ���!�+�-�CC���#���>�C�:�9,#��9�#�

-�'4���#���>�:�'�9,#��9�#�0�C-���#�&9���

"�)� $%&�  "''� %#(�� )�)��!� *�  ���!�+� �&��C:#� �0C�'C#� �0'�-:#�

�44��&#���C�-�#�����C:#�33�-���

%
�  �)�,��%�	�
��!�����  .!�+��CC�-&� �(G9G#� HC�1�#� C�1�I#� 3��#�

�C&�C���(G9G#�H-:1�#�C�1�I#��''�#��C��:'��(G9G#�H-:1�#�-:1�I#��-�#��'-�:C��(�1�G9G#�HC�1�I#�3��#��'3�::�

�(�1�G9G#�H-:1�I#��:���

������/��C�����C-�:5����

�&� 50&!�8�  ���"!�+�C'�#�C03#�::0#��'40#����3#����&#���-&#��434#��0''#����-#����'#���3C#��3'3#��3&-#�

�&'0#��-44#�4C�'#�4:4-#�4:33��

�

������������������� ����	����������!	���������
�
������� �'!�
���	�
������!
��

	����
�	!	���

����������
��������������	���!�
���-:����
!���	
���������'�0���
�������4-&����
!����21.��3'�

&'�
��B#�'�CC���
���	�������
!��94��4���	�����!
���0���'������
��
!����21.�
�����������!�����:��

��	��	����� .!���� ���	!	���	
�� ��� �	�	��� ���� ���
���
������� ��	��� �������� ���� �94��4#� �'� 
���

	�
���������������

��
�	����-3���#�:'B���



���������	
��
��	����

�

�0C�
�

"#�$%&� �''�%#(��)�)��!�*�  ���!�+� -�3C� ��#� ��>�-�&�9,#�49�#�

-��-���#���>�-�C�9,#�49�#�-�'0���#��9�#�0�CC���#�&9���

"�)� $%&�  "''� %#(�� )�)��!� *�  ���!�+� �3C�4C#� �0-�C0#� �04�-:#�

�0���4#��4-��&#��4���-#���3�4�#���4��&#�3&��&��

%
�  �)�,�� %�	�
��!�����  .!�+� �CC�-0� �(G9G#� HC�1�#� C�1�I#� 3'�#�

�C&�-3� �(G9G#� H-:1�#�C�1�I#�:'�#��C��-C� �(G9G#� H-:1�#�-:1�I#��4�#��4��:�� �(�$<4G9G#� HC�1�#� C�1�I#��'�#�

�44�:���(�$<4G9G#�H-:1�#�C�1�I#�:4�#��4'�:���(�$<4G9G#�H-:1�#�-:1�I#�3'�#�0����4��(�1��$<4G9G#�HC�1�I#�

:4�#�0�4��3��(�1��$<4G9G#�H-:1�I#��''���

������/�00��0�00:�05���

�&� 50&!�8� ���"!�+�-�:#�-::#��'�-#��'�:#���44#���0:#���&-#���C'#��40'#��43&#��4C0#��0'C#���04#���&0#�

��C-#��3--#��3:�#��&40#�4C0-#�4:0'#�4:&���

�

���������������������	����	���������
�
���������  �"!� 
��� 	�
������ !
��

	��� �
�	!	��� ��������

��
��������������	���!�
���3'����
!���	
������"'��'�03���
�������4�3����
!����21.��3'�&'�
��

B#�'�-C���
���	��3����
!��94��4���	�����!
��&&���'�-C���
��
!����21.�
�����������!����4�������

�C��
!���	��	�����.!����0����	!	���	
�������	�	����������
���
���������	����������������94��4#��'�


���	�
���������������

��
�	����'0���#�&3B���

�"#�$%&� �''�%#(��)�)��!�*� ���!�+�-��&�F�-�0:���#��9�#�-�0:�

F�-�4C���#��9�#�4��3���#�&9���

"�)� $%&�  3�� %#(�� )�)��!� *�  ���!�+� ����&�#� �0C�:&#� �0��4�#�

�0��4�#��0'�04#��4&�&:#��4&�'-#��43�&0#�4'�'C��

%
�  �)�,�� %�	�
��!�����  .!�+� �3&�C-� �(G9G#� HC�1�#� C�1�I#� &'�#� �3��C&� �(G9G#� H-:1�#� C�1�I#� �''�#�

�34�:���(G9G#�H-:1�#�-:1�I#�&����

������/�444��5���

�&� 50&!�8� ���"!�+�-'�#�-4'#�-0&#�-&:#�-:&#�C'&#�:�'#��''�#��'�&#����3#����4#���::#��40�#��0'-#��0C�#�

��3�#���C-#��3C:#��&�3#�4C3�#�4:40#�0'4���

�
��

�
 �


� �

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

S

Br Br

OO

Chemical Formula: C18H14Br2O2S
Molecular Weight: 454,18
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Chemical Formula: C20H13Br2NO3S

