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µ ¶�±�·¸²º¹W»�­k«N¼m¯�­&¬�¬®±R«³² ½
¾ ¿ºÀR«�¯MÁR­k¼�­�±R«NÂ6©Iª°²º­k«N¼�ÃMÁR¹Ä·¸¯M­k«ÆÅFÇsÅFÈzÉqÂNª�¼�±R»N¼�¯Mª°¯�±Nª�­&Ê�¯�­&Ê Ë ÌR¹W¬�¹WÍ?ª®ÂRª�«N­ Î

Ï xs� �ÑÐ&\kl hWa�b�a?x�xSx�xÒx�xSx�xSxSx�xSx�xSx�xSx�xÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx �
Ï xÔÓ X"ft]^a�\pbng�h�Z���l a�\ xÒx�xSx�xSxSx�xSx�xSx�xSx�xÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx �d�

Õ ¿ºÀR«�¯MÁR­k¼�­�¼�±R»R¼m¯Mª[¯M±Nª�­kÊ�¯�­&Ê1¨�Ç[µºÇsÕ³Ç[´kÉ�Ö�­.¯MÊM¹WÁpÀRÂNÊM×pª®Í?ª[ÂR¹WØ.×³ÙsÕ³Ç[´kÉ�Ú³Ûwª�ÍFª®ÂR¹WØ.×p¬®­ ¨Wµ
´ ÜSÀRÃ.¬�ª®¼�ª®­kÊM±N«³²º¼�ÊM­&¹WÝ�¯�ª®×p«R­.«Þ±N«p¯M­kÊ�ß ª®¬�ÂR±N«³²Þ¼�±N»R¼m¯Mª[¯M±Rª®­kÊ�¯M­&Ê�àSª®á�­kÊr¹_Ø.ª®«R­ ¨W´

â xs� ã�ftl�ä�f�b u fte�f[`kjrÐkY®y�g hWY�j^Vnf[`&a�\1`ka�V2å-æWZMY[b �MUWV a xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx � â
â xÔÓ ~�Ð_gmYtf[b�fta�V U_\W].b¸V aMZMc&lnfsj^\_a�\Je�fsl��-gma�l¸ÐkYsa�\�`&f[g�ZrVn��jd\pb �MUWV a�`&fse�a�l hkÐ.YsaMb¸l a�V�x�xÒx�xSx ���

ç è�­k¹WÝ�¯Mª�×p«N­k«FÅéÇtÅéÈ�É�ÂRª®¼�±R»R¼m¯Mª[¯M±Nª�­kÊ�¯�­&ÊÒË¦ÌR¹W¬®¹_Íêª�ÂRª®«R­J±R«�¯�­&Ê ß ª�¬®ÂR±R«Q²8ëº×p«ÆÕ�ì6É
í Í?ª®ÂR¹WØ.×p¬®­k« µº¨
�kxs� ä�ftY[`&U_\W] ZMUpbAZMV jde�Zrlnf[b g�hWa�\H�AY[`&a�h&Ð_`&a�\îxÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx Ók�
�kxÔÓ ä�ftY[`&U_\W] ZMUpbAä�a�\WT�j^lnV f�g�hWYtj^Vnf[` x�xSx�xSx�xÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx Ó Ï
�kx Ï ä�ftY[`&U_\W] ZMUpbA�-gmÐkY[g�hWYsjdV f�`&a�\ xSx�xSx�xSx�xÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx ÓMï

�kx Ï xs� ~�Ð_gmYsf�b�fsa�V UW\W]¦`&UWVqg�h¡b�lqZrVnc.aSä�Z^b¸a�\ðx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx ÓMï
�kx Ï xÔÓ ~�Ð_gmYsf�b�fsa�V UW\W]¦`&UWVqg�h¡ñ"Ð&Vnf[`&ft\ÆxSx�xÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx Ó â
�kx Ï x Ï �.Ðk\&lnhWaMb¸a2{.j^\¡ZrYtc&ÐkY[b¸UW�pb¸l fslnUWfsa�V l a�\�ï&ò1�¸ówe�f�`WZrT�jdYsa�\�x�xSxSx�xSx�xÒx�xSx Ód�

½ ô�ª�Íê­kÊMª®¼�ª[­&ÊM±R«Q²º¼�ÊM­k¹WÝ�¯�ª�×p«N­k«FÍêª[¯ ÅFÇsÅFÈzÉqÂNª�¼�±R»N¼�¯Mª°¯�±Nª�­&Ê�¯M­.«?Ë ÌR¹W¬�¹WÍ?ª®ÂRª®«R­k« µ_õ
ö xs� �ÑÐ&\kl hWa�b�a2{.jd\�÷³a�lnV�Z^ZMTMZ���U_Ys{dZrYta�\Wa�\Fx�xSx�xÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx Ód�
ö xÔÓ �-e�b�a�lnT�UW\W]Se�ftl�ZMYsfs�_hpZrlnf[b g�hWa�\H�AgmÐkY[g�hWYtj^V f�`&a�\�xÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx Ï �

ö xÔÓkxs� �.Ðk\&lnhWaMb¸a2{&ft\&ÐkYsjd]^a�V(÷Qa�l V�ZdZrTMZ���UWYs{dZMYsa�\Wa x�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx Ï �
ö xÔÓkxÔÓ ø�a�V h�ZrYslna�\ b¸UW�pb¸l fslnUWfsa�V l a�V"�-gmÐkY[g�hWYsjdV f[`kaNe�ftlRùO��b�lq�r\p`kfs]^a�eûúÞZdb b�a�V�b�lnjrü

]^a�]^a�\kýW�pa�V2å-æWZMY[ZMe�f[`&ft\Wa�\�`&aMb�÷�Ð&�pb ¨kþ x�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx ÏdÏ
ö xÔÓkx Ï ã�aMg�hpZr\_f[b�lnf[bng�hWa��A\kl a�Vqb�Upg�hkUW\W]^a�\ÞT�UWV¦ä�fsY[`kUW\W]8{kfs\kÐ&Ytj^]^a�V ÷³a�l VqZ^ZrT�Z��

��UWYt{^ZMYsa�\_aéx�xSx�xSxSx�xSx�xSx�xSx�xÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx Ï �
ö xÔÓkxÿï |�aMZrckl ftj^\�{.jd\F�Ag�a�l¸Ð&Y�g�hWYtj^Vnf[`Je�ftl�������� � v f u ïr� e�a�l hkÐkYz�_hWa�\kÐ.Y®y®���	�
������� �

`&f u l Vnfse�a�l hkÐ&Ytb�ftY�Ð&Y�ywjMækZrY�Zre1f[`&ft\ x�xÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx ïÑ�
Î 
 ±N¼�¹_ÍêÍ?­k«O·�¹W¼�¼�±R«Q² Õp¾
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�kxs� ø�a�Vn��a�\�`&a�l aS~�hWa�e�fscdZrYtfsa�\1UW\p`�i-a�V��Ml a xÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx ï â
�kxÔÓ �-YsYs]da�e�a�f�\Wa-ø�j^Vqb g�hWV f���l�T�UWV v ZMV�b�lna�YsYtUW\W](������� ��`&f[b¸UW�pb�lnfslnUWfsa�Vnl a�V�å-æ_ZrY[ZMe�f[`kfs\Wa

`kaMb�÷ Ðk�pb ¨kþ x�xÒx�xSx�xSxSx�xSx�xSx�xSx�xÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx ïÑ�
�kx Ï �ÑÐ&\kl hWa�b�a `&a�V Ó)� â � v f�ZrYtc.jrækÐ.���*�ÿïr��`&f�ZrV ÐkYz�q��� Ó+� ï&� â �wlna�l VqZrhkÐW`kV jr� fse�f[`WZMT�j u ï&� â �-,�y

fte�f[`_ZrT�jdYsa ¨W½ ZrUpb-�A�pbng�h_\Wfslnl�ï xSx�xSx�xÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx â Ó
�kxÿï �ÑÐ&\kl hWa�b�aSb¸UW�pb�lnfslnUWfsa�Vnl a�V(ñ"fs�pa�V�ZMT�fs\_a�ZMUpb-�A�pb g�hW\Wftl l â xSx�xSx�xSxSx�xSx�xÒx�xSx â ö

�kxÿï_xs� �.Ðk\&lnhWaMb¸a {.j^\ ���.��� ��ä�f[bw� u ���ÿïM�¸`kf[ZrT�Z�� �Wf[gmÐ_gmYtj&/ÔÓkxÔÓkxÔÓ10�jkgml¸�����wÐkY®y��2�3�#�.�	��� �
�Wf�b�� �&�wlnj^YtÐ&Ytjræ_ZrY�Zre�f�`&fs\_fsUWe�g hWYsjdV f�` ¨&õ ZrUpb-�A�pbng�h_\Wfslnl â xt�}x�xSx�xÒx�xSx â ö

�kxÿï_xÔÓ �.Ðk\&lnhWaMb¸a `&a�VBÓ)� Ï � â � ����÷Qa�lnV�ZMc&f�b���ZrV ÐkYsfte�fs\_jr� �Wfs�pa�VqZrT�ft\Wa µº¨ ZrU�b*�A�k�
b g�hW\Wftl l â xs� xSx�xSxSx�xSx�xSx�xSx�xÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx â �

�kxÿï_x Ï �.Ðk\&lnhWaMb¸aS`&a�V-b¸UW�pb�lnfslnUWa�V lna�\¡ñ"fs�pa�V�ZMT�fs\_aSZrUpb-�A�pbng�h_\Wfslnl â xÔÓ x�xÒx�xSx �k�
�kx â ä�a�b g�hWV a�ft�WUW\W]¦`&a�V�ø�a�Vqb�Upg�hWaIZrUpb-�A�pbng�hW\_fsl l-�¡xÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx �Mï

�kx â xs� ä�aMbng�hWVna�fs�_UW\W] `ka�V�ø�a�V�b¸Upg�h_a2ZMUpbA�-�pb g�hW\Wftl l-�&xt� x�xSx�xSxSx�xSx�xÒx�xSx �Mï
�kx â xÔÓ ø�j^Vqb g�hWV f���l�T�UWV2�ÑÐ&\kl hWa�b�a2{.jd\ Õp¹ ZrUpb-�A�pbng�hW\_fsl l(�&x Ó xSxSx�xSx�xÒx�xSx � â
�kx â x Ï ä�aMbng�hWVna�fs�_UW\W] `ka�V�ø�a�V�b¸Upg�h_a2ZMUpbA�-�pb g�hW\Wftl l-�&x Ï x�xSx�xSxSx�xSx�xÒx�xSx �d�

�kxÔ� ä�a�b g�hWV a�ft�WUW\W]¦`&a�V�ø�a�Vqb�Upg�hWaIZrUpb-�A�pbng�hW\_fsl l ö xÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx ö �
�kxÔ�kxs� �.Ðk\&lnhWaMb¸aS`&a�V-÷³a�l VqZ^ZMTMZ���UWYt{dZrYsa�\Wa�ZrUpb-�A�pbng�hW\_fsl l ö xt� xSxSx�xSx�xÒx�xSx ö �
�kxÔ�kxÔÓ ä�aMbng�hWVna�fs�_UW\W] `ka�V�ø�a�V�b¸Upg�h_a2ZMUpbA�-�pb g�hW\Wftl l ö x Ó�x�xSx�xSxSx�xSx�xÒx�xSx ö Ï

�kx ö ä�a�b g�hWV a�ft�WUW\W]¦`&a�V�ø�a�Vqb�Upg�hWaIZrUpb-�A�pbng�hW\_fsl l ö xÔÓkxÿïFxSx�xSx�xSx�xSxSx�xSx�xÒx�xSx � Ï
�kxÔ� 42Vnf[b�lqZrYtYsj^]dV�ZM�WhWf[bng�h_a v ZMl a�\ `&a�V��paMb g�hWVnfsa��pa�\Wa�\+|35^\kl ]da�\WckV f[b¸l�ZMYsY[b¸l VnUWc&lnUWV a�\

U_\p`��.l VnUWc&lnUWV e�j^l ft{.a1x�xSxSx�xSx�xSx�xSx�xÒx�xSxÒx�xSx�xSx�xSx�xSxSx�xSx�xÒx�xSx � â
¨kþé¶�»RÝ76RÊrØ.±R«³²�¼�ë�­kÊMØ.­&ª�ÃMÁN«Rª�¼ Î�½
8 ª[¯M­kÊr¹k¯M±NÊ ÎpÎ
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�AUpb¸]^a�hWa�\p`Þ{.j^\?`&a�\êYta�f[g�hkl2T�UW]Ñ�r\W]dYsf[g�hWa�\>ZrV ÐkY[b¸UW�pb¸l fslnUWfsa�V l a�\?ä�f[b u fse�f[`&jMÐkY°y�g hWYsjdV f�`&a�\ µ `&a�V
å-æWZMY[b �MUWV aC/t�ED Ï 0ºY[Zdb b�a�\�b¸f[g�h�a�ft\Wa2ø2fta�YsTMZMhWYp{.j^\�UW\kl a�Vqb g�hWfsa�`&Ysf�g hWa�\ ø�a�V �_fs\p`&U_\W].b¸c&Y�Z^b b¸a�\¡b�Ðk\&�
l hWa�l f[b¸fsa�Vna�\³x v fsa¦�Ae�b¸a�l T�U_\W]1`&a�VSä�f�b u fse�f�`&jMÐ&Y�y¸g hWYtj^V f�`&a µ e�fsl-ZMV jde�Zrlnf[b g�hWa�\:�Ae�f�`&fs\Wa�\�`&aMb
÷ Ðk�pb ¾p¹ Ysfsa���a�V \ `&fsa�{.j^\GF�HJI�K&,+L-K&M�N)H�OP/ÿï�0�U_\p`RQ�SUTVHJW1,�SX/ â 0�a�fs\W]da�hWa�\�`éUW\kl a�Vqb�Upg�h&lna�\Fï&òJ�
ówe�f[`WZMT�j^Yta Õ �W��a�Y[g�hWa-fshWVna�V�b¸a�fslqb�a�fs\WaIV a�f�g�hWh�ZrYslnfs]da2�Wj^Yt]^aMg�hWa�e�fsa�T�a�ft]^a�\Y/Ô�10 x
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¿³ÃMÁR­&Í?¹Þ¨ �ÑÐ&\kl hWa�b�aS{.j^\[ZAa�lna�V jkg�ÐWgmYta�\�ZrUpb-ä�f[b u fse�f[`&jMÐkY°y�g�h_YzjdV f�`&a�\1`&a�V2å-æ_ZrY�b �rU_V a

v fta8ø a�V ��a�\p`&UW\W]?{.jd\B��jdV e�ZMe�f[`kfs\ ¾p» ���WT��Sx-�-gma�lqZre�f�`&f�\ ¾pÃ Ysfsa���a�V l1ýW�pa�V8`kfsa8fs\\/ ö 0
�paMb g�hWV fta��pa�\Wa�\1g�ZrV �pa�\_j^f[`ka�\^]p��f[bng�hWa�\pb�lnU&��a�\1`&fta�ø a�V �Wft\p`&UW\W]Ñb�ckY[Zdb b�a-`ka�V�÷³a�l VqZ^ZrT�Z���UWYt{^ZMYsa�\_a.xv fsa�b�a��"{.jd\`_ba�c�cedgf'K�O+L-H8UW\kl a�Vqb�Upg�h&lna�\?÷³a�l VqZ^ZMTMZ���UWYt{dZrYsa�\Wa ´ ��b¸jM��fsa¡`&a�Vna�\?�Wf[b¸{&ft\&ÐkYsjd]^a�\G/ �10
UW\p`*�_f[b��_hWa�\kÐ&Ytj^]^a�\\/Ô�10 v a�V ft{dZrl a ç ���paMb�ftl T�a�\6a�fs\6\Wa�UWaMb�~�hWV jde�j^�_hWj^V�e�ftl�ZMUpb�]da��WV��M]^lna�\
| a�`&jMæ&a�ft]^a�\�b g�hpZ���lna�\³xv fta��-e�b�a�lnT�UW\W](`&a�V ówe�f[`&jMÐkY[g hWYtj^Vnf[`&aR`&a�bN÷�Ð&�pb µ e�fsl³Ó��¸ñ"f�gmj^YtÐ&Y�Zre�ft\2Ysftam��a�V lºfseði-a�]da�\pbnZrl T
T�UWeûå-æWZMYsÐkY[g�hWYsjdV f�` ¨ gmÐ_gmYsf�b g�hWah4-j^\p`&a�\pb ZMl fsjd\pb��_V jk`&UWckl a�ft\ �Wj^Vne `&a�V ñ"Ð&Vnf[`&j�/s�*�ÔÓ��EIi0t�&ÐkV�ZMT�fs\_a
½ /t���=0wx v ftaMb�a¦b�lna�YsYta�\�ft\�fsh_V a�V2e�aMb�jde�a�V a�\¡�Wj^V e ½ºÈ ft\&lna�V a�b b ZM\&lna Ó��¸�AT�Z��q��� Ï �¸`kfsa�\Wa1`_ZrV��º��a�Y��
g�h_a fse�|AZMhWe�a�\¡a�fs\_a�VÒ~�Ð_gmYtj.Z^`_`&fslnfsj^\�b��I|�fs\W]dl V�ZM\pb���jdV e�ZMl ftj^\pbnb�a=j.UWa�\WT�e�fslI�ATMZd`&fsa�\Wj^�Wh_fsYsa�\

â
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hWjkg�hpb�UW��b�l ftl UWfta�V lna[ZAa�l a�V jkgmÐ_gmYsa�\é�WftY[`&a�\k/t�^�-0wx v fsa�ø�a�V ��a�\p`&UW\_]8{.j^\6~�hWfs\_j^\Wa�\ ZMY[b v fsa�\_jr�
�WhWftYQ��ýWh_V l2T�U:`&a�\¡��a�c^ZM\W\kl a�\F�AT�Z^g�hWfs\Wjd\Wa�\ Î /s��Ó10�����a�Y[g�hWaSa�fs\�Vna�{.a�V�b¸fs�WYtaMb�|�aM`&jMæ&{.a�V hpZMYsl a�\
T�a�ft]^a�\l/s� Ï 0 u �kg�h_a�e�Z �ryqxv fta-�Ae�fs\_j^YsÐ_b�a {.j^\ µ e�ftl³�WV fte��rVna�\�U_\p`Jb¸a�ckUW\p`W�MV a�\1�Ae�fs\Wa�\2��ýWh_V l�T�U1`&a�\ {.jd\^FmLJnEopL-HES
/s��ï�0kUW\p`rqsf'K&,�I�NtLEHu/t� â 0&ft\&lna�\pb�ft{2UW\kl a�Vqb�Upg�hkl a�\�å-æ_ZrY�Zre�f�`&fs\Wa�\S`&aMbR÷ Ðk�pb õ u �kg�hWa�e�Z�Ó.y�x v fsa�b�a
ø�a�V �Wft\p`&UW\_]^a�\?b¸fs\p`F��fsaM`&a�V UWe �AU�b�].ZM\W].b¸�WUW\Wckl���ýWV�a�fs\Wa1ø2fta�YsTMZMhWY"{.jd\ÞhWjkg�hpb�UW��b�l ftl UWfta�V lna�\
ZAa�lna�V jkgmÐ_gmYta�\v/s���=0���ZM�pa�V¡ZrUpg�hÆ��ýWV�`&fta8`&U_V�g�hB| aM`kUWc&lnfsjd\Æa�Vnhp�rYtl Ysf�g�h_a�\ ÷Qa�lnV�ZdZre�ft\Wj.a�l h_a�\Wa
/s� ö �����=0wx

ArN NH2

NA rH2N

ArN NR1R2

NArR1R2N

92

2

11

10

HN OR

NHRO

NC CN

N

N NAr

NAr

H

H

HNR1R2

TEA 12
ROH

ArNH2

ArNH2

-ROH
Zersetzung
H2O / O2

NH3      

¿³ÃMÁR­&Í?¹éµ ä�a�c^ZM\W\kl a �.Ðk\&lnhWaMb�a���a�]da2T�UWV v ZMV�b¸l a�YtYsUW\W]C������� �¸`&f�b�UW��b�l ftl UWfta�V lna�V�å-æ_ZrY[ZMe�f[`kfs\Wa

ówe}i-a�]^a�\�b ZrlnTAT�U�`&a�\1l a�lnV�Zdb�UW�pb¸l ftl UWfta�V lna�\¤å-æ_ZrY�Zre�f�`&fs\Wa�\ õ b�lna�YsYta�\C������� ��`&f[b¸UW�pb�lnfslnUWfsa�Vnl a
å-æWZMY[Zre�f[`&ft\Wa ¨kþ a�fs\_aÒ��a�\Wft]JUW\kl a�V�b�U�g�hkl aw42Y�Z^b b¸a�{.jd\�ø�a�V �_fs\p`&U_\W]^a�\:`WZrV�x v fsaS��a�\_fs]^a�\��pam�
cdZr\W\kl a�\:b�lnV UWckl UWVna�YsYta�\1UW\p`�g�hWa�e�f[b g�hWa�\ v Zrl a�\x/t����D_Ó&��0³VnaMb�U_Ysl fta�V a�\�ZrUpb-`&a�V��_f[b�Y�Zr\W]1bng�hk��fsa��
V ft]^a�\G]pUW]Ñ�r\W]dYsf[g�hWc.a�ftl��RZrU�b�]^a�hWa�\p`?{.j^e l jMæ&f�b g�hWa�\ v f[gmÐkZM\G/s���+��Ó&�#D_Ó Ï 0 x�X"fs\Wa���a�fsl a�V a�ãy5^]r�
Ysf�g�hWc.a�fsl-`&a�V v ZrVqb�l a�YsYsU_\W]�`&f�b�UW�pb¸l ftl UWfta�V lna�VÒå-æ_ZrY�Zre�f�`&fs\Wa ¨kþ ��a�b�l a�h&l2ft\F`&a�VS�-e�fs\WjdYsÐ_b�aS{.j^\
ówe�fs\Wj.a�b�l a�V \B/ÔÓMï1D_Ód�10��.��a�Y[g�hWa�ZM�pa�V�a��pa�\k� ZrYsY�b�ZrU&� v f�gmÐkZr\ ��Z^b�fta�V a�\³xk�AUpg�h1`&fsaw]pa�V�b¸a�l T�UW\W]�`&aMb
gmÐ_gmYsf�b g�hWa�\?�Ae�f[`&ft\pb ¨Wµ ��ýWhWVnlJT�UÆø�a�V �_fs\p`&U_\W]^a�\ `&a�bJ÷�Ð&�pb ¨kþ /s� â 0��ez a�`&jkg�h �paMb�ftl T�l�`&fsa�b�a
| a�Zrckl fsjd\¡ZrU&��]dV UW\p`�{kfsa�Ysa�V{�Aa��pa�\_�WV jk`&U_c&lnaÒc.a�fs\Wa2�_V��r��ZrV�ZMl ft{.a�ä�a�`&a�UWlnUW\W] u �Äg�hWa�e�ZSÓÄy�x

X"fs\¦Zr\p`&a�V a�V��.Ðk\&lnhWaMb�a���a�]Ib�lna�YsYtlR`&fsa�{.j^\rF	I�NtLEH fs\(/s�-0&�paMbng�hWVnfsa��pa�\_a��-e�fs\WjdYsÐ_b�a�`kaMb|������� �v fz��cW�¸÷³j^YtÐ&Y��wjMæ_ZrYtjk`&fsfte�f[`&jMÐkY[`&f�g hWYsjdV f�`Wb�UW\kl a�VSø�a�V ��a�\p`&U_\W]�{.j^\ Zre�e�j^\Wf�ZrcdZrYtf[bng�hWa�e}X"l h�Zr\WjdY
`WZrVV��z aM`&jkg�h�lnV ftl l-��a�f"`&ftaMb�a�V2|�aMZrckl ftj^\¡a�fs\WaS{.a�Vne�a�hWVnl aSä�ftY[`&U_\W] {.j^\Fó¸b�jd\WfslnV ftYsa�\¡ZrY�b}�-a��pa�\&�
V aMZMc&lnfsjd\�ZMU&�J�p��Z^b�`kfsaS�WV��M�pZrVqZrlnfs{.a��AUWlnT�UW\W]1`&ftaMb�a�VA�.Ðk\&lnhWaMb¸a�b¸l�ZMV c�a�ft\pb g�hWVq�r\Wckl�x

�
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�NýWV�a�fs\Wa�`&a�lqZrftYsYsfta�V lna �A\kl a�V�b�U�g�hkUW\W]¡`&a�V����.��� ��`&f�b�UW�pb¸l ftl UWfta�V lna�\éå-æ_ZrY[ZMe�f[`kfs\Wa ¨&þ �paM`&U_V���l a
aMb2a�fs\_a�VA\_a�UWa�\Þ�.Ðk\kl hWaMb¸a.x v fsaMb¸a1b�jdYsYslna fs\Fä�a�T�UW]�ZrUk�-`&ftaJ�.UW��b�l ftl UWa�\&lna�\8{dZrV f�Zr�pa�Y�b¸a�fs\���e�fsl
hWj^h_a�\B�AUpb¸��a�UWl a�\?{.a�VnY[ZMU&��a�\?UW\p`?{.j^\ÆYta�f[g�hkl�T�UW]Ñ�r\W]dYsf�g�hWa�\êø�a�Vn�Wfs\�`&UW\W]da�\7�N��fta��pa�f�b��Wfta�Y[bw�
��a�f�b�aS`ka�\¡ó�e�f[`&jMÐkY[g hWYtj^V f�`&a�\1`&aMb�÷ Ðk�pb µ �WZMUpb�]da�hWa�\Oxe�2Z^g�h�a�ft\Wa�V�a�V���j^Yt]^Vna�f[g�hWa�\1X"\kl���f�g�ckYsU_\W]
a�fs\_a�VSamüºa�c&lnfs{.a�\Þ�ÑÐ&\kl hWa�b�a1���rVna�aMbS`WZM\W\?e^5^]dYsf[g�h7�º`&fsa�å-æWZMY[ZMe�f[`&ft\Wa ¨kþ fs\ fshWVna�\Þb¸l VnUWc&lnU&�
V a�YtYsa�\¡X"fs]da�\pbng�hpZ���l a�\¡a�fs\_]^a�hWa�\p`&a�V�T�U¡UW\kl a�Vqb�Upg�hWa�\�UW\p`8`_ZrV�ZMUpbÒ�.Ðk\kl hWaMb¸aMb�lnV�ZMl a�]dfsa�\���ýWVS`kfsav ZrVqb�lna�YsYtUW\W]1{.j^\�\Wa�UWa�\¤h_a�l a�VnjkgmÐ_gmYsf�b g�hWa�\1ø a�V �Wft\p`&UW\W]da�\�T�U�a�\kl¸��f[g�c.a�Ys\Ox

ów\8`&ftaMb�a�V2�AVn�pa�fsl-b¸j^YsYR{.j^VnV�ZM\W]^ft]�`&fsa¦�WV�Zr]da ]^a�ckY[�MV l-��a�Vq`&a�\7�Wjd�F`&fsa1å-æWZMY[Zre�f[`&ft\Wa ¨kþ a�fs\
�rhW\_Ysf[g�h8hWjdhWaMbÒ�.Ðk\kl hWaMb¸a��pj^lna�\&lnf[ZMYN�paMb¸fsl T�a�\���fta1`&fsa¦ä�f[b u fse�f�`&jMÐ&Y[y�g�hWY�jdV f[`ka µ ��z aM`&jkg�hFb�jdYsYslna�\
\Wa��pa�\?\Wa�U_a�\Æ�.Ðk\&lnhWaMb¸a�\ÞZMUpg�hÞe�aMg�hpZr\_f[b�lnf[bng�hWa1�-\&lna�V�b¸Upg�hkUW\W]da�\Fa�fs\Wa1\Wf�g�hklSUW\&��aMb�a�\&lnYsf[g�hWa
| jdYsYta�b¸�Wfsa�Ysa�\³x

ö
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�
�� �r�������
¢¤£%¥ ¦�§�¨�©�ªm«7¬+«
�AY[bSä�Zdb�f[b¸V aMZMc&lnfsjd\F`&a�VST�U8a�\kl¸��f[g�c.a�Ys\p`ka�\8�.Ð&\kl h_aMb�a T�U_V v ZrVqb�lna�YsYtUW\W]¡`&a�V å-æWZMY[ZMe�f[`&ft\Wa�`&aMb
÷ Ðk�pb ¨&þ ��UWV�`ka�`kfsaS{.j^\�F�I�N&L-H^/s�-0³�paMb g�hWV fta��pa�\WaS�-e�fs\WjdYsÐ_b�aI`&aMb�ä�f�b u fte�f[`kjrÐkY®y�g hWYsjdV ft`&aMb µ_»
e�fsl�ZMe�e�j^\_f[ZrcdZMYsf[bng�h_a�e�X lnhpZr\_j^Y�UW\kl a�Vqb�Upg�hkl�x v Zr�pa�f���ý_hWV lna�a�fs\_a��A�k��ZM\p`&YtUW\W]8`kfsaMb¸a�V |�am�
Zrckl ftj^\8`kUWV�g�h�`&fta2ø�a�V ��a�\p`&UW\_] a�fs\Wa�b�Zr�_V j^lnf[bng�hWa�\®­e5Ñb�UW\_].b�e�fsl lna�Y[b���fsaS�pa�f[b¸�Wfsa�Y[b���a�f[b¸a2÷3ZI���
b�jM��fsaI`&a�V X ft\pb ZMl T-{.j^\ lnV jkg�c.a�\Wa�e �Ae�e�j^\Wf�Zrck].Z^b�T�UJa�ft\Wa�VR�WV��M�pZrVqZrlnfs{ Ysa�f[g�h&lRhpZr\�`&hpZr�_�pZrVna�\
| a�Zrckl fsjd\7�.��a�Y�g�h_a�`&fta-ZrV ÐkY[b¸UW�pb¸l fslnUWfsa�V l a�\Jå-æWZMY[ZMe�f[`&ft\Wa ¨kþ ft\ hWj^h_a�\��AUpb¸�pa�UWl a�\ Ysfsa���a�V lnam/ Ï �10u ÷RZr�pa�YtYsa1�ryqxv a�VIø a�V Y[ZMU&� `&a�VS�Ae�fs\WjdYsÐ_b�a2Ytfsa�¯�b�f�g�h¡Ysa�f�g�hkl�e�fslnl a�Y�b v ý_\W\pb g�hWf�g�hkl�g�hWV jde�Zrlnj^]dV�Zr�_hWfsaS{.a�V¸�
��j^Yt]^a�\³xR�^a1\pZ^g�h | aMZMc&lnfs{kfslq�rlI`&aMb2a�fs\_]^aMb¸a�l T�lna�\Fä�f[b u fte�f[`&jMÐkY[y¸g�hWY�j^V f�`&aMb µ �(ZrV�`WZdb�X"\p`&a�`&a�V
| a�Zrckl fsjd\ \pZ^g�h �-�WT��Sxd�i°)�db�f[g�hkl �pZMV"ZM\1`&a�VRa�\&lqb�lna�hWa�\p`ka�\S��a�f;¯^a�\1�.Upb��pa�\�b�fsjd\7�^a�VnV a�f�g�hkl�xV�2Z^g�h
`&a�V¦�A�Wl Vna�\W\kUW\W]¡`&aMbSa�\kl�b�lqZr\p`ka�\Wa�\?�-e�eJjd\WfsU_e�g�hWY�j^Vnf[`Wb-`&UWVqg�h?�RfsYslnV�ZMl fsjd\Þ`ka�VSa�V �(�rV e1l a�\
| a�Zrckl fsjd\pb�Y;5.b¸UW\W]&�RYsftam��a�V lna `&fta1�Ae�ckV f�b�l�ZMYsYtf[b ZMl ftj^\¡`&fsa�å-æWZMY[ZMe�f[`&ft\Wa `kaMbS÷ Ðk�pb ¨&þ e�fsl-a�fs\_a�V
hWj^h_a�\8|�a�fs\_hWa�fsl�UW\p`�a�ft\Wa�V��-Upb��pa�UWlnaS{.j^\��_f[b�T�U¡� â^± x

R1N NH2

NR1H2N

2a-g 10a-g
+4 NH3 / THF
-2 NH4Cl �AUpb¸��a�UWl aX²¦| aMZMc&lnfsjd\pb�T�a�fsl

ñ"V jk`&U_c&l |m³ �AjdV e�ZMY[`&VnUpg�c �AUWl jdc&Y�Z�{
¨kþp¹ ~{´-Zmµ ¶ ö � ± ² Ï �&·Xf'K
¨kþp» ïr�n~{Zm¸ � ~{´-Z}¹ � â�± ² â ���i° ¶
¨kþ�Ã ïr� u ~{Z ¸ y ¸ ~"�n~ ´ Z ¹ � â�± ²�ï+° ¶
¨kþpÂ ïM�¸ä�V¸� ~ ´ Z ¹ ¶ �d� ± ²�ï â ·Xf'K
¨kþ�­ ïM�¸ó®�n~ ´ Z ¹ ¶ �rï ± ²Ñ�1°
¨kþ&· ïM�2Z µ ~{º�åSåÒ~"�n~ ´ Z ¹ ¶ � ö ± ²Ñ�1°
¨&þW² Ï � ~��h¸ �n~{´�Z}¹ �^� ± ²�ï+° �d� ± ²MÓd�&·Xf'K

Ö�¹W»�­k¬®¬�­é¨e» �AUpb��pa�U_l a�\�UW\p`¡| a�Zrckl fsjd\pb�T�a�fslna�\�`&a�V2å-æ_ZrY�Zre�f�`&fs\pb¸Ð&\kl h_aMb�a�\
X"fs\Þ�pjÑb�l U_Ysfsa�V l a�b�ów\&lna�V e�aM`&f[ZMl ¨k¾ c.j^\W\kl a1fs\?�WjdV eîb�a�ft\WaMb�Z-ÐW`&Vnj^YtÐWb¸a��WV jk`kUWc&lnaMb ¨kÕ ZrU�b

a�fs\_a�V�|�aMZrckl ftj^\pb¸Y�5.b¸UW\W]?\pZdg�h6UW\k{.j^YtY[b¸l��r\�`&fs]da�V��Ae�b¸a�l T�UW\W] `&aMbJa�ft\W]^a�b�a�lnT�l a�\$ówe�f[`&jMÐkY[g�hWY�jr�
V f�`&aMb µW» `&UWVqg�h?���db b¸V fs]daF�AU&� ZMV �pa�fslnUW\W]Ff[b¸j^Ysfta�V l ��a�V�`ka�\³x�X"fs\$| aMZMc&lnfsjd\pb gmÐkckYsUpb e�fsl�a�fs\_a�V

�
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�AT�ftV f[`kfs\WftUWeJ�J]p��f[b g h_a�\pb�lnU&��a f[b¸lJa���a�\&� ZrYtY[bÒ��j^VneJU_Ysfsa�V �pZMVÒU_\p`ê��ýWVq`&a�\pZ^g�hÆa�fs\Wa�V¼ZAÐ_`&V jdYsÐ_b�a
T�UWe�b�a�Ys�pa�\Fñ"V jk`&U_c&l ¨kÕ ��ýWh_V a�\ u �kg�h_a�e�Z Ï y�x v fsa �-�W�WfsY�`&UW\W]¡��T�a�fs]^lIb�jM��j^hWY `&fsa1�.l VnUWckl UWV
a�fs\_aMbNa�ft\WT�a�Yt\Wa�\�ã�j^Yta�c&ý_Y[b�{.j^\ ¨kÕ �.ZMY[b"ZMUpg�h1`kfsa�b¸f[g�h�fte½42Vnf[b�lqZrYtYs]^a���ýW]^a�ýW�pa�V"fs\kl a�V e�jdYsa�ckUWY[ZMV a
úÞZdb b¸a�V�b¸l jrüº�WVnýpg�c.a�\��WftY[`&a�\p`&a�\��-]^]^Vna�].ZMl a.x

N NH2

NH2N COOK

KOOC

10f +2 KOH in EtOH
-2 EtOH

10h

N

N Cl

Cl

NH3 / THF

N

N NH2

NH2

13

14 (R= 4-H3C-C6H4-)2b
+ 2 NH3

-NH4Cl

RN Cl

NRH2N

+ H2O

-HCl

O NHR

NRH2N

15 16

¿OÃrÁR­kÍê¹8¾ ø�a�V Y�ZrU&�RUW\�` i-V a�\_T�a�\¡`&a�V2å-æ_ZrY[ZMe�f[`kfs\&�n�.Ðk\&lnhWaMb�a

X"V���jdYs]^l `&fsa-�AeHb�a�lnT�UW\W]-`&a�V�ä�f[b u fse�f[`&jMÐkY®y¸g h_Ysj^Vnf[`&a µ e�ftl³l Vnjkg�c.a�\_a�e �Ae�e�jd\Wf[ZMcAfte i-Y�Z^b��
ZrUWlnj^ckY[Z�{.a�\FUW\kl a�VSa�Vnh&5^hkl a�e v V Upg�c u ïM� â M#I�H^y#�Rb�j¡��a�Vq`&a�\ `&fsa�|�aMZrckl ftj^\pb¸T�a�fslna�\8��a�b�a�\kl Ytf[g�h
e�fs\_fse�f�a�Vnl�x v fsa�ä�ftY[`&U_\W]8`&a�bÒa�\kl�b¸�WV aMg�hWa�\�`&a�\?åAæ_ZrY�Zre�f�`&fs\�b ¨kþ f[b¸l��pa�f(�A\pb ZMl T�]dV!5*¯^a�\?{.j^\
Ó^��� Ï ��·X·XW�d"b¸j^e�ftl�e�a�f�b�l�\pZdg�h�a�ft\Wa�V2�.lnUW\p`&a�Zr�_]^aMbng�hWYtj.bnb�a�\³xv ftaS�A\k��a�\p`kUW\W] {.j^\�h&5^hWa�V a�e v V Upg�cJT�a�f[g�hW\Wa�lna-b�f�g�h�b¸jM��j^h_YR`&UWV�g�h��paMb b¸a�V a��AUpb¸�pa�UWl a�\7�
ZrY�b�ZrU�g�h1a�fs\_a�eðh&5dhWa�Vna�\�|�a�ft\WhWa�ftl�b�]dV�Zd`J`&a�V�`_ZrV ]daMb�lna�YsYtl a�\��Ae�f�`&fs\_a ¨kþ ZrU�b u b¸fsa�h_a-`WZrT�UH�A�&�
b g�hW\Wftl l Ï xÔÓ-ZrUk�³�.a�ftl a-�^�My�x^úFa�fslna�V h_fs\2{.a�VnV ft\W]^a�VnlRb�f�g�h�`&UWVqg�h¦`&fsa�ø�a�Vn��a�\p`kUW\W]-{.j^\��AUWlnj^ckY[Z�{.a�\
`&a�V-ZM�W�pZrVqZrlnfs{.a �-U&����ZM\p`��Wb¸j�`_Z1¯�b�f[g�h¡`&fsa�b�aSã�a�lnhWjk`&a�ZrY�b}ZIZrUW�Wlqb�Ðk\&lnhWaMb¸a���a�]�a�l�ZM�WYsfta�V lna.x

�AUpb¸]^a�h_a�\p`�{.j^e v a�Vnfs{dZrl ¨kþ&· c.j^\W\kl a�ýW�pa�V�a�ft\Wa�ø�a�Vqb�a�f���UW\W]2�pa�f�`&a�V X�b�l a�V���UW\Wckl ftj^\Wa�\Je�ftl��
l a�Y�bÒa�lnhpZr\_j^Ysf�b g�hWa�V�4SZrYtfsUWe�hkÐ_`&V jMækfs`kY�5.b¸UW\W]�`_Z^b���Zdb b¸a�V Y;5.b�Ytf[g�hWa�å-æWZMY[ZMe�f[`&ft\ ¨kþ�Á e�ftl2a�fs\_a�V
�AUpb¸��a�UWl aS{.j^\ ö â�± a�V h�ZrYslna�\���a�Vq`&a�\ u �kg�hWa�e�Z Ï y�xv fta �Wf[b¸hWa�VS]^am��U_\p`&a�\Wa�\ÞX"V ]da��W\Wf�b b¸a�`&a�UWl a�\FZMU&�-a�ft\Wa1ZrYtYs]^a�e�a�fs\_a��-\&��a�\p`&�pZMV c.a�ftl2`kfsaMb¸a�V
�.Ðk\&lnhWaMb�a�e�a�l h_jk`&a.x.�AU�b b g�hWY�Zr]^]da��pa�\p` ��ý_V�`kfsa-ø�ZMV f�Zr\WTI`&aMb��.UW�pb¸l fslnUWa�\kl a�\�| ³ u ÷RZr�pa�YtYsa��ry"f�b�l

�
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¶�»R»�¾�¨e» 42V f�b�lqZrYsY�b�lnV UWckl UWV:`&a�V¡ø a�V �Wft\p`&UW\W] ¨kÕ7¿ ZMUpb�]da����MhWYslna ä�fs\p`&U_\W].bnZr�pb¸l��r\�`&a�/�À�0�UW\p`
ú6ft\Wc.a�Y�/.Á�0�Â�~�Ó��2�IÓ��^x Ï ï.� u Ó.y#�N~�Ó�� åo�dxÔÓ ÏdÏ � u ���.y#�"~-���n~�Ó��dx â Ók� u ÓÄy#�³~-����� Ï �dxÔÓd� ö u ÓÄy
�
~-���2���1�^x Ï^â ï u Ó.y#�³å�� ~�Ó��2�2Ó¡��Ó â x Ï � u ���Äy
��� Ï � ~-���2������Ód�&xÿï â u � ö yqx

`&fsa ø�a�V¸��ýW]^��ZrV c.a�fslI`&a�V2a�\kl�b¸�WV a�g�hWa�\p`&a�\¡ä�f[b u fte�f[`&jMÐkY®y�g hWYsjdV f[`ka µ x v ZMe�fsl-�WYta�fs�Wl `&fsaMb¸a |�aMZrc.�
l ftj^\�{.jdV a�Vqb�l(ZrU&��ZMV ÐkY[b¸UW�pb�lnfslnUWfsa�Vnl aSå-æWZMY[Zre�f[`&ft\WaA�paMbng�h_V��r\_c&l�xp�A\�`&ftaMb�a�V2�Ñl a�YtYsaIb�a�f³a�Vn���MhW\&lV�
`WZ1¯F`kfsa1�Ae�b¸a�l T�UW\W]�{.jd\ÞÓ)� Ï � v f�g�hWYtj^Vqg�hWft\WjMæWZMYsft\ ¨W´ UW\kl a�V�`&ftaMb�a�\Þä�aM`kfs\W]dUW\W]^a�\é\Wf�g�hkl2T�U_e
]^a���ý_\pb g�h&lna�\1ñ"V jk`&U_c&l ¨&ç ��ýWhWVnl�/ Ï �-0wxd÷QVnj^lnT2`&a�V"fs\ ¨W´ Y�Zrl a�\&lna�\ ówe�f�`&jMÐ&Y�g�hWY�jdV f[`.� �.U_�pb�lnV UWckl UWV
l Vq�r]^l-��ZMhWV�bng�h_a�fs\WYtf[g�h a�fs\_a2�pa�l Vq�^g�h&lnYsf[g�hWa��&��Ã�� úéaMg�hpb¸a�Ys��ftV ckUW\W]�`&aMb�ZMV j^eHZrl f�b g�hJ]da��WUW\�`&a�\Wa�\
~�hWYsjdV�bST�Uéa�fs\Wa�V�bng�hWYtaMg�h&lna�\8�A�_].Zr\_].b�lna�\p`&a�\WTJ�pa�f x v fsaMb2��ftV�`F`&UWV�g�h `&fsa1a�V�b¸lSUW\&lna�V�`&V�Zdb�lnfz�
b g�hWa�\$ä�aM`&fs\_]^UW\W]da�\ÆVnaMZrYtf[b¸fsa�Vn�pZrVna�\ �Ae�fs\_j^YsÐ_b�a�V aMZMc&lnfzjd\Wa�\Þ{.jd\ ¨W´ e�ftl��WVnfse��MV a�\?�-e�fs\Wa�\
�paMb�lq�rl ft]^l�/ Ï Ó10wx
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¢¤£�Ä ÅBÆ!ÇÈ«7¨m¬)É&ªmÊhË#©&«7¨
v fsaÌ������� �¸`kf[b�U_�pb�lnfsl U_fsa�Vnl a�\FåAæ_ZrY�Zre�f�`&fs\_a1`&aMb�÷�Ð&��b ¨kþ �WfsY�`&a�\Þe�a�f[b�l-� ZrV �_Ysj.b¸a��Wf�b�b g�hk��Z^g�h
]^a�Yt�WYsf�g�h_a�42V f�b�l�ZMYsYta.x �ÑfsaFb�ft\p`Æfs\ `&a�V�úB�rV e�a8fs\Æ� Z^b¸l¡ZrYsYta�\6�pj^Y�ZrV a�\Í­e5Ñb�UW\W]Ñb�e�ftl lna�Ys\7����fsa
�pa�f[b¸�Wfsa�Yt��a�f�b�a-fs\¡÷3Z2�Þjk`&a�VIX"l hpZM\Wj^Y��W]^UWl-Y�5Ñb�Ytf[g�h³x

ówe 42V f�b�l�ZMYsY�jdV�`&\Wa�\6b�f�g�h `&fta¡ZrV jde�Zrlnf[bng�hWa�\?| a�b�l a�ft\6`&a�V1bw�wlnV�ZM\pb����Wj^V e Zr\7����jd�pa�f2`kfsa
~3Î�� � v jd�W�pa�Ys�Wft\p`&UW\_]^a�\$ZrU&� `&a�V��.a�fsl a�`&a�V1ZMV jde�Zrlnf[b g�hWa�\>| aMb¸l a�Ytj^cdZrYtf[b¸fsa�Vnl b�ft\p`�x v fsa�~"�
�mZmº-ä�fs\p`kUW\W]^a�\�a�\kl�b��_V aMg�hWa�\ e�ftl-��� Ï � â u ÓÄy¤ÀBb�j^e�fsl�a�fs\Wa�V�l¸Ðk�Wf[bng�hWa�\¤~"���+X"fs\&� Zdg�hk�Wft\p`&UW\W]_x
ów\��-�W�WfsY�`&UW\W]1Ó f[b¸l-`&fsau4 Vnf[b¸l�ZrYtY[b¸l V U_c&lnUWV-`&aMb v a�V fs{dZMl aMb ¨kþp» `WZMV ]^a�b�l a�YsYsl�x

¶�»R»�¾�µ�» 42V f�b�lqZrYsY�b�lnV UWckl UWV�`&a�V ø a�V �Wft\p`&UW\W] ¨kþ�»È¿ ZMUpb�]da����MhWYslna¡ä�fs\p`&U_\W].bnZr�pb¸l��r\�`&a�/�À�0�UW\p`
ú6ft\Wc.a�Y�/ Á 0�Â)�����n~-� �^x Ï � â u Ó.y#���2Ó��n~�Ó��^x ï.Ód� u Ó.y#�e�2Ó�� ~-� �dxÔÓd�^Ó u ÓÄy
�Q~-��� ~-��� �dx â � â u Ï y
�
~-���2�2Ó�� ~�Ó¡��Ó^�kx ö � u ��ï&y
�7�2Ó��n~-���n~-���o�^���&xÔ� â u � ö y
�7����� ~-��� ~-���}�^�mï_xÿï Ï u � ö yqx

ów\½­e5.b¸UW\W]BT�a�ft]^a�\ `kfsa ³ Z��2�2ã8|��n�.�pa�c&lnV a�\ `&a�Véå-æ_ZrY�Zre�f�`&fs\Wa ¨kþp¹&Én² \Wa��pa�\ `&a�\ð~{Z �
�.fs]d\pZrYta�\F`&a�V ZrV jde�Zrlnf[bng�hWa�\�|�aMb¸l a��pa�fs\:b�lqZrV c¡{.a�V �_V a�ftl a�Vnl aMb3�mZ�� �.ft]^\pZMYNfte�ä�a�V a�f�g�h�{.jd\F��� ö
c�c�·�xWóweo�pZrYtYsaI`&aMb�ZMUpg�hJft\�`&a�V¤4Ò�MYslnaA]dUWl�Y;5.b�Ytf[g�hWa�\�å-æWZMY[Zre�f[`&ft\pb ¨kþW² b���ZrYslna�l�`&fsa�b�aMb��.fs]d\pZrY
�pa�fQ�q� â Á ~6fs\�e�a�hWV a�Vna � Zdb�l-{.j^YtY[b�lq�r\p`kfs]1b�a��pZrVnfsa�Vnl a��mZ �n�.fs]d\pZrYtaSZrUk�nx v ftaMb�`&a�U_l a�l-ZMU&��a�ft\Wa2fs\
­e5.b¸UW\W] {.j^VnhpZr\�`&a�\WaIñ"V j^lnj^lnV j^�_fsa2UW\�` u X�y!² u ]³y�� ó�b¸j^e�a�V f[b¸fsa�VnUW\W]��r��a�Y[g�hWa-ZrU�g�h�ZrY�b lqZrUWlnj^e�a�V a
| jdl�ZMl fsjd\��pa�T�a�f[g�hW\Wa�l���fsV�`�/ Ï^Ï 0 xv fta UW\&lna�Vw�AjdV e�ZMY[`&VnUpg�c�hWa�Vn]^aMb¸l a�YtYsl a�\ v a�Vnfs{dZrlna ¨kþ T�a�fs]^a�\8a�fs\¡��a�ftl a�VnaMb}��Z � �Ñfs]^\�ZrY"�pa�f
�������d�Ïc�c�·�x_ã�fslnl a�Y�b�`&aMb-b�jM��j^hWY³UW\kl a�V��Aj^Vne�ZrY�`&V Upg�c��&ZMY[b�ZMUpg�h¡UW\kl a�V�a�V h&5dh&lna�e v VnUpg�c�b�Ðk\&�
l hWa�l f[b¸fsa�Vnl a�\¡åAæ_ZrY�Zre�f�`&fs\�b��.ZMUpb�]da�hWa�\p`�{.jde ³�Ð!Ñ ���A\WftYsfs\��Äc.jd\W\kl a-\pZ^g�hW]^a���fsaMb¸a�\���a�V�`&a�\��W`WZ=¯
aMb�b�f�g�h1hWfsa�V �pa�fWUWe a�fs\��.ft]^\pZMY�a�fs\WaMb Zre ³�Ð Ñ ��� lnj^eð]da��WUW\�`&a�\Wa�\1ú Z^b b¸a�V�b¸l jMü³b�h�Zr\p`&a�Ysl aÑx.�NýWV
`&fsa�ø�a�V �Wft\p`&UW\_]^a�\ ¨kþ �W��a�Y�g�hWaIUW\&lna�V�a�Vnh&5^hkl a�e v V Upg�c¡`WZrVn]^aMb¸l a�YtYsl���UWVq`&a�\7�Wc.jd\W\kl aSa�fs\:b�jdYz�
g�h_aMb �Ñfs]^\�ZrY³fs\¡fshWVna�\ ³ Z �2�Iã8|(�n�.�pa�ckl V a�\�\Wf[g�hkl�\pZ^g�hW]^a���fsaMb¸a�\���a�Vq`&a�\³x v a�e�\pZ^g�h�a�\kl h�ZrYslna�\
`&fsa1UW\kl a�V��AjdV e�ZMY[`&VnUpg�c¤h_a�V ]daMb�lna�YsYtl a�\F�Ae�f[`&ft\Wa ¨kþ ]da�V ft\W]^a�ã�a�\W]da�\éfthWV a�bbZ-ÐW`&Vnjkg�h_Ysj^Vnf[`Wb�xv fsa��A\k��a�\p`&UW\W]1`ka�V2�.Ðk\&lnhWaMb�aIfse��AU_l j^ckY[Z�{.a�\�{.a�V�`&Vq�r\W]dl aS`kfsaMb¸aMb�ñ"V j^�_Ysa�e}��a�fsln]^a�h_a�\p`�x

�^�
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? � � � Ù �JÚ}�eÛ ��PR�N
�£ � ���N����� �M��
�§��BÜ Ù �!Ú��hÝ�Þ���� �r��
�§���
��
v fsa �Ae�b¸a�l T�UW\W] `&a�V8å-æWZMY[Zre�f[`&ft\Wa ¨&þ e�fsl�÷³V f�ZrYtc&ÐkYsjdV l h_jr��j^Vne�f[ZMl a�\ �pa�f ���d���q��Ód��Ár~}��ýWh_V��
l aFýW�pa�V�a�fs\_aê~�Ð_gmYsf�b�fta�V UW\_]&����a�f�`ka�V¡ZrYsYta8{&fta�V��.lnf[g�cWb¸l jMü�����l j^e�a��pa�l a�fsYsft]^l��(ZrVna�\7��T�U `&a�\
a�\kl�b��_V aMg�hWa�\p`ka�\?÷³a�l VqZrhkÐW`&Vnj^fte�f[`WZMT�j&/ ï&� â �E,+0sfse�fs`_ZrT�jdYsa�\ ¨W½ u �Äg�hWa�e�Z¤ïky�x v fta�`kUWV�g�h v ýW\W\&�
b g�hWf[g�hkl�g�hWV jde�Zrlnj^]^VqZr�Wh_fsa�{.a�V���j^Yt]^lna�\�|�aMZMc&lnfsj^\_a�\JT�a�fs]dl a�\1\pZ^g�h����q���r°1a�fs\_a � Zdb�l�{.jdYsY�b�l��M\p`&ft]^a
�Ae�b¸a�l T�U_\W]�`&a�V2å-æWZMY[ZMe�f[`&ft\Wa ¨kþ x v ftaSñ"V jk`&UWckl aSckV f�b�l�ZMYsYtf[b�fta�V lna�\ \pZdg�h¡ä�a�a�\�`&fs]dUW\W] `ka�V�|�am�
Zrckl ftj^\BZrU�bJ`&a�e a�fs\W]daMb�a�lnT�l a�\Æ÷³V f�ZrYtc&ÐkYsjdV l h_jr��j^Vne�f[ZMl a�\ fs\ Zr\pZMYsÐkl f�b g�hWa�V1|�a�fs\Wh_a�fsl1ZMUpbJUW\p`
c.j^\W\kl a�\êe�fsl��AUpb¸��a�UWl a�\?{.jd\ê�_f[b�T�U �^� ± ]da���jd\W\Wa�\ ��a�Vq`&a�\ u ÷NZM��a�YsYsa¡Ó.y�x v ftaMb�a�X"Vn]^a��&�
\Wf[bnb�a1b¸l a�hWa�\�fse i-a�]da�\pb ZMl T T�U:`&a�e�{.j^\àßáL-â1L!ã1ft\à/s���10R�pa�V f�g�hkl a�lna�\�fs\Wa�V l a�\�ø�a�V h�ZrYslna�\¡`&a�V
å-æWZMY[Zre�f[`&ft\Wa ¨kþ ]da�]^a�\kýW�pa�V-÷³V fte�a�l hkÐkYsj^Vnl hWjM��j^VneJf�Zrl�xv ftam�2ã8|��n�.�pa�c&lnV a�\�`&a�V�ø�a�V �Wft\p`&UW\_]^a�\ ¨W½ �paMb¸l��Ml fs]dl a�\H`&UWV�g�h�`&jd�W�pa�YslnaÒ�Ñfs]^\�ZrY[bn�rlnT�aS`WZdb
ø�j^V h�Zr\p`&a�\pb�a�ft\�a�ft\WaMb v f[Zdb�l a�V a�jde�a�V a�\W]^a�e�f[b g h_aMbmx v UWV�g�hr]pUpbnZrlnT�`kaMb �ÑhWfz��lnV aMZM]^a�\WT�aMb u �Wy�� u2ä y®�
Ó+� Ó+�ÔÓ��¸÷³V fgåpUWjdV��q��� u ����Zr\kl h_V ÐkY®ywa�l hpZM\Wj^Y-a�V���jdYs]dl a��pa�f�a�fs\Wft]^a�\?�.ft]^\pZMYsa�\Þfte ³ Z �2U_\p` ³�æ ~"�2�2ã8|��
�.�pa�ckl V U_eð`ka�VNø�a�Vn�Wfs\�`&UW\W] ¨W½W¹ ��a�fs\Wa��AUk� b��pZMYsl U_\W]Wx v UWVqg�h¦`&fsaMb¸aMb7�2ã8|��¸X"æk�pa�V fte�a�\kl�c.jd\W\kl a
`WZ^b�ø�jdV hpZM\p`&aMb¸a�fs\�{.j^\HX \�Zr\kl fsjde�a�Vna�\W�pZdZrV a�\Jfteo| aMZMc&lnfsjd\pb��WVnjk`&UWckl�\pZ^g�hW]da���fsaMb¸a�\���a�V�`&a�\³x
]p��a�f(`&a�V {kfsa�VSe^5d]^Ytf[g�hWa�\7��ft\6�kg�h_a�e�Z�ï8]^a�T�a�fs]dl a�\?ó¸b¸j^e�a�VnaJa�\&lqb��WVnaMg�h_a�\Þ`_Zr�pa�f-`&a�V e�aMb�jM�
�Wj^V e:x

