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ª «F¬�l®°¯`¬²±´³l`µ ª
�3��� �z�$�l�'�Z�����$��� �¶�·�¶���·�¶�·�¶�·�¶�·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶� �
�3���3��� ¸º¹ ���$�"�W�»�p�Z "�}�"�$�}�z�$�l�'�Z�����$��� �¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶� �
�3���3�°� �z�$�l�'�Z�����$���Z¼`�`�Z�l�´��� �·�¶�·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶� ½

�3�°� ¾ �$�Z� ¹ �"�$�g¿´ "�ÁÀº '�ÃÂ7�p ÅÄ ¹ �oÆ`�Z����Âm�$�l�$���"�l�$�����$� �·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶� Ç
�3�°�'��� È ���Z�Z���pÉ "�l� È ���Z�Z���pÉ`Ê ¹ �Z�l�$�ËÉ`Ì}���p�W�Z� ¹ � �¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶� Í
�3�°�'�°� ¾ � ¾  "�Z�Z¼:É`Ì}���p�W�Z� ¹ � �·�¶�·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶� Î
�3�°�'�°Ï Æ`���$�3�Z���Z�ËÉ`Ì}���p�W�Z� ¹ � �¶�·�¶�·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶� Ð
�3�°�'� Ñ Êº�´���<É`Ìº���p�`�Z� ¹ � �·�¶�·�¶�·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�Ò��Ó

Ô ÕFÖ':±´×`¯:ØÙ¯Ú:ÛmMÜFÛm®°ÖlÝÙÞWßhÛmÞ5Ö'®°¯'"¬�à¬�'áÙâl¯"`â;ßE¬�à�¯'ßh¯'Qà¬²±¶Õ;±§¬�®äã"¯"`åW×lßhÛmà�ÛmÞl×`Ûlßt¯" ª"ª
�'��� Æ`¼W�:�Z�l�´���¶ "�l�QÀ}�7�p��¼W�Z����"�$�ºæH�"� ¹ � ¹5ç � ¹ ��� �·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�Ò�3�
�'���3��� Æ`¼`�`�Z�l�´���·�"�$��¤ ¹ �����Z '�Ã�$� �·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�Ò�3�
�'���3�°� Æ`¼`�`�Z�l�´���·�"�$�!Æ`�Z����Â;�$�l� �·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�Ò��Ï
�'���3�°Ï À}�7�p��¼W�Z���è�"�$�!Æ`�Z����Âm�$�l� �¶�·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�Ò��Î

�'�°� Æ`¼W�:�Z�l�´���¶ "�l�QÀ}�7�p��¼W�Z����"�$���z�$�l�'�Z�����$��� �·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶���3½
�'�°�'��� Àº���Z���p� ¹ �éÉ'æ ¹ ���¶�Ã�"���'���¶�!�$�l�'�Z�����$��� �¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶���3½
�'�°�'�°� À}�C���'Ä<�$�Z�W�:� ç �Ã�����z�$�l�'�Z�����$��� �·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶���<Í
�'�°�'�°Ï ÆW���"�äêS�����l� � �5���$� �¶�·�¶�·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶���3Ð
�'�°�'� Ñ Ì}�´�' "¿´���$�Z���ëÆW���"�äê;�����l� � �5���$� �·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶��Ï3Ï
�'�°�'�°½ Ê!�p�Z�l��� ¹ êmÄ<�$�Z�W�:� ç �Ã���·�z�$�l�'�Z�����$��� �·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶��Ñ`Í

ì í_î!ï`îëðéÕmñ�ÕPÞl¯"ò5±´ßhÛ"Ø+ò�ÛmÞ'¬ó¯Å³7`âôÜH×`Û'±�ÛmåW×`¯'à¬ó¯�â7¯'ßzõº¯'`â;ßE¬�à�¯'ßh¯ ö;ª
Ï'��� ÷ ¤¶ø+¤z¢ùÆ:úËÆ ç �$�W�Z� ¹ �Z� ¹5ç ���z "�l�Å�b� ¹ � ¹ ���l�$�C���ë�Z�Z����Âm�$� ¹ ���"�$�º¤#�$�ZÂ"���l�' "�"�<�$� �·�¶��½'�
Ï'�°� ÷ ¤¶ø+¤z¢ùÆ:úËÆ ç �$�W�Z� ¹ �Z� ¹5ç ���û "�l�·�b� ¹ � ¹ ���l�$�C���H�"�$�]� ¹ ��¼Sü ç � ¹5ç ¼W���$�"���C���dýË�"�$�l�'�Z�����$���
�C���c���$�Z�C���7�p���$��Æ`�Z����Â;�$�l���"� ¹ � ¹5ç � ¹ ���$� �¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶��½3Ï
Ï'�°�'��� ¢EÌcÉ'Æ ç �$�W�Z���$� �·�¶�·�¶�·�¶�·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶��½3½
Ï'�°�'�°� ÷ ¤·ø+¤z¢ùÆ<É� "�l�ÅþP��  ¹ ���´�Z¿��$�"¿�� ç �$�W�Z���$� �¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶��½3Ç
Ï'�°�'�°Ï � �$�������:�Z "�"�Ä ¹ � ÜbÕbõºÕ �·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶��½3Î
Ï'�°�'� Ñ � �$�������:�Z "�"�Ä ¹ � ÜbÕbõ�ÿ �·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶��½3Ð
Ï'�°�'�°½ � �$�������:�Z "�"�Ä ¹ � ÜbÕbõ�� �·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶��ÇpÑ
Ï'�°�'�°Ç � �$�������:�Z "�"�Ä ¹ � Ü���õ�ÿ �·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶��ÇpÑ

Ï'�°Ï ÆW�$�C���$� ç ���Z�������l���º 7�p�:���$�"���´���7�p�"���Q "�l���z���+�Ã�ù�t�$���'���´���"�: "�"�<�$� �·�¶���·�¶�·�¶��Ç3Î
Ï'�°Ï'��� ÆW�$�C���$� ç ���Z�������l���º 7�p�:���$�"���´���7�p�"��� �¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶��Ç3Î
Ï'�°Ï'�°� ¾
	 �mÀ}æ#É`Ì}�´���"�: "�"�g�$���l�$� ¾%¹ �"�$����Ä<�$�ZÂ"���l�' "�"� �·�·�¶�·�¶�·�¶���·�¶�·�¶� ÍW�
Ï'�°Ï'�°Ï �z���+�¡�ù�t�$���'���´���"�` "�"�<�$� �¶�·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶� Í5�
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Ï'�°Ï'� Ñ �z���+�Ã�ù�Ã�$���`É`Ìº�´���"�: "�"�è�$���l�$� ¾%¹ �"�$����Ä<�$�ZÂ"���l�' "�"� �·�·�¶�·�¶���·�¶�·�¶�·�¶� Í5Ï
& ' ³`Ø)(làgà�¯'+*,(`Ø§Ø�³l:µ -'ö
ö «�.lÞ"¯"ß2¬�à�¯'`±�¯'®ä®°¯'ß�/û¯`¬�® -�0
½'��� Àº�����<�$���$���l�´� �¶���·�¶�·�¶�·�¶�·���¶�·�¶�·�¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶� Í5Ð
½'�°� Àº�����<�$���$���l�·Àº�ZÂm�$�����ZÄ ¹ �������"�Z�ä�Ã���$� �·�¶�·�¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î3Ó
½'�°�'��� ¾ �����7�5�$�����ËÉ`Àº�ZÂ" "¿ ¹ Ä:É`Ì}���p�W�Z� ¹ � �¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î3Ó
½'�°�'�°� È ���Z�Z���pÉ`Ê ¹ �Z�l�$�ËÉ`Ìº���p�`�Z� ¹ � �·�¶�·�¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î3Ó
½'�°�'�°Ï Àc�´�$���p��� ç �p���Z "�"� �·�¶�·���¶�·�¶�·�¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î'�
½'�°�'� Ñ Ê!�´���:É`Ì}���p�W�Z� ¹ � �·�¶�·���¶�·�¶�·�¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î'�

½'�°Ï Æ`¼W�:�Z�l�´�����"�$�c¤ ¹ ���Z�Z '�Ã�$� �·�¶�·���¶�·�¶�·�¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î'�
½'�°Ï'��� � ¹ �� "¼W���21p "���$���$�Z�`¼`���´�Z���$� /ë« �·�¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î'�
½'�°Ï'�°� Ï43 Ñ53°½ ú2�F�Z� ç � ¹5ç;¹76 ¼WÂm�$�"¿ ¹ �´�21p "���´�$�Z�:¼W���´�Z���$� Ü98}«Ò�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î3�
½'�°Ï'�°Ï Ï43 Ñ53°½ ú2�F�Z� ç � ¹5ç;¹76 ¼WÂm�$�"¿´¼W�»�p��� ¹ � ¹ � Ü:8<;o�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î3Ï
½'�°Ï'� Ñ Ï43 Ñ53°½ ú2�F�Z� ç � ¹5ç;¹76 ¼WÂm�$�"¿��p���"�$�`¼W� Ü98}õ �¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��ÎpÑ
½'�°Ï'�°½ Ñ ú ¾ �$�Z� ¹76 ¼W�Z�E¼`� ¹ ��= 8#î �¶�·�¶�·�¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î3½
½'�°Ï'�°Ç Ï43 Ñ53°½ ú2�F�Z� ç � ¹5ç;¹76 ¼'�Z�2¼W� ¹ � Ü98Jî �·�¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î3½
½'�°Ï'�²Í Ñ úÙü � � ¹ �C���$�Z�:¼W� ýEÂm�$�"¿ ¹ �´�21p "���$���$�Z�`¼`���´�Z���$� 8:/�« �·�¶�·�¶���·�¶�·�¶�·�¶��Î3Ç
½'�°Ï'�°Î Ñ ú ¾ �$�Z� ¹76 ¼`Â;�$�"¿´¼`��Â"� ¹ �C���>= 8<8 �·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î<Í
½'�°Ï'�°Ð Ï43 Ñ53°½ ú2�F�Z� ç � ¹5ç;¹76 ¼WÂm�$�"¿´¼W��Â"� ¹ �C��� Ü:8<8 ���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î<Í
½'�°Ï'����Ó�� �$�"¿´¼`� ç � ¹ � ç � ¹ �l�21p "���´�'���$�Z�:¼W���´�Z���$� 8}Üf���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Î3Î
½'�°Ï'���3� ü Ñ ú ¾ �$�Z� ¹76 ¼W���p�ZÂ ¹ �:¼W� ýEÂm�$�"¿´¼W� ç � ¹ � ç � ¹ �l�21p "���´�'���$�Z�`¼`���´�����$� «?8ºÜ �¶�·�¶��Î3Î
½'�°Ï'�����{Ñ ú ¾ �$�Z� ¹76 ¼`Â;�$�"¿´¼`� ç � ¹ � ç � ¹ �l�21p "���´�'���$�Z�:¼W���´�Z���$��= 8ºÜ��·�¶���·�¶�·�¶�·�¶��Î3Ð
½'�°Ï'����Ï�Ï43 Ñ53°½ ú2�F�Z� ç � ¹5ç;¹76 ¼WÂm�$�"¿´¼W� ç � ¹ � ç � ¹ �l�21p "���´�'���$�Z�`¼`���´�Z���$� Ü:8ºÜ �·�¶�·�¶�·�¶��Î3Ð
½'�°Ï'���$ÑA@ úÙü Ñ ú � � ¹ � ç �l�$�:¼W� ý ç �:�Z�7�p�����C��� 8ºÜ9B*�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Ð3Ó
½'�°Ï'����½C@ úÙü Ñ ú2¢ ¹ � ç �l�$�`¼`� ý ç �`�Z�7�p�����C��� ð Ü9B �·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Ð'�

½'� Ñ Æ`¼W�:�Z�l�´�����"�$��ü�D�ý2úËÆ`�Z����Â;�$�l� �·���¶�·�¶�·�¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Ð3�
½'� Ñl��� ü�D�ý2ú Ñ ú ¾ �$�Z�:¼W���Z�Z����Â;�$�>= Õ��·�¶�·�¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Ð3�
½'� Ñl�°� ü�D�ý2ú Ñ úÙü Ï43 Ñ53°½ ú2�]�Z� ç � ¹5çm¹�6 ¼'�Z�E¼`�Z¼W� ýE� ¹ ��  ¹ � Ü = Õ �¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Ð3Ï
½'� Ñl�°Ï ü�D�ý2ú Ñ úËÆ`�E¼`�Z¼W��Â;�$�"¿��p���"�$�:¼'� Õbõ �¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��ÐpÑ
½'� Ñl� Ñ ü�D�ý2ú Ñ úÙü Ñ ú ¾ �$�Z� ¹76 ¼'�Z�2¼W�Z¼`� ýEÂ;�$�"¿��p���"�$�:¼'�E= Õbõ �·�·�¶�·�¶���·�¶�·�¶�·�¶��Ð3½
½'� Ñl�°½ ü�D�ý2ú Ñ úÙü Ï43 Ñ53°½ ú2�]�Z� ç � ¹5çm¹�6 ¼'�Z�E¼`�Z¼W� ýEÂm�$�"¿��p���"�$�`¼W� ÜbÕbõ �·�¶���·�¶�·�¶�·�¶��Ð3Ç
½'� Ñl�°Ç ü�D�ý2ú Ñ úËÆ`�E¼`�Z¼W��Â;�$�"¿ ¹ �´�21p "���$���$�Z�`¼`���´�����$� Õ#« �·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶��Ð<Í
½'� Ñl�²Í ü�D�ý2ú Ñ úÙü Ñ ú ¾ �$�Z� ¹76 ¼'�Z�2¼W�Z¼`� ýEÂ;�$�"¿ ¹ �´�21p "���$���$�Z�:¼W���´�Z���$��= Õb« �·�¶�·�¶�·�¶��Ð3Î
½'� Ñl�°Î ü�D�ý2ú Ñ úÙü Ï43 Ñ53°½ ú2�]�Z� ç � ¹5çm¹�6 ¼'�Z�E¼`�Z¼W� ýEÂm�$�"¿ ¹ �´�21p "���$���$�Z�`¼`���´�Z���$� ÜûÕ#« �¶�·�¶��Ð3Ð
½'� Ñl�°Ð ü�D�ý2ú Ñ úËÆ`�E¼`�Z¼W��Â;�$�"¿ ¹ �´�21p "��� ÕFÕ*�·�¶�·�·�¶���¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶�!��Ó3Ó
½'� Ñl����Ó ü�D�ý2ú Ñ úÙü Ñ ú ¾ �$�Z� ¹76 ¼'�Z�2¼W�Z¼`� ýEÂ;�$�"¿ ¹ �´�21p "���F= ÕFÕ*�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶�!��Ó'�
½'� Ñl���3� ü�D�ý2ú Ñ úÙü Ï43 Ñ53°½ ú2�]�Z� ç � ¹5çm¹�6 ¼'�Z�E¼`�Z¼W� ýEÂm�$�"¿ ¹ �´�21p "��� ÜbÕFÕ �¶�·�¶���·�¶�·�¶�·�¶�!��Ó3�
½'� Ñl����� ü�D�ý2ú Ñ úËÆ`�E¼`�Z¼W��Â;�$�"¿ ¹ �´�21p "���§úÙü Ñ úh�"���Z� ¹5ç �l�$�`¼`� ýË�´�����$��G «IH �¶���·�¶�·�¶�·�¶�!��Ó3Ï
½'� Ñl����Ï ü�D�ý2ú Ñ úËÆ`�E¼`�Z¼W��Â;�$�"¿ ¹ �´�21p "���´�$¼:�p� ¹ ���$�Z�`¼`���´�����$��G «KJ �¶�·�¶���·�¶�·�¶�·�¶�!��ÓpÑ
½'� Ñl���$Ñ ü�D�ý2ú Ñ úËÆ`�E¼`�Z¼W��Â;�$�"¿ ¹ �´�21p "���§ú2L � úÙü �43°½ ú2�'� ¹�6'¹ ý ç ¼`� ¹ �����'���W¼W�NM»�´�Z���$�OG «SÕ �¶�·�¶�!��ÓpÑ
½'� Ñl����½ ü�D�ý2ú @ ú2L�ü Ñ úËÆ`�2¼W�Z¼`� ý ç �l�$�`¼`�NM ç �`�Z�7�p�����C��� ÕIB%�¶�·�¶�·�·�¶�·�¶���·�¶�·�¶�·�¶�!��Ó3½
½'� Ñl����Ç ü�D�ý2ú @ ú2L Ñ úÙü Ñ ú ¾ �$�Z� ¹�6 ¼'�Z�2¼W�Z¼W� ý ç �l�$�:¼W�NM ç �:�Z�7�p�����C���P= ÕIBo�¶���·�¶�·�¶�·�¶�!��Ó3Ç
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½'� Ñl����Í ü�D�ý2ú @ ú2L Ñ úÙü Ï43 Ñ53°½ ú2�]�Z� ç � ¹5çm¹�6 ¼'�Z�E¼`�Z¼W� ý ç �l�$�:¼W�NM ç �:�Z�d�p�����C� � ÜbÕIBo���·�¶�·�¶�!��Ó<Í
½'� Ñl����Î ü�D�ý2ú Ñ úËÆ`�E¼`�Z¼W�»�p�"������� Õ = �·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�!��Ó3Î
½'� Ñl����Ð ü�D�ý2ú Ñ úÙü Ñ ú ¾ �$�Z� ¹76 ¼W���2¼W�Z¼`� ýù�p�"�������E= Õ = �·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�!��Ó3Ð
½'� Ñl�°�3Ó ü�D�ý2ú Ñ úÙü Ï43 Ñ53°½ ú2�]�Z� ç � ¹5çm¹�6 ¼'�Z�2¼W�Z¼W� ýù�p�"������� ÜûÕ = �¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�!�3��Ó
½'� Ñl�°�'� ü�D�ý2ú Ñ úÙü Ï43 Ñ53°½ ú2�]�Z� ç � ¹5çm¹�6 ¼'�Z�2¼W�Z¼W� ýEÂm�$�"¿´¼W�»�p��� ¹ � ¹ � ÜbÕI; �·�¶�·�¶���·�¶�·�¶�!�3�3�
½'� Ñl�°�3� ü�D�ý2ú Ñ úÙü Ï43 Ñ53°½ ú2�]�Z� ç � ¹5çm¹�6 ¼'�Z�2¼W�Z¼W� ýEÂm�$�"¿´¼W��Â"� ¹ �C��� ÜbÕI8 �·�¶�·�¶���·�¶�·�¶�!�3���
½'� Ñl�°�3Ï ü�D�ý2ú Ñ úÙü Ï43 Ñ53°½ ú2�]�Z� ç � ¹5çm¹�6 ¼'�Z�2¼W�Z¼W� ýEÂm�$�"¿´¼W� ç � ¹ � ç � ¹ �l�21p "���´�'���$�Z�W¼`���´�����$� ÜbÕbÜz�3��Ï
½'� Ñl�°�pÑ ü�D 3 D�ý2ú Ñ ú2L Ñ úÙü Ï43 Ñ53°½ ú2�]�Z� ç � ¹5çm¹�6 ¼'�Z�E¼`�Z¼W� ýË�Z�2¼W�Z¼W�NM�Âm�$�"¿��p���"�$�`¼W� Ü���õ �¶�·�¶�!�3�$Ñ
½'� Ñl�°�3½C@ ú2Ê!� 6 ¼W�äú Ñ ú2L�ü�D�ý2ú2�Z�E¼`�Z¼W�NM�Â;�$�"¿��p�C��� Õ =RG ñS� ���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�!�3��½
½'� Ñl�°�3Ç ü�D�ý2ú Ñ úËÆ`�E¼`�Z¼W��Âm�$�"¿ ¹ �´�21p "���$��� ¹5ç � ¹5ç ¼`���´�����$� Õ =RG ñ´Ü �¶�·�¶�·�¶���·�¶�·�¶�!�3��Ç

½'�°½ Æ`¼W�"�l�´���¶�"�$�}�z�$�l�'�Z�����$��� �¶�·�¶�·���¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�!�3��Í
½'�°½'��� �p���äúÙü�D�ý2ú ¸�3 ¸O3 ¸�TU3 ¸�T ú2L Ï úÙü Ñ ú2L Ï43 Ñ53°½ ú2�F�Z� ç � ¹5çm¹�6 ¼7���2¼l�Z¼W�NM¡Â;�$�m¿´¼`�¡� �C�¡� ¹ ý ç � ¹:ç ¼`�NM�ú

Â" d���p�'ú �V3 Ñ ú2�'�»�:�C��� ÜbÕbõ!Õûª �¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�!�3��Í
½'�°½'�°� �p���äúÙü�D�ý2ú ¸�3 ¸O3 ¸�TU3 ¸�T ú2L Ï úÙü Ñ ú2L Ï43 Ñ53°½ ú2�F�Z� ç � ¹5çm¹�6 ¼7���2¼l�Z¼W�NM¡Â;�$�m¿´¼`�t�<�C�¡� ¹ ý ç � ¹:ç ¼`�NM�ú

Â" d���p�'ú �V3 Ñ ú2�'�»�:�C��� ÜbÕbõëÿ_ª �¶�·�¶�·�·�¶�·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�!�3��Î
½'�°½'�°Ï �p���äúÙü�D�ý2ú ¸�3 ¸O3 ¸�TU3 ¸�T ú2L Ï úhÂ"���ùúÙü Ï ú2L Ñ úÙü Ï43 Ñ53°½ ú2�F�Z� ç � ¹5çm¹�6 ¼d�Z�2¼l�Z¼W� ý�Âm�$�m¿´¼`�t�:�C� � ¹ M�ú

�p�C� � ¹`ç � ¹`ç ¼W� ý ç � ¹`ç ¼W�NM¡Â" m���p�'ú �V3 Ñ ú2�'�»�:�C��� ÜbÕbõëÿbÔ �¶�·�¶�·�¶���·�¶�·�¶�!���3Ó
½'�°½'� Ñ �p���äúÙü�D�ý2ú ¸�3 ¸O3 ¸�TU3 ¸�T ú2L Ï úÙü Ñ ú2L Ñ úÙü Ï43 Ñ53°½ ú2�F�Z� ç � ¹5çm¹�6 ¼7���2¼l�Z¼W� ý����2¼l�Z¼W�NM¡Â;�$�m¿´¼`�t�<�C�äú

� ¹ ý ç � ¹`ç ¼W�NMÃÂ" d���p�'ú �V3 Ñ ú2�'�»�:�C��� Ü���õ�ÿ_ª �·�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�!���'�
½'�°½'�°½ �p���äúÙü�D�ý2ú ¸�3 ¸O3 ¸�TU3 ¸�T ú2L Ï úhÂ"���ùúÙü Ï ú2L Ñ úÙü Ñ ú2L Ï43 Ñ53°½ ú2�F�Z� ç � ¹5çm¹�6 ¼d�Z�2¼l�Z¼W�NMt�Z�2¼l�Z¼W� ý�Âm�$�'ú

¿´¼`�t�:�C� � ¹ Mh�p�C� � ¹`ç � ¹`ç ¼W� ý ç � ¹`ç ¼W�NM¡Â" m���p�'ú �V3 Ñ ú2�'�»�:�C��� Ü���õ�ÿbÔ ���·�¶�·�¶�!���3Ï
½'�°½'�°Ç �p���äúÙü�D�ý2ú ¸�3 ¸O3 ¸�TU3 ¸�T ú2L Ï úÙü Ñ ú2L Ï43 Ñ53°½ ú2�F�Z� ç � ¹5çm¹�6 ¼7���2¼l�Z¼W�NM¡� ¹ �� m�¡�'�¡� ¹ ���p�§Â ¹ �`¼`� ý2ú

�p�C� � ¹`ç � ¹`ç ¼W�NM¡Â" m���p�'ú �V3 Ñ ú2�'�»�<�C��� ÜbÕbõ��·ªk�¶���¶�·�·�¶�·�¶�·�¶���·�¶�·�¶�!���pÑ
W ;l¬²±�¯'ß�(`±´³lßtÚ:¯'ß�Xp¯`¬óåW×l'¬óØ ª:Ô�-
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�¶�5� ÈL¹ �Z�ij2�z�$�l�'�Z�����$�$kë���$�����$�z�Z�����oÄ ¹ �%�"�$�o�3�Z���´���"�������l�$� Èml �Z���$�Z�nj2�"�$�l�'� ¹ �okèü � �p "� ý� "�l�
jh���$� ¹ �$k0üÃ�]�$��� ýë�pÂ � �!���´��� � �$¿��$�����"�: "�"�L�7�p� �Z�������l�$ "��� �<�$�<�$�:�"Â;�$�kÀº l���'�Z�l���<�$�qpc���rjE�p�ZÂ ¹ ú
� ¹ �sk�ü¡�»�p� � Àº�ZÂ ¹ �rt � �p "� ý ¹ �"�$��jËÆ`���p�ZÂ" "���Z�ËÉ'Æ`¼'�Z���$��kg�' "�����"�<�´���$�Z¿´� � �z�$�l�'�Z�����$���èÂm�´�����Z¿��$�
�$���l�$�ô�����7�p���$�'� l �Z�C���<�$� À} '�ÃÂ7�p  �û� �$�3���"�l�$�l� Ä ¹ � æ ¹ ��� 3 �"�$�k¿��$�:�Z���p���$�vub���"�l�$��� 3 j%p_�5���l���$�ok
�'�����z�$�l�'�Z�����$���p�Z���}�7�5����p �w<�$� �gx �´�"�c�l�$ l�<yz�$�l�$���p�Z� ¹ � Ä<�$�Z¿7pH�$���3�X�'��� ç �$�Z� ç �l�$���$�zy!�Z  ç"ç �$�
�"�$��Ä ¹ �Z�l�$�Z�<�$�l�$�l�"�$�{yz�$�l�$���p�Z� ¹ �Q��¼W�Z���$���p�Z������� �

Peripherie

Cavität

Dendron

Core

Schale

Schale

Schale

|�}g}g~����4�g� ���g�N�+���V���g���s�2���%�Q�$���s�Q���I���V�%�g�Q�e�2�s���� I¡��2�g¢���s�£�2�� 

u#�c�$�`���Z���$�:���$���g�C���´�$�����$�7�p�Z�Z���<�´� ¾o¹ ���$�W�"�;�C�����$���l�$� 	 Â;�$��¤�15���l� 3 �"�$���$�¥u#���<�$�l�����7�+�Ã���$�Q�' "�����
�'��� ç �$�Z� ç �l�$���$�¦y!�Z  ç"ç �$� 3  "�l�g�C���zæX��Ä`���21p���$�%���Á¢E�"�l�$���$� 3 �"�$���$�Rub���<�$�l�����7�+�Ã���$���' "�������"�$�
Àº '�¡Â7�p  �"�$�J�z�$�l�'�Z�����$���p�Z���ºÂ;�´�Z�Z���C�ë�§pH�$���"�$� � �!���´���¨pH�$���"�$�Â;�$��� ç ���$����pH�$�����X�¡�"�H�'�����F���p�l�ùú
�t�$�`�Z� ¹ �©Ä ¹ �qyz�$�l�$�����q©m�$�����$� ü¡¿ �Z�!� Æ`  ç �$��þl�´�$��ª 3 � ¹ ��¼'þl�´�$��ª�Ä ¹ �«�º�»�p�<�$�dý·�$���"�<�´���$�Z¿´� ¹ �"�$�
Â;�$�P�#� ¹ ���$���WÉo "�l� ¸  l�$���$���l�21p "���ÙÉ ¾ ���$� ¹ �p�Z���´¼'��ü¡¿ �Z�z� Æ`�����"�·Ê£¬�N® 3 Æ`�����"��Ê<¯Ks®�Ä ¹ �LæH�"�����$���
� � ¹ ���´� ¹ �"�$� Ï � ¸ À N® Ä ¹ ��yz�$�"��� ç �l�$����ý � Àº �w<�$���"�$�±°l�l�"�$�g�z�$�l�'�Z�����$���!���"���}Àº�gp_�$�l�' "�"�C���
þ7�p�ZÂ;�$�Å "�l��²?�5���<�$�´³ µ�¶�· �
¾ �p�3�l�$�Z�������´� ¹ �7�p�l�´�}�����p�3���"�ü ¾ Ì}¢ZýhÉ+� ¹ �`�Z���5�Z�Z�C���Z���$�#³ µ�¸�·:�$�Z� l �3�������l�$�èÂm�´�����$���c�F "� ¹ �ËÉ:¤!�¡�Z 'ú
�:���¡�������Z "�"� 3 ¢E�:���$� ç ���$���p�Z� ¹ �è�����"�$���z���$Âl���'�»�p�3� ¹ �Z�Z���C "�l��Ä � � � �$���l�c� ¹ �"���`Ä5�5����Ä<� ¾ �$�Z� ¹ �"� 3 �"�$�
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þ ¹ �Z�������"�Z���Z���$���l�$�¶�] "� ¹ �Z�Z�l�$��� ç ���C¿´ ��"Âm�$��pX�5���l�$� �F¾ �p�`� ¹ � ¹ ���$�W "�»�p��� ¾ Ìº¢tÉ+� ¹ �:�Z���5�Z�Z�C���Z���$�
pc "���"�$�C�����$�������$�¾²F���"�����$�:�p ¹ �ù�t�$� 3  "�f�"�$� � �� "�ËÉ`� ¹W¹ �l "�l�k�'���}Æ`���$�����c�$���l�$�J�pÂ"� ¹ �Z���$�rub�;� ¹ ú
�Z�l�$�éÉ`�P�$�Z�����pÂ"�������21p�J¿´  Ä<�$�Z�3� l w<�$�Z� � �! "�����k���"���9yz� l w<�HÂ;�´�Z���Z¿��$�k�Z���J�$���l�_Ä<�$�Z�¿1p�"�<�$�Z���_���:�Z����Ä5�5�Zú
�W "�¿1p���kÌ}�$���$�`�Z� ¹ � � �z�5�z�$�Z�»�p "Â"�¶�¿1p�"�<�$���kÀº '�¡�7�p�"���$¿��$�����$� 3F¹ �"�l�k�'���Ày¶�pÂ;�ë�"�´� ¾ ���Z���$���£pc���§ú
�"�$�Z� ¹ ���$�è¿´ ���l�����$� � �! "�����g�'���Áy!� l w<�z�"�´� ¾%¹ ���$�W�"���HÄ<�$�Z�Z���"�<�$�Z�c�Z������'��� ¾%¹ ���$�`�"�éÉ`Ì ¹ ���p�Z� ¹ �
 "�l�%�$�Z� l �:�¶�Z�����%�'���ëÌ ¹ ���p�Z� ¹ �l�ËÉ+� ¹ �Z���$�»�p�Z� ¹ �l�Z¿��$��� � �¶�5�ºÂm�´�'���"�3�z�$���l��� l �l�$��� �b� ¹ � ¹ �l�$�WÉ`� � É
Ìº�$�»� 6 �p�Z� ¹ �0Â;�$� ç �p���p�C�3�l�$�Z�������l�$�©¢ ¹ �l�$�WÉ'æH�l�$�»�p�Z� ¹ � ç ��� 6 �$�M�C���¶�»�p�"�<�$�L�$���$�W�Z� ¹ �"�������l�$�©Ì}�§ú
�»� 6 �p�Z� ¹ �l�Z¿��$�����$�¦pc���Àyz�FüÃ¢�¢�¢ùý � u#�:��� ç ���´���l�$�l�"� ¾ ���Z���$�cü¡¿ �Z�z� y¶�5� ¹ ���$�ùú ��Í Ä ¹ �MÆW���l�$�Z���"�`ý!Â;�§ú
°l�l�"�$�o�Z�����Å���o�"�$�c�`�����"�������l�$�o�b�Z�'� ç �7�5����³ µ�Â�· �
¤!���$���Pp_�$�����$����¤#�$��pH�$�l�' "�"�<�Z¿7p_�´���<� �Ã�"�©�z�$�l�'�Z�����$���vpH�$���"�$� �'���Z�W "�Z���$�Z� 3 � ¹ �p���>�·�p���p��¼`ú
�Ù�p� ¹ ���$� ��� �"�$� � ¹ � ¹ �<�$�l�$�Ã�·�p���p��¼'��� 3 �p���«²S�����:�����p�C���$�»�p�`���$�"�l�$� ��� ¸ �5���7�p�"�� "�"���"�$�
�#� ¹ � ¹ �Z¼`�`�Z�l�´��� ¹ �"�$�o�p��� � �p l�Z���$���l�L�¡�"�g��� ¹ �����$�Z���L� ¹ ���$�W "�»�p���L�!�21p�:��� 3 ²]�$ l���:���'� ¹ �"�$�  "�l�
yz�»�5�ù�t�5���$� ¹5ç �Z���<�$�´³ µ�ÄSÅSµ�Æ�· � ¢E� � �$���$�����
�"�$� ¾ �´�'��¿´���  "�l� �b�7�p�Z���p¿´���
pH�$���"�$�
�Z���0�p���è�!�Z "�pÉ
æX�p�Z�Z���$���p '�Ã�3�Z "�l�����"���$�kÊ ¹ �Z�ËÉ+ub���<�$�l�����7�+�Ã���$� �<�$�7�p�l�"�$��� ³ µ�Ç�· 3 �p��� �W�"�l�Z�Z�������l�¥ub�"¿´¼W��� ³ µ�Ä�· 3 �p���
Ì l �:�Z�<�$�"� ¹ �`�Z���5�Z�Z�C���Z���$�#³�È,Ä�·5 "�l� ��� � �$���$�������"�$�#¢E�WÉ:ÄW��Ä ¹ É`�º�»�p�3� ¹ ���Z����³ µ�Ç�· � �z�$�l�'�Z�����$���¨p_�$���"�$�
���0�'���Oj ¸ �p� ¹ ���´���"� ¹ � ¹ �3����k��$���"�<�´�Z�Z '�Ã� 3 �'���C�p���É©d "�W "�'�¡���ËÉÅ "�l� È �5���l���Z "���Z���p�Z�`���p�"�<�´���$�l�$�
pc�����Ê³ µ)È2ÅSµ�µ�· �
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¾ ���:p_�5���l���$�l�"�$�i�·�5�Z�3�5�"�ipc�����è�'��� ¸º¹ ���$�"�W�»�p�Z "���"�$�_�z�$�l�'�Z�����$���z�7�5���è¢ ÷ �dÀ}æ ���C���$�X "�'ú
�"Â;�$���Z�����:�Z�������l�$� � Æ ç 1p���´�Z���$�l�§pH�$�"� �"�$� ¸ �p���c�¿1p�"�<�$�H�p���J�'����Ì}���p�W�Z� ¹ �l�ZÄ ¹ �������"�Z�ä�¡�#����� 3 Â"���p l���:�
�$����æH�l�$�C���<�$�b�$���l�_�7�p�l�'�7�pÂ"Â7�p���$��� � �$¿��$�����"�: "�"�·�¡�"�û���$��� ¾o¹ ���$�W�"� �+¸ �Spc� ¹ ���X�$�û�p� � ³�È,Â�· �����"�� 'ú
�<�$���l�p�l�$�H�$���l� � �$�l�$�"�` "�"�·Ä ¹ � 3 �'���c�'���¨ub�l�'�3�Z  ç"ç �$�� "�l�k���"���cÀº�"¿��p�"��© 3 �'���X¤#�$�Z¿7pH�$���3 "�"�<�ùú
�$���"�l�$�����$� 3 �"�$���$� ¾  "�¡�Z� ç ���¡¿´�¡�21p�º��áb "�l�%�l�5�zæ ¹ ���� "�l�o���$���l��þ" "�"�l�Z� ¹ �7�<���¡�21p� ¸�â � 6'ç ����¿´���ºÂ;�§ú
�l�$�"�`� � �!�����p�����<�$���$���l� þ ¹ �Z���$� �3��� �Ã�"�����5�'�»�p���Z¼W�C���$�Z�Z�������l� �z�$�l�'�Z�����$�����C���ºÄ<�$�������"���´�"�$�l�$�
È ���´�"�$�Z� ¹ �� "�"�<���$���"�l�$�����$�%�»�p "���$��üãp ¹ Â;�$�?�p� ¸ â � ¹ ���g�C���Z���$��� � ���l�"�´���Z�Z�����Q�'����Æ` "Âl�Z�Z���Z "�Z� ¹ �l�Zú
ç;¹ �Z���Z� ¹ �l�$�o�p�"�<�$��1p�"�3�<pH�$���"�$�dý§�

äPåqæÁç4èQéSçoê+ë�ì+æÁí�î�ëgï ð â$ñ ì�òãó�ôÕõ�ë7î ôÎëKö�ó�ôÎ÷�ë�ó�õ�øù úá ìVõ�ë7î ûzó�ôKçoü�ëKö�ó�ôÎ÷�ë�ó�õ ü �3��� ý
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 "�l�%¤#�$�Z���$���' "�"�èÄ ¹ � ¸ �$Â;�$�"�����p�`�Z� ¹ �l�$� 3 �"�$�·�p�l�����"�����Sw<�$�l���7�p�Z�"�Z�������M�p l���
pc���´�"�$�¶�$�:�ù�t�$�Z�:�
p_�$���"�$���� �w � Æ ¹ �C���J�����$���3�b�p l�����'��� È �p�"�������l�$���"�������"�<�$���J�Ã�"�#þl�$�"���Z���$�����$� 3�· �_�3� l w<�$�#�l�5� ¾%¹ ���§ú
�W�"��pc����� �<� �$�l�"�$�b� ¹ �:Ä<�$�Z�<�$�`���$�gÆ`¼W�:�Z�l�´�����"���"�<�$�<�$�rpc�����epH�$�"���<�$�_Ì}���p�<�$�"¿cÂ;�$� l �Z���3� 3 �l�!�: "�
p_�$�"���<�X�¡ "�"�W�Z� ¹ �l�$�����iy!�Z  ç"ç �$�C "�C�<�´���$�Z¿´�IpH�$���"�$� 3  "�l�kÂm�$�4p_�5���l���$�l�"�$�9yz� l w<�_�"�´�J�!�$�l�'� ¹ �l�
pc�����è�'���¶ÀºÂ"�Z���$�"�: "�"�CÄ ¹ �è�: "�c���$���Up_�$�����z "�C�<�´���$�Z¿´���$�ºÆ` "Âl�Z���p�"¿¶���$�����:���$� � Àº�l�"�$���$�����$�����X�3�p�"�
Â;�$�H�3� ¹ w<�$�ô�z�$�l�'�Z�����$���p�Z���$� �'���¤#�$�Z�W�:� ç �Ã "�"�0�C��� �"�$� æ ¹ ���g���$�"�k�����gpc���$�Z��� ¹ �"�$� � ¹ �:�p�
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 "�"� l �3���������np_�$���"�$� �
��Ð3Ð3Ó Âm�´�����"�Z���$Â;�$� þ"��¸´���l�$�è�$� �p� � ³�È,Ç$· �p�����$���Z���Å�'���g� ¹ �`Ä<�$�Z�<�$�:���LÆ`¼`�`�Z�l�´���Q�$���l�´� � ¹ ��¼Püt�<�Z¼W�äú
�+�Z�l�$�Ùý��"�$�m�'�Z�¡���$��� � �¶�pÂ;�$�?pc�����ôü �V3°Ï É`�� "Âl�Z�Z���Z "���$�Z���´�Ùý � �$�"¿´¼W��Â"� ¹ �C���M�p� �V3°Ï ú2�!� �`¼7�'� ¹�6 ¼lÂ;�$�'ú
¿´¼W�t�p��� ¹ � ¹ �#�<�$� ¹5ç"ç �$��� � �!�$�¶Àº��� ¹ � ¹ �ºüÃ�Z���$�l�CÀºÂ"Â"�����' "�"� �3�°½ ý<pc�����0�l�p�"�L¿´ "� � �$�"¿´¼W��Â"� ¹ �C���
�� "Âl�Z�Z���Z "���$�Z� 3 pH�$�����l�´�¨pc���´�"�$�Z "� �C��� �V3°Ï ú2�º�¡�:¼d�'� ¹�6 ¼lÂ;�$�d¿´¼W�Ã�p��� ¹ � ¹ �;�<�$� ¹5ç"ç �$���¨pH�$���"�$�g�3�p�"� �
�¶�5�9°l�7�p��� � �$�"¿´¼W��Â"� ¹ �C���Å�3�p�"�Å�l�p�"�Å¿ �Z�z� �C���}�$���l�$���b�l�$� ¹ �P�p���ºæ ¹ ���· "�C�<�´���$�Z¿´� pH�$���"�$� �

Br

R

R

+
OH

HO

HO

Br

O

O

R

R

R

R

1. K2CO3 / [18]-Krone-6
    Aceton / N2

2. CBr4 / PPh3
    THF / N2

OH

OH

OH

O

O

R

R

R

R

CO

3

neuer Start des Cyclus

Umsetzung
mit dem Core

G1: R = H

|:}g}�~ ���o�+� ���g�k¹���º»9Q� =Q������2�.M�9� S �.M���) ,�¨���¼1?�2�N T<��s�2�����Ù�g�� 7°C9Q�±S>Q¿����S �Ù�5M������U,¢V�2�+¢V��s�£�2�� 

]�^�½ ¾ `»¿�ÀEÁecÁ`�bÃÂ~Ä�h Å¯Ä~ÆJÇ�ÈÄÊÉ�ÁebÌËÍ¿ÕfTÎTÇÉ`�b `<fbÀi`if�¿5`<b

©d "�ëÆ`¼W�:�Z�l�´���CÄ ¹ �©Æ`�Z����Âm�$�l�$�©�Z���$�l�$�0Ä<�$�������"���´�"�$�l� Ì}���p�W�Z� ¹ �l�$�0¿´ "�¶¤#�$�ù�¡�"�3 "�"� � ©d "� �$���l�$�
�3�p�"�Å�'���¶� ¹5ç"ç �$��Â"���l�' "�"��p l���$���l�$�cÂm�´�����$�l�$�l�"�$� � ���l�' "�"���<�$�l�$�Z���$�Z� pH�$���"�$� 3 ¿´ "�Á�p�l�"�$���$�
�3�p�"� �' "�����«� ¹ �"���$�l�Z� ¹ ê;Ä<�$�Z�W�:� ç �Ã "�"�L�'�����$�`�k�l�5��Æ`�Z����Âm�$�"�<�$�Z�l�Z���p '�Ã�<�$Â7�p "�Op_�$���"�$� � ¢2���"�$�
Ä ¹ �Z�����$�<�$�l�"�$�èÀº�ZÂm�$���Ipc "���"�c�` "�#Ä ¹ �����$�Z¿´���$���$� ¾nl �3�������"�<�$���9yz�$Â"���p l�����<�$���5���`� 3 �l�p�l�$�H� ¹ �����$�
����þ ¹ ���<�$�l�"�$�o�'���£pc�����:�Z���<�Z���$��Ì}���p�W�Z� ¹ �l�$�Q�'���´���$�Q�J¼ ç ��Ä ¹ �Z�<�´�Z���$�����ip_�$���"�$� �
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ËÎÌ�¨�Ì�ËÐÏ ßsÚ7Ú ß±Ñ�Ò Û?Ô´ÝÓÏ ßsÚ7Ú ß±Ñ�ÒLÔOÑÍÜ�Ô´ÓÕÜTÒLÕ Ó5Ø¾Ö4Ú ßNÑIÔ
¢E�ë�"�$� È ���§�Z���pÉ5³ µ�ý�·� "�l� �"�$� È ���§�Z���pÉ`Ê ¹ �§�l�$�ËÉ`Ì}���p�W�Z� ¹ �´³ Æ�Ä�·�pc�����ë�$���l�XæX�p�§Â ¹ �`¼`�¡Ä<�$�ZÂ"���l�' "�"�z�C���
�$���l�$� �b� ¹ � ç � ¹ �ËÉ�Ö!�����©Â"¿7p � �$���l�$� �b� ¹ � ç � ¹ �7�p�k "�C�<�´���$�Z¿´� �P� �$���"� ¾ �$�Z� ¹ �"�$� �Z���l�L�$���7�p�'ú
�"�$�����$�"�i1p�"�"�������Å "�l�è� l �"�l�$�Q� ¹ p ¹ �"�S�Ã�"���p��� ç �7�p�Z�������l� �p�����p l���o�p� ¹ ���p�Z�������l�¶¤#�$�ZÂ"���l�' "�"�<�$�
�$���"�<�´���$�Z¿´��pH�$���"�$� � �!����Ìº���p�`�Z� ¹ �o� ¹ ���$�Z���$�Z�ºÄW���$���¶�Ã "�"�`�Z� ¹ �l�$�����ey!�Z  ç"ç �$�%� ¹ p ¹ �"�P���o�"�$�¶æX�p�ùú
Â ¹ �:¼W��Ä<�$�ZÂ"���l�' "�"���p���c�p l���g���×Ö!�����7øp�b� ¹ � ç � ¹ �7�p�c "�l� �����_���$�"�_ "�"��Ä<�$�����$���S�$���l���$�Z¿´Â7�p� � �¶�ë�'���
Öz�����"�����$�"�¶�����p�W�Z� ¹ �l�ù��1p�"���Q�Z���l� 3 �ë �wo�p '���'���CÀ}Â+pH�´���$�"�l�$��� Ä ¹ ��Æ'�p l�$���Z� ¹ ê 3SÈ �5�����$� 3 Êz�:� ¹ ú
�<�$�Êp_�5�����$���Z� ¹ ê;��1p "���$�� "�l��Àº��� ¹ � ¹ ���$���<���5���`���$�§pH�$���"�$� � À}��� � �5���c�$���3�l�$� �Z����� �  m�2¼W� ���¡�Z�"�¡ "� 3
¸ �<�Z�Z�¡ "��:¼7�'�Z��� ¹ �"�$�Í�·�:���  "�kú5ØTÙ�Ú�ØEúhÂ" d�E¼l�»�p�b¿´ "� �!� ç � ¹ � ¹ �"���+���$� � æX�p�ÙÂ ¹ �`¼l���X�p���F�Ã "�"�`�Z� ¹ �l�$�����
y!�Z  ç"ç �$�Å�ë�l�����$�o�p����Àc�´�+���:���¶�<�´�����`�"�Z¿´�ip_�$���"�$� 3 u#�Z���$�}� l �"�l�$�Q�Z� l ���$� �

Ph3P CH2Ar1

XPh3P
ArCH2X

BuLi
Ph3P CHAr1 Ph3P CHAr1

O

HAr2

PPh3

Ar1H Ar2CHO
δ δ

Betain

O

HAr2

PPh3

Ar1H

O PPh3

H Ar1

HAr2

+

Oxaphosphetan

|:}g}�~ ���o�+� ���g�0Û4��¡��s�~N¦�0M�M�s��Ü Ý����F8.M$��9��
þP�"�J�'��� È ���§�Z���pÉ`Ì}���p�W�Z� ¹ �rpc����� �$�����b� ¹ � ç �"���%ü¡����"�$�JÌ}�$�<�$�m�F�Z� ç �l���`¼`� ç � ¹ � ç �"���dýb�C���_�$���l�$�
Àº� �W¼W� Â"� ¹ �C���Q¿´ "� �b� ¹ � ç � ¹ �"�  "�è���p��¿k "�C�<�´���$�Z¿´� 3 �p l��pH�$�����l�$� �l�p�"�0�' "�����0�$���l� � �5���ë�l�5�
Öz����� �<�$�l�$�Z���$�Z��pc����� � �!���´���´�������p�3���$�Z��C�����$���l�$� À}���"�$�`¼W� ¹ �"�$���¶�$� ¹ � ¿´  �$���l�$� � �$���p��� �
¢E�Áþ7�p����� �"�$�zÆ`�Z���¡Âm�$�;�Z¼W�d�Z�l�p���Ápc�����%�p��� ¹ �$���oÂm�$�m¿´¼l���Ã�����l�´�º�b� ¹ � ç � ¹ �"�¡ "�è���p��¿k�p���zæ_ÊcÉW�5�$���"�
� ¹ � çm¹ �l�$�`���Q�C�����$���l�$� �p� ¹ ���p�Z�������l�$��À}���"�$�`¼W�  "�C�<�´���$�Z¿´� � �!���zu 6 ���Z���$�"¿Q�"�´� 	i6 � ç � ¹ �Zú
ç �l�+���p�l���¿1�w3�!�Z�����Q�' "����� Æ)È �ûú ¸!¾ Ì�Â;�SpH�$�����$��ü¡����þ7�p�����ë�"�$�}Ê ¹ �§�l�$�ËÉ:¤J�p�Z�»�p�:���ë�3���l���W�º�'���´���$�
¸ �5���+pH�$���è�"�����`�Ùý � À} '�Ã�3�Z "�l� �"�$�� ¹ �l�$� ÀßÞ��"���21p��"�´��b� ¹ � ç � ¹ ���¿´ "� Æ'�p l�$���Z� ¹ ê�¿��$�ù��1p�����
�l�5� 	i6 � ç � ¹ � ç �l�����p�ô "�`���$� � �����' "�"�LÄ ¹ � �]�Z� ç �l�+�:¼W� ç � ¹ � ç �"��� ¹g6 ���  "�l�ô�"�$� �<�Spc�"�l�����:���$�
Æ`�Z���¡Âm�$� �
�z�$��¤ ¹ �Z���$���!�"�$� Ê ¹ �Ù�l�$�ËÉ:¤J�p�Z�»�p�`���%Âm�´�Z���$�`� ��� �"�$��¤#�$��pH�$�l�' "�"� Ä ¹ ���b� ¹ � ç � ¹ �7�:���$�������p�Z�
�b� ¹ � ç � ¹ �"�  "�¼l���Ã�"�$� � Àº� �W¼W� ç � ¹ � ç � ¹ �;�21p d���p�'�Ã���Z�`¼`�Ã�´�Z���$�º�����l�g�����p�`�Z��Ä<�$�¶�p���}Àº�¡�`¼l���Ã�"�$� ç � ¹ �ùú
ç � ¹ ���<�l�{�m�C���·�$���$�l�Z� ¹ �l�$�m¿´���$�l�$�l�"�$� Ì}�´�Z�¶�p�0�"�$� ¾ �+�Z�:¼l���$�m�3�Z  ç"ç �k�����p�3���$���$�L����� �p l���0�C���
� ¹ �����l�$�z�¶��� ¹ �l�$� 3 �'���}�<�$�<�$�`�"Âm�$�c�"�$�g�b� ¹ � ç � ¹ ���:�l�$�è���l�$�Z�_�����l� � Àº���X�b� ¹ �' "�W�_���´�Z "���Z���$�Z�c�$���
pX�5�����$�Z� l �Z�������l�$�H�b� ¹ � ç �7�p�$�´�Z���$� 3 �"�$�J�Z�����ÀpH�´���$�:�Z������� ���$�����`���$�HÄ ¹ �{Æ`�Z����Â;�$� �pÂ"�Z���$�"�l�$���¿1�w3�_�p���
�l�5�c�]�Z� ç �l�+�:¼W� ç � ¹ � ç �"��� ¹�6 ��� � Àº �w<�$���"�$�������l��'���z�b� ¹ � ç � ¹ �7�<���!Â"���������<�$�}�p���X�'���z�b� ¹ � ç � ¹ �"�äú
 "�è���p��¿��� "�l���' "����� ¾ �Ã���7�`�������ùÉ`À}�§Â" d¿ ¹ Ä<É`Ìº���p�`�Z� ¹ � ���$�����`�_�l�p���Z���$����Â7�p� � �¶�5��Öz������� ¹ �������º�$���l�$�
���$�����:� �p�W�Z��ÄW���$���$�l�"�$�©Ì}�´���Ápc���C¿ �Z�z� �$���l�$�MÀº� ¹ ���p���$�M�Z���p�<�$� 3 �l�g� ¹ �l�Z�¶�7�5�����"�$��À}�Ã� ¹ �t�5�Wú
�'���Z� ¹ �g�"�´��æX�p�ÙÂ7�p�m� ¹ �l���p�g�'���zæX�p�§Â ¹ �`¼`�¡Ä<�$�ZÂ"���l�' "�"���'���£� ¹ �l�"�$�l���p�Z� ¹ �g¿´ "�c� ¹5ç"ç �$��Â"���l�' "�"�
�"�����:�z�Z���p�Z��°l�l�"�$� � ©d "�!�z� ç � ¹ � ¹ �"���+�Z "�"��<�$�:�"�3�z�l�p�"�QÂ;�$���$�����º�"�$��ub���l���p�Z¿�Ä ¹ �%À}��� ¹ � ¹ �»�p���$�
¹ �"�$�H� ¹ �:�p� ¸ �:�Z� ¹ �m�»�p "�<�} "�`���$�_�b�7�`���$�m�Z���p�l�Ù�Ã�$�§�5�:���:��¼7��� � �¶�5�ßØ�Ú�à á>âJ�Fã���â§É:¤#�$�Z��1p���Z�"���XÂ;�$�Z�21p�3�
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O
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Â;�$�'�"�$� È ���Ù�Z���pÉ`Ê ¹ �§�l�$�ËÉ`Ì}���p�W�Z� ¹ � ���fÆ`�Z����Â;�$�WÉ`þ7�p���"�$�,p_� Ð3½ � ½'� �¶���l�5�~ã���â§É'Æ`�Z��� Â;�$�k���$���Z�Îp_�§ú
���$�:�Z������������+pH�$���$�_�`�Z�������p�������Z���$�Z�H�p���J�l�5�ßØ�Ú�à á�âÙÉ'Æ`�Z���¡Â;�$� 3 pc�����CÂ;�$�d�p l�ù�h�p�����$�l�"�$� �b� ¹ �' "�W���$���"�$�
 "�l�$��pc�"�l�����:���3ã���âÙÉ`Àº�:���$��� ¹ �¡�c����� ¹ �g���Å�"�$��À} '�h�p�ZÂ;�$���Z "�"���"�$��Ì}���p�W�Z� ¹ �l�Z�C�������` "�"� �$�`�ù�Ã�$�Z�`� �

ËÍÌ'¨�Ì'¨çæéè�æ Û?Ü)Ü�ª�Ò~Õ Ó5Ø¾Ö4Ú ßsÑ�Ô

� �$�c�"�$� ¾ � ¾  "�Z�Z¼:É`Ì}���p�W�Z� ¹ �´³ Æ)È�·?p_�$���"�$� ¿7pH�$�ºæX�p�§Â ¹ �:¼W� Ä<�$�ZÂ"���l�'�"�<�$� ���´�' "�W�Z��ÄM¿´ "� Àº���<�$�
�<�$�W  ç"ç �$��� � À}���JÌ}�p�' "�l�Z� ¹ �l�§�C���Z���$�5pc�����C�"���´�"�$�§Ä5�:���$�d���´�J�X�����p� �$���"�<�´���$�Z¿´� � �¶�5�#�X�����p�"�����p�<�$�"¿
�ë �w · �Sp_�$�����J�Ã�Z������� �l�$�Z�<�´�Z���$�����:pH�$���"�$�Å�' "�����Àº�W�Z��Ä`���$�Z "�"� Ä ¹ � ���$���p�����������l�$� �X�����p��C���_�]�Z�äú
���+�Z�:¼W�Ã���"� ¹ �$�Z� �»�p� ¹ �"�$���' "����� Ì}�p�' "�l�Z� ¹ �LÄ ¹ �M�X� æH� � ¹ �"�$�ë�X� æH� � �C���O²S�¡�Z�"�¡ "�è�:�� d�C�¡�"�¡ "�kú
�`¼7�'�Z��� 3 Àº�¡�5�:��� ���$���p�����$�%ü#²S� 3<¸ � 3 ��ý 3<¾ �p�`�l�p�Z�¡ "� ¹ �"�$�H�$���l�$� ©d���"�<É+�z  ç �t�$�ËÉ`�û�3�p� � �¶�5�HÌ}���+ú
�<�$�"¿k���Z�!��� �p�����<�$���$���%Ä<�$��p_�$�l�"�$���$�»² l �Z "�"�<���C���Z���$�û�?�$�Ù���:�:¼d�'� ¹ �Ã d���p�ôüÃ�cÊ!þ#ý��"�����:�z� l �Z������� 3
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�'���¦u#�����$�Z�3�Z  ç"ç � � �¶�5�èÂ;�$� l �Z���3��� � � ¹ �C��� pc "���"����� þ7�p�����0�"�$��u#�Z���$�Z�3�Z  ç ú
ç ��C���C�p�W¿�� ç ���pÂ"���$� Àº l�ZÂ;�$ "���$� �p l�C� ¹ �� m¼W�¡�21p "���è�7�5��� ¤#�$���´�Z���$�Z "�"�0�C��� ¾ ���Z�7�:� ¹ � ³ Ç)È�· ¿´ 
� ¹ �� m¼`�Ã�21p m�������+�Z�:¼W�Ã�+�Z���$� /ë«  "�l� � � ¹ �C���+�Z "�"�4³ ý�·_�C��� ¸!� Æ ¹ �"�$�è� ¹ �����W d�»�:���$� � � ¹ � ¿´ 
Ñ úÙü � � ¹ ������Z�`¼`� ý�Âm�$�m¿ ¹ �+�21p m���+�����Z�`¼`�Ã�+�����$� 8�/ë« �l�$�Z�<�´�Z���$����� �

BTE

CO2Me

Br

NBS/AIBN
CCl4
55 %

oder Br2
CCl4
50 %

CO2Me

MeOH
H2SO4

71 %
CO2H

TE

|�}+}�~����4�g�V� /��N�g��� S �.M���) ,�L=:9Q���F6�Q�1?��9��£���5M� S �vU��+����§59 �) ��Q������£��M� S �s�� TM�2���n£��
�3�
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©d "�Àu#���'�¡�"�"�Z "�"�L�"�$���b� ¹5ç;¹g6 ¼l���´������³ Ç)ÅSÂ$·Ipc "���"�è��� �$���l�$� È ���¡���»�p�è� ¹ �WÉ'Æ`¼`�`�Z�l�´���ny¶�p�¡�� l�$�21p 'ú
���p�+�Z�:¼W�¡�p�Z���$�·�C��� � � ¹ � ç � ¹:ç �p�©¿´  Ï43 Ñ53°½ ú2�F�Z� ç � ¹5çm¹g6 ¼7Âm�$�m¿ ¹ �p�21p m���+�+�2¼W�Ã�+�Z���$� Ü:8º« Ä<�$���$�Z�l�$�Z� 3
�'���´���$�ë�l�p�"�L�C����²S��À}��Ê � ¿´  Ï43 Ñ53°½ ú2�]�Z� ç � ¹5ç;¹g6 ¼lÂ;�$�m¿´¼`�t�p��� ¹ � ¹ � Ü98<; ���´�' "¿´���$�Z� �?� �$���"��Ì}���p�`ú
�Z� ¹ �l�$�Q¿��$���<�$�%�p l�Z�<�$¿��$�����"�l�$����Àº l�ZÂm�$ "���$� �

LiAlH4

Et2O

99 %

H7C3Br / K2CO3

Aceton / KI

98 %

PBE PBL

H7C3O

OH

OC3H7

H7C3O

H7C3O

CO2Et

OC3H7

H7C3O

HO

CO2Et

OH

HO

|�}g}g~����4�g� � /4�0/���� S �.M���) ,�L=?9���:<; �=; >�6@?��$��<���9?<�9-A{S �+����§5S �N���±8?9Q�J9Q�>@B�DC
þP�"�b�'���X���$�Z� ¹�6 ¼7�Z "Âl�Z�Z���Z "���$�Z���X "�l�k�'��� ç � ¹5ç;¹�6 ¼7�Z "Âl���Z���Z "���$�Z���cÌ}�$���l�:pc "���"���p l�bÀ¶�"���´�p� � ¹ � ¹ �
Â"¿7p �"Ü98<; �' "����� Æ` "Âm�Z�Z�¡�Z m�Z� ¹ ���C���b�b� ¹ � ç � ¹ �Ù�Z�Z�¡Â"� ¹ �C��� ³ Â�· �����p l�Z�<�$¿��$�����"�l�$���$�À} l�ZÂ;�$ "���$� Ñ ú
¾ �$�Z� ¹�6 ¼lÂ;�$�d¿´¼W� Â"� ¹ �C����= 8i8  "�l� Ï43 Ñ53°½ ú2�F�Z� ç � ¹5ç;¹�6 ¼lÂ;�$�d¿´¼W� Â"� ¹ �C��� Ü98i8 �l�$�Z�<�´�Z���$����� �3� �$���"�
¤#�$�ZÂ"���l�' "�"�<�$�>pc "���"�$�{pH�$�<�$�©���"���$�O©m�$�����$�Z¿´�������"�<�$��� · �SpH�$�����z�Ã�Z�������L��¼`�`�Z�l�$�Z���Z���$�Z�· "�l�L� ¹ � ¹ �Z�
p_�$�����$�ZÄ<�$���p�ZÂm�$�����$� �

OH

PBr3
Toluol

Br

MBP 4-MeO
PBP 3,4,5-(H7C3O)3

R1

92 - 95 %i R1
i

R1
i

|�}+}�~����o�g�V� /4�0K4��� S �.M�g�� �9¢��2��1?�2��§qS �Ù����9Q�£�N¢V�

Àº l�g�"�$� Ä<�$�������"���´�"�$�l�$� � � ¹ �C���"�$�
 "�l���Ã�"�è�'���MÆ`�Z���¡Â;���l� ¹ �"�l�©ÆW�$�¡���$�d�<�$�§���$���p l�g�V1p '�2���äú
���l�$� � �$�d¿´¼W� Â"� ¹ �C���Fpc "���"�$�Å�l�p�"��C���_�7�p�l�$¿´ ÿ¬` 7�p�:�Z�����p�Z��Ä<�$�ÅÀº l�ZÂm�$ "���$����g�$���l�$� ¾ �Ã���7�`�§ú
�����ùÉ`À}�§Â" d¿ ¹ Ä<É`Ìº���p�`�Z� ¹ �´³ Â7ÅSÇ)È�·l�'���¶� ¹ �§���p� çm¹ �;�'���+���$�m�"�$�Q�#� ¹ � ç � ¹ �;�21p m���+�p�Z���$�}�l�p�Z�<�´�����$����� � �!���
�#� ¹ � ç � ¹ �7�:��� ¹ �"�l�0À}��� ¹�6 ¼l�<�$�Z���$� �5�p�"� ���p���"�´�Z�Z���������$���$� 3 �'��� · �$�"���<�$�
�C���ÅÀ}��� ¹�6 ¼l�<�$�Z���$�
Â;�´�Z���Z¿��$� � ¹ � ¹ �l�gÆ`���´�"� ç  "�"�W��� 3 �l��w%�Z�����Z� ¹ �Z¿¤#�$��pH�$�l�' "�"�L�$���l�$�FEº� ç  "� ç ����� �"�$�ë�z�p�Z�Z���äú
�»�:�Z� ¹ �l�ÙÂ"�»�5��� ç;¹ ��¼7�����Z�Ã�Z���+���$� � Àº�����$���'���"�<�º "�`���$�������l�$���"�$�L�������0�"�+���Z��� �����$�§���´�º�#� ¹ � ç � ¹ �7�p�z "�l�
Ì ¹ � ç � ¹ �' "�W���"�����:�}�` "�}�»�p "� È Ê}ú ¸º¾ Ì 3 � ¹ �l�"�$�Z�o�p l���o�»�p "�}�!�"�"�m�����"�����`�§���"� ¹ � ���:� ¹ �3��� ç �"���
�"�����:�<pH�´���$�`�Z�������%���Å���"���$�}Ì}�$���"�l�$��� �

PO3Et2

P(OEt)3

86 - 99 %Br

BP 4-H
MBP 4-MeO
P
EBP

BP
4-MeO2C

R1
i

R1
iR1

i
3,4,5-(H7C3O)3

|�}g}g~����o�+� � /4�k®����{S��.M$���� � ¢V�2��°Î��9� �<���9��g��M$�
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�G #" �Ê�#�´�2�S�O�%$��H&($�� "I),+ �-$ +�" �#����!0/�!U�.132����42���!0/¥���S���5/�!��  �#!U�765���´"���-$8/9$ + �4$��S���
îXÛ"ßhØÙ±´³g*2¯'%âl¯'ß��}¯<å'òJ�?ÿP¯g(7ò5±§¬óÛm
þP�"�·�'����Ê!�´���:É`Ì}���p�W�Z� ¹ �l�$�{pc����� Ñ ú2Êz�<� ¹ �<�$�;�:�"�¡�����L�C���·�b�:�Z�7�p�Ã�21p m���p�p�m�:¼d�'�Z���M¿´  @ úÙü Ñ ú2¢ ¹ �Wú
ç �l�+�:¼W� ý ç �`�Z�7�p� �¡�C��� ð Ü9B Â"¿7p ��@ úÙü Ñ ú � � ¹ � ç �l�+�:¼W� ý ç �`�Z�7�p� �¡�C��� 8}Ü9B ¿´ l���p�C���$�"�<�´�����"� ¹ ��¿��$�´³ Æ�¸�· �

X NH2 + O

O

O

X N

O

O

∆
X

BPF Br
IPF I89 % -

quant.

i

i

i

|�}g}g~����4�g� � /��k¹���� S �.M���) ,�¨¢V����°K�.M�g�Q�Ù�s�£�s¢��
Ñ ú ¾ �$�Z� ¹g6 ¼7�Z�2¼7� ¹ ��= 8#î  "�l� Ï43 Ñ53°½ ú2�F�Z� ç � ¹5çm¹g6 ¼7�Z�2¼7� ¹ � Ü:8Jî pc "���"�$� ��� �3 "���$� Àº l�ZÂ;�$ "���$�
�p l�cÀº�"���´�p�¡�"�+�:¼'�èÂ"¿7p �lÏ43 Ñ53°½ ú2�F�Z� ç � ¹5çm¹g6 ¼lÂm�$�"¿3�p�Ã�"���`¼W� Ü:8ºõ �' "����� È ���§�Z���pÉ`Ì}���p�W�Z� ¹ �´³ ¸�·"�C���
¾ ���Z�`¼`�¡�Z�Z� ç �l���`¼`� ç � ¹ � ç � ¹ �"�¡ "� Â"� ¹ �C���)�l�p�Z�<�´�����$����� 3�Ü98}õ ���{���$�"�0�3 "���$�)Àº l�ZÂm�$ "���$�)�p l�
Ü98i; �' "����� 	i6 �¡�l�:�Z� ¹ �M�7�5��� Æ+pH�$�Z�´³ Ç)È,· ¹ �"�$���C��� �43°Ï ú2�!�¡���"� ¹ �ùú ½43°Ç ú2�'�¡�$¼d�:� ¹ Âm�$�m¿ ¹ ���"� � ¹ �´³ Ç�Å7Â$·
üÃ�z�É�¶ý �

ClOCCOCl / DMSO
CH2Cl2 / Et3N

92 %

oder DDQ / Dioxan
91 %

OC3H7

H7C3O

H7C3O CHO

OC3H7

H7C3O

H7C3O
OH

CHO

Ph3PMeBr
tBuOK / THF

77 - 80 %
MBV 4-MeO
PBV

PBL PBD

R1
i R1

i

R1
i

3,4,5-(H7C3O)3

|�}g}g~����o�+� � /4�0Û���� S �:M$���� �¨¢V�2�§� M�S���9Q�s�

¨�Ì�ËÎÌ'¨óò�ªÕÔÊÚ{«ÊÓ�©�Ó«ÝÎÓKÜ ò¾Ú ßà×	KÎÓÕÔ´Ó
��¬²±�±§¬²µ��Í��ÛlßËW¯'ß��?ÿP¯g(7ò5±§¬óÛm
u#�epc "���"�$� ¿7p_�$��¤J�p�Z�»�p�:���$� �"�$� È ���§�Z���pÉ`Ê ¹ �§�l�$�ËÉ`Ì}���p�W�Z� ¹ �ô�' "�����"�<�§�Ã�"�"�Z���J�$���"���p�c�C��� ¸ �+ú
�Z�Z�¡ "� ���+�Z�7�:� ¹ �»�p� ³ Æ��·  "�l� �$���"���p�¶�C�����·�p���� "�kú5ØTÙ�Ú�ØEúhÂ" "�2¼W�»�p� ³ Â�· �p��� � �5��� � À} '�ë�'���´��� È �$�����
üÃ�Z���$�l�èÀºÂ"Â"�����' "�"� �'�²Í ýÁpc "���"�$�  "�;�Z "Â;�Z�Z� �Z m���$�§���$� 3]Ñ úh���$�Z� ¹�6 ¼7�Z "Â;�Z�Z�¡�Z d���$�§���$�  "�l� Ï43 Ñ53°½ úh�Z�Z�äú
ç � ¹5ç;¹�6 ¼7�Z "Â;�Z�Z�¡�Z d���$�§���$� Ñ úËÆ`�E¼l�Z¼`�¡Â;�$�"¿5�p�Ã�"���`¼W� Õbõ�3 = Õbõ  "�l� ÜbÕbõ � ¹ pc��� Ñ úËÆ`�2¼l�Z¼W� Â;�$�m¿ ¹ ú
�p�21p m�������+�Z�:¼W�¡�p�Z���$� Õb«¾3 = Õb«  "�l� ÜbÕb« �l�p�Z�<�´�Z���$����� 3 �p �w<�$���"�$� Ñ ú ¾ �+�Z�:¼W�¡���Z��� Â;�$�m= Õ  "�l�
Ñ úÙü Ï43 Ñ53°½ ú2�]�Z� ç � ¹5ç;¹�6 ¼7�Z�E¼l�Z¼W� ýZ� ¹ ��  ¹ � Ü = Õ#� �!��� ç � ¹5ç;¹g6 ¼7�� "Âm�Z�Z�¡�Z m���$�Ù���$� Æ`�Z��� Â;���l� �W�Z�¡�Z���p�¡���Ã�Z���§ú
���$�è¿ � � � �"�����`��Â;�$�;�"�$�cÊº¼7�'� ¹ ��¼7���z�p '�?ub��� � �!���zÀ}Â"�Z���$�"�` "�"��Ä ¹ �g�$�:���Z���p�l�"�$�l�$�Ìã���â$úËÆ`�Z���¡Âm�$�
�ë �wQ�l�p�l�$���' "�����>pH�$�����$��� Ì}�$���"���3 "�"�<�Z����w3�7�p�"���$� ü¡¿ �Z�!�]÷ ��`�Z�������p���������p�Z� ¹ �dýz�$�ù� ¹ ���<�$� � �!���

��Ï
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tBuOK / THF
2. CHCl3 / HClaq

1. OHC CH(OEt)2

CHO

CHOR2

tBuOK / THF
43 - 78 %

R2

MSE

R1

2Me

R2

MeO
PSE CO2Me
PMS Me SD

R1

 4-H
MSD 4-MeO
PSD

R2

CHOR2 MeOH / Na
52 - 67 %

PO3Et2

BP 4-H
MBP 4-MeO
P
EBP

BP
4-MeO2C

84 - 98 %

SE

R1

 CO2Me

R2

H
H CO2Me

MS H Me

R1

R1
i

R1
i

3,4,5-(H7C3O)3

R1
i

R1
i

i

ii

3,4,5-(H7C3O)3

3,4,5-(H7C3O)3

4-CO

3,4,5-(H7C3O)3

i

i

i

i i

i

i

|�}+}�~����4�g�V� /��0ä4��N¦��MTM�s��Ü{å�9��������Ü{ÝI���?8.M�±9Q�����
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Àº l�ZÂ;�$ "���$� �Z���l�ë���£þ7�p�����X�"�$� � �$�"¿3�p�¡�"�+�:¼'�"�X���$�"�P�3 "� 3 ��� þ7�p�����X�"�$�û���´�Z�Z�������l�$�k¤#�$�ZÂ"���l�' "�"�<�$�
�p�W¿�� ç ���pÂm�$�]Â"���c�3 "� �

ÕSÖ":±´×`¯<Ø§¯gâl¯'ß G ò5±§¬²Ú:¯<ØÙ±�¯'ß
Àº l�J�"�$� u#�Z���$� Õb« üÃÀ}Â"Â"�����' "�"� �'�°Î ý�pc "���"�ß¬` 7�p�:�Z�����p�Z��Ä��' "�����Êº¼7�'� ¹ ��¼7����³ Ç)È#·W�'���zÆ41p "���c�Ã���$�äú
�<�´���$�Z¿´� � Ìº���p�`�Z� ¹ �%�C���¶�X�"� ¹ �:¼W�¡���"� ¹ �Z���0�$�Z�:�pÂ0�l�5��Æ41p m���+���"� ¹ �Z��� 3 p_�$�����l�´�¶¿´ "���$���l�$�����0�"�$�
�'�����$�W���$� ÷ �����$�Z¿´ "�"�Å¿´ "� Àº�C�����<�$���´�Z���$�Épc "���"� 3 ¿´ "� �p�l�"�$���$�M¿´ "�·�¶�p���Z���$���� "�"�oÄ<�$�������"���§ú
�"�$�l�$�}Àº�l�Z��Ä7�p�Z���$�c�'���$�:��� � À}���}À}�l�Z��Äd�+�Z���$�9pc "���"�$�Q�"�$�zæH¼d�<� ¹ ���+�Z�:¼W�¡�p�Z���$�S³�È�·�G «KJ<3�L ú ¸ �¡�Z� ¹ ú
ç �l�+�:¼W�¡�p�Z���$� ³ Ç)È�· G «IH  "�l� @ úËÆ` l�p�$���d�¡�C�Ã�'¼`�Ã�+�����$� ³ Æ�Ç�· G «SÕ �C���k���$�"�ë�<�$�C�������:���$� Àº l�ZÂ;�$ "���$�
�Z¼W�:�Z�l�$�Z�������$�Z� �

ÕSÖ":±´×`¯<Ø§¯èÚ:ÛmLÜ���õ
©d "�g�¶�p���Z���$���� "�"�ô�"�´� "� �$���l�0Æ`�E¼`�Z¼W���$���"�l�$���gÄ<�$�Z�¿1p�"�<�$�Z���$��æH�"� ¹ � ¹5ç � ¹ ���zpc "���"���"�$�QæH¼`ú
�$�� l�oÄ ¹ ��Ä ¹ �Z�l�M�<�´�Z���p�Z���$��üÃÀºÂ"Â"�����' "�"� �'�°Ð ý§� ÜbÕb« pc "���"�M�C���R²S�¡�Z�"�  "�g�<�� m�C�¡�"�  "��:¼7�'�Z���
¿´  Ñ úÙü Ï43 Ñ53°½ ú2�F�Z� ç � ¹5ç;¹�6 ¼7�Z�E¼l�Z¼`� ý�Â;�$�d¿´¼W�Ã�p��� ¹ � ¹ � ÜûÕ�; ���´�' "¿´���$�Z� 3 �C���g�b� ¹ � ç � ¹ �Ù�Z�Z�¡Â"� ¹ �C��� ¿´ 
Ñ úÙü Ï43 Ñ53°½ ú2�]�Z� ç � ¹5ç;¹�6 ¼7�Z�E¼l�Z¼W� ýZÂ;�$�d¿´¼W�¡Â"� ¹ �C��� ÜbÕI8 Â"� ¹ �C���$�Z�b "�l�����k�$���l�$� ¾ �Ã���7�`�+�����ËÉ`À}�§Â" m¿ ¹ Ä:É
Ìº���p�`�Z� ¹ � ¿´  Ñ úÙü Ï43 Ñ53°½ ú2�F�Z� ç � ¹5ç;¹�6 ¼7�Z�E¼l�Z¼`� ý�Â;�$�d¿´¼W� ç � ¹ � ç � ¹ �7�p� ÜbÕbÜ  "�C�<�´���$�Z¿´� � À} l�C�'���´���$�
pc "���"�%�C���Å�p�`¿�� ç ���pÂ"���$�gÀº l�ZÂ;�$ "���Q��� �$���l�$� È ���§�Z���pÉ`Ê ¹ �§�l�$�ËÉ`Ì}���p�W�Z� ¹ � �C���g�]�+��� ç �m�Z�7�p�Ã�p�äú
�"�+�:¼'�Wúh� ¹ � ¹ �'�Ã���Z�`¼`�t�:�´�+���p�_�C���ë�p�l�����"�����Sw<�$�l�"�$�CÀc�´�+���p�¡� ç �p���Z "�"� Ñ ú2L Ñ úÙü Ï43 Ñ53°½ ú2�F�Z� ç � ¹5ç;¹�6 ¼7�Z�E¼:ú
�Z¼W� ý����2¼l�Z¼W�NM¡Â;�$�"¿3�p�¡�"�+�:¼'� Ü§��õ �Z¼W�:�Z�l�$�Z���Z���$�Z� � Àº����3� l w3���´�g�b� ¹ Â"���$� �$��pc���´�è�Z����� �l�pÂ;�$�¶�'���
�]���$�"�: "�"�ÅÄ ¹ � Ø�Ú�à{á>â+ø�Ø�Ú�à á�âÙÉQ "�l� Ø�Ú�à á>â+ø]ã���â§É`�b� ¹ �' "�W� 3 �l�����$�Z¿´���$���´�£pH�´���$�`�Z�������L���$�����:���$�¶�W�Z�äú
�Z���p�¡���Ã�Z���$�Z� �p���k�p��� ¹g6 ¼7�� "Âm�Z�Z�¡�Z m���$�Ù���´�3ã���â$úËÆ`�Z���¡Âm�$� � �!���´���$� È �$�Rpc "���"� �<�Sp:1p�"��� 3 �l�Å�'��� � � ¹ ú
�C���+�Z "�"�oÄ ¹ � Ü = Õ �C��� ¸º� Æ%���´�'���3���������$�����b� ¹ �' "�`�Z�<�$�C�������ô�p l�· "�: "�C�<�´���$�Z¿´���$� 3 �$���'�h�5���
 "�l�g¿7p_�$�ä�t�5���QÂ"� ¹ �C���$�Ù���$� ¾ �+�Z�:¼W�¡���Z��� Â;�$�Q�$�Z�:�pÂ �

��¯:å'òM�?ÿû¯�(dò5±§¬óÛm
¢E� �$���l�$�X�'�����$�`���$�èÊ!�´���:É`Ì}���p�W�Z� ¹ �´³ Æ�¶�·;üÃ�Z���$�l�ºÀ}Â"Â"�����' "�"� �'����Ó ý#�C��� Ñ ú2Êz�<� ¹ �<�$�S�<�"�¡����� �¿1�w3�X�Z�����
�l�5� L úËÆ`�E¼l�Z¼`�t�:�"� ����� Õ =Á�` "�_�����"���´���`�X�l�$���Z���$�����$� � �!��� ÷ �����$�Z¿´ "�"� �$�ù� ¹ ���3�H�C���H�"���´�'�Z���<�$�èÀº l�ùú
Â;�$ "���$� 3 Âm�$�P�¿1p�"�<�$���$�LÌ}�5�p�l�Z� ¹ �l�§¿��$�����$�%�$�Z� l �`�·�Z���������$�"�¶�����"�l�$���û�"�$�¶Àº�:���$���#�p� çm¹ ��¼l���+���$�
¸ �$Âm�$� ç � ¹ �' "�W� � �z�$� ÷ ��pH�$� �"Â;�$� @ úÙü Ñ úËÆ`�2¼l�Z¼W� ç �l���`¼`� ý ç �:�Z�7�p�¡� �C��� ÕIB �$�Z�3��Â"�Å�p�`¿�� ç ���pÂ"���
Àº l�ZÂ;�$ "���$����� �"�$��Ê!�´���:É`Ì}���p�W�Z� ¹ � � �z�p¿´ ô�����l���'��� @ ú2Àº�Z¼W� ç �`�Z�7�p� �¡�C�¡�"�è��� yz�$�<�$�l�Ù�p�Z¿g¿´ 
�"�$�QÀº�"�¡��� �l�$�Å�"�����:� ¹76 �¡�l�:�Z� ¹ �l�§�$� ç °l�l�'�������o "�l�Å�»�5�����$�Å�Z�����o� ¹ �C����Â;�´�����$�}�p '�ÃÂ;�Sp_�p�"���$� �Ê@ ú
ü Ñ ú2¢ ¹ � ç �l�+�:¼W� ý ç �`�Z�7�p� �¡�C��� ð Ü9B Â"¿7p �Õ@ úÙü Ñ ú � � ¹ � ç �l�+�:¼W� ý ç �`�Z�7�p� �¡�C��� 8ºÜ:B pc "���"�$�0�p��� ¹ �"�$�
Ê!�´���:É`Ì}���p�W�Z� ¹ � �C���X�p�l�����"�����Sw<�$�l�"�$�cÊº¼7�'���:¿´� � ¹ ��¼7���c "�`���$�Z¿ ¹ �<�$�F�W�C���XÆ`�2¼7� ¹ �d�"Â;�$� @ úÙü Ñ úËÆ`�E¼:ú
�Z¼W� ç �l�+�:¼W� ý ç �:�Z�7�p�¡� �C��� ÕIB ¿´  Ñ úËÆ`�E¼l�Z¼`�t�:�"� ����� Õ = 3 �C��� Ñ ú ¾ �$�Z� ¹g6 ¼d�Z�2¼l� ¹ �À= 8#î �"Âm�$� @ ú
L Ñ úÙü Ñ ú ¾ �$�Z� ¹g6 ¼7�Z�2¼7�Z¼`� ý ç �l���`¼`�NM ç �:�Z�7�p�¡�¡�C��� = Õ�B ¿´  Ñ úÙü Ñ ú ¾ �$�Z� ¹g6 ¼7���2¼l�Z¼W� ý��:�"�¡�����\= Õ = 3 �C���
Ï43 Ñ53°½ ú2�]�Z� ç � ¹5ç;¹�6 ¼7�Z�E¼l� ¹ � Ü:8Jî �"Â;�$� @ ú2L Ñ úÙü Ï43 Ñ53°½ ú2�F�Z� ç � ¹5çm¹g6 ¼d�Z�2¼l�Z¼W� ý ç �l���`¼`�NM ç �:�Z�7�p�¡� �C��� ÜbÕIB
¿´  Ñ úÙü Ï43 Ñ53°½ ú2�]�Z� ç � ¹5ç;¹g6 ¼7���2¼l�Z¼W� ý��:�"�¡����� ÜbÕ = �
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O

O
N

O

O

O

O

CN

O

O

NO2

SOCl2
quant.