Molecular Weight: 507,20

CO2Me

CO2Me

Br

Br

Chemical Formula: C22H16Br2O4
Molecular Weight: 504,17
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Chemical Formula: C22H17Br2NO5S
Molecular Weight: 567,25



���������	
��
��	����

�

��4�
�

"#�$%&� �''�%#(��)�)��!�*� ���!�+�-�30�F�-������#�49�#�-����

��#��9�#�-�44�F�-�'-���#�&9�#�0�C'�����0�-:����#� 	�����-�E�30����	
#�

&9���

"�)� $%&�  3�� %#(�� )�)��!� *�  ���!�+� �&3�3&#� �3&�C�#� �3&�-0#�

�0:�4-#� �0:���#� �0&��C#� �0'�:�#� �0'��C#� �0'��&#� �0'�'&#� �4&�'3#�

�4&�'4#��4'�CC#��4'�C�#������'#�����0C#�3&�'3#�3&�'����$
����	������

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

%
� �)�,��%�	�
��!����� .!�+�3�-�C'��(G�493G#�HC�1�#�C�1�I#�C�#�3�3�-C��(G�493G#�H-:1�#�C�1�I#��-�#�

3�0�-:� �(G�493G#� H-:1�#� -:1�I#� :��� 3�:�C4� �(G9G#� HC�1�#� C�1�I#� 3'�#� 3�-�C&� �(G9G#� H-:1�#� C�1�I#� �''�#�

3�3�:0��(G9G#�H-:1�#�-:1�I#�30���

�&� 50&!�8� ���"!�+�-3�#�C'0#��'�:#��'3�#��'C:#���4&#��44-#��434#�0�'#��0&-#���'4#���04#���&4#���:0#�

�3C0#��&'4#��-44#��-��#��--�#�4C3�#�4:4'#�4:&'#�04C'��

�

>��� @���
�
	��������-��	�	-	��������(��6�	�����

"���9�� ����	��������!����
��������  �3!� E� �
� �� ��	����� �
���	
�� 
!� +��� �&�''� �#� 4:� ��
��� ����

+(.2� ���''� �#� C��C���
��� 	�� 3'���� 
!� ������
��� �9;�
��� ������ ��
�
	��� �� �
���	
�� 
!� 4�

�	��
����������	�� ��	�� 	�� 3'����
!� ������
����9;����� �����	)�����
��� ����� ��!��)��� !
�� 0�3���

����������	����������	
��
��������!	��������.!����� ��
���	
��
!�����!	������#�:�4:���
!��������
�	��


����
���	����
�	����� ���!���� ����������	���
�� �*�<96.�<*��3E���0�'&���
!��3� �����
�	��� �
�	��

�-�B���

�"#�$%&�  �''�%#(��)�)��!� *�  ���!� +�C��4� ���#� �� >� C�4#� ����9,#�

49�#�-�&�����#���>�-�3#���4�9,#�49�#�-�3��F�-������#�49�#�-�0:����#���>�

-�&#�����9,#�49�#���0'���#��9����

�����/��03�:��0&�'5����	����&'�>��0C��0:5����

�

"���9�� �������������!����
�������� �2!�E��
�����	������
���	
��
!�3��0���
!�+����4��:���
�������

'�-&����
!�+(.2��&�4� ���
��� 	��3'����
!�������
����94��4�
�����������
�
	������
���	
��
!�

�


�


 �

�

�

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

�

�

�

 ��  ��

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



���������	
��
��	����

�

��0�
�

3�0-3���
!� 4���
�
����������	�� ��	�� �43���
��� 	�� 3'����
!� ������
����94��4� ���� �����	)�����


�����	�����!
��4��������������	����������	
��
�������� !	��������.!����� ��
���	
��
!� ����!	������#�

-�-0���
!�������

��
�	��
����
���	����
�	����� ���!����4�����������	���	
��#���	��������
�#�4�43���
!�

�2������
�	����
�	����:B���

"#�$%&�  �''�"��%#(��)�)��!� *�  ���!�+� -�3-� ���#� �
 �
 C�'#� ��4�

9,#�49�#�-�0��-�4'���#��9�#�-��-�-������#�49�#�0�:&���#��9���

������/��4��C��4��:5����	����-:�>��43��4-5����

�

�����
�� ������-��� �� +� 
��	������ ��� �-��	�	-	��� �����(��6�	����� �	
�	��7� �����

0��%�)�

+	���,�����
���� 
���� 
���	���� ���
��	��� �
� �� ��
������� �� ��
���� ��� N��� ������� ���


����
��'#�&�#�&&���	����
�(7����
��������!
����������	�
����	�������������	���������,����
�	����	��

�����������!����������	���
��	�	
����

�
�(7�#� ���,��� ��
�	��� ���� �1.7� ��������������
�	��� 	
�	���� 
���� ��	�����  	�
�
����� 	��

�94��4�!
���'��	����!
����/��
���8�<9���'�
��B��
����������N	�
�
�����	��	���
�������	���
��

!
������	��	�������	���������	)�����
���������������	,���
	���9�����'�
��B����������
����	��������


����
��������������/��
���������
����)��������0��	����
	����94��4���������
����	���������
����

��	���
 ���������
���8�4$<���* ��
���	
��
!� �����
� ������ �������������	����������	�
����	���


�	���
���� ����������	��
� ���	���94��4#�9����0-�
��B��
������������� 	�
�
�������	�����!
��

���� 	��	������ �	��� ��� �

�� ������������� �����	)�����
��� �������	,���
	��� ����������8�9�<0��

����
����	��������
����
�������#������/��
���������
����)���������������	����
	����94��4���������


����	�� ������� 
���� ��	��� 
 ��� 8�4$<�Q� ���
 ��� 
!� ���� �
� ���� ������  ������ �� �� �� ������

��
�����
�	���
������	!	�������	�	����������
���
���������	�������	��	�������
� ������
��	��������

���	�����	���,�����
����

�

"���9�� �������������!����
��������  �1!� 
��� �������	,��� ��	��� ���� �������� ��
������� +�

�����	���!�
��'�:C'���
!��
�(7���3���
��#�4��::���
!�����
�
���,����
�	�����'���
��#�'��4'���

�������������������������������������������������
�-:�(��.��1������#�9��8������#���	��

�

����
�"12'#�00#��43���43:��

BrBr

O

Chemical Formula: C15H12Br2O

Molecular Weight: 368,06
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Chemical Formula: C15H12N2O5
Molecular Weight: 300,27

O

Chemical Formula: C17H12N2O

Molecular Weight: 260,29

NC CN
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Chemical Formula: C17H12N2O

Molecular Weight: 260,29

CN CN
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Chemical Formula: C29H14N2O

Molecular Weight: 406,43
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Chemical Formula: C27H14Br2O

Molecular Weight: 514,21
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Chemical Formula: C29H16N2O2
Molecular Weight: 424,45

O
CN NC

Chemical Formula: C29H14N2O

Molecular Weight: 406,43
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Chemical Formula: C32H15N3O2
Molecular Weight: 473,48
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Chemical Formula: C32H21NO2
Molecular Weight: 451,51
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Chemical Formula: C30H15N3O6
Molecular Weight: 513,46
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Chemical Formula: C30H15Br2NO2
Molecular Weight: 581,25
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Chemical Formula: C36H17N5O2
Molecular Weight: 551,55
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Chemical Formula: C32H15N3O2
Molecular Weight: 473,48
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Chemical Formula: C32H15N3O2
Molecular Weight: 473,48
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Chemical Formula: C31H15BrN2O2
Molecular Weight: 527,37
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Chemical Formula: C30H17NO4
Molecular Weight: 455,46

NH

O

O

OH

OH

meso-cis

Chemical Formula: C30H17NO4
Molecular Weight: 455,46
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Chemical Formula: C62H53N5O10
Molecular Weight: 1028,11
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Chemical Formula: C62H53N5O10
Molecular Weight: 1028,11
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Chemical Formula: C30H19N3O2
Molecular Weight: 453,49
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Chemical Formula: C30H17N3O

Molecular Weight: 435,48
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Chemical Formula: C32H19Cl2NO3