ä�a�f2a�fs\Wft]^a�\ v a�V fs{dZMl a�\ `&aMb�÷ Ðk�pb ¨W½ c.j^\W\kl aFZMU&��]^VnUW\p`+`&a�V�`ka�UWl Ytf[g�hBb�a���ZrV fta�V lna�\ ³ Z �
�2ã8|�� �.ft]^\pZMYsaS`ka�V v f[Zdb�l a�V a�jde�a�V ap�^a�fs\_aA�WVnj^T�a�\&lnUpZrYtaAø�a�Vnl a�ftYsUW\W]I��a�b�l fte�e1lN��a�V�`&a�\ u ÷RZr�pa�YtYsa
ÓÄyqx v ZM��a�f�T�a�ft]^lna�b¸f[g�h7�³`WZ=¯F`&a�V �-\&lna�fsY Zr\ Zr\kl f��¸ñ"Vnjk`&UWckl�e�ftlSb�lna�fs]da�\p`&a�V��AYtc&ÐkYsc.a�l l a�\WYt�r\W]da
���dg�hpb¸l�x
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ñ"Vnjk`&UWckl |m³ |�ç �AUpb¸�pa�UWl a ø�a�Vnhp�rYtl \Wf�b�Zr\kl f�Â b�Ðk\
¨�½_¹ ïM� ~{Z�¸�� ~{´-Z}¹ ~{Zm¸ Ï � ± ��� �^�BÂ��
¨W½_» ïM� ~{Z ¸ � ~ ´ Z ¹ ~{º-Z µ �^� ± ��� Ó^ÓBÂ��
¨W½_Ã ïM� ~{Z ¸ � ~ ´ Z ¹ ~ ¸ Zmè ïW� ± ��� â �BÂ��
¨W½_Â ïM� u ~{Z ¸ y ¸ ~"�n~ ´ Z ¹ ~ º Z µ ï Ïi± ¶
¨W½_­ ïM� u ~{Z ¸ y ¸ ~"�n~ ´ Z ¹ ~ ¸ Z è Ó&� ± ��� â �BÂ��
¨W½Ä· ~{´-Zmµ ~ º Zmµ â Ó ± ¶
¨W½k² ïM�¸ä�V¸� ~{´-Z}¹ ~ º Zmµ �^� ± ��� Ó^�BÂ��
¨W½_Á ïM�¸ó®�n~ ´ Z ¹ ~{º-Z µ � âi± ��� Ó â Â��
¨W½_ª ïM�¸ó®�n~{´�Z}¹ ~{¸-Z è â � ± ��� Ï �BÂ��

Ö�¹W»�­k¬®¬�­�µ�» �AUpb¸��a�UWl a�\�UW\�`¤ø�a�V h��rYsln\Wf[b�b�Ðk\�²MZM\&lnf³{.j^\ ¨W½
v fsaF`kUWV�g�h6|�4��k� a�Vne�fslnl a�Ytl a�ã�jdYsa�ckýWY�b�l VnUWckl UWV �paMb¸l��rlnfs]dl aF`&fta8b��pa�ckl Vnj.b¸c.j^�Wf�b g�hWa�\6X"Vn]^a��&�
\Wf[bnb�a.x�ów\6�A�_�WfsY�`&UW\W] Ï f�b�l�`&fsaF�.l VnUWckl UWV�`&aMb v f[Zdb�lna�V a�jde�a�Vqb�e�fsl¦Zr\kl fz��b�lq�r\p`kfs]^a�\BX lnhWjMæ&Ð.�
i-V UW�W�pa�\ ¨W½W» `WZMV ]^a�b�l a�YsYsl�x"�AUkü³�MYsYtfs]�f�b�l¦`WZr�pa�f-`&fta�]^a���a�ftl a�lna^�2Ó�� ~-���¸X"ft\&� Z^g�h&�_fs\p`&U_\W]8e�fsl
a�fs\_a�Vr­º�M\W]^a¡{.j^\B��� â Ó^� u Ó.yXÀ�x v fsa¡ä�ft\p`&UW\W]da�\é����� ~-�l/s�*�ÿï ö � u ÓÄy¼À}0�U_\p`é�2Ó��n~�Óê/t��� Ï^â � u Ó.y
À}0�a�\kl�b¸�WV aMg�hWa�\?a�ft\Wa�V�~"��� ��X ft\&� Z^g�hk�Wfs\p`kUW\W]&��`kfsa�{.j^\ë�����n~�Ó^�ì/s��� Ó^�k� u Ó.yCÀ}0��Na�ft\Wa�V�~3Î�� �v j^�_��a�Ys�Wft\p`&UW\W]_x v ftaJ~"�n~"�¸ä�ft\p`&UW\W]¡~�Ó��n~�Ó^����f�b�l-fse}ø�a�Vn]^Yta�f[g�h�T�U:`&a�e�ZrYtfs�WhpZMl f�b g�h8b�U_�pb�lnfz�
l UWfta�V lna�\Fï&òJ��ówe�f[`_ZrT�jdY ÕW² u �-�W�WfsY�`&UW\W] ö ZrU&�S�.a�fsl a�Ó^�.y2e�ftl ��� ï â � u Ï y�À a�l¸��Zdb2c&ýWVnT�a�V�x �Ñfsa
Ysfta�]^lS`_Zre�ftlAfte ä�a�Vna�f[g�h¡`&a�V�~"�n~ ä�ft\p`&UW\W]Ñb�Y��r\W]da��³`&aMb2�Wh_a�\&ÐkY[b¸UW�pb¸l fslnUWfsa�V l a�\¤ïkòJ��ówe�f[`WZMT�j^Y�b
Õp¹ / Ï ï&� Ïdâ 0wx

X"fs\Wa v fz���_T��SxpñNj^YtÐ&e�a�V f�b�fsa�V U_\W]�`&a�V�÷³a�lnV�ZrhkÐ_`&V jdfse�f�`WZrT�j�/ÿï�� â �E,+0sfteJf�`WZrT�j^Ysa ¨W½ `&UWV�g�h�{.jdV��
b�f�g�hkl ft]^aMb2X"Vn���rVne�a�\8T�U_e �kg�h_e�a�YsT��WUW\Wckl�c.j^\W\kl a1\Wf�g�hkl2a�ft\p`&a�UWlnfs]J��a�b�l ]daMb�lna�YsYtl2��a�V�`&a�\Ox v fsa
ä�fsY�`&UW\W]?g�ZrV �pa�\_j^f[`ka�Vy]p��f[bng�h_a�\pb�lnU&��a�\$b g�hWa�fs\kl ]^a�]^a�\kýW�pa�V�`&a�V�ä�fs\p`kUW\W].bnb��pZMYslnUW\W] `&a�V�]dam�
��a�ftl a�lna�\v�2Ó�� ~-����ä�ft\p`&UW\W] ��a�\Wft]^a�V��pa�{.jdV T�UW]dl�T�U b�a�ft\³x3ZAfta�V��paM`WZMV��¦aMbwz aM`&jkg�h*��a�fslna�V a�V
�A\kl a�Vqb�Upg�h&U_\W]^a�\Ox

� Ï
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¶�»R»�¾�¾7» 42V f�b�lqZrYsY�b�lnV UWckl UWV�`&a�V ø a�V �Wft\p`&UW\W] ¨W½W»È¿ ZMUpb�]da����MhWYslna¡ä�fs\p`&U_\W].bnZr�pb¸l��r\�`&a�/�À�0�UW\p`
ú6ft\Wc.a�Y�/ Á 0�ÂWå����n~-� �^x Ï � â u ÓÄy
�e�����n~�Ó^� �^xÔÓd�&� u ÓÄy
�e�2Ó��n~�Ó��^x Ï^â � u Ó.y#�e�2Ó�� ~-� �dx â Ó^� u ÓÄy
�
~�Ó�� ~�Ód�+�^xÿï â � u Ï y
������� ~-�2�dxÿï ö � u ÓÄy
���2Ó��n~ Ï �dxÿïW��� u ÓÄy#�k~ Ï ���2Ó��n~-�S��Órï_xÔ�d� u ��ï&y
��~�Ód� ������ ~-�1���MïWx � ö u �mïky#�N~�Ó��2�2Ó�� ~-����� ö xÔ�Mï u � Ï y
�7�����n~-�����2Ó����d�&xÔÓk� u � Ï yqx

�mï
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ä�a�fp`&a�V�|�aMZMc&lnfsj^\�`&a�V�åAæ_ZrY�Zre�f�`&fs\_a ¨kþ e�ftl"ä�f�b u fte�f[`kjrÐkY®y�g hWYsjdV f�`&am\ µ c.j^\_\&lna�\1b�jM��jdhWYpjrüºa�\&�
c.a�l lnfs]da-ZrY[b�ZrUpg�h�gmÐWg�Ysf[bng�h_a�ø�a�V �_fs\p`&U_\W]^a�\ a�V ��ZMV lna�l���a�Vq`&a�\³x.ówe �A\&lna�V�bng�h_fsaM`�T�U_V��-e�fs\WjdYsÐ_b�a
`&a�VRä�f�b u fte�f[`kjrÐkY[y¸g�hWY�j^Vnf[`&a µ e�fslºZrVnj^e�ZMl f�b g�hWa�\I�Ae�fs\_a�\�/t� â 0��mft\�i-a�]^a�\&�(ZrV l³{.jd\�÷QVnfsa�lnh&ÐkY[ZMe�fs\
ZrY�b}ZAftYz� b¸�pZ^b¸a��&a�V¸��j^Yt]^l aSc.a�ft\WaI�Ae�b�a�l T�UW\_]�{.j^\ µ e�fsl�`&a�\Få-æWZMY[Zre�f[`&ft\Wa�\ ¨kþ xv a�VIX"V�bnZrl T¦`&a�V�ZAftYz� b¸�pZ^b¸a�÷³V fta�l hkÐkY[Zre�fs\�`&UWV�g�hÞ�*�ÿïM� v f�ZrTMZM�Wf[g�ÐWgmYtj&/ Ó&xÔÓkxÔÓ=0z� jkgml�ZM\ ¨kÎ ��ýWh_V l a
a��pa�\&� ZMYsY[b�\Wf[g�hkl T�UWe ]da���ýW\pbng�hkl a�\�ñ"V jk`&UWckl�x_X�b��WfsY�`&a�l aIb�f�g�hH`WZr�pa�fO`WZ^b�bnZrYsT�ZrV lnfs]da2l a�lnV�Zdb�UW�&�
b�lnfsl U_a�V lna�åAæ_ZrY�Zre�f�`&fs\ ¨kõ u �kg�hWa�e�Z â y�x v fsa ä�Zdb�ftT�fslq�rlS`&a�b v f[ZMTMZr�_f[gmÐ_gmYsj.jkg�l�Zr\�bAV a�f�g�hkl-`&a�e1�
\pZ^g�h \Wf�g�hklRZrUpb-�^UWe `WZdb(å-æ_ZrY�Zre�f�`&fs\ ¨kþ T�U `ka��WV jdl jd\Wfsa�Vna�\³x v UWVqg�h¦b�a�ft\Wa���fse ø�a�Vn]^Ysa�f[g�hÒT�U ¨kþ
h&5^h_a�V a(�AUpgmYta�j^�_hWfsYtfsa��Wa�V¸��j^Yt]^l�`&fsa��ÑUW�pb�lnfslnUWl ftj^\ `&a�V ~�hWYsjdV�ZMl j^e�a1`&aMbSä�f[b u fse�f[`&jMÐkY°y�g hWYsjdV f�`&aMb
µ x v fsa¡b�lqZrVnc.a¤ø�a�Vn�WV a�fsl a�V UW\W]¡`&a�V��.fs]d\pZrYta¤a�fs\Wft]^a�V1~{Z º �ni-V UW�_��a�\7�"fse ³UZ �2�Iã8|(�n�.�pa�ckl V U_e
{.j^\ ¨&õ ��`&a�UWl a�l1ZMU&�Sa�ft\Wa�fs\G­e5.b¸UW\W]?{.j^VnhpZr\�`&a�\Wa�­ºZ^`kUW\W].bn`&a�Ytj^cdZrYtf[b�fta�V U_\W]ÞUW\p` `WZre�fsl�a�V��
h&5^hkl aF~{Z ���Agmf�`&fslq�rl¦`&a�V1ZrYtfs�Wh�Zrl f�b g�hWa�\ |�aMb�lna¤h_fs\³x v Z^b�X"\kl�b¸l a�hWa�\ÆZM\pZrYtj^]da�V�ñ"Vnjk`&UWckl a�f�b�l
b�jM��jdhWY"{.jd\8`&a�VI�Ae�b¸a�l T�UW\W]1`&a�VIówe�f[`kjrÐkY[g�hWY�j^Vnf[`&a µ e�fsl�ïr������� � v fte�a�l hkÐkY[Zre1f�\Wj^�kÐkV f[`kfz\Y/ ö 0��
ZrY�b�ZrU�g�hF{.j^\ `&a�V�|�aMZrckl ftj^\F`&aMbSÓ)� Ï � v f�g�hWYtj^Vqg�hWft\WjMæWZMYsft\pbAe�ftl��*�ÿïr� v f�ZrTMZM�Wf[gmÐ_gmYtj&/ÔÓ)�ÔÓ)�ÔÓ10��wjkg�l�Zr\
�pa�cdZr\W\kl�/ Ï �-0wx

ñ"Vnjk`&UWckl | ³ | ç �AUpb¸��a�UWl a
µ�¨k¹ ïM� ~{Z ¸ �n~ ´ Z ¹ ïM� ~{Z ¸ �n~ ´ Z ¹ ï âi±
µº¨k» Ï � ~�� ¸ �n~ ´ Z ¹ ïM� ~{Z ¸ �n~ ´ Z ¹ ��� ±
µº¨kÃ ïM� u ~{Zm¸�y�¸�~"�n~{´�Z}¹ ïM� ~{Zm¸ �n~{´�Z}¹ ÓMï ±
µº¨kÂ ïM� u ~{Zm¸�y�¸�~"�n~{´�Z}¹ ïr� u ~{Z�¸�y�¸�~"�n~{´�Z}¹ Ó Ïi±
µº¨k­ ïM� u ~{Z ¸ y ¸ ~"�n~ ´ Z ¹ ~ ´ Z µ u �bÎ ³�Ð �Òy Ó Ïi±

Ö�¹W»�­&¬�¬®­�¾7» �AU�b��pa�UWlna�\¡Zr\¡÷Qa�l V�ZMfse�ft\Wj^�_fs�pa�V�ZMT�fs\_a�\
X"V�b¸lo`&a�VoX"fs\pbnZrlnT b�lq�rVnc.a�V a�V ä�Z^b¸a�\ ��fsa�T.xÔä2x8\&��ä�UWl¸ÐkYsYsftl hWftUWe �WT��Sxá�2ZrlnV ftUWeJ� �Wf[bw�u lnV fse�a�l hkÐ&Y�b�ftYzÐkY®y��¸ZMeJf�`�a�V e(5^]^Ytf[g�h&lna-`&fsa v a��WV jdl j^\_fsa�VnUW\W]�`&aMb�a�\kl�b¸�WV aMg�hWa�\�`&a�\�å-æ_ZrY[ZMe�f[`kfs\WaMb

¨kþ x v fsa1ZM\pb g�hWYsfta�¯^a�\p`&ar]pU_].Zr�pa a�ft\Wa�VI��j.UWfse�j^Y[ZMV a�\:ã�a�\W]da1Zr\Fä�f[b u fte�f[`&jMÐkY®y g�hWY�j^V f�` µ ��ýWh_V��
l a1e�fslI|�aMZrckl ftj^\pb¸T�a�fslna�\8{.j^\Fg�Z&xR�y°éT�UF`&a�\Ffs\?�kg�h_a�e�Z â ]da�T�a�ft]^lna�\F����| ft\W]r��ZAa�lna�V jkg�ÐWgmYta�\
µº¨&¹kÉ�­ x��2Zdg�h¡bn�rUWYta�\pg�hWV jde�Zrlnj^]^VqZr�Wh_f[b g�hWa�V-|�a�ft\Wfs]dUW\W]1��UWV�`&a�\8`&ftaMb�a�|�aMZrckl ftj^\pb¸�WV jk`&U_c&lna�fs\
�AUpb¸��a�UWl a�\¡{.j^\��Wf�b�T�U�ï âi± a�V hpZMYslna�\ u ÷RZr�pa�YsYta Ï y�x

� â
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10 + 2 BuLi
-2 BuH

R1N NH

NR1HN

2 Li  + 2
- 2 LiCl

N

N NR2

NR2

R1N

R1N

H

H

N

N

+ 2

RN Cl

NRCl

R= 4-H3C-C6H4

N
N

N
N

RN

NR

2 Cl10b + + 10b

N

N N

N

N15

N15

H

H

C(CH3)3

C(CH3)3

HN15

N

N N

NHN15

C(CH3)3

C(CH3)3

21a-e

20

21e´21e

18

19

¿OÃMÁN­kÍ?¹é´ v ZMV�b�lna�YsYtUW\W]1`&a�V-÷Qa�lnV�ZMfse�ft\Wj^�Wft�pa�V�ZMT�fs\Wa µº¨

ú6fsa1ZMUpb�`ka�VS÷RZr�pa�YsYta a�V�b¸f[g�h&lnYsf�g�h7�WYtfsa�¯da�\Fb�f�g�hF`kUWV�g�hF`&fsa ø�a�Vn��a�\�`&UW\W]�U_\&lna�V�bng�hWftaM`&Ytf[g�hWa�V
X�`&UWckl a µ �WT��Sx ¨&þ `kfsaS|�aMb�lna�| ³ UW\p`�| ç {dZrV ftfsa�Vna�\³x

ów\?`&a�\P­e5.b�U_\W]^a�\$`&a�V¦÷Qa�lnV�ZMc&f�b���ZrV ÐkYsfte�fs\_jr� �Wfs�pa�VqZrT�ft\Wa µº¨�� \p`&a�\Þa���a�\&� ZrYtY[b�`kÐ&\pZMe�f[bng�h_a
ñ"V j^T�aMb b¸a2��fsaIñ"V j^lnj^lnV j^�_fsaSb¸l�Zrlnl��k��jk`&UWVqg�hH`&fsa��mZ �n�.fs]d\pZrYta�fs\�fthWV a�\ ³ Z��2�2ã8|��n�.�pa�c&lnV a�\1{.a�V¸�
�WV a�fsl a�V l��R�WT��Sx"]da�l Vna�\W\kl�UW\p`?e�fslSUW\kl a�V�b g�hWftaM`&Ysf�g�h_a�\Fów\&lna�\pb�ftl��Ml a�\?b¸f[g�h&ln�pZrV1b¸fs\p`ºx�ó�eî�pZrYtYsa
`&aMb v a�V ft{dZrl a�b µº¨k­ T�a�ft]^l�`_Z^b ³ Z ���2ã8|�� �Ñ��a�c&lnV UWe \Wa��pa�\1a�fs\Wa�e �.ft\W]^UWYta�l l��pa�fº�+� ï â c�c�·��Äa�fs\v UW�WYta�l l�e�fsl-a�ft\Wa�V�4Aj^�_�WYsUW\_].b�c.jd\pb�lqZr\kl a1{.j^\?�d� ò�T�x v fsaMb�b�ft]^\pZMYsf[b¸fsa�Vnl��³`_Z1¯8ZMe ³�Ð ���¸��l jde
a�fs\ ú Z^bnb�a�Vqb�lnjrüOZrlnj^eo]^a��WU_\p`&a�\1f[b¸l�x.X"fs\1÷³a�ftYW`&a�V"ø�a�V �Wft\p`&UW\_] µº¨k­ e1U&¯I`&a�e�\�Z^g�hÒft\^­e5.b¸UW\W]
fs\��Wj^V eû{.jd\ µº¨k­pÈ {.j^V Ytfsa�]da�\ u �Äg�hWa�e�Z â y�x v UWVqg�h�`&ftaMb�aMb"c.jd\=z UW]^fta�V lna2�.Ð_b�l a�eûT�a�fs]da�\1`&fta2�Aø-�
øSó � �.�pa�ckl V a�\1`&fsaMb¸a�V"ø�a�Vn�Wfs\p`kUW\W]^a�\ fseûä�a�V a�f�g�hS{.j^\ ï Ï ���wï â �BK&·ða�ft\Wa��WVna�fslna2�kg�h&UWYtl a�VV���WT��Sx
a�fs\Hã8Zrækfse1UWe e�fsl"Yt]��{Î*ï��ÔÓkx��.jM��jdhWY�fte 42V f[b¸l�ZMYsY��kZMY[b�ZMUpg�hJft\y­e5.b¸UW\W]1b�ft\p`�`&fta��.UW��b�l�ZM\WT�a�\
µº¨&¹kÉ�­ jdV�Zr\_]^a�]dam� �rVn�Wl�x

���
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ówe iAa�]^a�\pbnZrlnT6T�UWVR­e5Ñb�UW\W]��1b�fs\�`ðfse 42V f[b¸l�ZMYsYs]dfslnl a�V `&a�VFø�a�V �Wft\p`&UW\_] µº¨&­ ��`&fsav�mZ��
úÞZdb b¸a�V�b¸l jrüºa?`kaMb�ã�j^Yta�ckýWY[b1Zr\ `&a�\6a�ækjkgmÐ_gmYsf�b g�hWa�\6�.lnf[g�cWb¸l jrüºa�\ ]^a��_UW\p`&a�\Ox v fsaFã�jdYsa�ckýWY��
b�lnV UWckl UWVSa�\kl�b¸�WV f�g�hklI`WZre�ftlS`&a�V ��jdV e µº¨k­�È x v fsa1ä�ft\p`&UW\W]da�\?~�Ó^� ���Aï.� /t�^x Ó^�rï u �.y2À}0�� ~-��� �
�����¡/t�^xÔÓd�^� u �Äy�À}0����2Ód� � ~�ïÑ�¡/s�^x Ó^� ö u �.y2À}0RUW\p`�~ Ï � �2� â �ø/t�^x Ó ö^ö u �.y2À}0³a�\kl�b¸�WV a�g�hWa�\¤ft\�fshWVna�V
­º�r\W]da�a�ft\Wa�V-l�Ðk�Wf�b g�hWa�\é~3Î�� � v jd�W�pa�Ys�Wft\p`&UW\_]&�³`&fta1`&a�VSä�ft\p`&UW\_]^a�\Þ~-��� �2� Ï � /s�dx Ïdâ � u �Äy�À}0��
~�Ó^� ���2Ód� /s�^x Ï ö � u �.y2À}0��Q~ Ï � ������� /t�^x Ï � ö u �Äy�À}0��³~�ï.���2�2�d�ø/t�^x Ï ï â u �Äy�À}0"a�ft\Wa�V�l¸Ðk�Wf[bng�hWa�\ ~"�
� ��X ft\&� Z^g�hk�Wfs\p`kUW\W] u �-�W�WfsY�`&UW\W] ïky�x

¶�»R»�¾�Õ7» 42V f�b�lqZrYsY�b�lnV UWckl UWV¦`&a�V ø�a�Vn�Wfs\p`kUW\W] µ�¨k­e¿ ZMUpb�]da����MhWYslna8ä�fs\�`&UW\W]Ñb Zr��b�l��M\p`&a�/.À}0�UW\p`
ú6ft\Wc.a�Y�/.Á�0�Â³~-��� �������}�dxÔÓd�^� u �Äy
� ~-��� �n~�Ó^�}�^x â �d� u ���Äy
� ~�Ód� ���2Ó^�}�dx Ï ö � u �Äy#�ó�2Ód� �
~�ïÑ� �^xÔÓd� ö u �Äy
�J~�ï.��� ~ Ï � �^x â � Ï u �Äy
�J~ Ï ���2����� �dx Ï � ö u �Äy#��~-��� �2� Ï � �dx Ïdâ � u �Äy
�
~�Ód� �2�-ï.� �dxÔÓ^�Mï u �Äy#��~�ïÑ� ���2�^� �dx Ï ï â u �Äy
��~ Ï � ��� â � �dxÔÓ ödö u �Äy#��~ Ï � ������� �n~-���
�d� ö xt� u �Äy#�-~-��� ��� Ï ��� ~ â � � Ï �dxÔÓ u �Äy
�A~�Ó^���2�AïÑ� �n~-�^��� �d���kxÔ� u �Äy
� ~�Ód� ���2Ó^� �n~�ï.�
�d� ö xt� u �Äy#�³~�ï.���2�2�d� �n~�Ó ö �o� Ï �^xÔ� u �.y#�³~ Ï � ��� â ��� ~-� ö � ��Órï_x ö u �Äyqx

� ö
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�A\pZMYsj^]¦`&a�\��.Ðk\&lnhWaMb�a�\1`&a�V�÷Qa�l V�ZMfse�ft\Wj^�_fs�pa�V�ZMT�fs\_a µº¨ b¸j^YtYsl a�\�`&fta-| a�Zrckl fsjd\Wa�\�`&a�V�å-æWZMY[ZMe�fz�
`&fs\_a ¨&þ e�ftlR�Agma�l�ÐkYsa�\p`&f[g�ZrV �pjd\pb �MUWV aM`kfse1a�l hkÐ&Y�aMb¸l a�VOgmÐ_gmYsf�b g�hWa�ñ"V jk`&U_c&lnaAYtfsam��a�Vn\³xM�AY�bNX"\p`&�_V jr�
`&UWckl aS���MV a�\�ø a�V �Wft\p`&UW\W]da�\7�_`&fsaSb¸f[g�hJý_��a�Vmßlf'nE°�I+L#d��¸�-`W`&ftl fsjd\7�&�_T��Sxp`&UWVqg�h�X�b¸l a�VqZre�ft\Wj^YtÐWb¸a
�WfsY�`&a�\7�kT�U�a�V �(ZrVnl a�\³xv fta1�Ae�b�a�l T�UW\_]^a�\¡`&a�VIø a�V �Wft\p`&UW\W]da�\ ¨kþp»QÉq­ e�ftl�a�fs\Wa�e �-��a�V�b g�hkU&¯�Zr\ �-gma�l¸Ð&Yta�\p`&f�gmZMV��
�pj^\pbn�rUWVnaM`&fse�a�l hkÐ&YtaMb�lna�V-fs\ b�fsa�`&a�\p`&a�e ÷3Z2�Æ��ýWhWVnl a�\FT�U ñ Vnjk`&UWckl a�\��N`ka�V a�\ ³ Z �
�³�WT��Sx ³�æ ~"�
�2ã8|�� �.�pa�ckl Vna�\8\Wf�g�hkl2ZMUpb���a�V ln�pZrV���ZMV a�\³xOX Vqb�l�`WZdbÒ`kUWV�g�hÞ|35^\kl ]da�\WckV f�b�l�ZMYsY�b�l U_V�Zr\�ZrYsÐ_b�a ]dam�
��jd\W\Wa�\WaF�.l VnUWckl UWVne�j^lnfs{Fa�V e^5d]^Ytf[g�h&lna1`&fsa�]^a�\pZrUWal]pUWj^Vq`&\kUW\W] `&a�V fs\ `&a�\ ³ Z �
�"�WT��Sx ³�æ ~"�
�2ã8|�� �.�pa�ckl Vna�\�]^am��U_\p`&a�\Wa�\ �Ñfs]^\�ZrYsaÑxv ftaÆ�-�W�WfsY�`&UW\W] â T�a�fs]^lF`_Z^bê]W�n~�ÐWg�Ysf[b¸fsa�VnUW\W]Ñb��WVnjk`&UWckl��2��a�Y[g�hWaMb8`&UWVqg�h a�fs\_a`ß®f'nE°�I+L#dz�
�A`_`&fslnfsj^\ `&aMb å-æWZMY[Zre�f[`&ft\pb ¨kþp» Zr\?`kfsa�~"� ~"� v V a�fz� Z^g�hk�Wfs\p`kUW\W]�U_\p`Þa�fs\Wa�V�X�b¸l a�VqZre�ft\Wj^YtÐWb¸a
a�fs\_a�V���a�fslna�V a�\C��Zmº�� i-VnUW�W�paSe�fsl�a�ft\Wa�eoã�a�lnh&ÐkYsaMb¸l a�V¸�¸|�aMb¸l"]^a��_fsY[`ka�l���UWV�`&aÑx v ftaMb�a��ÑÐ&\kl hWa�b�a
a�V Y�ZrUW�_l�`&fsa�ä�ftY[`&UW\_]A{.jd\1X�UW\p`r]1ó¸b�jde�a�Vna�\ u �kg�hWa�e�Z��.y#�M��Zdb"`&UWVqg�h¦`&j^�W�pa�Ytl a2�.ft]^\pZMY[bn�rl T�a�fs\
`&a�\ ³ Z � UW\p` ³�æ ~"�2�Iã8|(�n�.�pa�ckl V a�\�`ka�V�ø�a�Vn�Wfs\p`kUW\W]^a�\ µpµW¹kÉ�Â �paMb¸l��rlnfs]dl���a�Vq`&a�\�c.jd\W\&lna.xW�-e
`&fsa��2ã8|�� �Ñfs]^\�ZrYsa-`ka�V�a�\&lqb��WVnaMg�hWa�\p`&a�\1XéUW\p`ö]W���Wj^VneûT�UWT�UWjdV�`&\_a�\7�^��UWVq`&a-a�fs\(�ÒåIX��"!A� ³ Z �
�2ã8|��¸X"æk��a�V fse�a�\&lR`kUWV�g�hW]^a���ýWhWV l�x v ZM��a�f�T�a�fs]dl a-b�f�g�h1ZM\WhpZM\p`J{.j^\��AUpb¸l�ZMUpb g�hpb�ft]^\pZMYsa�\1�pa�f[`ka�V
ó¸b�j^e�a�V a2{.jd\ µ�µ_¹ �p`_Z1¯�b�f[g�h¡`&fsa�b�a2ft\®­e5Ñb�UW\_]�fs\Wa�fs\pZM\p`&a�V�UWeJ�(Zr\p`ka�Ys\³x

¶�»R»�¾�´�» �Ñl V U_c&lnUWV e�jdl ft{1`&a�V�ø�a�V �_fs\p`&U_\W]$#%#'&
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N

N

O

ArN

ArN

H

H

H

O

OCH3

22a-d

H3CO

O OCH3

O

THF/ ∆T

- CH3OH

NOE

N

NArN

ArN O

H

H

H

OCH3O

+10b-e

E-Isomer

Z-Isomer

Ar = 4-CH3-C6H4-; 4-(H3C)3C-C6H4-;  
        4-Br-C6H4-; 4-I-C6H4-. 

¿OÃrÁR­kÍê¹8ç ~�ÐWg�Ysf[b¸fsa�VnUW\W]Ñb�V a�Zrckl fsjd\Wa�\�{.jd\8åAæ_ZrY�Zre�f�`&fs\_a�\ ¨kþ e�fsl
�-gma�l¸ÐkYsa�\p`kf[g�ZMV �pj^\pbn�rUWVnaM`&fte�amlnh&ÐkY�aMb�lna�V

v Z8\&U_V�`WZdb�XN�¸ó¸b¸j^e�a�V fte �ÒåIX��"!A� ³ Z ��Zm�2ã8|�� �Ñ��a�c&lnV UWe a�fs\_a�\6~�V j.bnb���ñNaMZMcÆT���f�b g�hWa�\
a�fs\_a�e �.fs]d\pZrY-a�fs\_a�V^��Z � i-VnUW�W�pa�UW\�`6`&a�e �.fs]d\pZrY `&a�V1a�æ&jkg�ÐWgmYtf[bng�hWa�\`ÎS~{Z ���WUW\Wckl ftj^\Æa�V��
T�a�UW]da�\?cdZr\W\7�R��ZMV aMbÒe^5d]^Ytf[g�h7���pa�f[`ka��.fs]d\pZrY�b �Ml T�a�{.j^\_a�fs\pZM\p`&a�V�T�UÞlnV a�\W\_a�\ÞUW\p`?`&ftay­ºZr]da
`&aMb iAYta�f[g�hW]da���f[g�h&lnaMb-`&a�V�X�²�]W��ó�b¸j^e�a�V f[b¸fsa�VnUW\W]�T�UF�paMb�lnfse�e�a�\³xpä�a�f�|AZMUWe1l a�e��pa�VqZrlnUWVAYtfsa�]dl
`&fsa�b�aMbÒi-Yta�f[g�hW]^a���f[g�h&l�fs\à­e5.b¸UW\W]¡ZrUk�-`&a�V��.a�fslna `&a�b2XN� v a�V fs{dZMl aMb�x�ów\F÷RZr�pa�YsYta�ï¡b�ft\p`8b�jM��j^hWY
`&fsaF�-Upb��pa�UWlna�\7��ZrY�b�ZrUpg�hB`&fta8ýW�pa�V ³ Z ���2ã8|�� �Ñ��a�c&lnV j.b¸c.j^�Wfta��paMb¸l fse�eJlna�\?X�²�]W��ó¸b�j^e�a�V a�\k�
ø�a�V hp�MYsln\Wf[bnb�a�`&a�V�ø�a�Vn�Wfs\p`kUW\W]^a�\ µpµW¹kÉ�Â ZMU&��]^am��ý_hWV l�x

ñ"V jk`kUWc&l �AV �-Upb��pa�UWlna ø a�V hp�MYsl \_f[b�X3Âg]
µpµ_¹ ïr�n~{Z ¸ � ~ ´ Z ¹ Ó âi± â �Ô�BÂ³�
µpµ_» ïr� u ~{Zm¸�y2¸�~"� ~{´-Z}¹ ÏdÏi± Ï �Ô�BÂ³�
µpµ_Ã ïM�¸ä�V¸� ~{´-Z}¹ Ï � ± �*�Ô�BÂ³�
µpµ_Â ïr��ó®� ~{´VZ}¹ â � ± Ó)�Ô�BÂ³�

Ö�¹_» ­k¬�¬®­�Õ7» �AUpb¸�pa�UWl a�\H��ý_V v a�V ft{dZrl a�`&a�b�÷ Ðk�pb µpµ �pb¸jM��fsaSø�a�V hp�MYsln\Wf[b�fshWVna�V-XN��UW\p`
]W�¸ó¸b�jde�a�Vna�\ u ÷3Z2�R² |-ZrU_eJlna�eJ�pa�VqZrlnUWVmy

v fsa1fs\P­e5.b�U_\W]8{.j^VnhpZr\p`ka�\Wa�X¤²*]W�¸ó¸b¸j^e�a�Vnf[b¸fsa�VnUW\W]�V aMb¸UWYslnfsa�VnlSZrU�b�`&a�V��Ae�Y[Zr]da�V U_\W]¡`&a�VSa�ækjr�
gmÐ_gmYsf�b g�hWa�\6~3ÎS~"� v jd�W�pa�Ys�_fs\p`&U_\W] ZrUpb¸]^a�hWa�\p` {.jde ]W� v a�V fs{dZMl�UW\kl a�V�ä�fsY�`&UW\W] `&a�V�ø�a�Vn�Wfs\k�
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H
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¿OÃrÁR­kÍê¹é½ �A�WY�ZrU&� `&a�V-X�²�]W��ó¸b�jde�a�V f�b�fta�V UW\_]^a�\1fs\¡`&a�\�­e5Ñb�UW\W]da�\8{.j^\ µpµ

`&UW\W] µ_¾ �³��jd��a�f�`kfsa \kUW\We�a�h_VAe^5d]^Ytf[g�hWa |�j^lqZrl ftj^\ÞU_e `&fsa�~"�n~"�¸X"ft\&� Z^g�h&�_fs\p`&U_\W]�UW\�` a�ft\Wa
Zr\pbng�h_YsfsaV¯^a�\p`kaF÷NZMUWl jde�a�V fta8T�UWe a�\kl�b¸�WV a�g�hWa�\p`&a�\$X ��ó¸b�jde�a�VJ��ýWh_V l u �kg�hWa�e�Z ö yqx)(-hW\WYsf�g�h_a
X�²�]W��ó�b¸j^e�a�V f[b¸fsa�VnUW\W]da�\Þfs\G­e5Ñb�UW\W] ��UWV�`&a�\ê�pa�f����#/+*Q��42a�l j.a�\�Zre�ft\Wj�0��¸bnZ^g�g�hpZrVnf[`&a�\8��a�j^�pZdg�h&�
l a�lw/ Ï �=0wx

Ó^�
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ú6fsa�bng�h_j^\Þft\Þ�A��b g�hW\Wfslnl1�Ja�Vn���rh_\&lV�QY�Z^bnb�a�\?b¸f[g�hÞb¸UW�pb¸l fslnUWfsa�V l a1ï&ò1�¸ówe�f�`WZrT�j^Ysa1`kaMb�÷�Ð&�pb Õ
u �kg�hWa�eHZ��2ZMU&���.a�ftl a â y `&UWVqg�h��-e�b�a�lnT�UW\W]I`&a�V(ä�f[b u fse�f[`&jMÐkY°y�g hWYsjdV f�`&a µ e�fsl ä�a�\WTMZMe�f[`&ft\��pa�f
ø�a�V ��a�\p`&UW\_]2{.j^\1÷³V fta�l hkÐ&Y�Zre�ft\SZrY�bhZAftYz� b���Z^b�a(`WZrVqb�lna�YsYta�\³xdó�e |-ZrhWe�a�\ `&ftaMb�a�V��AV �pa�ftlN��U_V�`&a�\
e�a�hWVna�V a ~-���¸X"Ysa�c&lnV j^�_hWfsYta�]^a���UW\p`&a�\�����a�Y�g�h_aÒe�fsl����.��� ��`&f[b¸UW�pb¸l fslnUWfsa�V l a�\�å-æWZMY[Zre�f[`&ft\Wa�\¡`&aMb
÷ Ðk�pb ¨kþ ��b¸UW�pb¸l fslnUWfsa�V l aSïkòJ��ó�e�f[`WZMT�j^Yta Õ �_fsY[`ka�\ u �kg�hWa�e�Z �.y�xº�AUpb-`&fsa�b�a�\:ä�fsY[`kUW\W].b¸V aMZMc&lnfsjM�
\Wa�\Þc.jd\W\kl a�\?`kUWV�g�h?|�aMZrckl ftj^\pb¸j^�Wlnfse�fta�V UW\_]�ZrYtYs]^a�e�a�fs\_aJ�.Ðk\&lnhWaMb¸a���a�]daJa�\&l¸��f[g�c.a�YtlA��a�V�`&a�\7�
��jk`&U_V�g�h�aMb�\kUW\We�a�hWV�e^5d]^Ytf[g�hJf�b�l��_`&a�\F�.UW�pb¸l fslnUWa�\kl a�\�fs\¡Ó���ñNj.b¸fslnfsj^\:`&aMb�ówe�f�`WZrT�jdYsVnfs\W]Ñb�ZrUk�
a�fs\k� Z^g�hWa2úFa�f[b¸aÒT�U¤{dZMV fsfta�V a�\³x

R

X

X

X
+ 10

-3 HX

N

N

R

NAr

NHAr

4

+ 10

-H2X
-HY

R

X

Y

¿OÃrÁR­kÍê¹¡Î �AYsYt]^a�e�a�f�\Wa-ä�fsY�`&UW\W]Ñb�V a�Zrckl fsjd\Wa�\�{.jd\�ïkòJ��ó�e�f[`WZMT�j^Yta�\�`kaMb�÷ Ðk�pb Õ

2¤£%¥ üàÆ��3���m¨mÇ Ê4��¬àÊ
	��Èÿ¡Ês©�Æ!¬)É&ªm«7¨ � ����«7ª�§��m«7¨
�.jM��jdhWYW`ka�VRZrY�bNã�jk`&a�YsYs{.a�V �Wft\p`&UW\W]�a�fs\_]^aMb¸a�l T�lna�ä�a�\WT�ZrY[`ka�h&Ð_`���Zr�pa�V ZrU�g�h�Zr\�`&a�V a�ZMV j^eHZrl f�b g�hWa
�AY[`ka�h&Ð_`&a���fta�T.xÔä2x^�k�¸�A\_f[b ZMY[`&a�h&Ð_`�UW\p`�÷³a�Vna��Whkl hpZMY[ZrY�`&a�hkÐW`��r�WftY[`&a�\ ��a�f�`ka�V��Ae�b�a�l T�UW\_]2e�fsl
å-æWZMY[Zre�f[`&ft\Wa�\ ¨kþ fs\ `&a�V �.fsa�`&a�hWftl T�a ïkòJ��ó�e�f[`WZMT�j^Yta1`&aMb�÷�Ð&��b Õ xR�AY�bÏ­e5.b¸UW\W]Ñb�e�ftl l a�Y"��UWV��
`&a�\�X"lnhpZr\WjdY��k�WT��Sxk÷QjdYsUWjdY�{.a�Vn��a�\�`&a�l��M��jd�pa�f�]da�V ft\W]^aIã�a�\W]da�\�ZM\�ïr��÷QjdYsUWjdY[b�U_Yz��j^\�b �rU_V a2jk`&a�V
���db b�Vnfs]dalZÒ~�Y2ZMY[b^4SZMl�ZrYtÐWbnZrlnj^V���UW\W]dfsa�Vnl a�\ u �kg�hWa�e�Z¡�Äyqx��AUpb¸]^a�hWa�\p`ê{.jd\B`&a�e b�f�g�h fs\kl a�V¸�
e�aM`&f��rV��WfsY�`&a�\p`&a�\Þfs\pb¸l�ZM�WfsYta�\?�AT�jde�a�lnhWfs\ µ_Õ a�V¸��j^Ys]dl�a�ft\Wa8~�ÐWg�Ysf[b¸a�V U_\W]�T�U µp´ x"X"fs\ |�aMZrc.�
l ftj^\pb¸{.a�V Y�ZrU&�RjdhW\WaS�AT�j^e�a�lnhWfs\k�!]p��f�b g�hWa�\pb¸l U&��a��MýW�pa�V(`&fsaSä�ftY[`&U_\W]Sa�fs\Wa�b�ZIZrYs��Zre�ft\pZrY�b ZMUpb ¨kþ
UW\p`��-Y[`&a�hkÐ_`�f[b�l�a��pa�\k� ZrYsY�bN��j^V e1UWYtfsa�Vn�pZrVRUW\p` ��ýWV�`ka2ZM\pZrYtj^] T�U µp´ ��ýWhWVna�\³x v fsaIZr\�b g�hWYsfta�¯^a�\k�
`&a�å-ækf[`WZMl fsjd\Þ{.j^\ µ�´ Ytfsam��a�VnlS`WZdb�ï&òJ��ówe�f[`_ZrT�jdY Õ x v Z8`WZdb | a�Zrckl fsjd\pb��_V jk`&UWckl1ZrU�g�hÞU_\&lna�V
fs\Wa�V l a�\8ä�aM`&ft\W]^U_\W]^a�\¡]^a��_fsY[`ka�lA��U_V�`&a��pe1U&¯^lna�`ka�VAý_��a�V�b g�hkýpb b¸fs]^a¦�AY[`ka�h&Ð_`�ZrY�bÒå-æ&f�`WZrlnfsj^\�b��
e�fslnl a�Y^��U_\W]^fta�V a�\ U_\p` U_\&lna�V�|�aM`&UWckl ftj^\�ft\�ä�a�\WT�ÐkY[ZrYtc.j^hWjdY.ýW�pa�V ]da�hWa�\Ox v fsa�b�a�V"c.jd\W\kl a�e�fsl lna�Y[b
iIZ^b g�hWVnj^e�ZMl j^]dV�ZM�WhWfsap�Wfs\�`&a�V�|�aMZrckl ftj^\pb¸Y�5.b¸UW\W]1\pZ^g�hW]da���fsaMb¸a�\���a�V�`&a�\³x��A�pa�V�a�ft\Wa�\�b¸j^Y�g�hWa�\7�
5 I�K&K&f�T#TVI�HJWd���rh_\WYsf�g�hWa�\Æ|�aMZMc&lnfsj^\�b�e�aMg�hpZM\Wf[b¸e Upb��³��UWVq`&a8bng�hWjd\Æ{.jd\`Q�S'TVH!W=,�S��pa�f-�MhW\WYtf[g�hWa�\
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+ 10b (H+)
Ethanol od. Toluol
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H
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N
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¿³ÃMÁR­&Í?¹8õ |�aMZMc&lnfsj^\�{.jd\ ¨kþp» e�ftl�ä�a�\_TMZrY�`&a�hkÐW`

ø�a�V �Wft\p`&UW\_]^a�\?�pa�V f�g�hkl a�lr/ â ���10 x v fta¡`&UWV�g�h6�k�rU_Ysa�\pg�hWVnj^e�ZMl j^]dV�ZM�WhWfsa�f[b�jdYsfta�V �pZMV a�ã�a�\W]^a�ZM\
ï&ò1�¸ówe�f�`WZrT�jdY Õp¹ a�V V a�f[g�h&lna�`_Zr�pa�fSfse�e�amV a�ft\Bã8Zrækfse1UWe {.jd\+g�Zkx Ï � ± ���pa�T�jd]^a�\ ZrUk�1`WZdb
a�fs\_]^aMb¸a�l T�lna�å-æWZMY[Zre�f[`&ft\ ¨&þ x v Z^b b�f�g�h8�_fsY[`ka�\p`&a ïkòJ��ó�e�f[`WZMT�j^Y Õ UW\&lna�V Ytfsa�]dl2fse |�aMZMc&lnfsj^\�b��
]^a�e�f[b g�h���a�fslna�V a�\¡�Wj^Yt]^a�VnaMZrckl ftj^\Wa�\³x��.j�c.j^\W\kl aS�pa�fR|�aMZrckl ftj^\pb¸T�a�fslna�\�{.j^\�e�a�h_V-ZrY[bS� â ° Õ�¹
e�fslnl a�Y�b v ý_\W\pb g�hWf�g�hkl�g�hWV jde�Zrlnj^]dV�Zr�_hWfsa1\Wf[g�hkl�e�a�h_V `&a�lna�ckl fsa�V l���a�V�`ka�\³x"�-Upb a�fs\Wa�VC­e5.b¸UW\W]
{.j^\ ¨kþp» UW\p` ä�a�\WT�ZrY[`ka�h&Ð_`2fs\¦X lnhpZr\_j^YW��UWVq`&a�\pZdg�h�e�a�hWVnl��r]dfs]da�e X"V hWftl T�a�\�UW\kl a�V |�ýpg�c�åpU&¯��
`&fsa�ø�a�Vn�Wfs\�`&UW\W] µp½ ft\���� ± � fs]da�V��AUpb��pa�U_l a�f[b¸j^Ytfsa�Vnl u �kg�h_a�e�Z-�Äy�x v aMb b¸a�\��.l VnUWc&lnUWV�ZMU&��ckY[�rVnUW\W]
]^a�Y�Zr\W]�`&UWVqg�h¡`&a�l�ZrftYsYtfsa�Vnl a��2ã8|(��b��pa�ckl Vnj.b¸c.j^�Wf�b g�hWa��A\&lna�V�b¸Upg�h&UW\_]^a�\7�.��j^�pa�fRfse |AZMhWe�a�\�a�fz�
\WaMb��.hWf���l {.a�Vqb�Upg�hWaMb�e�fsl u �_y®� u%ä y®��Ó+� Ó+�ÔÓ��¸÷³V fgåpUWjdV��q��� u ����Zr\kl h_V ÐkY®ywa�l hpZM\Wj^YO`&UWV�g�h1`&fta-�AU&� b���ZrYslnUW\W]
`&a�V ³ Z ���2ã8|�� �Ñfs]^\�ZrYsa�`&a�V�~{Zm¸ � i-V U_�W�pa a�fs\Wa�bA÷³j^YtÐ&Y��¸|�aMb�lnaMb��º`WZdb ø�jdV hpZM\p`&a�\pb¸a�fs\¡a�fs\_aMbAX"\&�
Zr\kl ftj^e�a�Vna�\W�pZdZrVnaMb2\pZ^g�hW]^a���fsaMb¸a�\Þ��a�V�`&a�\Fc.j^\_\&lna.x v Z^b�e�ftl lna�Y[b-|}4��k� ZrUpbSa�fs\Wa�eì4 Vnf[b¸l�ZrYtY
{.j^\ µp½ ]^a���j^\W\Wa�\Wa��.l VnUWckl UWVne�j^lnfs{��paMb�lq�rl ft]^lna1`WZ^bSã�j^Yta�ckýWYz�ni-V UW\p`k]^a�Vnýpb�lS`ka�VAø�a�Vn�Wfs\�`&UW\W]
µp½ u �A�W�_fsY[`kUW\W] �.y�xv ftaSä�fsY�`&UW\W]�`&a�V�ø�a�V �Wft\p`&UW\_] µp½ Y��1¯^l(b�f�g�h�T���Zr\_].b�Ytj.b�ýW�pa�V(`WZ^b��-T�j^e�a�l hWft\&�¸ów\kl a�Vne aM`&f�Zrl
µ_Õ a�V ckY[�MV a�\�����j^�pa�f�fs\F`&ftaMb�a�e �pZrYtY"`&a�V�|�fs\_].b g�hWYtU&¯�ýW�pa�VSa�ft\Wa�\FZre ÷QjdYsÐkYsVnaMb�l2]da��WUW\�`&a�\Wa�\

Ó^Ó
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�.l f�g�c_b�lnjrü?a�V���j^Yt]^lSUW\p`F`WZdb�|�a�]^ftj^f[b¸j^e�a�V µ_ç Ytfsam��a�Vnl�x v UWVqg�hF`WZdbÒfte |�aMZrckl ftj^\pb¸]^a�e�f�b g�h�{.jdV��
hpZr\�`&a�\Wa�úÞZdb b�a�V u �^� ± � fs]^a�V-X lnhpZr\_j^Y®y�a�V¸��j^Ys]dl-b g�hWYsfta�¯^Ytf[g�h1`&fsa�ZAÐ_`&Vnj^YsÐ_b�aIT�U µ�½ xv ftaJø�a�Vn�Wfs\p`kUW\W] µp½ b¸l a�YtYslSa�ft\ v a�V fs{dZMlÒa�fs\Wa�V�bng�hWjd\Þ�pa�cdZr\W\kl a�\ÞUW\p`F`&UWVqg�h?�-e�b�a�lnT�UW\W]
{.j^\BåAæ_ZrY�Zre�f�`&fs\_a�\Þ`kaMb ÷ Ðk�pb ¨&þ e�fsl¦�AY[`ka�h&Ð_`&a�\��+z a�`&jkg�h?ft\ÆX"f�b�aMbnb�fs] ZrY�br­e5.b¸UW\W].b¸e�fslnl a�Y��
b�Ðk\&lnhWa�lnf[b�fta�V ��ZrV a�\Jø�a�Vn�Wfs\p`kUW\W].b¸c&Y�Z^bnb�aS`WZMVw/ Ï ö 0wx6�A�pa�V�a�fs\Wa-fs\kl a�Vne�aM`&f��rVna�ä�fsY�`&UW\W]�a�fs\_aMb"ï&òJ�
ówe�f[`WZMT�j^Y�b ��UWVq`&a�ZrYtYsa�Vq`&fs\W]Ñb�\Wf[g�hkl��pa�V f�g�hkl a�l�x

¶�»R»È¾"ç7» �.lnV UWckl UWVne�j^lnfs{�`&a�V�ø�a�Vn�Wfs\p`kUW\W]$#87

v ftaMb�a¦X Vn]^a��_\Wf[bnb�a�Ytfsa�¯da�\�{.a�V e1UWl a�\��&`_Z1¯�b¸f[g�h8`WZdbXf'KYãVf�S�N¤]da��WfsY�`&a�lna�ówe�f�`WZrT�j^Y Õ e�ftl�UW\&�
UWe�]daMb�a�lnT�l a�\Þ�AY�`&a�hkÐW`8�WT��Sx `WZrVqZrUpb V a�b�UWYtl fsa�V a�\p`ka�\Þä�a�\WT�ÐkY[ZrYtc.j^hWjdY"fs\>��jdYs]da�V aMZMc&lnfsjd\Wa�\ÞT�U
Zr\p`ka�V a�\Hñ Vnjk`&UWckl a�\1UWe�b¸a�l T�l a.x.�.j�a�V���j^Yt]^lnaA�pa�fº`&a�\�|�aMZrckl ftj^\Wa�\ {.jd\ Õp¹ b¸jM��j^h_Y�e�fsl�ä�a�\_TMZrY��
`&a�hkÐW`��pZrY[b�ZMUpg�h¤e�fsl�ä�a�\WT�ÐkY[ZrYtc.j^hWjdY7]pa�V�b¸a�l T�U_\W] UW\kl a�V(ä�fsY[`kUW\W] {.j^\¡ñ"V jk`kUWc&ln]^a�e�f[b g�hWa�\Ox

|�aMb�UWYtl fta�V a�\�`8ZrUpb�`&a�\Þ�pa�jd�pZ^g�h&lna�l a�\à�Aa���a�\WV aMZMc&lnfsjd\Wa�\8c.j^\_\&lna�`&ftaMb�a�ä�fsY�`&UW\W]Ñb�VnaMZrckl ftj^\
{.j^\ Õ�¹ \Wf�g�hkl��_V��r��ZrV�ZMl ft{¤]da�\kUWl T�l���a�Vq`&a�\³x
2¤£�Ä üàÆ��3���m¨mÇ Ê4��¬àüà«7¨�9:�s©6	&ÆJÉ&ª����
	)Æ��
�AU&��]dV UW\p`8`kaMb å-ækf[`WZMl ftj^\pbnb�l�ZMl Upb-��b¸j^YtYsl a�\ v a�V ft{^ZMl a¦`&a�V-ä�a�\WT�j.aMb �MUWV a�UW\&lna�VI�Ae�]^a�h&UW\_]�{.j^\
| a�`&jMæ&�WVnj^T�a�b b�a�\�b¸jr��j^Vnl�T�U Õp¹ ��ýWh_V a�\³x v fta-�Ae�b¸a�l T�U_\W]2`kaMb å-æWZMY[ZMe�f[`&ft\pb ¨&þp» e�ftl"ä�a�\WT�j^lnV f��
g�h_Ysj^Vnf[`�fs\:b�ftaM`&a�\p`ka�e}÷3ZI�êYsftam��a�Vnl a-e�fsl�a�fs\Wa�V-�AUpb��pa�U_l a�{.jd\�ï Ïi± `&fsaSø�a�Vn�Wfs\p`kUW\W] Õ�¹ x��AY�b
ZAfsY�� b��pZdb�aS��UWVq`&aX4SZrYtfsUWe1�#S2L-H#S<; � �WUWlqZr\WjdY[Zrl�{.a�V ��a�\p`&a�l u �kg�hWa�e�Z1���.y�xº÷QVnfsa�lnh&ÐkY[ZMe�fs\ jk`&a�V��*�ÿïr�v f[ZMTMZr�_f[gmÐ_gmYsj�/ÔÓ)�ÔÓ+� Ó10��wjkgmlqZr\ a�Vn��fsaMb¸a�\ b¸f[g�h1`WZr]da�]^a�\�ZMY[bN��ftV ckUW\W].b¸YsjÑbmx.÷³V jdl TI`&a�V"{.a�Vn]^Yta�f[g�h&��amf�b�a