COCl

SS
CO2H

NaOHaq

Dioxan

quant.

CO2Me
SE

ClCH2CN
EE/Et3N
82 %

OHN

O

O
HO

NO2

Pyridin
Dioxan

29 %

Pyridin
86 %

AEC

AES AEN

|�}g}g~����4�g� � /4�0ï���� S �.M���) ,�¨¢V������8.M�±=Q�) �M$�2�
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OH

H7C3O

H7C3O

OC3H7

LiAlH4
Et2O

83 %

PSL
PSE

H7C3O

H7C3O

OC3H7

C

PBr3
Toluol

87 %

PSB
Br

H7C3O

H7C3O

OC3H7

PSP
PO3Et2

H7C3O

H7C3O

OC3H7

P(OEt)3

quant.

1. OHC CH(OEt)2

tBuOK/THF
2. CHCl3/HClaq

47 %

H7C3O

H7C3O

OC3H7

CHO
PQD

O2Me
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+ N

O

O
N

O

O

Pd(OAc)2
P(oTol)3

Et3N / DMF

Ar, ∆
37 %

Br

NH2

+

NH2

Pd(OAc)2
P(oTol)3

Et3N / DMF

Ar, ∆
53 - 70 %

H2NNH2

EtOH / Ar
50 - 61 %

BPF Br
IPF I

SF
MSF
PSF

SM
MSM
PSM

R1

 4-H
4-MeO
3,4,5-(H7C3O)3

i

R1
i

R1
i

R1
i

X i

X i

|�}g}g~����4�g� � /4�N�.ý���å��)��8?Ü{ÝI���?8.M�±9Q�����

¨§Ì�ËÎÌ'ñWVrÔ´Ø?×�ª�Ú ß#Ö>ÝÍÓÕÜ ò¾Ú ßã×XKÎÓKÔÊÓ
Àº '�Ã�3�Z "�l�����"���$�_¿��$�:�Z���p���$� � �´�"�$ "�Z "�"� �¡�"�_�'���}¤#�$�Z�W�:� ç �Ã "�"�k�C���_�"�$��À!�Z�Z���p� ¹ �éÉ'æ ¹ ���z� ¹ �����$�
�"���$���'��� È Ê}ú ¸º¾ ÌXÉ'Æ ç �$�`�Z���$�g�"�$�X¤#�$�ZÂ"���l�' "�"�<�$� ÜbÕbõO3dÜ���õ  "�l� ÜbÕ = Ä ¹ �Z�<�´�Z���$�����¨p_�$���"�$� �

Y �Xñ�H = ÿ Ú:ÛmMÜbÕbõ

¢E� È Ê}ú ¸º¾ Ì£Ä ¹ � ÜbÕbõ üÃÀºÂ"Â"�����' "�"� �'���3� ýz�$�������l�$���:�ëÂm�$�J�Z���§�Ã�$� þl�$���L¿´ l�$���Z���"�$�·Àº���"�$�:¼'�`É
�P���p�·Â;�$� Ð'�°Ð<Ícç"ç ��ühÆ`���3�7�p�[Zlý � �¶�p���p '�"� ¹ ���3�?�l�5�PÀºÀ T �X��T É'Æ`¼'�Z���$���"�´�F¿´ "� À}���"�$�`¼W��Âm�$�7�5���'ú
Â7�p�Z���$� � �$�"¿ ¹ ���Z���"�<�´�}Â;�$� ÍW�°Î3Ïkç"ç � ühÆ`���3�7�p��ã-\FýX "�l� ÍW�°Ç3��ç"ç � ühÆ`���3�7�p��ã:ôdý 3 �l�5� ¹ ���)°l�"�������l�
À � É'Æ`¼W�����$���C��� ��Ç Êº¿§É+� ¹5ç"ç �� "�"�·Â;�$� ÍW���$Ñzç"ç �ÁühÆ`���3�7�p�^]Fôdý? "�l� Ç'�°Ð3Ðºç"ç �ÁühÆ`���3�7�p�^]_\Fý? "�l�
�l�5�}Æ`���"�3 "���$�Z���"�´� ç � ¹5ç;¹76 ¼'�Z "Âl�Z�Z���Z "���$�Z���$�QÌ}���"�<�´�·ühÆ`���3�7�p�VàWýJÂ;�$� Ç'�²Í5Ïëç"ç � � �!���·Æ`���3�7�p���¶�"�$�
Â;�$���"�$�z1p �w<�$���$�è�#� ¹5çm¹�6 ¼W�<�$�Z���$�è�"Âm�$�Z�»�p�<�$�Z�è�C���X�"�$�l�$��"�$�_���"�l�$���$�z�¶�$�Z��� 3 �'���!�P�3�p���!�7�pÂ;�$�
�l�5�z¤#�$�Z��1p���Z�"��� � � �3� �!���k�"�$� Æ'�p l�$���Z� ¹ ê Âm�$�7�5���:Â7�p�Z���$� ¾ �$�Z�:¼W���$� ç � ¹ � ¹ �l�$��ühÆ`���3�7�p���GÙpø>Ù ³ ý
�$�Z�<�$Â;�$�Å¿7p_�$�F�F�Z� ç ���$�Z���ºÂm�$� Ï'�°Ð3Ðkç"ç �  "�l� Ï'�°Ð3�kç"ç � 3 �'���z�C���Z�Z���$���$� ¾ �$�Z�`¼`���$� ç � ¹ � ¹ �l�$� ühÆ`�äú
�3�7�p���a`Søb` ³ ý}¿7pH�$�JÆW� 6 ���$�Z���zÂ;�$� �3�°ÎpÑç"ç �� "�l� �3�²Í5Ç ç"ç �* "�l���'����1p �w<�$���$� ¾ �$�Z�`¼`� ç � ¹ � ¹ �l�$�
ühÆ`���3�7�p����c"ødc ³ ý_¿7pH�$�]�]�Z� ç ���$�Z���}Â;�$� �3�°Ó3Çkç"ç �  "�l� �3�°Ó'�¶ç"ç � �
��Î
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0.9586

1.9992

1.9744

2.1870

2.0000

9.9670

7.8550
7.8268

7.6247
7.5977

7.2400
7.1738
7.1199

7.0121
6.9582

6.7304
6.8

7.0
7.2

7.4
7.6

7.8
8.0

9.8
10.0

6.1329

6.4064

9.0873

Integral

4.0058
3.9850
3.9764
3.9630
3.9532
3.9311

1.9024
1.8779
1.8546
1.8314
1.8081
1.7983
1.7836
1.7750
1.7505
1.7272
1.7040

1.0767
1.0522
1.0277
1.0032

(ppm
)

1.0
1.2

1.4
1.6

1.8
2.0

3.8
4.0

4.2
6.6

O

O

O

C
H

O
d

c1
c2

b2
a

f
g

e

d
c2

b1
a

e

e’

e’

f’

f’
f

g
g’

g’
b1

c1
b2e ff ghi,j kl m�n oo,p qrts uvwyx

z{ | }~

��Ð
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6.3185

6.4896

9.6337

(ppm
)

1.0
1.2

1.4
1.6

1.8
2.0

3.8
4.0

4.2

0.9840

2.0382

2.0852

3.9678

2.4767

2.1363

1.9992

Integral

6.8
7.2

7.6
10.0 9.9694

7.8611
7.8342

7.6418
7.6149
7.5316
7.5009
7.4691

7.2633
7.2400
7.2094
7.1469
7.0930
7.0685
7.0146
6.9803
6.9264

6.7169

4.0083
3.9875
3.9740
3.9654
3.9519
3.9299

1.9036
1.8791
1.8559
1.8326
1.8081
1.7811
1.7579
1.7346
1.7101
1.6525

1.2372

1.0804
1.0559
1.0338
1.0093

O

O

O
C

H
Od

c1

b2
a

f
g

e

e’
f’

g’

h2
i

a
c2

d
e

e’
f’

f
g

g’
b1

h1

b1

h1

c2

c1
i

b2
h2

��� ���� �� �����Q�� ���� �� �
�� �

�3Ó
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Y �Xñ7H = ÿ Ú:ÛmMÜ��Cõ
� �$�J�Z���§�t�$� þl�$���M�$�������l�$���:���p l������� Æ ç �$�W�Z�Z "� �"�´� Ü��Cõ üÃÀºÂ"Â"�����' "�"� �'����� ýÉpc���´�"�$�ë¿´ l�$�����
�"�$�·Àº���"�$�:¼'�`É`�?���p�0Â;�$� Ð'�°Ð<Íç"ç � ühÆ`���3�7�p��Zlý � �z�p���p '�_� ¹ ���3�·�l�5�·ÀºÀ T �X�£T É'Æ`¼W�Z���$� �"�´�·¿´ "�
Àº���"�$�:¼'��Â;�$�7�5���`Â7�p�Z���$� � �$�"¿ ¹ ���Z���"�<�´�XÂm�$� ÍW�°ÎpÑëç"ç � ühÆ`���3�7�p��ã-\SýJ "�l� ÍW�°Ç3Ï·ç"ç � ühÆ`���3�7�p��ã?ôdý 3
�l�p�"���"�$�J�C���Z�Z���$���}Ì����"�¶�C���H�$���l�$�£�t�5���b¿´ l���p�C���$�'�t�p�����$�l�"�$�èÀ!À T �X�£T É'Æ`¼W�����$�£Âm�$� ÍW�°½3Ó¶ç"ç �
ühÆ`���3�7�p���ùý � �!��� ¹ ���)°l�"�������l�$��À � É'Æ`¼'�Z���$���·�C��� ��Ç Êº¿§É+� ¹5ç"ç �� "�"� � ¹ ���<�$�oÂm�$� ÍW�°�3Ï�ç"ç � ühÆ`���5ú
�7�p���>ôdý 3HÍW�����Lç"ç � ühÆ`���3�7�p���=\Sý 3HÍW�°Ó3Ï0ç"ç � ühÆ`���3�7�p��]Fômý  "�l� Ç'�°Ð3Ç�ç"ç � ühÆ`���3�7�p��]-\Sý 3 �l�5�
Æ`���"�3 "���$�Z�Å�"�´� ç � ¹5ç;¹76 ¼W�Z "Âl���Z���Z "���$�Z���$��Ì����"�<�´�Â;�$� Ç'�²Í5�©ç"ç � ühÆ`���3�7�p� àWý � �!���0Æ`���3�7�p���0�"�$�
Â;�$���"�$��1p �w<�$���$� �b� ¹5çm¹�6 ¼W�<�$�Z���$� �"Âm�$�Z�»�p�<�$�Z�ë�C���?�"�$�l�$�ë�"�$�?���"�l�$���$�O�¶�$�Z���J���
¤#�$�Z��1p���Z�"��� � � �3�
�!���#�]�Z� ç ���$�Z���?�"�$�F���"�l�$���$� ¾ �$�Z�`¼`���$� ç � ¹ � ¹ �l�$�gühÆ`���3�7�p���"Ùpø>Ù ³ ýS�Z���l�¶�$�p_�5�?¿´ l���p�C���$�"�<�$�Z "�������:�
Â;�$� Ï'�°Ð<Í·ç"ç �� "�l� Ï'�°Ð3½ëç"ç � 3 �'����ÆW� 6 ���$�Z���c�"�$�X�C���Z�Z���$���$� ¾ �$�Z�:¼W���$� ç � ¹ � ¹ �l�$�©ühÆ`���3�7�p����`;øb` ³ ý
Â;�$� �3�°ÎpÑ�ç"ç �) "�l� �3�²Í+Ñ·ç"ç �{ "�l���'���}�]�Z� ç ���$�Z���H�"�$�91p �w<�$���$� ¾ �$�Z�:¼W� ç � ¹ � ¹ �l�$��ühÆ`���3�7�p���ac'ødc ³ ý
Â;�$� �3�°Ó3½kç"ç �  "�l� �3�°Ó3ÏCç"ç � �

Y �Xñ7H = ÿ Ú:ÛmMÜbÕ =
�¶�5�zÀºÀ T �X�£T É'Æ`¼W�Z���$� üÃÀºÂ"Â"�����' "�"� �'����Ï ýº�"�´� L É`�� "Âl�Z�Z���Z "���$�Z���$� � �$�"¿ ¹ ���Z���"�<�´�¶�$�������l�$���:�·���$�"�
p_�$�����p l���$���7�p�l�"�$�CÂm�$� ÍW�°Ï'�ç"ç � ühÆ`���3�7�p�_ã-\Fý� "�l� Ç'�²Í5ÏQç"ç � ühÆ`���3�7�p�_ã?ômý � �¶�5� ¹ ���)°l�"�������l�
À � É'Æ`¼W�Z���$���C��� ��Ç Êº¿§É+� ¹5ç"ç �� "�"�CÂ;�$� Ç'�°Î3Ç�ç"ç � ühÆ`���3�7�p�(]FôdýJ "�l� Ç'�°Î3�·ç"ç � ühÆ`���3�7�p�(]_\FýJ���Z�
�l�+�Ã�"�}��� ÜûÕ = �<�$�<�$�`�"Âm�$� ÜbÕbõ  "�l� Ü���õ ��1p�l�$�º¿´ l���p�C���$�"�<�$�Z�l���W�¶ "�l�Q�$�������l�$���:�z�$Âm�$�l� ¹
pc�����l�5�kÆ`���"�3 "���$�Z� �"�´� ç � ¹5çm¹�6 ¼'�Z "Âl�Z�Z���Z "���$�Z���$��Ì����"�<�´��Âm�$� Ç'�°Ç3ÇÅç"ç � ühÆ`���3�7�p�"à'ý!¿´ L� ¹ �l�$�
þl�$����Ä<�$������� ¹ Âm�$� � �!���gÆ`���3�7�p����"�$� Â;�$���"�$�«1p �w<�$���$� �b� ¹5ç;¹76 ¼W�<�$�Z���$���"Â;�$�Z�»�p�<�$�Z� �C���C�"�$�l�$�
�"�$�b���"�l�$���$�r�¶�$�Z���X���£¤#�$�Z��1p���Z�"��� � � �3� �!���c�F�Z� ç ���$�Z���J�"�$�b���"�l�$���$� ¾ �$�Z�:¼W���$� ç � ¹ � ¹ �l�$�%ühÆ`���3�7�+ú
��� Ù+ø>Ù ³ ýJ�����$�<�$�èÂ;�$� Ï'�°Ð<Í�ç"ç �� "�l� Ï'�°Ð3Ï�ç"ç � 3 �'���·ÆW� 6 ���$�Z���X�"�$�_�C���Z�Z���$���$� ¾ �$�Z�`¼`���$� ç � ¹ � ¹ �l�$�
ühÆ`���3�7�p����`;øb` ³ ýûÂm�$� �3�°Î3Ï¶ç"ç �) "�l� �3�²Í5½¶ç"ç �� "�l���'���º�F�Z� ç ���$�Z���X�"�$�:1p �w<�$���$� ¾ �$�Z�`¼`� ç � ¹ � ¹ �l�$�
ühÆ`���3�7�p����c'ødc ³ ýXÂm�$� �3�°ÓpÑ�ç"ç �Á "�l� �3�°Ó3Ó ç"ç � �
«ûðy� = Õ âl¯'ßcÕ;±§¬�®äãl¯'`¯
Àº�����$�%Æ`�Z����Â;�$�l�$�Q�<�$���$���l���p�����Z�c���"��©m�$�ù�h�p�����Z�� l�Z���$�º���Au#¢hÉ ¾ ÆLüÃ�Z���$�l�·�?�pÂ;�$����� �'��� ý �7� �$�?�"�$�
ç � ¹5ç;¹�6 ¼7�Z "Â;�Z�Z���Z "���$�Z���$��Æ`�Z���¡Â;���l�$�ôÂ"�Z�����:�¿´ l�$���Z���$���l�oæ � Ê � É4y!�Z  ç"ç �Mü¡� øp� Ñ:� ý�p_�$�M "�:���$�
Êº���:���$�Z�»�5���� "�"�k�$���l�´�_�b�l�+� ¹ ��� 3 �l�p�"��'���ºÂ;�$���"�$�rpH�$�����$���$�Å�#� ¹:ç ¼`�¡�3�Z  ç"ç �$�è "�l��'���}Êº¼7�'� ¹g6 ¼`ú
�3�Z  ç"ç �$� �'� �$�S�"�$�è���$�Z� ¹�6 ¼7�Z "Â;�Z�Z���Z "���$�Z���$�QÆ`�Z��� Â;�+�l�$� Â"�Z�����:�}� ¹ � ¹ �Z�X�'���}�:�p�"¿�� ¾ � 	 É4y!�Z  ç"ç �
p_�$� � Àº���C��15���l�����´� þ"���p�3���$�`�¥pc�����ôÂ;�$�}�"�$� Àº�¡�"�+�:¼d�"�$� 3 Æ41p "���$� 3 uJ�Z���$�Z�  "�l� �"�$� Àº��� ¹ ú
� ¹ �ÁL Ñ úËÆ`�2¼7�Z¼`�¡Âm�$�"¿3�p�Ã�"���`¼W���%ÊiM ühÆW��� �V3 � øp� �3Ó3Ð ý��"�$���$�W�Z���$�Z� 3 �$Ä � �p l��� � ¹ ���ô�l�5�k "� �$���
Æ'�p l�$���Z� ¹ êF�p� ¹ � 1p�Z���$��� ¾ ���Z�`¼`�Ã�Z�Z���¡Âm�$� ü ¾ Æ% "�l� ¾ Æ�� �V3 � øp� ��ÐpÑ  "�l� ��Ð3½ ý � À} l���7�p�"���$�
�Z���l� ÕFÕ  "�l��G «IHÁ3 Â;�$�7�"�$�l�$� �$���RL²Æ`�Z��� Â;�$�_É9y!�Z  ç"ç �)MäÉ`¢ ¹ �´³ ¶�¶�·mühÆW�}É �V3 � øp� �3Ó<Í ýJ�p '�¡�Z�Z���Z� � �¶�+ú
�7�5���è� ¹ ���3�XÂ;�$�;�p�����$�QÆ`�Z���¡Âm�+�l�$�Å�l�5�_�7�5���W����Æ`�Z��� Â;�$�d�<�$�Z�l���¶ü¡� øp� ��Î3Ó ý 3 p ¹ Âm�$�S�'���!�<�§�¡ "�l�"�$�l�$�
¾ �5�����$�L�'�äêS�$�Z���$���$� ühÆ�� �V3 � øp� ��Î'� Â"¿7p � Æ<É �  "�l�©Æ<É �43 � øp� ��Í5Ð  "�l� ��Í5Î ý � � øp� ��Î'� �Z�Z���Z�
�` "�}Â;�$�]�"�$� ç � ¹5ç;¹�6 ¼7�Z "Âl�Z�Z���Z "���$�Z���$�o¤#�$�ZÂ"���l�' "�"�<�$���p '� 3 �p�������p�l�"�$���$�o¤#�$�ZÂ"���l�' "�"�<�$�o¿��$���<�$�
� øp� ��Í5Ð  "�l�7ø ¹ �"�$�¶� øp� ��Í5Î'�Î	 ê;�$�l�������:�Z�������M� l �"�l�$�M�'���epX�5�����$���Z� ¹ ê;���$�����l�$� Æ` "Âl�Z�Z���Z l�$�:���$�
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6.0827

6.2698

9.1946

3.9936
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3.9287
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1.8889
1.8644
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1.8179
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¢¤£.¥ ¢�¦ ¶�µ §_¨ í È §_¨ ¦ È ¢ § í È ¢ § § í È § ¦ È § ¦ µ ©ÍÈ ©´µ

¯ ¢ § È,Ä�Ä Ç�ý Æ�Ç ¶ ¶ Â È,Æ
¯ §_¨ È,Ä�Ä ý�ý Æ�ý Æ�µ ¸ È,Ä µ�¶
¯ §_ª È,Ä�Ä ¶�Ç Æ�Ä Æ�µ È,Ä È,Ä
¯ §-§ È,Ä�Ä �Ä ý Â È,µ ¶ µ�Æ
¯ §b« È,Ä�Ä �È ¸�µ È,Æ ¶�¶ ¶�µ ¸�Ä
¯ §b¬ È,Ä�Ä ¶�Ç È¢ §_¨ È,Ä�Ä È,Ä È,Ä È,Æ È,Â �È µ�¸¢ §_ª È,Ä�Ä  µ È,ý È¢ §-§ È,Ä�Ä  µ�¸ È� µ)È àÈ�È�® sµt®¢ §b¬ È,Ä�Ä Â Ù¶¯®¢ § È,Ä�Ä ý�¸ ¶�¸ ¸ Â§_¨ $¶ ý�Ä ¶�Â È,Ä�Ä ¶ ¸§_ª È,Ä�Ä ¶�µ Â�Â �Ä È v°®§-§ Ç)È È,Ä�Ä ¶�¸ Æ È,Æ± ª�² Ç µ È,Ä�Ä ý µ�ý ¶§b¬ È,Ä�Ä ý ¶�¸ Ù¶¯® sÆt®§ ¢ Ç�µ Æ ¸ ¸ Æ

£�¤�}¦¥ ��� ¥ /4�N�g��³
9Q��8?9��£������¢��2�D´��������£�2�.M�±9Q�������s�¶µ�·¨¹¸Pº[»J¼O½-¾PºÀ¿�¸P¿�Á4¾y¼OÂIÂIºÀÃ	¿DÄ8ºÀÅ-ºÀÆ_Ç�ºÀ¿�© ú ë È°È
ÊÊÉ´æ � 	 �$��� L²Æ`�Z���¡Âm�$���%ÊiMäÉ`¢ ¹ �ô�$�`���Z���$�l�$� �»�5�����$� 3 p ¹ �"���"�<�$�"�<�$���p�����è�p�l�"�$���$���Ã "�"�`�Z� ¹ �l�$�����$�
y!�Z  ç"ç �$� �: "�C�$���\L²Æ`�Z���¡Âm�$�_É9yz�Z  ç"ç �)MäÉ`¢ ¹ � ¿��$���<�$� � ¢2� �"�$�À²S�����$���p�Z "�S³ ¶SÈ�Å)¶�µ)ÅS¶�ÆSÅS¶�Ç�·¾pc "���"�¥pc�äú
�"�$��� ç �Z�l���"�������M�'�����` "�Z���$�Z� 3 pc���k�'���ë� ¹ ���<�$�l�"�$�0þ"���p�3���$�`���C� øp� ��Ç3½ ü�Ë � ý� "�l�o� øp� ��½3� ü�Ë � ý
�<�´�"�$ "���$��p_�$���"�$� � ¹ �����$� �û¾ �7²?�+ê;�$�Z�E¼�³ ¶�Æ�· ç;¹ �Z�Z "�����$�Z��� ��Ð<Í5Ï43 �l��wL�Z����� �"���`���$���'���´���$� ¾ �5�����$�
���$�"���$������� ¹ ���$���Æ ç �$¿´���´�·Ä<�$���Z���´���<�$� 3 �'����Ä<�$�������"���´�"�$�l�z©m�$�ù�t�p������pH�$�<�è�p '�ãp_�$�����$� � Æ ¹ pc "���"�
�Ã�"�J� øp� ��Ç3½   � � � �$��� þP��  ¹ ���$�m�5�p�Z� ¹ �è�'���Z�W "�Z���$�Z� ³ ¶�Ä$· 3 �Ã�"�J� øp� ��½3� �$��� � � ç �l�+�:¼l���$�m�5�p�Z� ¹ � ¹ �"�$�
�$���©æH¼7�$� ¹`ç �$�:��L�Ù7M����m�"�$�m�5�p�Z� ¹ � çm¹ ���Z "�����$�Z�S³ ¶�¶�· � À}�����$���'���"�<���Z���l��Ä � � � Â;�$�#�"�$��Æ` "Âl�Z���p�"¿��$�M�C���
� ¹ �l�$�QÆW���"���$��¿ ç  "�"�W���$�Å�'��� � �Z l���l�Z�Z�l���<�!� øp� ��Ç3½  "�l��� øp� ��½3� ����� ¹ ��5�p "�����$�"�_�$�Z�<�$�"�'ú
Â7�p� �'� �$�S�"�$�oÆ` "Âl�Z���p�"¿��$�g�C���}ÆW���"���$��¿ ç  "�"�W���$�Q�"�$ "�Z�������Å�"Â;�$� �3Ó3ÓÍÌ æ pH�$�����l�$�Q�'��� ¾ �5�����$�
���$���Up_�$�����· "��Î � �pÂ � �!���·�$���"¿´���<��À} l�Z�7�p�"���·���Z� Õ = 3 Â;�$�F�"�$� ub�Z�`¼`�¡Âm�$�m¿ ¹ �Hü¡� øp� ��Ó3Ç ýc�"�$�
��Ó3Ó�û É`�P���p�Å�l�p���Z���$����� �

ð¡ÿÏ�mÕPÞl¯"ò5±´ßh¯'Åâl¯'ßXÕS±§¬�®éãl¯'W¯
ÀºÂ"�<�´���$�l�$��Ä ¹ ��"�$�����7�p���p�W���$�Z���Z�Z�������l�$�QÆW���gpc���"�3 "�"�<�$�Å�"�$�J¿´ "�J¤#�$�Z�W�:� ç �Ã "�"�ë�C���J�"�$���z�$�'ú
�'�Z�����$�#�$���"�<�§�Ã�"�"�Z���$�k�¡ "�"�W�Z� ¹ �l�$�����$�Fy!�Z  ç"ç �:pH�$�����$���'���X¢ËÌXÉ'Æ ç �$�`�Z���$�C�"�$�ûÄ<�$�������"���´�"�$�l�$�èÆ`�Z���äú
Â;�$�l�·�$�Z�������l��yz�$���$���l���p�C�<�$�����$�0�p '� � �!���´��Â;�$�Z�Z�äêm�º�'��� ÆW���+pc���"�3 "�"�<�$�0�"�$�zÆW�$�����$�"�<�$�Z���$� 3 �"�$�
� ¹5ç"ç �$��Â"���l�' "�"�% "�l�©�"�$�ëÀº� ¹ ���p���$�© "�l�©��� þP���"�<�$� ç �Z���`�ZÂm�$���$�����ô�l�5�kÆ` "Âl�Z�Z���Z "�Z� ¹ �l���� l�Z���$�
�"�$�}Àº� ¹ ���p���$�©üÃ�Z���$�l���?�pÂ;�$����� �'�°� ý �
�!�����p� ¹ ���p�Z�������l�� "�l�©�p��� ç �7�p�Z�������l��ühæJú2ÊzýhÉ:¤J�p���$�"¿������gpc���"�3 "�"�0Â;�$�#�$�,pX� Ï3Ó3Ó3Ó �$�9Ð ÿ ���Z�¶Â;�$�
�h�5�Z�C�p�����$� ¤#�$�ZÂ"���l�' "�"�<�$�ô¿´ ����$�l�$� 3 ���´�'���3�������\= Õ�B ¿��$���3�C��� �'���´���$� � �$���$����� �"�����:���$���"���p�
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Ñ ÒÓ Ô Ñ ÒÕ ÒÖ×Ø Ñ Ò Õ ÒÙ ÚØ Û Ò Ó ÔÜÝ Þß àÛ áâ ã ÒÓ ÔÜä Þß à Ûâ ã Ò Ô å Ñ Ò Ó æÖ×ç èç é ê Ò Ôë× ìí îç Ù ÚØ ê ÒÓ Ôß ï ãð ê ÒÓ Ô ß ï ãñÜÝ Þß àê ÒÓ Ô ß ïÜ Þß à ò Ò Ô ó

Ý ä Þ ôõö õ ÷ø ùúû ÷ø üý ü ö û üõ ÷ö û õ ô öþ ý ø ÷öþ ô ø ö ô üú ö ø ô ü ÷ö ö ø ø ùú õ ü øû üõö ýö õÝ Þ Ù ø ùþ õ ÷ø ùõ õ ÷ø üû õ ö û ùõ ÷ö û ý õ ÷öþ ùû öþ úû ÷öþ øû ö ô üõ ö ø ùû ÷ö ö õ õ ùû û üö õ üú õÿØ ü ôû ý õûÝ Þ� ø ù ôõ ÷ø üû õ ö û ùõ ÷ö û ý õ ÷öþ ùõ ö úö õ öþ ú õ ÷öþ ø õ ö ô üõ ö øû õ ÷ö ø ôû ÿØ ö ø ø õ ÷ö ö øû ùû û üõû ý õûÝ Þ Þ ø ùþ õ ÷ø üú õ ö ú õ õ ÷ö û ý õ ÷öþ ùû ö ø ôû ÷ö ö ö û ùû û üþ õ ýö õÝ Þ� ø ùú õ ÷ø üú õ ö û üõ ÷ö û õû öþ ý õ ÷öþ ôõ ö ô üû ö ö øû ùúû ü ø õÝ Þ� ø ù ôõ ÷ø üú õ ö û üõ ÷ö û õ õ öþ ý õ ÷öþ ôõ ö ô üû ö ø ôõ ÷ö ö ö õ ùúû ü ôû ü ø õÝ Þ Ý ôõö õ ÷ø ùú õ ÷ø üý õ ö û ý õ ÷ö û õ õ öþ úû ÷öþ øû ö ô üõ ö ø ôû ÷ö ö ø õ ùû û üû õ üö õ ý ôõÝ � Ù ôõö õ ÷ø ùú ô ÷ø ù ôþ ÷ø üý ú ö û üþ ÷ö û õ ý öþ ý õ ÷öþ ô ô ö ô ü ù ö øþ þ ÷ö ö øþ ùú õ ü øþ üö õ ý ø õÝ Þ� ø ùû õ ÷ø ù ø õ ÷ø üú õ ö û ýû ÷ö û õ õ öþ úû ÷öþ øû ö ô ø õ ÷ö ö ö û ùû õ ü øûÝ Þ ä ôõö õ ÷ø ùý õ ÷ø üú õ ö û ùû ÷ö û üõ ÷ö û õû ö úö û öþ úû ÷öþ øû ö øû û ÷ö øþ õÿØ ö øö õ ÷ö ö ø õ ùû õ ü ôõ ý øûä Þ Ù ø ù ùõ ÷ø ü üõ ÷ø üö õ ö û üû ÷ö û ú õ ÷ö û õ õ öþ û õÿØ öþ øû öþ õû ö øþ õ ÷ö ö ý õ ùû û ü øûä Þ� ôõ õ õ ÷ø ùþ õ ö û ùû ÷ö û ý õ ÷ö û ö õ öþ ôõ ö øû õ ùúû üö û ý ø õä Þ Þ ö û ùõ ÷ö û ú õ ÷ö û õû ö øþ û ùý õÿØ ùú õ üþ û ýö ûä Þ� ö ú õ õ ÷ö û ö õ ö øû õ ÷ö õþ õ ùúû ü ôûä Þ ä ø ù üõ ö û ùõ ÷ö û õ õ ö øþ û ÷ö õ øû ùú õ ü øûä Þ ôõö õ ÷ø ùõ õ ÷ø üþ õ ö û üû ÷ö û ý õ ÷ö û õ õ öþ þ õ ö ôý õ ùúû üö õ ýþ û ÷ý õ õÿØ ú ùõÞ Ù ôõ ø õ ÷ø ü ø õ ÷ø ý ôõ ö û ùõ ÷ö û û õ ÷ö û ôû ö úö û ùý õ ü ø õ ý ú õ ÷ýö õÿØ ú ùõÞ� ø ù üõ ÷ø ù ôõ ö û ùû ùú õ ü ôû ý ýû ÷ý õ õÖ � � ö û ùõ ÷öþ ùõ ö ú õû ùúû ý ýû ÷ý õ õÞ Þ ö û ùõ ÷ö û ú õ ùû û ý ý õ ÷ú ùõÞ� ö ú õ õ ÷ö û ö õ ùúû ü øû ýû û ÷ý õ õÞ ä ôõö õ ö úö õ ÷ö û üõ ÷ö û ö õ ùý õ ü øû ý ú õ ÷ú ùõ
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2.0742

2.3247

6.6371

2.9682

3.4827
3.4486
3.4168
3.3827

1.6334
1.6016
1.5650
1.5309

1.3162

0.9087
0.8770
0.8453

0.8
1.2

1.6
2.0

2.4
2.8

3.2
3.6

4.0
4.4

4.8
5.2

5.6

2.0000

4.0034

2.8883

2.2419

0.8955

Integral
7.7572
7.7158
7.5499
7.5230
7.5084
7.4889
7.3864
7.3547
7.3156
7.2961
7.2742
7.2595
7.2400
7.2180
7.1351
7.1156
7.0351

6.1738

(ppm
)

6.0
6.4

6.8
7.2

7.6
8.0

H
N O

o
m

p
b

c
d

z y

x w
v uu

v
z

w
,x,y

+ H
2 O

d

2.0000

4.0034

2.8883

2.2419

7.7572

7.7158

7.5499
7.5230
7.5084
7.4889

7.3864

7.3547

7.3156
7.2961
7.2742
7.2595
7.2400
7.2180

7.1351
7.1156

7.0351

(ppm
)

7.00
7.10

7.20
7.30

7.40
7.50

7.60
7.70

7.80

c
c,o

b
m

,p
c

c
o

c
o

m
p

b

|:}g}�~���o�+� �/4�N�.ä���ð 9V¢V�2�s��=��2�$���s�g¢V�����_A/>r|?2A@E���g �A�AF���+¢Íå§�tA{S �s�Q�£�Ù���£�0M�M�2�N �¡CB*B

7.9478
7.9063
7.8600
7.8282
7.7209
7.6794
7.6160

7.3500

3.3317

2.9462
2.8852
2.8730
2.7169
2.4900

1.6629
1.5751

1.2652
1.2116
1.1628
1.1091
1.0481
0.9969

(ppm
)

0.5
1.0

1.5
2.0

2.5
3.0

3.5
4.0

4.5
5.0

5.5
6.0

6.5
7.0

7.5
8.0

8.5
9.0
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7.
24

00

(ppm)

1.02.03.04.05.06.07.08.09.010.0

|�}g}g~����4�g� � /4�N� ö4�eÝI�) �M$�9¢��2�§�V�����HG� ������� 1?�� ,�:�g������¢V���5BÍ����9Q�Á��M�9Q�Q���F<g���Ù�:�������<�+����s��M�FI���¡KJML
¨�Ì�¨�Ì'ñóòVè�«Îß�NE©.è�«´ÓPO<ØC©�ÓÕÔ

�!���c��15���l�Z���º¢Ë�"�´�¨pX�p� 3 �$���l�!ÆW���"�äê?�����l� � �5�����l�$�Z¿´ l�����$�����$� � �¶�p¿´ rpc "���"�$��l�5�JÀ!�Z�Z���<� ¹ �äúËæ ¹ ���
 "�l���$��� �Z "Âl���Z���Z "���$�Z���$� � �$�"¿3�p�¡�"�+�:¼'� �C���Z���$����p_�$�"���©�Z� ¹ ���<�$�l�$� ² l �Z "�"�<���C���Z���$�ºÄ<�$�Z�C�������:�
 "�l�g�p� Ì ¹ ���p�Z� ¹ �l�ZÄ<�$���l�p� ç �t�$�c "�:���$�c���´�' "¿´���$�Z���$� �!�Z l����¿´ l���p�C���$�"�<�´�����"� ¹ ��¿��$� � �¶�5�' "�����
pc "���"�X�$�:�������$�l�$�l�"�´�bÌ}���p�W�Z� ¹ �l��p_�5�����$�P�C���û�$�:�ù�t�$�Z�:� � �!���_�$�:���Z���p�l�"�$�l�}ÆW���"�äê;�����l� � �5���H�$��pc���´�
�Z�����Q�p���_���l�Z���pÂ"�����"�"�$�X� ¹ �,pH�$�l�'���<� µ}Â;�$�������: �wÀu#�' "�W�c�����SwC�Z�����zp_�´�"�$�}�p�¥�z���´���$���<�$� ¹ �"�$�cÀº�� 'ú
�C���"�� "� ¹�6 ����� ¹ ��� �' "�����ayz�$� ç �$�§���p�:�Z� ¹ �l�$���"� ¹ ���<� ¹ �3��� ç �"����$�`�ù�Ã�$�Z�l�$� 3û¹ �"�l��l��w%�������©�l�5�
�z�$�;�'�Z� ���$�}�l�pÂ;�$�FÄ<�$�21p�l�"�$�Z��� � ub�:�pH�´�"�$�z�7�p�Z���·�Z�����Å�7�5���%�"�$�ºæH�"� ¹ ���p� ¹ �3��� ç �"��� �"�$��Àº�:���$���
�p��À}���"�$�`¼W�M¿´ "�C���l�"�´�Z�ë�"�����:� Ä<�$�21p�l�"�$�Z� ¹ �"�$�ë� ¹ �:�p�ë�$�Z� l �:� ¹ �"�$�ë�´�·���´�� "���Z���$�Z�����$���l� ¿Q1p�l� 3
���$���Z� �' "�"�<�$��� ¹ ��� ¾ �5����� 3 �'��� �$����Æ ç �$�`�Z�Z "� 1p�"�"������� �"�$� ���MÀºÂ"Â"�����' "�"� �'����Ð ¿��$���3��� �]¾ �p�
�Z���$�`�ë�"�$ "�Z������� 3 �l��wQ�l�5�ë�z�$�l�'�Z�����$� �' "�����©Êº¼W�'� ¹ ��¼'���C¿��$���Z� l �Z�Opc "���"� �?	 �Ã�Z���p���·���´�Z "���Z���$�Z���
�7�5���Q�"�$�}Àº '�t�p�ZÂ;�$���Z "�"���Z� ¹ �Z¿�ÀºÂm�' "�"�W�� "�"��Â;�$���$�������$���Å¤#�$�Z�l�$�Z¿´ "�"�<� ç � ¹ �' "�W� �

= ÕbõºÕ ªRQ*SX¯'`¯'ß�(`±§¬óÛm
� �$�l�"�$�k���$�Z� ¹76 ¼W�� "Âl�Z�Z���Z "���$�Z���$�èÆ`�Z����Â;�$�WÉ'Æ`¼W�����$���$���� �w3���X¿´ "� ©d l���p�C���$�l�����"���$��¿��$�� l �l�$�
�$�Z�"���Z¿´��pH�$���"�$� 3 pH�$���û�"�$�zÆW���"���$��¿ ç  "�"�`�zÄ ¹ �E= Õbõ �C��� �$Ñ:ÓÍÌ æ*���$�"�z�p���º� ¹5ç"ç �$���z� ¹ � ¹ ���
�����$�3�Ípc���#�"�$�]Ä ¹ � ÜbÕbõ �C��� Ç'� Ì æ �´È ���b��� À}Â"Â"�����' "�"� �'�°�3Ó �$���Z�����`�Z������� 3 Â;�$�3�"�l�Z�Z���3�?�'���b� l �l�$���
�?�$� ç �$���p�Z "��'���g¤#�$�Z�l�$�Z¿´ "�"� � �¶�5�Æ ç �$�W�Z�Z "� ¿��$���3���l�5���z�$�l�'�Z�����$� �3� y¶�$�l�$���p�Z� ¹ � �'�����$�W�
�7�5���k�"�$�ûÊ!�$���Z���$���� "�"�!�' "����� ÷ �����$�Z¿´ "�"�zÄ ¹ �¥= Õbõ �C��� õ G 8bñ G àCñ & ����¤#�$�Z��1p���Z�"��� Ñ � �V3 �p��� ¹
�<�$�7�p è�$��� Àº���"�$�:¼'� �p '�]�$���l�ºÀ}�C��� ¹ �3�Z  ç"ç �} "�l� ¹ �"�l� · �$�3�������l�ºÀ} '�h�p�ZÂ;�$���Z "�"� � �!��� ¹ ����� ¹ ���$���
²S���"���$�`Ä<�$�ZÂ"���$�����$�Z "�"� ���Z��� ¹ p ¹ �"�}��� Àº� ¹ ���p���$�WÉ �p�����p l���ôÂ;�´� ¹ �l�"�$���C��� Àº��� ç �7�p���$�:Â;�$���$�����
�3 "��¿´ Å�$�Z�<�$�"�l�$� �

�3Ð
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8.
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93
7.

60
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7.
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7.
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49

7.
39
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7.

38
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7.
23

94
7.

02
23

6.
94

67
6.

86
86

6.
82

47

3.
79

20
3.

63
59

3.
60

66
3.

57
24

2.
50

14
2.

46
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2.
41

35

1.
82

07

1.
41

81

1.
23

27

0.
85

70
0.

82
77

0.
80

57

(ppm)
0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5
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ÜbÕbõ!Õ ªRQ?S_¯'W¯'ß�(:±§¬óÛm
�!��� ÷ �����$�Z¿´ "�"�©�<�$�»�p�"���Ã�"� �'���o�`���$���l�$� �z�$�l�'�Z�����$���o�C��� õ G 8bñ G àCñ & �' "����� ©d "�:�pÂm�o���
¤#�$�Z��1p���Z�"��� � � � À}���"�$�`¼W��p '�m�Ã���$���}Àº�C��� ¹ �3�Z  ç"ç � � ub��� Ä ¹ �����Z�21p�l�'���<�$� ÷ �����p�Z¿º�$�ù� ¹ ���"�$�Z���!�$���l�
� ¹ �Z�5��1p���Z���<� È �p�"�?�"�$�}Ì}���p�W�Z� ¹ �l�ZÂ;�´�'���"�3 "�"�<�$� �
�¶�5�M�p 'êK1p�������<�Z��� ¾ �$�Z�W���p�k�¡�"�L�$���l�ô�$�ù� ¹ ���3���$�����l� ÷ �����$�Z¿´ "�"�
���Z�L�l�5�0¤#�$�������gpc���l�"�$���"�´�
Àº���"�$�:¼'�`É'Æ`���3�7�p���ºÂm�$� ��Ó ç"ç �  "�l�Å�l�5�iub�������l�$���l�$�o�$���l�´�!Æ`���"�3 "���$�Z����Â;�$�S�$�,pX�5�}�"Â;�$� Î ç"ç � �
¢E� þd�p����� �"�$� ÷ �����$�Z¿´ "�"� ü¡¤#�$�Z��1p���Z�"��� Ñ � � ý ÜûÕ#õ �C��� õ G 8bñ G àCñ & �����$�3�k�'���´���´�CÆ`���3�7�p�_Â;�$�
Î'�°�3Ï©ç"ç � � �!���´���´�ÅÆ`���"�3 "���$�Z�è�<�$� l �Z�¿´  �"�$��Ä`���$� È �5�����$����� ¹ êS�p� ¹ ���$�
�"�$��l�$  �<�$Â"�����"�$���$�
ÆW���"�äê;�����l�$� � �5���0ü¡��� À}Â"Â"�����' "�"� �'�°�'�  "�l� �'�°�3� Æ`���3�7�p� Zlý � �!���è�"�$� ÆW���"�äêS�����l�$� � �5���è�p '�
ÆW�$�����$�%�"�´�}À!�Z�Z���p� ¹ �éÉ'æ ¹ ���ëÂm�$�7�5���:Â7�p�Z���$�0ÊcÉ`ÀX� ¹ ���ë�$�ù�t�p�"���$�%�$���l�¶¤#�$�������"���$Â" "�"�èÌ}�����`�Z "�"�
�Z���§�t�´��þl�$���ÅÄ ¹ � �'�°Ç<Í ç"ç � �7�5��� Ï'�°Ç'�¶ç"ç � ühÆ`���3�7�p�(''ý �
�!���è�"Â"�Z���<�$��Æ`���3�7�p���g�'�äêS�$�Z���$���$�ô���ôþ ¹ �Z�  "�l�«²?�p�<�MüÃ�Z���$�l�gÀºÂ"Â"�����' "�"� �'���3� ÆW�$����� ��Ð  "�l�
ÀºÂ"Â"�����' "�"� �'���$Ñ ÆW�$����� �3Ç ýP�"�����:�H���$�"�#Ä ¹ ���"�$�l�$���"�$�:u#�' "�`��� � ¢2�)�X���§êS�$���'Â;�$���$�����À°l�l�"�$�H���p�
�l�5�bÀ � É'Æ`¼W�����$���"�$�b� ¹5ç"ç �$��Â"���l�' "�"���C��� ��Ç Êº¿§É+� ¹5ç"ç �� "�"�¶Â;�$� ÍW�°Ó3�}ç"ç �  "�l� Ç'�°Ð3½ºç"ç � ühÆ`�äú
�3�7�p�D] 3'ÍW���$Ñ ø Ç'�°Ð3Ð·ç"ç ����� ÜbÕbõ ý 3 �l�5�XÆ`���"�3 "���$�Z�c�"�´�:1p �w<�$���$�Ì}���"�<�JÂ;�$� Ç'�°Ç3Ð·ç"ç �*ühÆ`���3�7�p��à 3
Ç'�²Í5Ï�ç"ç � ý} "�l�o�l�5�·Æ ç ���"�ë l�Z���$�·�"�´�ºÀ!À T �_�£T É'Æ`¼'�Z���$���z�"�´�!���"�l�$���$��Ì}���"�<�}���$�����:�z� ¹ ���'�t�$���Wú
Ä<�$������� ¹ Â;�$�Q�<�$�<�$�:�"Â;�$� ÜbÕbõ Âm�$� ÍW�°Ç3Çkç"ç �Á "�l� ÍW� Ñ:Ðkç"ç � ühÆ`���3�7�p�»ã 3dÍW�°Î3Ï ø ÍW�°Ç3�Cç"ç � ý �
¢E� Àº��� ç �7�p���$�:Â;�$���$�������h�p�����$�M¿´ l�$���Z���'���èÆ`���3�7�p�����"�$� �b� ¹5çm¹�6 ¼W�3�Z  ç"ç �$� �p '�Z�F�'���Æ`���3�7�p��� �"�$�
Â;�$���"�$�¦1p �w<�$���$�% "�l�%�"�$�}���"�l�$���$�¦�¶�$�Z�����t�p�����$�%���*¤#�$�Z��1p���Z�"��� � � � �h�5�Z�}¿´ l���p�C���$� � Æ ¹ �Z���l�
Â;�$� Ï'�°Ð3Çzç"ç �f "�l� Ï'�°Ð3Ï¶ç"ç �f¿7pH�$�7�]�Z� ç ���$�Z���ºühÆ`���3�7�p��Ùpý?�Ã�"�#�'���c�"�$��Æ'�p l�$���Z� ¹ êgÂ;�$�7�5���:Â7�p�Z���$�
¾ �$�Z�:¼W���$�"�3�Z  ç"ç �$��ü Ï'�°Ð3Ð ø Ï'�°Ð3�kç"ç � ý 3 Â;�$� �3�°Î3� ç"ç �  "�l� �3�²Í5Ç ç"ç � ¿7pH�$�ûÆW� 6 ���$�Z����ühÆ`���3�7�p� `mý
�Ã�"�b�'���X�C���Z�Z���$���$� ¾ �$�Z�:¼W���$�"�3�Z  ç"ç �$��ü �3�°ÎpÑ ø �3�²Í5Çzç"ç � ý? "�l�kÂm�$� �3�°ÓpÑ¶ç"ç �£ "�l� �3�°Ó3�!ç"ç �£¿7p_�$�
�]�Z� ç ���$�Z��� ühÆ`���3�7�p�Bc'ý_�¡�"���'���·�$�l�"���21p�l�'���<�$� ¾ �$�Z�:¼W���3�Z  ç"ç �$�©ü �3�°Ó3Ç ø �3�°Ó'��ç"ç � ý �
�!���ÅÆ`���3�7�p���è�"�´�kÀº�Z�Z���p� ¹ �éÉ'æ ¹ ���g�$�������l�$���l�$� Â;�$� �'�°½3Óoç"ç �  "�l� �'� Ñ:ÓQç"ç � üÃ�'���è�"�$� ���$�Z�Z�äú
1p���$�ôÀº�C���l�$� Â;�$�7�5���:Â7�p�Z���$��ÊcÉ`ÀX� ¹ ��� 3 Æ`���3�7�p�K) ²-+V3#�'�°Ï3Ð ø �'�°ÏpÑ0ç"ç � ��� õ G 8bñ G àCñ & ýë "�l�
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3.8291

7.8457

8.0288

8.5617

8.0000

24.686

7.9325

13.542

39.534

5.2567

37.183

8.2257

7.6840
7.6426
7.5035
7.4620
7.2400
7.0839
7.0033
6.9692
6.8887

6.6910

3.9902
3.9634
3.9560
3.9316
3.8999

3.6047
3.5754

2.4970
2.4653
2.4043
1.8725
1.8383
1.8041
1.7700
1.7358
1.6992
1.4089
1.4040
1.0698
1.0551
1.0332
1.0185
0.9966
0.9819
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3.8291

7.8457

8.0288

8.5617

8.0000

24.686

7.9325

13.542

39.534

5.2567

37.183

8.2257

7.6840
7.6426
7.5035
7.4620
7.2400
7.0839
7.0033
6.9692
6.8887

6.6910

3.9902
3.9634
3.9560
3.9316
3.8999

3.6047
3.5754

2.4970
2.4653
2.4043
1.8725
1.8383
1.8041
1.7700
1.7358
1.6992
1.4089
1.4040
1.0698
1.0551
1.0332
1.0185
0.9966
0.9819

(ppm
)

1.0
1.5

2.0
2.5

3.0
3.5

4.0
7.0

7.5
8.0

d
c

b
a

e
v

x,y
f,w

g
z

8.5 Integral

��� ���� �� ����� �� ���� �� �
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Â;�$� �3� Ñ:ÓLç"ç � üÃ�'���Q���"�l�$���$��Ê�É`ÀX� ¹ ���o�"�´� �  "���p�l�'��¼`� 3 Æ`���3�7�p�80 3}�3�°ÏpÑ©ç"ç � ý � �!���%Æ`���3�7�p���
�"�$�����"�l�$���$� ¾ �$�Z�`¼`���$�"�3�Z  ç"ç ���"�$�}�#� ¹5ç ¼W���$�7�p�C���WÉ`À}�Z��� �Z���l�gÄ ¹ �Q�"�$�g�C���Z�Z���$���$� ¾ �$�Z�`¼`���$�'ú
�3�Z  ç"ç �$� �"�$��b� ¹5çm¹�6 ¼W�<�$�Z���$��¿7pc�������l�$� �3�°Î<Í�ç"ç �  "�l� �3�²Í5ÓLç"ç � �"Â;�$�Z�»�p�<�$�Z��ühÆ`���3�7�p��` ² . 3
�3�°½3½kç"ç � ý �
¢E� ¤#�$�Z�3���$�����o¿´ Q�"�$��u#�' "�W���$�ÅÂ"���$��Âm�$�Q���Á�z�$�l�'�Z�����$� �3� yz�$�l�$���p�Z� ¹ �Q�'��� È Ê}ú ¸!¾ ÌcÉ'Æ`���3�7�p���
�"�$� ç �$�Z� ç ��1p���$� È �5�����$���Z� ¹ êF�p� ¹ ���ôÂ;�$���7�p�l�  "�:Ä<�$�21p�l�"�$�Z� 3 �'����Æ`���3�7�p���ô�"�$��Ê�ú2ÀX� ¹ ��� �p�
�"�$�k�l�$ "�<�$Â"�����"�$���$� ¢E�C���:Â"���l�' "�"�M�$�ù�h�p�"���$� �"�$� �3� l w3���$� Æ`�"�ä�¡� � �!��� ¾ �$�Z�`¼`���$� ç � ¹ � ¹ �l�$� �"�´�
À!�Z�Z���p� ¹ �éÉ'æ ¹ ���������l�Å�p�����´���p���º�Z���§ê;�$���'Ä<�$������� ¹ Âm�$� �

¨�Ì�¨�ÌvùçÕiÓ�Ý§Ûdc�ßsÓKÜÚ�Ó ò�è�«ÍßHNE© è�«ÊÓeO�Ø�©�ÓÕÔ
� �$�F�3� l w<�$���$�%�!�$�l�'�Z�����$���$�%���Z�c�C���!�Z���$�Z�������l�$�ºÊ}���l�"�$�Z "�"� ¿´ Å���´���"�l�$� 3 pH�$���?��� Âm�Sp_�$�3�������l�$�
�z�$�l�'�Z�����$�Z�<�$�Z�l�Z�¶�'����Àº�Z���·�7�5���o���"�l�$�o�<�§�t�p�����$�! "�l�Q�'���ëÀ}�C��� ¹ �3�Z  ç"ç �$�o�¡�"�}�"�$��Àº���"�$�:¼'�
�` "�¶� ¹ ���L�����+pH�$�·¿´ "�g1p�"�3�������M���$����� l �"�l�$� � u#�¶� ¹ �������C�p��� ¹ �$���l� ¾ �$�Z� ¹ �"�k�<�§�Ã "�l�"�$�¦pH�$���"�$� 3
Â;�$���"�$���$���éµºÂm�$�������: �wMÀº���"�$�:¼'� �<�$�7�p�l�'�7�pÂ"�FpH�$���"�$� �3�p�"� � �¶�p�l�$�Àpc "���"�Å�'���QÆW���"�äê?�����l�
� �5���������"�����Sw3����������´�' "¿´���$�Z� 3  "��� ¹ �$���l�}�����pÂ"�����c¤#�$�ZÂ"���l�' "�"�ë�l�$�Z¿´ l�����$�����$� � �!�������´�Z "���Z���$���$�l�"�$�
�z�$�;�'�Z� ���+���º�����l� �p� �"�$�:²S '�Ã�H���$�»�p�Z��Ä��Z���pÂ"��� 3 �»�5�����$� �Z�����g�pÂm�$�H���F² l �� "�"�ë�<�$�7�p è� ¹ �����gpc���$�Z���
�7�p�l�'�7�pÂ;�$� pc���¶�'���ëÆW���"�äê;�����l�$� � �5���$� �

ÜbÕbõëÿ
ªRQ*SX¯'`¯'ß�(`±§¬óÛm
Æ ¹ pc "���"�¶�p l� õ G 8#ñ G àCñ &  "�l��$���l�$� µºÂ;�$�������` �w ÜbÕbõ �$���l�¶ÆW���"�äêS�����l� � �5���}¿´ l���p�C���$�"�<�§ú
�����"� ¹ ��¿��$� 3 �'��� ¹ �"�l�ÀpH�$�����$����Àº '�h�p�ZÂm�$���Z "�"�Q�'�����$�W�·���0�Z� ¹ ���<�$�l�$�Ò�]�$�Z���p�:¼'�'� ¹ �Ã "���p� üÃ�cÊ!þ#ý
�<�$� l �Z� "�l�ô�C���¥²S���Z�"�� "���p�� "�C���"�� "�C�`¼W�'�Z��� ���´�' "¿´���$�Z�¥pc "���"� � �!���´���´� �z�$�l�'�Z�����$� �3� y¶�$�l�§ú
���p�Z� ¹ �o�¿1�w3�º�Z�����o���"� ¹ ���p� ¹ �3��� ç �"�������L�p�n�z���´���$���<�$�?���$���"���<�$� � Àº�����$���'���"�<���ë �w ���p�o�'���¶�Ã���$���$�
Æ`������¿´�� "�C�`¼W�'� ¹�6 ���'�3�Z  ç"ç �$��' "�����F©d "�:�pÂm�XÄ ¹ ���]�Z���$�Z�:¼W�»�p�C����¿´ "� ²]�p '�Ã�C���Z���$�lÂ"� ¹ ���W���$���$� 3  "�
�l�5���z�$�l�'�Z�����$�º��� ¹ �����$���$�Å¿´ Å� l �"�l�$� �
¢E�{�z�$�l�'�Z�����$� �3� yz�$�l�$���p�Z� ¹ �¥p_�$���"�$�è�' "������'���!Ì}�´�' "�W�Z� ¹ � �"�$�XÀº�C��� ¹ �3�Z  ç"ç �$�g�'���!Æ`���3�7�p���
�"�´�_ÀºÀ T �X�£T É'Æ`¼W�Z���$�)���)¤#�$�Z�3���$�����¿´  ÜbÕbõ üÃÀºÂ"Â"�����' "�"� �'���3� ÆW�$����� ��Ð43`ÍW�°Î3Ï ø ÍW�°Ç3�ëç"ç � ýb "�l�
¿´ "��ÆW���"�äêS�����l�$� � �5���küÃÀ}Â"Â"�����' "�"� �'�°�'� ÆW�$����� Ï'�V3'ÍW�°Ç3Ç ø ÍW� Ñ:Ðëç"ç � ý#� ¹ ���"���p���_���$�����:�X� ¹ ���'�Ã�$���Wú
Ä<�$������� ¹ Âm�$� 3 �Z�����$�������l�$���l�$� · �$�Z¿´��Â;�$� ÍW� Ñ:½èç"ç �  "�l� ÍW�°Ï3�èç"ç � üÃÀ}Â"Â"�����' "�"� �'�°�3Ï  "�l� �'�°�pÑ
Æ`���3�7�p�Oã 3 �p�����$���'���"�<�#�����z�$ "���$� ¹ �5�´�$� ¹ � 3 �"�����:�J�����z�$ "���$� ¹ ���"� ¹ � ¹ � ¹ �Z� pc��� ÜbÕbõ  "�l� ÜbÕbõ!Õûª ý �
�¶�5�#À � É'Æ`¼W�Z���$�{�"�$�J� ¹5ç"ç �$��Â"���l�' "�"� ���Z�b�<�$���5�"�}�$Â;�$�C� ¹ ����p '�Ã�<�´� ç �p�����$�oühÆ`���3�7�p�I]�ýP "�l���$�ùú
�����l�$���:�!Âm�$���7�p�l�� "�:Ä<�$�21p�l�"�$�Z�zÂ;�$� ÍW�°Ó3ÐCç"ç � ü ÍW���$Ñ ø Ç'�°Ð3Ð�ç"ç ����� ÜbÕbõ Â"¿7p �mÍW�°Ó3� ø Ç'�°Ð3½�ç"ç �
��� ÜbÕbõ!Õûª ý 3 �l�5� Æ`���"�3 "���$�Z���"�´�À1p �w<�$���$� Ì}���"� ühÆ`���3�7�p�_à 3#Ç'�²Í5Ï%ç"ç � Â"¿7p �#Ç'�°Ç3Ð%ç"ç � ýëÂ;�$�
Ç'�°Î3Ïkç"ç � �
¢E� À}��� ç �7�p���$�`Âm�$���$����� ��1p�����C¿´ l�$���Z���l�5� Æ`���"�3 "���$�Z�%ühÆ`���3�7�p��Zlý Â;�$� Ï'�²Í5Ó%ç"ç � �p '���b�´�k�<�$� l �Z�
¿´ "� ���´�' "¿´���$�Z���$�ô¢E�C��� 3 �p��� ¹ �"�$� ¾ �$�Z�`¼`���$�"�3�Z  ç"ç �è¿7pc�������l�$� Àº� ¹ ���p�k "�l�«1p �w<�$���$� Æ`�Z�����:ú
�Z� ¹ êÅ�"�´�cæ ¹ ��� � ¢E���z�$ "���$� ¹ �5�´�$� ¹ �è�"Âm�$�Z�»�p�<�$�Z�è�'���!Æ`���3�7�p���º�"�$� ¾ �$�Z�:¼W���$� ç � ¹ � ¹ �l�$�0ühÆ`���3�7�p��Ùpý
Â;�$�7�5���`Â7�p�Z�c¿´ "� Æ'�p l�$���Z� ¹ ê%�"�$�_�b� ¹5ç;¹76 ¼W�<�$�Z���$��"�����:���"�´�H���Z�H�$���è�F�Z� ç ���$�Z�XÂ;�$� Ï'�°Ð3Ç�ç"ç �� "�l�
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H
7 C

3 O

H
7 C

3 OH
7 C

3 O

H
7 C

3 O

H
7 C

3 OH
7 C

3 O
H

N

N

N

N
H

N
H

H
N

O
C

3 H
7

O
C

3 H
7

O
C

3 H
7

O
C

3 H
7

O
C

3 H
7

O
C

3 H
7

a

b
c

d

g,f,e

v

w

x

y
z

m

d
c

b
a

e
v,x,y
2:2:1

f
g

z
w

m
(+ H

2 O
)

6.1962

2.0022

2.2099

2.0659
1.0956

6.7783
2.0139

1.0618

10.725

3.9842
3.9633
3.9413
3.9156
3.8935
3.8727

3.7048

2.7567
2.6072

2.4185
2.3254

2.0400
1.8170
1.7938
1.7705
1.7472
1.7154
1.6909
1.6688
1.6014
1.3919
1.0575
1.0477
1.0330
1.0232
1.0085
0.9987

(ppm
)

0.8
1.2

1.6
2.0

2.4
2.8

3.2
3.6

4.0
4.4

4.8
5.2

5.6

1.9874

2.0013

2.3242

2.0000

Integral

7.4707
7.4437
7.3286
7.3028
7.1509
7.0958
7.0884
7.0333
6.8349

6.0
6.4

6.8
7.2

7.6
8.0

��� ���� �� ���� ����! f�� ��� g� �� ���� �hij � �� �
� �� ��  �k�l 
  � ���! f�� ��� �  �  �

ÏpÑ
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6.1962

2.0022

2.2099

2.0659

1.0956

6.7783

2.0139

1.0618

10.725

3.9842
3.9633
3.9413
3.9156
3.8935
3.8727

3.7048

2.7567
2.6072
2.4185
2.3254
2.0400
1.8170
1.7938
1.7705
1.7472
1.7154
1.6909
1.6688
1.6014
1.3919
1.0575
1.0477
1.0330
1.0232
1.0085
0.9987

(ppm
)

1.0
1.5

2.0
2.5

3.0
3.5

4.0

1.9874

2.0013

2.3242

2.0000

Integral 7.4707
7.4437
7.3286
7.3028
7.1509
7.0958
7.0884
7.0333
6.8349

7.0
7.5

d
c

b
a

e
v,x,y
2:2:1

f
g

z
w

m
(+ H

2 O
)

e ff ghij kl m�n mbp qrts uvwx
z{ | }~m o

Ï3½
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ACBEDÍ�
�$���l�´�·Âm�$� Ï'�°Î3Ðç"ç � ¿´ �Âm� ¹ Â7�5���:���$� ü Ï'�°Ð3Ç ø Ï'�°Ð3Ïèç"ç � Â"¿7p �FÏ'�°Ð3Ð ø Ï'�°Ð3�èç"ç � 3�· �SpH�$�����z���L�z�$ 'ú
���$� ¹ ���"� ¹ � ¹ � ¹ �Z� ý � �!��� ÆW� 6 ���$�Z���CühÆ`���3�7�p��`Sýc�"�$�!�C���Z�Z���$���$� ¾ �$�Z�:¼W���$� ç � ¹ � ¹ �l�$�L�$�������l�$���l�$�%Â;�$�
�3�²Í5ÎÅç"ç �  "�l� �3�²Í5Ógç"ç � ü �3�°Î3� ø �3�²Í5ÇQç"ç � Â"¿7p �H�3�°ÎpÑ ø �3�²Í5ÇÅç"ç � ý 3 �'�����]�Z� ç ���$�Z���ühÆ`���3�7�p��c"ý
�"�$� ¾ �$�Z�`¼`���3�Z  ç"ç �$�QÂ;�$� �3�°Ó3Ïkç"ç �  "�l� �3�°Ó3�kç"ç �Òü �3�°ÓpÑ ø �3�°Ó3�Cç"ç � Â"¿7p �F�3�°Ó3Ç ø �3�°Ó'�·ç"ç � ý �
�!��� ¾ �$�Z�:¼W���$� ç � ¹ � ¹ �l�$�è�"�´�JÀ!�Z�Z���p� ¹ �éÉ'æ ¹ ���}�Z���l�����f¤#�$�Z�3���$�����¿´  ÜbÕbõºÕbª �����$�,pX���p '�S���"���$�
�#�»�p�Z¿ë¿´ "�Z�l���`�<�SpX�p�l�"�$�Z�F�S�'���·�"�$��Æ`�Z�����W�Z� ¹ êF�p� ¹ ���$��Âm�$�7�5���:Â7�p�Z���$�0Ê}ú2ÀX� ¹ �����$�������l�$���l�$�%Â;�$�
�'�°Ç'��ç"ç � 3]�'� Ñ:�èç"ç �  "�l� �'�°Ï3Ïèç"ç � ühÆ`���3�7�p�K' ² ) ²,+ 3 ���  "�l�� "Âl�Z�Z���Z "���$�Z���$� õ G 8#ñ G àCñ & 3 ÀºÂ'ú
Â"�����' "�"� �'���$Ñ ÆW�$����� �3Ç43S�'�°Ç<Í ø �'�°Ï3Ð ø �'�°ÏpÑÅç"ç ��Â"¿7p � ��� ÜbÕbõºÕbªèÏ'�°Ç'� ø �'�°½3Ó ø �'� Ñ:Óç"ç � 3 Â;�$���"�´�
���è�z�$ "���$� ¹ ���"� ¹ � ¹ � ¹ �Z� ý 3 �'��� · �Sp_�$�����_�C���Z�Z���$���$� ¾ �$�Z�:¼W���$� ç � ¹ � ¹ �l�$�g�"�$�_�#� ¹5ç ¼W���$�WÉC "�l� �  "�2¼`ú
���$�"�<�$�Z���!Â;�$� �3�°Ç3Ó�ç"ç �{ "�l� �3�°Ï3Ð�ç"ç � ühÆ`���3�7�p�1.  "�l�n0 3m�3�°½3½ ø �3�°ÏpÑ ç"ç ��Â"¿7p �  "�:���$�X�"�$� �"�´�
�#� ¹5çm¹�6 ¼W���´�Z���´�Ùø �3� Ñ:ÓÅç"ç � ý � �!���C¤#�$�ZÂ"���$�����$�Z "�"���"�´� ¸ Ê�É'Æ`���3�7�p��� üo9èý!Âm�$� �'�²Í5ÇÅç"ç � ���Z�ë�p '�
�l�5�}�$���$�`�Z�Z�������l���º 7�`�'�Z  ç;¹ �¡� ¹ ���$�:�º�"�$�zÆ`�Z�����'�Z� ¹ êS�p� ¹ ����¿´ "�Z�l���W¿´ '�¡�"�"���$� �
Æ ¹ pH�$���z���p�0�p '�¡�3�Z "�l�%�"�´�}� ¹ �pH�$�l�'���<�$�{² l �� "�"�<�Z�C���Z���$�UpH�´���l���$�#Ä ¹ ���!�$ "���$� ¹ ���"� ¹ � ¹ � ¹ �Z��¿´ 
�z�$ "���$� ¹ �5�´�$� ¹ �©�"Âm�$�Z�7�p  ç � À} l���Ù�p�<�$�0�Z���§ê;�$�L�3�p�"� 3 pH�$���"�$�©��� ¤#�$�Z�3���$�����©¿´ M�"�$�{u#�' "�W���$�
 "�l��¿´ "�ÅÆW���"�äêS�����l�$� � �5���Q��� �!�$�l�'�Z�����$� �3� yz�$�l�$���p�Z� ¹ �
�p����� È �5�����$���Z� ¹ êP�p� ¹ ���o "� �l�5�
���´�' "¿´���$�Z���©¢2�C��� �l�$�Z "� ���$�"�o�pÂ"�<�´�����"���Z���Q "�l���$�ù�t�p�"���$� � ¹ ���3���������$���l�$��Ê ¹ ���'�t�$���`É'Æ`�"�ä�Ã� �
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10.207

3.0157
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4.0071
3.9850
3.9581
3.9434
3.9323
3.9103
3.6983

2.5921
2.3973
1.8767
1.8534
1.8301
1.8056
1.7836
1.7762
1.7664
1.7505
1.7432
1.7272
1.7199
1.6035
1.4136
1.2372
1.0767
1.0522
1.0289
1.0216
1.0081
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3.0732
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7.5034
7.4752
7.4617
7.4176
7.3846
7.3576
7.3307
7.2535
7.2400
7.1114
7.0942
7.0207
7.0146
6.9938
6.9705
6.9570
6.9399
6.8872
6.7083
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d
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w

,t

Ar-CH2-OH
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�'�°Ç3� ø �'� Ñ:Ï ø �'�°Ï3Çôç"ç � ��� Ü§��õëÿHª  "�l� �'�°Ç3Î ø �'�°Ï3Ð ç"ç � ��� õ G 8#ñ G àCñA�´3 ÀºÂ"Â"�����' "�"� �'����½
ÆW�$����� �3Ç ý�$�������l�$���l�$��Âm�$� �'�°½3Ð ç"ç �  "�l� �'� Ñ:Ó ç"ç � 3 �'���0���"�l�$���$� ¾ �$�Z�:¼W���$� ç � ¹ � ¹ �l�$��Â;�$�
�3�°Ç3Ó ç"ç �Á "�l�è "�:���$�}�"�$� È �5�����$� ç ���p� Âm�$� �3� Ñl�zç"ç � ühÆ`���3�7�p�(.  "�l��0 3S�3�°Ç3Ï ø �3�°Ï3Çkç"ç �  "�l�
�3�°½3½ ø �3�°Ï'��ç"ç � ý � À}�"�7�p�l���"�$�·¢E�:���$�3���p�Z� ¹ �L�"�$�ëÆ`���3�7�p���'Z 3 'g "�l�¥) ² â ²,¿J²,+ üÃÀºÂ"Â"�����' "�"� �'�°ÏpÑ ý
�3�p�"�Q���p���'��� ÷ �����$�Z¿´ "�"� �"Âm�$� ç �Z�'�t�$�F�dÂm�$�?Ä ¹ �����Z�21p�l�'���<�$� ÷ �����$�Z¿´ "�"��� �wè�'��� ¢2�`���$�3���p�Z� ¹ �
��Ç43º��Ç  "�l� Ï3ÇLÈ �5�����$���Z� ¹ êF�p� ¹ ���Q�$�Z�<�$Â;�$� � �!���´���Z�Z�äêm� ��� �p l�Z�<�$¿��$�����"�l�$���$� È �$�����Q¿´  � �!���
Æ`¼W�:�Z�l�´���¶�����§�Ã�$�Z���ë�p��� ¹ �$���ÅÄ ¹ �����Z�21p�l�'���  "�C�<�´���$�Z¿´���´�}�b� ¹ �' "�W� ¹ �"�l�·þl�$�"���Z���$�����$�Q��� ¾o¹ ���$�W�"� �
Àº l���ë��� È Ê}ú ¸º¾ ÌLÄ ¹ � Ü���õ�ÿbÔ 1p�l�"�$�Z�k�'���#�P���p�W�?���
¤#�$�Z�3���$�����ë¿´  Ü§��õëÿHª  "�l�·�l�p�C���P�p l���
ÜbÕbõëÿ_ª ���"���r²]�p�<� � ¹ �3 "�Épc�����"�����`� � Æ`�����$�������l�$���l�$� �$���L�`���$���>pH�$�"���o� ¹ ���'�Ã�$���'Ä<�$������� ¹ Âm�$� 3
��� 6 �����p�c "� Ó'�°Ï%ç"ç � � �!���Qæ ¹ ���ÙÉ'Æ`���3�7�p���Å�Z���l� �<�$�<�$�`�"Âm�$�� "�l�� "Âl�Z�Z���Z "���$�Z���$� õ G 8bñ G àCñA�
�Z���§êS�$���'Ä<�$������� ¹ Âm�$� � �!���´�_ "�:���$�������l�$���"�$� Ü��Cõëÿ_ª  "�l� Ü��CõëÿbÔ � ¹ êS�$�l�Z�����`�Z��������pc���Z�W�X�Z�����è�'���
���$�Z�C���7�p��� ÷ �����$�Z¿´ "�"�C�p '�]�"�$��Ä<�$�Z�¿1p�"�<�$�Z���$�g�z�$�l�'�Z�����$�Z�<�$�Z�g�p���_�$�Z� l �:���zÀºÂl�����"���Z�ë "�"���p l� �
�¶�5��uHÆW¢û�"�$�# "�7�p '�¡�<���p�ZÂ;�$�����$���$�èÌ}���p�W�Z� ¹ �l�Z�C�������` "�"��¿��$���3�_�"�$� ��Ó3Ó�û É`�?���p��Âm�$�l� ø+¿£t ��Ó3Ç3Ð
 "�l�g�'���z� l ���l����� ¾ �5�����!Â;�$�;� ø+¿Ot ��½3Ð3½'� �!���´�X�¿1�w3���Z�����gÄ`���$�����$�����:� � �Z l���l�Z�Z�l���<�$�o¿´  ¹ ���'�l�$� 3
�����C�pÂ;�$�k�"�����`� �p l�����p�<�§��1p�"��� � u#�epH�$���"�$�ô�<�$���l��jhæ ¹ ���H�Á�ôÆ`�Z����Â;�$�l�H�Ã�·�p�Z� ¹ �ÍrÎktÉ�Æ`���3�7�p���
�"�$���$�W�Z���$�Z� �
� �$�F�"�$�9pH�$�����$���$�%À} '�h�p�ZÂ;�$���Z "�"�C� ¹ �"�:���¶�"�$������� ¹ �gÂm�$� Ü���õ�ÿ_ª Âm� ¹ Â7�5���:���$���ë�b� ¹ ¿��SwC���gÄ<�$�ùú
���21p�Z�`���$� ¾ ��w<�<pc���´�"�$�cÂ;� ¹ Â7�5���`���$� pH�$���"�$�F�"�'���zÀº 4¤ l �Z "�"�C�"�´� È Ê�ú ¸!¾ ÌcÉ'Æ ç �$�W�Z�Z "� pc "���"�
�Z� ¹ �Z¿º�3���$�����l�$� ¾ �Sw3Â;�´�'���"�3 "�"�<�$�è�����"���´���:���$� 3 �"�$� ÷ �:���$�Z�3�Z "�l� �7�p�"�)¿´  � �!���´�H�"�$ "���$�_�p '�F�$���l�
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¸!¾ Ì
�<�$���l�$�oÀº��� ¹ � ¹ �S���$�"��¿��$���3��� 3 pX�p�}�$��� 	 ����� ¹ ���$�}�$�`���Z���p�l�"�$� �
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ub���l�ÀpH�$�����$����¢Ë�"�´� 3 �$���L�"�$�l�'�Z���Z�������l�´�ëÀ}�C���0¿´ ��Ã "�"�W�Z� ¹ �7�p�����Z���$���$� 3 pX�p�·�'��� ÷ �����$�Z¿´ "�"�Q�C���
�$���l�$� ¢Ë� ¹ �$¼m�<�7�p�H¿´ "��Êz�p�Z�l�Z� ¹ ê ÜûÕ#õ��·� ©d "�XÊ!�$���Z���$���� "�"�C�"�´�_¢E� ¹ �$¼d�:�7�p���´�§pc "���"�z�]�Z� ç � ¹ �ùú
�<�$�kÄ<�$��pH�$�l�"�$�S³ Æ�ý�· � �!���´���´�P���Z�b�p���ûþl�´�Z���Z� ¹ êrp_�´���$�:�Z�����������$�����`���$�b¿´ ë�7�p�l�'�7�pÂ;�$���p���P�:�5�ù� l �Z�C���<�´�
�b� ¹ �§�<�$� ¹ �"�$�ë�p l���©�l�5�Á¤l�l���Z���<�C�!� ç � ¹ �§�<�$� �]¾ ���Z���$��� � �5����pc�����©�p l���"�$� � ���3ü¡�Z�Z�¡���"� ¹ �Ù���§ú
�Z�`¼`� ý����p�ÙÂ ¹ �7�p�¶���������Z %�b� ¹ �§�<�$� ³ Æ�Â�· �Ã���$���<�´���$�Z¿´� 3 p ¹ Â;�$�J�p l���L�l�5�z�$���"�<�´���$�Z¿´��� ¸  m�$��� ¹`ç �"���J�p���
� �5���§pc���Z�<�$�ë�3�p�"� � Àº�����$���'���"�<�P�� �w3���H¿´ "�?Ä ¹ �������21p�l�'���<�$� ÷ �����$�Z¿´ "�"�z�"�´�?�$���"�<�´���$�Z¿´���$� �Z "Âl���Z�äú
�Z "���$�Z���$�gÀº�"� �����g�$������$�����:���$��µ}Â;�$�������` �wC�F�Z� ç � ¹ �Ù�<�$�g�$���"�<�´���$�Z¿´�¨p_�$���"�$� 3 �"�$�HÄ ¹ �c�"�$� ÷ �����$�ùú
¿´ "�"�è�C���¶�"�$� Àº�Z�Z���:� ¹ �éÉ'æ ¹ ���C�' "�����L�z�p�Z�Z���¡�»�<�Z� ¹ �����WEº� ç  "� ç �$�`Ä5�p�W " "� �$�:�ù�t�$�Z�:�Ápc "���"� �
�¶�5�·�$�`���Z���p�l�"�$�l���b� ¹ �§�<�$�{pc "���"�����L�$���l�À�z�"�"�ä�h�p�����C�C�����b� ¹`ç �<� ¹ �züÃ�"�´�����$�©ÆW���"���$��¿ ç  "�"�`�
�����$�3���C����ú ���<Í Ì æ��: "�!�$���ny!���5�g� l �l�$�!�p���}�"�$��Ä ¹ �Q�b� ¹ �§�<�$�dýc�p l�Z�<�$�Z�Z���$Â;�$� �7� �$���ÁÀº '�Ã���p 'ú
�$�g� ¹ �"�`���·�l�5���b� ¹ �§�<�$�Q� ¹ � ¹ �Z���pÂ"�����p�3���$���$� � Àº�l�"�$���$�����$�����c���Z���"�$�cÂ;�$� l �Z���3���µºÂm�$�������: �w��C���
�]�Z� ç � ¹ �Z�<�$� p_�´���$�:�Z�������o�<�$�Z���"�<�$�z�p���cÂm�$��� u#���l���p�Z¿·Ä ¹ �Q�b� ¹ �§�<�$� �
�!���·Êz�p�Z�l�Z� ¹ êS�¶¿��$���<�$�Q���$�"���3 "����y! l�´�Z�ËÉ`Ê ¹ �Z�ËÉ+ub���<�$�l�����7�+�¡���$� 3 ¿´ "�C���l�"�´�Z�º�]�Z�¡�+�Z�:¼W�t�<�C���o�<�§ú
�<�$�`�"Âm�$� �F¸ �����`�·�$���"���p�#���$�"�ù�h�5���l� Æ41p "���$�l���"� ¹ �C���p� ¹ �3��� ç �"��� 3 Àº�l�21p l�$�Z�0 "�l� ÷ �C�`�Z�������p�����äú
�Z���$���$�©�$�ZÂ"���5���:����$���M���p "Â;�$���´�·�b� ¹ �' "�W� � ²]�p�"�<���p���´�ëÀ}Â;�l�p� ç �Ã�$�©�"�´�·�F�Z���$�Z�`¼`�»�p�C���l�ë�Ã�"�"�Z�
¿´ Q�$���l�$� ç �p�Z�Z���$�����$� 	 ����� ¹ ���$�Z���Z���$�Z "�"�è�"�$�!Æ` "Âl�Z���p�"¿ ü¡ÄW�3� � À}Â"Â"�����' "�"� �'�°Ï3Ç ý �
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���$� ¹ �5�´�$� ¹ � 3 �"�����:�k�����z�$ "���$� ¹ ���"� ¹ � ¹ � ¹ �Z� ýëÂm�$� ÍW�°Ï'� ç"ç �  "�l� ÍW����ÎÅç"ç � üÃÀºÂ"Â"�����' "�"� �'�°Ï3½43
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{�?ODGUVDGF0JLK@>�D�S�D[M:K�DGAODGi�>@?B�VD º ?$^;DÕS@?�K@?OD�S@HIFIU�DG?BF�x���H0K@UVDGX0DGF0JÒ�VMN^ =:?BFIU�HIAODG>@>ÂZ[H0K@>c]_F0JWù þ CI?BAOJIDGFK�?Ob�X Ñ JT?f����HEK@?$MNF0KÂiVMNF:>@S�MNABAB?ODGS@>�Ô"FI?Ob�X:>�h0HEMaS�D[KÂZ[?OD�S�DGF»JID�Ü�Ã5bG?$^;DÕS�D��oJT?OD�jICEDGS;DG?BF0D�K@>�D�S�D_M:K@pEDGZ[?f�Ie
Kcb�X0DTitÉ f^j)k É f^j�l �8V|qTbGAOMV]NJIJT?B>@?OMNF-Z[HWV|q�bGAOM:CIH»>c]_F5S@?BFIUVDGF�JT?$^;D�S@?$K@?OD�S�DGF�x�k�DG?o{|DG?B>�DGS�DGSÄk�DGAB?ObcXTe
>@HIFIU�?BF0K@CED[K�MNF0JIDGS�D�^�?B>.i�HIS@Z[{|DGABAB?BUVDG^ ��P.�:��?Ob�Xa>/pEMaABq0^;D�S@?�K@?ODÕS�DGF�JT?ODng�MNAODGi�jIAOD��VMNFÒ=:>@?BA�CEDGF
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Rohprodukt