Molecular Weight: 536,40
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O

O

CN

CN

Chemical Formula: C34H19N3O3
Molecular Weight: 517,53



���������	
��
��	����

�

�:'�
�

������/�0�3�-�0�3�C5���

�&� 50&!�8� ���"!�+�&::#�-�0#�-�-#�-&�#�---#�C0C#�C3�#�:CC#��'4-#��'C�#����0#���-&#���C:#��0&&#����:#�

��C:#��&'&#��-4'#��---#�444-#�440-#�04����

#&%
� %,$
,���
�!������
��������)��#"1:�$�$
�+�3�'��0�:�;���-���+�3�'��0�0��

�

��#�����������4�3�	�	�
6�� ����	����������!������������"��������� "�3!�+��
�����	������
���	
��
!�

�C4����
!��#3#&#-�������	��������
)��������	�
	��
�	����#0��	
����'�04���
���	��C����
!��90�8�


����������:'����
!�1
�4<��'������
�������C����
!�+(.2��'�'&���
����.!����03�	����	��	��#�4��

R�� 
!� �/��
��� 894<9� �3'� 
�� B#� '�0C� ��
��� 
���� ������ ����	��� �
� �
���	�	���	
�� 
!� ����

����	�	������ .!���� 4�� ��� ���#� �;.� 
��� ������ ��!
��� �
� ���� 
��� ���
 ��� ������  �������

���
���
�������
 ����	�	�������
!�������������
�������	����94��46.�<*���� ��"�3����������

�

�
�	���!������	�����	
��	����������&C���#�C:B����

"#�$%&� �''�"��%#(��)�)��!�*� ���!�+�&�::���#��
�
C�-�9,#��9�#�

&�-����#��
�
C�-�9,#��9�#�&�&'���#��
�
C�-�9,#��9�#�&��3���#��
�
C�&�9,#�

�9�#�0�-C���#�&9�#�0�&3���#�&9���

"�)� $%&�  "''� %#(�� )�)��!� *�  ���!�+� �&0�0�#� �3:��4#� �3C�'3#�

��C�-0#���'�':#��04�4�#��0��3&#��0'�CC#��4-�:'#��43�4:#���0�4-#���0�'0#�

33��0#�33�0���

%
�  �)�,�� %�	�
��!� ����  .!�+� &4C�'4� �(G�093G#� 3�#� &�&�'&�

�(G�493G#��C�#�3CC�':��(G9G#��''���

������/�4&:�'�4&:��5���

�&� 50&!�8� ���"!�+�-�:#�-C'#�-::#�C0'#�C34#�:CC#��'4-#��'C'#�����#���0&#���-�#��4��#��4C-#��0-C#���'4#�

��40#���3&#��3�3#��&'C#��-44#�4C0&#�4:0���

#&%
� %,$
,���
�!������
��������)�4#�1:3$$
�+�&�'��C0&�;���-���+�&�'��C4:��

�

 ��

�

�

�

�

�

�

������	
 ��
��
	� �����! ��
��
���
	
 ������� ������



���������	
��
��	����

�

�:��
�

����4�3�0�	�
6�� �������������!����������������������"��������� "�2!�+��
�����	������������	
��
!��

0'-�����'��'���
���
!��#3#&#-�������	������
�
�������	�
	��
�	����#0��	
���	�������
!�+(;�
����

������ ��0� ��� 
!� 1
�4<� �'�34� ��
��� ���� �'� ��� 
!� +(.2� �'�'C� ��
��#� ���� �	)����� �������

�
�
����
����.!����4����	��	��#��&�R��
!��/��
���894<9��3'�
��B#�'��C���
���
����������
�����

�	)������.!�����-��������#��;.�����.�<*��
�����������
������	)�����
�	���
���
�������� �����

�	����
	���
����������
����	�� ������
��� �������	���
 ���8�4$<������
 ���
!� ���� �
� ������� ��

��������
�����
�	��#��!�������	!	���	
��
 ����	�	���������	����94��46.�<*���� ��"�2������
�	���

�
�	����4':���#�&-B���

"#�$%&� �''�%#(���%
:���!�*� ���!�+��'�--���#��9�#�-��&���#�

��>�C�0�9,#��9�#�-�4����#���>�C�0�9,#��9�#�-��0���#���>�C�0�9,#��9�#�

&�C3���#���>�C�0�9,#��9���

"�)� $%&�  "''� %#(�� �%
:���!� *�  ���!�+� �&0���#� ��&�3-#�

�0-�:C#� �0-�34#� �03�4&#� �00�0C#� �04�C4#� �0���C#� �0��'-#� �4&�03#�

�4��CC#��4��'-��

%
� �
��!����� .!�+�-C3�&��(�9G#�HC�1�#�C�1�#�C�1�#�C�1�I#��0�#�-C0�&�

�(�9G#� H-:1�#� C�1�#� C�1�#� C�1�I#� &3�#� -C��&� �(�9G#� H-:1�#� -:1�#� C�1�#�

C�1�I#��''�#�--:�3��(�9G#�H-:1�#�-:1�#�-:1�#�C�1�I#�&-�#�---�&��(�9G#�H-:1�#�-:1�#�-:1�#�-:1�I#�4'�#��

������F�0C'5���

�&�  50&!�8�  ���"!�+�-3'#� -:�#� C4�#� :CC#� �'':#� �'-'#� �'C'#� �0&C#� �0C&#� ��:'#� �-4'#� �--4#� 4C&�#� 4:-0#�

0':���

#&%
� %,$
,���
�!������
��������)��#"3319��2"9��$:�$
�+�C'3�--:C�;���-���+�C'3�--:0��

�

��#�����������4�3�	�	�
���	����������������"���������  "�1!�+� �
� �� ��	����� �
���	
�� 
!� C0� ��� 
!�

�#3#&#-����������
���	�
	��
�	����#0��	
��� �'��&� ��
��� 	�� 0� ��� 
!� (��8� 
���� ������ �3� ��� 
!�

1
�4<��'�4����
������������
!�+(.2��'�'0���
����.!����4����	��	��#�&�R��
!��/��
���894<9��3'�


�� B#� '��:� ��
��� 
���� ������� .!���� 3�� ��� ���#� �;.� 
��� ������ ���� �
� ���� 
��� ���
 ����

2��	!	���	
��
!�������������
���������	�	����������
���
���������	����94��46.�<*����� ��"�1������


�	����
�	���&'���#�-4B���

 ��

�

�

�


�


�


�

������	
 ��
��
	� �������
� ��

��
���
	
 ������� ������



���������	
��
��	����

�

�:4�
�

"#�$%&� �''�%#(��)�)��!�*� ���!�+�&�:-���#���>�C�4�9,#��9�#�&�:��

��#���>�C�4�9,#��9�#�&�&:���#���>�-�:�9,#��9�#�&�3C���#���>�C�'�9,#��9�#�

4�4-���#�&9�#�4������#�&9���

"�)�$%&� "''�%#(��)�)��!�*� ���!�+��&0�3&#���C�&0#���'��0#��0-�44#�

�03�:3#� �03��3#� �04�-0#� �0'�:'#� �0'��0#� �4C�0:#� �4C�'4#� �43�0:#� 4��&&#�

4���4��

%
� �
��!����� .!�+��'�3�4��4(�9G#�-�#�344����(�9G#��''���

������/�0���:�0�:�45���

�&� 50&!�8� ���"!�+�-40#�-�-#�--3#�-:C#�:C:#��'4�#��'-:#�����#���0�#���C3#��4&'#��0&3#���4'#���33#��3�&#�

�-��#��--&#�4:4'#�4:&�#�00'4��

#&%
� %,$
,���
�!������
��������)�4#�1:�$$
�+�3�&�4'�'�;���-���+�3�&�4'04��

�

���=��==��===� ��#�������"������������������������4�3�	�	�
��!	�	�
���(���	�����  "�'!�E� �
� �� ��	�����

�
���	
�� 
!� &0C� ��� 
!� �#�P#�PP#�PPP���#0��	
)
	�
	��
�	����#3#&#-�����������������,
�	��	���

��
����	������������	������
� ����#�����
��� 	��C����
!�+(;�
����������4C0����
!�1
�4<����0�

��
�������4�����
!�+(.2��'�4���
��#������	)�������������
�
����
����.!���������	��	��#�-'�R��


!��/��
���894<9��3'�
��B#���4���
���
���������� �
� �����	)������.!����0�3��������#��;.�����

.�<*��
�����������
������	)�����
�	���
���
�������� ������	����
	���
����������
����	��������


��� ����� ��	��� 
 ��� 8�4$<��� ���
 ��� 
!� ���� �
� ����� �� �� ������ ��
����� 
�	��#� �!����

����������	���	
����	��������
���� ��"�'������
�	����
�	����0-����#�&&B���

"#�$%&� �''�%#(���%
:���!�*� ���!�+��'�:4���#��9�#�-�--���#���

>�C�'�9,#��9�#�-�30���#� ��>�C���9,#��9�#�-��4� ��#���>�C�'�9,#��9�#�

-������#���>�C���9,#��9���

"�)�$%&� "''�%#(���%
:���!�*� ���!�+��&0��3#���3�&-#���4�3:#�

��'�3�#� �0-��3#� �04�0�#� �04�4&#� �04��3#� �0��-3#� �4&�&:#� ��:��4#�

��:��0#�����3�#���'�:'���

NOH

O

O

CN

NC

NC

CN

Chemical Formula: C36H17N5O3
Molecular Weight: 567,55

NOH

O

O

Chemical Formula: C36H29NO3
Molecular Weight: 523,62
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Chemical Formula: C30H15Cl2NO3
Molecular Weight: 508,35
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Chemical Formula: C30H15Br2NO3
Molecular Weight: 597,25
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Chemical Formula: C32H15N3O3
Molecular Weight: 489,48
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Chemical Formula: C32H21NO3
Molecular Weight: 467,51
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Chemical Formula: C32H21NO5
Molecular Weight: 499,51
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Chemical Formula: C30H15Br2NO3
Molecular Weight: 597,25
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Chemical Formula: C32H15N3O3
Molecular Weight: 489,48
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Chemical Formula: C32H15N3O3
Molecular Weight: 489,48
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Abstract: Functionalized tetraarylphthalimides or diarylphthal-

imides fused with an acenaphthene moiety have been prepared in

one step from 2-bromomaleimide and tetraarylcyclopentadienones

(tetracyclones) or 7,9-diaryl-8H-cyclopentacenaphthylene-8-ones

(acecyclones). The reaction, involving a cycloaddition–decarbony-

lation–dehydrobromination sequence, gives high isolated yields

and is compatible with the presence of various functional groups.

Key words: arenes, cyclopentadienones, Diels–Alder reaction,

elimination, imides

During the last fifteen years, N-hydroxyphthalimide (NH-
PI, 1) has emerged as a powerful organocatalyst, able to
promote aerobic oxidation of a wide range of substrates
under mild conditions.1 Nevertheless, despite having sev-
eral unique properties, NHPI catalysis often requires quite
a high catalyst loading: in many instances up to 10 mol%
are necessary to obtain useful conversion of the substrate.
Therefore, various NHPI analogues have been designed in
order to improve the catalytic properties.2 In this context,
we have reported the use of N-hydroxy-4,5,6,7-tetraphe-
nylphthalimide (NHTPPI, 2) as a valuable substitute of
NHPI, allowing an as low as 1 mol% catalyst loading. The
improved catalytic properties of 2 have been related to the
increased kinetic stability of the nitroxide-type reactive
intermediate 2a derived from 2, when compared with the
PINO radical 1a (Figure 1).3 Adding functional groups at
selected positions of the phenyl rings of 2 is expected to
have an influence on the kinetic stability of the corre-
sponding radicals,4 and therefore, may open the way to
further improvements in NHPI-type catalysis.

Accordingly, we became interested in a convenient and
general access to NHTPPI analogues bearing various
functional groups at selected positions of its phenyl rings.
A straightforward method to obtain aromatics substituted

by four contiguous aryl rings is the Diels–Alder reaction
of dienophiles with tetraarylcyclopentadienones (tetracy-
clones),5 readily available via condensation of aromatic a-
diketones (benzils) with dibenzylketones under basic con-
ditions.6 The Diels–Alder reaction is accompanied by car-
bon monoxide extrusion and furnishes directly the
tetraarylaromatic pattern if acetylenic dienophiles are
used.5,7 With alkenes as dienophiles, according to the re-
action conditions and to the alkene used, the bridged car-
bonyl Diels–Alder adducts may be stable enough to be
isolated; it may also lose carbon monoxide to give the cor-
responding tetraarylcyclohexadiene pattern; it may also
furnish directly fully aromatic compounds by simulta-
neous loss of carbon monoxide and dehydrogenation, es-
pecially if nitrobenzene is used as a solvent.5

Cyclohexadiene intermediates can also be aromatized
through a further dehydrogenation step.5,8 We have previ-
ously reported that an unsubstituted imide functional
group behaves as a much more convenient precursor of
the N-hydroxyimide moiety than an anhydride function
more classically used for that purpose: indeed, imides sur-
vive to a broad range of reaction conditions that would be
incompatible with an anhydride function, whereas they
can also be transformed into N-hydroxyimides in high
yields under very mild conditions.2k,9 Thus, our synthetic
plan was the direct synthesis of functionalized tetraphe-
nylphthalimides via Diels–Alder reaction of tetracyclones
with maleimide, followed by their straightforward trans-
formation into the corresponding functionalized N-hy-
droxytetraphenylphthalimides. Alternatively, before the
final N-hydroxyimide formation, various functional-
group interconversions could be also envisaged which
would not be possible using an anhydride function as the
latent N-hydroxyimide moiety.