Ó Ï
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4a

+ 10a / TEA oder DABCO / THF

CCl3

N

N

NTol

NHTol

+ 10a 
+ 3 K(OtC4H9) / THF
- 3 KCl 

-3 tC4H9OH

¿OÃMÁN­kÍ?¹é¨kþ �.Ðk\&lnhWaMb¸a2{.j^\ Õp¹ ZMUpbAä�a�\WT�j^lnV f�g�hWYtj^Vnf[`

��a�\_fs]^a�\��Aa��pa�\_�WV jk`&U_c&lna�f[b¸l-`&fsa�b�aJ�ÑÐ&\kl hWa�b�a�{dZrVnf[ZM\&lna2��a�]da�\8`ka�VA�pa�]dV a�\_T�l a�\�ø�a�V¸��ýW]^�pZMV c.a�ftl
b�UW��b�l ftl UWfta�V lna�V-ä�a�\WT�j^l Vnf[g�hWYsjdV f�`&a��WV��M�pZrVqZrlnfs{�a�fs\_]^aMbng�hWVq�r\Wckl�x
2¤£�¢ üàÆ��3���m¨mÇ Ê4��¬ � É §��!É�ª����
	&Æ3�}«7¨
�AU&� `&a�V2�.Upg�hWaA\�Z^g�h¤��a�fslna�V a�\¤�.Ðk\kl hWaMb¸a���a�]^a�\ ��ýWV v a�Vnfs{dZrlnaS`&aMb�÷ Ðk�pb Õ �&��UWVq`&a�\�`kfsaS|�aMZrc.�
l ftj^\Wa�\¡`&a�V2åAæ_ZrY�Zre�f�`&fs\_a ¨kþ e�ftl��-gmÐkY[g�hWYsjdV f�`&a�\1`&a�lqZrftYsYsfta�V lna�V�UW\kl a�Vqb�Upg�h&l�x
ç7¾s¾7¾�¨ ÜSÀRÃ.¬�ª®¼�ª�­kÊr±R«³²FÂN±RÊMÃrÁ6¼�¯M¹WÊMÝp­�ß ¹W¼�­k«
ú6fsa�b g�hWj^\Ffs\ �A�pbng�h_\Wfslnl â xt�JZMU&�S�.a�ftl a�� â �paMb g�hWVnfsa��pa�\7�ºY[Z^bnb�a�\ b�f�g�hF`kfsa1ø a�V �Wft\p`&UW\W]da�\ ¨kþ
e�fsl³\k�¸ä�UWl¸ÐkYsYtfsl h_fsUWeBjk`&a�VÈ�IZrl VnfsUWe1�w�Wf�b�� u lnV fse1a�lnh&Ð.Y�b�fsY�ÐkY®y��¸ZMeJft`2`&a��WV jdl j^\_fsa�Vna�\³x v a�VÈ]pUpb ZMl T�a�fz�
\Wa�VS�*jÄU_fse�jdY[ZrVna�\¡ã�a�\W]da Zr\FZMV jde�Zrlnf[b g�hWa�\:�Ag�Ð&Y�g�hWYtj^Vnf[` T�U8a�fs\_a�Vb­e5Ñb�UW\_]¤{.jd\ ¨kþ UW\p`�T���a�f
��j.UWfs{dZMYsa�\kl a�\�\&�¸ä�U_l�ÐkYsYtfslnhWfsUWeHb u Ó)�Ô�1ã ­e5.b�U_\W]�fs\�\&��ZAa�æ_Zr\ºy�fs\�l Vnjkg�c.a�\_a�eo÷3Z2�é��ýWhWVnl aSe�fsl
| a�Zrckl fsjd\pb�T�a�fslna�\�{.j^\Fg�Zkx�ïB°�T�UF`&a�\�a�\&lqb��WVnaMg�h_a�\p`�b�UW��b�l ftl UWfta�V lna�\�ï&ò1�¸ówe�f�`WZrT�jdYsa�\ Õ xº�AU&�[�
]^VnUW\p`�`&a�V�]^UWlna�\�ø a�V���ýW]d�pZrVnc.a�fsl�ZrVnj^e�ZMl f�b g�hWa�V�~�ZMV �pj^\pbn�rUWVna�\8UW\p`�`&a�V a�\�Ysa�f�g�hkl a�\1÷QVqZr\pbw��j^V��
e�Zrlnfsjd\�T�U:�AgmÐkY[g�hWYtj^V f�`&a�\�c.j^\W\kl a�`&ftaMb�a�VÒ�.Ðk\kl hWaMb¸a���a�]1ZrU&��{.a�Vqb g�hWfsaM`ka�\Wa-ï&òJ��ówe�f[`_ZrT�jdYsa�`&aMb
÷ Ðk�pb Õ ýW�pa�V lnV�ZM]^a�\?��a�V�`&a�\Ox v ftaMb�a�ã�a�l hWjk`&a�a�V e^5d]^Ytf[g�h&lna `WZMV ýW�pa�V hWft\pZrU�b `&fsa�e�a�hWV�� Zdg�h_a
X"fs\&��ýWh_V UW\W]�`&aMb�ïkòJ��ówe�f[`WZMT�j^Y��¸|�aMb¸l aMb�fs\¡ZrVnj^e�ZMl f[bng�h_a��.Ð_b�l a�e�a u �kg�hWa�e�Z �^�My�x

ówe ��ZMYsYta�`&aMb v a�V fs{dZMl aMb ÕpÂ �^ZMUpb�÷�hWfsjd�WhWa�\k�¸Ó)� â ��`&f�g�ZrVn��jd\pb �MUWV a�`&f[g�hWYsjdV f�` UW\�` ¨kþpÃ T�UW].�M\W]r�
Ysf�g�h7�dc.j^\W\kl a�]da�T�a�ft]^l���a�Vq`&a�\7�Ñ`WZ1¯ ft\�`&ftaMb�a2�ÑÐ&\kl hWa�b�aIZrUpg�hJh_a�l a�Vnj.ZMV j^eHZrl f�b g�hWa2~�ZrVn�pj^\pbn�rUWVnam�
g�h_Ysj^Vnf[`&aSa�ft\&�pa�T�j^]^a�\���a�Vq`&a�\�c�5^\_\Wa�\³x v ftaSfs\¡�A�pbng�hW\_fsl lS�SZMU&���.a�fsl a â {.j^Vn]^aMb¸l a�YtYsl a v ZrVqb�l a�Yz�
YsUW\_].b�e�a�l hWjk`kaA��ýWV Õp» UW\p` ÕpÂ �&�pZdb�fta�V a�\�`�ZrU&� `ka�e}ówe�f�`&jMÐ&Y�g hWYsjdV f�` µ UW\p`�`ka�\�a�\kl�b¸�WV aMg�hWa�\k�
`&a�\:�Ae�f[`kfs\Wa�\ {.a�V�b ZM]^lV�pZrU&��]dV UW\p`¡`&aMb�bng�hk��fsa�Vnfs]da�\y]pUW]ÑZr\W]ÑbAT�U¡ä�f[bw�"�WT��Sxp÷QVnf[b����Ae�f�`&fs\_a�\³x

Órï
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Produkt   :        4b                                4c                                4d
Ausbeute :       29%                             52%                             32%

R1=
N

N N

N

4-C6H4-C(CH3)3

H

4-C6H4-C(CH3)3

SR
1

R
1R

1
R

1

R
1

R1

R
1

4a R = 4-Tolyl-; Ausbeute: 75%

N

N NR

NHR

i  2 BuLi
ii C6H5COCl in THF

10

¿³ÃMÁR­&Í?¹F¨�¨ �ÑÐ&\kl hWa�b�a2{.jd\¤ïkòJ��ówe�f[`WZMT�j^Yta�\�ZMUpbAZMV jde�Zrlnf[b g�hWa�\H�AgmÐkY[g�hWYtj^V f�`&a�\

�A\ `&fsa�b�a�V8�.lna�YsYtaFb�a�fS�pa�e�a�Vnc&lV��`_Z1¯Bb�f�g�hBe�ftl�b¸l a�ft]^a�\p`ka�V�]ºZrhWY¦Zr\+a�ft\WT�U&��ý_hWV a�\�`&a�\ â �
| ft\W]^h_a�l a�VnjkgmÐ_gmYsa�\��.ZrU&��]dV UW\�`¤`ka�V�ä�ftY[`&UW\_]ÒjdYsft]^j^e�a�V a�V �WT��Sx.�pj^YsÐke�a�Vna�VÈ�Aa���a�\W�WV jk`kUWc&lna��W`kfsa
�AUpb¸��a�UWl a�\:Zr\ Õ `ka�UWl Ytf[g�h�b�ft\Wc.a�\³x
ç7¾s¾7¾[µ ÜSÀRÃ.¬�ª®¼�ª�­kÊr±R«³²FÂN±RÊMÃrÁ6à2ÀRÊMª�ÂNª�«
v fsa1ä�ftY[`&U_\W] {.j^\8ïkòJ��ó�e�f[`WZMT�j^Yta�\ Õ ZrUpbS�-gmÐ&Y�g�h_Ysj^Vnf[`&a�\JUW\�`8`&a�\F�Ae�f�`&fs\_a�\ ¨kþ b�jdYsYslna ZMUpg�h
�pa�f��A\&��aMb�a�\WhWa�ftl�{.j^\ ñ ÐkV f�`&fs\8e(5^]^Ytf[g�h¡b�a�ft\³xNi-V UW\�`&Ysa�]da�\p`���UWVq`&a�`&fsa1|�aMZrckl ftj^\8{.jd\Fä�a�\&�
T�jMÐ&Y�g�h_Ysj^Vnf[` e�fsl�å-æ_ZrY[ZMe�f[`kfs\Wa�\�`&aMb�÷ Ðk�pb ¨kþ UW\kl a�V�ä�fsY�`&UW\W]¦`&a�V�ø�a�Vn�Wfs\p`kUW\W] Õp¹ b g�hWj^\�{.j^\
ßàL-â=L!ã��pa�jd�pZ^g�hkl a�lV��z aM`&jkg�h�c.j^\W\kl aIa�V���aM`&a�V-`WZdb�| a�Zrckl fsjd\pb��_V jk`&UWcklIb�l VnUWckl UWVna�YsYpf[`ka�\&lnf � T�fsam�
V a�\��N\Wjkg�h?`&fta�\&5^lnfs]da�\?|�aMZrckl ftj^\pb¸��a�`&fs\W]dUW\W]da�\Þj^�_l fse�fsa�Vna�\é/s���10wxR�AY�b i-V U_\p`Wb�Ð_b�lna�e ��UWV�`&a
`&fsa�|�aMZrckl ftj^\F{.j^\?ä�a�\_T�jMÐ&Y�g�hWYtj^Vnf[`�e�fsl ¨&þp» fs\Fl Vnjkg�c.a�\_a�e ÷3Z2�BZrY�b�­e5.b�U_\W].b¸e�fslnl a�Y��QU_\&lna�V
]pUpb ZMl T¡a�fs\Wa�b=�A�pa�V�bng�hkUpb b¸aMb Zr\ ��Zdb b�a�V���V a�fsa�e ñ"ÐkV f�`&fs\7�RUW\kl a�Vqb�Upg�h&l�x"�A\kl a�V `&a�\ ]^a�\�Zr\W\kl a�\
| a�Zrckl fsjd\pb��paM`kfs\W]dUW\W]^a�\8b�jdYsYtl a�b�f�g�h¡`WZdb ~�Ð_gmYsf�b�fta�V UW\_].b��_V jk`&UWckl µ_õ �W��a�Y�g�hWa�b�ZrU�b�]^a�hWa�\p`�{.jde
� ��Z^gmÐkYsfta�V lna�\�å-æWZMY[Zre�f[`&ft\ µ_Î ]^a��WftY[`&a�l ��ftV�`��.ft\�`&a�V �ÑfsaM`&a�hWfslnT�a�UW\kl a�V��A�pb¸�pZrYtl UW\_]�{.j^\1ú Z^b��
b�a�VV�WT�UWe�ñ"Vnjk`&UWckl Õp¹ UWe�b¸a�l T�a�\ u �kg�hWa�eHZ ��ÓÄyqx

ú6fsa�b¸f[g�hÒh_a�V�ZMUpb b¸l a�YtYsl ap�m��ZMV"`kfsa��A�pb¸�pZrYtl UW\W]-{.j^\�úÞZdb b¸a�V"ZMUpb"`&a�e ów\&lna�V e�a�`&f[ZMl µ_õ �pa�hWft\&�
`&a�Vnl�x v a�VIX ft\pb ZMl T1`&a�V2`&jd�W�pa�Yslna�\Fã�a�\W]da ZM\F�AgmÐkY[g�hWYtj^V f�`¦��ý_hWV lna�\pZdg�h8a�ft\Wa�V�ft\&lna�V e�a�`&f[�MV a�\

Ó â
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å��¸�-gmÐkYsfsa�V UW\W]�{.j^\ µWõ T�U ¾pþ UW\�`ÒýW�pa�V `&fsa�ZM\pb g�hWYsfta�¯^a�\p`&a��A�pb¸�pZrYtl UW\W]I`&a�V�~�ZrVn�pj^\pbn�rUWVnaAT�U_e
]^a���ý_\pb g�h&lna�\Fñ"V jk`&U_c&l Õ�¹ x³X"V�b�l�`&U_V�g�hF`&fsaMb¸a�\>�A�pa�Vqb g�h&U&¯�Zr\ �-gmÐ&Y�g�h_Ysj^Vnf[`�c.j^\_\&lna�\8�WV��M�pZ��
V�ZMl fs{?{.a�Vn��a�Vnl �pZMV a��-Upb��pa�UWlna�\ u �^� ± y
�"�pa�f2|�aMZMc&lnfsj^\�b�T�a�ftl a�\ {.j^\ÆeHZrækfse�ZMY a�fs\Wa�V1�.l U_\p`&a��
a�V Y�Zr\W]dlA��a�V�`ka�\³x

4a

Pyridin /THF
+ 2 C6H5COCl
- 2 HCl
- C6H5COOH

+ C6H5COCl
- HCl

Ph

N

NTol

NTol

N

H

O

H H

N

N

NTol

NHTol

28

N

N
Ph

HO
NTol

NTol

H

H 29

10b 

N

N
Ph

HO
NTol

NHTol

H

N

NPh

O
NTol

NHTol

H
Ph O

+ C6H5COCl
- HCl

- C6H5COOH

30

H2N NTol

NTolH2N

¿OÃrÁR­kÍê¹Þ¨Wµ ä�fsY[`kUW\W] {.j^\ Õp¹ ZMUpb-ä�a�\WT�jMÐkY[g�hWYsjdV f[`

ówe ø�a�V ]dYsa�f�g�h T�U `&a�V1fse �A��b g�hW\Wfslnl1�&x Ï xs�¡ZrUk�J�Ña�fslna�ÓMïé{.jdV ]daMb�lna�YsYtl a�\6�.Ðk\&lnhWaMb¸a�e�a�lnhWjr�
`&a��Wc�5d\W\Wa�\�\kUW\¡ZrUpg�h�]^a�]da�\&ý_��a�V-b�l�ZMV c.a�\¡ä�Zdb�a�\�fs\�b�l�ZM�WfsYta �.UW�pb¸l fslnUWa�\kl a�\�fs\¡Ó���ñNj.b¸fslnfsj^\:`&aMb
ówe�f[`WZMT�j^Y�b Õ a�ft\W]^am��ý_hWV l���a�Vq`&a�\³xkX"fs\Wa?�A�pa�V lnV�Zr]dUW\W]1ZMU&��ZM\p`&a�Vna�ZrV jde�Zrlnf[bng�hWaS~�ZrVn�pj^\pbn�rUWVnam�
g�h_Ysj^Vnf[`&aI��UWV�`&a¦`&UWVqg�hA@mL-M#I�N&L-H�fs\l/ Ï �10³]da�T�a�ft]^l�x
ç7¾s¾7¾t¾ ¿ºÀR«�¯MÁR­&¼�­¤ëº×p«6¹W¬®Ý�ÀR¬�¼�±R»N¼�¯Mª°¯�±Nª�­&Ê�¯M­.« ÕOì$É í Íêª�ÂR¹WØ.×p¬®­k«
�AU&��]dV UW\p`¡`&a�V�]da�V ft\W]^a�\¡ów\&��jdV e�ZMl fsjd\Wa�\�ý_��a�V2ZMYsckÐ&Y�b�UW�pb¸l ftl UWfta�V lna2ówe�f�`WZrT�jdYsaI`&aMb�÷�Ð&�pb Õ �(ZrV
aMbÒ{.jd\Þ�paMb�jd\p`&a�Vna�eîó�\kl a�V aMbnb�a��³ZMUpg�h?ZrYtfs�WhpZMl f�b g�hWa�~�ZrVn��jd\pb �MUWV a�g�hWYtj^Vnf[`&a�j^h_\Wa�ù��¸b¸l��r\�`&fs]da�\
úÞZdb b¸a�V�b¸l jrüHfs\�`&fsa�b�a��.Ðk\&lnhWaMb�a�T�U�fs\k{.j^Yt{&fta�V a�\Ox�X"fs\��pa�cdZM\W\&lna�VRø a�V l Vna�l a�V³`&ftaMb�a�V³ø�a�Vn�Wfs\�`&UW\W]Ñb��
c&Y�Z^bnb�a1f[b�l `WZ^b2{.j^\àF	H!I�K&,+LEK&M�N)H�O�fs\é/ ï�0"�paMbng�h_V fsa���a�\Wa v a�Vnfs{dZrl Õp­ x v Z¤b¸a�fs\_a��.Ð&\kl h_aMb�a {.jde
l a�U_V a�\:ñ ft{dZrYsjd\WfslnV ftY��W��a�Y[g�hWaMb a�V�b�lIfs\8`_Z^bAa�\kl�b¸�WV a�g�hWa�\p`&aS�Ae�f[`&ft\�ýW�pa�V���ý_hWV l-��a�Vq`&a�\¡eJU&¯dl a��
ZrUpb¸]^ft\W]&�p��ZMVAa�ft\WaSZMYsYs]da�e�a�ft\Wa-�A\k��a�\�`&UW\W]1`&ftaMb�a�bA�.Ð&\kl h_aMb�a���a�]^a�b a�Vqb g�h&��a�V l�x

Ó^�



, - ���Vï���"�Ö����#���m���^� �%�*"'��<�������"��#<="��#�V�%�#�m�È�e�������^"���"����u<1���%�#��ð�";���e<=�+>[��Ö�� Ò ò �����("��+�V �Ö����#�

v ftað�-e�b�a�lnT�UW\W] `&a�V+åAæ_ZrY�Zre�f�`&fs\_a ¨kþ e�fsl6ZMYsft�WhpZrlnf[bng�hWa�\	�k�rU_V aMg�hWYsjdV f�`&a�\}jdhW\Wa ùO�
b�lq�r\p`&ft]^a�\�úÞZdb b¸a�V�b¸l jrü ��Ysftam��a�V lna+`kfsa v a�V fs{dZMl a Õp­.É�Á e�ftl �AUpb��pa�U_l a�\}{.jd\��Wf[bÆT�U ö � ±u �kg�hWa�eHZé� Ï ��÷RZr�pa�YtYsa â yqx��AY[b �-gmÐkY[g�hWYsjdV f�`&a ��UWV�`ka�\6`WZdbJñ"ft{^ZMYsjMÐkY[g�hWYsjdV f[` ¾Q¨k¹ UW\p` `WZ^b����
�A`_Zre�ZM\&lqZr\pg�ZMV �pj^\�b �rU_V aMg�hWYsjdV f�` ¾³¨&» a�fs\W]daMb�a�l T�l�x v fta�ø�a�V ��a�\p`&UW\_]8ZrYtfs�Wh�Zrl f�b g�hWa�V1~�ZrV �pjd\&�
b �MUWV aMg�hWYtj^V f�`&a-e�fsl�ù���b�l��M\p`&ft]^a�\�ú Z^bnb�a�Vqb�lnjrü8��ýWhWVnl a-T�U�Zr\p`&a�V a�\�|�aMZMc&lnfsj^\�b�cdZ^b¸c^Zd`&a�\7�_ZrU&� `kfsa
fse��-�pb g�hW\Wftl l ö xÔÓ1ZrU&���.a�ftl a Ï �Òa�fs\W]da�].ZM\W]^a�\¡��a�Vq`&a�\¡b�jdYsY xv fta v a�Vnfs{dZrlna Õp­.É�Á � ZrYtYsa�\¦ZrY[bRfs\kl a�\pb¸fs{2jdV�ZM\W]^a��.\pZd`&a�Y���5^V e�fs]�ckV f[b¸l�ZMYsYsft\Wa�ø�a�V �Wft\p`&UW\_]^a�\¦Zr\³xv fsa ³�æ ~"�n�.fs]d\pZrYta�`&a�V"~"��ÓA��l jde�a"`ka�V³ówe�f�`WZrT�jdYsVnfs\W]daNa�V¸� ZrhWVna�\SfseBø�a�V ]dYsa�f�g�h�T�U�`&a�\�ZMV jde�Zrlnf[b g�h
b�UW��b�l ftl UWfta�V lna�\8ø�a�V �_fs\p`&U_\W]^a�\ u g�Zkx"���d�^c�c�·���b¸fsa�hWa(/ â � Ï ï&� Ï^â 0�y-a�fs\Wa�\���a�fsl a�V a�\:÷�fsamüºa�Y�`Wb�hWf���l
{.j^\¡ýW�pa�VS���Xc�c�·�x

�AUpbSa�fs\_a�Vr­e5Ñb�UW\W]F{.j^\ Õ�² c.j^\W\kl a�\ÞV!5d\&ln]^a�\&� �MhWfs]da[4 Vnf[b¸l�ZrYtYsa1a�V h�ZrYslna�\Þ��a�V�`&a�\³xRó�\>�A�&�
�WfsY�`&UW\W] ö f[b¸l�`&fta�`&UWV�g�h�|�4��k�+a�V e�ftl lna�Ysl¸a-ã�j^Yta�ckýWY[b¸l V U_c&lnUWV�`WZMV ]daMb�lna�YsYtl�x v fsa�~"�n~"�¸ä�ft\p`&UW\_]
`&aMb-�NýW\&��Vnfs\W]daMb�f[b¸l�e�fsl-�dx â �d� u â y2À a�l¸��Zdb�Y[�r\_]^a�VIZrY�b�fse Ó���ñ h_a�\&ÐkYz� v a�Vnfs{dZrlw/ Ï ï�� Ï^â 0 x

+

31a: R = (H3C)3C-

31b: R = 1-Adamantyl-
10b: Ar = 4-H3C-C6H4-

10c: Ar = 4- (H3C)3C-C6H4-

R COCl

NH2

NH2N

N

A r

A r

2

N

N

R

N

NH

A r

A r

4e: R = tert.Butyl-, Ar = 4-Tolyl-
4f: R = tert.Butyl-, Ar = 4-tert.Butyl-C6H4-
4g: R = 1-Adamantyl-, Ar = 4-Tolyl-

4h: R = 1-Adamantyl-, Ar = 4-tert.Butyl-C6H4-

Pyridin / THF
- RCOOH
- HCl

BDCFEHG�IKJML�NPO"Q�R�S�T6U'V<UXWFY[Z�Q�Y\V�]�^_V�S�`aS3]�`aUcb�S�Ucb4d�e1fhgjik`\l�W'mon%Y[U

pqb3n�l�]�Z�S r�ik`\l�`[R r�stQ�Y\suT�Yanvb�`wl r)]xV<^_Uo]�S3U
y G L�z_{ N�L�J |~}8�
y�� L�z�C N�L�J �v�8�
yx� L�z_{ N�L�{ d6�F�
y E L�z�C N�L�{ d�}8�

��J�{
G�����G����Dr)]_V<^_Uo]6S�UoR�WFR�WFY[`a��T_W'S�`wV�suT�V<]�^xV<S�`[S�]�`[Uob�S3UoR�d�e$f�gjik`wl�WFmonvYaUoR y G8��E
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NH2

NH2N

N

Ar

Ar

+ [ClCH=N(CH3)2]+ X  -

- HX
X : Cl, PO2Cl2 N

N
ArNH

ArNH
H

N(CH3)2

N

N

N

N
ArNH

ArNH

NHAr

NHAr
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R : Me, Et
A-B : (CH2)2; (CH2)3; CH=CH; N=N
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2

N

N
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R
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N

N

N

N
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R
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10b
35 a,b+ 2 R1R2CHCOCl; Pyridin / THF

35' a,b
N

NR1 NHAr

NHArR2

N

NR1 NAr

NHArR2

H

Ar = 4-CH3-C6H4

34 a : R1= 1-Adamantyl; R2= H

34 b : R1= R2= Phenyl

+ 2 C6H5-CH=CHCOCl 
Pyridin / THF

10b

N

N
NA r

NHA r

Ar = 4-CH3-C6H4 chromatographische 
Aufarbeitung (Al2O3)

36
N

N
N

Ph

A r

NH

HN

A rN

ArNH

Ph

Ph

O

O
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+ 10 
Pyridin / THF

R CH2 COCl

A rN NHOCCH2R

NH2A rN N

N
A rN

ArNH
CH2R

OH

H

+ RCH2COCl

N

N
ArN

ArNH
CH2R

OOCCH2R

H

- RCH2COOH

N

N
ArN

ArNH

CH2R

N

N
A rNH

A rNH

R

HN

N
ArNH

ArNH

R

H

+ 37

37

- e

- e

N

N
ArNH

ArNH

R

H

H N

N

R

NHA r

NHA r

N

N
ArNH

ArNH

R

H

H N

N

R

NHA r

NHA r

- 2 H

38

39 40

N

N

N

N

R

R
A rNH

A rNH

NHAr

NHAr

6
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O
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10b  +    2 

Pyridin / THF

N

N
A rNH

A rNH

N

N
A rNH

A rNH
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N

N

N

N
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ArNH

NHAr

NHAr N

N

N

N
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NAr
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+

BDC'EáG�IAJ�L3ÁIS U~WFZ�S�`anvRR�"n%R>L�z�{>ik`aSÐ�ÈfT )Uo��S3UoR�n'Q�YwsÈT6Yan%b3`\l

´k{H{4µ¸L�z��áO�S�b�]6Z�S3]�b�iknvS�`4�kl�UcbÀ¹4Ucb�^�`[R_l�]�R�º=»Ñ¾

Ë%Ó



Ö × �[«��u§3�\¤<���u§'¥'��®�¤�§t�o�c�������o�:�u�=«k�j�
�� a�²¡ ¢�£%�\¤c¥�¦%¤t���j��¥F���u§c�<�u�P¨
©_�oª��o«k�¬£%�a�����

2Ò`aR�UcR ¾¸Uo`aS3Uob�UcRO )`aR�¾�Uc`\V�W']��:l�`[U¸·)n%ik�6YaU�0�`aS�¿FS:l�`aU~V<UobKSÀU'WFZ�S�`[n%R�ÏoY[`aU���Ucb�S�Uql�`aU
moUo`[SuW']���º%UoY4+"V�S�U
Ç�)IS�f�O"�_UoZ�S�b3n"V�Z"n%��`[U"ÊÒr)YwV.)�n�l�UcYaYab3U'WFZ�S�`[n%RAl�`aUoR�S�Uk¾À`[U'l�Uob3]�i l�`aU�O�Q�R�S�T�U~V<U��"nvRx_ � ÏÒ¾¸n%^_Uo`
pÒQ�b3`\l�`[R�f�l6Í1W'Y\VW )`[Y��¬V<^xW%V<U?l�`aUoR�S�U�Ê
�)`[U�r)^�^�`[Y\l�]�R6º1�v�)moUc`aº%SqWF]_V�º%Uo¾ ¿FT�Y[S�U �  Àf�Ç�)IS�f3O"�_UoZ�S3b�UoR=`[i Á�Uob�Uc`\suT.�"n%R²}�Ï Í)f ��ÏÄ}OÒEÒG=ÔÊ

gjR=l�`[U'V<UoRÓ��Uc`aYaUcRÔl�Uob �  f�Çr)IS f3O"�_UoZ�S�b�UcRÔV�`aR_l�R�Uo^_UoR l�Uoi`�~+"V�]�R�º"V�ik`aS3S�UoYwV<`[º%R_W'Y�^_Uo`_�vÏ |'�*ÒEÒG=
ÌX�W ���f�l�Ó"ÎÀl�`aU �  f3O"`aºvR_WFY[UXl�UobO��?
CA��Ê fhÁ�]�S�Q�YaikUoS3T�Q"Y[º%b3]����_UoR$]�i �%Ï Ë.ÒEÒG= V<`wsÈT�S�^_W'boÊ
gji UcbuV<S3UoRPO"�_UoZ�S�b�]6iPÏ�W']���º%UoR6n%ikikUcR1R_WvsÈT�soW�Ê_Í@)�`[R�]6S�UoRRSÀU'W'Z�S3`an%RxV<moUo`[SoÏ�`\V<S�l6W%V�O"`aºvR_WFY

l�U'V=r)]xV<º"W'R�º"V3V<S3n"�:U'V�Ì)^_Uo`��vÏÄËv�,ÒEÒG= Î�l�Uo]�S�Y[`\suT>V<`wsÈT�S�^_W'boÊHgji r�R_V�suT�Ya]�5 S3b�UoS3UoRMUo`[R�U!S Uo`[T�U
¾�Uo`[S�Uob3Uob�O"`[º%R_W'YaU=W']��3Ï~�"n%RPl�UoR�UoR�mo¾¸Uo`ÒO"`aºvR_WFY[UkÌ3ÌX [ ÉÀÎ [ ÉÒf ^�Uc`HsoW�ÊH�%Ï �%Ë�¡²�%Ï �8|�ÒEÒG=kÎ¸l�UoR�UoR
l�U'V�SÀU'W'Z�S3`an%RxV<��b3n�l�]�Z�S�U'V=UoR�SuV<�6b�U'suT�UoR�Ï WFR_l�Uob�U��"n%Rýi²UoT�b�Ucb�UoRMºvUo^�`[Y\l�UoS3UoRÔ�_¾À`\V3sÈT�UcR_V<S3]���UoR
V<S�WFikikUcR�Ï"¾�UoYwsÈT�UÐWF^_Uob�R�`wsÈT�S�Uo`[R_l�Uo]6S�`aºXmo]�ºvUon%b�l�R�UoSÀ¾¸Uobul�UcR Z"nvR�R�S�UoR�Ê

´²{á{
µÀL_L��PmoUc`aSuW']���º%UcY�+"V�S�UXÇ�)IS�Æ�O"Q�R�S�T6U'V<UO�"n%R�¿�Õ

V)R�S�Uob V�SuWFb3Z"Uob ¹
Uobul3$�R�R�]�R�º Y[`aU�5 V<`wsÈT l�`aU'V�U S U~WFZ�S�`anvR WF]xsÈT ik`[S�S�UcYaU'VÏV�¹)fj¹?g�Ovf
O"�_UoZ�S�b�n�V<Z"nv��`aU(�"UobJ��nvYaºvUoR�Ê'�)`[Ukr�^�^�`aYwl�]�R�º>�c��moUo`aºvS=�oÑIV�¹)f�O���UcZ�S3b�UoR>l�Ucb.SÀU'W'Z�S3`an%RxV<Y�+�V<]�R6º
l�`aU²¾À¿FT6b�UoR_lAl�`[U'V<Ucb�SÀU'WFZ�S�`[n%RM`[Rýl�Uob1O"`[U'l�UoT6`aS�mcU1ºvUoikU'V3V<UoR>¾À]�bul�UoR�Ê���WvVÔUobuV�S�U�O"�_UoZ�S�b3]�i
¾À]�bul�U�V<nF��n%b�S¸R_W%suTR�_]�º"W'^�U?l�U'V
r)s�Q�YwsÈT�Y[n%b3`\l�U'V�ºvUoikU'V3V<UoRDÏ"l�`aU�O���UcZ�S3b�UoR²�~fhÍ `[i�r)^_V�SuW'R_l@�"n%R
l�b�Uc`~)�`aR�]�S�UcR�Ê'Á�`\VÒO"�_UoZ�S�b�]6i�Ñ)^_UoS3b�]�º�l�`aU�mcUo`aS3Ya`\suT�U���`��:Uob�UcR�mQ�%$�R��:]�R_l=l6WFR_WvsÈT��c}�)�`[R�]6S�UoR�Ê

Ë%Ñ



Ö × �[«��u§3�\¤<���u§'¥'��®�¤�§t�o�c�������o�:�u�=«k�j�
�� a�²¡ ¢�£%�\¤c¥�¦%¤t���j��¥F���u§c�<�u�P¨
©_�oª��o«k�¬£%�a�����

r)R��¬W'R�º"V�¾À]6bul�U�Uc`aR�l�Uc]�S�Y[`\suT�UobQ�_]�¾ÀWvsÈT_V¸l�Uob r)^_V<nvb���S3`anvRk^_Uo`�Ëv�Fd���= ^_Uonv^_W%suT�S3UoSoÊ��)`aU~V<U
r)^_V�n%b��6S�`anvR_V<^xWFR_l�UXYa`[Uoº%S
`ai Á�Uob3Uo`\suT��"n%R�l�UoR�UoR�l�Uob*�)`\W'm'WY��]6Y��"UoR�UXÌjN��6J��[{»¡=O8sÈT�Uci�WÔ�F| WF]3�
O"Uo`[S�U=Ë'd�Î�Ê'2ÒbuV<SÐR_W%suTPUo`aR6Uob)Yw¿FR�ºvUob�UcRISÀU'WFZ�S�`[n%R_V�moUo`aS�¾À]�b�l�U=l�`[U$Á�`aYwl�]�R�º²l�U'V*S U~WFZ�S�`anvR_V<�6b�nFf
l�]�Z�S�U'VÀV�`\suT�S3^_WFb�Ì¬r)^_V�n%b��6S�`anvR_V<^xWFR_l�UX^_Uo`HÍ%ÑvÍ,��=kÎuÊ
�)`[U�W'i 2ÒR_l�U�l�Uob(SÀU'W'Z�S3`an%RAºvUoikU'V3V<UoR�U²r)^_V�n%b3��S�`[n%R_V�^_WFR_l�U�^_Uo`��%Ív}Ô��= Z"nvR�R�S3UkR�`wsÈT�S

mo]�ºvUon%b�l�R�UoS�¾¸Uobul�UoR�ÏÀ��U'l�n�suTPZE+%R�R�S�U V<`aU l�]�b�sÈT>l�`[U=r)R�¾�U~V<UoR�T6Uo`aSW�"nvR¤S)Wvl�`aZvWFY[`anvR�UoR�T6Uobv�"nvb<f
º%Uob3]���UoR�¾�Ucbul�UoRDÊ

´k{H{4µÀL��:��moUo`aS�WF]���ºvUoY�+�V<S3URV)¹)f¬¹�g�O%f3O"�_UoZ�S3b�n�V<Z"n%�6`aU"ÆÒO"Q�R�S3T�U'V�U��"n%RÖ¿YÕ$`[R V<SuW'b�ZP�"Ucbul�$�R6R�S3Uob
�~+"V�]�R�º

¶:µ��:µ y × G�J�Ø��F�%�~�»�G�~��´=C"GE���H��C'EH�B�~�F�B^ It���
ÙU�4ÙU« ��ÚR�wÛ y �uIMGM�~E��H�%¶áEHG��~�H�BÜu��Ù�ÝF�4ÙÞÝG« ��^K��ÛJ�F�F�\IMGE�oE~�H�B�>�����H�BÜ
�EµHJ���J�IP�k^K�B�

r)R_W'Yan%º l�UoR�S3UoS�b�W%V�]�^_V<S3`aS3]�Uob�S3UoRI/*0�W'Y\WFi²`\l�`[R�UoR�l�U~V1�
Q��_V*ÁMÌ<O8sÈT�Uci�W=�1W']���O"Uo`[S�UX�8Î�Ï�Z"nvR�R�f
S�U�l6W%V�/106WFYwWFik`wl�`aRAL�z_{�YaUo`wsÈT�S�ik`aS3S�UoYwV)ÇÔÏ Ç fT�)`aUoS3T�Q�Y\W'ik` R�n%S3b�`[i1UoS3T"Q�YwV<` Y\W'RP`aRAr�R�¾¸U'V<UoR6T�Uo`aS
ZvWFSuW'YaQ�S�`wV�suT�Uobr)�UoR�º%UcRPWFR>r�iki1nvR�`a]6ikV�]�Y��¬W'SÀV<`[YaQ�Ya`[Uob�S¸¾�Uob�l�UoR�Ê�Â Ë%}�Ï3Í���ÅjÊG��WF^_Uo` UobJ��nvYaº%S3UÔUo`[R�U
V<UoY[UoZ�S�`��"Ur)�n%R6n"V<`[YaQ�Ya`[Uob�]�R6º=l�UobÀ^_Uo`wl�UoR�Ç� ¥ fw#)b3]����_UoR Ì<O�suT�Uoi�WX�%}"ÎuÊ

d"}



Ö × �[«��u§3�\¤<���u§'¥'��®�¤�§t�o�c�������o�:�u�=«k�j�
�� a�²¡ ¢�£%�\¤c¥�¦%¤t���j��¥F���u§c�<�u�P¨
©_�oª��o«k�¬£%�a�����

��WvV l�`\V�`aY[Q�Y[`aUob3S�U©/*0�W'Y\W'ik`\l�`[R y_y Z�b3`\V�SuWFY[Ya`wV<`aUcb�S�U WF]xV R�fT )Uo��S�WFR `[R l�Uob Vhf¬S�buW'R_Vhf
·)n%R3ß_º%]�b�WFS3`an%R>W']_VtÊG�)`[UÔ·�b3`\V<S�WFY[Y\V<S3b�]�Z�S�]6bÀl�UobÀ¹
Uob3^�`aRxl�]�R�º y_y `\V<SÀ`[R�r)^�^�`[Y\l�]�R6º��oË=º%UomoUc`aº%ScÊ
�)`aUÀÉW®ÐÇ fT�)n%�6��UcYa^�`[R_l�]�R�ºvUoRXV<`[R_l�WFR_W'Yan%º?l�U'V�r)]_V�º"W'R�º"V3V<S�nF�:U'V�L�z_{kWF]��xl�UobÒO�Uo`aS3U
l�UobHW'b�n%i W~f
S�`wV�suT�UoR!S U'V�S�U�Y[n%ZvWFY[`\V�`aUob3SoÊ3�)`aU�ÉÒfhÇ f�Á�`[R_l�]�R6º%UoR�l�UobÀV�`aYaQ�Ya`[Uob�S3UoRkO"S3`\suZ�V�S�n"�DW'S�n%i²UÀUoR�S�V<��b3U'suT�UoR
ik`aS¸Uo`aR6Uob1�:¿'R�º%U&�"n%R>�%Ï Ë%�%��Ìj�"Î�Ã Uo`aR�UcbW2Ò`aR��¬WvsÈT�^�`[R_l�]�R�º6Ê
��b�n%S3m�l�Uob V<S3Uob�`wV�suT=WFRxV<��b3]_sÈTxVJ�"n%Y[YaUoRÓ��b3`aikUcS�T�Q�YwV<`aY Q�Y º%b�]6���_UoR�UobJ��nvYaº%SH`aR��~+�V<]�R6º S�WF]�S3n%ikUcb�U

S nvSuW'S�`anvR�Ï%¾¸UoY\suT�U¸WFiH�"Uob3^�b�Uo`[S�Uob3S�UoR=O"`[º%R_W'Y�l�UobÒÇr f�pÒb3n%S�nvR�UoR=`[i �  f�Çr)IS f3O"�_UoZ�S�b�]6i l�`aU'V�Uob
¹
Uob�^�`[R_l�]�R6º�Ï�^_Uo`HsoW�Ê_Í�ÏÄÍ.ÒEÒG=ÔÏ_V�`\suT�S3^_WFb¸`\V�S�ÌB��º%YjÊ6l�WFmc]Pr)^_V3sÈT6R�`aS3SÀË�Ê �1W']��¸O"Uo`aS3U=�%�'ÎuÊ

Me3SiHN NAr

NHSiMe3ArN

10b
N

N

N

N
ArNH

ArNH

NHAr

NHAr
+ 2 Et2NSiMe3
- 2 Et2NH

+ 2 H3C-COCl
+ 2 (C4H9)4NF
- Me3SiF

44 6a  Ar =  4-H3C-C6H4-

1
2
_

B�C'EHG�IAJI��z�O�`aYaQ�Ya`[Uob�]6R�ºO�"n%R>L�z�{

´k{H{4µÀL�N���·�b�`wV<SuW'YaYwV<S�b3]�Z�S�]�b$l�Ucb1¹
Uob3^�`aR_l�]�R�ºM»v»�½
WF]xV<º%Uc¾À¿FT6YaS�U>Á�`[R_l�]�R6º"V�W'^_V<S�¿FR_l�U"ÂÄÃ)Å�]�R_l

�`aR6Z"UoYjÂáà�ÅjÆ O"` fhÇÔ� �%Ê |'Óv�%��Ì3�td�ÎuÏ�ÇÔ�uf�É�� �%Ê Ë%�v��Ìj�"ÎuÏ Ç��~f3É¸Í �%ÊÕd��8|�Ìj�8Î�Ï ÇÐ�~f3É��
�%Ê �%Ñ��oÓ�Ì3�oÑ"ÎuÏkÉ��Èf3É��or �vÊÕd"Ñv��Ì¬Ë8ÎuÏ$É��ÈfhÇÔ�Èf3O"`P�cË%Ë�Ê �%��Ì��o�"ÎuÏkÉ��ÈfhÇ��of�É¸Í��o�v}�Ê ÑFd�Ì3�oË"ÎuÏ
�%�cÍ�Ê[�F|"Ì3�o�"ÎuÊ

d��



Ö × �[«��u§3�\¤<���u§'¥'��®�¤�§t�o�c�������o�:�u�=«k�j�
�� a�²¡ ¢�£%�\¤c¥�¦%¤t���j��¥F���u§c�<�u�P¨
©_�oª��o«k�¬£%�a�����

�)]�b�sÈTR�_]���S���Uo]_suT�S3`aº%Z"Uc`aSHmoUobuV�UoS�mcS�V�`\suT$l�W%VW/*0�W'Y\WFi²`\l�`[R y�y ]�R�S3Uob¸Á�`aYwl�]�R�ºXl�Uob¸r)]xV<º"W'R�º"Vjf
�"Uob�^6`aR_l�]6R�ºýL�z_{
Ê��)`[U,2Ò`[R��%$�T�b3]�R�º l�Uob(��b�`ai²UoS�T�Q�Y[V�`aYaQ�Y º%b3]����_U1Ucb�T�+vT�S$l�`[URSÀU'WFZ�S�`4��`[Su¿FS l�Uob
r)ik`[R�nFf3O"S�`wsÈZ6V<S3n"�:U"ÊE2Òb3T�`aS3moS�i�W'R1Uc`aR�UO�~+"V�]�R�º²l�Uob�¹
Uob3^�`aRxl�]�R�º y_y `aRR�W r��`aR�r�R�¾¸U'V<UoR6T�Uo`aS
Uo`aR6U'VÒWFY[`k "]�n%S3UoR!��Uo`[Y\VK��Ucb�S�b�WF^�]6S<Q�Y\W'ikiknvR�`a]�i�â_]�nvb�`wl�V�ik`aS �O�1 "]�`4�%W'YaUoR�S�UcR=r�stUoS�Q�Yws�T�Yanvb�`wl�ÏoV�n
UobJ��nvYaºvSÒ`aR$l�Ucb� )`aS3moU
Uo`aR6UÀV<UcT�b
V�suT�R�UcYaYaUNS U~WFZ�S�`anvRÔmo]$l�Uoi UoR�SuV���b�U~sÈT�UcR_l�UoRO��`aR�Q�Y[n%º%UcR���UoS�b�W%W~f
m'WY��]6Y��vWFY[UoRP__J�ÏHV�`\suT�S3^_WFb�W'RAl�Uob?V<`\suT>^�`aYwl�UoR_l�UcRPS�`aU
��^�Y\W']�UoR¤SÀU'WFZ�S�`[n%R_V�Y�+"V�]�R�º>Ì<O8sÈT�Uci�Wk�%}"ÎuÊ
�)UobO)�U~sÈT_W'R�`\V�i1]xVÀl�`aU'V�UobOSÀU'WFZ�S�`[n%R�Z"n%R�R�S�U$W']���º%b3]�R_l>l�Uob�b�W%V�W'R�S3UoR pqb3n�l�]�Z�S�^�`[Y\l�]6R�ºkR�`wsÈT�S
Uo`aR6º%UoT�UcR_l1]�R�S�Uob�V<]_suT�S�¾�Ucbul�UoRDÏ���U~l�n�sÈT²`\V<S�W'R�mo]�R6UoT�ikUoRDÏ"l�W"5$T�`[Uob�Uo`[R�¿FT6R�Ya`wsÈT�UcbQSÀU'W'Z�S3`an%RxVhf
ikU'suT_WFR6`\V<i$]_V��"nvb�Ya`[Uoº%ScÏ%¾À`aU�`aiª�_W'YaYaU�l�UobÀÉ
Q�stY[`\V�`aUob3]�R�º"VjfH]�R_l(�)`ai²Uob�`wV<`aUcb�]�R�º�V<b3U'WFZ�S�`[n%R�UoR l�Uob
/*0�W'Y\WFi²`\l�`[R�UÔL�z�ik`[S¸WFYa`[��T_W'S�`\V3sÈT6UoR�É¸WFb3^_n%R_V3¿F]�b3U'sÈT6Yan%b3`\l�UcR�Ê

d"�



ã ä ¥%¤È�c«k«��u�Ëå��'¤�¤c¥F��®

æ ç à�ßDåÔÜ Ü ÝÀâ�è"åäßHßDà â�ã

ÇÔÏÄÇ&- fhl�`\V�]�^_V<S3`aS3]�`aUob3S�U(/106WFYwWFik`wl�`aR6U=l�U'V&�4Q��_V1L�zMV�`aR_l V�suT�n%RAV�Uo`aS�ºvUobuW']�ikUob.�_Uc`aS�^_UoZvWFR�R�SoÏ
V<S3UoYaY[UoR=W'^�Ucb
WF]���ºvb�]�Rxlä`[T�b�UobH^�`wV<Y\W'R�º�V3sÈT�¾À`aUob3`aºvUoR��_]�º"¿'R�º%Y[`\suT�Z"Uo`aS�Uc`aR�U V<UoT�bH¾�UcR�`aº�]6R�S3UobuV�]_sÈT�f
S�U ·?YwW%V3V<UW�"n%R(/*0�W'Y\V�¿']�b�U~l�Uob�`4�vWFS�UcR=l�W'boÊvghijS�WFT�i²UoRXl�`aU'V�UobHr)b3^�Uc`aSHº%UoYwWFR�º�U~VtÏoUo`[R�U�U�D²mo`[UoR�S3U"Ï
�vWFb�`wWF^�Y[U=]�R_l�YaUo`wsÈT�SÀmo]�TxWFR_l�TxWF^_UoR_l�U�O"Q�R�S3T�U'V�U"Ï_WF]_V�º%UoT6UoR_l,�"n%R>l�UoR�Uo`[R��¬W%suT�mc]�º"¿'R�º%Y[`\suT�UoR
Á�`\V�`aik`wl�n'Q�Yws�T�Yanvb�`\l�UtRXl�UobW/*06WFY\V3¿F]�b3U��:ÏM$6^�Ucb�l�`aU*V)i�V�UoS�mc]�R�º�ik`[SáS3b�n�suZ"UoR�Uoi r)i²ikn%R�`wWFZ:Ïtmo]
UoSuW'^�Ya`[Uob�UcR�ÊK2qb�V<S$l�`[U'V<UcbÔR�Uo] º%U���]�Rxl�UoR�U�O�Q�R�S�T�U~V<Uo¾¸Uoº�ºvU'V<S�WFS�S3UoS�U l�`aUkUc`aR��¬WvsÈT�U!��W'buV<S3UoYaY[]�R�º
WF]_V�b�Uo`wsÈT6UoR_l�UobZ)�UoR6º%UoR�W'R,/*0�W'Y\W'ik`\l�`[R�UoR$l�U~VQ�4Q��_V�L�z�Ï"¾ÀWvVÀl�`aU�Uo`[R�º%UoT6UoR_l�UrV)R�S�Uob�V<]_suT�]6R�º
`aT�b3Uob�suT�Uoik`wV�suT�UoR(2Ò`aºvUoR_V�suT_W���S�UoR�Uob3i�+%ºvYa`\suT�S�UvÊ
��W'^�Uc`ÀV<S3UoYaY[S�U$V�`\suT�T�UcbuWF]xVtÏHl�W"5>W']_V<ºvUoT�UoRxlU�"n%R L�z�ÏH¹
Uob�^�`[R_l�]�R6º%UoR>ik`aSÐV�suT�nvRM^_UoZvWFR�R�f

S�UoRAO"S3b�]�Z�S�]�b3Uo`aR6T�Uo`aS3UoR�Ï_¾À`aU$^_Uo`\V���`aUoYwV<¾¸Uo`\V�U=l�`[U���UoS�b�W%W'm'WY��]�Y4�vWFYaUcR�Uk�>]�R_lPd�e1fhgjik`\l6WFmonvYaU y Ï
WF^_Uob$W']_sÈT O"]�^_V�SuWFR6moUoRAik`aSÐ^�`\V�Y\WFR6ºP¾�UoR�`[º�^_UoZvWFR6R�S3UoRýO"]�^xV<S�b3]�Z�S�]�b3UoRMmo]�º�¿FR�ºvYa`wsÈTM¾À]6bul�UoR
Ì<O�suT�Uoi W=���FÎ�Ê�O�nkUob�i!+%º%Y[`\suT�S3U�l�`aU�V�i�V<UoS3mo]�R�º l�Uob�¹
Uob�^�`[R_l�]�R6º%UoR L�z�i²`aS�/�b�S3T�n"U'V<S3Uob�R�l�Uob
r)ikUo`wV<UoRxV�¿F]6b�U"Ï�l�`[UäO�Q�R�S�T�U~V<U��"nvR,��UoS3buWFT�Q6l�b�nv`aik`wl�WFmonv`aik`[l�W'mon%Y[UoR$l�U'VW�
Q��xV L�¶:Ê
r)YwV�º%UoUo`[º%R�UcS�U ÁÀW%V�U»�%$6bMl�`[UÖ�)Uo��b3n%S�nvR�`aUcb�]�R�ºÌ�"n%R L�z ¾À]�b�l�UýR�fhÁ�]�S�Q�YaYa`[S�T�`[]�i º%U
��]�R�f

l�UoR�ÏX¾�n�l�]�b�sÈT V�n'¾�n%T6Y�l�`aUé��WFb�V<S3UoYaY[]�R�º¼�"nvRª)�n%R�n'fuÏ=Á�`wVhf�Ï ]6R_l`��b3`\VjfB��]�R6Z�S3`an%R6UoYaY[UoR d�e1f
gjik`\l�W'mon%Y[UoR�Ï:WFYwVÔWF]xsÈTP�"nvRM^�`wV l6WFT�`[RMR�`\suT�S ^_UoZvW'R�R�S3UoRt��UoS�b�WF`[ik`aR�nv��`a�_Uob�WFmo`[R�UoR¤��LPºvUoY\W'R�º�Ê
2Ò`aR�U$¾�Uo`[S�Uob3U(),+%ºvYa`\suT�Z"Uo`[SÀmo]�b=O"Q�R�S3T�U'V�UkV�]�^_V<S3`aS3]�`aUob3S�Uob?pq`[�_UobuW'mo`aR�U$l�U'VO�4Q��_V.����º%U'V�SuWFS3S�Utf
S�UoR l�`aU(SÀU'WFZ�S�`[n%R�UcRMl�Ucb¬/*06WFYwWFik`wl�`aR�U²L�z�ik`aS?r)stUcS<Q�YaUcR_l�`\s�WFb3^_n%R_V3¿F]�b3U'l�`ai²UoS�T�Q"YaUcV<S3UoboÊ~�)`[Utf
V<U$¹
Uob�^�`[R_l�]�R6º"V<Z�Y\WvV�V�U@�~�PmoUo`[º%S3UÔ`aRP�~+�V<]�R6º�º%UcZ"n%���_UoY[S�ik`aS�pÒb3n%S�nvS�b3n%��`[UkW']_V<ºvUo��bu¿'º%S3U�2Q¡M��f
g�V<n%i²Uob�`wV<`aUcb�]�R�º�V<b3U'WFZ�S�`[n%R�UoRDÊ
��WvVÈ�%$6b�l�`aU�/*0�W'Y\W'ik`\l�`[R�U�L�zksÈTxWFbuW'Z�S3Uob�`wV<S3`\V�suT�U�É
Q�stY[`\V�`aUob3]�R�º"V��"Uob�TxWFYaS3UoR�º%UoºvUoR3$�^_UobZ2qY[UoZ"f

S�b3n%��T�`[YaUoRDÏ4¾À`[U�m"Ê Á�Ê
l�Uoi ¹�`aYwV<ikUc`aU�b<fTS U'W'º%UoR6m"ÏáZ"nvR�R�S3U��%$�b�l�`[UI��W'buV<S3UoYaY[]�R�ºAl�Uob���UoS3buW%W'm'W~f
��]�Y��vW'YaUoR�UX�kº%UcR�]�S3moS�¾¸Uobul�UoR�Ê�r�Y\V O8sÈT�Y4$_V�V�UoYa`[R�S3Uob�i$U'l�`[W'S4¾À`[bul1Uc`aR,/�b�S3T�n"W'ik`\l²Nê�²�_n"V<S3]�Ya`[Uob�ScÏ
¾�UoYwsÈT6U'Vál�]�busuT�2Òb�T6`aS�mcUoRÔ]�R�S�Ucb
r)^_V��_WFY[S�]�R�ºr�"n%R(�)`[ikUoS�T�Q�Y\WFi$` R�l�`[ikUob�`wV<`[Uob�S ÌB��º%YjÊvl�W'mo] O8sÈT�U�f
i�W��tdÐWF]3��O"Uo`[S�U
Ëv}8ÎuÊÀ�)`[UQ��UoS3buW%W'm'WY��]6Y��vWFY[UoR�UÀ�1ß_UcYaUoR�^_Uo`�l�`[U'V<UobêS U~WFZ�S�`anvRÔik`[S~�"Uob�ºvYaUo`wsÈT_V�¾�Uo`wV<U
T�n%T6UoR>r)]_V�^�Uc]�S�UoRI�"nvRP^�`\VÀmo]>Óv}8�ÛW'R�Ê'2Ò`aR6UÔ^_UoZvWFR�R�S�U$W'YaS3Uob�R_W'S�`4�"U.)�UcS�T�n�l�U²Â |cÅÒYa`[U���Uob�S�l�`aU
�)Uob3`��vWFS3Uä�²T�`aR6º%UoºvUoR�ik`[S¸r)]_V<^_Uo]6S�UoRR�"n%R�soW�Ê�d"}k�kÊ
�)`[UÔl�UoSuW'`aYaY[`aUob3S�UOV�R�S3UobuV�]_sÈT�]�R�º$l�Uob*S U~WFZ�S�`anvR�UoR��"n%RML�z�ik`[SQ�"Uob�V�suT�`aU~l�UoR�UoR�É¸WFb3^_n%R_V3¿F]�f

b�U'suT�Y[n%b�`wl�UoR>`aRAr�R�¾¸U'V<UoR6T�Uo`aSr�"n%R pÒQ�b3`\l�`[RMW'Y\V=ÁÀW%V�UkYa`[U���Uob3S�U=R�Uo^_UoR Uo`aR�Ucië2q`[R�^6Ya`\suZ�`[RAl�UoR
Z"n%ik�6YaU�0�UoRÔ)�U~sÈT_W'R�`\V�i1]xV=l�Uob�S U~WFZ�S�`anvR�Uo`aR�º�WFR�mcUPSÀUo`aT6UPR�Uo]_W'b�S�`[º%Uob�¹
Uob3^�`aR_l�]�R�º%UcR�Ê O�n
Z"n%R�R�S�U²Uo`aR�U�O"Q�R�S3T�U'V�U1mo]6b���W'buV<S3UoYaY[]�R�º��"n%RMd�e1fhghi²`\l�W'mon%Y[UoR y UoR�S�¾À`wsÈZ"UoY[S)¾¸Uobul�UoR�Ï�¾�UoYwsÈT6U
Uo`aR6U T6n%T�U�¹¸WFb3`\WFR6m�l�UobkO"]�^_V�S�`[S�]�UoR�S�UcRM`aR �~fhpán�V<`aS3`anvR�l�U'V=gjik`wl�WFmcn%Yab3`aR�º�V�Uob�YwWF]�^�S3U"ÊQ�_]_l�Uci
V<S3UoYaY[SÔl�`aU'V�U O"Q�R�S�T�U'V�UkW']���º%b3]�R_lAl�UobXYaUo`wsÈT�S�UcRU�_]�º�¿FR�ºvYa`\suT�Z"Uo`[S�WF]xsÈTP�"nvR�Z"nvik��Y[U�0�Ucb�UoR>É¸WFb<f

d"Ë



ã ä ¥%¤È�c«k«��u�Ëå��'¤�¤c¥F��®

^_n%R_V3¿F]�b3U'sÈT6Yan%b3`\l�UcRPUo`aR�UXV�UoT�b�ºv]�S�U r)YaS3Uob�R_W'S�`4�"U mc]Pl�Uob�^_UoZvWFR�R�S�UcRMO"Q�R�S�T6U'V<UXWF]xV r�ik`\l�`[R�UoR
N_J ]�R_l�gjik`wl�n'Q�YwsÈT�Y[n%b3`al�UoR�� l�WFbXÌB��º%Y¬Ê�l�W'mo]PO�suT�Uoi�W$�ÔW']���O�Uo`aS3U�Í8Î�Ê
�)UobÈ2Ò`aR_V3WFS3mÀWFY[`a��TxWFS�`wV�suT�UobÒÉ¸W'b�^_n%R_V3¿F]�b3U'suT�Yanvb�`\l�UÀik`aS | f�V�Su¿'R_l�`aºvUoiH
MWvV�V�UobuV�S�n"�!�%$�T�b�S3U�mo]

l�UoR>^�`\V�Y\W'R�º�]�R�^_UoZvWFR�R�S�UcRMW'YaZ�Q�YwV<]�^_V�S�`[S�]�`[Uob�S3UoR,��`aR�Q�Y[n%ºvUoR¤��UcS�buWvWFm'W���]�Y��vW'YaUoR�UcRMl�U~V��
Q��xV�_�Ê
O"�_UoZ�S�b�n�V<Z"nv��`\V3sÈT�UZ2�0���Ucb�`ai²UoR�S3U"Ï�WF^_Uob WF]_suT=suT�Uoi²`\V�suT�UKV)R�S�UcbuV<]xsÈT�]�R�ºvUoR�]�R�S�Uob3i�WF]6Uob�S3UoR�l�UoR
�%$�b l�`aU'V�UÒnF0�`wl�WFS3`��"UÈ�)`ai²Uob�`wV<`aUcb�]�R�º��"nvb�º%U~V�suT�Y\W'º%UoR�UcR.)�U~sÈT_W'R�`\V�i1]xV�ÌB��º%Y¬Ê'l�WFmo]=O�suT�Uoi W)�oÓ�WF]3�
O"Uo`[S�U=Ë"|%Î�Ê'�)`aU~V<U�SÀU'W'Z�S3`an%RxV<ZvW%V�Z%Wvl�U$^�Uc`aR�T_W'YaS3UoS)mc¾�Uo`�Å�Æ&Ç4f3O�suT�b�`[S�S3U"Ï�¾�nv^�Uc`
l�WFbw$�^_Uob�T�`aRxWF]_V
l�]�b�sÈT V<Uoi²`aUoik�6` b3`\V3s�T�U�Á�Uob�U'suT�R�]�R�ºvUoRÔ�"n%Ríì@?v;
�cîE� ·�UoS3UoR�fhÇÔÏÄÇ fhW%s�UoSuW'YaUPW'Y\V�gjR�S3Uob�i²U'l�`\W'S�U
l�`aU~V<Uob�O"Q�R�S�T�U'V�U�^_U'V<S�¿FS3`aº%S�¾�Ucbul�UoR�Z"nvR�R�S3UoRPÂ Í%�FÅ¬Ê