ArOH

(ppm)
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Umkristallisation

ArOH
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º HIS�b�XWJT?OD�k�?BF0JTHIFIUÒJIDGS�=:>@?BABCEDGF0b�XIS�MN^;MNpIX0MNS�Dh]_F\J0]NKÈ�/K@>@Sc]_^;MNA°�8V�MNS�D�S�D[K@HIAB>@?ODGS�DGFWM_�$>@^�]_AOK
PRDGS@F0DG>@Z[HIFIUVK@pIS�M�JTHIi�>�D�K@>c]_>@>�g�MNF0MN^;DGS Ñ K@?ODGX0DuS�]_pI?B>�DGA�ÅTx£ÅT�T��CICI?BAOJTHIFIU�ÅTxBÓ^�;=�DG?B>�D�ÅVÇ��T��CICI?BAfe
JTHIFIU�ÅTxBÓ~û�=�DG?B>�D�Å�ûnHIF0J��)CICI?BAOJTHIFIU�ÅTx£Å�Ë�=�DG?B>�D�Ê�ËVÔÂx�=�DGXIS�JIDGHI>@AB?Ob�X�Z~DG?BU�>�D�K@?Ob�X�JT?OD[K�D[K�CEDG?�JIDGS
� DGS�K@>�DGABABHIFIUQ�VMNF������b���QHIF0JW�����b���Ex���^3JIDGFhJTHIS�bcXÍJT?OD"Ð)D[JTHIi�>@?OMNFÍDGFa>�K@>c]_F0JIDGF0DGFÒ��FTe
>�DG?BAT]_Fnk�DGFIZ[q:Ay]_ABiVMNX0MNA�Z[HnDGF:>w��DGS@F0DGF���{�HIS�JID|F�]Nb�XnJIDGS �)HT��]_S@CEDG?B>@HIFIU�HI^�i�S@?OK@>c]_ABAB?OK@?ODGS@>~x�k�D[JT?BFIU�>
JTHIS�bcX\JIDGFL{�]Nb�X0KcDGF0JIDGF\��Fa>�DG?BA�]_FLÐ/]NJT?BiN]_AODGF-HIF0JW�0MNABUVDGpIS�M�JTHIi:>�DGF9DGS�K�b�X0DG?BF:>È>@S�MN>@Z�?OJIDGFa>@?fe
K�bcX0DGSÄghD���C»D[JT?BFIU�HIFIUVDGF\J0]NK s � e7�/ghÐ��T=:pEDGi:>@S@HI^���HIF0K�bcX�Ù_Sw��DGS&� Ñ K@?ODGX0D��)CICI?BAOJTHIFIU�ÊTx£ÊVÔÂ��JT?OD
��H8h�Y�K@HIFIU�{�?BS�JnKcb�XIAOD[b�X:>�DGSRHIF0JÈJIDGS ��Fa>�DGS@U�S@HIF0JÈFI?B^�^n>oZ[H�x���]Nb�X���HT� ]_S@CEDG?B>@HIFIU�HIF0Jn��^�i�S@?fe
K@>c]_ABAB?OK�]_>@?OMNFÄ{�?BS�Jn>@S�MN>@Z|��C»JTHIFIi�ABHIFIU)^�?B> �)ABHI^�?BFI?BHI^È� MNAB?OD|DG?BF���AB?BUVMN^;DGS DGS@X�]_AB>�DGF�x_z�^
HIFa>�DGS�DGF
=:pEDGi:>@S@HI^ ?OK@>.JT?OD[K.JIDGHI>@AB?Ob�X�Z[H�K�DGX0DGF��0D[K.Z~DG?BU�>.�VDGS@CIS�DG?B>�DGS@>�DÄÐ�D[K�MNF�]_FIZ~DGF�x
��F0JIDGS�DGS�K�DG?B>�K/DGS@{�?OD[K/K�?Ob�X�JT?ODÈ=�b�XI?f��K�b�X0D"k�]NK�DY����������]_AOK�S�D[b�X:>/K@>c]_CI?BA��»K�MNAy]_FIUVDnK@?OD�FI?ObcXa>/?BF
��Y�K�HIFIU�UVDGX�]_F0JTX�]_CI>/{�HIS�JID�x�z�F��)CICI?BAOJTHIFIU�ÊTx X�i�]_FIF�^�]_F�K�DGX0DGF���J0]��;>@S�MN>@Zn��HT�$CEDG{�]_XIS@HIFIU
?BF�DG?BF0DGSnM_�EDGF0DGF�S�S@?OK�>c]_ABAB?OK@?ODGS�K�b�X�]_AODQMNXIF0D�?BS@UVDGF0JT{�DGAOb�X0D�=�b�X:HI>@Z[^�]���F�]_XI^;DGF\F�]NbcX�^;DGXISÈ]_AOK
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(ppm)

3.54.04.5

PSDS1
Rohprodukt

PSDS1 trocken
nach mehr als
einem Jahr

PSDS1 trocken
nach mehr als
drei Jahren

(ppm)

1.02.03.04.05.06.07.08.09.010.0

PSDS1 in Lsg.
nach mehr als
drei Jahren
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DG?BF0DG^ } ]_XISni�]_HI^ � qTJTS�MNABq�K�D�DG?BFIUVDG>@S�DG>�DGFL?OK@>~x!�)ABAODGS�JT?BFIUVK"K�bcX0DG?BFa>ÈDG?BF0D�moX0MN>�MNS�D~]_i�>@?OMNFWDG?BFTe
UVDG>@S�DG>�DGF Z[HWK�DG?BF�ÛoJT?OD�F0DGH DGF:>�K@>c]_F0JIDGF0DGFdm D~]_i�K;C»DG?|X0x£ÊTÓ�pIpI^ HIF0J ÊTx Ç�Ó�pIpI^ JIDGHI>�DGFd]_HT�
JT?OD�k�?BAOJTHIFIUÈ�VMNFeV|qTbGAOMNCIHI>c]_FIS@?BFIUVDGF�XI?BF�xTz�^±� º �:gh]NKcK�DGF0K@pEDGi:>@S@HI^�JIDGS�^;DGXIS.]_AOK�JTS�DG? } ]_XIS�D
CEDGAB?Ob�X:>�DG>�DGF�=:HIC0K�>c]_FIZ)AB?ODGU�>�JIDGS�X0Y�b�X0K@>�D�m!D~]_i�CEDG?�^�Ö�Z�Ê�ËVÇ�Ç�ÿaJT?OD[K|?OK@>o��jIS|DG?BF º ?B^;DGS�]_H0KRZ[{|DG?
º DGF0JTS@?B^;DGS�DGF�Z[H�FI?OD[JTS@?BU0x º ?OD)z�Fa>�DGF0K@?B>cÙ_>�JIDGS|m D~]_i�K�JIDGS���X0MNX0DGF���gh]NK�KcDGF�^�?B>�^�]�ÃT?B^�]_A�Ó�x£Ê�²
AyÙ���>�]_F0JIDGS�DGS�K�DG?B>�K�iVDG?BF0DGF�Ð.j0bci�Kcb�XIABHQ�n]_HT��DG?BF;�)?ObcXa>@�VMNS@X�]_F0JIDGF0K�DG?BF�DG?BF0D[KRDGF:>�K@pIS�D[b�X0DGF0JIDGF º ?fe
^;DGS|Z[H�xa��HQ�VDGS�JIDG^Ïi�]_FIF�J0]NK º ?B^;DGS�]_H0b�XQjICEDGS@{�?ODGUVDGF0JQJIMNpIpEDGAB>�UVDGAy]NJIDGF�]_HT��>@S�DG>�DGF�HIF0J�^�?B>
JIDG^ ghMNF0MN^;DGS@p»D~]_i\Z[H0Kc]_^�^;DGFT��]_ABAODGF�xoz7FW��Y�K@HIFIUÒDGS@X�Ù_AB>�^�]_F9?B^³d!]_UVD[K@AB?ObcXa>;CEDGS�DG?B>�KÈF�]Nb�X
DG>�{�];DG?BF0DGS�=:>@HIF0JID�DG?BF0D�g�?OK�b�X:HIFIUQ]_H0KÄ×GØ�ÁÂ��HIF0J-½�¾@¿NÀIÁÂ�T=:>@?BABCEDGF0DGFh]_AOK � q�JTS�MNABqTK�DGpIS�M�JTHIi:>�D�x

´Oµ�¶OµA·¹¸"º|»�¼|½F¾�¿8ÀzÁ&¾�Â

k�DG?oÊ�XaË�Ë�bG^�ý�þ/CI?OK/Ê�Ê�Ë�Ë�bG^�ý�þ�Z~DG?BUVDGF��Q{�?ODn?BFh��CICI?BAOJTHIFIU�ÊTx à Z[HhDGS@iVDGFIF0DGF���]_ABAODÄPRDGS@CI?BFTe
JTHIFIUVDGF�DG?BF0DGFÃ�oÄ�]NK�K�DGS@C�]_H0bcX����!JIDGS � ]_S@F0K@>�M_�WJIDGFÒU�S�Y/��>�DGF�x º ?OD;]_S�MN^�]_>@?OK�bcX0D;HIF0J�]_AB?BpIX�]_>@?fe
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Kcb�X0D Ñ V�e � Ô��aP�]_AODGFIZ~K�bcXa{�?BFIU�HIFIU�DGS�Kcb�X0DG?BFa>�CEDG?»DG>�{�]"Ê�Ë�Å à bG^�ý�þÕ��Å�Æz� à bG^�ý�þÕ��Å�Æ�Ê à bG^�ý�þ�HIF0J
Å�ûVÇ à bG^ ý�þ x0��D[JT?BU�AB?Ob�XÅ�����b���;{�DG?OK@>)DG?BF0D�Z[H0K�Ù_>@Z[AB?Ob�X0D"k�]_F0JID�C»DG?!Å�û�Ë�X�bG^ ý�þ ]_HT�wx�z7^Æ�"V�]_Swe
CEMNFaq�ABCEDGS�DG?Ob�X���HIFa>�DGS�K�bcX0DG?OJIDGF�K@?Ob�XÒJT?OD;=:pEDGi:>@S�DGF�Û������bÇ§��Z~DG?BU�>�CEDG?�Ó^�VÇ�Ç�bG^�ý�þ�DG?BF0DÈCIS�DG?B>�D
k�]_F0JID��$jIS"JT?OD�=�bcXa{�?BFIU�HIFIU-JID[K � ]_S@F0K�>�M_�ED[KnHIF0JÈ����������DG?BF0DQk�]_F0JID;CEDG?/Ó^��X0ÓQbG^ ý�þ ��jIS
JT?OD Ñ V-É/��Ô��T=�bcXa{�?BFIU�HIFIU0x º ?OD;>�q:pI?OKcb�X0DGFLk�]_F0JIDGF9JID[K"=:>@?BABCEDGF0KnK�?BF0J�]_H0b�XLC»DG?�JIDGF º DGF0JTS@?fe
^;DGS�DGF�Z[H�DGS@iVDGFIF0DGF��T^�?B>��)H0K�F�]_XI^;D/JIDGS�P�]_AODGFIZ~K�bcXa{�?BFIU�HIFIUQJIDGS�½�¾@¿NÀIÁÂ� º MNpIpEDGABCI?BF0JTHIFIU0�0JT?OD
CEDG?�DG>7{�]�Ó^��Å à bG^�ý�þ.Z[H�K�DGX0DGF�K�DG?BF�K�MNABAB>�D�Ûs�����y���;Z~DG?BU�>.?BF�JT?OD[K�DG^ k�DGS�DG?ObcX�^;DGXIS�DGS�D�i�AODG?BF0D
k�]_F0JIDGF���C»DG?)�����yÇ���AB?ODGU�>ÄXI?ODGSnJT?ODqV�]_S@CEMNFaq�ABC�]_F0JID�JID[K � ]_S@F0K@>�M_��D[K~��JT?OD�]_ABAOD[K�jICEDGS@Ay]_UVDGS@>
HIF0J������Ê����CED[K@?B>@Z[>�AOD[JT?BU�AB?ObcX-DG?BF0DÈ=�bcXaHIAB>�DGSÄ]_FÍJIDGS Ñ V-É/��Ô��T=�b�X:{�?BFIU�HIFIU0x º ?OD�=�b�Xa{�?BFIU�HIFIU
CEDG?EÓ^��Ë�Å�bG^�ý�þ�UVDGX0YNS@>��VDGS@^ÄHI>@AB?ObcX;Z[HIS!P�]_AODGFIZ~Kcb�Xa{�?BFIU�HIFIU"JIDGS�]_S�MN^�]_>@?OKcb�X0DGF º MNpIpEDGABCI?BF0JTHIFIU
Z[H0K�]_^�^;DGF-^�?B>�JIDGF-k�]_F0JIDGF�C»DG?�Ó à ûTÓ�bG^ ý�þ HIF0JWÓ à Ë�Ê�bG^ ý�þ ÿ����O�bÇ���CED[K@?B>@Z[>�JTS�DG?RK@>c]_S@iVD
k�]_F0JIDGFLC»DG?)Ó à Æ�Ê�bG^�ý�þÕ�RÓ à XaÊ�bG^�ý�þ�HIF0J Ó à Ó à bG^�ý�þÕ�O�����b����AOD[JT?BU�AB?ObcXLZ[{�DG?|k�]_F0JIDGF�CEDG?
Ó à û à bG^�ý�þÄHIF0JßÓ à Ëz��bG^�ý�þ~x!z7^ k�DGS�DG?ObcX9Z[{�?OK�b�X0DGF Ó�X:ÇNË�bG^�ý�þnHIF0J\Æz��Ë�bG^�ý�þ"DGS�K�bcX0DG?BF0DGF
JT?OD"=:p»DGi�>@S�DGF���]NK@>�?OJIDGFa>@?OK�bcX�^�?B>)k�]_F0JIDGF�C»DG?�HIFIUVDÂ��Ù_XISnÓ�X�� à bG^ ý�þ ��Ó�XaÊ à bG^ ý�þ ��Ó~Ê�û à bG^ ý�þ
HIF0JÒÓ~Ê�Ê�ûÈbG^�ý�þÕ�TJT?OD�JIDG^ º DGF0JTS@?B^;DGS@UVDGS@j0K@>.HIF0J�JIDGF�moS�MNpEM[ÃTq�iVDG>@>�DGF�Z[HIZ[H0MNS�JTF0DGF�K@?BF0J�x º ?OD
ÜR>@X0DGS@C�]_F0JIDGFQK@?BF0J;C»DG?�Ó~Å�Ê�Ë�bG^ ý�þ HIF0J�Ó�Ó~Å�Ë�bG^ ý�þ Z[H�K�DGX0DGF�xak�DG?»Æz��Ë�bG^ ý�þ AB?ODGU�>�JT?OD Ñ V�e � Ô��
�7MNHI>we7M_�$e�pIAy]_F0D$� � º DÂ��MNS@^�]_>@?OMNF0KcK�b�X:{�?BFIU�HIFIU JIDGS-½�¾@¿NÀIÁÂ� º MNpIpEDGABCI?BF0JTHIFIU0��C»DG?�DG>�{�]Wû�Ê�Ë9bG^�ý�þ
JT?ODÄJIDGS�Ó�� X_�T=:HIC0K@>@?B>@HI>@?OMNF�x

´}µ¨¶Oµ¨¶ÌË�Í5Î¦Í¢¸�¼F»ÐÏ°ÂxÑÓÒ�Ô�ÏxÕÖÁ?¾�×�Ø8¾sÂnØ8×K½Ö¾�¿8ÀzÁ?¾sÂ

z�F��)CICI?BAOJTHIFIUQÊTx:�ÈK@?BF0J�JT?OD�F0MNS@^�?ODGS@>�DGF���C0K�MNS@pI>@?OMNF0K�K@pEDGi:>@S�DGF�JIDGS��VDGS@^;D[K�KcDGF0DGF º DGF0JTS@?B^;DGS�D
HIF0J�JIDGS�DG?BFIZ~DGABF0DGFÙV|XIS�MN^;MNpIX0MNS�DÄ]_HT��UVDG>@Sc]_UVDGF�x º ]NK���C0K�MNS@pI>@?OMNF0K@^�]�ÃT?B^ÄHI^ JID[K�S�D[JTHIZ[?ODGS@>�DGF
º DGF0JTS@?B^;DGS�K������b��� Ñ Ê�Å�û.FI^�Ô�Ù_XIF0DGAB>��VMNF"JIDGS���]_UVD|JIDG^ JID[K�k�DGFIZ[q�Ay]_ABiVMNX0MNAOK|���OÚ Ñ Ê�Ê�Ë.FI^�ÔÂx
º ]_FIF�� MNABUVDGF�JIDGS � ]_S@F0K@>�M_�Û�����yÇ�� Ñ Ê�XaÅ�FI^�Ô�HIF0J�JT?ODn=�b�XI?f��K�b�X0Dnk�]NK�D������Ê��� Ñ Ê�X à FI^�ÔÂx
º DGSÄk�DGFIZÕ]_AOJIDGX:q�JÈ���O� AB?ODGU�>�S�MN>@�VDGS�Kcb�X0MNCEDGF�CEDG?|Ê à û�FI^�x�Üo?BF9Ù_XIFIAB?Ob�X0DGS"�)F:>�DGS�K�b�XI?OD[JLZ[{�?fe
Kcb�X0DGFhS�D[JTHIZ[?ODGS@>�DG^ º DGF0JTS@?B^;DGS/HIF0J���AOJIDGXaqTJ�AyÙ���>�K@?ObcXÍ]_H0bcX�CEDG?!JIDGS/K@>7q0S@q�A�K@>@?BA�CEDGFEK@HIC0K@>@?B>@HTe
?ODGS@>�DGF�PRDGS@CI?BF0JTHIFIU�CED[MNC�]Nb�X:>�DGF�Û0J0]NK�gh]�ÃT?B^ÄHI^�JID[K º DGF0JTS@?B^;DGS�K��}���y���"AB?ODGU�>�C»DG?�Êz�z�nFI^��
J0]NKnJID[K���AOJIDGXaqTJIKY�����CEDG?|Ê�ûz��FI^�x���ABAODGS�JT?BFIUVKÄ^nHQ��^�]_FLJ0]_CEDG?�JT?OD;ÜR?BF0K�b�XIScÙ_FIi�HIFIU�CEDÂe
]NbcXa>�DGF���J0]���?BF JIDGS�=:>7q�S@q�AOK@>@?BABC»DGFIS�DG?BX0D�FaHIS�DG?BF mRX0MN>�MNpIS�M:JTHIi�>��VDGS@^;D[KcK�DGFd{�DGS�JIDGF iVMNFIF:>�D
Ñ K�?ODGX0DÄ=�DG?B>�D à ÊVÔÂx º ?OD/Xaq�p0K�M�b�XIS�MN^;D�PRDGS�Kcb�XI?ODGCIHIFIU;�VMNF���AOJIDGXaqTJ�Z[H�S�D[JTHIZ[?ODGS@>�DG^ º DGF0JTS@?B^;DGS
CEDG>@ScÙ_U�>o?BF;JIDGS|=:>@?BABCEDGFIS�DG?BX0D)Ê�Ë�FI^��NC»DG?0JIDGF�=:>7q�S@q�AOK@>@?BABC»DGF0DGF�^�?B>oZ[?BS@iN]�Å�Ë/FI^DG>7{�]NKR{�DGFI?BUVDGS~x
º HIS�bcX�JT?OD"PRDGS@AyÙ_FIUVDGS@HIFIU�JIDGS�S)MNF/ÜwHIUa]_>@?OMNF-{�?BS�JÒJT?OD�k�Ay]_HI�VDGS�K�b�XI?ODGCIHIFIUhJID[K º DGF0JTS@?B^;DGS�K�?BF
Ð�DGAy]_>@?OMNF�Z[HI^¼DG?BFIZ~DGABF0DGFTV|XIS�MN^;MNpIX0MNS�]_AOK�MnDG>7{�]NK��VDGS@S@?BFIUVDGS@>~x��)F0JIDGS�DGS�KcDG?B>�K|CED[JT?BFIU�>|JT?OD)PRDGSwe
AyÙ_FIUVDGS@HIFIUÍJID[K*V|XIS�MN^;MNpIX0MNS�K"DG?BF0D�C»DG>@ScÙNbcXa>@AB?ObcX0D�Ð)MN>@�VDGS�K�bcXI?ODGCIHIFIU Ñ Ê�û�FI^�Ô�?BFIF0DGS@X�]_ABC9JIDGS
º DGF0JTS@?B^;DGS@UVDGF0DGSc]_>@?OMNF�x
º ?OD���]_UVDÄJIDGS.Üo^�?OK�K@?OMNF0K@^�]�ÃT?B^�]�JIDGS)K�>@?BABC»DGF0JIDGS@?B��]_>@?OK@?ODGS@>�DGF º DGF0JTS@?B^;DGS�D�Ó�x�Ú�DGF0DGSc]_>@?OMNF�^�?B>
z�^�?BFa�VDGS@i�FajIpT��HIFIUe�����Ê���0�V^�?B>|��^�?BFa�VDGS@i�FajIpT��HIFIUe�����b���nHIF0J�^�?B> � ]_S@F0K@>�M_�E�VDGS@i�FajIpT��HIFIU
�����yÇ��-JT?f��DGS@?ODGS@>�K@>cÙ_S@iVDGS�]_AOK�JT?OD���]_UVD�JIDGS���C0K�MNS@pI>@?OMNF0K@^�]�ÃT?B^�] Ñ K@?ODGX0D��)CICI?BAOJTHIFIU9ÊTx Ç�ÔÂx
º DGF�UVDGS@?BFIUVK@>�DGFÍ=:>�MNiVD[K��T=:XI?f�$>�^�?B> à ÇnFI^�{�DG?OK@>.JIDGS � ]_S@F0K@>�M_�Ò]_HT�@�IJ0]_FIF�� MNABU�>.J0]NK�S�D[JTHIZ[?ODGSwe
>�D º DGF0JTS@?B^;DGS;^�?B>;û�XÒFI^�x º ?OD�=�bcXI?f�EKcb�X0D�k�]NK�DQZ~DG?BU�>;DG?BF0D�Ð)MN>@�VDGS�K�bcXI?ODGCIHIFIU-�VMNF Ó à�à FI^
Z[{�?OKcb�X0DGF���C0K�MNS@pI>@?OMNF�HIF0J�Üo^�?OK�K@?OMNF�x º ?OD[K�{�DG?OK@>�]_HT��HIFa>�DGS�K�bcXI?OD[JTAB?Ob�X0D;= þ �TÚ�D[MN^;DG>@S@?ODGF�XI?BF�x
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Äß?OD�JT?ODÄ=�bcXa{�?ODGS@?BU�iVDG?B>�DGFÍC»DG?!JIDGS)Ð)DG?BFI?BU�HIFIU�JIDGS º DGF0JTS@?B^;DGS�DÄZ~DG?BUVDGF���DGS@Z~DGHIU�>)JT?OD�PRDGS@i:F:jIpTe
��HIFIU�JID[K/K@>@?BABCEDGF0MN?OJIDGF6V|XIS�MN^;MNpIX0MNS�DGFÒ^�?B>/JIDG^ �/K@>@Sc]_^;MNA°�8V�MNS�DnDG?BF0DnX0M�b�XIpEMN>�DGFa>�DnPRDGS@CI?BFTe
JTHIFIU0x º ?OD�X0MNX0D"��?Ob�X:>�DG^�pT�0F0JTAB?Ob�XIiVDG?B>nJIDGS�X0DGS@UVD[K@>�DGABAB>�DGFhPRDGS@CI?BF0JTHIFIUVDGFÍKcb�XI?OD[J�F�]_>@HIS@UVDG^�Ù��
DG?BF0DGFÛd�DG?BA�J0][�VMNF �$jIS�JT?ODÍ^�]_>�DGS@?y]_AB{�?OK�KcDGF0K�b�X�]���>@AB?Ob�X0D\�)F:>�DGS�K@H0b�X:HIFIUß]_H0K~x�k�DG?�JIDGF K@>�q:S@q�Afe
K�>@?BABC»DGFEJIDGS@?B�N]_>@?OK�?ODGS@>�DGF º DGF0JTS@?B^;DGS�DGFW{�HIS�JID�J0]_X0DGSÈFaHIS*ê:H�]_AB?B>c]_>@?B��JIDGSn�VYNABAB?BUVD�moX0MN>�MV]_CIC�]_H
�VDGSw� MNABU�>~x
Ú�DGZ[?ODGAB>Ä{�HIS�JIDGF�JT?OD;JTS�DG? º DGF0JTS@?B^;DGS�D�Ó�x!Ú�DGF0DGSc]_>@?OMNFL^�?B>"=:>@?BABCEDGFL]_AOK[V|XIS�MN^;MNpIX0MNSnC»DGAB?ObcXTe
>�DG>~x�=�b�X0MNFhCEDG?!JIDGSuêaH�]_AB?B>c]_>@?B�VDGFÍk�DG>@Sc]Nb�Xa>@FIU�JIDGS���P.�T=:pEDGi:>@S�DGFhJIDGS�ÜRJTHIi�>�DnC»DG? DG?BF0DGS�S�MNFTe
Z~DGF:>@Sc]_>@?OMNFW�VMNFßÓ~Ë1ë¨ì�^;MNA�Ö_�ß� Ù_ABAB>�]_HT�w� J0]�� � ]_S@F0K�>�M_� HIF0JW=�bcXI?f�EKcb�X0D�k�]NK�D�DG?BF0DGF9HIFIUVDÂ��Ù_XIS
U�AODG?ObcX�K@>c]_S@iVDGFíV|XIS�MN^;MNpIX0MNS�C»D[K�?B>@Z~DGF Ñ �)C0K�MNS@pI>@?OMNF0K�^�]�Ã�?B^nHI^ CEDG?�q Ñ �����yÇ��:Ô|ÉÎÓ�x£Å�Ë�ÆÈHIF0J
q Ñ �����Ê���:Ô�É Ó�x£Ë�ûVÇ�ÔÂ�V{�MNXI?BFIUVDGUVDGFQJ0]NK|K�DGi�HIF0J0Ù_S�D)��^�?BF;FaHIS�DG>7{�]nJIDGF�X�]_ABCEDGF�Ä-DGS@>�DGS@S�DG?Ob�Xa>
Ñ q Ñ �����b���:ÔwÉ ËTx:��Ê�ÊVÔÂx