Tetraphenylphtalimide 4a itself has already been prepared
following this approach, by Diels–Alder reaction of tet-
raphenylcyclopentadienone (3a) with maleimide, either
directly using nitrobenzene as the solvent, or via an inter-
mediate dihydrophthalimide (5a), which was aromatized
in a further bromination–dehydrobromination step
(Scheme 1).10 To our knowledge, only one analogue of 3a

has been synthesized following this approach.11

Thus, we first tried to use the Diels–Alder/nitrobenzene-
mediated in situ aromatization strategy with a series of
functionalized tetracyclones and maleimide. However,
quite erratic results were obtained, partly due to tedious
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purification problems related to the presence of nitroben-
zene. We tested next the two-step approach via an inter-
mediate dihydrophthalimide. Thus, functionalized
tetracyclones were reacted with maleimide in refluxing
bromobenzene. Excesses of maleimide were necessary to
drive the reaction to a complete conversion of the tetracy-
lone, and dihydrotetraarylphthalimides were obtained in
conjunction with smaller amounts of the fully aromatized
compounds, as inseparable mixtures.12 A complete arom-
atization by this process is, however, unpractical, as it
would require large excesses of maleimide and prolonged
reaction times leading to partial decomposition. There-
fore, we searched for a better and more direct alternative
to this process.

We report herein that maleimide can be replaced by 2-bro-
momaleimide as a dienophile, with the advantage that a
clean and high yielding Diels–Alder–carbon monoxide
extrusion–dehydrobromination sequence directly furnish-
es the fully aromatic compound.13 Readily available 2-
bromomaleimide14 and N-substituted 2-bromomaleimides
have seldom be used as dienophiles in Diels–Alder reac-
tions.15 Gratifyingly, when tetracyclone 3b was reacted
with 1.06 equivalents of 2-bromomaleimide in refluxing
bromobenzene for 24 hours, 76% of pure phthalimide 4b

was obtained, which crystallized directly out of the reac-
tion medium (Table 1, entry 1).

We next synthesized a series of tetraarylphthalimides
from various functionalized tetracyclones and 2-bromo-
maleimide. Thus, tetraphenylphthalimides bearing func-
tional groups on the phenyl rings remote from the imide
moiety (Table 1, entries 1–4), on those adjacent to the im-
ide moiety (Table 1, entries 5–8), or on all of them
(Table 1, entries 9–11) have been obtained in good to ex-
cellent isolated yields, generally using only a slight excess
of 2-bromomaleimide. Furthermore, in many cases, the fi-
nal product crystallized directly out of the reaction medi-
um in excellent purity.

We have next performed a series of cycloaddition reac-
tions between 2-bromomaleimide and various 7,9-diaryl-
8H-cyclopentacenaphthylene-8-ones (acecyclones),
readily available by condensation of acenaphthenequino-
ne with dibenzylketones under basic conditions.5 In all the
cases, the corresponding aromatic imides have also been

obtained in very good isolated yields as bright yellow sol-
ids (Table 2, entries 1–5). Some preliminary attempts in-
dicate that their straightforward transformation into N-

Scheme 1 Literature-reported cycloaddition of maleimide with te-
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Table 1 Reaction of 2-Bromomalemide with Tetracyclones 3a

Entry Tetracyclone 

3

Ar1 Ar2 Phthalimide 

4

Yield 

(%)b

1 3b 4-MeOC6H4 Ph 4b 76c

2 3c 4-MeC6H4 Ph 4c 99

3 3d 4-FC6H4 Ph 4d 83c

4 3e 4-BrC6H4 Ph 4e 87c

5d 3f Ph 4-MeOC6H4 4f 87c

6 3g Ph 4-MeC6H4 4g 77

7d 3h Ph 4-ClC6H4 4h 77c

8d 3i Ph 4-BrC6H4 4i 66

9d 3j 4-MeOC6H4 4-MeOC6H4 4j 91

10 3k 4-MeC6H4 4-MeC6H4 4k 81

11d 3l 4-BrC6H4 4-BrC6H4 4l 94c

a Reactions were performed on a 0.5 mmol scale of 3, with 1.06 equiv 

of 2-bromomaleimide, in refluxing bromobenzene for 24 h.
b Isolated yield of pure 4.
c Pure 7 crystallized directly out of the reaction medium.
d A supplementary amount of 2-bromomaleimide was added during 

the reaction, see Supporting Information.
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hydroxyimides9 furnish a new type of NHPI analogues
with quite promising catalytic properties.