N

N

N

N NHAr

NHAr

ArNH

ArNH

Cl NAr

ClArN
2

H2N NAr

NH2ArN 10

+ 4 NH3 / THF
- 2 NH4Cl

N

NN

N

Ar

Ar

ORRO

+ 2 (RO)3CH
- 4 ROH

DMF/
POCl3

5

2 BuLi

N

N NAr

NAr

ArN

ArN

H

H
COCl

n

N

NArNH

ArN
n n = 1,2,3

COOCH3H3COOC

N

NArN

ArN O

COOCH3H

H

N

N

N

N

R

R
ArNH

ArNH

NHAr

NHAr
N

N

R

ArN

ArNH

RCOCl / 
Pyridin / 
THF

RCH2COCl / 
Pyridin / 
THF

20
+ 2

4

6 4

22

21

17

BDC'EáG�IAJU�:L�SÀU'WFZ�S�`[n%R�UoR�l�Ucb�ÇÔÏÄÇ.- f�l�`\V<]6^_V<S3`aS�]6`aUob3S�UoR�/*06WFY\W'ik`\l�`aR�UXL�z

d%d



ï ðH©EñH�u§��[«��u�:�<�uª[ª��3§�ò����aª

ó ô ð�õPÝÀÞHÚoÜ ÝÀâ=çHÝÀñoñoÝÀÞÏö ÝÀÚoñ

÷ ó<ô ø>ú'��ù>ú�÷�o�ú�ø6ú¼úPù�ú'e`pwû9���wp�ú�÷`	�÷�o}ü�ú'��ýqø6ú
r)YaY[U.�"Uob3¾�UoRxl�UoS�UcR�É
T6Uoik`aZvW'Ya`aUcR�V<`[R_l�Ï��¬WFYaYwV)R�`wsÈT�SÀU�0�S�buW²WF]���ºvU��%$�T�b3SoÏ�Z"nvikikU�b�mo` UoY[Y��"UcbJ�%$�ºv^_WFb
ÌX�á`[b�i�W�þ.ÿ����������
	��Qÿ�
�����	�����������	������������ ���!��Î
]�R_l�¾À]�bul�UoR�nvT�R�UÔ¾¸Uo`aS3Uob�U�S Uo`[R�`aºv]�R�º
Uo`aR6º%U'V�UoS�moScÊ��~+"V<]6R�º"V�ik`aS3S�UoY¬Ï�¾À`aUkm�ÊÄÁ�ÊaÆ_R�fT )Uo��S�WFR�ÏÈ�W ���ÏK��n%Ya]6UoRMn�l�Uob$É
T�Yanvb�nF��n%b�i�Ï�¾À]6bul�UoR
ik`aS3S�UoYwV�O"S�WFR_l6WFbul�S�U'suT�R�`[Z"UoRO�"n%b l�UobH¹4Ucb�¾�UcR_l�]�R�ºÐWF^xV<n%Y[]�S�`[Uob�SH]�R_lÔºvUob�Uc`aR�`[º%SoÊF��Uob�SÀU'W'Z�S3`an%RxVhf
�"Uob�YwWF]��¸¾À]�b�l�U$l�$�R6R_V�suT�`\suT�SusuT�b�nvi�WFS3n%º%b�WF��T6`\V�suTR�"UobJ��nvYaºvSoÏ_¾�n%^_Uo`º�xUcb�S�`[º%��YwWFS3S�UoR�Ï_^_U'V�suT�`wsÈT�S�UoS
ik`aS�R6Uo]�S�b�WFY[Uoi r)Ya]�i²`aR�`[]�i=nF0�`wl ]�Rxl��áYa]�nvb�U'V�moUoR�mc`aR_l�`[ZvWFS�nvb�Ì#"�$�ÿ&%�'(�!��)Ìþ*��+-,/.1032547698;:
l�UobÈ�á`ab3i�W<�=�(�!�����!�>%@?A.B��'��~ÿ�Î~�"Uob�¾¸UoR_l�UoS:¾À]�bul�UoR�Ê'r)YwV�V<SuW'S�`[n%R_¿'b�UÀpÒT_WvV<U¸^�Uc`�l�UobH��bu¿'��UcbuW~f
S�`4�"UoRkO�¿F]6YaUoR_suT�b3n%i�W'S�n%ºvbuW'��T�`aU l�`aUcR�S3U�R�Uo]6S�buW'YaU'V
r)Y[]�ik`[R�`a]�i=nF0�`\lÔÌ#���������
Ï"r)Y[]�ik`[R�`a]�i$nF0"`\l
Ñ%}�ÏáW'Z�S3`��"fjR6Uo]�S�b�WFY¬Ï�r)Z�S�`���`aS�¿FS�¹=Ï�·)nvb�R�ºvbv+À5%U�}�ÏÄ}%�vË~fh}�Ï � ikiPÏ�|~}~fh�%Ëv} ikU'V�T>r O3�W)�Î�Ê'�)`aU$W'Y\V
ikn%^6`aYaUqpqTxW%V<UW�"Ucb�¾�UcR_l�UoS3UoR.�~+"V�]�R�º�V<ik`[S�S�UcY�V<`aRxl ^_Uo`6l�UoR�UoR�SuV<�6b�U'suT�UoR_l�UoR=O"Q�R�S�T6U'V<U��"nvbuV3sÈT�b3`��\f
S�UoR�W']���º%U��%$6T�b�ScÊ
�)`[UMO�sÈT6ikUoYamc��]�R�Z�S�Uk¾À]6bul�UoR WF]3�$Uo`aR�Uci )�`[Z�b3n%T�Uc`amoS3`\V�suTÔ#ÐWFYaUcR g3g�g=R_W%suT Á�n"UcS�`a]xVkl�Uob

�á`ab3i�WDC<�()-E����F��'��HGI��� ����
�)-�������=n�l�Uob�ik`aS3S�UoYwVW�)`aºv`aS�WFY�)�UoY[S�`[R�ºkpHn%`aR�S�r)RxWFYaQ�moUob?· O8p O
�o}v}%}�l�Uob&�á`ab3i�WÞþ7JLKM��N��9�9?O+1P����!$�������^_U'V�S�`ai²i1S¸]�R_l>V<`aRxl�]�R6Z"n%b�b3`aºv`aUob3SoÊG�)`aU$r)]3��R_WFT�i²U
l�Uob¸g�S f3O"�_UoZ�S�b3UoR1UcbJ��n%Y[º%S3UÀik`aS l�Uoi g�S�f�O"�_UoZ�S�b3n%ikUcS�UobÈ���)O%fh�%ÍXl�UobZ�á`ab3i�WBQR��$�?ASB�(�ÒÏ�l�`[U�l�Uob
V)¹)f¬¹�`\Vjf�O���UcZ�S3b�UoR WFRAUo`[R�Uoi©�:WFi$^:l�W~f��oÑof�O���UcZ�S3b�n%i²UoS�Uob l�UobÓ�á`ab3i�WT"U�!�����F��?AV1ÿ�)-���HÊÈ�9$�b
WFY[YaUPR�Uo]6UoR O"]�^_V�SuW'R�moUoR�¾À]�b�l�UoR 2ÒYaUoikUcR�S�WFbuW'R_WFY[Q�V�UoRAik`aS$l�Uoi ÉZ �ÇÀf�r)]6S�n%i WFS�UcR ÉZ ÐÇ O%f
Ó%Ëv��l�Uob��á`ab3i�WW�(�X��$�W'R�º%U
��Uob�S3`aº%S�]�RxlPV<`aU=^_Uo¾¸Uoº%UcR>V<`\suT�`[R�R�Uob3T_WFY[^>l�Uob�ºvUobu¿'S�U'V��_Uomo`�ß�V�suT�UoR
��nvYaUob�WFR�mc^�Ucb�Uo`wsÈT�U�Ê��)`aU�)PW%V�V�UoR_V���UcZ�S3b�UoR�¾À]�b�l�UoR W'R�Uo`aR�Uci #�Uobu¿'S�l�UobR)PW'b�Z"U=�(�F������'��(�
)Pr�� O�OXY�|��o}�ÏDl�`aUXT�n�sÈTxWF]���ºvUoY�+�V<S�UcR¤)PW%V�V�UoR��_UoZ�S�b3UoR�ik`[S�Uo`[R�UoiZ�
�F������'��(�t)Pr�� ÑvÍW[.��f
��b�WF� W']���º%UoR6n%ikikUcR�ÊK�)`aUI�c fX^�mo¾�ÊQ�%��ÉÒfhÇ�)IS�f�O"�_UoZ�S�b3UoRý¾À]6bul�UoR W'R�Uo`aR�Uci r�ÉÒf��vÍ%}ýÌ¬�%Ív}
)I )m%Î�f�^�mo¾�Ê��rS<[)f¬d"}v}MÌ�d�}%},)I �m%Î�f3O"�_UoZ�S�b�nvikUoS3Uob�l�Uob��á`[b�i�WDQB��
����!�Aº%Uoi²U'V�V�UoRýÌ¬Ç�)IS�f
O"T�`Í��S=b�UoYwWFS�`4��mc]�i©�"Uob3¾�UoR_l�UoS�UoR l�Uo]6S�Uob3`aUob3S�UoRx�~+�V<]�R6º"V<i²`aS�S3UoY�Î�Ê��)`[U�24p�S�f�V�R�S3UobuV�]_sÈT�]�R�ºvUoR
¾À]�bul�UoRMW'RMUo`[R�Uoi O"�_UoZ�S�b�nvikUoS3Uob�2�O�p Ëv}%}M2 l�UcbO�á`ab3i�W\QB��
����!� ÌF[)fhÁÀWFRxl8f�O���UcZ�S3b�n%i²UoS�Uob
^_Uo`�]·® Ñ�Ï+dU#r )m%Î l�]�busuT�ºvU��%$�T�b3SoÊK�_WFYaYwV)R�`wsÈT�S�WFRxl�UobuVO�"Uob�i²Uob�Z�SoÏ�Uob���n%Y[º%S�UcR>WFYaY[U�)�U~V�V<]6R�º%UoR
^_Uo`KS)W']�i$S�Uoik�_Uob�WFS3]�boÊ
�)`[U Z�b�`wV<S�WFYaY[n%ºvbuWF�6T�`\V3sÈT�U�O"S3b�]�Z�S�]6b�^_U'V<S3`aiki$]�R�º Uob���n%Y[º%S�U W']��AUo`[R�Uoi VR���!�(^�?A.-$(���F
��

É¸r��)d'f��)`Í�:buWFZ�S�nvikUoS3Uob)i²`aS*)�n"· | f�O�S�buW'T�Ya]6R�º>ÌI_¤®�}�Ï |"�c}%�vÑ�ÃÔÏ�#�buW'��T�`[S<fT)�n%R�n�suT�b�nvi�WFS3n%b�Î
ik`aS3S�UoYwV��_U'WvV<S<f3O3 "]_WFb3U'Vhf¬¹
UobJ��Uc`aR�Uob3]�R�º$l�UcbÀ�>`.
>Uob3S�UoR��"nvR��%Í$WF]xV<º%Uc¾À¿FT6YaS�UcRRS U
â_U�0�UoR�Ê3S U
â_Utf
0�`[R�S3UoR_V�`aSu¿'S�UoR�¾À]�bul�UoRP`aRTaÒfh�>`�r)^6SuW%V�S�]�R6º ºvUoikU'V3V<UoRDÊ~2q`[R�U@�_nvb�UoR�S�m=]6R_lPpán%YwWFb3`\V�W'S�`[n%R_V�Z"n%b<f
b�UoZ�S�]6b�¾À]�b�l�U�l�]�b�sÈT6º%U��%$�T6b�SoÊ_Â Í%Ë�Ï¬ÍFdvÅ'2Ò`aR�U?r)^_V<nvb���S3`anvR_V<Z"nvb�b�UcZ�S3]�b�Uob���n%Y[º%S�U�R�`wsÈT�SoÊE��`aUÔO"S3b�]�Z"f
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S�]�b3UoRk¾À]�b�l�UoRki²`aS�S3UoY\VHl�`[b�UoZ�S�UobZ)�UoS3T�n�l�UoR²º%UoY4+"V<SÐÌ<O3 r2N�![XO�ÂÄÍvÍFÅ�Î�Ï"¾�n�l�]�b�sÈT l�Uob
º%bw+M5%S3U&��Uo`[Y
l�Uob�Ç�`\suT�S�¾ÀWvV�V�UobuV�S�n"�DW'S�n%i²U Y[n%ZvWFY[`\V�`aUob3S1¾À]�b�l�U"ÊW��]�busuTÔ�)`Í�:Uob�UoR6m���n%]�b3`aUob�V<Q�R�S3T�U'V�UoRýZ"nvR�R�S3UoR
l�`aU²b�U'V�S�Ya`wsÈT6UoR>Ç)`\suT�S<¾ W%V3V<Uob�V<S�nF�DWFS�nvikU=Uob3ik`aS3S�UoY[S)¾¸Uobul�UcR�Ê'��WvVÔUob�T_W'YaS3UoR�U(�"n%b�Yw¿F]�ßxº%U�O"S3b�]�Z"f
S�]�b3ikn�l�UoY[Y
¾À]�bul�U²`ai ¹
n%Y[Yai�W'S�b�`408fw��OXYÀf¬¹4UcbJ�¬WFT6b�UoR�WFR�`wV<n%S3b�nv�KºvUoº%UcRt��b1�"Uob���Uo`aR6Uob�ScÊÒÂÄÍv�FÅZ�)`aU

MWvV�V�UobuV�S�n"�DW'S�n%i²Uk¾À]�bul�UoRMW']_V�l�Uob&�)`Í��Ucb�UoR�m
��n%]�b3`aUob�V<Q�R�S3T�U'V<UXUob�i²`aS�S3UoYaSÀ]6R_l�`wV<nvS�b�nv��`[RMl�`aU
WF^_V3sÈT6Ya`aU>5%UoR_l�U�¹
UobJ��Uo`[R�Uob3]�R�ºÔUc`aR�^�Ucmon%ºvUoR�Ê

÷ ócb {Ô�v�wg4ú'e�ú'p3÷�úPø>þ���û�z6ù���pJ�uø¤�G	��dcÔ����û"ø6ú'�v�v	Ð÷�g
hmikhjl�nFo�p�û3	�q�û"ø�p<ø�	�p�ú'��ø�ú'�·s¤u*���v��e`pvo�p3÷)úÖo�ú�ûMÿ�ö*y�û�ô�e

¯�J��F��J����'G>´ ÛvÙ,�~�'IAJ��B^K� � CFØ9Ü'�
��W%VHUoR�S�V<��b3U'suT�UoR_l�U¸Á�`wVhf¬`aik`wl�n'Q�Yws�T�Yanvb�`[l��$Ìj�v}�=�=�îM:�Î:¾À`ab�l `aR soW�Ê'Ëv}%}(=.:�ºvUoS�b3n�sÈZ�R�UoS3UoiH�W ��
º%UoY4+"V�SoÊ_gjR�l�`aU'V�U.�~+"V�]�R�ºkY[Uo`aS3UoS
i�WFR²]�R�S3Uob*SW$�T�b�UcR@�%$�b�ÍÔf¸ÓÔT�º�W%VT�%+vb�ik`[º%UoR r)ikiknvR�`\W'ZÔUo`[R�Ï
¾�nv^�Uc`�V<`wsÈT²l�`[U�SÀU'WFZ�S�`[n%R_V�Y�+�V<]�R�ºXR_W%suTkZ�]�b�mcUobQ�_Uo`[S4S3bv$�^6SoÊ�g�V<SÀl�`aUO�~+"V<]6R�º.�¬WFb3^�Yan�V4]�R_l²l�WFik`[S
l�W%V$Uo`aR�ºvU'V<UcS�moS3U�gjik`wl�n'Q�Yws�T�Yanvb�`wl�]�i²º%U'V�UoS�moS²ÌX� ÉÒfä·)n%R�S�b3n%Y[YaU"ÏQ�:W']���ik`aS3S�UoY¬ÆK��nvYa]�nvYB¡>r�stUoS3n%R
�o}�Æa�FÎ�Ï�V�n=^_UoUoR_l�UcSÀi�WFR�l�`aU�#ÐW%V<Uc`aR�Y[Uo`aS3]�R�ºÔ]6R_l Yw¿"5%S�l�`aU.�~+�V<]�R�º²mo]�bÀ¹
Uobv�"nvYaYwV<Su¿'R_l�`[º%]�R�º l�Uob
S U~WFZ�S�`anvRÔ^_Uo`3S�WF]�i$S�Ucik�_UobuW'S�]�b~$�^_Uob Ç�W%suT�SHV<S�UcT�UoR�ÊF�)`[U
T�Uo`�5vUW�~+"V<]6R�º�¾À`ab�l�ß_Y[S�b3`aUob3S�]�R_lXl�Uob
�"Uob�^6YaUo`[^�UcR_l�U
¾�Uo`45%U*SW$_suZ�V�SuWFRxl R�n�suT1mc¾�Uo`[i�WFYvik`aS�T�Uc`�5%Ucim�W r��U�0�S3buW'T�`aUob3SoÊF�)`[UW�"Uob�Uc`aR�`[º%S�UcR
�á`aY[S�b�WFS�U�¾¸Uobul�UcRMUo`aR6º%UoUoR6º%S=]�R_lAi�WFR Y\¿"5vS1^_Uo`�fhË%} L É�Z�b�`wV<SuW'YaY[`\V<`[Uob�UcR�Ê'��WvV1UoR�SuV<�6b�U'suT�UoR_l�U
/*0�W'Y\WFi²`\l�`[R@�¬¿FY[YaSÐWFY\VQ�¬WFb3^�Yan�V<Uob�^�`wV)V3sÈT�¾ÀWvsÈT�º%UcYa^_Uob�Z�b3`\V<S�WFY[Ya`aR6UobÀÇ)`[U'l�Uob�V�suT�Y\W'º$WF]_VÀ]�R_l�Y[`aUoºvS
R_W%suTAl�Uci W'^_V�W']�º%UoRA]�Rxl S3b�n�suZ�R6UoR�`[i ¹¸WFZ�]�]�i `aRAW'R_WFY[Q�S3`\V�suT�Uob&SÀUo`aR6T�Uo`aSr�"n%boÊHÁ�Uo`
Y[Uo`\suT�S
Y�+�V<Ya`wsÈT6UoRPSÀU'W'Z�S3`an%RxV<��b3n�l�]�Z�S�UoRMZvW'R�RAl�`[U�·�b�`\V�SuW'YaYa`wV�W'S�`anvRMl�]�busuT·�_]xV�WFS3m��"n%R ¾�UoR�`[ºR
MWvV�V<Ucb
n�l�Uob�R�fT )Uo��S�WFR,�"Ucbv�"n%Y[Y\V�Su¿FRxl�`aºvS4¾¸Uobul�UoR�^�mo¾�Ê�i�W'RkUoR�ºvS�l�`aU&)�]�S3S�Uob3Y\WF]6º%U�Z"n%ik�6YaUoS3S4Uc`aR�Ê
¯�J��F��J����'G¤ÄëÛAf�{
G��F^K� � CFØ9Ü'�
��W%V$UoR�S�V<��b3U'suT�UoR_l�U Á�`\Vhf¬`ai²`\l�n'Q�Y\s�T�Y[n%b�`wl»� Ì¬�%}Ô=�=�îM:�ÎÔ¾À`[bulK`[R �o}%}ofu�cÍ%} =.:)º%UcS�b�n�suZ�R�UoS�Uci
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#�Y\W%V3WF]�S3n%Z�Y\W��"UoR�V�n=Y\W'R�º%U�r�iki1nvR�`\W'Z�º�W%VÒW']���º%Uc��b�U'V3V<ScÏ�^�`wV�l�`[U��~+�V<]�R�º$ik`[SQ#ÐW%V�º%U~V�¿FS3S�`[º%S�`wV<S
]�R_lPl�Ucb��)b3]_suZkZ"n%R_V�SuW'R�SXÌ�^_Uo` soW�Ê_dFfhÍ1^_W'btÎ V<S3UoT�UoR�^�YaUo`[^�SoÊ��)`aUÓS U~WFZ�S�`anvR�`wV<SÀR_WvsÈT�soW�Ê_Uo`aR6Uob
O"S�]6R_l�U�^_UoUcR_l�UoS
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Ä��%�EÛv¶HEáG3���H�XÜu���EµHJ���J�It�k^9�%�ýL�z_J��

N NH2

NH2N

g\h�ikj l�h�mAl���Ì�¹¸WFb3`\WFR�S�U Á)ÎuÆ ÓvÍ �²Ï V3sÈT�¾ÀWvsÈT º%UoY[^�Ya` f
sÈT6U ·?b3`\V�SuWFY[YaU"Ïon��M�v}8|tfh�%}vÓ LuÉ�Ï�p�h�qrq=l�s3tvu�w>q=lyx��
É*¨ ]  .¨ ] Ç ]*z|{ �:�%Ë%Ó�ÊÄ�vÑFº�¡cikn%Y¬Ê
z p&ÛO}�~�ÜF� Id���~Û&�PÜ'� �%ËvÑ�Ì3�o}%}"ÎuÂá)r�Ô��Åj½ �v�oÑ�Ì¬Ë%Í"Îu½
Ñ%Ë�Ì��oÍ"Îu½á|v|"Ì¬�%Í8Î�Ê
�9�IÛ3´�� × Ü�]êÛ�C"Ir���vÜ~��ËFd"Ëv� ÌjÇ� �Îu½ÀËvË��oÑ Ì¬Ç� Î�½ÀË%}vÍ%�
Ì<ÉZ fhWFb3n%iPÊ Îu½ Ë%}%�vÓýÌ<ÉZ Àf�W'b�n%i�Ê Îu½
�c�%�%Ë Ì<ÉW®ÐÇ f3Îu½À�oÍvÓ%Ó�½
�oÍvÍ8|"½ �td"Ó'd�½�|'�vË�½:�%Ñ%Ó�Ê
���o�A� z � Ì�d"}v}�)I �m"Ï~�W ���fhl�Ó8Î<�PÛv¶K¶áIxÜ'�D��Ïa��d>Ì�^�bcÊaÏ_�M XÏ�Ç� �¥tÎ�½���ÏÄÑ��²Ìjl�Ï��À ÔÏ�bJÎ�®�|�Ï |F �m"Ï
nFfhpÒT�Ê fT Îu½_��ÏÄÑ"|kÌ�SoÏ��� XÏ!bJÎ�®�|�ÏÕdE �m"Ï���fhpÒT�Ê fT Î�½�|"ÏÄ�vÓkÌ�ScÏ_�M ÔÏ_�ÀÎ�® |�ÏÄ�À )m"Ï�i1fhpÒT�Ê fT ÎuÊ
�����R�A� z � Ì��o}v}t)I )m"Ï�ÉZ� É
Y [ ÎM� Ûv¶K¶áIxÜ'���c�%}�ÏÄË%Ë Ì�n'f�pÒT�f3ÉÀÎu½��c���vÏÄË�� Ì���fhpÒT�Ê f3ÉÀÎu½��o�"|"Ï Ñ%�
Ì�i1fhpÒT�Ê f3ÉÀÎu½:�td�Ó�ÏÄÍ��kÌX "]_W'b�SoÊ[Ï�pÒT�Ê f�ÉÀÎ�½á��d"Ñ�Ï }%Ó�Ì<É(� ���&�F���ÕÎ�Ê

Ä��%�EÛ y �v�F�_�k�H�TÜ����EµHJ���J6IP�k^9�%�ýL�z_{4�

N NH2

NH2N

g\h�ikj l�h�mAl��ýÌ�¹¸WFb�`wWFR�S�U r Î ÑvÍ8�²Ï�V3sÈT�¾ÀWvsÈT º%UoY[^�Ya`wsÈT6U
·�b�`\V�SuW'YaYaU�Ï1n��k�v�%}ÀL~É�ÏDp�h�q=qrl�s3tku�w>q=lvxu� É ¨ \� ¨�� Ç1]
z {c���%�v��ÏÄËv�1º�¡cikn%Y
z p&ÛO}�~�ÜF��I����~ÛO��Ü'�Ò�v�8|>Ì��c}%}"Î$Â )r�X�tÅ¬½4�cË%ËMÌ3�oÍ8Î�½ÒÑ��
Ì��c}8ÎuÊ
�9�IÛ3´�� × Ü�]'Û�C"Ir���JÜ~�
ËFd��%� ÌjÇ� Î�½�Ë%Ë%}'d ÌjÇ� �Îu½�Ë��v�oÍ Ì<ÉZ fhWFb3n%iPÊ Îu½ÀËv}%�%} Ì<ÉZ Àf�W'b�n%i�Ê Îu½ �%Ñ%�v} Ì�ÉZ fhr)YaZ�Q�Y�Îu½¸�%Óv�%Í
Ì<ÉZ fhr)Y[Z�Q�Y�Î�½��c�%�'dPÌ<ÉW®ÐÇ f3Îu½��c�%}Fd�ÌjWFb3n%iPÊ f�ÉW®�ÉÒf3Îu½:�oÍ%���%½H�oÍv}%Ë�½ �o�%Ñv}�½:ÓFd�Ó�½:Ó��oË�½�|~�%��Ê
���o�A� z � Ìj�%Ív}�)I )m"Ï3�W ���fhl�Ó"Î(��Ûv¶9¶HIxÜ'����ÏÄ�vÓkÌjVtÏ��À ÔÏ8f3ÉZ [ Îu½���Ï[�oËkÌ�^6boÊaÏ"dÑ ÔÏ8fhÇ� ¥ Î�½���ÏÄÓv}
Ìjl�Ï�dÑ ÔÏ�ÉZ f¸W'b�nviPÊ Î�½�|"Ï[�o}�Ìjl�Ï�dÑ ÔÏ�ÉZ f¸W'b�nviPÊ Î�Ê
�����R�A� z � Ì¬�%Ë¤)I )m"ÏÈ�W ���fhl�Ó8Î��ÌÛv¶K¶áIxÜ'�
�v}�Ï |'ÑAÌ f3ÉZ �[~Î�½À�o�v��ÏÄ}'dýÌ\f�ÉZ �Îu½À�oËv}�Ï Ë%�AÌ f3ÉZ Îu½
�oËv��ÏÄ�vÍ�Ì<É �;�>�&���A� Î�½��td�Ó�ÏÄ�v� Ì�É � ���O����� Îu½��cÍ%}�Ï+d�|�Ì�É � ���O����� ÎuÊ
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Ä��%�EÛ y � m�l3w�m&� � Ä � ���H�%¶áEHG3���H�XÜu���EµHJ��\J�IP�%^K�B�AL�z�C��

N NH2

NH2N

(H3C)3C

C(CH3)3

g\h�ikj l�h�mAl���Ì�¹¸WFb3`\WFR�S�U?r Î¸Ó%Ík�kÏ
�¬WFb3^�Yan�V<U'VAWFi²n%b��6T�U'VMpÒ]�Y4�"UoboÏ�n��k�'d"ÍÀL~É�ÏDp�h�q=qrl�s��
tvu�w>q=lyx��áÉ ¥�¥  [�� Ç ]*z|{ ��ËvÍ%}�Ê Í%}=º�¡cikn%Y
z p&ÛO}�~�ÜF� Id���~ÛO�PÜ'� Ë%Í��vÌ��c}%}8Î�Â )r�X�tÅ¬½ �vÑ%Ë�Ì¬Í8Î�½
�o�v}�Ì��c}8Î�½�Ñ��vÌjÍ8Î�Ê
�9�IÛ3´�� × Ü�]'Û�C"Ir���vÜ'��Ë'd"Ó'dPÌjÇ� �Îu½�ËvËFd�}�Ì¬Ç� Î�½�Ë%}vÓFdPÌ�ÉZ fhWFb�nviPÊ Î�½�Ëv}%�%ÓPÌ�ÉZ f�W'b�nviPÊ Î�½��%Ñv���vÏ
�%Ñv}��%ÏD�%Ó8|~}�Ì<ÉÒfT fhWFY[`a��T_W'SoÊ Îu½��c�%�vË�Ì<ÉW®ÐÇ f3Îu½��c�%}%��½á�cÍ%Í'd�½H�o�%Ñ'd�½�ÓvÍ%Ó�½_Ó%}%��Ê
���o�A� z � Ì�d�}%}I)I )m�ÏáÉZ� É
Y [ Î �xÛw¶9¶HIxÜ'�
�%ÏÄË���Ì¬VtÏÒÑÀ ÔÏáÉZ [ Îu½HÍ�ÏÄ�%}>Ì�^�bcÊaÏH�M XÏ�Ç� ¥ Î�½á��ÏÄÑv}
Ìjl�Ï_�À ÔÏ�ÉZ fhWFb3n%iPÊ Îu½�|�ÏÄËv� Ì¬l�Ï_�M ÔÏ_ÉZ fhWFb�nviPÊ Î�Ê
�����R�A� z � Ì��o}v}t)I )m"ÏÀÉZ� É
Yk[oÎM�HÛv¶K¶áIxÜ'� Ë��%Ï Ë%Ñ�Ì<ÉZ r[tÎu½ÀË'd�ÏÄ�vÍ�Ì<É � ���&�F��� Îu½��o�v}�Ï |'Ñ Ì�ÉZ f
WFb3n%iPÊ Îu½��c�%��ÏÄ}Fd�Ì<É � ���&�F��� Î��o�v��Ï ËFdPÌ�ÉZ f�W'b�nviPÊ Î�½���d"��ÏÄ�%��Ì<É � ���&�F��� Îu½���d"Ñ�Ï+d"Ñ�Ì<É � ���&�F��� Î�Ê

Ä��%�EÛ y ��Ä��F�_It¶áEHG��~�H�TÜ��v�EµHJ���J�IP�%^9�k� L�z~^
�

N NH2

NH2N

Br

Br

g\h�ikj l�h�mAl���Ì�¹¸WFb3`\WFR�S�U Á)Î Ñ%} �²Ï�V3sÈT�¾ÀWvsÈT º%UoY[^�Ya`wsÈT6U
·�b�`\V�SuW'YaYaU�Ï1n����%Ë��¼LtÉ Ì��_UobuV�UoS�mo]6R�º�Î�Ï\p�h�q=qrl�s3tvu�w>�
qrlvxu�ÒÉ ¨ ]  ¨ ¥ Á�b ¥ Ç ] z {o��ËvÑ%��ÊÄ}%Ó$º�¡oi²n%Y
z p&ÛO}�~�ÜF�kId���~ÛO�PÜ'�ÐË%Ñv��Ì��c}%}"ÎuÂ )�Å¬½�Ë%Ív��ÌjÍ"Îu½=�cÑ8|"Ì3�oÍ"Îu½
�oÍ"|"Ì��cÍ8Î�½Ò�%�cÓ�Ì��c}8Î�½�Ñ%}�ÌjÍ8Î�½�|~��Ì3�o}8Î�Ê
�9�IÛ3´�� × Ü¡]'Û�C"Ir���JÜ~��ËFd"�"|"Ì¬Ç� Îu½$Ëv�%Ñ%� Ì¬Ç� Î�½=Ë��v�oÍ
Ì<ÉZ fhWFb3n%iPÊ Îu½�Ëv}8|~ÑMÌ<ÉZ fhWFb3n%iPÊ Îu½H�o�%�v}MÌ<ÉW®ÐÇ f3Îu½Ò�cÍ%�v��½���d"Ó��%½��c�%ÓvÑ�½À�o}"|'}�½��o}v}%��Ê��&�¢�A� z �
Ì�d�}%}�)I )m"ÏÑ�W ���fhl�Ó8Î
�,Ûv¶K¶HIéÜ~����Ï �Fd²Ì�^�bcÊaÏ��M ÔÏ Ç� ¥ Îu½���ÏÄÓ'dkÌjl:Ï��À ÔÏ�ÉZ Àf�W'b�n%i�Ê Îu½�|"ÏÕd�Ë1Ì¬l�Ï��M ÔÏ
ÉZ fhWFb�nviPÊ Î�Ê
��� �R�A� z � Ì��c}%}})I )m"Ï��W ���fhl�Ó8Î£� Ûv¶K¶áIxÜ'���v�oÍ�ÏÄÑ%Ñ Ì�É � ���O����� f�W'b�nviPÊ Î�½M�o�'d�ÏÄË'd Ì�ÉZ f
WFb3n%iPÊ Îu½a�cË%��ÏÄÓ8|²Ì<ÉZ Àf�W'b�n%i�Ê Îu½_��d"Ñ�Ï Ó%Ë�Ì�É � ���O����� Îu½��cÍ%}�Ï |'��Ì<É � ���&�F��� ÎuÊ

d"Ó



ï ðH©EñH�u§��[«��u�:�<�uª[ª��3§�ò����aª

Ä��%�EÛ y �&~
�'^9¶HEHG��~�H�TÜu� � µHJ6��J�I��B^K�k�ýL�z_G��

N NH2

NH2N

I

I

g\h�ikj l�h�mAl���Ì�¹¸WFb3`\WFR�S�U Á)ÎPÓ'd � ÏÔV3sÈT�¾ÀWvsÈT º%UoY[^�Ya`wsÈT6U
·�b�`\V�SuW'YaYaU�Ï1n����%�v}mLtÉ Ì��_UobuV�UoS�mo]6R�º�Î�Ï\p�h�q=qrl�s3tvu�w>�
qrlvxu�ÒÉ*¨ ]  &¨ ¥ g ¥ Ç ]*z¤{ ��d"Ñv}�ÊÄ}vÓ1º�¡cikn%Y
z p&ÛO}�~�ÜF� Id���~Û&�PÜ'� d"Ñ��%Ì3�o}%}"ÎuÂá)r�Ô��Åj½ ËvÑ%Ñ�Ì3�o}"Îu½
Ë%�'d�ÌjËv}8Î�Ê
�9�IÛ3´�� × Ü�]êÛ�C"Ir���vÜ~��ËFd"�"| ÌjÇ� �Îu½ÀËv�%Ñ���Ì¬Ç� Î�½ÀË��v�oÑ
Ì<ÉZ fhWFb3n%iPÊ Îu½6Ë%}%Ív��Ì<ÉZ Àf�W'b�n%i�Ê Îu½:�o�vÍ%��Ì<ÉW®ÐÇ f3Îu½a�c���'|"½H�oÍ%Ó'd�½H�td�|'��½ �o}%}v��½:Ó��'|"Ê
���o�A� z � Ì¬�%Í%}�)I �m"Ï��W ���f�l�Ó"Î��,Ûw¶9¶HIxÜ'�_��Ï Ë%�kÌ�^6boÊaÏ6�M ÔÏ6Ç� ¥ Î�½_��Ï |��=Ìjl�Ï6�M ÔÏ_ÉZ fhWFb�nviPÊ Î�½
|"Ï �%}�Ìjl�Ï_�À ÔÏ�ÉZ fhWFb�nviPÊ Î�Ê
�����R�A� z � Ì¬�%ËI)I )m�Ï9�W r��f�l6Ó8Î��ÔÛv¶K¶áIxÜ'�À�c�%��Ï Ó%�AÌ<É � ���&�F��� fhWFb3n%iPÊ Îu½
�o�'d�ÏÄ�vÑýÌ<ÉZ Àf�W'b�n%i�Ê Îu½
�oËvÓ�ÏÄÑv��Ì<ÉZ Àf�W'b�n%i�Ê Îu½:�oÍv}�ÏÄ�v��Ì�É � ���O���A� Î�½��oÍ%}�Ï |v|"Ì<É �;�>�&���A� ÎuÊ

Ä��%�EÛ y �&¥1�~E9�Eµ'�HC"J��'{����~�H�B¶HEHG��~�H�TÜu�w�EµHJ���J�IP�%^9�k�ýL�z � �

N NH2

NH2N

C2H5OOC

COOC2H5

g\h�ikj l�h�mAl���Ì�¹¸WFb3`\WFR�S�U Á)ÎuÆ�Ñ8| � Ï1�¬W'b�^�Y[n"V<U º%UoY[^�Ya`wsÈT6U
·�b�`\V�SuW'YaYaU�Ïvn��_�%}'dELoÉ�Ï!p�h�qrq=l�s3tvu�w>q=lyx���ÉZ¥��� �¥�¥�Ç1]�/*]
z {c��Ë%Óv��ÊÕd6�Ôº�¡cikn%Y
z p&ÛO}�~�ÜF� Id���~Û&�PÜ'� Ë%ÓvË�Ì3�o}%}"ÎuÂá)r�Ô��Åj½ ËvË8|"Ì¬Ó%Í"Îu½
�oÑ��%Ì��c}8Î�½Ò�o�vË�Ìj�v}8Î�½Ò�o�v}�Ì��cÍ8Î�½�Ñ��%Ì��c}8Î�½á|'Ë�Ì<|'}"ÎuÊ
�9�IÛ3´�� × Ü¦]'Û3C"I§����Ü'�ÒË'd"Í8|�Ì¬Ç� Îu½:Ë%ËvË8|�ÌjÇ� Î�½_Ë��c�8|PÌ�ÉZ fhWFb�nviPÊ Î�½_Ë%}v}FdMÌ�ÉZ fhWFb�nviPÊ Î�½_�%ÑvÍ%Ó
Ì<ÉÒfT W'Ya`a�6T_WFScÊ Îu½6�%Ñv}��%Ì�ÉÒf� �W'Ya`[��T_WFScÊ Î�½��F|~}��kÌ�ÉW®O/ Î�½��o�vË%Í�Ì<ÉW®ÐÇ f3Îu½��oÍvÑ%��½á�cÍ%�%Ó�½Ò�%�c�%Í�½á�c}%�%}�Ê
���o�A� z � Ì�d"}%}I)I �m"ÏK�W ���fhl�Ó8Î��ÔÛw¶9¶HIxÜ'�À�%Ï ËFdAÌ�ScÏÒËÀ ÔÏ
�MÎ�®�|"Ï[�� )m�Ï4ÉZ [ Î�½ád�Ï �%ÑAÌX _ÏH�M ÔÏ
�MÎ�®�|"Ï[�� )m�Ï�ÉZ ¥ Î�½���ÏÄ}%}�Ì�^6boÊaÏ6�M ÔÏ_Çr ¥ Îu½6��ÏÄÑ"|kÌ¬l�Ï_�M XÏ�ÉZ f�W'b�nviPÊ Î�½x|�ÏÄÑ"|kÌ¬l�Ï_�M ÔÏ_ÉZ fhWFb�nviPÊ Î�Ê
��� �R�A� z � Ì��c}%}Ô)I )m"Ï*�W ���f�l�Ó"ÎD�ªÛv¶K¶áIxÜ'�X�td6ÏÄ�%� Ì�ÉZ [ Îu½Ð�%}�ÏÄÓ%} Ì�ÉZ ¥ Îu½��o�v��ÏÄ}"| Ì�ÉZ f
WFb3n%iPÊ Îu½Ô�c�%Í�Ï |'� Ì<É �;�>�&���A� Î�½Ô�cË��%Ï Í%Ë Ì<ÉZ fhWFb3n%iPÊ Îu½��oÍv}�Ï Ë%Ë�Ì�É � ���O����� Îu½X�oÍvÍ�ÏÄÍ'd�Ì�É � ���O���A� Î�½Ô�o�v��Ï �%Ó
Ì<É � ���&�F��� Î�Ê

d"Ñ



ï ðH©EñH�u§��[«��u�:�<�uª[ª��3§�ò����aª

Ä��%�EÛ�N��v�F�F��¨ � �~�'IKGM�~E��H�%¶áEHG��~�H�BÜu���EµHJ���J�IP�k^K�B� L�z � �

N NH2

NH2NF3C

CF3

g\h�ikj l�h�mAl���Ì�¹¸WFb3`\WFR�S�U�r�¡~Á)ÎuÆ¸Ñ%�E¡>Ñ%ÑK�²Ï
¾�Uo`45%Uob(��U'V�S<f
V<S3n"� ÏMn�� |~Í~f3|%|FL'É�Ï\p�h�q=qrl�s3tvu�w>q=lyx��kÉ*¨ \  .¨ ¥ � \ Ç ]
z|{ ��Ë8|cd�ÊÄ�vÓ1º�¡cikn%Y
z p&ÛO}�~�ÜF� Id���~Û&�PÜ'� Ë8|~Í�Ì3�o}%}"ÎuÂá)r�Ô��Åj½ ËvÍ%Í�Ì¬Í%Í"Îu½
�%}vÍ�Ì��c}8Î�½Ò�oÓ"|"Ì��cÍ8Î�½Ò�td�Í�Ì��cÍ8Î�½�Ñ��%Ì��c}8Î�Ê
�9�IÛ3´�� × Ü�]êÛ�C"Ir���vÜ~��Ë%Í%}v} ÌjÇ� �Îu½ÀË'd"����Ì¬Ç� Î�½ÀËFd�Ë%}
Ì<ÉZ fhWFb3n%iPÊ Îu½�Ë%Ëv}%� Ì�ÉZ f�W'b�nviPÊ Î�½��o�v�%Ñ Ì<ÉW®ÐÇ f3Îu½��c�%}%Ó Ì¬WFb3n%iPÊ f�ÉW®�ÉÒf3Îu½��oÍ'd"��½=�cË%�"|"½=�%�c�%}�½
Ó8|~��½:�%Ñ%Í�Ê
���o�A� z � Ì�d�}%}()I )m"Ï��W r��f�l6Ó8ÎL�UÛw¶9¶HIxÜ'�_Í�Ï �%Í�Ì�^�bcÊaÏ_�M XÏ_Ç� �¥tÎu½�|�Ïa��d�Ì¬l�Ïá�> ÔÏ!bXÎ�®�|"Ï Í@ �m"Ï
É¸�~fT fhWFb�nviPÊ Î�½4|�ÏÄ�%ËMÌ¬VtÏÀ�> ÔÏ4É¸�of� fhWFb3n%iPÊ Îu½
|"ÏÄË'dAÌjl�Ï¸�� ÔÏ@b�Î�® |�ÏÄÓÀ )m"ÏÒÉ
dFfT fhWFb�nviPÊ Î�½4|�ÏÕd�|>Ì�SoÏ
�� ÔÏ b Î�®�|"Ï Ó%ËÀ )m"Ï�É¸Í~fT fhWFb3n%iPÊ ÎuÊ
�����R�A� z � Ì��c}%}©)I �m"ÏKÉZ� É
Y [ Î¡� Ûv¶9¶HIxÜ'� �%�oÓ�ÏÄ�vË Ìc 8]xWFb�ScÊaÏtÎ�®ÐË�Ï |F )m�ÏýÉ¸�~fhWFb�nviPÊ Î�½
�o�v}�ÏÄËvË ÌX "]_WFb3SoÏÔÎ�®ÐË�Ï |F �m"Ï É
dFfhWFb3n%iPÊ Îu½ �o�vË�Ï Ó%Ó�Ìc 8]xWFb�ScÏ¼Î�®Ð�8|~Ó�Ï ÑM )m"Ï ÉZ� [ Î�½ �o�Fd6ÏÄÍvÓ�Ì<É¸�of
WFb3n%iPÊ Îu½Û�oËv}�ÏÄ}vÑ�Ì�É¸Í~fhWFb�nviPÊ Î�½ �oËv��ÏÄ}v}�Ì�É(� ���O���A�[ÏÏÎ�®ÐË%��ÏÄËÀ )m"Ï É��ÈfhWFb3n%iPÊ Îu½ ��d"Ñ�ÏÄ}8|�Ì<É(� ���&�F���ÄÎu½
�td�Ñ�ÏÄ�"|"Ì�É � ���O���A� ÎuÊ

Ä��%�EÛ y �uC"J��'{��Eµ'�K¶áEHG��~�H�TÜ����EµHJ���J6IP�k^9�%����^K��©�J��B� � I·�cJ��B��L�z_E
�

gjR Uc`aR�Uob*�~+"V�]�R�º²WF]_V�}�Ï �%�Fd(ÊPÌ�d�=�=�îM:�Î¸·./� `aR�Í%}R=.:È2qS3T_WFR6n%Y�¾�Ucbul�UoR }�Ï |~�Fd!ÊPÌj�R=�=�îM:�Î
ÇÔÏÄÇ&- fT�)`jÌ�dFf�Ì�UoS3T�nF0�Q6soWFb3^_n%R�Q�Y�Î�f¬��T�UoR�Q�Y�Î�f¬nF0�W'Y\WFi$`\l�`aR N � ]�R�S3UobtSW$_suZ â_]�5 Uob�T6`aS�mcSoÊ&�)`aU�R_WvsÈT
�·£ UoR_V<S3UoT�UoRxl�U�O"]xV<�_UoR_V�`an%R�¾À`[bulPß_YaS3b�`aUcb�SoÏ l�Uob!S�$xsÈZ6V<S�WFR_lAik`aS(2ÒS�TxWFR�nvY�º%Uo¾ W%V3sÈT�UcRý]�R_l
WFR_V3sÈT6Ya`aU>5%UoR_lkºvUoS�b3n�sÈZ�R�UoScÊ

N NH2

NH2N

KOOC

COOK

g\h�ikj l�h�mAl���Æ |~Í �kÏ=¾¸Uo`�5vUobÖ�xU~V<SuV�S�nF�ÒÏ¦n��I¢ �%Ív}MLoÉ
ÌJ�_Uob�VtÊ ÎuÏ p�h�q=qrl�s3tvu�w>q=lyx�� É ¨ \
 ¨ ¥�·O¥uÇ1]"/*] z {c�
d"}v��ÏÕd�Ñ1º�¡cikn%Y
z p&ÛO}�~�ÜF� Id���~ÛO�PÜ'� ÌX) fhpáU'WFZ R�`wsÈT�S l�UoS�UcZ�S3`aUob3StÎu½
�%ÍvÑ�ÌjÓvÍ8Î�½_�Fd"}�Ì�d�Í8Îu½_�vË��vÌjÑ%}"Îu½_���o��Ì¬Ñ%}"Îu½��o�v��Ì¬Ó%}8Î�½��cË%Ó�Ì¬Í%Í"Îu½
�%�cÑ�Ì��c}%}"Îu½�Ñ'd�Ì<|~Ó8Î�Ê
�9�IÛ3´�� × Ü�]êÛ�C"I ��� Ü'�:ËFd"Ó'd�Ì¬Ç� Î�½�ËvË%Í��1Ì¬Ç� Îu½��%Ñ%Óv}�½:�%ÑvË8|²Ì<ÉZ fhWFb3n%iPÊ Îu½_�F|��oÓkÌ<ÉW®O/�Îu½:�o�vË��

Í%}



ï ðH©EñH�u§��[«��u�:�<�uª[ª��3§�ò����aª

Ì<ÉW®ÐÇ f3Îu½��cÍ%Ó%Ó�ÌjWFb3n%iPÊ f�ÉW®�ÉÒf3Îu½:�oÍFd6�%½Ò�cË%ÓvÓ�½H�o�8|~Ë�½H�o}vÑ%Ñ�½DÓ��oË�½�|~Ó8|�½�|��oÑ�½:�%ÓvË�Ê
� �o�A� z � Ì�d"}v}�)I )m"Ï3��¥�/�Î(��Ûv¶9¶HIxÜ'����ÏÄÑv}kÌjl�Ï��M XÏ�ÉZ fhWFb3n%iPÊ Îu½�|�Ï |od�Ì¬l�Ï��À ÔÏ�ÉZ fhWFb�nviPÊ Î�Ê
��� �R�A� z � Ì��o}v}�)I )m"Ï~�r¥Y/�ÎR��Ûv¶9¶HIxÜ'�H�o���vÏÄËvÍ�Ì�ÉZ fhWFb�nviPÊ Î�½��oËv}�ÏÕd�ÓPÌ<ÉZ fhWFb3n%iPÊ Îu½��oË��%Ï |'}
Ì<É(� ���&�F���ÕÎ�½��oÍ%}�ÏÕd6�%Ì<É(�;�>�&���A�ÄÎu½��cÍ%��ÏÄÓ%��Ì<É(� ���&�F���ÄÎu½��'|'Í�Ï Ë8|�Ì�É(� ���O�����ÕÎuÊ

BG�K���'EHG��cG��G�~�f����´kIt�B�K����Ù���¶��v�F�_���H�\�A��� ¶��w�F�_���H�k��IP�k�K���uJ�C"GE�cJ�IP�%^ýL y

gjR�Uo`aR�U��~+�V<]�R�º!�"n%R�Ë�Ï �@Ê>Ì��%�vÏÄÓ�=�=�îM:�Î Á�`\VtÌ���f¬S�n%Y[Q�Y[`aik`[l�n'Q�Y�Î�f�s�T�Y[n%b3`\l@�6{M`aR��%Ív}I=.:á¾ W%Vhf
V<Uob���b�Uo`[Uoi}�W r�ý¾À`abulPS�b3n�sÈZ"UcR�Uob�r)i²ikn%R�`wWFZkUc`aR�ºvUoYaUo`[S�UoScÊ_Ç�W%suT�ª&«3¬��v}P=�8k�ýÌc� ÉÒf�·�n%R�S�b�nvYaY[U"Ï
�:WF]���i²`aS�S3UoY3��n%Ya]6n%Y�¡�r�stUoS3n%R²�o}ÔÆ��'Î�UoR�ºvSÒi�W'RÔl�`aU1�~+�V<]�R6ºÔZ"n%i²��YaUoS3S�Uo`[RÔ]�Rxl=l�Uob��"Uob3^�YaUc`a^_UoR�f
l�UOSW$_suZ�V�SuWFRxl1¾À`ab�l1ik`aSÈ
MWvV�V<Ucb�º%Uc¾ÀW%V3sÈT6UoRk]�R_l$º%UoS3b�n�suZ�R�UcSoÊ���`aU'V�Uob
¾À`abul²WFR_V3sÈT�Y[`aU�5vUoR_l=ik`aS
�%}(=.:�É
T�Y[n%b�nF��n%b3i�WF]3��º%U'V3sÈT�Yw¿Fiki$S�]6R_l=l�`aU¸`aR�S�UoRxV<`��Ðº%UoY[^�U��~+�V<]�R6º��"nvb
l�Uob suT�b�nvi�WFS3n%º%b�WF��T6` f
V�suT�UoR�SÀUo`aR�`[º%]�R6º.ß_YaS3b�`aUcb�S�Ì��:WF]���i²`aS�S3UoYG��nvYa]�nvY�¡Xr�stUoS3n%RP�c} Æ��vÏ~SL­%® }�ÏÄ�"ÎuÊ~�)`[U&�xb�WFZ�S�`[n%R�l�U'V
S U~WFZ�S�`anvR_V<�6b�n�l�]�Z�S�U~V?UcR�º%S�i�WFR�mo]�bO Ð¿FY���S3U�Uo`aR�]�R_l�i�W'R�Y\¿F5%S�]6R�S3Uob��_]xV�WFS3m��"n%RPR�fT )Uo�6SuWFR
^_Uo`H} L É Z�b�`\V�SuW'YaYa`wV<`[Uob�UoRDÊ���`aU�W']_V<ºvU��¬WFY[YaUoR�UcR�·�b3`\V<S�WFY[YaU�¾¸Uobul�UcR�W'^�º%U~V�WF]6º%S�]�Rxl ºvUoS�b3n�sÈZ�R�UoScÊ

N NH2

NHO

g¦h�ivj l�h�mAl��
�����kÏ�º%UcYa^�f¬n%b�WFR�ºvU�·�b3`\V<S�WFY[YaU"Ï�n��À�%�o�of
�%�cÍMLoÉ�ÏWp�h�q=q=l3s3tku�w�qrlvxu�=É ¨ \  ¨#® Ç [ / z {c�=�%�"|"Ï Ë%Ë
º�¡cikn%Y
z p&ÛO}�~�ÜF� Id���~Û&�PÜ'� �%�vÓ�Ì3�o}%}"ÎuÂá)r�Ô��Åj½ �cË%Ë�Ì3�o�"Îu½
�%�cÓ�Ì��c}8Î�½�Ñ��vÌ��o}"ÎuÊ
�9�IÛ3´�� × Ü�]êÛ�C"Ir���vÜ~��ËFd"Óv} ÌjÇ� �Îu½ÀËvËFd���Ì¬Ç� Î�½ÀË%�vÓ%Í
ÌjÇ� �Îu½�Ëv}%Ë%Ó>Ì<ÉZ fhWFb3n%iPÊ Îu½:Ë%}��oÑ�Ì�ÉZ fhWFb�nviPÊ Î�½��vÑ��'|PÌ<ÉZ [ Îu½��vÓ%����Ì<ÉZ [ Îu½ �o�%Óv��½
�o�'d"Ë�½��oÍv�%Ë�½
�oÍv}%��½ �oË%�'d�½H�oË��o}�½H�o�'d"��Ê
� �o�A� z � Ì¬�%Ív},)I )m"Ï�ÉZ��É
Y [ ÎR�tÛv¶K¶áIxÜ'����ÏÄ�vË�Ì¬VtÏ��À ÔÏ�f3ÉZ [ Îu½�Í�ÏÄÍ%��Ì�^�bcÊaÏ��À ÔÏ�Ç� ¥ Îu½���ÏÄÓv�
Ìjl�Ï_�À ÔÏ_WFb3n%iPÊ Îu½_|"Ïa�'|kÌ�iPÏ"dE ÔÏ_W'b�nviPÊ Î�½x|�ÏÄ�vË Ì¬l�Ï_�M ÔÏ_W'b�nviPÊ Î�½�Ñ�Ï �%Ó�ÌjV�Ïa�� XÏ�Ç� Î�Ê
�����R�A� z � Ìj�vËÔ)I )m"Ï)ÉZ� É
Y [~Î¯�`Ûv¶K¶áIxÜ'�Ð�%}�ÏÄÓ8| Ì�ÉZ �[oÎu½��%}�ÏÄÑ���Ì�ÉZ �[oÎu½��%�cÑ�ÏÄÍvÑ�½=�c���%Ï }%Ó�½
�o�vÑ�ÏÄÍvÑ�½Ò�cË%}�ÏÄ�%Ó�½á�cË%Ë�ÏÄÍ%Ë�½á�cËFd6ÏÄ�%Ñ�½á�cËFd6ÏÕd"Ñ�½Ò�td�Í�Ï }%Í�½H�td�|"Ï Ó%Ó�½H�oÍvÑ�Ï }%��Ì�ÉW®�/�Î�Ê
°D±U��±<��p�Ì<ÉZ É
Y [ Î¸YjÌ�Y[º�­uÎ�Æ��%ÓvÍ�Ï � Ì�d�ÏÕd�Îu½�dvd"Ë�Ï � Ì¬Ë�Ï }8ÎuÊ

Í��



ï ðH©EñH�u§��[«��u�:�<�uª[ª��3§�ò����aª

÷ ó�² õ�ö�÷�ø6ù�ú�û�úÔoÐú'�ébNiF³Kn9cÔpv���wû4þ'uÀöWn�ô�i�´�nFo�p�����ö*�Xn�ô�icbNi�´*iF³9ncø�ú_ø����
ù
ö*o1��þ�n
pve`pwo�����þBµ ´*iF³Kn!¶U·Àpve`p�o��È��þ���ú ôqò ��	�ûP{Ôq�û3z�ù�÷�p�ø�ø=´

´k��� � G�IKG3�%�áG�¯O�~�F�oC'E9�F� � �"�:�.=�=�îM:_l�U'V�/*0�W'Y\W'ik`\l�`[R_V
L�z=¾À`ab�lÔ`aR$�v}@=.:_l�U'VÒUoR�S�V<��b3U'suT�UoR_l�UcR
��b3`\W'YaZ"nF0�Q"nvb�S3T�n"��nvb�ik`wWFSuV V<]_V���UcR_l�`aUcb�S
]�R_l=]�R�S�Uob¸r)b3º%n%R$dFfhÓ¬£²W']��¸�o�v}.LtÉ�Ï"^�mo¾�Ê"`ai �_WFYaY[U�l�U'V
��b3`aikUcS�T�Q�Y[n%b�S3T�n"��nvb�ik`wWFS�V�W']�� �o}v}�LtÉ>Uob�¾ ¿Fb�i$SoÊcÇ�W%suTO�"n%Y[Y\V<S�¿FR_l�`aº%UciHV)i�V3WFS�m�Ìc� ÉÒf�·�n%R�S�b�nvYaY[U"Æ
��nvYa]�nvYW¡�r�stUoS�nvRA�o}�Æa�FÎ�UoR6º%S�i�WFR>l�`aU(SÀU'WFZ�S�`[n%R_V�Y�+"V�]�R�º�]�i l�`[U� Ð¿FY���S3UÔUo`[R�]6R_l�Yw¿"5vS ^_Uo`¸}
LtÉ Z�b3`\V<S�WFY[Ya`\V�`aUob3UoR�Ê3��WvV�S U~WFZ�S�`anvR_V<�6b�n�l�]�Z�S�¾À`[bul�W'^�º%U~V�WF]6º%SoÏ:ik`aS¸R�f� �Uo��SuW'RPº%Uo¾ W%V3sÈT�UcR�]�R_l
WFR_V3sÈT6Ya`aU>5%UoR_lkºvUoS�b3n�sÈZ�R�UoScÊ

�G� ��� Ú���IAG �~E9�Eµ'���cL�� y �w^9�\��¶����F�_���D� �cL����G� y �a���w�'GM�F�'J�E~�K^9�F������IU�%^HJ��E��¸ y �a��� ¹�ºX�\IP�%^HJ��E�_�
L�¶�J:�

N

N

N

N

OCH3CH3O

R

R

R = 4-CH3-C6H4-

g\h�ikj l�h�mAl���Ëv}8�²ÏM¾�Uo`45Ff¬º%buW']�U ·�b�`\V�SuW'YaYaU�Ï`6�?
Cv£¼»M: �c��8�; WFR�f
S�`¬ÆÄV<Q�R�ÆA�%Ï }%}�Æa�%Ï�n��ý�v�8|tfh�%�vÑMLFÉ�Ì��_UobuV�Ê Î�Ï½p@h�qrq=l3s�tvu�w�qrlvxu�
É ¥��  ¥�¥ Ç ] / ¥ Ï z¤{ ��ËvÍ%}�ÊÕd"�=º�¡cikn%Y¬Ê
z p&ÛO}�~�ÜF� I����~ÛO��Ü'��ËvÍ��vÌ��o}v}8Î�Â )r�X�tÅ¬½�Ë��oÑ�Ìj�%Í"Îu½A�F|~Í�Ì¬Ë%}8Î�½
�oËv��Ì��c}8Î�Ê
�9�IÛ3´�� × Ü§]'Û3C"I ��� Ü'��Ë'd"�%}�Ì¬Ç� Îu½
ËvË%}v� Ì¬Ç� Î�½�Ëv}%}%}�Ì�ÉZ f
WFb3n%iPÊ Îu½��vÑ8|~� Ì�ÉZ f�W'Ya`[��T�Ê Î�½��%ÑFd�Ó�½:�%Ñv�%}�½:�%Óv�%Í�½_�%Ó%ËvË�½H�o�vÓFd�Ì<ÉW®ÐÇ f3Îu½��o���%�v½��oÍ��cÍ�½H�td6�%�%½H�oËvÍ%Ñ�½
�o}vÑ%��½DÓ��o��½�|��td6Ê
� �o�A� z � Ì�d�}%}O)I )m"Ï%ÉZ� É
Y [ Î��(Ûv¶K¶áIxÜ'�v��Ï ËFd=Ì¬VtÏv�M ÔÏ"ÉZ [ fjS3n%YjÊ Îu½vË�Ï[�oÓÔÌ¬VtÏvËM ÔÏ"ÉZ [ fw/ Î�½%Ë�ÏÄ�v�
ÌjV�ÏáËÀ ÔÏáÉZ [ fw/�Îu½á|�ÏÄ}v��Ì¬VtÏ
�� XÏáÉ��O¾�¿ ÀN Îu½á|�ÏÄ}"|�Ì¬VtÏÒ�> ÔÏáÉ��&¾F¿;À* Îu½á|�ÏÄ�v��Ì�iPÏ_dE ÔÏ�ÉZ fhWFb�nviPÊ Î�½
|"Ï |"�$Ì�iPÏ�dE ÔÏ�ÉZ fhWFb3n%iPÊ ÎuÊ
��� �R�A� z � Ì��c}%}¤)I )m"ÏÒÉZ� É
Y [ Î-�éÛv¶9¶HIxÜ'�
�%}�Ï |��PÌ<ÉZ [ f���n%Y¬Ê Î�½ád"Ó�ÏÕd6�PÌ<ÉZ [ fv/Àf3Îu½¸�%�o��ÏÄ}���Ì
É��O¾�¿ À* Î�½��%�cË�Ï[�o}1ÌHÉ��O¾�¿ À* Î�½��%�'|"ÏÕd�Í1Ì�ÉZ f�W'b�nviPÊ Î�½��v�F|"Ï Í%Í�Ì<ÉZ fhWFb3n%iPÊ Îu½��c�%Ñ�Ï |'�$ÌáÉZ fhWFb�nviPÊ Î�½
�oËvË�Ï |~��Ì<É(�;�>�&���A�ÕÎ�½��oË'd�ÏÄ�'d�Ì�É(� ���O�����ÕÎu½��cÍ%Ó�Ï }%Í�Ì�É(� ���O�����ÕÎu½:�oÍ%Ó�Ï |��kÌ<É(� ���&�F���ÕÎ�Ê

Í%�



ï ðH©EñH�u§��[«��u�:�<�uª[ª��3§�ò����aª

�G� ��� Ú���GE�'E9�Eµ'���oL~� y ��^K�a��¶��v�F�_���H�a�oL~�k�G� y �\�����'G �Y�oJ�E��K^K�F������IP�k^áJ��E�Á¸ y � ����¹�ºc��IU�%^áJ��E���
L�¶6{4�

N

N

N

N

OC2H5C2H5O

R

R

R = 4-CH3-C6H4-

g\h�ikj l�h�mAl����%} �²Ï7Â�ÃFb3^�Yan�VK^�`wVýV3sOÄ�¾�ÃvsOÄÆÅ�Ç ÈÊÉ!Ç ·BË�Ì�ÍIÎÏÃÐÈÑÈÊÇ"Ï
6�?
Cv£¼»M: �c�XÒ�;¢Ã9Ó3Î�ÌjÆÔÍIÕ�Ó�Æ
�%ÏÄ�v��Æ[�%Ï�n��)�9Ö'ËMLoÉ�Ï×p@h�qrq=l3s�tvu�Ø�qrlvxu�
É ¥�¥  ¥�\ Ç ] / ¥ Ï z¤{ ��ËvÖ'Ó�ÊÚÙ3Ö�Å�¡;Û\Ü>È
z p&ÛO}�~�ÜF�HÝ����~ÛO��Ü9Þ�ËvÖ'Ñ�ÌAß à�à8Î�Â )r��ßtÅ¬½�ËvË%Ë�Ì�á>à"Î&â�ßoÓvÑ�Ì�ßoÍ8ÎÏâ
ß á�ß%ÌAß;à8ÎÏâ�ßoËvË�ÌAß;à8Î�Ê
�9�IÛ�ãBä × Ü¦]'Û�åvÝ§����Ü9Þ�æ�àyÖ9ç¢è#éZ <ê#Ã9ËAÜ�Û¢ëíìÏâ�æ�à>æ>á¢è#éZ <ê#Ã9ËAÜ�Û¢ëíìÏâ
æ>à�ß áîèIéZ �ê#Ã9ËAÜ>Ûoëíì&â�ï>çvÖ Ù§èIéZ <êðÃÐÈÑÌÊñXÄ�ëòì&â�ï>ç�ïyÖvâ@ï>ó�ç>á3â�ß á�ó>àrè#éW® ô<êAìÏâ�ß á�ß ï�â×ß õ�ß õ�â×ß�Ù¼ß>ß�â×ß æ�á3ß�â
ß>ß;à3ß>â@ß àÐÙ�ÙXâ�ß à�ï>ç3â�ó3ß;á3â�Ö9ï�á3â�áyÖ Ù¼ë
��öo�A÷ z �øè�ï�õ>à1ù¢úUûkü3é�ýþé(È�ÿ ì@�RÛv¶K¶�ÝxÜ9Þ�ß>üÊß;óWè�Û¢ü>á�ú*üXé�úBÿAê#Ã9È���ëíì&âkï3ü æ9Ù\è�Í�ü�á>ú*üXé�úBÿAê��ÁÜ�È�ëíìÏâ
æ3ü Ùvó\èFÛoüyÙkú*üyê�é�ú��Aê���ê�ì&â!Övü à�õ\è�ï	�1Í�üXï>ú�ü�é �&¾F¿ À úþì&â!ÖvüÔï>ï\èFÛoü>Ùvú*ü!é�ú<êðÃÐËAÜ�Û¢ëíìÏâXÖvüíÖ ï\èFÛ¢ü�Ùvú*ü
é�ú<êðÃÐËAÜ�Û¢ëíìÏë
����
R�A÷ z � è�á�ï ù¢úUûvüUé�ýþé(È ÿ ì¯�
������Ý��9Þ�ß�Ù¼üíÖ Ù è#é�ú ÿ ê��UÈ���ëòì&âBß�ÙXüÔó>ï|èIé�ú ÿ ê��UÈ���ëíìÏâ�ï>à�ü ó�á
èIé�ú ÿ ê��ÁÜ�È�ëíìÏâMõyÖvüÔà>æ è ê�é�ú � ê��-ì&âMõyÖküÊß;ç è ê�é�ú � ê��-ìÏâÊß>ß�ß>üòÖ ÙÆè�é��O¾�¿ ÀRúþìÏâ\ß>ß;ï3üÔóÐÙ èîé��O¾�¿ ÀRúþìÏâ
ß>ß9ÖvüÚÙkæ è#é�ú<êðÃÐËAÜ�Û¢ëíìÏâ-ß>ßÐÖkü õ9ÙXèIé�ú�ê#Ã9ËAÜ>Ûoëíì&â1ß;ï>ç�ü ó3ßHèTé�ú<êðÃÐË�Ü>Û¢ëòì&â-ß æ�æ3ü á�õ è#é(� ���O����� ìÏâ*ß æ9ÙXüÔó>æ
èIé � ���&�F��� ìÏâ�ß õyÖkü ó�ß\èIé � ���&�F��� ìÏâ�ß õ�ó3ü ÙváTè#é � ���O���A� ì&ë

��������� � ��!#"$�%"'&)( �+*$��,-��./�0� � ��1 "$2�(�2 �3*$�����4,)�0�5��1+6'1 !87-9$( . !8" �:� Ý �;. 7-<'"�¸ ,=�0��� ¹�º � Ý �0. 7-<'"$2
*-> åXÞ

N

N

N

N

OC3H7C3H7O

R

R

R = 4-CH3-C6H4-

?A@CBED+F�@)G�F�Þ3Ù¼ß#H¦ü>Å>ËÏÃ#I3êKJ×Ç;Ì�L>ÇNMBËAÌ ÍIÎ&Ã9ÈÊÈÑÇvüPO$Q3R�SUTWVYX[ZXÒ]\N^9Ó3Î�Ì[_ Í#Õ3Ó`_
ß>üÔõ>à5_Ñß>üba Þ½ß;ç>ç ê#ï�à>àWc9éRüedP@)fgfgF5h5iEj�ØkfeF'l&Þîé �:m ú ÿon ô m � � ü
prq;Þ�Ùvà�á3ë õ�ïts5u;Û\ÜWv
pwdx�zyx{+� � Ý}|U<$�z~��9Þ �kà��kèAß à�àyì�� ùe��ßo��âræ8�5�kè�á>àvì&â=ï>à�æ3è�ß àyìÏâ
ß á�ß>èAß;àyìÏâ�ß æ�ß>è�á�àyìÏë
�8�b��ãBä�� ���)��å'���K���8�@æ>à'�9çrè#é�ú<ê�^#���k�¢ëíìÏâ�ï�ç>á�àrèIé�ú�ê�^8v��ÊñU��ëíìÏâ
ï>ç8�vó3â�ï>ó�� á3â�� á�ó5�\è#é��Bô�êAìÏâ)� á5�;ï3â�� õ�� á3â��o�U�W��âP� æ�õ>ç3â��W�8�'��â/�;à>ç#�¼âP� à8�W�¼â�ó�� ó3â)�9ï��>â�á��E�>ë
�o��� ÷�pr� è;�và>àøù¢úUûvü\é�ýþé%v ÿ ì�� �����/���8�Dà�ü ó�õ è;�¢üMæ>ú*üTé�ú ÿ ê���v���ëíìÏâ ��ü õ�á è;�¢üMï>ú*ü
êAé�ú � ê���v���ëíìÏâ�ï3üÔæ>æ=è[��ü�æ�ú*ü�é�ú ÿ ê��)�Wv�ëòì&â�æ3ü �vó=è¡�¢ü�ï>ú*ü�ê�é�ú � ê���ê�ì&âP�vüY¢>áîè�ï��£��ü¤�;ú*ü�é¦¥z§;¨ ÀRúþìÏâ
�vüÔïW¢Dè¡�¢ü¼ï>ú*ü�é�ú<ê�^#���W�¢ëòì&â-�vü4�'�Mè¡�¢ü¼ï>ú*ü!é�ú<ê�^#���k�¢ëíìÏë
��©�
 � ÷£pr� è��+¢k¢îù¢úUûvü×é�ý-é%v ÿ ìª�r�������}�«���+¢�ü õ#�Hè#é�ú ÿ ê��¬v���ëíì&â��­¢3üÔõ>ç èIé�ú ÿ ê���v���ëòì&â(ïW¢�ü ó��
èIé�úBÿAê��=�kvFì&â�ï>ï3üÔæ��¡è ê�é�ú��Ïê���v���ëòì&ü-ï>ï�ü®�kõ è ê�é�ú��Aê��¬v���ëíì&â-á�ï3üÔó#�Æè�êAé�úN�Ïê��-ì&â1á�æ3ü��;õ è�êAé�ú��Iê��-ì&â

õ>æ



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

�W�k�>ü¾½k½dè*é ¥:§¡¨ À ú-ì:¿À�k� ï�ü]�9ï�è*é ¥:§¡¨ À ú-ì:¿À�k�#�kü æW½�èIé�ú�ê�^8���W�oëíì:¿¦�W�8�vü®�E½3è#é�ú<ê�^8���k�¢ëíì�¿�� ï>ç�ü]�E�rè
é�ú<ê�^#���k�¢ëíì�¿C�;æ>æ3üÔõ#�¢è#é%Á+Â ¥zÃ;Ä�Å ì:¿�� æ#�¼ü]�­�¢èIé%Á+Â ¥:Ã¡Ä�Å ì�¿)� õ��kü]�«¢ è#é%Á+Â ¥zÃ;Ä�Å ì:¿)� õ�ó3üÔæ��Dè#é%Á+Â ¥zÃ;Ä�Å ì&ë

��������� �;6'1 9/"'&)( �+*$��,-�:.���� � � G�F'ÆkG:Ç ��È/É)1 (�2;�/9 65Ê (�2 �+*$�0�C�4,)�0���¹1«6�1 !­7-9¼( . !8" ��� � �0. 7-<'")Ë ,)�����
Ì/Í � � �;. 7U<'"¼2 *�>U. �

N

N

N

N

OC2H5C2H5O

R

R

R = 4-(CH3)3C-C6H4-

?A@CBED+F�@)G�F)�e�EÎ�H¦üb��Ï:��J�^WÏ:�ÐskÑ+v�ÒUv��0Ï:�-ÑÓM����Ô�¹Õ:^8v�v�ÑvüÖa��
ïW¢k×«Øðï5�+¢kcWÙRüÚdÛ@)fefgF5h�i'jCÆkfeF'l:�wÙ �oÜ ú ÿ:Ü3Ý�m � � ürprq­�
�'½�ï3ü¾½kÎts5u­�A�Wv
pwdx�zyx{+� � ��|-<$�:~Þ�8� �'½kÎ5ß��+¢W¢'à:�Ôùe���3�[¿ �U�#�'ß;�'á'à:¿
�+¢kÎ5ß[Îk¢�à�âã�#����äNå�� � �)��æ'���K���8�çÎW¢k½#� ß�Ù�úèØ�^#���k�bâ]à�¿
ïW×k½W½wß¹Ù�úèØ�^#v���é-�)â4à:¿�ïkêW×kÎ5¿-ïWêk½W×�¿��+½k½��çß¹Ù�� Ý Ø�à:¿ë�+½�� ï�¿
�+á��+×5¿Û�o�-�­¢5¿��+Îk½W¢5¿��W�­½Wê�¿P�+¢k×Wá5¿��+¢8�vï�¿CêkÎ5�W¿)�8¢ká5¿�½��«¢5â
� ��� ÷�pr� ß¡�E¢W¢îù¢úUûküÀÙ�ýìÙ%v ÿ à	�ç�����/���8����ü��­×�ß¡�¢üÛÎ>ú*ü�Ù�ú ÿ Ø���v���â]à�¿��>üYÎ5�gß[��ü¦Î>ú�üèÙ�ú ÿ Ø
X¹QzRzX�í Ø�îÀIUÕ¹ï�v¡à�¿-Î�ü¾½WÎ£ß¡�¢ü�ï>ú�ü5Ø�Ù�ú � Ø��èØ�à:¿)�vüY¢WÎÖß[��ü-Ò-�+âÑü)� ú*üCÙ¦¥:§¡¨;ÀRúìà:¿4�vü®�U�	ß¡�¢ü�ï�ú*üCÙ�úèØ�^#���k�bâ]à�¿
�vü4�8½Öß¡�¢ü¼ï>ú*üCÙ�úèØ�^#���W�bâ4à:â
��© 
 � ÷£pr� ß��­¢W¢�ù¢úUûvüÀÙ�ýëÙ%v�ÿ+à	�ç���/�����8���3�Xü]�«Î�ß¹Ù�ú ÿ�Ø���v���â]à�¿PÎ��>ü ï'��ß¹Ù�úBÿ¹Ø�X¹QzRzX�í Ø�îÀIUÕ¹ï�v¡à�¿
Î#�¼ü¾Î5��ß¹Ù%Á+Â ¥:Ã¡Ä�Å à:¿$ák½3üY×��Öß0Ø�Ù�ú���Ø��ìà�¿$á��kü��+Î£ß�Ø�Ù�ú��¹Ø��ëà�¿/�k�W�>ü4�'�AßÀÙ¦^k�¹ï��Dúìà�¿C�W�;ï3üYê5�Aß�Ù ¥z§;¨ À úìà�¿
�W�8�vü��­½ðß�Ù�úèØ�^#���k�bâ]à�¿A� ïk½3üY¢W½ñßòÙ�úèØ�^#���W�bâ4à:¿A�­Î#�XüY½W×óß�Ù Á+Â ¥zÃ;Ä�Å à:¿��3�'½�ü¾×W¢óß�Ù Á+Â ¥zÃ;Ä�Å à:¿Ö�+á'�vü4�8×
ß¹Ù Á+Â ¥:Ã¡Ä�Å®à�â

��������� � ��!#"$�%"'&)( �+*$��,-��./�0� � � G�F�ÆWG�Ç �:È�É)1 (�2¡��9 6�Ê (�2 �3*$�����4,)������1+6'1 !87-9¼( . !8" �:� � �;. 7U<'"=Ë ,)�0���
Ì/Í � � �;. 7U<'"¼2 *�>U6 �

N

N

N

N

OC3H7C3H7O

R

R

R = 4-(CH3)3C-C6H4-

?A@CBED+F�@)G�F)�1ï��#H¦üë��Ï:�5Jô^WÏ:�rsWÑ+v�Ò-v��ÔÏz�UÑÞM����Ô�¹Õ�^#v�v�Ñvü£O¼Q3R:õ
SUTWV¾XKZ-ö]\¬^#÷�Õ��K_¾��ï5÷)_'��ü¾ák¢5_���ü8a��$�+ê�ï c ÙRü�dP@)fefgF�h5i'j�ÆWfgF�l��
Ù�ÿon�ú�m3� Ý m8��� üCp q �C�E×W¢�ü¾½Wê	s5u­�A�Wv
pwdx�zyx{+� � ��|-<$�:~Þ�8� �'×��Wß��+¢W¢'à:�Ôùe���3�[¿ �EÎ5�Wß;�'á'à:¿
ïW¢kÎ5ß��­¢�à�â
�8�b��ä�å�� �}�)��æ'�e�K�¹�«��Îk¢WáW½wß¹Ù�ú�Ø�^8���W��â]à:¿LïW×W½k½Úß�Ù�úèØ
^#v���é-�)â4à:¿�ïW×kÎW¢�¿×ïkê��8ê�¿��+½'�8×øß¹Ù�� Ý Ø�à:¿%�+½��+¢5¿¬�+á��+×�¿��o�-�­¢5¿��­ÎW½W¢�¿��W�8�9ï5¿¬�+¢k×Wá�¿��+¢#�k�-¿%êkÎWÎ5¿À�«¢>ï�¿
½��«Î5â

á#�



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

� ��� ÷�pr� ß¡�E¢W¢îù¢úUûküÀÙ�ýìÙ%v�ÿ+à	�ç�����/���8��¢�ü¾êká�ß¡�¢üÛÎ>ú*ü�Ù�úBÿ¹Ø���v���â]à�¿��>üYÎ5�gß[��ü¦×>ú�üèÙ�úBÿ�Ø
X¹QzRzX�í Ø�îÀIUÕ¹ï�v[â4à:¿)��ü¾áW×Öß¡�oüXï>ú�ü�Ø�Ù�ú���Ø���v��Câ4à:¿UÎ3ü¾Îk½ ß;�¢ü!ï>ú�ü5Ø�Ù�ú���Ø��èØ�à:¿)�vüY¢W½�ß�ï��k��ü/�;ú*üCÙ ¥z§;¨ À úìà�¿
�vü �vïÖß¡�¢ü¼ï>ú*üCÙ�úèØ�^#���W�bâ4à:¿-�vü4�8½Öß¡�¢ü¼ï>ú*ü$Ù�úèØ�^#���k�bâ]à�â
��©�
 � ÷£pr� ß��+¢k¢îù¢úUûvüÀÙ�ýëÙ%v ÿ àª�r�������}�«���+¢�ü¾á5�øß�Ù�ú ÿ Ø��¬v���â]à:¿��­¢3üYáW½ùß¹Ù�ú ÿ Ø���v��Câ4à:¿(ï>ï�ü¾Îk×
ß�Ø�Ù�ú � Ø���v��Câ4à&ü ï>ï3ü �'êãß0Ø�Ù�ú � Ø���v���â]à�¿�Î��>ü ï'�wß¹Ù�ú ÿ Ø:X�Q3R:X¹í Ø�îÀI-Õ�ï5vKâ]à�¿�Î#�¼ü¾Î��rß¹Ù Á+Â ¥:Ã¡Ä�Å Ø�X¹QzRzX�í Ø�îÀIUÕ¹ï�v[â4à
½>ï�ü¾êW½rß0Ø�Ù�ú � Ø��ëà:¿¬½kÎ3ü��­×úß0Ø�Ù�ú � Ø��ìà�¿ë�W�W��ü]�k�ùßAÙ¦¥z§;¨ ÀRúìà�¿��W�;ï3üYê��ûßAÙ¦¥z§;¨ ÀLúìà:¿��k�#�kü�� ïrß�Ù�úèØ
^#���W�bâ4à:¿��k�#�kü ïW¢�ß¹Ù�úèØ�^#���W�bâ4à:¿b�;ïW½3üY¢>ïÐßùÙ�úèØ�^#���W�bâ4à:¿Ö�+Î8�Xü]�«¢Ðß¹Ù Á­Â ¥:Ã;Ä�Å à�¿b�+Î8�Xü]� ïÐß¹Ù Á­Â ¥:Ã;Ä�Å à:¿
�o�E½3ü¾êk½�ß¹Ù Á­Â ¥:Ã;Ä�Å®à�¿)�o�E½3ü¾êkê ß�Ù Á+Â ¥zÃ;Ä�Å®à:¿)�­á��vü4�W�Öß�Ù Á+Â ¥zÃ;Ä�Å®à:¿��+áWê�ü®�EÎ�ß¹Ù Á+Â ¥:Ã¡Ä�Å®à�â

��������� �;6'1 9/"'&)( �+*$��,-�:.�� �/9 65Ê (�2 �­*$���C��,)������186W1 !87-9$( . !8" �:� � �¡. 7-<'")Ë ,)����� Ì�Í � � �0. 7-<'"$2 *->'ü �

N

N

N

N

OC2H5C2H5O

R

R

R = C6H5-

?A@CBED+F�@)G�F)�Aá�ï�H¦üìsk�:^8I5Ø[J¦Ñ+��LkÑûM����0��Õ:^8v�v�Ñküëa��ª×�� c ÙRüªdP@)f �
feF�h5iEjCÆWfgF'l:�/Ù �3n ú �:�oÝ�m � � ü¼p q �)ÎkáW¢5â �vïts�u+�A�kv
pwdx�zyx{+� � ��|U<$�z~Þ�8� ÎkáW¢�ß[½W¢'à:�Ôù��[¿ ÎW¢ká5ß��­á�à�¿ ï��«½5ß;�'¢�à�¿
�#�«á5ß[×ká�à�¿P�o���'ß[ák¢�à�¿P�W�­×5ß��­¢W¢'à:¿/�k�'ß[½k¢�à�¿�ïk×5ß[Îk¢�à�â
�8�b��ä�å�� �ý�)��æ'� �[� �8��ïW×'�8êùß¹Ù�ú�Ø�^8v���éU�)â]à�¿�ïW×kÎ��E¿�ïWêk×W½5¿N�+½Wêk¢
ß¹Ù�� Ý Ø�à:¿¦�+áW×kÎ5¿¬�+ák¢>ï5¿¬�o�U�o�U¿��+ÎWêkê5¿¬�+Îk½W¢5¿¬�W�8�8á�¿��+¢W×'�'¿¬�+¢�ïWê5¿
êWêk½5¿)�8á��E¿=�«Î>ï�¿C½kêW×5¿�½Wá'�'â
� ��� ÷�pr�þß�ïWák¢þù¢úRûvü�Ù�ýëÙ%v ÿ à)�����/�����8�-��ü ï>ï	ß;�¢ü8½>ú*ü'Ù�ú ÿ Ø�à�¿'Î3ü �'×�ß;Ò-�+âÑüW�¢ü+�kú*ü«Ø�Ù�ú � Ø���Ø�à:¿
�vü��+Î�ß;�¢ü/skÑ8�oâ�_P�vú*ü(ï�ú�_ÀÙ¦¥z§;¨ ÀRúÐuoï>ú�_P�8Ø�Ù�úèØ�ÿP�-Ñ+÷�ï5vKâ]à�¿¤�vü �vï�ß;Õ ü%^�ü®Ò5Ø������k�Ö^#Õ;ü��5�ë�vüY×rúRûvü
Î«Ø�Ù�úèØ�ÿ �UÑ+÷5ï�v[â4à:¿$�vü¾ê8��ß;Õ ü$^�ü®Ò5Ø������k�Ö^#Õ;ü��5� ê3ü���úUûvü¼ï«Ø�Ù�úèØ�ÿ �UÑ+÷5ï�v[â4à:â
��©�
 � ÷£pr� ß��­¢W¢=ù¢úUûvüPÙ�ýìÙ%v ÿ àx�ù�������}�«�À�o�¼ü]��ß¹Ù�ú ÿ à�¿Pá'�vü ïÞß0Ø�Ù�ú � Ø��ëà:¿Pá'�vü ��ß0Ø�Ù�ú � Ø��ëà:¿
�W�k�>ü]�xß�Ù¦¥z§;¨ ÀRúìà�¿5�k� ï3üYê	ß/Ù¦¥z§;¨ ÀRúìà�¿5�k�#�kü¾á�u �W�8�vü¾½	ß�ï«Ø�ÙPØ�ÿP�-Ñ+÷�ï�v[â]à�¿5�;ï#�¼ü¾¢	ß¡�8Ø�ÙPØ�ÿP�-Ñ+÷�ï5vKâ]à:¿�� ïk×3üYÎ
ß[Î+Ø�ÙPØ�ÿP�-Ñ+÷�ï5vKâ]à:¿x�+Î'�vü ïwß¹Ù Á­Â ¥:Ã;Ä�Å ü¬��é$���#Ø Ý à:¿��'��sk÷$^#v�Ñ��5Ñ+���'I$^8��Õ+âëÙPØ���Õ��k�AÑ	�5Ñ8��
[�A���U^Ðû+�U�®�XüYá«Ø

 �����A���-^9û+�WvÔ�P÷-�0Ï:�5Õô�¹�ÔÏz��Õ�Ò$^8�+â

áWá



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

��������� �;6'1 9/"'&)( �+*$��,-�:.���� � �:È !#"$�Þ��9 6'Ê (�2 �+*$������,)������186W1 !#7U9¼( . !#" ��� � �¡. 7-<'")Ë ,=�����
Ì/Í � � �;. 7U<'"¼2 *�>�� �

N

N

N

N

OC2H5C2H5O

R

R

R = 4-Br-C6H4-

?A@CBED+F�@)G�F)�-½kê�H¦üWsW��^#I5ØKJÀÑ­��LWÑNM����Ô�¹Õ:^8v�v�ÑvüPO$Q3R�SUTWVYX[Z-ö]\N^8÷5Õ��[_¾��ï5÷`_
�>üÔïW¢5_��>üka���ï#�'¢+Ø#ï8�vï c ÙRüWdÛ@)fefgF5h�i'jCÆkfeF'l:�'Ù �3n ú �:n3Ý�m � � îÀ� � ü
prq­�)áW¢kê5â ï���s5u­�A�Wv
pwdx�zyx{+� � �}|U<$�z~��8��ák¢W×�ß��+¢k¢�à�� ùe�x�o�K¿ý�E½WÎ�ß[ÎW¢'à:¿gÎ5�;ï5ß��+¢�à�¿
ïWák½5ß��­á�à�¿P�+á8�-ß��­¢�à�¿P�+¢kÎ5ß��­á�à�â
�8�b��ä�å�� ���)��æ'���K���8�ÛÎW¢k×Wáeß�Ù�úèØ�^#���k�bâ]à�¿�ïk×��k�bß¹Ù�ú�Ø�^8v���éU�)â]à�¿
ïW×8�'¢5¿(ïkêW×kê5¿(ïWêk½Wá�¿À�+½k½W½øß¹Ù�� Ý Ø�à:¿%�+ákêWê�¿À�o�E×>ï�¿��o�vïk¢5¿��3�'¢Wá�¿À�­ÎWáW¢�¿��W�8�8ê5¿��­¢W×k¢5¿À�­¢#�E¢5¿��+¢�ïWê�¿
êWê�ï5¿�ê>ïWá�¿Cê��o�U¿C½kê5�W¿�½W½k½5â
� ��� ÷�pr� ß¡�E¢W¢¢ù¢úUûkü/Ù�ýìÙ%v�ÿ+àë�������/���8�%��ü��+×Þß;�¢ü�½>ú*üPÙ�úBÿ�Ø�à�¿�Î3ü®�E×eß;�¢üC�vú�ü`Ø�Ù�ú���Ø���Ø�à:¿
�vüY¢5�#uk�vüY¢Wá�ß�ï��k��ü$sWÑ«�oâ!ï>ú�üCÙ ¥z§;¨ À úëà:¿C�vüYá>ïÖß¡�¢ü'�kú*üCÙ�úèØ�^#���k�bâ]à�¿-�vü]�E�tß;�¢ü5�kú*üCÙ�úèØ�^#���W�bâ4à:â
��©�
 � ÷£pr� ß��+¢k¢Tù¢úUûkü]Ù�ýìÙ%v ÿ à¬�ø�����/���8�%�o�¼ü]�ku'�o�¼ü¾êgß¹Ù�ú ÿ à�¿)á��kü¾½eß0Ø�Ù�ú � Ø��ëà:¿�á'�vü]�£ß0Ø�Ù�ú � Ø
�ëà:¿C�k�W��ü¾×Öß¹Ù¦¥:§¡¨ ÀLúìà:¿��W�­Î3ü¾¢Aß%Ù¦¥z§;¨ ÀRúìà�¿C�k�#�vüY¢Aß¹Ù Á+Â ¥:Ã¡Ä�Å ü���é$���#Ø�îÀ�oà:¿��W�­×3ü��8u'�k�+×3üÔï�ß¹Ù�ú�Ø�^8���W��â]à:¿
�+Î�ï3ü®��ß¹Ù�úèØ�^#���W�bâ4à:¿$�+Îk½3ü ï£ß¹Ù Á+Â ¥:Ã¡Ä�Å ü5��é$�¹�8Ø Ý à:¿)�+á'�vüY½�ß¹Ù Á+Â ¥:Ã¡Ä�Å à:¿)�+ákê3üYÎ ß�Ù Á+Â ¥zÃ;Ä�Å à:â

��������� �;6'1 9/"'&)( �+*$��,-�:.���� � �:� " . �/9 65Ê (�2 �3*$�0�C�4,)�0����1­6�1 !87-9$( . !8" �:� � �¡. 7-<'")Ë ,)�����
Ì/Í � � �;. 7U<'"¼2 *�> 9%�

N

N

N

N

OC2H5C2H5O

R

R

R = 4-I-C6H4-

?A@CBED+F�@)G�F)�-½ká�H¦üWsW��^#I5ØKJÀÑ­��LWÑNM����Ô�¹Õ:^8v�v�ÑvüPO$Q3R�SUTWVYX[Z-ö]\N^8÷5Õ��[_¾��ï5÷`_
�>üÔïWá5_��>ü�a£�BïW¢k½«ØðïW¢k× c ÙRü�dÛ@)fefgF5h�i'jCÆkfeF'l:�¬Ù �on ú �:n Ý m � � 
 � ü
prq­�)½W¢�ï5â ï���s5u­�A�Wv
pwdx�zyx{+� � �}|U<$�z~��8��½k¢WÎ�ß��+¢k¢�à�� ùe�x�o�K¿eáká��Eß[ÎWá'à:¿b�5�«½5ß;�vï�à�¿
�'Î��Wß��;ï�à�¿)ÎW¢��Wß��­á�à�¿P�+¢kÎ5ß[Î�ï�à�â
�8�b��ä�å�� �ý�)��æ'� �[� �8��Î>ïk×#�U¿�Îk¢W×��òß�Ù�úèØ�^#���k�bâ]à�¿�ïk×��8½ùß�Ù�úèØ
^#v���é-�)â4à:¿�ïW×�ïW×5¿@ïWêk×>ï5¿%�­½Wê>ïgß¹Ù�� Ý Ø�à:¿P�­áWê8�-¿%�o�E×5�W¿¦�o�kï>ï5¿%�3�'¢W¢�¿À�­¢W×Wê�¿%�+¢#�kï5¿%�+¢�ïW½�¿À�+¢k¢>ï�¿/êkêWÎ�¿
ê5�8�'¿�½��8¢�â
�o��� ÷�pr� ß¡�E¢W¢¢ù¢úUûkü/Ù�ýìÙ%v ÿ àë�������/���8�%��ü��+×Þß;�¢ü�½>ú*üPÙ�ú ÿ Ø�à�¿�Î3ü®�Eêeß;�¢üC�vú�ü`Ø�Ù�ú � Ø���Ø�à:¿
�vüY¢W¢�uk�vüY¢#�bß�ï��k��ü$sWÑ«�oâ!ï>ú�üCÙ¦¥z§;¨ À�úëà:¿C�vüY½WáÖß¡�¢ü�ê�ú*üCÙ�úèØ�^#���k�bâ]à�â
��©�
 � ÷£pr� ß��­¢W¢\ù¢úRûvü¼Ù�ýìÙ%v ÿ àô�g�����/���8���o�¼ü¾½�uE�o�¼ü]�£ß¹Ù�ú ÿ à�¿$á��kü¾á�ß0Ø�Ù�ú � Ø��ìà�¿$á��kü¾½�ß0Ø�Ù�ú � Ø
�ëà:¿�ê��kü¾áeß�Ù Á+Â ¥zÃ;Ä�Å ü)��é$���#Ø�
�à�¿%�W�W��ü]�gß�Ù ¥:§¡¨ À úëà:¿P�k� ï3üYêÞß�Ù ¥z§;¨ À úìà�¿¤�k�+×�ü¾Î�uE�W�­×3ü®��ß¹Ù�ú�Ø�^8���W��â]à:¿

áW½



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

�+Îk½3ü]�«½�uE�+ÎW½�ü]�k�bß¹Ù%Á­Â ¥:Ã;Ä�Å à�¿)�+Îkê3ü��­ê�uE�+ÎWê�ü��­×ýß�Ù�úèØ�^#���k�bâ]à�¿C�­á��vüYá ß�Ù%Á+Â ¥zÃ;Ä�Å à:¿)�­áWê3ü��tß�Ù%Á+Â ¥zÃ;Ä�Å à:â

��������� � ��!#"$�%"'&)( �+*$��,-��./�0� � ��� " . ��9 6�Ê (�2 �3*$������,=������186W1 !87-9¼( . !8" �:� � �;. 7U<'"=Ë ,)�����
Ì/Í � � �;. 7U<'"¼2 *�>U� �

N

N

N

N

OC3H7C3H7O

R

R

R = 4-I-C6H4-

?A@CBED+F�@)G�F)�$áWê'H\üUa��)�#�«Î«Ø��#�«½ c ÙRü'sW��^#I5ØKJÀÑ­��LWÑ M ���0��Õ:^#v�v�Ñvü O¼Q3R:õ
SUTWV¾XKZ-ö]\ë^8÷5Õ��[_¾��ï5÷`_5��ü¾ÎWê�_���ü-dP@)fgfeF�h5i'j�ÆWfgF�l��-Ù �o� ú ��m­Ý�m � � 
 � ü
prq­�)½WÎk¢5â ïk½ts5u­�A�Wv
pwdx�zyx{+� � �}|U<$�z~��8��½kÎ5�kß��+¢k¢�à�� ùe�x�o�K¿eá'�'�kß¡�'Î'à:¿gáW¢8�-ß;�'¢�à�¿
�'×kÎ5ß�ïká�à�¿ú�W�Eá5ß��+á�à�¿ûÎ5�+á�ß��­á�à:¿¤ï��«Î5ß��8�Wà�¿ ïkáW½�ß�ïWÎ'à:¿w�+á8�-ß��#�Wà�¿
�+¢'�'ß��8�Wà�â
�8�b��ä�å�� ���)��æ'���K���8�PÎ8�vïWá�¿PÎ�ïW×#�U¿�ÎW¢Wê'�bß�Ù�úèØ�^8���k�bâ]à�¿�ïk×WáWágß¹Ù�úèØ�^#v���é-�`â]à:¿�ïW×�ïWá�¿�ïkêWêká5¿%�+½k½Wá
ß¹Ù�� Ý Ø�à:¿)�­áWêWÎ�¿/�3�'êkê5¿P�3�'¢5�k¿/�­¢W×k¢5¿��+¢WÎk×5¿P�­¢W¢��W¿�êWê>ï�¿Cê��+á�¿=�«ÎWá5¿�½W½k½5â
� ��� ÷�pr� ß¡�E¢W¢\ù¢úUûküCÙ�ýìÙ%v ÿ à��g�������}�«�C¢�ü¾êWêÖß¡�oü$½>ú*üCÙ�ú ÿ à:¿)��ü¾ák×�ß¡�¢ü��vú*ü-Ø�Ù�ú � Ø�à�¿CÎ�ü¾Îká
ß¡�¢ü��vú*ü5Ø�Ù�ú � Ø���Ø�à�¿=�kü¾¢>ï'uW�kü¾¢Wá£ß�ï��k��ü-sWÑ8�3â!ï>ú*üCÙ¦¥:§;¨ ÀRúìà:¿$�vüY½WáÖß¡�¢ü�ê>ú�üCÙ�úèØ�^8���k�bâ]à�â
��© 
 � ÷£pr� ß��­¢W¢Hù¢úUûvü�Ù�ýìÙ%v ÿ à£�
�������}�«�	�+¢3üYá�uE�+¢3üY½Úß�Ù�ú ÿ à:¿Bï�ï3üYÎ�u9ï�ï3ü �ãß0Ø�Ù�ú � Ø�à:¿�½kÎ3ü �
ß�Ø�Ù�ú���Ø��ëà:¿N½WÎ�ü¾½rß�Ø�Ù�ú���Ø��ëà�¿�ê'�vüYárß¹Ù%Á+Â ¥:Ã¡Ä�Å ü���é$�¹�8Ø�
�à�¿ì�k�W��ü¾êwß Ù ¥:§¡¨ À úëà:¿ë�W�;ï3ü¾×rßÖÙ ¥z§;¨ À úìà�¿
�W�­×3ü¾Î'u'�k�+×3ü �bß¹Ù�ú�Ø�^8���W��â]à:¿$�­ÎW½3üYêAß¹Ù%Á+Â ¥:Ã¡Ä�Å à�¿¼�­ÎWê�ü��#uE�+Îkê3ü ï£ß¹Ù�úèØ�^#���W�bâ4à:¿-�­ÎWê3üYáAß¹Ù%Á+Â ¥:Ã¡Ä�Å à�¿C�+á'�vüYá
ß¹Ù Á+Â ¥:Ã¡Ä�Å à�¿)�+áWê�ü��ªß¹Ù Á+Â ¥:Ã¡Ä�Å à�â

����� ��������� �"!#�$!�% & !'��()��% (��"*+���"*�,�(.-/�"*�0213(.�4�502% !76$& !�8�� �4()���79

:";�,";;* < ( Ê¼1 9 6#=­6?> " Ê$@e�A@CB4�ED	�F=o� � *$�4,-�:.�� 7-<'7 �:È�� æ#(�æ'2;"=Ë �G;0�G;�� Í "Cæ 1­�+*'� (�2�� �E@IH8�A@JHGB4�:È��K=o�
� ��1 "$20(�2¡"'&�7-2;7-� �0./�;Ê/�;É �eæ89�2¡"$! �¡.�*#: 7 ÉL= ä ÈL= æ89 Ê��01+1
�G;¡*

ïW½k½ M N ß��OMPMPQWV¡à *�R¼È JÀÑ­�E�5Ñ+÷ û+I$��^#�A��Ñ+÷ �A��Õ ÎW¢Wá M N ß��OMPMPQWV;àwîÀ�0�3ß¡é5ØKÕ��kv�ï�v¡à;Ø
���A�S�5�8ï5vÔÏz�Uv��W���A�èI-÷T�ìÎk¢W¢/M N	ß�ï3ü4�4MPMPQWV¡à��>ü �#Øðý��0^9û8^#ÒU�0ÏoïUÏov��U� ï�â ï5âÔï#�4Ø[��ÏoÕ�^#÷ë��÷ë�E¢UM�VU��ú VtsWÑ­vXW'��Õ+â
ý���Ñ/YZW'�¹IU÷-s	J����[�Aê S�I-÷5Õ�Ñ+�]\_^�Ïz�'`$I-LëÑ+���-��Õba+Õ%I-÷Z�A^8÷$��Ï:�-v���Ñ+LWÑ­÷Z� Ñ­��÷-skÑ+Ñ+÷-skÕ+â�ý�^W�c\�Ñ8^8�5Õ����W÷���Ø
é-������I-�5ÕNJ����E�Ö�bd#I-v�Ñ+÷$Ï:�-���k�Ö^#Õ��WsW��^#é-�U�0��Ï:�ÖsWÑ+��Ñ+��÷U��sWÕëß�Y�^#I#e;����Õ�Õ�Ñ+v��=�kv�I-�kv¤u �¬ÏoÑ+Õ��k÷b�+¢�_��gf3\�h%_
¢#fÔï�à:â�ý���Ñ	ÿP������I-�5Õ�e;�:^8�5Õ����W÷�J����E��Ñ­��÷-skÑ+Ñ+÷-skÕif$�A��Õ¬÷5Ø�j�Ñ+é-Õ�^#÷�k'Ñ+���¹Ñ+Õba+Õ�IU÷Z�ý� ^#÷�vSd#LkÕìÒ$Ñ+��Ø�Îk¢
coÙù�����0��Õ:^8v�v��Ô�¹��Ñ+��Ñ+÷`âvý�Ñ+��eK^8��Ò-v��'�¹Ñx�5���0��Õ:^#v�v���÷-Ñ Ý ��Ñl�5Ñ­�:��Ï:�-vÔ^#s�J����E�Ö^#ÒUsWÑ8��^#I-skÕ�I-÷Z�AsWÑ­Õ�����Ï:��÷-Ñ+Õ+â

á��



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

NAr

ArN

N
N

N
N

Ar = 4-H3C-C6H4-

2

2 Cl

?�@CB'D+F�@)G�F)�¼ïWá HÓa£�)�+×W½+Ø:�­×Wê c Ù�fmeK^#��ÒUv��'��Ñ�M����0�¹Õ�^#v�v�Ñ
dP@)fgfeF�h5i'j�ÆWfgF�l��=Ù¦�3ÜnjBÿ:Ü Ý4o Ù%vÔ� p q �)á�ïWê5âÔïWáts�u+�A�kv[â
pwdx�zyx{+� � ��|U<$�z~Þ�8�Ná>ïkê5�qp��Kß[×k¢�à:¿��E×>ï�ß��+¢'à:¿��U�+¢5ß�ïW¢'à:¿
ïW×��Wß�ïk¢�à
ïW½#�Uß[×ká�à:¿kïWá5�kß��­á�à:¿�ïkÎWá5ß��+¢'à:¿-�­áW×5ßKÎWá'à:¿$�o���'ß��­¢W¢'à:¿
�W�­ê5ß��­¢W¢'à:¿)×��Wß[×k¢�à�¿)áW½�ß[½Wá'à:¿$�vï�ß[ÎWê'à:â
�8�b��ä�å�� �ý�)��æ'�e�[���8�¬Î#�-�8�'¿�Îk¢>ïk¢5¿�ïk×WÎW×ùß�Ù]jèØ�^8v���é-�)â]à�¿
ïWêk½Wá5¿!ïkêWÎ8�-¿C�­áWê8�-¿C�3�W�E½5¿C�3�'Î�ï5¿C�­ÎWá'�'¿C�;ïWÎ8�-¿)�W�­½5�k¿C�W�;ï#�U¿
×W×'�'¿�×��8¢�¿CêkÎ��E¿=�«á>ï5¿)�8Î��Wâ
� ���.r pr�£ß;�'¢W¢�p�jsatf�Ù�ýìÙ%v ÿ à=�A�����/���8�$�gf¾êWÎ	ß;Ò-�+âAf'�ufvïgjUf#Ø�Ù]j � Ø�à�¿vï#f��+½	ß¡Ò-�­âXf'�nfvïmj/f#Ø�Ù]j � Ø�à:¿
ï#fÔïW½øß[�uf�sWÑ8��^#�ªÕ+_ÛêmjUf@ïmj�_)Ø�Ù]j � Ø�u£½mj�_ÀÙ]j ÿ Ø��)�Wv[â4à:¿@ï#f¾ákêòß;Õifv�5�ñ½#fY×�jsa'f��'jUf)Ø�Ù]j � Ø�à:¿PÎ�f��;ï
ß¡Ò-�­âXf��uf��'jUfCØ�Ù]j���Ø�à�¿/Î�f®���gß¡ÕifL�5�þ½�f¾×wjsa'f)�'jUfCØ�Ù]j���Ø�à�¿/Î�f¾½k¢Þß¡Ò-�­âXf)�nf/�'j/f`Ø�Ù]j���Ø�à�¿�½#f¾ê�ïÞß¡��f
�'jUfCÙ]j�Ø�^8���W��â]à:¿U½#fY×���ß¡��f'�'jx¿CÙ]jèØ�^8���k�bâ]à�â
��©�
 �.r pr�£ß��­¢W¢�p�jsa'f4Ù�ýìÙ%v ÿ à	�w�������}�«�×ïk¢#f]��ß�Ù]j ÿ Ø��)�WvKâ]à�¿¤�E¢#f¾á�ß�Ø�Ù]j � Ø�à:¿%�vï�f ï�ß0Ø�Ù]j � Ø�à:¿
�'á�f]�þß�Ø�Ù]j � Ø�à�¿ªá>ï#fY¢ ß0Ø�Ù]j � Ø�à:¿ªá>ï�f]�þß�Ø�Ù]j � Ø�à�¿ªáW×#fYá ß0Ø�Ù]j � Ø�à:¿Ö� ï��mf]�þß�Ù]jèØ ^#���k�bâ]à�¿A� ïk×#f��
ß¹Ù]jèØ�^#���W�bâ4à:¿��+Î>ï�f ïÖß¹Ù Á+Â ¥:Ã¡Ä�Å®à�¿)�o�'á�f®�£ß¹Ù Á+Â ¥:Ã¡Ä�Å®à�¿)�+áW¢�f¾ÎÖß¹Ù Á+Â ¥:Ã¡Ä�Å®à�â

:";�,";0� < ( Ê¼1 9 6#=­6�.�6 ! ���Xx)�0�C�Ay-� å 6�1 !87�z �F=o� 7-!+(�2 � � �0Ê " � � � � 6 !87-< �0Ê�6 ��* 7 É{= ä È{= æ89 Ê/�01+1
�G;¡*

äA2;2 ��6 � 6��;Ê/6}| "$! = æ89/! ��ü�1 �b�~MPMPQWV���Ñ8�eÑ+÷�Õ:��é-��Ñ8Ï:�-Ñ+÷T�5Ñ+÷ ���U^#vÔ^#�A�S�5��÷$� *�R J����[� IU÷5Õ�Ñ+�
��Ï:�5I-Õba+s'^k��^8Õ��A�E�¹é-�Zd8��Ñb��÷ùÎW¢�M�V��'Ñ+Õ�ï�v���Ñ+��Õ�Ñ+� �cj VÚskÑ+vXWE�¹Õ­â���÷$��Ïz�-v���Ñ+LkÑ+÷Z�ÞsW��Ò-ÕA�Ö^8÷ ï$M�V
�mfY¢?� ÷5Ø�îÀI-Õ�ï5v�v���Õ��-��I-� ØbYZW'��I-÷-sª��÷�j�Ñi�U^#÷�a+I£I-÷Z��v�d8LWÕ	�­¢�M	ö0Z�Ò$Ñ+��\�^8I-�tÕ�Ñ+�ªé¼Ñ­�:^#Õ�I-��\c^-�5Ø
��Ñ+÷`â Ý ^kÏz����Ñ+�s�$I-sE^#Ò$Ñ�k'�W÷b��MPMPQWV��5Ñ8�ÀÑ+÷�Õ:��é-��Ñ8Ï:�-Ñ+÷T�5Ñ+÷ªîÀ�0�����A�S�5�8ï5vÔÏ��-v��k���S�-� � Ñ+���U��Õ.a­Õ¤� ^#÷
�5��ÑPYZWE�¹I-÷-s ê S�I-÷5Õ�Ñ+��\c^$Ïz�'`$I-LUâ
ä ÉCü 7-! È%65�018É�Ê�� �
���CÆm���ChPG�F ?w�(ý���Ñ¬��÷�Õ�Ñ­÷$�¹�Ak	�W�:^8÷-sWÑëskÑue�d#��Ò-Õ�Ñ�\�Ñ8^8�5Õ����W÷��¹vXWE�¹I-÷Us	J����E�	�A��Õ×ïk¢�M�V3��^W����Ñ+�ck'Ñ+��Ø
�¹Ñ+Õba+ÕÀIU÷Z�Ö^#÷$��Ïz�-v���Ñ+LkÑ+÷Z�t����Õ%�)�Wv�I-�Wv�^8I$�¹skÑ8��Ï:�#^UÕ�Ñ+v�Õ+â�ý���ÑN�W��sE^#÷-�Ô��Ï:�-ÑëÿP�$^k�¹ÑëJ����[�A^#Ò-skÑ+Õ���Ñ+÷-÷�Õif
�A��Õ Ý ^8Õ�����I-�Ö��I-v�eK^8Õ�skÑ+Õ�����Ïz��÷-Ñ+Õ�f¼Ñ+Õ�Jô^W��Ñ+��÷-sWÑ­Ñ+÷-sWÕNI-÷Z�b�A��Õ�÷5Ø�j�Ñ+éUÕ:^#÷�k'Ñ+���¹Ñ+Õba+Õ+â!ý�Ñ­��Ñ+÷�Õ:�¹Õ�ÑoØ
�-Ñ+÷Z��Ñ Ý ��Ñl�5Ñ­�:��Ï:�-vÔ^#s�J����E�Ö^#ÒUsWÑ8��^#I-skÕ�I-÷Z�AsWÑ­Õ�����Ï:��÷-Ñ+Õ+â
���CÆm���ChPG�F����(ý���Ñ/\�Ñ8^#��Õ����W÷$��vXWE�¹I-÷-sªJ����[�A�'�W�Aé-v�Ñ+Õ�Õ¦Ñ+��÷UsWÑ+Ñ+÷UsWÕÀIU÷Z���-^k�s\�Ñ8^8�5Õ����W÷��¹é-�����5I-��Õ
�.d8I-v�Ñ+÷�Ïz�-���W�Ö^8Õ��ksW�:^8é-�-�Ô��Ï:�bsWÑ+��Ñ+��÷-��sWÕ	ß�Y�^#I#e;����Õ�Õ�Ñ+v%_)�)�Wv�I-�Wv�f"\�hô_)¢�f¾ê�à�â�ý���Ñªÿ �����5I-��Õ)e;��^#��Õ����k÷
J����[�ýÑ+Õ�Jô^W��Ñ+��÷-sWÑ­Ñ+÷-sWÕ�f¼����Õ¬÷5Ø�j¬Ñ+é-Õ:^8÷Ck'Ñ­�:�¹Ñ­Õ.a+Õ¬I-÷Z���Ö^8÷bv�d8LWÕëÒ$Ñ+�%¢ÖczÙç�5���0�¹Õ�^#v��0�¹��Ñ+��Ñ­÷)â!ý�Ñ+�
Ý ��Ñ��5Ñ+�:��Ïz�Uv0^#sxJ����[� ^8Ò-sWÑ«��^#IUsWÕ�I-÷T� sWÑ­Õ�����Ï:��÷-Ñ+Õ+â

áWê



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

���Xx)�0���Xy-� å 6�1 !#7�z �K=o� � ��1 "$2�(�2 � � �;Ê " � � � � 6 !87-< �0Êø�C* 7C�

N

NRN

RN

NR’

NR’

H

H

R = R’ = 4-H3C-C6H4-

?A@CBED+F�@)G�F)�-�'á	HþßK�¦^#���0^8÷5Õ�Ñ¬�ìàEfW�k�:^8÷-sWÑ+��V-Ñ8�¹Õ��¹Õ��l�vf5a£�!ï#�'á+Ø#ï8�5� c Ù�f
dP@)fgfeF�h5i'j�ÆWfgF�l��=Ù ÿ3� j ÿ:noÝ o p q �C�'×kê5â¾½kÎ s�u+�A�kv[â
pwdx�zyx{+� � ��|U<$�z~Þ�8�-�E×W×��qpe�x�o�Kß�ï>ï'à:¿$Îká��'ß��+¢'à:¿�ïk½W×5ß��+¢k¢�à:¿`×WÎ5ß��+¢'à:â
�8�b��ä�å�� ���)��æ'���K���8��Î#�vïk½eß Ý jìà:¿�ÎWÎk¢5�k¿/Îk¢>ï�ï5¿�ïW×k½WÎbß¹Ù]jèØ�^#v���é-�`â]à:¿
ïW×�ï5�W¿�ïkêWáW×�¿vï��«ÎWê�¿-�+½kÎ#�ªß¹Ù�� Ý Ø�à:¿��+½k¢W½5¿U�+áW½k¢5¿$�+á�ï#�U¿-�+ák¢#�-¿EêW¢W½�¿5�'�;ï5â
� ���.r pr�£ß�ïWáW¢4p�jsa'fWÙ�ýìÙ%v ÿ à��ª�������}�«�vï#fYÎW½�ßK�uf�� ïmj/f5Ù]j ÿ Ø��)�WvKâ]à:¿
�'f��+ê�ß;��f-êgjUf=Ù]j�Ø�^8���W��â]à:¿C�tf¾ákê ß;��f$êmj�¿CÙ]j�Ø�^8���W��â]à:¿$×�f ï'�Wu8×�f®�E½ýß�ï
�uf-skÑ8�oâ�_!ïmjUf Ý jëà:â
��©�
 �.r pr�£ß[½kÎPp�jsa'f]Ù�ýëÙ%v�ÿoà%�£�����/���8�!ï��mf��	ß¹Ù]jBÿ¹Ø��=�kv[â4à:¿C�k�+×�f]��ß¹ÙPØ���I$^8�+âAf5��é��¹�#Ø�p�ÑWà�¿C� ï�ï#fYá
ß¡Ò-��f�Ù]j�Ø�^#���W�bâ4à:¿'� ïk×#fÔïìß�Ù]jèØ�^8���k�bâ]à�¿'�+Î#��f]�Nß¹Ù%Á+Â ¥:Ã¡Ä�Å f8��é$���#Ø Ý ß[ÿP�-Ñ­÷5ï�v[â4à�à:¿8ß�Ù%Á+Â ¥zÃ;Ä�Å Ø)ÿPï������A���5��÷)_
÷-�0Ï:��Õ��¹�ÔÏz��Õ�Ò�^#�+â
��� � �è�kdëß[�cj V¤à]���0Z�M	�[ß¡v�s#�:à�_XïW½k½5ß;��f®��à:¿�ïWê��Wß¡��f¾Î'à:¿�ÎWê5�kß¡��f¾Î�à�¿¼�EÎW¢�ß¡��fÔï�à�â