In conclusion, we have shown that 2-bromomaleimide is
able to replace advantageously maleimide in cycloaddi-
tion reactions involving tetracyclones and acecyclones,
furnishing directly the aromatic imides in high isolated
yields, thus avoiding the use of environment unfriendly
nitrobenzene or of a more time-consuming two-step cy-
cloaddition followed by oxidation procedure. The
straightforward transformation of the new imides so ob-
tained into N-hydroxyimides will give a general access to
two classes of functionally diverse NHPI analogues,
opening the way to new improvements in the domain of
aerobic oxidation organocatalysis.

Supporting Information for this article is available online at

http://www.thieme-connect.com/ejournals/toc/synlett.
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Résumé 

Le N-hydroxytétraphénylphtalimide (NHTPPI) présente une activité catalytique sensiblement 

supérieure à celle du N-hydroxyphtalimide (NHPI) dans l’oxydation aérobie de substrats organiques. 

Deux nouvelles voies d’accès à des analogues fonctionnalisés du NHTPPI ont été étudiées. La première 

implique une réaction de Diels-Alder entre des oxydes ou dioxydes de thiophènes polyaromatiques et le 

maléimide ou l’anhydride maléique. De nombreuses limitations rendent cette approche difficilement 

généralisable. 

Dans la deuxième voie, l’étape clé est une cycloaddition entre des tétracyclones ou des acécyclones et le 

2-bromomaléimide qui conduit directement au motif phtalimide par décarbonylation et déshydrobromation de 

l’adduit de Diels-Alder. Cette méthodologie de synthèse très efficace et tolérante a permis d’introduire des 

groupements variés sur les cycles aromatiques portés par le noyau benzénique central et d’obtenir de nouveaux 

analogues du NHTPPI ainsi que des N-hydroxydiarylacénaphtophtalimides en seulement trois à cinq étapes. La 

chiralité axiale a été mise en évidence en série diarylacénaphtophtalimide et la séparation d’énantiomères a été 

réalisée dans un premier cas, ce qui ouvre la voie vers de nouveaux analogues chiraux du NHPI.   

Les nouveaux N-hydroxyimides obtenus ont montré d’excellentes performances en catalyse d’oxydation 

aérobie, dans tous les cas supérieurs à celles du NHPI et, dans certains cas, à celles du NHTPPI.  

Mots-clés : cyclones, phtalimides, réaction de Diels-Alder, oxydation aérobie, catalyse, NHPI. 

Abstract 

N-Hydroxytetraphenylphthalimide (NHTPPI) exhibits a better catalytic activity than N-

hydroxyphthalimide (NHPI) in the aerobic oxidation of organic substrates. 

Two new routes to functionalized analogs of NHTPPI have been studied. The first one involves a Diels-

Alder reaction between polyaromatic thiophene oxides or dioxides and maleimide or maleic anhydrid. Several 

limitations make this approach difficult to generalize. 

In the second approach, the key step is a cycloaddition between tetracyclones or acecyclones and 2-

bromomaleimide to directly give the phthalimide framework by decarbonylation and deshydrobromation of the 

Diels-Alder adduct. This versatile and efficient methodology allowed us to introduce various functional groups 

on the aromatic cycles borne by the central ring, and thus, new NHTPPI analogs, along with N-

hydroxydiarylacenaphthophthalimides, were obtained in only three to five steps. Axial chirality was underlined 

in the diarylacenaphthophthalimide family and resolution of enantiomers was carried out in one case, which 

opens a way to new chiral analogs of NHPI. 

The new N-hydroxyimides exhibit excellent performances as catalysts in aerobic oxidation, superior to 

NHPI and, in some cases, to NHTPPI. 

Key-words : cyclones, phthalimides, Diels-Alder reaction, aerobic oxidation, catalysis, NHPI. 