���Xx-�[D	�K= � x���1 ! ���ÛÉ "¼!8� 6'1 9$(�20�/9 65Ê (�2 � � �¡Ê "C� �3�C�Ay-��È/�F=o�:,-��1 "$20()2 � � �¡Ê " � � � � 6 !+7U< �¡Êò��*�È �

N

NRN

RN

NR’

NR’

H

H

R = 3-F3C-C6H  -4 
R’ = 4-H3C-C6H4-

?A@CBED+F�@)G�F)�)�+ê	HþßK�¦^#���0^8÷5Õ�Ñ�î�à[fW�W��^#÷-skÑ+��V-Ñ8�¹Õ��¹Õ��l�vf5a£�)�+×5�:Ø:�­×>ï c Ù�f
dP@)fgfeF�h5i'j�ÆWfgF�l��=Ù]�3�nj���m Ý4o V o fCp q �)½k¢W½�â¾á��xs5u­�A�WvKâ
pwdx�zyx{+� � ��|U<$�z~Þ�8�$½k¢��E�qpe�x�o�Kß��+¢k¢�à�¿Cákê��'ßKÎW¢'à:¿�áWá5ßKá�à�¿CÎ'�'ß¹�«¢�à�â
�8�b��ä�å�� � �ù��æ'�e�K�¹�«�)Î>ïk½W×bß Ý jëà:¿-Î��+¢'�'¿)Îk¢>ïWê£ß¹Ù]jèØ�^#���W�bâ4à:¿Xïk×>ï��
ß¹Ù]jèØ�^#v���é-�`â]à:¿�ïWêW½ká5¿%�+½kÎWêgß¹Ù�� Ý Ø�à:¿P�­á>ïW×�¿À�3�'ÎW×�¿À�­Î>ïWÎ�¿%�W�+ák×5¿¦�W�W�3�-¿
�+¢'�8¢5¿`êW¢>ï�¿C½k×Wá�¿C½k½W¢5â
� ���.r pr�£ß;�'¢W¢Pp�j�a'f-Ù]�ìÙ%v � à¦�����/�����8�!ï#fYÎWáAß[�nf$½mjUf$Ù]j � Ø��)�WvKâ]à:¿
�'f��+áóß¡��fì�tjUfAÙ]jèØ��)�WvKâ]à�¿ �tf®�E½ ß¡��f	êmjUfMïgj�_�j�½«Ø�Ù]V � Ø�ÿP�-Ñ+÷�ï�v[â]u
ïmj�_�jNá«Ø�Ù]V � Ø�ÿP�-Ñ+÷�ï5vKâ]u­�'j�_�Ù]jèØ��)�Wv[â4à:¿ë�'f¾½kêãß��Gf��5� �'fYê�j�a'f-ïmjUf
j��#Ø�Ù]V � Ø�ÿP�-Ñ­÷5ï�v[â4à:¿ëê#fY¢W¢wß[�=ïmjUf�j ï«Ø�Ù]V � Ø�ÿP�-Ñ+÷�ï5vKâ]à�¿�×#fYáWáãßK�uf�ïmjUf
Ý jìà�â
��©�
 �.r pr�£ß��­¢W¢Pp�jsa'f4Ù]�ìÙ%v��:àÛ���������}�«�3ï��mfY¢tß¹Ù]j4��Ø��=�kv[â4à:¿$�W�­ê#f¾êªß¹Ù�ï+Ø�Ù]V��:Ø�ÿP�-Ñ+÷�ï�v[â]à�¿-� ï��mfYÎ
ß��3f]�5�NÎ#f4��jsatfÀÙ¦á«Ø�Ù]V � Ø�ÿ �UÑ+÷5ï�v[â4à:¿¦� ï>ï�f ï�ß;Ò-�+âAfÀÙ¦½«Ø�Ù]V � Ø�ÿP�-Ñ+÷�ï5vKâ]à:¿¦� ïkÎ#f¾×�ß��Zf2�5� ï��9ï�f¾½7j�a'f
Ù]V � à:¿	� ïká#fYáãß¡Ò-�­âXf�Ù%�8Ø�Ù]V � Ø�ÿP�-Ñ+÷�ï�v[â]à�¿��;ïW×#f��rß¹Ù]j�Ø��)�WvKâ]à:¿x� ïk×#f®� ß¹Ù]jèØ��=�kv[â4à:¿	�+Î��mf��rß��Zf��5�
Î>ï�f¾Î�jsa'f-��é$�¹�8Ø�Ù]V � à:¿Û�+ÎWá�f®�bß�Ù Á+Â ¥zÃ;Ä�Å®à:¿��+Îk×#f��Öß;Ò-�+âAf=Ù Á+Â ¥:Ã¡Ä�Å®à�¿/�3�vï#fYê�ß¡ÒU�+âXf)Ù Á+Â ¥:Ã¡Ä�Å®à:¿��o�E×#fYÎýß;Ò-�+âAf
Ù Á+Â ¥zÃ;Ä�Å à:â

áW×



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

��� � �è�kdëß¹Ù]jìÙ%vS�zà��C�ÔZ�M �Kß¡v�s#�:à:_¼ïW½k½5ß¡��f¾á'à:¿�Î��8¢�ß¡��f®�5à�¿¼��f ïk½5ß¡��f¾Î'à:â

���Xx-�[D	�K= � ,�� G�F�ÆWG�Ç �:È�É=1 (�2;��9 6�Ê (�2 � � �0Ê "`� �o���Xy-��È��K=o��,-�¹1 "¼20()2 � � �;Ê " � � � � 6 !+7-< �;Êò��* æ-�

N

NRN

RN

NR’

NR’

H

H

R = 4-(H3C)3C-C6H4- 
R’ = 4-H3C-C6H4-

?A@CBED+F�@)G�F)�Bï8��H ßK�¦^#���0^8÷5Õ�Ñbî�à�f%�W��^#÷-skÑ+��V-Ñ8�¹Õ��¹Õ�� �vf�a��RïW¢ká c Ù�f
îcV¢¡G£�MPMtQ3Z¥¤�Q'RnMtQ:V[_)Ù �oÜ j m3� Ý o fCprq­�Cákê>ï�â]�8×ªs5u+���Wv[â
pwdx�zyx{+� � �}|U<$�z~��8��ákêWÎ��qpe�x�o�Kß[½Wá'à:¿ùá�ïWá�ß[á�à�¿ ï��«½5ßKá�à:¿û½��Wß��­¢�à
Î��Eß��+¢k¢�à�â
�8�b��ä�å�� � � ��æ'�e�[���8�gÎ>ïk×WÎ ß Ý jìà:¿ÖÎk¢W×Wá�¿gÎW¢>ïkê ß¹Ù]jèØ�^#���W�bâ4à:¿
ïW×k½W¢úß�Ù]jèØ�^#v���é-�)â4à:¿�ïW×W¢��W¿ ïWêW½ká5¿ë�+½�ïWêûß¹Ù�� Ý Ø�à:¿��­áWá5�k¿ë�+áW¢'�'¿¬ê5�k�W¿
½Wêk½5â
� ���.r pr�£ß;�'¢W¢Pp�j�a'f-Ù]�ìÙ%v � à%�£�����/���8�)�gf¾ÎWáAßK�uf)�­êmjUf$Ù]j � ØKÕ�Ñ­��Õ+â
îÀI-Õ�ï5v4Ø�à�¿vï#fYÎW½AßK�uf�½mjUf-Ù]j � Ø��=�kv[â]à�¿-�'f��­ÎAß¡��f8�'j/f¼Ù]jèØ��=�kv[â4à:¿5�tf¾ÎW½Aß;��f
�'jUf%Ù]jèØ�X¹Q3R:X�í Ø�îÀI-Õ�ï�v]ØKé-�-Ñ+÷`â]à:¿��'f¾ákêÞß¡��f`êmjUfPÙ]jèØ�^#���W�bâ��¾�)�Wv[â4u'X�Q3R:X¹í Ø�îÀI-Õ�ï5v�é-�-Ñ+÷`â®�¡à�¿$×#f �W�ÞuÖ×�f®�Eá
ß�ï'�k�uf$sWÑ8�3â�_XïgjUf Ý jìà�â
��© 
 �.r pr�£ß��­¢W¢�p�jsa'f4Ù]�ìÙ%v � àë�������/���8�@ï5�mf���ß�Ù]j � Ø��)�WvKâ]à�¿/Î��mf �øß¹Ù]j � Ø�X¹QzRzX�í Ø�îÀIUÕ¹ï�v[â4à:¿)Î8��fYá
ß¹Ù%Á+Â ¥:Ã¡Ä�Å X¹QzRzX�í Ø�îÀIUÕ¹ï�v[â4à:¿ë� ï�ï#fYÎÚß;Ò-�+âAf Ù]jëuWÙ%Á+Â ¥:Ã¡Ä�Å à:¿	�;ïWá�f¾áwß¹Ù]jèØ�^#���W�bâ4à:¿ë� ïk×#f ïwß¹Ù]j�Ø�^8���W��â]à:¿
�+Î8��f]� ß¹Ù%Á+Â ¥:Ã¡Ä�Å à:¿��o���'f¾×£ß¹Ù%Á+Â ¥:Ã¡Ä�Å à�¿-Ñ+��÷U��sWÑ/�'sW÷$^8v�Ñ¦�5Ñ+���'I$^#��Õ+âCÙPØ��èÕ��W�AÑ¬÷-�0Ï:��Õ��¹�ÔÏz��Ò$^8�+â
��� � �è�kdëß[�cj V¤à]���0Z�M	�[ß¡v�s#�:à�_XïW½k×5ß;��f¾á'à:¿�ïWê��Wß¡��f¾á'à:¿�ÎWêWÎ�ß¡��f®�5à�â

���Xx)�0���Xy-� å 6�1 !#7�z �K=o��,-� G�F5ÆkG:Ç ��È/É)1 (�2;�/9 6'Ê (�2 � � �;Ê " � � � � 6 !87-< �0Êø�C*�. �

N

NRN

RN

NR’

NR’

H

H

R = R’ = 4-(H3C)3C-C6H4-

?A@CBED+F�@)G�F)��ïkÎ�H ßK�¦^8���0^8÷5Õ�Ñ	î�à[f¼�k�:^#÷UsWÑ�M ���0��Õ:^#v�v�Ñ'f$a£��ï>ïkÎ«Øðï>ïk½Wc#Ù
dP@)fgfeF�h5i'j�ÆWfgF�l��=Ù m3m j § m+Ý o f$prq+�`½W½W½�â¾×káts5u­�A�WvKâ
pwdx�zyx{+� � ��|U<$�z~Þ�8�$½k½��E�qpe�x�o�Kß��+¢'à:¿-�EêWÎ5ßKá�à�¿P�+½k¢5ß¡�Eá�à�¿C×kÎ5ß�ïk¢�à�â
�8�b��ä�å�� � � ��æ'�e�[���8��Î#�Eê#�-¿gÎ8�'Î��E¿gÎWÎ#�E¢ ß Ý jìà:¿£Î>ïk×Wê�¿eÎk¢WÎ�ï
ß¹Ù]jèØ�^#���W�bâ4à:¿!ïk×WáW×bß�Ù]jèØ�^8v���é-�)â]à�¿�ïk×W¢kÎ5¿�ïkêW½��E¿%�+½WÎk¢bß¹Ù�� Ý Ø�à:¿��+áWá'�'¿
�+ák¢W½5¿`êWÎ��E¿C½'�8Î�â
� ���.r pr�£ß;�'¢W¢Pp�j�a'f-Ù]�ìÙ%v � à%�£�����/���8�)�gf¾Î#�ÖßK�uf$Îk½mjUf$Ù]j � ØKÕ�Ñ­��Õ+â
îÀI-Õ�ï5v4Ø�à�¿-�'f¾Î8��ß;��f�êmjUf$Ù]jèØ�^#���k�bâ]à�¿-�'f¾ákÎAß¡��f�êgjUf¼Ù]jèØ�^#���W�bâ4à:¿�×#fÔïW×
u	×�f¾Î8��ß�ï �Ö�nf-sWÑ8�3â�_!ïmj/f Ý jìà:â
��© 
 �.r pr�£ß��­¢W¢$p�jsa'f4Ù]�ìÙ%v��oà �
�����/���8�ëÎ��mfYÎrß¹Ù]j �¹Ø�X¹QzRzX�í Ø�îÀIUÕ¹ï�v[â4à:¿¬Î#��f®�wß�Ù%Á+Â ¥zÃ;Ä�Å fìX�Q3R:X¹í Ø

½W¢



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

îÀI-Õ�ï5vKâ]à�¿��W�+×�f¾áûß¹Ù%Á+Â ¥:Ã¡Ä�Å f¦��é$���#Ø���v���ï5vKâ]à�¿�� ï5�gf¾×ùß¡ÒU�if�Ù]jèØ ^#���W�bâ4à:¿¬� ïWá�f¾Îùß¹Ù]j�Ø�^8���W��â]à:¿¬�o�Eá#fY×
ß¹Ù%Á+Â ¥:Ã¡Ä�Å f-��é$�¹�8Ø Ý à�¿)�o���'f]��ß¹Ù%Á­Â ¥:Ã;Ä�Å à�â
��� � �è�kdëß[�cj V¤à]���0Z�M	�[ß¡v�s#�:à�_XïWêkÎ5ß;��f®��à:¿�ÎWê��Wß¡��f��8à:â

���Xx-�[D	�K= � ,�� G�F�ÆWG�Ç �:È�É=1 (�2;��9 6�Ê (�2 � � �0Ê "`� �o���Xy-��È��K=o� �/9 6�Ê (�2 � � �0Ê " � � � � 6 !#7U< �0Ê}��*�6 �z�b¨ @ �
�Ö6 ! ��> 7 1 �8�

N

NRN

RN

N15R’

N15R’

H

H

R = 4-(H3C)3C-C6H4- 
R’ = C6H5-

?A@CBED+F�@)G�F)��ïkÎ HñßF�¦^#���Ô^#÷�Õ�Ñxî�àEf��W��^#÷-skÑªM ���0��Õ:^#v�v�Ñ'f�a���ï>ïW½+Ø#ï�ï��«c#Ù�f
dP@)fgfeF�h5i'j�ÆWfgF�l��=Ù � o j �:Ü Ý m �­á Ý � f¼prq­�)ákáW½#f4�9ïts�u+�A�kv[â
pwdx�zyx{+� � �}|U<$�z~��8�$áWá'�'�qpe�x�3�[ß�ïká�à�¿-�'ê#�Uß��­¢�à:¿�ÎWákÎ5ß��+¢W¢'à:¿)ÎkÎ��Eß[ÎW¢'à:¿
ïW×'�'ß[ák¢�à�â
�8�b��ä�å�� � �r��æ'�e�K�¹�«�%Î>ïW×8�-ß Ý jìà:¿�Îk¢WêWÎ�¿PÎk¢WáW½Þß�Ù]jèØ�^#���k�bâ]à�¿�ïk×W½kÎ
ß¹Ù]jèØ�^#v���é-�`â]à:¿(ïk×W¢��W¿�ïWêW½k×5¿��­½WÎk½�ß¹Ù�� Ý Ø�à:¿��­áWáW½�¿��+ák¢W×�¿��o�k�'á5¿¦ê#�U�W¿
�8ák¢5¿�½WêW½�â
� ���.r pr�£ß;�'¢W¢�p�jsa'fCÙ]�ìÙ%v � à¬�������/���8���mfYÎ#�gß[�nf��+êgjUf)Ù]j � ØKÕ�Ñ­��Õ+â
îÀI-Õ�ï5v4Ø�à�¿À�'f��+½ùß¡Õ�f��5�ë�'f ��jsa'f(ïgjUf%é5Ø�ÿP�-Ñ­÷5ï�v¡à�¿è�tf¾Î#�}ß¡��f%êgjUfèÙ]j�Ø
^#���W�bâ4u'X�Q3RzX�í Ø�îÀI-Õ�ï5v�é-�-Ñ+÷�ï5vK_'�'jUf$�tØ�ÿ �UÑ+÷5ï�v[_��'jìà�¿C�'fY½W¢�ß;��f$êmjUf4Ù]jèØ�^#���k�bâ]uEX¹QzRzX�í Ø�îÀIUÕ¹ï�v�éU�-Ñ+÷�ï5v;_
�'jUf-�8Ø�ÿP�-Ñ­÷5ï�v[_-�tjìà:¿U×#f®�Eá ßK�uf Ý jëà�ux×#f �'½Öß��3fZ�5� êW×�jsa'f��+á Ý jìà¬ß¡skÑ8�oâ�_!ïmjìà�â
��© 
 �.r pr�£ß��­¢W¢©p�jsatf]Ù]�ìÙ%v � à��ñ���/�����8�xÎ5�mfYÎÚß�Ù]j � Ø:X�Q3R:X¹í Ø�îÀI-Õ�ï5vKâ]à�¿�Î#��f®�
ß�Ù Á+Â ¥zÃ;Ä�Å X�Q3R:X¹í Ø
îÀI-Õ�ï5vKâ]à�¿P�W�­ê#f¾×Þß�Ù Á+Â ¥zÃ;Ä�Åqf/��é$�¹�8Ø���v��5ï�v[â4à:¿�� ï�ï#f¾¢Þß;Ò-�if%Ù]jèØ ^#���k�bâ]à�¿P� ï8��fYêòß;é5Ø�ÿP�-Ñ­÷5ï�v]Ø�Ù�à:¿%� ïká#f �
ß¹Ù]jèØ�^#���W�bâAfXïl�¼à¬�;ïW½#fY¢5ß�Ù Á+Â ¥zÃ;Ä�Å¾à�¿)� ïWê�f¾½Öß¹Ù]jèØ�^#���W�bâ4à:¿��o�'ê�f¾¢Öß¹Ù Á+Â ¥:Ã¡Ä�Å®à�â
��� � �è�kdëß[�cj V¤à]���0Z�M	�[ß¡v�s#�:à�_XïW½k½5ß;��f®��à:¿�ï��k�'ß¡��f®��à:¿�Î��8Î�ß¡��f¾Î�à�â

:";�,";Ax < ( Ê¼1 9 6#=­6�.�6 ! =+É�È{=o1«��18É�6 ! 1«65Ê�ªë� � 6 !87-< �¡Ê�6 7 ÉL= ä ÈL= æ89 Ê/�01+1Ö�3;0�
äA2;2 ��6 � 6��;Ê/6C| "¼! = æ89�! �Ôü�1 ����MPMPQWV��5Ñ8�ëÑ+÷�Õ:�¹éU��Ñ8Ï:�-Ñ+÷Z��Ñ+÷ò���U^#vÔ^#�A�S�5��÷$� *�R fP���#J���ÑDïW¢k¢5M N
ß��gf®�-��MPMPQWV;à%�¬ÏoÑ+Õ�ï5v�Ñ+÷Z�5�ÔÏ+^#��Ò$�W÷$�bd#I-��Ñl�5����ÑoÕ��5ï�v4Ñ8�¹Õ�Ñ+�/J¦Ñ+�E��Ñ+÷t��÷ÖÎW¢�M�V��cj VbsWÑ­vXW'��ÕÀI-÷T� � ^#÷
Ñ+���U��Õ.a­ÕÖ^#÷$��Ïz�Uv���Ñ­LWÑ+÷Z�ù��÷��¹sWÑ«��^#�ªÕ¦ïW¢ SûI-÷�Õ�Ñ­��\c^$Ï:�+`�I-L-â Ý ^WÏ:�ùÒ¼Ñ­Ñ+÷Z�5Ñ+Õ�Ñ+�w\èÑ«^#��Õ����k÷wß��ìÙPØ
M��W÷�Õ����Wv�v�Ñ'fsY�^8I#e;�A��Õ�Õ�Ñ­v[_¦�=�kv�I-�kv u ��Ï3Ñ+Õ��k÷w�+¢r_��8àAJ����[���U^W��\�Ñ8^8�5Õ����W÷��¹sWÑ­�A�0��Ïz���'�W�Aé-v�Ñ+Õ�Õ
Ñ+��÷UsWÑ+Ñ+÷UsWÕif]�5Ñ+��k'Ñ+��Ò-v�Ñ+��Ò$Ñ+÷T�5ÑAsWÑ­v�Ò$Ñ�\_^�Ïz�U�¹Õ�^#÷Z�ø��÷ùJÀÑ­÷-��s���Ï3Ñ+Õ��k÷-��Õ�����vô^#I#e;skÑ+vXWE�¹ÕÖI-÷Z��� ^#÷
v�d8LWÕ%÷$^WÏ:�«�$I���^#Õbask'�k÷�J¦Ñ+÷-��s4�Þ^k���¹Ñ­�PÒ$Ñ+�$¢�coÙg�����0��Õ:^8v�v��Ô�¹��Ñ+��Ñ+÷`âi��Ñ+� ^#I$��sWÑueK^8v�v�Ñ­÷-Ñ Ý ��Ñl�5Ñ+����Ï:�-v0^8s
J����[��^#ÒUsWÑ8��^#I-skÕif$�A��Õ¦ÿ/Ñ+Õ����kv�Ñ+Õ��-Ñ+�ÀskÑ+J�^k��Ï:�-Ñ+÷ÖI-÷Z�ÖsWÑ+Õ�����Ï:�5÷UÑ+Õ+â

½5�



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

���Xy-�[D	�K=o� � ��1 "$2�(�2 � � �0Ê " �Ex-� "'&�" � � � � 6 !+7-< �;Ê)�o��� (`2 �0.�65Ê � � 7-æ 6W186�=i=+�X�G=i¬-É ! 6 � 6'1 9¼(�2 6#=o1«6 !
�$� 7��

N

NRN

RN O

H

H

OCH3

O

R = 4-H3C-C6H4- 

?A@CBED+F�@)G�F)��ïWá�H�f¼skÑ+v�Ò5ØKÒ-��^#I-÷-Ñ M����0��Õ:^8v�v�Ñtf$a��%�+êWá c Ù¬ß��$Ñ+�:�3â]à[f
dP@)fgfeF�h5i'j�ÆWfgF�l��=Ù �l­ j �:noÝ¬m � � fCprq­�)Î��«½5â �-�Wâ$s5u­�A�WvKâ
pwdx�zyx{+� � �}|U<$�z~��8��Î'�W�E�qpe�x�o�Kß��+¢k¢�à�¿eÎ8�'á�ß��+¢'à:¿=ï5�8�'ß��+¢�à�¿
�#�«á5ß��­¢�à�¿P�+½��Wß�ïk¢�à�¿P�o�EÎ5ß[êká�à�¿=�«á5ß¡�Eá�à�â
�8�b��ä�å�� � �)��æ'�e�[���8�	Î>ï'�'�ûß Ý jëà:¿�Î�ïW¢kÎ5ß Ý jìà:¿�ïW×ká#�
ß�Ù]jèØ
^#v���é-�)â4à:¿Dïk×>ï5�k¿=ïWêW½k×5¿Þ�8�8Îkê ß�Ù��ë�ìà�¿b�#�E�+¢ ß¹Ù��ë�ëà:¿g�+½k½#�-¿
�+½8�vï5¿¦�+½��+Î5¿¦�+ák×Wá5¿¦�+á8�5�'¿¦�+á��+Î5¿%�;ïWáW½�¿À�;ï>ï>ï�¿À�k�+ÎW¢�¿Pê�ïWá5¿P�k�W�'¿
�+�EÎ5â
� ���.r pr�£ß;�'¢W¢�p�jsa'f%Ù]�ìÙ%v��+àx�û�����/���8ß�®ôug�-Ø.¯¬Ñ+���0��Ï:�)�°�PÑ+���`â]_�á�f¾×5_��AÒ$Ñ+� \Û�À�¡à:_@ï#fYÎW¢�u ï#fYÎ#�
ß�ï'�k�ufësWÑ8�3â�_ëÎmj/fìÙ]j � Ø��)�WvKâ]à�¿-ï#f¾Îk½�u ï#f¾Îkêãß�ï'�k�o¿�skÑ8�oâ�_ëÎmjUf�Ù]j � Ø��)�Wv[â4à:¿ëÎ�f¾½Wê'u8Î�f]�8êÓß�ï��k�nfìskÑ8�oâ�_
ÎmjUf4Ù]j � ��Ø�à�¿�½#fY¢W×'u8½#f �'×ùß�ï'�k�ufÀskÑ8�oâ�_��ij/fè�ëÙ]jèØ�à:¿��'f��+áùß¡��f��'jUf¬Ù]jèØ�^8���k�bâ]à�¿À�'f¾á��øß¡��f��'j�¿
Ù]jèØ�^#���k�bâ]à�¿-ê�f��W�8u8×�f¾½>ï£ß�ï��k�nf-sWÑ8�3â�_)��jUf Ý jìà�¿-ê#fYê>ï'u'�W�gf��­½�ß�ï'�k�uf-sWÑ«�oâ�_)��jUf Ý jìà�â
��©�
 �.r pr�£ß��­¢W¢�p�jsa'f4Ù]�ìÙ%v � à��ª�������}�«�'Î5�gf¾½	ß¹Ù]j � Ø��=�kv[â]à�¿WÎ��mf4��ß�Ù]j � Ø��=�kv[â]à�¿'Î#��f¾×	ß¹Ù Á­Â ¥:Ã;Ä�Å à:¿
ÎWá�f¾¢úß�Ù Á+Â ¥zÃ;Ä�Å à:¿�á�ï#f���ß¹Ù]j � �èØ�à:¿¬á�ï#f ïùß�Ù]j � ��Ø�à:¿�×kê#fY¢úß¹�ëÙ]jèØ�à:¿N� ï>ï�f���ß¹Ù]jèØ�^8���W��â]à:¿¬� ï�ï#fÔï
ß¹Ù]jèØ�^#���W�bâ4à:¿£� ïW½�f¾áñß¹Ù]jèØ�^#���W�bâ4à:¿£� ï��tf¾Î�ß¹Ù]jèØ�^#���W�bâ4à:¿��­ÎWÎ�f¾×ñß¹Ù%Á+Â ¥:Ã¡Ä�Å fA��é��¹�#Ø�Ù]j �8â]à�¿��+Îká#fÔï
ß¹Ù%Á+Â ¥:Ã¡Ä�Å f���é$���#Ø�Ù]j �«à�¿À�­ÎW×#fYáÞß¹Ù%Á+Â ¥:Ã¡Ä�Å f���é$���#Ø Ý jìà:¿%�3�-�mfY×Þß¹Ù%Á+Â ¥:Ã¡Ä�Å f���é$���#Ø Ý jìà:¿%�3�'×#fYáòß�Ù%Á+Â ¥zÃ;Ä�Å f
Ù�� Ý à:¿)�3�'×#fY½ ß�Ù Á+Â ¥zÃ;Ä�Å fCÙ�� Ý à:¿��+½W½�f ï�ß�Ù Á+Â ¥zÃ;Ä�Å fCÙ��ë�ëà:¿)�­½W×#fYÎ ß�Ù Á+Â ¥zÃ;Ä�Å fCÙ��ë�ìà�â
��� � �è�kdëß¹Ù]jìÙ%v � à��C�ÔZ�M �Kß¡v�s#�:à:_¼ïW½�ï5ß¡��f¾Î'à:¿�ÎW½W½�ß¡��f ï�à�â

���Xy-�[D	�K=o� � � G�F�ÆWG�Ç �:È�É=1 (�2;��9 6�Ê (�2 � � �0Ê " �[x-� "'&�" � � � � 6 !+7-< �;Ê=�3��� ()2 �0.�65Ê � � 7Uæ 6W1+�
6#=�=+���G=i¬UÉ ! 6 � 6'1 9$(�2 6�=o186 ! �¼�UÈ �

N

NRN

RN O

H

H

OCH3

O

R = 4-(H3C)3C-C6H4- 

?A@CBED+F�@)G�F)�ëÎWÎ�H�fÀ�-Ñ+v�v�skÑ+v�Ò$Ñ+��V-Ñ8��Õ:��Õ�� �vf¬a��x�+ê#� c Ù�fNdP@)f �
feF�h5iEjCÆWfgF'l:�/Ù¦�n±uj4�:� Ý m+�4�lf¼p q �C�E½W¢5âYá��	s�u+�A�kv[â
pwdx�zyx{+� � �}|U<$�z~��8� �E½5�k�qpe�x�o�Kß��+¢k¢�à�¿ý�kïW×�ß�ïW¢'à:¿b�'¢ká5ß�ïWá�à�¿
Î��E�Wß�ïk¢�à�¿)ÎWákÎ5ß��­á�à�â
�8�b��ä�å�� �ý�)��æ'�e�[���8��Î>ïk×Wêùß Ý jìà:¿%Î�ï5�o�U¿�Î5�k�+×�¿�ÎW¢8�'ê5¿LïW×W½��
ß¹Ù]jèØ�^#v���é-�`â]à:¿(ïk×W¢��W¿RïWêk½��'¿N�+½Wêk¢ùß¹Ù��ë�ëà:¿¬�+½#�kï5¿��­áWêkê5¿ë�+ák¢��'¿
� ïkáW¢5¿Û�W�+Îká5¿�êWÎkê5¿)�W�8Î�¿=�«¢Wá�¿C½kêWÎ5â
� ���.r pr�£ß�ïWáW¢²p�jsa'fùÙ]�ìÙ%v��+àþ� �����/���8ß�®ôug�-Ø.¯¬Ñ+���0��Ï:�

½>ï



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

�³�%Ñ+���)â�_ªÎ#fY½5_��úÒ$Ñ+��\P�À�;à:_Ö�mfÔïW½óß[�nfA×gjUf Ù]j ��Ø�X¹Q3R:X�í Ø�îÀI-Õ­â]à�¿��mfÔïWêóßK�ufA×gjUf Ù]j4��Ø�X¹QzRzX�í Ø�îÀIUÕ+â]à�¿
Î#fY½>ï�u«Î#fYê>ïÐß�ï
�o¿tskÑ8�oâ�_AÎgjUf Ù]j �+��Ø�à ½#fY¢WÎ�u«½#f �'áÐß�ï��k�ufªsWÑ8�3â�_£�ijUfÖ�ìÙ]j�Ø�à�¿ �'f��+áñß¡��fx�'jUf
Ù]jèØ�^#���k�bâ]à�¿À�'fY½W¢ùß¡��fP�tj�¿�Ù]jèØ�^8���k�bâ]à�¿%ê#f¾¢'�Wu«×#f¾á'��ß�ï��k�nfÀsWÑ«�oâ�_¬�ij/f Ý jëà:¿%ê#f4�8×'u'�W�gf��k��ß�ï'�k�uf
sWÑ8�3â�_)��jUf Ý jìà�â
��©�
 �.r pr�£ß[½kÎ p�jsa'f4Ù]�ìÙ%v � à��ª�������}�«�'Î5�gf¾½�ß�Ù]j � Ø�X�Q3RzX�í Ø�îÀI-Õ+â4à:¿kÎ5�mf4�xß¹Ù]j � Ø�X¹QzRzX�í Ø�îÀIUÕ+â]à�¿WÎ8��fY×
ß¹Ù Á+Â ¥:Ã¡Ä�Å®à�¿$ÎWá#fY¢ ß�Ù Á+Â ¥zÃ;Ä�Å à�¿$á>ï#f��tß�Ù]j � ��Ø�à�¿$á>ï�f ïÖß¹Ù]j � ��Ø�à:¿$×Wê�f¾¢Öß¹�ëÙ]jèØ�à:¿�� ï>ï�f��ªß¹Ù]jèØô^8���W��â]à:¿
� ï�ï#f ïÞß�Ù]jèØ�^#���k�bâ]à�¿P� ïk½#fYáÞß¹Ù]jèØ�^#���W�bâ4à:¿P�;ï��'fYÎ5ß�Ù]jèØ�^8���k�bâ]à�¿¤�­ÎWÎ�f¾×Þß¹Ù Á­Â ¥:Ã;Ä�Å f)��é$�¹�8Ø[Õ�Ñ+��Õ­â¾îÀI-Õ­â]à:¿
�+Îká#f ï�ß¹Ù Á+Â ¥:Ã¡Ä�Å´f)��é$���#ØKÕ�Ñ+��Õ+â¾îÀIUÕ+â]à�¿P�+Îk×#fYáeß¹Ù Á­Â ¥:Ã;Ä�Åqf)��é$�¹�8Ø Ý jëà:¿P�3�-�mfY×Þß¹Ù Á+Â ¥:Ã¡Ä�ÅqfC��é$�¹�8Ø Ý jìà:¿%�o�E×#fYá
ß¹Ù Á+Â ¥:Ã¡Ä�ÅqfCÙ�� Ý à�¿)�o�'×�f¾½Öß¹Ù Á+Â ¥:Ã¡Ä�Åqf$Ù�� Ý à:¿)�+½k½#fÔï ß�Ù Á+Â ¥zÃ;Ä�ÅµfCÙ��ì�ëà�¿)�+½W×�f¾ÎÖß¹Ù Á+Â ¥:Ã¡Ä�ÅqfCÙ��ë�ëà:â
��� � �è�kdëß¹Ù]jìÙ%v � à��C�ÔZ�M �Kß¡v�s#�:à:_¼ïW½�ï5ß¡��f¾Î'à:¿�ÎW½W½�ß¡��f ï�à�â

���Xy-�[D	�K=o� � ��È !8"$�ø�/9 6�Ê (�2 � � �0Ê " �[x�� "�&�" � � � � 6 !87-< �;Ê=�3�5� (�2 �;./6�Ê � � 7-æ 6�1«6'=i=+���3=�¬-É ! 6'�
� 6�1 9$(�2 6�=o186 ! �$� æ-�

N

NRN

RN O

H

H

OCH3

O

R = 4-Br-C6H4- 

?A@CBED+F�@)G�F)��ÎWê�H�f-�-Ñ+v�v�sWÑ+v�Ò$Ñ+��V-Ñ8�¹Õ��¹Õ��l�vf)a���^#Òø�­á�� c Ù¶�$Ñ+���oâAf
dP@)fgfeF�h5i'j�ÆWfgF�l��=Ù ­b· j ­[m Ý m � � îÀ� � fCpçq+�)ák¢W½�â��+áªs5u+���Wv[â
pwdx�zyx{+� � �}|U<$�z~��8��ák¢��E�qpe�x�o�Kß��+¢k¢�à�¿eÎk×��Eß[×W¢'à:¿=ïWá'�'ßKÎW¢�à�¿
�+×'�'ß�ïká�à�¿P�#� ï5ß[Îk¢�à�¿P�+á'�'ß�ïk¢�à�¿/�;ïW¢5ßKÎW¢'à:¿)×kÎ5ß[Îká�à�¿Cêkê5ß�ïká�à�â
�8�b��ä�å�� � �)��æ'� �[� �8�ûÎ#�kïWábß Ý jìà:¿$Î�ïWáWÎbß Ý jìà:¿$Î��+¢ká5¿�ïW×káW¢5¿
ïW×�ï5�ùß¹Ù]j�Ø�^8v���éU�)â]à�¿�ïWê'�8Î5¿	�­½W½k½úß¹Ù��ë�ëà:¿ë�­½#�'ê�¿��­½>ïWÎ�¿	�+ák×>ï5¿
�+á8�vï5¿£�o�EêWÎ5¿£�o�Eá5�W¿£�+ÎkÎWê5¿£�+Îk¢#�-¿£� ïkáWá5¿£� ï��+×5¿£�W�­Î5�W¿£�+¢'�'�W¿
�+¢k¢W½5¿`×��8ê�¿Cê�ïW¢�¿=�k�W�'¿)�8¢ká5¿�½WákÎ5â
� ���.r pr�£ß;�'¢W¢�p�jsa'f$�cj V=Ø��-ê'à��������/���8ß�®ôug�-Ø.¯¬Ñ+���0��Ï��`�³�%Ño���)â�_$�gf¾×5_��	Ò¼Ñ­��\P�À�;à:_�Î#fY½W½�u«Î#f4�8×
ß�ï'�k�uf�skÑ8�oâ�_�ÎgjUf]Ù]j � ��Ø�à:¿	á�f¾×k¢�u8½�f¾Îk½ ß�ï��k�nf�sWÑ8�3â�_ª�ijUf	�ëÙ]jèØ�à:¿x½#f¾×�ï�uk�'f¾¢8�þß�ï��8��f�sWÑ8�3â�_�ïmjUf
Ù]jèØ�^#���k�bâ]à�¿��'f �'êÐß;��ftskÑ8�oâ�_ �tjUf�Ù]jèØ�^#���k�bâ]à�¿��'fY×W×�u«ê#fÔïW× ß�ï'�8��ftskÑ8�oâ�_Tïgj�¿�Ù]jèØ�^#���k�bâ]à�¿
×#fYÎ��WuE�+¢�f��+¢bß�ï��k�uf-skÑ8�oâ�_)�ijUf Ý jìà�¿C�+¢�f¾¢�ï�u'�k�mf��W�Öß�ï'�k�uf-sWÑ«�oâ�_)��jUf Ý jìà�â
��©�
 �.r pr�£ß��­¢W¢$p�jsa'f4Ù]�ìÙ%v��:àÖ�
���/�����8��á��mf¾½rß�Ù]j �+�èØ�à:¿¬á�ï#f¾¢rß�Ù]j �o��Ø�à�¿�×k½#f¾êrß��ëÙ]jèØ�à�¿
�W�3��f®�çß¹�ëÙ]jèØ�à:¿��k�#�tf¾¢�uû�k�+ê�f¾½�u}�W�­×#f¾¢'�Wu}�W�+×�f¾¢k×rß¹Ù%Á+Â ¥:Ã¡Ä�Å f���é$�¹�8Ø�îÀ�3à:¿��;ïWÎ#f��#u}� ïWÎ�f¾½'uù� ïkÎ#fY×�u
� ïká#f¾¢£ß¹Ù]jèØ�^#���W�bâ4à:¿)�+Î�ï#f �5uÖ�­Î>ï#fY½�u£�+ÎkÎ#fYá�uÖ�­ÎWÎ#fY×�ß¹Ù]j�Ø�^8���W��â]à:¿��+Îk½#f®��u£�+Î��tf¾ê'uÖ�o�E¢#f¾Î'uÖ�o�U�mfYá�u
�o�EÎ#f¾¢'uÖ�o�Eá#f4�8á�u �o�'á�f¾ê�ï�uÖ�3�5�'f��Aß¹Ù Á­Â ¥:Ã;Ä�Å à:¿)�­½W¢#fY½�uÖ�­½#��f¾×�u �+½Wá�f]�kuA�­½W×#fY×�ß¹Ù��ë�ëà:â
��� � �è�kdëß[�cj V¤à]���0Z�M	�[ß¡v�s#�:à�_XïWá8�-ß;��f®��à:¿�ÎW½'�'ß¡��f ï'à:â

½WÎ



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

���Xy-�[D	�K=o� � ��� " . ��9 6�Ê (�2 � � �;Ê " �bx-� "'&�" � � � � 6 !87-< �0Ê=�3��� ()2 �;./6'Ê � � 7Uæ 6�1­6#=�=+���G=i¬UÉ ! 6 � 6'1 9¼(�2 �
6#=3186 ! �$�U. �

N

NRN

RN O

H

H

OCH3

O

R = 4-I-C6H4- 

?A@CBED+F�@)G�F)�ùák¢ HIfg�-Ñ+v�v�sWÑ­v�Ò$Ñ+�}V-Ñ8��Õ:��Õ�� �vf�a���ï5�+×+Ø#ï�ïW¢ c Ù
ß)�$Ñ+���oâ4àEfødP@)fgfeF�h5i'j�ÆWfgF�l���Ù ­.· j ­¹m3Ý�m � � 
 � fÞprq­�ø½W¢k¢5â��­á
s5u­�A�WvKâ
pwdx�zyx{+� � �}|U<$�z~��8��½k¢5�k�qpe�x�o�Kß��+¢k¢�à�¿ý�E×>ï�ß[áW¢'à:¿=ï>ïk¢5ß;�'¢�à�¿
×WÎ�ß[áW¢'à:¿)½ká5ßK½W¢�à�â
�8�b��ä�å�� �ý�)��æ'�e�[���8��ÎWÎ��+¢ùß Ý jìà:¿%Î�ïW½W½�ß Ý jìà�¿%Î>ï��W�W¿ôÎW¢��«×
ß¹Ù]jèØ�^#���W�bâ4à:¿�ïW×káW¢Öß¹Ù]jèØ�^#v���é-�`â]à:¿$�8�8Î5�ªß¹Ù��ë�ëà:¿��+½kêW×Öß¹Ù��ë�ëà:¿
�+½ká#�wß¹Ù�� Ý à�¿ë�+½WÎ8�-¿x�+áWêk¢5¿x�+áWÎ�ï5¿	�3�'ê5�k¿��3�'¢W¢�¿��;ïWê��E¿	� ïk¢>ï5¿
�W�8�8×5¿Û�+¢W¢8�-¿�ê>ïk¢5¿�½W½#�Uâ
� ���.r pr�£ß;�'¢W¢�p�jsatf'�cj V=Ø��-ê�à �Ö�����/���8ß�®ôug�-Ø.¯¬Ñ+���0��Ï:�)�¸�%Ñ+���`â]_9ï�f¾½ª_¼�¬Ò$Ñ+�G\P�À�¡à�_'Î#fY½Wá�u«Î#f4�8ê
ß�ï'�k�uf�skÑ8�oâ�_�ÎgjUf]Ù]j � ��Ø�à:¿	á�f¾êk×�u8½�f¾Îká ß�ï��k�nf�sWÑ8�3â�_ª�ijUf	�ëÙ]jèØ�à:¿x½#f]�«ê�u«½#f¾×k¢
ß�ï��8��f�sWÑ8�3â�_�ïmjUf
Ù]jèØ�^#���k�bâ]à�¿=�tf¾ák×«ØNê#f��+½bß¡��Ñ+�-��Ñ­��ÑP�'��sk÷$^#v�Ñ'fCskÑ8�oâ�_C½gjUf/Ù]jèØ�^#���W�bâ4à:¿�×#f¾Î8�5u«×#f¾×8�Þß�ï��k�uf�sWÑ8�3â�_��ijUf
Ý jìà�¿C�+¢�f¾¢'�Wu'�k�mf��+¢bß�ï'�k�uf-sWÑ«�oâ�_)��jUf Ý jìà�â
��© 
 �.r pr�£ß��­¢W¢}p�jsa'f4Ù]�ìÙ%v � à�� ���/�����8�ªáW¢#fYáóß¹Ù]j � ��Ø�à:¿ªáW¢�f]�þß�Ù]j � ��Ø�à�¿têk½#fY½�uÓêWê�f¾Î'u
êW×�f ï�u�êk×#f4�ùß¹Ù%Á­Â ¥:Ã;Ä�Å f¦��é$���#Ø�
�à�¿¬×Wá#fYêúß��ìÙ]j�Ø�à�¿ì�k�+Î�f¾Îúß��ëÙ]jèØ�à�¿ë� ï>ï�f®��uù� ï�ï#fY×�uû� ïkÎ#f��#uû� ï8��f��
ß¹Ù]jèØ�^#���W�bâ4à:¿	�­ÎWá#fYê�uw�­Î��tf��#uÓ�­ÎWê#fYÎ�uÓ�+Îk×#fYÎ�uw�­ÎW×#f �5uÓ�o�E¢#fY¢�uw�3�vï#fY¢�uÓ�o�Eá#fYÎ�uw�3�'á#f �5uÓ�o�E½#fÔï
ß¹Ù Á+Â ¥:Ã¡Ä�Å à�¿)�+áW×�f¾½'uÖ�+½8��f¾¢'uA�­½#��f¾½�u �+½Wê�f¾×Öß¹Ù��ë�ëà:â
��� � �è�kdëß[�cj V¤à]���0Z�M	�[ß¡v�s#�:à�_-ÎW½'�'ß;��f ï'à:â

����9 ¹7�"!�8�� *��"(b& % � º©»4�"*½¼��"*�!#% 8�� �$02% !76$& !�8�� � (��#�7¾

:";��G;;* D	6�= æ89/! 6��¡È�É/Ê"��./6 ! | 6 ! =+É æ89 6 7 ÉL= ä È{= æ#9 Ê���1+1�y";¡*
D	6#= æ#9�! 65�;È�É/Ê"�Þ.�6 !I¿Ö� =­6�1 < É�Ê"��> " Ê$D	6�Ê <'7U2 .�6 9$( . � �01A*�R$È �
ïW½k½ÀM N ß��~MPMPQWV¡à Ý f ÝUÁ Ø�îÀ�0�3ß¡é5ØKÕ��kv�ï�v¡à¡ØK�l�-^8v0^8�t�A�5��÷ *�R¼È JÀÑ+�[�5Ñ+÷}a+I���^#���AÑ+÷r�A��Õg¢#fÔïÂM�V
îÀÑ+÷�a8^8v��5Ñ­�5ï���I-÷Z�bÑ+��÷UÑ+�ÄÃ)���ké#e;Ñ+÷7Å'�k÷�a'â"jìÙ%vÛ��÷�ÎW¢7M�V�® Õ��$^#÷U�WvÀIU÷5Õ�Ñ+��\c^�Å�Ï¥Å'`$I-LÖÑ+���-��Õba+Õ+â
����Ñ îÀ��v���I-÷-sw�5Ñ8�ëÑ+÷5Õ��¹é-��Ñ8Ï:�-Ñ+÷Z�5Ñ­÷b�#ÆtØ�
[�A���U^ a+�kv0� , 7eÑ+����Ñ+�0Ï:��Õ�÷$^kÏz� Ï+^5âÛáýSgÑ+��÷½pb^ �����ªI-�
k'�W÷�Ñ+Õ�J�^gÎW¢�H�fPJÀ�kÒ$Ñ+� ����Ñ£^#÷$^8v�ï�Õ��Ô��Ï:�-Ñ+÷Ç��^#Õ�Ñ+÷wß)��Ïz�-��Ñ+vXa+éUI-÷�Å�ÕufLpC�Zf Ý p�\ à/�5Ñ­�A�bd#I-v�Ñ+÷5Ø
Ïz�U���W� ^#Õ��ksW��^#é-�-�Ô��Ï:�øß)Y�^8I#e;�A��Õ�Õ�Ñ+vK_ZÃ=�kv�I-�kv�f"\ h _)¢#f4�WàN^#Ò-skÑ+Õ���Ñ+÷-÷�Õ�Ñ+÷��%Ñ+��Ò-��÷T�5I-÷-s , 7��A��Õ4�5Ñ+÷
��÷g�®��f�á#f�Î8�W�Û^#÷-skÑ+sWÑ+Ò$Ñ+÷UÑ+÷�^-Ò$Ñ+��Ñ+��÷��¹Õ����A�ªÑ+÷)â

½#�



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

R = 4-H3C-C6H4- 

N

N

NR

NHR

C6H5

È �.É/Ê F5h�Ë�l �nÌ¼�lÍKÎ � G�j¼lSË5l���fC�KhPj#Ï �.Ð)�lÍKÎ � G�j¼lSË5l��KfC�[hÛj#Ï �.ÐC���
�[f�� Ì �ZÑ'j¼l Ð ���

�ù���[�Ò����ÑÓ\èÑ8^lÅ5Õ����k÷$�¹vAW'�¹IU÷-s�Ô�Ñl�5��Ï:�óJÀÑ­��Õ�Ñ­��ÑÓ�+¢W¢óSóÑ­���-��Õ.a+Õ�f	�¹�
k'Ñ+������÷-skÑ+��Õô�¹�ÔÏz������ÑëM��k÷�a+Ñ+÷�Õ���^#Õ����W÷£^8÷ , 7��5��^W�¹Õ��0��Ïz�ÖI-÷Z�Ö^8�Õ®P÷Z�5Ñ
�5Ñ+��\�Ñ8^lÅ5Õ����W÷~Åk^#÷-÷Ö�5��ÑÇ�%Ñ+��Ò-��÷Z�5I-÷Us �$> �bd#I-v�Ñ+÷$Ï:�-���k�Ö^#Õ��WsW��^#é-�U�0��Ï:�
^8Ò-sWÑ­Õ���Ñ­÷-÷5Õ�JÀÑ+�[�5Ñ+÷
ß)Y�^8I#e;�A��Õ�Õ�Ñ+vK_�Ã=�kv�I-�kv¤ux�¬ÏoÑ+Õ��W÷g�+¢Ö_C�gf3\�hÛ_$¢#f®��à:â

���Eª 9 65Ê (�2 �[x�� � ��1 "$2�(�2 �o��� � ��1 "$2�(�2 � � �0Ê " �3�C�Ax-��./� 9¼( . !8" ��� � �;. 7-<'"$2 ��,�� " Êò�$> �

R = 4-H3C-C6H4- 

N

N

O 

NHR

H

C6H5

R

?A@CBED+F�@)G�F)���­½�HIfÀ�UÑ+v�v�sW�.^U÷-Ñ+��V�Ñ«�¹Õ:��Õ��l��fôa��Bï��+á«Øðï5�8� c Ù�f�dÛ@)f �
feF�h5iEjCÆWfgF'l:�/Ù]× � j4× ­ Ý �uØ fCp q ��ÎWáWá�f®�k�As5u­�A�WvKâ
pwdx�zyx{+� � ��|U<$�z~Þ�8�$ÎkáW½��qpe�x�o�Kß��+¢k¢�à�¿CÎ�ï>ï5ß��+á'à:¿�ï>ï5�kß[Îká�à:¿`êW×5ß��+á'à:â
�8�b��ä�å�� �£�`��æ'�e�[���8�¦ÎWÎ5�3��ß Ý jìà�¿)ÎW¢kÎ>ïøß¹Ù]jèØ�^#���W�bâ4à:¿�ïk×>ï5�gß¹Ù]j�Ø
^#v���é-�)â4à:¿¼ïWêW½ká5¿P�­½W×k×�ß¹Ù�� Ø à:¿)�­½WÎW×£ß¹Ù�� Ý à:¿��+½��+Î5¿��+á��o�U¿P�+Îk×5�W¿�ê5�­½5¿
½W×kÎ5â
� ���.r pr�£ß;�'¢W¢�p�jsa'fZÃcj V=Ø��-ê'à¬�Þ�������}�«��ï#fÔïWÎ�u7ï#f ïkábß�ï+Ùk�nfCsWÑ«�oâ�_
½mjUf4Ù]j �¹Ø�Ã=�kv[â]à�¿¬½#f¾½k½úßK�uf���jUfÀØ�Ù]j ¥:§;¨ À�Å à�¿��'fY¢Wáûß¡��f%�'jUfRï'Ù�Ù]jèØ�Ã=�kv[â4à:¿��tf ïWáûß¡��f%sWÑ«�oâ�_ôámjUf
Ù]jèØ�ÿ �UÑ+÷5ï�v[â4à:¿$�'f®�E× ß;��f�ïmjUfCÙ]j�Ø�Ã)�WvKâ]à:¿$�'fYêW¢Öß¡��f¼ïmjUf$Ù]jèØ�Ã)�WvKâ]à�¿$ê#f¾½k½ ßK�uf)��jUf Ý jëà:â
��©�
 �.r pr�£ß��­¢W¢7p�jsatf�Ãcj V=Ø��-ê'à	�û�����/���8��ïW¢�f]�«á�u=ïk¢#f]�«êòß�ï+Ù'Ù]j � Ø�Ã=�kv[â]à�¿%ê>ï�f¾ê�ß�Ù]j�¥z§;¨ ÀxÅ ¿
�W�­×#f ï'uø� ï��mfY½�u�� ïW×�f¾×øß¹Ù]jèØ�Ã)�Wv[â4à:¿¦� ï��tf¾ê'uÞ�;ïW×#fÔï�u�� ïk×#f]��ß¹Ù]j�Ø�ÿP�-Ñ+÷`â]à:¿¦� ïk×#f¾¢'uÞ�­Î>ï�f��#u��+Îká#fYÎ�u
�+Îká#f®��uÖ�+Îkê#f �5uÖ�­ÎWê#fY× ß�Ù Á+Â ¥zÃ;Ä�Å à:¿)�­áWÎ#fYê ß�Ù�� Ý à:¿)�­½W¢#fY½ ß�Ù�� Ø à�â
��� � �è�kdëß¹Ù]jìÙ%v � à��C�ÔZ�M �Kß¡v�s#�:à:_¼ïWê'�'ß¡��f¾Î'à:â

:";��G;0� | "$! = æ89/! ��ü�1 < É ! < ( Ê$1 9 6#=+6�> " Êù, 7g7 ÉL= ä ÈL= æ89 Ê/�01+1�y�;0�
ïW½k½5M Nùß���MPMPQWV;à Ý f ÝUÁ Ø�îÀ�Ô�oß;é5Ø[Õ��Wv�ï5v;à[�l�-^8v�^#�ª���5��÷ *�R$È JÀÑ+�[�5Ñ+÷7a­I$��^8�A�AÑ+÷g�A��Õ �+×#�ÚM Nùß��
MPMPQWV¡à�îÀÑ+÷�a+�kÕ����0Ï:�-v��k�����ÞI-÷T�úÎk¢W¢�M Nrß�ï�f]�ÚMPMPQWV¡àªMë^#v���I-�ªØ:X�Q3R:X¹í ØKÒ-I-Õ�^#÷-�kv0^#ÕÖ��÷ûÎW¢�M�VìskÑoØ
Õ�����Ï¥Å�÷-Ñ+Õ�Ñ+�ÛÃcj Vú�­¢ S�IU÷5Õ�Ñ+� \c^$ÏEÅ+`�I-LtÑ­���-��Õ.a+Õ­âZ����Ñ/\�Ñ8^ Å�Õ����W÷$��vXW'��I-÷-sÖJ����[� Ñ+��÷-sWÑ­Ñ+÷-sWÕ�fZ�5Ñ+�
k'Ñ+��ÒUv�Ñ+��Ò¼Ñ­÷Z�5Ñv\_^$ÏEÅU�¹Õ:^8÷Z�ë�.d8I-v�Ñ+÷�Ïz�-���W�Ö^8Õ��ksW�:^8é-�-�Ô��Ï:��sWÑ+��Ñ+��÷U��sWÕÛß)Y�^8I#e;�A��Õ�Õ�Ñ+v�_lÃ)�Wv�I-�Wv-u¦�¬ÏoÑ+Õ��W÷
�+¢Ö_)�mfZ\�hÛ_$¢#f¾×'àEfZ�5��ÑëÿP�����5I�Å5Õ�e;�:^ Å�Õ����W÷£Ñ+��÷-skÑ+Ñ+÷-skÕ�I-÷Z���-^k�è��ÆtØ�
������-^la+�Wv , 7�^8I$����Ï3Ñ+Õ��k÷-��Õ�����v
I-�IÅ����Ô�¹Õ:^8v�v��0�¹��Ñ+��Õ­â5?�@CB'D+F�@)G�F)���+ák¢�M N , 7AÑ+÷5Õ��¹é-���0Ï:�5Õ¦�'ÎAHIfZ��Ï:�-�AÑ+vAa+é-I-÷�Å�ÕPI-÷T� ��é$ÑiÅ5Õ����E�)Å'�#Ø
é-�0��Ïz�UÑU�N^#Õ�Ñ­÷)_$�¹��Ñ+�-Ñ	� ��f�á#f�Î8�W�Kâ

½Wá



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

:";��G;Ax D	6�= æ89/! 6��¡È�É/Ê"��./6 ! | 6 ! =+É æ89 6 7 ÉL= ä È{= æ#9 Ê���1+1�y";Xx
äA2;2 ��6 � 6��;Ê/6«| "¼! = æ89�! �Ôü�1 < É !I¿Ö� =+6'1 < É�Ê���> " Ê$@g�X@�B]��./�F=+É�È{=318��1«É/�;6 ! 186'Ê5Ü &�7U2¡7-� �;./�0�
Ê/6�Êr*�R � ��1 ä	æW(�2;æ89/2;"$! �;.�65Ê
| 7-! � 7 Ê¼186 ä � yë(�æ'2 �F=+�¡6 ! É/Ê"� � �01�=o1 7-!lz 65Ê�D 7 =+6�Ê �¤�JMPMPQWV��5Ñ8�¬Ñ+÷5Õ��¹é-��Ñ8Ï:�-Ñ+÷Z�5Ñ­÷ Ø �U^#vÔ^«Ø
�A������÷$� *�R J����E�	��÷ªÎk¢IM�V3Å'Ñ+Õ�ï�v���Ñ+��Õ�Ñ+�©Ãcj4VýI-÷�Õ�Ñ­�_��Ïz��I-Õ.a­s'^W��^#Õ��A�'��é-�Zd#��Ñ�sWÑ+vAW'��Õif�ïIM�V��mfY¢Ý�
÷5Ø�îÀI-Õ�ï5v�v���Õ��-��IU�Av´W'�¹IU÷-s	��÷Ö÷5Ø�j�Ñi�U^#÷£J����E��a+I-skÑ+sWÑ+Ò$Ñ+÷£I-÷Z���Ö^8÷Öv�d#LkÕ��­¢Ip���÷�I-Õ�Ñ+÷ÖÒ¼Ñ­��\¬^#I-�ªØ
Õ�Ñ+��é¼Ñ­�:^#Õ�I-�]\_^U�-��Ñ+÷`â-��÷$��Ïz�Uv���Ñ­LWÑ+÷Z�ª�¹Ñ­Õ.a+Õ¦�Ö^#÷ªÑ+��÷UÑ�^8v����'I-�kÕ�Ñ+÷�p�Ñ­÷-sWÑ���Ñ8�¢Å'�k����Ñ«�¹é$�W÷Z����Ñ+��Ñ+÷5Ø
�5Ñ+÷ ��Ïoï�v0Ï:�-v��W���S�5Ñ8��a+I�ßK�%Ñ+���Td#v�Õ�÷-�0�3_W�4MPQWV Ø �U^#v0^8�A������÷�é-���PMPQWV3�+d#I-��Ñ8Ïz�Uv��W������Ø�V-I-÷�Å�Õ����W÷Cà�â �$I-�
�%Ñ+�.k'�kv�v0��ÕEd8÷Z�5��skI-÷-s��5Ñ+��\�Ñ8^ Å�Õ����W÷£J����E�w�-^W�4\èÑ8^lÅ5Õ����k÷$�¹skÑ+�A�0��Ïz��á SÖI-÷�Õ�Ñ­� \c^$ÏEÅ+`$IULtÑ+���-��Õba+Õ+â
����Ñ�\èÑ«^ Å�Õ����k÷$�¹vAW'��I-÷-sÞJ����E��^8÷$��Ï:�-v���Ñ+LkÑ+÷Z�ÞÅ'�k�Aé-v�Ñ+Õ�ÕxÑ+��÷-skÑ+Ñ+÷-skÕtIU÷Z�5�-^k�tÑ+÷�Õ:��Õ:^#÷T�5Ñ+÷-Ñ£�#ÆtØ

[�A���-^la+�Wv , �A��Õ�Õ�Ñ+v0����d8I-v�Ñ+÷�Ïz�-���W�Ö^8Õ��ksW�:^8é-�-��Ñ�sWÑ+��Ñ+��÷U��sWÕNß)Y�^8I#e;�A��Õ�Õ�Ñ+vÛ_ZÃ=�kv�I-�kv¡u«��ÏoÑ­Õ��W÷��+¢5_��#à�â
| 7-! � 7 Ê¼186ÇDA� yë(�æ'2 �K=+�;6 ! É�Ê"� � �01�ª (�! �¡.��¡Ê 7-2 =wß�� 2 ü)=+È 7 =+6 �¦�'MPMPQWVc��Ñ8��Ñ+÷5Õ��¹é-��Ñ8Ï:�-Ñ+÷Z�5Ñ­÷
Ø �-^8v0^#�����5��÷$� *�R J����E�7a+I$��^#�A��Ñ+÷e����ÕA��M�V¬Õ�����Ï¥Å'Ñ+÷UÑ+� ÿPï����S�5��÷Þ��÷�ïW¢ÇM�V�sWÑ­Õ�����ÏEÅ�÷-Ñ+Õ�Ñ­�
Ãcj VùsWÑ+vAW'�¹Õ­â���÷$��Ï:�-v���Ñ+LkÑ+÷Z�b�¹Ñ­Õ.a+Õë�Ö^8÷=ï7MPMPQWV]�5Ñ8� Å'�W����Ñ8��é¼�k÷Z�5��Ñ+��Ñ+÷T�5Ñ+÷���Ïoï�v0Ï:�-v��W���S�5Ñ8��a+I
I-÷Z�eÑ­���-��Õ.a+Õ�Ñ­��÷-ÑI�'Õ�I-÷Z�5Ñ	IU÷5Õ�Ñ+�/\_^$ÏEÅ'`$I-L-â�����Ñ�\�Ñ8^ Å�Õ����W÷$��vXWE�¹I-÷-s£J����[��Å'�k�Aé-v�Ñ­Õ�Õ�Ñ+��÷-sWÑ+Ñ­÷-sWÕ
I-÷Z�I�U^W�¤Ñ­÷5Õ��¹Õ:^8÷Z�5Ñ+÷UÑ���ÆtØ�
������-^la+�Wv , �.d#IUv�Ñ+÷$Ï:�-���W�Ö^8Õ��Wsk�:^8é-�-�0��Ïz�ªsWÑ­��Ñ+��÷-��skÕ�ß)Y�^8I#e;�A��Õ�Õ�Ñ+vK_mÃ)�#Ø
v�I-�kv¡u«��ÏoÑ­Õ��W÷g�­¢5_��8à:â

���Eª 9 65Ê (�2 �3�5� ��� ��1 "$20(�2¡7-� �0Ê "C� ��,�� ��� ��1 "¼2�(�2 � � �0Ê "C� �:, � ��� � �;. 7U<'"¼2 , 7��
?A@CBED+F�@)G�F)�-�8á�HÓßK�¦^#���0^#÷�Õ�Ñ¦�ìà[f ��Ï:�-�AÑ­vXa+é-IU÷�Å5Õ$I-÷T���¹é$ÑiÅ�Õ����'��Å'�Wé-�Ô��Ï:�-Ñ]��^#Õ�Ñ+÷)_k�¹��Ñ­�-Ñ¬�®��f�á#f�Î#�k�[â

*$�Xx)�0��� åÀ! �F=o� � �5� � ,-� G�F5ÆkG:Ç ��È/É)1 (�20�/9 6�Ê (�2;7-� �0Ê "`� �:,-� � ,-� G�F�ÆWG�Ç ��È/É)1 (�2;�/9 65Ê (�2 � � �0Ê "C� ��, � �
� � �;. 7U<'"¼2 �o��� (�2[� �:È%6�Ê < 6�ÊÞ,$È �

R =

N

N

N

N 4 -C6H4 -C(CH3)3

H

4 -C6H4 -C(CH3)3

R

RR

?A@CBED+F�@)G�F)� ïk× H ßK�¦^#���0^8÷5Õ�Ñ �ìà[f
���kÕ�Ñ M����Ô�¹Õ�^#v�v�Ñ'f a��Êï'�9ï c Ù¬ß��$Ñ+�:�3â]àEf
dP@)fgfeF�h5i'j�ÆWfgF�l��/Ù ± § j Ü�m Ý ­ ×lfCp q �
�W�­áWÎ5âYá��ªs5u­�A�WvKâ
pwd/àzyx{+� � ��|U<Zàz~Þ�8�ª�W�­á>ï5ß��+¢k¢�à:�µp Ø
�o�K¿ �+¢W×ká5ß;�'á�à�¿ �­¢W¢kê5ß��­¢�à�¿ êW×k½5ß��­¢�à�¿
ê>ï��Wß�ïk¢�à�¿)á��«½5ß��­á�à�¿)á>ïk¢5ß[Îk¢�à�â
�8��à�ä�å�� � �"à�æ'�e�K���8� ÎkÎ>ï�� ß;Ò-�+âAf
Ý jìà�¿)ÎW¢k½WêÞß¹Ù]j�Ø�^8���W��â]à:¿�ïW×Wák½eß�Ù]jèØ�^8v���é-�)â]à�¿�ïW×k¢W¢�¿(ïWêW½k×5¿¦�+½>ï'�gß¹Ù�� Ý Ø�à:¿P�­áW×k×5¿��+á'�8Î�¿À� ïk×5�k¿
êWÎ8�-¿)�8Î��Eâ

½W½



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

� ���.r pr�£ß;�'¢W¢�p�jsa'f�Ãcj V=Ø��-ê�àô��à.áLá/���8���mfYÎW×Öß[�uf�á#�tjUf)Ù]j �¹Ø:X�Q3R:X¹í Ø�îÀI-Õ�ï�v¡à:¿C�tf¾áká ß;��fC�;ïmjUf
Ù]jèØ�^#���k�bâ]à�¿-ê�f��+êÖß¡��f¼�;ïmjUf)Ù]jèØ�^#���W�bâ4à:¿�×#fYêW¢Öß[�uf$ÎgjUfCÙ]jèØ�^#���W�Ö^8Õ+â]à�â
��©Tâ �.r pr�£ß��­¢W¢¶p�jsa'f/Ãcj V=Ø��-ê�àý�ãà.áLá��}�«�	Î5�gf]�8á
ß�Ù]j ��Ø�X�Q3RzX�í Ø�îÀI-Õ�ï5v;à:¿ëÎWá�f ïká ß¹Ù%Á­Â ¥:Ã;Ä�Å à:¿
� ï8��f¾êk¢�ß¹Ù]j�Ø�^8���W��â]à:¿¦� ïk½#f®�kïòß�Ù]jèØ�^#���k�bâ]à�¿À�­Î#��fYê5�Þß�Ù Á+Â ¥zÃ;Ä�Å®à:¿¦�+ÎWá�f¾×k¢�ß¹Ù Á+Â ¥:Ã¡Ä�Å®à�¿��+áW¢�f ïkêòß;Ò-�+â
Ù Á+Â ¥zÃ;Ä�Å®à:¿)�­êWê#fYÎW½�ß�Ù Á+Â ¥zÃ;Ä�Å®à:â
��� � �è�kdëß¹Ù]jìÙ%v � à��C�ÔZ�M �Kß¡v�s#�:à:_¼ïW½k½ ß;��f]�kà:¿$Îká#�£ß¡��f4�Wà�¿-�-�+½£ß¡��f4�Wà�¿-�'×WáÖß¡��f]�kà:â

*$��,-�[D	�K=o� à ��� à ,-� G�F�ÆWG:Ç �:È�É=1 (�2�á�9 6�Ê (�2;7-� �0Ê "C� �:,-� à ,-� G�F5ÆkG�Ç �:È�É=1 (�2Fá�9 6�Ê (�2 � � �0Ê "`� �:, � �
� � �;. 7U<'"¼2 ����� (�2[� �:È%6�Ê < 6�Ê�6A, æ-�

R =

N

N

N

N 4 -C6H4 -C(CH3)3

H

4 -C6H4 -C(CH3)3

R

R

?A@CBED+F�@)G�F)�ûá>ï H ßK�¦^8���0^8÷5Õ�Ñ �ìàEf��5IU÷5Ø
Å'Ñ+v����WÕ�Ñ+� V-Ñ8��Õ:�¹Õ�� �vf a£��Î��+¢ c Ù¬ß)�$Ñ­�:�oâ4àEf
dP@)fgfeF�h5i'j�ÆWfgF�l��ÀÙ]§ × j4§ Ü:Ý�Ü fPp q _]�8×ká5âY¢Wê
s5u­�A�WvKâ
pwd/àzyx{+� � ��|U<Zàz~Þ�8� �«×W½5ßK½W¢'à:�qpe�x�3�[¿
�'ê��Wß��­¢W¢'à:¿ �kïWÎ�ß�ïW¢'à:¿ ï>ïkÎ5ß��+á�à�¿ �#�8½�ß��­á�à:¿
�+ák¢5ß¡�Eá�à�¿P�+Î8��ß��+á�à�¿C×8��ß;�'¢'à:â
�8��à�ä�å�� � �"à�æ'� �K� �8�ÖÎkÎWáWÎóß Ý jìà�¿	Î5�­×Wá5¿
ÎW¢k×5�bß¹Ù]j�Ø�^8���W��â]à:¿�ÎW¢kÎW½�¿�ïW×k½W¢gß¹Ù]jèØ�^#v���é-�)â4à:¿�ïW×k¢#�-¿@ïWêk½Wê5¿¦�+½k×��bß�Ù�� Ý Ø�à�¿P�+½�ï5�k¿À�+á'�8á�¿À�+ák¢��E¿
�o�E¢WÎ5¿Û�+Î5�8�'¿�� ï'�8×5¿�êWÎk½5¿)�9ïkê5â
� ���.r pr�£ß;�'¢W¢�p�jsatf'Ãcj V=Ø��-ê�à �Ià.áLá��}�«�C�mfYÎ�� ß[�uf�Îk½mjUf-Ù]j � Ø:X�Q3R:X¹í Ø�îÀI-Õ�ï�v¡à:¿��'f¾ák¢tßK�uf'Ò-�ifEêmjUf
Ù]jèØ�^#���k�bâ]à�¿-ê�f¾¢WÎÖß[�nf-Ò-�if$êgjUfCÙ]jèØ�^#���W�bâ4à:¿�ê#f��+áÖß[�uf-ÒU�if-�'j/fCÙ]jèØ�^8���k�bâ]à�¿-ê#fY½W×Öß[�nf!ïmjUf Ý jìà:â
��© â �.r pr� ß��­¢W¢Pp�jsa'ftÃcj V=Ø��-ê�à ��à.áLá��}�«�-ÎW¢�f]� ß¹Ù]j � Ø:X�Q3R:X¹í Ø�îÀI-Õ�ï�v¡à:¿�Î8��f¾Îªß¹Ù¬ß�p�ÑWà � à�¿C� ïkÎ#f4�
ß¹Ù]jèØ�^#���W�bâ4à:¿	�;ïWá#fYá
ß¹Ù]jèØ�^#���W�bâ4à:¿	� ïk×#fYêãß¹Ù]jèØ�^#���W�bâ4à:¿	�3�'¢#fYÎ5¿A�3�'×�f ï5¿��+½#��f¾á�¿A�+½k½#f ï�¿A�+ê'�'f��
ß¹Ù�ï+Ø�
[�A�S�-^ a+�kv¡à�â
��� � �è�kdëß�Ãcj V¤à]���0Z�M	�[ß¡v�s#�:à�_Xï��«ê5ß;��f¾á'à:¿�ÎWá��Wß¡��f¾á'à:¿$�-�+ê�ß¡��f¾á�à�¿¼�k�5�Eß¡��fYá�à�¿)áW¢ká5ß¡��f¾½'à:â

½��
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�������[D	�K=o� à ��� à ,-� G�F�ÆWG:Ç �:È�É=1 (�2�á�9 6�Ê (�2;7-� �0Ê "C� �:,-� à ,-� G�F5ÆkG�Ç �:È�É=1 (�2Fá�9 6�Ê (�2 � � �0Ê "`� �:, � �
� � �;. 7U<'"¼2 �o��� (�2[� ��1 9 � "Zá/9 65Êø,$. �

R =

N

N

N

N 4 -C6H4 -C(CH3)3

H

4 -C6H4 -C(CH3)3

SR R

?A@CBED+F�@)G�F)�
Î�ï H ßK�¦^#���0^8÷5Õ�Ñ �ìà[f
Õ���Ñue;���kÕ�Ñ M����Ô�¹Õ�^#v�v�Ñ'f a��Ñï5�W�:Ø#ï�� ï c Ù�f
dP@)fgfeF�h5i'j�ÆWfgF�l�� Ù]§ n j § o Ý�Ü � ­ f
prq­�)êW¢��mf��k��s5u­�A�WvKâ
pwd/àzyx{+� � ��|U<Zàz~Þ�8�$êk¢>ï�ß��+á'à:�µpe���3�[¿
½5�­×5ß��­á�à�¿-áWêk½5ß�ïW¢�à�¿5�EêW½5ß�ïWá'à:¿C�­áW¢�ß��+¢k¢�à�¿
�+Î8�-ß¡�E¢�à�¿)×#�Uß[áW¢'à:â
�8��à�ä�å�� ���"à�æ'���K���8�PÎkÎ#�'¢gß Ý jëà:¿�ÎW¢W½8�Þß�Ù]jèØ�^8���k�bâ]à�¿�ïk×WáW½gß¹Ù]jèØ�^#v���é-�`â]à:¿�ïW×k¢#�U¿�ïkêW½kê5¿%�+½�ï>ï
ß¹Ù�� Ý Ø�à:¿)�­á5�+Î�¿/�;ïW½kê5¿)êkÎ#�-¿)�+�EÎ5¿�½W½kê5â
� ���.r pr�£ß;�'¢W¢�p�jsa'f�Ãcj V=Ø��-ê�àô��à.áLá/���8���mfYÎ���ß[�uf�ÎW½gjUf)Ù]j � Ø:X�Q3R:X¹í Ø�îÀI-Õ�ï�v¡à:¿C�tf®�Eê ß;��fC�­¢mjUf
êmj�_CÙ]j�Ø�^8���W��â�¿Xïgj�_CÙ]jèØ�ÃÀ�-���ké-�-Ñ+÷�à:¿$ê#fY¢W¢Öß¡��f�êgjUfCÙ]jèØ�^#���k�bâ]à�â
��© â �.r pr�£ß��­¢W¢¶p�jsa'f/Ãcj V=Ø��-ê�àý�ãà.áLá��}�«�	Î5�gf¾áW½
ß�Ù]j � Ø�X�Q3RzX�í Ø�îÀI-Õ�ï5v;à:¿ëÎWá�f��­× ß¹Ù Á­Â ¥:Ã;Ä�Å à:¿
� ï8��f]�«×�ß¹Ù]j�Ø�^8���W��â]à:¿¦� ïk½#f ïkÎ5ß�Ù]jèØ�ÃÀ�U���WéU�-Ñ+÷Cà�¿��;ïW½#f �'áøß¹Ù]jèØ�^#���W�bâ4à:¿¦�+Î#��f¾êkêòß�Ù Á+Â ¥zÃ;Ä�Å à:¿��o�Eá#f��
ß¹Ù Á+Â ¥:Ã¡Ä�Å à�¿)�o�'ê�f��­ê�ß¹Ù Á+Â ¥:Ã¡Ä�Å à�¿C�+ák¢#fYÎWê�ß�Ù Á+Â ¥zÃ;Ä�Å à:¿)�+ê�ï#fYêW½Öß¹Ù Á+Â ¥:Ã¡Ä�Å à:â
��� � �è�kdëß¹Ù]jìÙ%vS�zà��C�ÔZ�M �Kß¡v�s#�:à:_¼ïW×kê5ß¡��f®��à:¿$�W�'½�ß¡��f¾á�à�¿¼���8×�ß¡��fYá�à�â

��� G�F5ÆkG:Ç �[D	É=1 (�2 �o��� à ,�� � 6W1 9$(�2Ká�9 6�Ê (�207U� �¡Ê "C� ��,-� à ,-� � 6'1 9¼(�2�á�9 6�Ê (�2 � � �;Ê "C� ��, � �
� � �;. 7U<'"¼2 ,$6 �

R = 4-H3C-C6H4- 

N

N

NR

NHR

?A@CBED+F�@)G�F)�/�«¢ HñßF�¦^#���Ô^#÷�Õ�Ñxî�àEf��W��^#÷-skÑªM ���0��Õ:^#v�v�Ñ'f�a��Û� ï��3Ø:�;ïW×kc#Ù�f
dP@)fgfeF�h5i'j�ÆWfgF�l��=Ù × ­ j × m+Ý¬m f$prq+_$ÎkÎ>ï�â®�W��s5u+���Wv[â
{oå/ä < àzyx{+� � ��|U<Zàz~Þ�8�UÎWÎkÎ5ß��­¢W¢'à:�qpe�x�3�[¿�Î5�#�Eß�ïká�à:â
�8��à�ä�å�� �£��à�æ'� �[� �8�¦ÎWÎWá�ïòß Ý jìà�¿)ÎW¢kÎ>ïøß¹Ù]jèØ�^#���W�bâ4à:¿�ïk×W½#��ß¹Ù]j�Ø
^#v���é-�)â4à:¿(ïk×5�#�E¿�ïWêk½Wá�¿��+½��+¢5¿N�+á��«×5¿��­á#�U�W¿��­á5� ï�¿��o�EêWê�¿��+Îk¢WÎ5¿N�W�+á�ï5¿
�+¢'�W�'¿`ê5�+½�â
�o���.r pr�£ß�ïWáW¢$p�j�a'f Ãcj V)Ø��-ê'àb�åà.áLá��}�«�t�gf¾ÎWêrßK�ufë×gjUf�Ù]j � Ø
X¹QzRzX�í Ø�îÀIUÕ¹ï�v[â4à:¿¼ï#f¾Î8��ßK�uf$½gjUf¼Ù]j � Ø�Ã=�kv[â]à�¿C�'f��+×Öß¡��f'�'j/fCÙ]jèØ�^8���k�bâ]à�¿��tf¾ê'�Aß;��f5�tjUf¼Ù]jèØ�^#���W�bâ4à:â
��© â �.r pr�£ß��­¢W¢Up�j�a'f'Ãcj V=Ø��-ê'à%��à.áLá/���8��ï��mf¾¢ªß¹Ù]j � Ø�Ã)�Wv[â4à:¿�ïWê�f ïªß¹Ù]j � Ø:X�Q3R:X¹í Ø�îÀI-Õ�ï�v[â]à�¿WÎk½#fY×
ß¹Ù Á+Â ¥:Ã¡Ä�Å f�Õ�Ñ+��Õ+â Ø�îÀI-Õ�ï�v[â]à�¿-� ï8��fY½Aß¡Ò-�­âXf¼Ù]j�Ø�^8���W��â]à:¿$�;ïW×#fYê ß�Ù]jèØ�^#���k�bâ]à�¿$�+ÎW½�f®�Öß;��é$���#Ø�p�Ñ'â]à�¿C�o�U�mfÔï
ß¹Ù%Á+Â ¥:Ã¡Ä�Å f-��é$�¹�8Ø Ý à�¿)�+½ká#f ïÖß¹Ù%Á­Â ¥:Ã;Ä�Å fCÙ%��uWÙ¦á+Ø�
[�A���U^ a+�kv¡à@ïW¢8��f��ªß¹Ù�ï+Ø�
[�A�S�-^ a­�Wv¡à�â

½Wê
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��� � �è�kdëß¹Ù]jìÙ%vS�zà��C�ÔZ�M �Kß¡v�s#�:à:_¼ïW×ká5ß¡��f��8à:¿$�'½W¢�ß[Î�f]�Wà�¿C½k¢#�Uß�ï#fY×�à�â

��� G�F5ÆkG:Ç �[D	É=1 (�2 �o��� à ,�� G�F�ÆWG�Ç �EDxÉ=1 (�2Fá/9 6�Ê (�207-� �;Ê "`� ��,-� à ,-� G�F5ÆkG:Ç �[D	É=1 (�2�á�9 65Ê (�2 � � �;Ê "`� �
, � ��� � �;. 7-<'"$2 ,5ü �

R = 4-(H3C)3C-C6H4- 

N

N

NR

NHR

?A@CBED+F�@)G�F)�¬½>ï�H ßK�¦^#���0^8÷5Õ�Ñ�î�à[f¤�k�:^8÷-sWÑgM����Ô�¹Õ�^#v�v�Ñ'f%a����8á+Ø��«× c Ù�f
dP@)fgfeF�h5i'j�ÆWfgF�l��=Ù × ± j � o Ý¬m f$prq+���-�+½�â¾½k¢ts5u­�A�WvKâ
pwd/àzyx{iælçP��|U<Zàz~7æ8�-�U�#�Eß��+¢k¢�à��qpe�x�o�K¿¼�E¢5�Wß��+¢'à:¿�ÎWáW×�ß¡�Eá�à:â
�8��à�ä�å��?æ �"à�æ'�e�K�.æ8� ÎWÎ#�E½ ß Ý jëà:¿bÎk¢��9ï ß�Ù]jèØ�^#���k�bâ]à�¿Tïk×W½��
ß¹Ù]jèØ�^#v���é-�`â]à:¿Rïk×W¢5�k¿*ïkêW½k×5¿	�+½�ïW¢�¿	�+á��«ê5¿	�­á#�'Î�¿	�+Îk¢Wá5¿ª�o�EêWê�¿	� ïW½ká5¿
�W�­áW×5¿Û�+¢��«á5¿�êWÎk×5¿�½W½Wá�¿C½��+ê�â
� ���.r pr�£ß;�'¢W¢�p�jsa'f%Ù]�ìÙ%v � à ��àbá{á��5æ8���gf¾ÎkÎòßK�uf¬�+êmj/fÀÙ]j � Ø�X�Q3RzX�í Ø�îÀI-Õ�ï5v�é-�-Ñ+÷)â4à:¿¦�mf®�U�eßK�uf
×mjUfCÙ]j � Ø�X¹QzRzX�í Ø�îÀIUÕ¹ï�v¡à�¿¼�tf®�W�£ß¡��f��tjUfCÙ]jèØ�^#���W�bâ4à:¿¼�tf¾êkáAß¡��f��'jUfCÙ]jèØ�^#���W�bâ4à:â
��© â �.r pr�£ß��­¢W¢7p�jsatfÀÙ]�ìÙ%v � à	�Óà.áLá/�5æ8��ï��tf¾×�ß�Ù]j � Ø�X�Q3RzX�í Ø�îÀI-Õ�ï5vKâ]u+���A���U^ a+�kv¡à:¿�Î��mf¾Î�ß¹Ù]j � Ø
X¹QzRzX�í Ø îÀI-Õ�ï5v�é-�-Ñ+÷`â]àÓÎ#��f¾½ ß¹Ù Á­Â ¥:Ã;Ä�Åqf�Õ�Ñ+��Õ+â Ø�îÀI-Õ�ï�v�é-�-Ñ­÷)â]à�¿�� ïkÎ#fYÎ ß;Ò-�+âAf Ù]j�Ø�^8���W��â]à:¿û� ïk½#f��
ß¹Ù]jèØ�^#���W�bâ4à:¿)�­ÎW×#fYÎbß¡��é��¹�#Ø Ý à�¿/�3�'×#fY½�ß¹Ù Á­Â ¥:Ã;Ä�Å f$��é��¹�'è¬vXÅ$à:¿)�+½kÎ#f �eß�Ù Á+Â ¥zÃ;Ä�Å f)Ù%�5ukÙ¦á«Øé
������-^la+�Wv;à:¿
ïW¢8��f®��ß¹Ù�ï«Ø�
[�A���U^ a+�kv¡à:â
��� � �è�kdëß¹Ù]jìÙ%vS�zà��C�ÔZ�M �Kß¡v�s#�:à:_¼ïW×'�'ß¡��f ï'à:¿$�'½5�kß¡��f ï�à�â

*'ê à¥ë ê à ,�ê ä 6�1 9¼(�2Fá/9 65Ê (�2¡7U�7ì ÊLí æ ê�,�ê à ,�ê � 6'1 9$(�2Ká�9 6�Ê (�2Fì0�7ì Ê{í æ ê:, � ê ì¡��ì . 7U< í 2 êuî�ê (�2Kæ ê
7 . 7-�ø7 Ê¼1 7 Êù,T� �

R = 4-H3C-C6H4- 

NHR
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N

N

?A@CBED+F�@)G�F)�ø�-�ðH ßK�¦^8���0^8÷5Õ�Ñóî�à[fb�W�:^8÷-sWÑ M ���0��Õ:^#v�v�Ñ'f�a��
�#�«ê«Ø��#�8×kcWÙ�fÚdÛ@)fefgF5h�i'jCÆkfeF'l:�ãÙ × ± j �:noÝ¬m fÚprq­�r�-�­¢5â¾ák½
s5u­�A�WvKâ
pwd/àzyx{iælçñ��|�ïZà:~7æ8���U�W�Wß��+¢k¢�à:�µpe�x�o�[¿çÎW×ká5ß��­¢�à�¿rÎW¢ká5ßKá�à:¿
ïWá'�'ß[á'à:â
�8��à�ä�å��?æý�"à�æ'� �[� æ8��ÎkÎWÎká�ß Ý jëà:¿PÎk¢>ï8�ùß¹Ù]jèØ�^#���W�bâ4à:¿@ïW×W¢8�
ß¹Ù]jèØ�^#v���é-�`â]à:¿�ïWêkáW¢�¿ �­½W¢'�'¿Ö�+ákê5�W¿��+á#�Eá5¿Ö� ïk×5�k¿ �;ï��«×5¿Ö� ï��W�W¿
�W�8�9ï5¿Û�+¢Wák¢5¿�ê>ï8�-¿�êW¢W½�¿C½k½5�kâ
� ���.r pr�£ß;�'¢W¢�p�jsa'f$Ù]�ìÙ%v � àô��à.áLá/�5æ8���mfYêW¢�ßK�uf$½mj/fCÙ]j ×«à�¿!ï#fY¢W×�ßK�uf$×mj/fCÙ]jìuWÙ]j ×+à:¿!ï�f¾Îká
ß[�nf$½mjUfCÙ]j ��Ø�Ã=�kv[â]à�¿¼�tf ïW¢Öß¡��f5�'j/f¼Ù]jèØ�^#���W�bâ4à:¿¼�tf]�«ê ß;��f'�'jUfCÙ]jèØ�^#���W�bâ4à:â

½W×
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��©Tâ �.r pr�£ß��­¢W¢©p�jsatfìÙ]�ìÙ%vS�«à��Àà.áLá��Úæ«�-ï5�mfÔïãß¹Ù]j4�¹Ø�Ã)�WvKâ]à:¿-ïkê#f��rß¹Ù]j × à�¿�Îk½#fYêÚß�Ù]j × à:¿
ÎWê�f¾½eß�Ù%Á+Â ¥zÃ;Ä�Å f)��é��¹�#Ø�è��-^#�bâ4à:¿$Îk×#f¾ábß�Ù]jìà:¿P�;ïWÎ�f¾áeß;Ò-�+âAf=Ù]j�Ø�^8���W��â]à:¿�� ïk×#f4�bß¹Ù]j�Ø�^8���W��â]à:¿��+Îk½#fYÎ
ß¹Ù%Á+Â ¥:Ã¡Ä�Å fÀ��é$�¹�8Ø Ý à:¿¬�+½WÎ�f¾áùß¹Ù%Á­Â ¥:Ã;Ä�Å f�Ù%�5ukÙ¦á«ØJ
[�A���-^la+�Wv;à-ïk¢WÎ#fYÎùß¹Ù�ï«Ø�
[�A���U^ a+�kv¡à�ß¹ÙPØ�Ù]j ��Ø�Ã)�Wv[â�_
÷-�0Ï:��Õ��¹�ÔÏz��Õ�Ò�^#�oà�â
��� � �è�kdëß¹Ù]jìÙ%v � à��C�ÔZ�M �Kß¡v�s#�:à:_¼ïW×ká5ß¡��f��8à:¿�ÎWÎ��Eß¡��f��#à�¿CákáWê�ß[Î#fYá�à�¿C½k¢Wá5ßKÎ#fYá�à:â

ð'ê à¥ë ê à.ñ ê G�F�ÆWG�Ç êED	É"òEóLô á{õ 65ÊZóLô 7U�Cì Ê{í æ ê ñ ê àbñ ê G�F'ÆkG:Ç ê[D	É�òEóLô á{õ 6'ÊöóLô ì;�Cì Ê{í æ ê ñ � ê ì;��ìK÷ ê
7�ï íZô�ênî�ê.óLô æ ê 7�÷/7-�ø7 ÊZò 7 Ê ñZõ%�

R = 4-(H3C)3C-C6H4- 

NHR

NR

N

N

?A@CBED+F�@)G�F)�%�'¢ýH�f)�W��^#÷-skÑÖM����0��Õ:^8v�v�Ñtf)a����+×kê«ØðïW¢�� c Ù�f%dP@)f �
feF�h5iEjCÆWfgF'l:�/Ù]�n�uj¬m × Ý mlfCp q �$�'×8�-â]� ïts5u­�A�WvKâ
pwd/àzyx{iælçû�}|�ïZàz~	æ8� �E×Wá�ß��+¢k¢�à��qpe�x�o�K¿ý�EÎ��Eß[ÎW¢'à:¿gÎWákÎ5ß;�'¢�à�¿
�+Îká5ß��­Î�à�¿)×WÎ�ß[Î��kà:¿�êWÎ�ß[ÎW¢'à:¿/�E�Wß;�-�#à�â
�8��à�ä�å��?æ �"à�æ'�e�[�bæ8�PÎkÎWÎkêÞß Ý jìà�¿)ÎW¢k½W×Þß�Ù]jèØ�^8���k�bâ]à�¿)ÎW¢kÎ>ï5¿
ïW×k½WÎñß¹Ù]jèØ�^#v���é-�)â4à:¿1ïk×W¢��W¿DïWêká>ï�¿b�+½5�­×5¿£�+½5�­¢5¿b�­á��8ê�¿b�+á8�'Î5¿
�o�EáWÎ5¿Û�+Î>ïk½5¿�� ïkê5�W¿��+¢káW½�¿)ê#�E¢5¿�½��8Î�â
� ���.r pr�£ß;�'¢W¢�p�jsa'fÀÙ]�ëÙ%v��+à	�¶à.áLá��Úæ«���gf¾Î>ï�ß[�uf¬�+êgjUf�Ù]j ��Ø�X�Q3RzX�í Ø�îÀI-Õ�ï5vKâ]à:¿¦�mfYêW¢�ßK�uf¦½mjUf
Ù]j × à:¿!ï#f��+¢Öß[�nf$×mjUf$Ù]jìuWÙ]j × à:¿C�tf®�E¢ ß;��f'�'jUfCÙ]jèØ�^#���W�bâ4à:¿$�'f]�k�Aß;��f'�'jUfCÙ]j�Ø�^8���W��â]à:â
��©Tâ �.r pr�£ß��­¢W¢Àp�jsatf Ù]�ìÙ%v � à}� à.áLá/�5æ8� ïWê�f¾¢ñß¹Ù]j ×+à:¿ÖÎ��mf®�Uß¹Ù]j � Ø�X¹Q3R:X�í Ø�îÀI-Õ�ï�v[â4à:¿AÎ8��fY½
ß¹Ù Á+Â ¥:Ã¡Ä�ÅqfÀÕ�Ñ+��Õ­â Ø�îÀI-Õ�ï5vKâ]à�¿PÎW½�f¾êùß¹Ù]j × à:¿�Îkê#f¾½�ß¹Ù Á+Â ¥:Ã¡Ä�ÅqfÀ��é$�¹�8Ø�è��-^#��â]à:¿%Îk×#fYá�ß¹Ù]jìà�¿�� ïkÎ#fÔï ß;Ò-�+âAf
Ù]jèØ�^#���k�bâ]à�¿	� ïk½#f¾¢Óß¹Ù]jèØ�^#���W�bâ4à:¿��­ÎWê�f]�wß;Ò-�+âAf���é$���#Ø�X¹Q3R:X�í Ø�îÀI-Õ�ï�v[â4à:¿��3�'×�f¾áãß�Ù Á+Â ¥zÃ;Ä�Åµf���é$���#Ø Ý à:¿
�+½kÎ#f]� ß¹Ù Á+Â ¥:Ã¡Ä�Å f¼Ù%��uWÙ¦á+Ø�
[�A���U^ a+�kv¡à(ïk¢WÎ�f¾ÎÖß¹Ù�ï«Ø�
[�A���U^ a+�kv¡à:â
��� � �è�kdëß¹Ù]jìÙ%v � à��C�ÔZ�M �Kß¡v�s#�:à:_UÎW¢�ï5ß¡��f��8à:¿$�'½>ï�ß¡��f¾¢�à�¿CákáW×�ß[Î#fÔï�à�¿C½k¢#�-ßKÎ#fÔï�à:â

�8¢
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����¾ ¹7�"!�8�� *��"(b& % � º©»4�"*½¼��"*�!#% 8�� �$02% !76$& !�8�� � (��#��ø

:";Xy";Fð <Gó�Êöò õ 6#=­6 ÷ 6#ù å 6'òlù 7-7�ï'7 ü¹É{ô�> 7 ô;65Ê�6 7 ÉL= ä ÈL= ælõ Ê ì òiò�ú3;Fð
ä ôFô���6 � 6 ì Ê/6c|�íZùl= ælõ ù ì ü�ò �4MPMPQWV��5Ñ«�=Ñ+÷�Õ:��é-��Ñ«Ïz�-Ñ­÷Z�5Ñ+÷ Ø �U^#vÔ^#�A�S�5��÷$� ð�R J����[����÷1ïk¢UM�V Ý f Ý Ø
������Ñ+Õ���ï5v´e;�W���A^8�t�S���¹I$��é$Ñ+÷Z�5��Ñ+��Õ�fWÎk¢W½�M NAß�ïPMPMPQWV;à�ÿP�-�'��é-�-�W���l�5�ÔÏz�-v��W������JÀÑ­�E�5Ñ+÷/a+I-skÑ+sWÑ+Ò$Ñ+÷
I-÷Z�Ö�Ö^#÷AÑ­���-��Õ.a+Õ��-^W��\èÑ«^ Å�Õ����k÷$�¹skÑ+�A�Ô��Ï:�A^8÷$��Ï:�-v���Ñ+LWÑ­÷Z�3f'Ò-�0�����0Ï:�w�5��ÑUYZWE�¹I-÷UsAÕ���ÑueFk5���Wv�Ñ+Õ�Õ2k'Ñ+��Ø
e�d#��Ò-Õif�Ô�Ñl�5��Ï:�Þ÷-�0Ï:��Õû^UÒ¼Ñ­�A� ïk¢bcoÙ¬â Ý ^kÏz�gÒ$Ñ+Ñ+÷Z��Ñ+Õ�Ñ+�¦\èÑ«^ Å�Õ����k÷�ß��ìÙPØ�M��W÷�Õ����Wv�v�Ñ'f�Y�^#I#e;����Õ�Õ�Ñ+v[_
Ã=�kv�I-�kv¡u�è�ÏoÑ­Õ��W÷ á5_��k¿L\èÑ8^lÅ5Õ����k÷$�)a+Ñ­��Õ+_��Ö^ ��âP� S�à�vSd#LWÕx�Ö^#÷gv0^8÷-s'��^#� ^#Ò�Å�^-�-v�Ñ+÷ÞI-÷T�esW��Ò-ÕxÏ+^5â
�+¢k¢�M�V ��^W���¹Ñ+���-��÷�a­I)â��¬Ñ+�A^8I$��eK^8v�v�Ñ+÷Z�5Ñ Ý ��Ñl��Ñ+�:��Ïz�-vÔ^#sbJ����E��^8Ò-sWÑ«��^#IUsWÕif��A��ÕP�Þ^k����Ñ+�AI-÷Z�
^#÷$��Ïz�Uv���Ñ­LWÑ+÷Z�A�A��Õ]p�Ñ+Õ��$^8÷-�Wv)skÑ+J�^k��Ï:�-Ñ+÷ÖI-÷Z�ÖsWÑ+Õ�����ÏEÅ5÷UÑ+Õ+â

î ç x ç y ç ú�ê å 6+ò�ù 7�z"ì = ËAñ ê � 6+ò õ óLô áLõ 6�ÊöóLô 7-�7ì ÊLí Í ê�ð ç´ñ"ç�ëGç´ü êbò86mòlù 7-7�ï'7 ü�É{ô�> 7 ô;6'Ê ëU7C�

R = 4-H3C-C6H4- 

N

N

N

NRNH

RNH

NHR

NHR

?A@CBED+F�@)G�F)��êk¢ H�f���I-÷�Å'Ñ+v4Ø�k����kv�Ñ+Õ�Õ�Ñ+��V-Ñ8��Õ:�¹Õ�� �vf¬a��Bïkê>ï c Ù�f
�'é$ÑiÅ�Õ����E�)Å'�ké-�0��Ïz�-Ñ/��^8Õ�Ñ+÷`_$�¹��Ñ­�-Ñª�®��f�×8�[â

î ç x ç y ç ú�ê å 6+ò�ù 7�z"ì = ËAñ ê G�F�ÆWG:Ç ê:È�É�òEóLô á{õ 6'ÊöóLô 7-�7ì ÊLí Í ê�ð çXñ"çXëGçXü ê�ò86'òiù 7-7�ï'7 ü�ÉLô�> 7 ô¡6�Ê ë È �

R = 4-(H3C)3C-C6H4- 

N

N

N

N
RNH

RNH

NHR

NHR

?A@CBED+F�@)G�F)��½ká H�f���I-÷�Å'Ñ+v4Ø�k����kv�Ñ+Õ�Õ�Ñ+��V-Ñ8��Õ:�¹Õ�� �vf¬a��Bïk½W¢øcoÙ�f
�'é$ÑiÅ�Õ����E�)Å'�ké-�0��Ïz�-Ñ/��^8Õ�Ñ+÷`_$�¹��Ñ­�-Ñª�®��f�×8�[â

�'�



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

î ç x ç y ç ú�ê å 6+ò�ù 7�z"ì = ËAñ ê æk7 ù8È¢í'ý"ó áLõ 6�ÊöóLô 7-�	ì ÊLí Í ênð çXñ"çXëGçAü êbò+6'òlù 7-7�ï'7 ü�É{ô�> 7 ô¡6�Ê ëUæ-�

R = 4-HOOC-C6H4- 

N

N

N

N
RNH

RNH

NHR

NHR

?A@CBED+F�@)G�F)��ákê�HIfc��I-÷�Å'Ñ+v4Ø�k����kv�Ñ+Õ�Õ�Ñ+��V-Ñ8��Õ:�¹Õ�� �vf�a��/þRïWáW¢ c Ù
�$Ñ+�:�3â)dP@)fgfeF�h5i'j�ÆWfgF�l��=Ù �:m j × m+ÝNÜ Ø Ü f¼p q �)½'�9ï�f¾½5�xs5u+���Wv[â
pwd/àzyx{iælç	��|�ïZàz~7æ8��ïkáW½�ß[Î#��à:¿ ïWÎ��Eß[êk¢�à:¿ ï5�;ï5ß¡�Eá�à�¿��+½8�-ßKÎ#�5à�¿
�+Îkê5ß[½k¢�à�¿P�W�­×5ß��­¢W¢'à:¿)×8�-ß[êká�à�â
�8��à�ä�å��?æ �"à�æ'� �[� æ8��ÎkÎ5�­á Ò-�­âbß Ý j/f Ø Ø jìà:¿¦ïW×k×#� ß�Ù]jèØ
^#v���é-�)â4à:¿�ïWá8�'Î�¿/�­½��8½	Ò-�­âCß¹Ù�� Ý Ø[fWØ�Ù Ø�Ø jìà�¿C�+ák×5�k¿)�+á>ï�ï5¿��+ák¢5�W¿
� ïkÎWá5¿`êWá5�k¿=�«½��E¿C½k×W¢5â
� ���.r pr�£ß�ïWáW¢Pp�j�a'f�� pC� Ø Ø��-½'à���àbá{á��5æ8�C�'fY×W½Öß¡��f�Ò-�+âAf¼Ù]jèØ�^#���W�bâ4à:â
��© â �.r pr�£ß[½�ï«p�jsatf�� pC� Ø Ø��-½�àô��à.áLá��Úæ«�)�W�+×�f¾×8�bß¹Ù]jèØ�^#���W�bâ4à:¿�� ïW½�f¾½��Aß¹Ù%Á+Â ¥:Ã¡Ä�Å à�¿C�+Îk¢#fÔï5�
ß¹Ù]jèØ�^#���W�bâ4à:¿��o�-�gf¾ák½�ß¹Ù%Á+Â ¥:Ã¡Ä�Å à�¿C�+ákê#f4�8½�ß�Ù%Á+Â ¥zÃ;Ä�Å à:¿)�+½�ï#fÔïWáÖß¹Ù%Á+Â ¥:Ã¡Ä�Å à:¿)�­½W½�f¾êW¢£ß¹Ù%Á+Â ¥:Ã¡Ä�Å à�â
��� � �è�kdëß�Ãcj V¤à]���0Z�M	�[ß¡v�s#�:à�_XïW×��Wß;��f¾Î'à:¿$�'êkê5ß[Î�f¾½'à:¿�á>ïWá�ß[Î�f¾½�à�¿Cák½>ï�ß[Î#f �5à�â

î ç x ç y ç ú�ê å 6+ò�ù 7�z"ì = ËAñ ê:ÈLùlí ��áLõ 6�ÊöóLô 7-�7ì ÊLí Í ê�ð ç´ñ"ç�ëGç´ü êbò86mòlù 7-7�ï'7 ü�É{ô�> 7 ô;6'Ê ë�÷%�

R = 4-Br-C6H4- 

N

N

N

N
RNH

RNH

NHR

NHR

?A@CBED+F�@)G�F)�)ák¢tHIfU��Ï:�5Jô^#�.a­Ñ8�%ÿ IUvXk'Ñ+��f5a£��ïkê#�#ØðïWêk½ c Ù�f3�'é$ÑiÅ'Ø
Õ����'�)Å'�ké-�0��Ïz�UÑU�N^#Õ�Ñ­÷)_$�¹��Ñ+�-Ñª�¾×8�[â

î ç x ç y ç ú�ê å 6+ò�ù 7�z"ì = ËAñ ê ì í ÷Lá{õ 6�ÊöóLô 7-�7ì ÊLí Í ê�ð çXñ"çXëGçXü êbò+6'òlù 7-7�ï'7 ü¹É{ô�> 7 ô¡6�Ê ë 6 �

R = 4-I-C6H4- 

N

N

N

N
RNH

RNH

NHR

NHR

?A@CBED+F�@)G�F)�)½k×tHIfU��Ï:�5Jô^#�.a­Ñ8�%ÿ IUvXk'Ñ+��f5a£��ïkêWá«ØðïWêk×ÖczÙ�f3�'é$ÑiÅ'Ø
Õ����'�)Å'�ké-�0��Ïz�UÑU�N^#Õ�Ñ­÷)_$�¹��Ñ+�-Ñª�¾×8�[â

�9ï
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:";Xy";�î D	6�= ælõ ù86 ì È�É/Ê"� ÷ 6�ùÝ| 6#ùl=+É ælõ 6 7 ÉL= ä È{= æ õ Ê ì òiò�úG;�î
<3ó�ÊZò õ 6#=+6 ÷ 6�ùÝ> ì ÊöóLôFí��C6�Ê å 6'òlù 7-7�ï'7 ü¹É{ô�> 7 ô;65Ê�6 7 ÉL= ä ÈL= ælõ Ê ì òiò�ú3;�îG;Kð
ä ôFô���6 � 6 ì Ê/6�|�íZù = æ õ ù ì ü�ò ���'MPMPQWVc��Ñ8��Ñ+÷�Õ:��é-��Ñ8Ï:�-Ñ+÷T�5Ñ+÷ Ø �U^#vÔ^#�A�S�5��÷$� ð�R J����[��a­I$��^8�A�AÑ+÷
�A��Õô�UM�V�Õ�����ÏEÅ'Ñ+÷-Ñ­�
ÿPï5�����5��÷	��÷¦ïW¢�M�VCsWÑ+Õ�����ÏEÅ5÷UÑ+Õ�Ñ+�ÿÃcj VbsWÑ+vAW'�¹Õ­â�è�÷$��Ï:�-v���Ñ+LkÑ+÷Z����Ñ+Õ.a­Õ¤� ^#÷
ïPMPMPQWVZ�5Ñ8�"Å'�W����Ñ8��é$�W÷Z�5��Ñ+��Ñ­÷Z�5Ñ+÷¦è�Ïoï�v0Ï:�-v��W���S�5Ñ­�öa+IxI-÷Z�ìÑ­���-��Õ.a+Õ�Ñ+��÷UÑ_�EÕ�I-÷Z��ÑÀI-÷�Õ�Ñ+�v\c^$Ï¥Å'`$I-LUâ
ä ÉCü 7 ù8È%6 ì ò8É�Ê�� �
| 7 ù ì;7 Êöò86 ä à übù86 ì 6�D 7 =+6 æ8� Ý ^kÏz����Ñ+� �$I$��^#Õba«k'�k÷gÎCM�V]Ã)����Ñ­Õ���ï5vÔ^#�A��÷ J����E���5��ÑIYZW'��I-÷-s
Å'�W�AéUv�Ñ+Õ�ÕÀÑ+��÷-sWÑ+Ñ­÷-sWÕ�I-÷T���-^k�èÑ+÷�Õ:��é-��Ñ«Ïz�-Ñ­÷Z�5Ñ k���÷�ï5v��WskÑUÃ)Ñ+Õ��:^W^la8^�e;I�kW^8v�Ñ+÷ y �.d8I-v�Ñ+÷�Ïz�-���W�Ö^8Õ��8Ø
sW��^#é-�-�Ô��Ï:��skÑ+��Ñ+��÷-��skÕ�ß�Y�^#I#e;�A��Õ�Õ�Ñ+v[_�Ã)�Wv�IU�Wv¡u�è�Ï3Ñ+Õ��k÷�á�_��gfZ\ h _$¢#f®�8Ø�¢�f]�kà:â
| 7 ù ì;7 Êöò86�D à.ä í$ÊLíTê[ß?ó ÷ ùlí æ õ ôFíöù ìF÷�æ«�Z��^W�c\�Ñ8^ Å�Õ����W÷$��sWÑ+���0��Ï:�ªJ����E��Å'�W�Aé-v�Ñ+Õ�Õ%Ñ+��÷-sWÑ­Ñ+÷-sWÕ�f
�A��Õ5ïW¢7M�V]è¬ÏoÑ+Õ��k÷g^#I#e;skÑ+÷-�k�A�AÑ+÷£I-÷Z�7�-^k��\è�k�-é-������I�Å5Õ���I-�:Ï:�7�$I$��^8Õ.a�k'�W÷§ï7M�V2Å'�W÷�a­Ñ+÷5Ø
Õ�����Ñ+��Õ�Ñ+����^#vAa8�.d8I-��Ñ'fÛ�¹�8J���Ñ Ï+^5âÛÎ�M�V_��^W���¹Ñ+�ª^8I$�¹skÑue�d#v�v�Õ­â���Ñ+�	Õ���Ñu�`^8��Ò-��sWÑ Ý ��Ñl�5Ñ+����Ï:�-v0^8sÖJ����E�
^#Ò-skÑ8��^8I-sWÕ�IU÷Z�«��I-�:Ï:�t÷U��Ïz�-� ^#v���sWÑ8�����«e�d#v�v�Ñ+÷�f8^#I$�PÑ+��÷-Ñ+�P�A��Õ/J���Ñl�5Ñ+��I-� ï�M�VöÅ'�k÷�a+Ñ+÷�Õ�����Ñ+��Õ�Ñ+�
��^#vAa8�.d8I-��Ñ�^#÷UsWÑ8�bd#I-Ñ+��Õ�Ñ+÷7YZWE�¹I-÷Us��5Ñ8��\��W�-éU�����5I�Å�Õ�Ñ«� ��÷=ïW¢�M�V]p�Ñ+Õ��$^#÷-�kvPI-÷Z�g^#÷���Ï:�-v���Ñ+LWÑ+÷�Ø
�5Ñ+� �$I$��^#Õba«k'�k÷gÏ+^5â�Î�M�V¢��^W���¹Ñ+��f)sWÑ+��Ñ+��÷-skÕ+â"�N^W��^8I$�¹skÑueK^#v�v�Ñ+÷UÑ«k���÷�ï5v��WskÑPÃ)Ñ+Õ���^W^ a«^�e;I-vAkW^8v�Ñ+÷
J����[��^#ÒUsWÑ8��^#I-skÕ�I-÷T� sWÑ­Õ�����ÏEÅ�÷-Ñ+Õ+â

@ ç @CB´ê�� ì ê á ê.òlíZô�ó"ô�êEî#ê Ë î�ê à.ñ"ç�ë ê ÷Lì ê á êbòiíZô�óLô 7-�7ì Ê{í ì0�7ìF÷�7�ï íZôXêuî�ê.ó�ô ì�÷ 65Ê æ ê�6mò õ óLô ì�÷ 6�Ê Í ê
î � ê ì¡��ìF÷/7�ï íöô�ê ñ"çXë ê ÷Lì;7-�Cì Ê7y 7C�

R = 4-H3C-C6H4- 

N

N

N

N NHR

NHR

RHN

RHN

?A@CBED+F�@)G�F)�ø½W½ HIf�p��k÷-�#Ø�j�ï��5����Ï:�-v��k���S�3fg��Ï:�5Jô^#�.a­Ñ8�
ÿPI-vXk'Ñ+��f-a���ïW½ká«ØðïW½'� c Ù�f3�'é$ÑiÅ�Õ����E�)Å'�ké-�0��Ïz�-Ñé��^#Õ�Ñ+÷)_$�¹��ÑoØ
�-Ñª�®��f�×#�[â

�8Î



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

@ ç @CB´ê�� ì ê á ê G�F5ÆkG:Ç ê�È/É"òEóLô á{õ 6�ÊöóLô�ê¥î�ê Ë î�ê à.ñ"ç�ë ê ÷Lì ê á ê G¹F�ÆWG�Ç ê:È�É"òEóLô áLõ 6'ÊZóLô 7U�7ì ÊLí ì0�7ìF÷ ê
7�ï íZô�ênî�ê.óLô ìK÷ 65Ê æ ê�6+ò õ óLô ì�÷ 6�Ê Í ênî � ê ì;��ìK÷�7�ï íZô�ê ñ"ç�ë ê ÷Lì07-�7ì Ê7y$È �

R = 4-(H3C)3C-C6H4- 

N

N

N

N NHR

NHR

RHN

RHN

?A@CBED+F�@)G�F)���8¢ HIf�p��k÷-�#Ø�j�ï��5����Ï:�-v��k���S�3fg��Ï:�5Jô^#�.a­Ñ8�
ÿPI-vXk'Ñ+��f-a����+×kê«ØðïW¢k¢ c Ù�f3�'é$ÑiÅ�Õ����E�)Å'�ké-�0��Ïz�-Ñé��^#Õ�Ñ+÷)_$�¹��ÑoØ
�-Ñª�®��f�×#�[â

î�ê Ë ð'ê ä 6+ò õ óLô�êuî�ê à.ñ"ç�ë ê ÷Lì ê á ê.ò�íöô�ó"ô 7-�7ì ÊLíTê ì;�7ì�÷�7�ï íZô�ênî#ê�óLô ì�÷ 6�Ê�6 æ ê á ùlí á óLô ì�÷ 6�Ê/6 Í ê
@ ç @CB´ê ÷Lì ê á êbòlíZô�óLô�êEî � ê ì;��ìK÷�7�ï íZô;6+ê ñ�çXë ê ÷Lì¡7U�Þì Ê�6Iy æ-�

R = 4-H3C-C6H4- 

N

N

N

N NHR

NHR

RHN

RHN

CH3

H3C

?A@CBED+F�@)G�F)��ák¢òHIf{e;��Ñ+��Ñ î�^W�¹Ñtf�k5���Wv�Ñ­Õ�Õ�Ñ­�PV-Ñ8�¹Õ��¹Õ�� � a��
êW×+Ø�×�� c Ù�f¬dP@)fgfeF�h5i'j�ÆWfgF�l���Ù �oÜ j �:Ü3Ý�Ü fèpçq+�¬½W¢k½5â4�W�
s5u­�A�WvKâ
pwd/àzyx{iælç ��|�ïZà:~7æ8� ½W¢'�'�µpe���3�[ß��+¢�à�¿ ÎW×��Wß��­¢W¢'à:¿
ÎW½kÎ5ß[½ká�à�¿ Î>ï��Eß[Îk¢�à:¿ Îk¢Wá�ß��+¢k¢�à�¿ ï��E�WßKáWá�à�¿ �+½8�-ß��­¢W¢'à:¿
�+¢kê5ß[×ká�à�â
�8��à�ä�å��?æ��"à�æ'� �K� æ8�¬ÎWÎWÎ'��ß Ý jìà�¿%Î>ï8�vï5¿ôÎ5�#�«×5¿¬Î5�;ïWÎ�¿
ïW×��#�Öß�Ù]jèØ�^8v���é-�)â]à�¿XïkêW½W×�¿/�­½WÎ��Aß¹Ù�� Ý Ø�à:¿)�­½W¢WÎ�¿/�­áWÎ'�'¿P�­áW¢W×�¿Cê��W�k¿C½kê#�-â
� ���.r pr�£ß�ïWáW¢�p�jsa'fZ�4pC� Ø Ø��-½'à���à.áLá��Úæ«��ï�f��W��ß[�uf�½mj/f=Ù]j � à�¿�ï�f ïk¢ ßK�uf�� ïmj/f=Ù]j � Ø�Ã=�kv[â]à�¿
�'fÔïWÎÖß¡��fUêmjUfCÙ]jèØ�^#���W�bâ4à:¿-�'f4�8×Öß¡��fUêmj�¿$Ù]jèØ�^#���k�bâ]à�â
��© â �.r pr�£ß[½�ï�p�jsa'fL� pC� Ø Ø��-½�àx�$àbá{á��5æ8�À�­ê#f®�øß�Ù]j � Ø�Ã)�WvKâ]à:¿¦�+×�f]�gß¹Ù]j � à:¿À�k�+½�f¾¢�u��W�­½#f��
ß¹Ù]jèØ�^8���k�bâ]à�¿	� ï��tf¾¢'u'� ï'�'fYáóß¹Ù]jèØ�^#���W�bâ4à:¿	� ïk×#fY¢�u'�;ïW×�f��
ß¹Ù Á­Â ¥:Ã;Ä�Åqfx��é$���#Ø�Ù]j � à�¿t�­ÎWá�f¾ê�uE�+Îká#f¾×
ß¹Ù Á+Â ¥:Ã¡Ä�Åqf-��é$�¹�8Ø Ý jëà:¿C�3�'×�f¾¢�ß�Ù Á+Â ¥zÃ;Ä�Å à:¿C�3�'×�f]�Öß�Ù Á+Â ¥zÃ;Ä�Å à:¿)�­á��tf¾á�ß�Ù Á+Â ¥zÃ;Ä�Å à:â
��� � �è�kdëß�Ãcj V¤à]���0Z�M	�[ß¡v�s#�:à�_XïW×k¢5ß;��f®��à:¿�Î#�E½5ß¡��f®��à:¿�á5�o�Uß¡��f��#à�â

�+�



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

î�ê Ë ð'ê ä 6+ò õ óLô�êuî�ê à.ñ"ç�ë ê ÷Lì ê á ê.ò­6#ùiò';qê�È/É"òEóLôXê áLõ 6�ÊöóLô 7-�7ì ÊLí�ê ì0�7ìF÷�7�ï íZô�êEî�ê.óLô ìF÷ 6'Ê�6 æ ê
á ùlí á óLô ìF÷ 6�Ê/6 Í êE@ ç @CB´ê ÷Lì ê á ê.ò«6'ù�òt;qê:È�É�òEóLô�ê áLõ 6�ÊöóLô�êuî � ê ì;��ìK÷�7�ï íZô¡6'ê ñ"ç�ë ê ÷Lì;7-�7ì Ê�6Iy ÷¤�

R = 4-(H3C)3C-C6H4- 

N

N

N

N NHR

NHR

RHN

RHN

C H3

H3C

?A@CBED+F�@)G�F)�e�EêÐHIfIe;��Ñ+��Ñ
î�^k�¹Ñ'f�k5���Wv�Ñ+Õ�Õ�Ñ+�©V-Ñ8��Õ:��Õ�� �vf
a��	�+½k¢«Ø��+½kÎ c Ù fìdÛ@)fefgF5h�i'jCÆkfeF'l:�ëÙ]§ n j o × Ý�Ü f�prq­�
�W�«á5â¾¢k×ts5u­�A�WvKâ
pwd/àzyx{iælç ��|�ïZàz~7æ8� �W�8½��qpe� ï#�Kß��­¢�à:¿ �k�5�'ßKÎW¢'à:¿
Î#�E½5ß��­á�à�¿�ïW¢k½5ß��­¢W¢'à:¿P�­×W¢5ß��+¢'à:¿P�­Î#�-ß��+¢'à:â
�8��à�ä�å��?æ��"à�æ'���K��æ8�¬ÎWÎ#�kïùß Ý jìà�¿%Î>ï8�vïùß Ý jëà:¿%Î5�8�8á�¿
Î5�;ïWÎ5¿�ÎW¢k½W¢�¿dïk×WáWê ß¹Ù]j�Ø�^8v���éU�)â]à�¿îïW×k¢5�k¿�ïWêW½k×5¿û�+½8�vï
ß¹Ù�� Ý Ø�à:¿)�­½W¢#�U¿/�­áWÎ'�'¿P�­á5�+Î�¿CêkÎWÎ�¿C½'�8×5â
� ���.r pr�£ß;�'¢W¢�p�jsa'fZ�4pC� Ø Ø��-½'à���à.áLá��Úæ«�/�gf ï5��ß[�uf�ÎW½gjUf)Ù]j �¹Ø:X�Q3R:X¹í Ø�îÀI-Õ�ï�v¡à:¿!ï�f��­½�ß[�nf$½mjUf
Ù]j � à:¿C�'fYÎWêÖß¡��f�êgjUfCÙ]jèØ�^#���k�bâ]à�¿¼�tf]�8êAß;��f-êgj�¿CÙ]jèØ�^#���W�bâ4à:â
��© â �.r pr�£ß��­¢W¢$p�jsa'f�� pC� Ø Ø��U½�àÖ�~à.áLá/�5æ8�x�+ê�f¾¢úß�Ù]j � à:¿¬Î5�gf]�ùß�Ù]j � Ø�X¹Q3R:X�í Ø�îÀI-Õ­â]à�¿�Î8��f �
ß¹Ù Á+Â ¥:Ã¡Ä�Å®à�¿��W�+ê�f¾¢øß¹Ù]jèØì^#���k�bâ]à�¿%� ïW½�f��gß¹Ù]jèØ�^#���W�bâ4à:¿%� ïkê#f��eß�Ù Á+Â ¥zÃ;Ä�Åµf/��é��¹�#Ø�X�Q3RzX�í Ø�îÀI-Õ+â4à:¿��+Îkê#f �
ß¹Ù Á+Â ¥:Ã¡Ä�Åqf-��é$�¹�8Ø Ý jëà:¿C�3�W��f¾½�ß�Ù Á+Â ¥zÃ;Ä�Å à:¿C�­á>ï�f¾á�ß�Ù Á+Â ¥zÃ;Ä�Å à:¿)�­á>ï�f¾½�ß�Ù Á+Â ¥zÃ;Ä�Å à:¿)�­á��tf��Wß�Ù Á+Â ¥zÃ;Ä�Å à�â
��� � �è�kdëß�Ãcj V¤à]���0Z�M	�[ß¡v�s#�:à�_XïWá�ï5ß;��f¾á'à:¿�Î#���'ß¡��f¾á'à:¿�áW¢#�Uß[Î�f¾ê�à�â

î�ê Ë ð'ê��sò õ óLô�ênî�ê à.ñ"ç�ë ê ÷Lì ê á êbòiíZô�óLô 7-�7ì Ê{í�ê ì;�7ì�÷/7�ï íöô�êuî�ê�óLô ì�÷ 6�Ê/6 æ ê:È�É�òEóLô ì�÷ 6�Ê�6 Í ê[@ ç @CB´ê ÷{ì ê
á êbòlíZô�óLô�êuî � ê ì;��ìK÷�7�ï íZô¡6mê ñ"ç�ë ê ÷Lì;7-��ì Ê�6�y¼6 �

R = 4-H3C-C6H4- 

N

N

N

N NHR

NHR

RHN

RHN

C2H5

H5C2

?A@CBED+F�@)G�F)� Î�� H�f p��W÷U�#Ø�j�ï�������Ï:�-v��k�����Gf Ò-vÔ^#I5Ø
��Ï:�5Jô^#�ba+Ñ+�$V-Ñ8��Õ:��Õ�� �vf£a��g�o�vï+Ø:�3�'ákc#Ù�fbdP@)fgfeF�h5i'j�Æ �
feF'l:�ÞÙ m­n j m:m+Ý�Ü ß�eF^-�Ó�5��Ñ©e;��Ñ+��ÑÓî�^W��Ñ'f�prq­�b½WÎk½5âYê#�
s5u­�A�WvKâ
pwd/àzyx{iælçû�}|�ïZàz~	æ8�b½WÎká5�µp Ø:�3�[ß��8à:¿b�'á'�'ßKÎ�à:¿b�kï#�-ß�ï�à�¿
�'¢ká5ß¡��à:¿)Î'�W�Eß��+¢'à:¿�Î5�­×5ß[á'à:¿�ïk½W×�ß��+á'à:¿��#�«ê5ß�ïk¢�à�¿P�+¢kê5ß��­¢W¢'à:â
�8��à�ä�å��?æ��"à�æ'�e�K�.æ8� Î>ïkê>ï�ß Ý jìà:¿ÛÎ>ï��W�W¿¦Î5�­¢��øß�Ù]jèØ
^#���W�bâ4à:¿-Îk¢>ïkê5¿�ïW×W½8�-¿�ïk×>ïká�ß¹Ù]jèØ�^#v���é-�`â]à:¿�ïkê��8Î�¿P�+½8�vï�¿/�­á5�W�k¿Cê��+á�¿C½'�8ê5¿�½5�­ê5â
� ���.r pr�£ß�ïWáW¢	p�jsa'f2Ãcj V=Ø��-ê'àA�Óà.áLá/�5æ8���gf ïk¢ ß;Ò-�+âAf¤��f%½mj�¿�Ù]j � Ø�à�¿�ï#fY¢#�5u§ï�f¾Î>ï�ß�ï �}�uf
� ïgjUf¼Ù]j � Ø�Ã=�kv[â]à�¿�ï#f¾½�ïAß¡��fk�'jUfWØ�Ù]j × Ø�à:¿$�'f��+átß;��f�êmjUf-Ù]jèØ�^#���W�bâ4à:¿5�tf¾Î�ïAß¡��fW�tjUf-Ù]jèØ�^#���k�bâ]à�¿
�'fY×WêÖß¡��f��'j�¿CÙ]jèØ�^#���W�bâ4à��­¢#f¾¢kÎ�u�� ï�f¾á�� ß�ï � �uf-�'j/f Ý jìà:â
��©Tâ �.r pr�£ß[½k¢Ip�jsa'f�Ãcj V=Ø��-ê�àô��à.á{á��5æ8��� ï#fYê�uÖ�­Î#fYê ß�Ù]j �«à�¿)�+×�f¾½�u �+×#f4�Öß¹Ù]j4�¹Ø�Ã)�WvKâ]à:¿!ï8��fY¢

�8á



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

ß�Ø�Ù]j × Ø�à�¿ì�k�+×�f®�rß�Ù]jèØ�^#���W�bâ4à:¿¬� ïkê#f¾½'uû� ïkê#f¾×ûß¹Ù]jèØ�^8���k�bâ]à�¿��;ïWÎ#fÔï�uû�;ïWá#f �5u}�+ÎWÎ�f¾¢'uù�+Î8��fY½�u
�o�Eê#f¾¢'uÖ�o�Eê#fYê�uÖ�3�'ê#fY×�uÖ�­á��tf ïÖß¹Ù%Á+Â ¥:Ã¡Ä�Å à:â
��� � �è�kdëß�Ãcj V¤à]���0Z�M	�[ß¡v�s#�:à�_XïWák½5ß;��f®��à:¿�ÎWá��Wß¡��f¾Î'à:¿�áWáW½�ß¡��f ï�à[fCák×#�Uß¡��fÔï�à�â

î�ê Ë ð'ê��sò õ óLô�ênî�ê à.ñ"ç�ë ê ÷Lì ê á êbò+6�ùiò';qê:È�É"òEóLô�ê áLõ 6�ÊöóLô 7-�7ì ÊLí�ê ì;�CìF÷/7�ï íöô�êEî�ê.óLô ìF÷ 6'Ê�6 æ ê
È/É"òEóLô ìK÷ 65Ê�6 Í ê[@ ç @CB´ê ÷Lì ê á ê.ò86'ùiò';qê�È/É"òEóLô�ê á{õ 6�ÊöóLô�êuî � ê ì;��ìK÷�7�ï íZô¡6'ê ñ"çXë ê ÷Lì;7-�Cì Ê�6«y5ü �

R = 4-(H3C)3C-C6H4- 

N

N

N

N NHR

NHR

RHN

RHN

C2H5

H5C2

?A@CBED+F�@)G�F)� á�ï H�f p��W÷U�#Ø�j�ï�������Ï:�-v��k�����Gf Ò-vÔ^#I5Ø
��Ï:�5Jô^#�ba+Ñ+�ÓV�Ñ«�¹Õ:��Õ��l��f�a��g^#Ò �+êk¢Wc+Ù ß)�$Ñ+���oâ]à[fbdP@)f �
feF�h5iEjCÆWfgF'l:�bÙ § × j oEo3Ý ÜÚß�e;��Ñ+��Ñrî�^k�¹ÑWà[fAp q �£êW¢kÎ5â��o�
s5u­�A�WvKâ
pwd/àzyx{iælç���|�ïZàz~7æ«�%êW¢#�U�qpe�x�o�Kß[á'à:¿��8¢W½�ß[á'à:¿�ák¢>ï5ßKÎW¢'à:¿
ÎWákÎ5ß��­¢W¢'à:¿ ÎWÎ��Eß[áká�à:¿ ïW×'�'ßKÎW¢�à�¿ ï�ïW¢�ß�ïW¢'à:¿ �­áW¢5ß;�'á'à:¿
�+Î8�-ß[Îká�à�¿)×#�Uß�ïW¢'à:â
�8��à�ä�å��?æ �"à�æ'�e�K�.æ8�)Î�ïW×��W¿)Î�ï5�o�U¿)Î5�­áW×�¿/Î��+¢ká�ß¹Ù]jèØ�^#���W�bâ4à:¿$Îk¢WáW×�¿�ïW×k½>ï�¿�ïW×k¢#�bß�Ù]jèØ�^8v���é-�)â]à�¿
ïWê'�8¢5¿Û�+½Wá8�-¿��+½kÎWá5¿��+½k¢��E¿P�+ákêWá5¿��+á'�9ï�¿/�­á5�o�U¿P�+Î�ïW×�¿/�;ïWá5�k¿CêkÎ>ï�¿=�E� ï5â
� ���.r pr�£ß�ïWáW¢�p�jsatfmÃcj V)Ø��-ê'àÛ�Ià.áLá/�5æ8�E¢#f¾êk¢«Øô�mfÔïWÎ5ß;Ò-�+âAfW��f8�'½gj�¿5Ù]j ��Ø[Õ�Ñ+��Õ­â Ø�îÀI-Õ�ï5v;u�Ù]j × u
Ù]j �+à:¿)�'f ïkêbß¡��f$êgjUf/Ù]jèØ�^#���W�bâ4à:¿C�'fY½WÎbß¡��f-�'jUf/Ù]j�Ø�^8���W��â]à:¿C�tf¾×kêýß;Ò-�+âAf¼��f-�'jUf)Ù]jèØ�^#���k�bâ]à�¿
×#fY×WêÖß[�uf-�tjUf Ý jìà�â
��© â �.r pr�£ß[½k¢Up�jsa'ftÃcj V=Ø��-ê�àÛ��à.áLá/�5æ8��è�vXÅ�ï�v0�¹��sW÷$^8v�ÑNß¹Ù × j §¹Ø�àÛ÷-�0Ï:��Õ%�¹�ÔÏz��Õ�Ò$^8�+¿'Î��mfY½�uëÎ��mf4�
ß¹Ù]j � ØKÕ�Ñ+��Õ+â Ø�îÀI-Õ�ï�v[â]à�¿%ÎWá�f¾¢�u�Îká#f��øß�Ù Á+Â ¥zÃ;Ä�Å à:¿��;ïW¢#fYáúß�Ù]jèØª^8���W��â]à:¿¬� ïk½#fY½úß¹Ù]j�Ø�^8���W��â]à:¿¬� ïk½#fY×
ß¡Ò-�­âXfCÙ Á+Â ¥:Ã¡Ä�Å à�¿C�+Îk½#fYÎ�uÖ�3�'ê#f��#uÖ�­áW¢�f¾×�u �+áW×�f��ªß¹Ù Á+Â ¥:Ã¡Ä�Å à�â
��� � �è�kdëß�Ãcj V¤à]���0Z�M	�[ß¡v�s#�:à�_Xï��«Î5ß;��f¾á'à:¿�ÎWák¢5ß¡��f¾Î'à:¿�áW½5�kß¡��f¾Î�à�¿Cák×W½�ß¡��fYÎ�à�â

î�ê Ë ð'êED	É"òEóLô�ênî#ê à.ñ"ç�ë ê ÷{ì ê á êbòiíZô�óLô 7-�7ì Ê{í�ê ì¡�	ì�÷/7�ï íZô�êuî�ê�óLô ì�÷ 6�Ê/6 æ ê õ 6'ý3óLô ìF÷ 65Ê�6 Í ê[@ ç @�Bqê
÷{ì ê á ê.ò�íöô�óLô�êuî � ê ì;��ìK÷�7�ï íZô¡6'ê ñ"ç�ë ê ÷Lì;7-��ì Ê�6�yT� �

R = 4-H3C-C6H4- 

N

N

N

N NHR

NHR

RHN

RHN

C4H9

H9C4

?A@CBED+F�@)G�F)� �E× H�f p��W÷U�#Ø�j�ï�������Ï:�-v��k�����Gf Ò-vÔ^#I5Ø
��Ï:�5Jô^#�ba+Ñ8�ëÿPI-vXk'Ñ+��fCa£���+½W¢+Ø:�­½#� c Ù�f%dP@)fefgF�h5i'j�ÆWfgF�l��
Ù mom j § n3Ý�Ü ß�e;��Ñ+��Ñëî�^W��ÑWàEf$prq+�`½W×W¢�â¾×kÎts5u­�A�WvKâ
pwd/àzyx{iælçP��|�ïZàz~7æ8�$½k×5�k�qpe�x�o�Kß��+á'à:¿-�U�+á5ßKá�à�¿CÎ8�5�'ß�ïW¢'à:¿
ÎW¢kÎ5ß[á'à:¿�ïkêWá�ß[á�à�¿/�­ê��Eß��+¢'à:¿P�­¢Wê�ß��+¢k¢�à�â
�8��à�ä�å��?æ}�"à�æ'� �K� æ«��Î�ïWá>ïwß Ý jìà:¿¬Î>ïk¢Wê�¿ëÎ5�+¢'�rß�Ù]jèØ

�8½



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

^#���W�bâ4à:¿�ïW×káWê5¿�ïW×�ïWêÖß¹Ù]jèØ�^#v���é-�`â]à:¿¼ïWê'�8¢5¿)�­½W½'�'¿��+½#�U�W¿��+½k¢��'¿)�­á��«½5¿��+á5�­¢5¿��o�Eá��'¿�ê5�;ï5¿C�«Î5�W¿$½'�8½�â
� ���.r pr�£ß;�'¢W¢wp�jsa'fLÃcj V=Ø��-ê'àë�Çà.á{á��5æ8�%¢#fYêWê+Øx¢#fY×W×eß;Ò-�+âAf)��f�½mj�¿PÙ]j ��Ø�à�¿À�gf¾Î5�£ß¡��f��'jUf
Ø�Ù]j × Ø�à:¿x�mf®�Eêúß;��fÀ�'j/fôØ�Ù]j × Ø�à�¿ë�mf¾½��ùß	��fÀ�'j/f Ø�Ù]j × Ø�à:¿Rï�f¾¢��ûßK�uf¬½mj/f Ù]j4��Ø�Ã=�kv[â4à:¿Rï#fÔïW×úßK�uf
½mjUf¬Ù]j � Ø�Ã)�Wv[â4à:¿¦½#fY×Wáùß¡��f%�'j/f�Ù]jèØ�^#���k�bâ]à�¿À�'f��+½úß;��fP�'j/f�Ù]jèØ�^#���k�bâ]à�¿è�tf¾Îk½ ß;Ò-�+âAf¤��fP�'jUf
Ù]jèØ�^#���k�bâ]à�¿¼�tf¾×5�ªß¡ÒU�+âXf���f5�tj�¿CÙ]jèØ�^#���W�bâ4à��+¢�f ï��tßK�uf-�'j/f Ý jìà:â
��© â �.r pr�£ß��­¢W¢$p�jsa'f�Ãcj V=Ø��-ê�à �}à.áLá/�5æ8�ë�+Î�f¾Î'uû�+Î#f �rß�Ù]j � à�¿RïW¢#fY¢�u�ïk¢#f���ß¹Ù]j � Ø�Ã=�kv[â]à�¿
ï>ï�f¾Î�u ï>ï�f]�Wu�ï#��f®��uxÎ5�mf��#uxÎ��mf¾×Aß0Ø�Ù]j4×�Ø�à:¿$� ïk¢#fYÎAß¹Ù]jèØ ^#���W�bâ4à:¿-�;ïW×#f �5u�� ïk×#f¾½Aß�Ù]jèØ�^#���k�bâ]à�¿-�o�E×#fY½
ß¹Ù Á+Â ¥:Ã¡Ä�Å®à�â
��� � �è�kdëß�Ãcj V¤à]���0Z�M	�[ß¡v�s#�:à�_XïW½8�-ß;��f¾Î'à:¿�ÎWák½5ß¡��f®��à:¿�áWáWê�ß¡��f��#à�â

î�ê Ë ð'êEª¬65ÊZòEóLô�ênî#ê à.ñ"ç�ë ê ÷{ì ê á ê.ò�íZô�óLô 7-�	ì ÊLí�ê ì;�7ì�÷�7�ï íZô�ênî�ê)óLô ì�÷ 65Ê æ ê õ 6 á òEóLô ì�÷ 65Ê Í êE@ ç @�B´ê ÷Lì ê
á êbòlíZô�óLô�êuî � ê ì;��ìK÷ ê 7�ï íZô�ê ñ"ç�ë ê ÷Lì;7-��ì Ê7y õ¤�

R = 4-H3C-C6H4- 

N

N

N

N NHR

NHR

RHN

RHN

C5H11

H11C5

?A@CBED+F�@)G�F)�Þ�'× HIf�p��k÷-�#Ø�j�ï��5����Ï:�-v��k���S�3fg��Ï:�5Jô^#�.a­Ñ8�
ÿPI-vXk'Ñ+��f$a��%�o�k�#Ø��o�5� c Ù�f�dP@)fefgF�h5i'j�ÆWfgF�l�� Ù m o j § m3Ý�Ü
ß�e;��Ñ+��Ñëî�^k�¹ÑWà[fCprq­�/�'�­ê5â¾×kê s�u+�A�kv[â
pwd/àzyx{iælç ��|�ïZàz~7æ8� �'�+×��qpe�x�o�Kß��­¢�à:¿ ák¢W×5ß��+¢'à:¿
�'ák×5ß��­¢�à�¿ �W�EÎ5ß��­¢�à�¿ Î5�­Î5ß[Îk¢�à�¿ ïW¢��Wß[½k¢�à�¿ �­ÎW¢5ß�ïW¢'à:¿
�+¢kê5ß��­¢W¢'à:â
�8��à�ä�å��?æ}�"à�æ'�e�K�)æ«��Î�ïWá#�Óß Ý jìà:¿¬Î>ïk¢W×�¿ëÎ5�+¢k×Úß�Ù]jèØ
^#���W�bâ4à:¿%ÎW¢�ïWê�¿�ïW×káWá5¿LïW×>ïkÎùß¹Ù]jèØ�^#v���é-�)â4à:¿(ïkêWáW×�¿��#�­�'¢�¿��+½kÎ5�W¿N�+áWêk½5¿ë�+ák¢��E¿��o�EáWá5¿N�o�-�­¢5¿�ê��+¢�¿
�9ïkê5¿�½W×W×�â
� ���.r pr�£ß�ïWáW¢�p�jsatfmÃcj V)Ø��-ê'àÛ�Ià.áLá/�5æ8��¢�f¾×>ï	ß;��fW½gjUf5Ù]j � Ø�à:¿$�gf¾ÎW¢+Ø¦�mfYáW¢tß;��f8êmj/f#Ø�Ù]j × Ø�à:¿
ï#fY¢Wá�ßK�uf%½mj/fÀÙ]j � Ø�Ã)�Wv[â4à:¿(ï�f¾ÎWêøß[�nfÀ½gjUfÀÙ]j � Ø�Ã=�kv[â4à:¿(ï#fYáW¢�ß;Ò-�ifP��fPêmj/f Ø�Ù]j × Ø�à�¿%½#f4�8¢�ß;��f)�'jUf
Ù]jèØ�^#���k�bâ]à�¿¼�tf�� ïÖß¡��f-êmj/fCÙ]jèØ�^8���k�bâ]à�¿-ê#fY¢W×Öß¡��f'�tj�¿CÙ]jèØ�^#���k�bâ]à¬�­¢#f��+×�u �+¢#f4�8á'uA�k�mf¾½8�bß[Î'Ùk�uf
�'jUf Ý jìà:â
��© â �.r pr�£ß[½k¢Up�jsa'ftÃcj V=Ø��-ê�à ��à.áLá��Úæ«�¼�­Î#fY¢�uª�+Î�f ïAß�Ù]j �oà:¿$�+×�f¾½'uª�+×#f4�	ß�Ù]j ��Ø�Ã)�Wv[â4à:¿�ï>ï�f¾¢'u
ïWÎ�f]�WuoïW½�f ï'ubÎ��mf¾¢'ubÎ��mfÔïòß0Ø�Ù]j × Ø�à:¿��k�+ê�f¾½�u��W�­ê#fYêòß�Ù]jèØx^#���W�bâ4à:¿%� ïkê#f4�Wuø�;ïW×#fY¢òß�Ù]jèØx^8���W��â]à:¿
�+Î��mf¾á'uÖ�+Î8��f��#uÖ�3�'½#fYá�uÖ�3�'½�f¾ê�u��+½k×#fÔï�ß¹Ù Á+Â ¥:Ã¡Ä�Å à:â
��� � �è�kdëß�Ãcj V¤à]���0Z�M	�[ß¡v�s#�:à�_XïW½kÎ5ß;��f¾Î'à:¿�ÎWákÎ5ß¡��f¾Î'à:¿�áWáWê�ß¡��f ï�à�¿Cák×Wá�ß¡��fÔï�à�â

�W�



¯ °�±'²�³:´�µ�¶�³:·�¸¹³:º�º¡³�´�»¼³�µ�º

î�ê Ë ð'ê���í ÷ 6 æ óLô�êuî�ê à.ñ"ç�ë ê ÷{ì ê á ê.ò�íZô�óLô 7U�7ì ÊLí�ê ì¡�7ì�÷�7�ï íZô�êuî�ê�óLô ì�÷ 65Ê�6 æ êbò86mòlù 7�÷ 6 æ ó�ô ì�÷ 65Ê�6 Í ê
@ ç @CB´ê ÷Lì ê á êbòlíZô�óLô�êEî � ê ì¡��ìF÷/7�ï íöô;6'ê ñ"çXë ê ÷Lì¡7-��ì Ê7y ì¹�

R = 4-H3C-C6H4- 

N

N

N

N NHR

NHR

RHN

RHN

C12H25

H25C12

?A@CBED+F�@)G�F)� �E½ H�f p��W÷U�#Ø�j�ï�������Ï:�-v��k�����Gf Ò-vÔ^#I5Ø
��Ï:�5Jô^#�ba+Ñ+�$V-Ñ8��Õ:��Õ�� �vf£a��g�+ÎW×+Ø:�3�-� c Ù�fbdP@)fgfeF�h5i'j�Æ �
feF'l:�PÙ o n j Ü × Ý�Ü ß�e;��Ñ+��Ñ î�^W�¹ÑkàEfCprq­�C×��+á�â¾ÎW½ªs5u+���Wv[â
pwd/àzyx{iælçb��|�ïZàz~7æ8�ë×��o�-�µp Ø:�3�[ß��#à:¿ êW¢W×�ß�ï'à:¿��EáW×5ß��+¢'à:¿
�vïká5ß[Îk¢�à�¿)Î5�­ê5ß��­¢�à�¿P�+¢'�'ß��­¢W¢'à:â
�8��à�ä�å��?æ}�"à�æ'�e�K�)æ«��ÎkÎ5�+¢wß Ý jìà:¿¬Î>ï�ï>ï�¿ëÎ5�W�­¢Úß�Ù]jèØ
^#���W�bâ4à:¿�Îk¢W½kÎ5¿�ïW×Wák½5¿1ïk×5�­êÚß�Ù]jèØ�^8v���é-�)â]à�¿BïkêWá5�k¿A�#�­�W�U¿
�+½ká>ï5¿Û�+½WÎkÎ5¿��+ákêW½5¿��+á��W�k¿P�o�E½WÎ5¿��W�8�8½�¿Cê��+Î5¿)�8×kÎ5¿)�'�­ê5¿�½W×5�kâ
� ���.r pr�£ß�ïWáW¢/p�jsa'f�Ãcj V=Ø��-ê'à%�wà.á{á��5æ8�-¢�f¾ê'�ªß¡��f'½gjUf-Ù]j ��Ø�à�¿C�mfÔïWêAß;Ò-�if'��fW�E¢mjUf'Ø�Ù]j × Ø�à:¿
ï#f��+¢�ßK�uf%½mj/fÀÙ]j � Ø�Ã)�Wv[â4à:¿(ï�f¾ÎW½øß[�nfÀ½gjUfÀÙ]j � Ø�Ã=�kv[â4à:¿(ï#fY½W½�ß;Ò-�ifP��f/�'j/f Ø�Ù]j ×¹Ø�à�¿%½#f4�+�ùß;��f)�'jUf
Ù]jèØ�^#���k�bâ]à�¿¼�tf¾¢WêAß;��f'�'jUf$Ù]jèØ�^#���k�bâ]à�¿¼�tf��+êAß;��f'�'jUf$Ù]jèØ�^#���k�bâ]à�¿-ê�f��+ÎAß;��f'�'j�¿$Ù]jèØ�^#���k�bâ]à�¿
�+¢�f��+ê'uÖ�W�gf¾¢ká�uÖ�k�mf¾×k× ßKÎ+Ùk�nf-�'jUf Ý jëà:â
��© â �.r pr�£ß[½k¢Pp�jsa'f�Ãcj V=Ø��-ê�à¦�wà.áLá/�5æ8���+Î�f®�Öß¹Ù]j � à�¿C�+×�f¾×'u�ïW¢#f��	ß¹Ù]j � Ø�Ã=�kv[â]à�¿XïkÎ#f¾½'u�ïW×�f¾¢«Ø
ÎWÎ�f¾Î5ß;Ò-�+â4à�u ÎW½#f4�bß0Ø�Ù]j ×�Ø�à:¿P�k�+×#fY¢eß;Ò-�+âAf Ù]j�ØN^#���k�bâ]à�¿/�;ïW×�f¾¢eß;Ò-�+âAf/Ù]jèØ ^#���W�bâ4à:¿��+Î#��f®��ub�+Îká#fY¢�u
�+Î'�'â¾á'uÖ�o�E×#fY×�uÖ�­áW¢#fÔï�uÖ�8�9ï�f]�Wu��#�«Î#f �bß¹Ù%Á+Â ¥:Ã¡Ä�Å à:â
��� � �è�kdëß�Ãcj V¤à]���0Z�M	�[ß¡v�s#�:à�_-ÎWák½5ß;��f ï'à:¿�áWák×5ß[Î�f¾×'à:â

D	6�= ælõ ù86 ì È�É/Ê"� ÷ 6�ùÝ| 6#ùl=+É ælõ 6 7 ÉL= ä È{= æ õ Ê ì òiò�úG;�îG;�î
<3ó�ÊZò õ 6#=+6 ÷ 6�ù�� ì;7�ï'7 ü�ÉLô�>�6�Ê/6 7 ÉL= ä ÈL= ælõ Ê ì òiòIúG;�îG;�î
ä ôFô���6 � 6 ì Ê/6«|éíöùl= ælõ ù ì ü�ò �)�¹��Ñ+�-Ñ�è�v�v�skÑ+�AÑ+��÷-Ñc�%�W�:��Ïz�U����e;Õô^#I#e¤^#I#e]�'Ñ+��Õ�Ñ��«Î
ä ÉCü 7 ù8È%6 ì ò8É�Ê�� �2����ÑI\�Ñ8^ Å�Õ����W÷$��vXWE�¹I-÷-s£J����[���$v�Õ�����Ñ+��Õif3Å'�k�Aé-v�Ñ­Õ�Õ¬Ñ+��÷-skÑ+Ñ+÷-skÕëI-÷Z�7�-^k�U\�Ñ8^ Å'Ø
Õ����W÷$��é-�����5I�Å5Õ��.d#IUv�Ñ+÷$Ï:�-���W�Ö^8Õ��Wsk�:^8é-�-�0��Ïz�ûsWÑ­��Ñ+��÷-��skÕbß)Y�^8I#e;�A��Õ�Õ�Ñ+vK_2Ã=�kv�I-�kv¡u�è�ÏoÑ­Õ��W÷ç½5_��W¿�\�h	_
¢#fYá�à:âG����Ñ	ÿP�����5I�Å5Õ�e;�:^ Å�Õ����W÷£J����E��Å'�W�AéUv�Ñ+Õ�ÕÀÑ+��÷-sWÑ+Ñ­÷-sWÕ�I-÷T���5Ñ+��k'Ñ+��Ò-v�Ñ+��Ò$Ñ+÷Z�5Ñ�\c^$ÏEÅ-��Õ:^8÷Z� ���
�¦^ Å�I-I-�óskÑ+Õ�����Ï¥Å�÷-Ñ+Õ­â

�8ê
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y�ê äP÷�7-�ø7 ÊöòEóLô�êuî ç x�ê:È ì = àbñ êbòlíZô�óLô 7U�7ì ÊLí æ ênð çXñ ê ÷Lì07�ï'7 ê�ü�ÉLô�>�6�ÊCx ëU7C�

R = 4-H3C-C6H4- 

N

N

NHR

NHR

?A@CBED+F�@)G�F)�ëÎ#�rH�fÀskÑ+v�Ò$ÑoØK�W��^#÷-skÑ+��V-Ñ8�¹Õ��¹Õ��l�vf�a£�	�+¢W½+Ø
�+¢kê c Ù�fÞdP@)fgfeF�h5i'j�ÆWfgF�l��ÞÙ × Ü j � × Ý�m fýp q �b�vï8�-âYáWê
s5u­�A�WvKâ
pwd/àzyx{iælç���|�ïZàz~7æ«�P�vïWá�ß[á'à:�qpe�x�3�[¿¦Î��8¢�ß[á'à:¿�ïkê#�-ß�ïWá'à:¿
ïW½8�-ß¹�kà:¿-ï�ï5�Wß��Wà�¿��+×ká5ß��+¢�à�¿��8�W�'ß��+¢k¢�à:¿	�3�'ê�ß[á�à�¿��­ÎWá5ß;�'Î'à:¿
�+¢'�'ß��8�Wà�¿)×WÎ�ß[ê�à�â
�8��à�ä�å��?æ}�"à�æ'�e�K�)æ«��ÎkÎWÎWêwß Ý jìà:¿¬Î5�;ï��E¿ëÎW¢>ïkêÚß�Ù]jèØ
^#���W�bâ4à:¿�ïW×k¢W¢øß¹Ù]jèØ�^#v���é-�)â4à:¿�ïkê#���'¿¬�+êW¢kê5¿��­½WêWê�¿��+½ká5�W¿��­½W¢'�'¿��+ákÎW×�¿��+á5�;ï5¿¬�+Î8�'á5¿��­Î5�3�-¿�� ïkáWÎ�¿
�+¢kÎ#�-¿`ê5�+Î�¿C½ká5�kâ
� ���.r pr�£ß;�'¢W¢wp�jsa'fLÃcj V=Ø��-ê�fPÎ>ïkÎeM�à �5à.áLá��Úæ«���mf]�E�bß¡Ò-��f)��f%�o�'j/f=Ø�Ù]j × Ø�ubÙ]jìà�¿¤�gf¾×'�
ß¡Ò-��f$½mjUfCÙ]j � Ø�Ã=�kv[â4à:¿Xï�f¾Î��tß;��f�ÎmjUfCÙ]jèØ�è��-^#�Ö^8÷5Õ�ï�v[â4à:¿'½�f]�8á�Ø��tf¾×>ïÖß¡ÒU�+âXf-��f5êgjUfCÙ]jèØ�^#���W�bâ4à:â
��© â �.r pr�£ß��­¢W¢Ip�jsatfZÃcj V=Ø��-ê#f�Î>ïkÎAM�à���à.áLá/�5æ8�Û�+×#fYê�ß¹Ù]j � Ø�Ã)�WvKâ]à:¿�ïWê�f¾×�ß;Ò-�+âAfCÙ]jìà:¿$ÎkÎ#fY½
ß¹Ù Á+Â ¥:Ã¡Ä�Å®à�¿%ÎWá#fYêÞß¡Ò-��f/Ø�Ù]j × Ø�à:¿P�kï#f¾áÞß;Ò-�if/Ø�Ù]j × Ø�à�¿/�Eê#f¾×øß¡ÒU�if/Ø�Ù]j × Ø�à:¿¦�W�­×#f��gß¡ÒU�+âXf%Ù]jèØ�^#���k�bâ]à�¿
� ïkê#f¾×£ß¡Ò-�­âXf¼Ù]j�Ø�^8���W��â]à:¿��+Îk×#f®��uÖ�+½k½#fY½�u��+½Wê�f��8uÖ�#�E�mf®�£ß¹Ù Á­Â ¥:Ã;Ä�Å®à�â
��� � �è�kdëß¹Ù]jìÙ%v � à��C�ÔZ�M �Kß¡v�s#�:à:_UÎ#�E½5ß[Î�f¾×'à:¿$�'½>ï�ß[Î�f ï�à�â

y ç y�ê	� ìFáLõ 6�ÊöóLô�êuî ç xTê�È ì = à.ñ ê�òlíZô�ó"ô 7-�7ì ÊLí æ êið ç´ñ ê ÷Lì¡7�ï'7 ê¹ü�ÉLô�>�65Ê7x ë È �

R = 4-H3C-C6H4- 

N

NC6H5

C6H5
NHR

NHR

?A@CBED+F�@)G�F)�C�Eá HIf�sWÑ+v�Ò5ØK�W�:^8÷-sWÑ­��V-Ñ8�¹Õ��¹Õ��l��ß�e�d8v�v�Õ�Ò$Ñ+�Lè¬I#eK^#��Ò¼Ñ­��Õ�IU÷-s
^#vÔ��sWÑ+v�Ò$Ñ8��
¬vP^8÷CàEf�a��%�o�E¢«Ø��o�Eá c Ù�f/dÛ@)fefgF5h�i'jCÆkfeF'l:��Ù �on j × o Ý m f
prq­�C�W�kï5â¾ák½ts5u­�A�WvKâ
pwd/àzyx{iælç���|�ïZàz~7æ8���W�EÎ5ß¡�Eá�à��qpe�x�o�K¿%ÎWáWá�ß[Îk¢�à:¿¦ÎWÎkê5ßK½W¢�à�¿ÀÎ��+ê�ß[ÎWá'à:¿
ÎW¢�ï5ß��­¢W¢'à:¿�ïk½Wê5ßK½W¢'à:¿�ï8�'ê5ß�ïW¢'à:¿P�­êWÎ5ßK×W¢'à:¿��+½��Eß¡�Eá�à:¿Û�+áW¢�ß[êk¢�à:â
�8��à�ä�å��?æ �"à�æ'� �[� æ8��ÎWÎ#�E¢5¿)Îk¢W½k¢5¿�ÎW¢�ïW×bß¹Ù]jèØ�^#���W�bâ4à:¿!ïk×Wá#�U¿�ïW×>ï�ï5¿
ïWêk½W×5¿Û�+½#�U�W¿��+½k¢#�-¿��+ákÎWê�¿P�+á��W�W¿��W�8�W�E¿/�­¢WÎWÎ�¿)ê5�­Î5¿)�8ákÎ5¿�½W×W½�â
� ���.r pr�£ß;�'¢W¢�p�jsa'fZÃcj V=Ø��-ê'à��	à.áLá/�5æ8��ï�f¾Îk¢ýß;Ò-�+âAf¼��f$½mjUf)Ù]j ��Ø�Ã)�WvKâ]à:¿�½#fYêW¢tØ��tf¾×k¢ýß;Ò-�+âAf
��fC�­êmjUfCÙ]j�Ø�^8���W��â]à:â
��© â �.r pr�£ß��­¢W¢©p�jsatf�Ãcj V=Ø��-ê�àg�Õàbá{á��5æ8�A�+×�f¾êãß�Ù]j � Ø�Ã=�kv[â]à�¿t�;ïW¢+Ø��+ÎW¢
ß;Ò-�+âAf���f�Ù]jèØ
^#���W�bâ4uWÙ Á+Â ¥:Ã¡Ä�Å®à:¿��+Îká#f]�kuÖ�+Îkê#f��#uÖ�3�-�mfYá�u��o�Eê#f¾½£ß¹Ù Á+Â ¥:Ã¡Ä�Å®à:â
��� � �è�kdëß¹Ù]jìÙ%v � à��C�ÔZ�M �Kß¡v�s#�:à:_¼ïWák¢5ß¡��f ï'à:¿$�'¢W½�ß[Î�f¾×�à�â

�8×
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<Gó�Êöò õ 6#=­6 >Gí$Ê à��?æ êE@?ê Ë�ë ê[ª õ 6�ÊöóLô�êið'ê á ê�òlíZô�ó�ô�ê ñ ê à¥ë ê á ê�òlíZô�ó"ô 7-�7ì ÊLíTê ñ ê á ê.òlíZôXóLôXê
ì¡��ì Ê{í�ê ñ � ê ì¡��ìF÷/7�ï íöô�êuî�êbó"ô æ êEîãê àià
��æ êEx�ê á{õ 65ÊZóLô�ê 7 ôFô 7 Ê{í'óLô 7-�7ì Ê{í æ ênð � ê á óLùlùlíöô�êEx�êbóLô Í êEx�ê
á{õ 6�ÊöóLô�ê 7-æ ùióLô 7-��ìK÷ 6IxZy
ïW½k½CM Ngß��tMPMPQWV¡à��5Ñ8� Ø �U^#vÔ^#�A�S�5��÷�� ð�R$È JÀÑ­�E�5Ñ+÷wa+I$��^#�A�AÑ­÷t�A��Õë��M�VPÕ�����Ï¥Å'Ñ­÷-Ñ+�ñÿPï���������÷
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ÀTÁ Ï�Â�ÃÅÄ�Æ#Í�ÄrÇ È�É�Ê È�Ë ÈWÌ�Ê Í�È Í}Í
Î Ï�ÃÅÏLÐoÎ�ÐÅÐÅÑ²ÒkÏ�Ó�Ô�ÒÕÐÅÒ�Ç�Ã Á ö¦Î
Ï�Â�ÐÅÒ�Ï Ç Á ÐÅÂ ö¦Î�Ï�Â�ÐÅÒ�Ï Ï�ÒJÐ×Ö�Â!ÏmÎ�ÍrÄ Â#ÏoÎ�Í�Ä
Ø Í�Ñ¸Ñ Á Ä�ö
ÒJÏ�Ñ Á Ð Ù�Ú ��Û Ú ��Ü � Ù�Ú ��Û Ú�Ý Ü ±ÕÞ Ù ¥J¥�Û�¥�� Ü ��Þ�¥ Ù ±���Û�± ��Ü � Ù ¥ Ú Û�¥Õß Ü �lÞ�±
àâá ¥��Õ��ã ±�� ¥Õ� Ý ã ±k± ± Ý � ã � Ý ä�ä �}ã Ý ¥ ± Ý ��ã � Ú
à�Á?å Ð Á Ñ¸Ó+Ñªæèç?Ù�é Ö�ê ß�ë�¥�ì Ö�ê ßrë�¥Õì Ö×ê ß�ë�¥�ì Ö×ê ß�ë�¥Õì Ö�ê ß�ë�¥�ì
Î Ï�ÃÅÏLÐoÎ�ÐÅÐÅÏ�í�ÏLÐ Á Ñ Ñ²ÒÕÄ�Ò�î�ÐÅÃÅÄ Ñ¸Ò�Ä�ÒÕî�ÐïÃÅÄ Ñ²ÒÕÄ�Ò�î�ÐÅÃÅÄ ÐLÏ�ÃÅî�ÐÅÃÅÄ Ñ²ÒÕÄ�Ò�î�ÐÅÃÅÄ
á Î
Í�Ñ²ÇkÏLÍ�ÓrÓ Á ð ¥rÚ�ñ�ò ð ¥�Ú�ñ�ò ð ¥�Ú�ñ�ò ð Ö Ú ð ¥rÚ�ñ�ò
ó ÃhÐLÐ Á Ï�Ó9Î�ÏmÎ Á Ð Á Ï�Î�æõôöé Ú�Ú ã Ý�Ý ±k±�ë���ì Ú ��ã ±J¥ Ú �rë ê ì ä ã Ú�ä ßJ±rë�¥�ì Ú�Ú ã ä �J±J±rë ä ì Ú�Ú ã ê ��� ¥�ë ê ì
Â�æõô'é ��ãõ� ä �l�rëO��ì � ã ä�ä �k±�ë�±�ì ¥ Ú ã ê ±�ßrë�¥�ì ¥�ß�ã ��± Ý ¥rë � ì � ãõßÕß ê ä ëO��ì
ò æõô'é ê ã Ú�ä �J±rë ä ì Ú ß�ã ¥ ÝrÚ ê ë ä ì ê ã Ú�Ú ± Ú ë
��ì ¥���ã êÕê � ë Ú ì Ú ê ã � ± Ú ë Ú ì
÷ æèç�é ê ßrãõß�ß ê ß�ãõß�ß ê ßrã ßÕß ê ßrãõß�ß
ø æèç¿é ê�ê ãõ� ä�Ú ë�±Õì ê ß�ã ä ��±�ë�¥�ì ê Ú ã ¥k± ê ëO�lì � ��ã ÝrÚ ¥�ë�¥�ì Ú ßÕß�ã � ä �WëZ�lì
ù æèç"é ê ßrãõß�ß ê ß�ãõß�ß ê ßrã ßÕß Ý � ãõ�k¥ ä ë�¥�ì ê ßrãõß�ß
ú Ð Á Ñ Á Ä�ÐmÎ�Ï�û Á ÐÅÐ Á Ä�Ö
ü ÒÕÐhÍ�Ñ Á Ä À æõô�ý�é Ý ß Ý ã ¥ Ú ë Ý ì Ú �N±��Wã �N±rë Ú ¥Õì Ú ßk¥ ê ãõßrë Ú ì ��ß�ß Ú ã � ëZ�lì Ú � Ý ¥rã äÕä ë Ú ê ì
Î Ï�ÃÅÏLÐoÎ�ÐÅÐÅÇJÏ�þ å�Á æõÑ²Ñ²ýZé ß�ã ±Õß�ÿ�ßrã ¥ � ÿ�ß�ã ¥J¥ ßrã ¥���ÿ�ß�ã ¥�ß ÿ�ßrã Ú � ß�ã ±J¥ ÿ�ßrã ¥k¥�ÿ�ß�ã Ú ß ß�ã Ú ß ÿ�ß�ã Ú ß�ÿ�ßrã ß � ß�ã ¥Õß�ÿ�ßrã ¥�ß�ÿ�ß�ã Ú ¥
� ë à Ò�Ð Á î���Ð Á Ó!Ï�Ò ú Ð Á ÖÑ Á ÄNÐoÎ�Ï�û Á ÐÅÐ Á ì ¥ � ¥ � �
� Â Á Ï.Ñ æõÇ ÿ�ò Ñ�� ý�é Ú ã ¥ ä�Ú Ú ã ¥J± � Ú ã ¥J¥ Ú Ú ã ¥J¥ � Ú ã ±k± ä
� ÂrÏ�ÒJÏ�Ó#Ð�ÃÅÒÕÄ�Ï�îÕÒ Á	� û?Ã Á Ä�Ð

 æ ò Ñ ��� é ß�ã ÝÕÝ ßrã � ß�ã � ß�ã Ý � ß�ã ê ¥

 Ñ�Î�� æèç�é ¥��rã �lß ¥ Ý ã ä ß ¥ Ý ã ä ± ¥J±�ãõßÕß ¥ Ý ãõ��ß
� Î�ÔrÐ Æ4ÑJÇ Á Ñ Á Ï�Ï Á Ä Á Äá Á	�WÁ � Á ¥��k¥ ä ä ê � Ú ± � ê Ý ¥��l� Ú ß Ú�Ú � Ý �
Ï�í�Ñ¸Ñ Á ÐyÏ�Ã Á Í�ÄqÎ�Â�Ô+Ñ á Á Ö
�WÁ � Á Ú �Õ� ä ±k¥ � � ¥���±�� Ú �J±k± Ý �N¥ � Ú
Â Á Ò�Â+Ñ á Á��}Á � Á Ú ß Ú ± ¥k¥J±�� Ú�ä ± Ý ê ± Ý ß ¥ � ê �
� ÄrûxÎ�Ô�Ð�Æ Á Ï ü Á Ï ö Á ÃÅÄ Á Ï×ÖÐ Á Ä ð Î
ÏmÎ�Ñ Á Ð Á Ï Ú ¥ � ¥�� ê Ú�Ý ê Ú�ä � ä ¥ ä ±
á Ú Ò�Â�Ï ß�ãõß�� Ý�Ý ßrãõß ä � ê ß�ãõß���� Ý ß�ã Ú ¥ ä�ä ß�ã ¥ Ú ±�ß
� á ¥ Ò�Â�Ï ß�ã ÚÕÚ ± ê ßrã Ú ¥ � ä ß�ã Ú�Ú ��� ß�ã ± Ú ��� ß�ã ¥ Ý ßJ±
� Ã�� Á Ï Á Ä�û ú Ð Á î�ÐLÏ�Ò�Ä Á Ä ÖÆ�Ã ò Ô�Ð Á Ñ²ÃÅÄ ñ Ñ�Î��}æ�� ÿ ô��Oý�é ß�ã ¥Õß���ñ Ö ßrã Ú ��ß ßrã Ú �J±Õñ Ö ß�ã ¥�ßÕ� ß�ã Ú ê ß�ñ Ö ßrã Ú ê�ê ß�ã ± êÕê ñ Ö ß�ã ±��l� ß�ã ä ß ä ñ Ö ßrã �N± ä
á Ú Î�ÐÅÐ ß�ãõß Ý�ä � ßrãõß ê Ý � ß�ã Ú�Ú ��ß ß�ã Ú �Õ� � ß�ã ¥ � ±J¥
� á ¥ Î�ÐÅÐ ß�ã Ú ¥ � ê ßrã Ú ����ß ß�ã Ú ¥ ê Ý ß�ã ±��Õ�l� ß�ã ¥ ê ¥ Ý
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ÀTÁ Ï�Â�ÃÅÄ�Æ#Í�ÄrÇ Í\Ì Ë�� ��� Ë�� Ë}Ë
Î Ï�ÃÅÏLÐoÎ�ÐÅÐÅÑ²ÒkÏ�Ó�Ô�ÒÕÐÅÒ�Ç�Ã Á ö¦Î
Ï�Â�ÐÅÒ�Ï ÒkÏmÎ�Ä�Ç Á Ï ò Ô � Î
Ï�û ö¦Î
Ï�Â�ÐÅÒ�Ï
Ø Í�Ñ¸Ñ Á Ä�ö
ÒJÏ�Ñ Á Ð Ù ¥J± Û ¥ Ú Ü ± Þ Ù ¥ Ý Û ±�ß Ü � Ù ä � Û � Ý Ü Ý Þ ¥ Ù �lß Û � Ú Ü � Ù ¥J¥ Û ±�� Ü � Ø Ã ¥
à á ± äÕä ã ��� � Ú ßrã äÕä � ±k±�ã ê �J±J±rã � Ú � Ú ß�ã Ý�Ú
à�Á?å Ð Á Ñ¸Ó+Ñªæèç?Ù�é Ö�ê ß�ë�¥�ì Ö�ê ßrë�¥Õì Ö×ê ß�ë�¥�ì Ö×ê ß�ë�¥Õì Ö�ê ß�ë�¥�ì
Î Ï�ÃÅÏLÐoÎ�ÐÅÐÅÏ�í�ÏLÐ Á Ñ Ñ²ÒÕÄ�Ò�î�ÐÅÃÅÄ ÒkÏLÐ�Ô�ÒJÏ�Ô�Ò�ÑiÂ�ÃÅÏ ò Ô ÐLÏ�Ãïî�ÐÅÃÅÄ ÐLÏ�ÃÅî�ÐÅÃÅÄ ÐLÏ�ÃÅîlÐÅÃÅÄ
á Î
Í�Ñ²ÇkÏLÍ�ÓrÓ Á ð ¥ Ú ñ�ò ð ¥ Ú ¥ Ú ¥ Ú ð Ö Ú ð Ö Ú ð Ö Ú
ó ÃhÐLÐ Á Ï�Ó9Î�ÏmÎ Á Ð Á Ï�Î�æõôöé ��ã Ú�ä ¥J¥rë Ú ¥�ì �rã ä ��ß Ú ë�±�ì Ú�Ú ã Ú ¥ � Ý ë Ý ì Ý ã ê � Ú ë Ú ì ��ãõß � �l�rëO��ì
Â�æõô'é ±J±rã ± � �}ë Ý ì ÚÕÚ ã ± ÚÕÚ �rëO�lì Ú ±rã ê Ý ± ä ë ê ì Ú�ä ã ��±�ß�ë�¥�ì ê ã ± Ú � ä ë
�Õì
ò æõô'é Ú ¥rãõß Ú�ä ë�¥Õì ¥ ê ãõ��� � ë Ú ì Ú �rã ± ä ê � ë ê ì ¥ Ý ã êÕê � ëZ�lì Ú�Ú ãõßJ±�ßk±�ë � ì
÷ æèç�é ê ßrãõß�ß ê ß�ãõß�ß Ý �rã ÝÕÝ�ä ë�±�ì � ±�ã ¥ ��� ë ä ì Ý �}ã � � ê ë�±Õì
ø æèç¿é Ú ßk±�ãõ��ßrë�±Õì ê ß�ãõß�ß Ý�Ý ã ± ä�Ý ë�±�ì � ��ã ¥ ê ë Ú ì � ä ã � Ú ±rë�±Õì
ù æèç"é ê ßrãõß�ß ê ß�ãõß�ß Ý�Ú ã � � Ý ë�±�ì � Ý ã Ý ± � ë � ì � ßrã ± � ä ë�±Õì
ú Ð Á Ñ Á Ä�ÐmÎ�Ï�û Á ÐÅÐ Á Ä�Ö
ü ÒÕÐhÍ�Ñ Á Ä À æõô�ý�é ¥J± ê � ã ä ë � ì ¥k¥�ß Ú ã ä ë�¥�ì ¥J±k¥ Ú ã ¥rë�¥�ì ±��lßÕ��ã Ý ë � ì ä ê �Wã � �}ë Ý ì
Î Ï�ÃÅÏLÐoÎ�ÐÅÐÅÇJÏ�þ å�Á æõÑ²Ñ²ýZé ß�ã ¥Õß�ÿ�ßrã Ú � ÿ�ß�ã Ú ¥ ßrã Ú � ÿ�ß�ã Ú ¥ ÿ�ßrã Ú ß ß�ã Ú ¥ ÿ�ßrã Ú ß�ÿ�ß�ã Ú ß ß�ã Ú ß ÿ�ß�ãõß � ÿ�ßrã ßÕ� ß�ã ±Õß�ÿ�ßrã ¥�ß�ÿ�ß�ã Ú ¥
� ë à Ò�Ð Á î���Ð Á Ó!Ï�Ò ú Ð Á ÖÑ Á ÄNÐoÎ�Ï�û Á ÐÅÐ Á ì � � ¥ � Ú
� Â Á Ï.Ñ æõÇ ÿ�ò Ñ�� ý�é Ú ã Ú ê ä Ú ã ¥J± ê Ú ã Ú ê ± Ú ã ¥J±Õ� Ú ã Ú � Ý
� ÂrÏ�ÒJÏ�Ó#Ð�ÃÅÒÕÄ�Ï�îÕÒ Á	� û?Ã Á Ä�Ð

 æ ò Ñ ��� é ß�ã Ý ¥ ßrã Ý � ß�ã Ý�ä ß�ã Ý�ä Ú ãõ���

 Ñ�Î�� æèç�é ¥ Ý ã ��� ¥ Ý ã � Ý ¥ Ý ã ärÚ ¥J¥�ãõ�k± ¥ Ý ã ä�ä
� Î�ÔrÐ Æ4ÑJÇ Á Ñ Á Ï�Ï Á Ä Á Äá Á	�WÁ � Á ¥J± Ú � ± Ý ± ä Ú�ä � ��� Ú�Ú�ä ¥ Ú �N¥ ê �
Ï�í�Ñ¸Ñ Á ÐyÏ�Ã Á Í�ÄqÎ�Â�Ô+Ñ á Á Ö
�WÁ � Á Ú ê � ê ± Ý ± ä Ú ßÕß ä � Ý �N¥ � ¥�� ê ±
Â Á Ò�Â+Ñ á Á��}Á � Á Ú ±��N± ± Ú ßÕß ±J± ��� ¥ ä � ¥ ¥J¥ Ú�Ý
� ÄrûxÎ�Ô�Ð�Æ Á Ï ü Á Ï ö Á ÃÅÄ Á Ï×ÖÐ Á Ä ð Î
ÏmÎ�Ñ Á Ð Á Ï Ú ±k± ¥ � � ä � ß � �J¥ Ú ê ä
á Ú Ò�Â�Ï ß�ã ¥��l� Ý ßrãõß � ê ± ß�ãõß�� ä ê ß�ãõß ê � Ý ß�ãõß��N± Ý
� á ¥ Ò�Â�Ï ß�ã ±����l� ßrã Ú�ä ê ¥ ß�ã Ú � Ý � ß�ã ¥J± Ý�Ú ß�ã Ú ß�ß ä
� Ã�� Á Ï Á Ä�û ú Ð Á î�ÐLÏ�Ò�Ä Á Ä ÖÆ�Ã ò Ô�Ð Á Ñ²ÃÅÄ ñ Ñ�Î��}æ�� ÿ ô��Oý�é ß�ã ä ßJ±�ñ Ö ßrã ± Ý�Ý ßrã ¥ � ��ñ Ö ß�ã ± Ú�ä ß�ã ä ± Ý ñ Ö ßrã ±Õß�� ß�ã ± Ú�ä ñ Ö ß�ã ¥ � Ú ß�ã ¥k¥ Ú ñ Ö ßrã ¥��l�
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