´}µ¨¶Oµ¨´ÌîÊ¾�Ô¨ï�ðnñnÀzÏ°ÂnòôógÕ�ÂÛõ)¼)öY¼

Ü�K�{�HIS�JIDÒDG?BF0DÒ��Y�K@HIFIUW�VMNF
Å\^�U÷���������\?BFÓ~Ë�Ë\^;��V|XIAOMNS�M_��MNS@^ Ñ Ó�xBÓ�Ã Ó~Ë ë¨ì ^;MNA�Ö_� Ô
]_FßJIDGS�MNpI>@?OK�bcX0DGFßk�]_FIi9^�?B>�JIDGS�ø�DGF0MNFIAy]_^�pED�MNXIF0DÙ�!?BAB>�DGS�C»DGAB?ObcXa>�DG>~x º ]NK�ÜRJTHIi�>;CED[K@?B>@Z[>
DG?BFÒgÍ]�Ã�?B^nHI^ C»DG?oÊ�X à FI^�x º HIS�bcX-k�DGAB?Ob�Xa>@HIFIU�{�?BS�JhJT?OD[KcD[K�K�DGXIS/Kcb�XIF0DGABA�]_CIUVDGC�]_HI>�HIF0JÍDG?BF
F0DGH0D[K�gÍ]�ÃT?B^ÄHI^ ^�?B>�UVDGS@?BFIUVDGS�z�Fa>�DGF0K@?B>cÙ_> Ñ qUÉ`ËTx£ÅTÓÕÔQDGF:>�K@>�DGXa>�C»DG?�DG>7{�]�XaÊ�Ë\FI^ Ñ K@?ODGX0D
��CICI?BAOJTHIFIU"ÊTx£ûVÔÂx º ?OD[K�iN]_FIF;JTHIS�bcX��)ÃT?OJ0]_>@?OMNF�DGF:>�K@>c]_F0JIDGF0DG^ùV|XI?BF0MNFErts7Ì@vVZ[HIUVD[MNS�JTF0DG>|{�DGS�JIDGF�x
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º ]NK���C0K�MNS@pI>@?OMNF0K@^�]�ÃT?B^ÄHI^�JID[KÊ���O�dAB?ODGU�>|C»DG?EÊ à û�FI^�ÿaJT?OD���Y�K@HIFIU"JID[K�JTHIS�b�X�=:>�DGX0DGFIAy]NK�K�DGF
Z~DGS�K�DG>@Z[>�DGFP��������� Ñ s � e7��ghÐ K@?ODGX0D/�)CICI?BAOJTHIFIU;ÊTx X"HIFa>�DGF5Ô|Z~DG?BU�>�DG?BF�gÍ]�ÃT?B^ÄHI^¼C»DG?�ÅVÇNÊÄFI^
HIF0JWDG?BF0D[KÈCEDG?.Ê�XaÆ�FI^�x º DGSÈ�VMNABAOK@>cÙ_F0JT?BUVD�mRX0MN>�MV]_CIC�]_HdJIDGSÈPRDGS@CI?BF0JTHIFIU�DGSw��MNABU�>�?BFIF0DGS@X�]_ABC
DG?BF0DGS/=:>@HIF0JID�ÿ5J0]NK�?OK@>�?B^�PRDGS@U�AODG?ObcX�Z[H�JIDGF�]_F0JIDGS�DGF º DGF0JTS@?B^;DGS�DGF�Ay]_FIUVKc]_^�x
º DGS.Ü�ÃT>@?BFIi:>@?OMNF0K�iVM:D2ú;Z[?ODGF:>�JID[K º DGFIS@?B^;DGS�K.AB?ODGU�>�CEDG?RÓ~ËTxBÓ~ÊnÃÒÓ~Ë�û��-^;MNA ý�þ bG^ ý�þ x���Fa>�DGS�JIDGS
PRMNSc]_H0K�DG>@Z[HIFIU0�EJ0]��QK@?Ob�XÍJIDGS/ÜoÃ�>@?BFIi�>@?OMNF0K@iVM�D2ú;Z[?ODGFa>�JID[K)UVD[K�]_^Ä>�DGF º DGF0JTS@?B^;DGS�K�]NJIJT?B>@?B��]_H0K
JIDGF �)F:>�DG?BAODGFßJIDGS�DG?BFIZ~DGABF0DGF÷V|XIS�MN^;MNpIX0MNS�DÍDGS@U�?BCI>~�|DGS@U�?BCI>�K@?Ob�X ]_AOKQÜ�Ã�>@?BFIi�>@?OMNF0K@iVM�D2ú;Z[?ODGFa>
pIS�M�=:>@?BABCEDGF0DG?BFIX0DG?B>�ÅTx à ÊQÃ9Ó~Ë û �d^;MNA�ý�þnbG^�ý�þ~x º ?OD[K�DGFa>�K�pIS@?Ob�Xa>�DG?BF0DG^&F0MNS@^�]_AODGFWÄ-DGS@>���jIS
JT?OD[K�D��)S@>;bcX0MNS�MN^�pIX0MNS�DGS�Ú/S@HIpIpED_r üwvOx º DGS;Ü�ÃT>@?BFIi:>@?OMNF0K�iVM:D2ú;Z[?ODGF:>QJIDGS�Ü�]_XIS�D~]_AB>�DGFß=:HIC0K@>c]_FIZ
]_H0KnJIDGSbS�S@?OK@>c]_ABAB?OK@?ODGS�K�bcX�]_AOD�DGS@S�D[bcXIF0DG>"K�?Ob�X�Z[H\ÆTx:��X�Ã Ó~Ë�û;�d^;MNA ý�þ bG^ ý�þ ÿ�>@S�MN>@Z � qTJTS�MNABqTK�D
HIF0J�moX0MN>�MNS�D~]_i�>@?OMNF�JT?f��DGS@?ODGS@>�JT?OD���C0K�MNS@pI>@?OMNF�?BF�=:>cÙ_S@iVD�HIF0J���]_UVD�FI?ObcXa>�{�D[K�DGFa>@AB?ObcX��VMNF�JIDGS
��S@?OK�b�X�X0DGS@UVD[K@>�DGABAB>�DGF�PRDGS@CI?BF0JTHIFIU0x

´Oµ�¶Oµ�ýþî�¾sÔ�ï�ðnñnÀzÏFÂxòÿó¦Õ�ÂÛõ)¼)öeº

ÜRK�{�HIS�JIDGF�Z[{|DG? Ñ Ó�x:�nÃ�Ó~Ë ë \ ^;MNA�Ö_�!Ô|HIF0JQ��jIFT� Ñ X0x£ËÄÃhÓ~Ë ë \ ^;MNA�Ö_�!Ô|^�U �����y���È?BF[Ü@D�ËTx Çn^;�
V º f V|A f ��jISRZ~DGXIF�g�?BFaHI>�DGF�^�?B>�DG?BF0DGS���H0D[bci�K@?BABCEDGS@Ay]_^�pED.CEDGAB?Ob�Xa>�DG>~x º ?OD.k�DGAB?Ob�X:>@HIFIUn{�HIS�JID)?BFDG?BF0DG^���H�]_S@ZÂ�:�/g�Ð��:Ð)YNXIS�bcX0DGF�HIFa>�DGS�PRDGS@{|DGF0JTHIFIUQDG?BF0D[K�moq�S�DÂÃa�K� ?BAB>�DGS�K Ñ����	��
�
��� ÔR�VMNSwe
UVDGF0MN^�^;DGF�xIk�DG?»C»DG?OJIDGFQPRDGS�K@H0b�X0DGF Ñ ��CICI?BAOJTHIFIU;ÊTx£ÆVÔR{�?BS�JQDG?BF0D)�ÈDGS@{�]_S@>�DG>�D��ÈPRDGS@CIS�DG?B>�DGS@HIFIU
JIDGS��/ghÐ��:m D~]_i�K�C»D[MNC�]NbcXa>�DG>~x º D[K�{|DG?B>�DGS�DGF CI?BAOJIDG>�K@?ObcX ×GØ�Á��T=:>@?BABCEDGF��R{�DGAOb�X0D[KQ?B^ k�DGS�DG?Ob�X
�VMNFe�Tx XÈpIpI^�Z[HQKcDGX0DGFQ?OK�>~x���HQ�VDGS�JIDG^�AyÙ���>�K@?Ob�X�CEDG?xX0x£ÊÄpIpI^�DG?BF�m D~]_i�CED[MNC�]Nb�X:>�DGF��0JIDGS��VMNF
?BF:>�DGS��ÍM�JIDGS�?BFa>@Sc]_^;MNAODGi�HIAy]_S�DGSÈP�?ODGS@S@?BFIU�CI?BAOJTHIFIUhX0DGS@S@jIXIS@>~x�Ä-DG?B>�DGS�D�^;YNU�AB?Ob�X0DTV|q�bGAOMNCIHI>c]_F0K@?fe
U�F�]_AODÄ{|DGS�JIDGFh�VMNF�JIDGF�CEDGF�]Nb�X:C�]_S@>�DGFÍmRS�MNp»M~Ã�q�U�S@HIpIp»DGF��VDGS�JID[b�i�>~xxZ5{�]_S�DGS@UVDGCEDGF�gÒ�/m5�)VR�
HIF0JUS�Sc]���>w��DGAOJTS�D[bcXIFaHIFIU0�/J0]��dJT?OD º MNpIp»DGABCI?BF0JTHIFIUVDGF
�$jIS�JT?OD�V|qTbGAOMNCIHI>c]_FaCI?BAOJTHIFIUßZ[H {|DG?B>
�VMNFQDG?BF�]_F0JIDGS�DGF:>w��DGS@F:>�KcDG?ODGF�xa��F0JIDGS�DGS�K�DG?B>�K�i�]_FIF�?B^ÏpIX0MN>�M:bcX0DG^�?OK�b�X�]_FIUVDGS�DGU�>�DGF Z5H0K@>c]_F0J�DG?fe
F0D�Ú�D[MN^;DG>@S@?OD��VMNS@X0DGS@S�K�b�X0DGF��IJT?OD�JT?OD[K�D�Ð�D~]_i:>@?OMNFQDGS@^;YNU�AB?Ob�X:>~x º ?OD�^�]NK�K�DGF0K�p»DGi�>@S�MN^;DG>@S@?OK�b�X0DGF
��Fa>�DGS�K@H0bcXaHIFIUVDGFQJIDGS�k�DGAB?ObcXa>@HIFIUVK@pIS�M�JTHIi:>�D Ñ K@?ODGX0D��)CICI?BAOJTHIFIUVDGF�ÊTxBÓ~Ë/HIF0J�ÊTxBÓ�ÓÕÔ�{�]_S�DGF�AODG?OJIDGS
]_H0bcX-FI?Ob�X:>n]_HT��Kcb�XIABHQ��S�DG?Ob�X�x!�)AOK�X0Y�b�X0K�>�D;gh]NKcK�DÄ{�?BS�J�K�M~{�MNXIAR?B^¹� º Ñ =:pEDGi:>@S@HI^`JIDGS�HIFaCEDÂe
AB?ObcXa>�DG>�DGF�=:HIC0K@>c]_FIZ�K@?ODGX0D�S�]_pI?B>�DGA�ÅTx£ÅTx XÈ��CICI?BAOJTHIFIU;ÅTx£Å à =�DG?B>�D�Êz�VÔ|]_AOK�]_H0b�X�?B^ÎÜ�=�zRAOD[JT?BU�AB?Ob�X
J0]NKRghMNF0MN^;DGS�JIDG>�DGi�>@?ODGS@>~x��)ABAODGS�JT?BFIUVK�iN]_FIF;J0]NJTHIS�bcX;FI?Ob�X:>�]_HT��DG?BF0D�S�DG?BF�?BFa>@Sc]_^;MNAODGi�HIAy]_S�D�Ð�DÂe
]_i�>@?OMNF�UVD[K�b�XIAOM�KcK�DGF�{|DGS�JIDGF��VKcDG?0D[K~�NJ0]���U�S�Y/�VDGS�D�gh]NK�KcDGF"jICEDGS@X�]_HIpI>RFI?ObcXa>�JIDG>�DGi�>@?ODGS@>R{|DGS�JIDGF��
K�DG?�D[K~��J0]��ÍJ0]NK º ?B^;DGS"FaHISÈJIMNpIp»DGAB>nUVDGAy]NJIDGF�h0?ODGU�>"HIF0J�J0]_X0DGS"C»DG?�X�]_ABC»DGSÈgh]NKcK�D���]_AOK�M�JIDGS
ghMNF0MN^;DGS@^�]NK�K�D��0DGS�Kcb�X0DG?BFa>~x
��HQ�VDGS�JIDG^ {�HIS�JIDGF�F0M:bcXI^�]_A�Å à ÇÈ^�U�=:HIC0K@>c]_FIZ"?BF�Ó~Ë�Ë�^;��V|XIAOMNS�M_� MNS@^ Ñ Ó�x X�ÃÍÓ~Ë1ë Ì ^;MNA�Ö_�!Ô
Z~DGXIF\g�?BF:HI>�DGF�CEDGAB?Ob�Xa>�DG> Ñ K@?ODGX0D��)CICI?BAOJTHIFIUÍÊTxBÓ~ÅVÔÂx�PRMNF�JT?OD[K�DG^ k�DGAB?Ob�Xa>@HIFIUVK�pIS�M:JTHIi�>n{�HIS�JID
DG?BF gh��� º z7e�d)����]_HT�$UVDGF0MN^�^;DGF Ñ º ?B>@XISc]_F0MNA�Ö_��U�d-�T��ÔÂx º DGS�X0Y�b�X0K�>�DÒm!D~]_i Ñ K@?ODGX0DÒ��CICI?BAfe
JTHIFIU�ÊTxBÓ~ÊVÔ|DGS�K�bcX0DG?BFa>.CEDG?Ei:F�]_pIp�^�Ö�Z�Ó~Æ�Ë�ËT�T{�]NK�itg��
��U l�� DGFa>�K@pIS@?ObcXa>~x���H0b�X�XI?ODGS�AB?OD��;K@?ObcX
JIDGS�^�]NK�KcDGF0K@p»DGi�>@S�MN^;DG>@S@?OK�bcX0D��/]NbcXa{|DG?OK"JID[K�?BFa>�DGS@^;MNAODGi�HIAy]_S�DGFÅV|qTbGAOMNCIHI>c]_FIpIS�M�JTHIi:>�D[KÄFI?Ob�Xa>
��jIXIS�DGF�x�z�^ PRDGS@U�AODG?ObcX Z[HI^ g��/� º z �Kd)�����T=:pEDGi:>@S@HI^ JID[KQÜRJTHIi:>�D[K Ñ S�]_pI?B>�DGA�ÅTx£ÅTx XL��CICI?BAfe
JTHIFIU�ÅTx£Åz�;=�DG?B>�D�ÊVÇ�Ô�Z~DG?BU�>.J0]NK)=:pEDGi:>@S@HI^4JIDGS�CEDGAB?Ob�X:>�DG>�DGFh=:HIC0K@>c]_FIZ��VMNF���FIZÕ]_XIA�HIF0JQz�Fa>�DGFTe
K@?B>cÙ_>/X0DGS/{|DGFI?BUVDGS�m D~]_i�K~�5{�]NK�^�?B>�JIDGS/>�DG?BAB{|DG?OK�DGF���AB?BUVMN^;DGS@?OK@?ODGS@HIFIU�JIDGS�=:HIC0K@>c]_FIZÈiVMNFT� MNS@^
UVDGX:>~x
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PSDR1 unbelichtet

2 mg belichtet

5 mg belichtet

(ppm)

1.01.52.02.53.03.54.04.55.05.56.06.57.07.5

cis-Stilben Vierring
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cis-Stilben Vierring

(ppm)
0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.5

PSDR1 unbelichtet

PSDR1 belichtet

�� a V¡ ¢t¤�¥:¦N§;¨T©fª�	T«&%('�¤)�} Y�+�³�#|µ�#+*Õµ��^#?�[�®o(�³c´c¯ ³c¯°®°¸w¶_�%a´�'§(Õ·�´¢px�xt)v�ªY��æ$ç�è-,�¹�·Õ¯¨��¥Ö�K¯ ³c¯°®°¸w¶_&%V´�'�®°´
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��^ JT?ODnÐ)D~]_i�>@?OMNFh]_FÍJIDGS�MNpI>@?OK�bcX0DGFÒk�]_FIi�Z[Hh�VDGSw��MNABUVDGF��5^ÄHQ��>�Dn�VDGS�JTjIFIFa>�{�DGS�JIDGF�x�=�M�{�HISwe
JIDQDG?BF0D���Y�K@HIFIU��VMNFWÅ�^�U-=:HIC0K@>c]_FIZQ?BF Ó~Ë�Ë�^;� V|XIAOMNS�M_��MNS@^ Ñ Ó�xBÓ;ÃdÓ~Ë ë¨ì ^;MNA�Ö_� Ô�^�?B>ÈJIDGS
ø�DGF0MNFIAy]_^�pED"MNXIF0D[� ?BAB>�DGS�CEDGAB?Ob�X:>�DG>~x º ]NK/Ü�JTHIi:>/C»D[K�?B>@Z[>/DG?BFÍgh]�ÃT?B^ÄHI^ CEDG?�Ê�Å�û�FI^�x º HIS�bcX
k�DGAB?ObcXa>@HIFIU"{�?BS�J�JT?OD[K�D[KRKcDGXIS�K�b�XIF0DGABAE]_CIUVDGC�]_HI>�HIF0J;DG?BF�F0DGH0D[K�gÍ]�Ã�?B^nHI^UVDGS@?BFIUVDGS|z�Fa>�DGF0K�?B>cÙ_>
Ñ qeÉ ËTx£Ëz�VÔ�DGF:>�K@>�DGXa>�C»DG?ÖXaÅ�ËÈFI^ Ñ K@?ODGX0D���CICI?BAOJTHIFIUQÊTxBÓ�X:ÔÂx º ]NK)AyÙ���>)DGC»DGF0KcMÈ{�?OD�C»DG?O���������
]_HT�EJT?OD�k�?BAOJTHIFIU�DG?BF0D[KRb�XI?BF0MN?OJIDGFQ=:qTK@>�DG^;KR]_AOK}Z5{�?OK�bcX0DGFIpIS�M:JTHIi�>|JID[KomRX0MN>�MV]_CIC�]_H0K�K�bcXIAB?OD��VDGF�x
º ]���jISÄK@pIS@?ObcXa>ÈDGC»DGF0K�MI��J0]���JT?OD[K�D[KÄF0DGH0D�gÍ]�Ã�?B^nHI^lCEDG?�JIDGSnk�DGAB?Ob�X:>@HIFIU�?BF\g�DG>@X�]_F0MNA|FI?Ob�X:>
]_HT��>@S@?B>@>~�~{�DGAOb�X0D[K ?B^ãÚ�DGUVDGF0K�]_>@Z�Z[H[V|XIAOMNS�M_� MNS@^ HIF:>�DGS!��?ObcXa>�DG?BF8h0HQ��iVDG?BF0D�Ð/]NJT?BiN]_AODRCI?BAOJIDG>~xÕk�DG?
PRDGS@Ay]_FIUVK�]_^ÄHIFIUÍJID[K��)CIC�]_HIpIS�MNZ~D[KcK�D[KÄJTHIS�bcX�PRDGS@{|DGF0JTHIFIUÍDG?BF0D[KnÊ�XaË�FI^"�:z7F:>�DGSw��DGS�DGFIZG�0AB>�DGS�K~�
^�?B>�JIDG^ JT?BS�DGi:>ÈF0DGCEDGF\J0]NKÈ��C0K�MNS@pI>@?OM�K@^�]�ÃT?B^ÄHI^ JID[K º D[JTFIS@?B^;DGS�K Ñ Ê�Å�û�FI^�ÔÄDG?BFIUVD[K�>@Sc]_XIAB>
{�?BS�J��a{�ÙNbcX0K@>|J0]NK�F0DGH0D)gÍ]�Ã�?B^nHI^ FI?Ob�X:>|^;DGXIS�K�M�X0M�b�XQ]_F�{�?OD)MNXIF0Dw� ?BAB>�DGS Ñ qYÉ ËTx£Ë�ÊVÔÂxT��XIF0D
� ?BAB>�DGS)DGSw� MNABU�>)JIDGS)mRX0MN>�MV]_CIC�]_H�?BFIF0DGS@X�]_ABC��VMNF�Å�ËÈg�?BF:HI>�DGF�ÿ5]_CEDGS�]_H0b�X�^�?B>)z7F:>�DGSw��DGS�DGFIZG�0AB>�DGS
?OK�>�F�]Nb�X�JT?OD[KcDGSÊZ»DG?B>)JIDGS/Ú/S�M/��>�DG?BA�JID[K º DGF0JTS@?B^;DGS�K�]_CIUVDGC�]_HI>~x
º DGSÈÜ�ÃT>@?BFIi:>@?OMNF0K@iVM�D2ú;Z[?ODGFa>�JID[K º DGF0JTS@?B^;DGS�KÈCEDG>@ScÙ_U�> à x:��X�ÃdÓ~Ë û �ß^;MNA�ý�þÈbG^�ý�þÕ� DGFa>�K�pIS�DÂe
bcX0DGF0JLÓ�x X0Ó�Ã-Ó~Ë�ûn�-^;MNA ý�þ bG^ ý�þ pIS�MQ=:>@?BABCEDGF0DG?BFIX0DG?B>~x º ]NK/K@?BF0J�CEDG?�U�AODG?ObcX0DGS�S�MNFIZ~DGFa>@Sc]_>@?OMNF
X0x à ÃQÓ~Ë û ��^;MNA�ý�þ�bG^�ý�þo��jISRJ0]NKoUVD[Kc]_^n>�D º DGF0JTS@?B^;DGSRHIF0J�Ó�xBÓ�Ã�Ó~Ë û ��^;MNA�ý�þ�bG^�ý�þopIS�Mn=:>@?BAfe
CEDGF0DG?BFIX0DG?B>){�DGFI?BUVDGS/]_AOK�CEDG?}���������0�TC»D[JT?BFIU�>�JTHIS�b�X�PRDGS@i�jIS@Z[HIFIU�JID[K�V|XIS�MN^;MNpIX0MNS�DGFhJTHIS�bcX
Ð�D[JTHIi:>@?OMNF�JIDGSÊV � É/�.�TÚ/S@HIpIpED�x

´}µ¨¶Oµ10þîÊ¾�Ô¨ï�ðnñnÀzÏ°ÂnòôógÕ�ÂÛõ)¼)ö32
��H0b�X9XI?ODGS"{�HIS�JIDGF Å�^�U�=:HIC0K@>c]_FIZ�]_HT�nÓ~Ë�Ë�^;� V|XIAOMNS�M_��MNS@^ Ñ Ó�xBÓ�ÃdÓ~Ë1ë¨ì;^;MNA�Ö_�!Ôn^�?B>ÈJIDGS
ø�DGF0MNFIAy]_^�pED)MNXIF0Dw� ?BAB>�DGS�CEDGAB?Ob�X:>�DG>~x º ]NKRgÍ]�ÃT?B^ÄHI^ CEDG?5Ê�XaÅ�FI^ {�?BS�J�]_CIUVDGC�]_HI>�HIF0J;U�AODG?Ob�Xa>we
Z~DG?B>@?BUL{|DGS�JIDGF Z[{|DG?�F0DGH0D�gÍ]�Ã�?B^�]L]_HT�$UVDGC�]_HI>~x º DGS�K�DGXIS�i:AODG?BF0De� � jIUVDGA���CEDG?wX���ÊÒFI^ �VDGSwe
Kcb�Xa{�?BF0JIDG>)� ]NK�>�?BF�JIDGFÍÚ/S@HIF0JTAB?BFI?ODGF��0J0]ÈDGS�F�]Nb�XÍÅ�Ë;=�DGi:HIF0JIDGF�KcDG?BF0D�U�S�Y/��>�D��)C0KcMNS@pI>@?OMNF��VMNF
AOD[JT?BU�AB?ObcX�q[É�ËTx£Ë�Ê/DGS@S�DG?Ob�X:>~x º ]NK�gÍ]�Ã�?B^nHI^ C»DG?Q�TÓ�X�FI^ Ñ q[É�ËTx£Å�X:Ô�?OK@> ?BF�DG>7{�]�KcM)X0M�b�XÈ{�?OD�J0]NK
Ñ Kcb�Xa{�DGSÄZ[HÍCED[K@>@?B^�^;DGF0JIDÕÔ�gÍ]�Ã�?B^nHI^&JIDGSn=�b�XI?f��K�b�X0DGF�k�]NK�D"CEDG?�XaÊ�ËQFI^�x º DGS��VMNABAOK�>cÙ_F0JT?BUVD
mRX0MN>�MV]_CIC�]_H�DGSw� MNABU�>�C»DG?B^ � ]_S@F0K@>�M_�-]_^4K�b�XIF0DGABAOK@>�DGF�ÿ0?BFIF0DGS@X�]_ABC��VMNF�Z~DGXIF�g�?BFaHI>�DGF�{�]_S)JT?OD
=:HIC0K�>c]_FIZn]_CIUVDGC�]_HI>~x
º DGS�Ü�ÃT>@?BFIi:>@?OMNF0K�iVM:D2ú;Z[?ODGF:>nJID[K º DGF0JTS@?B^;DGS�K�CEDG>@ScÙ_U�>ÈÓ�Ó�x Xaû�Ã9Ó~Ë û � ^;MNA�ý�þ�bG^�ý�þÕ�EDGFa>�K�pIS�DÂe
bcX0DGF0JhÅTx£ûVÇÈÃ-Ó~Ë�ûn�-^;MNA ý�þ bG^ ý�þ pIS�MQ=:>@?BABCEDGF0DG?BFIX0DG?B>~x º ]NK/K@?BF0J�CEDG?�U�AODG?ObcX0DGS�S�MNFIZ~DGFa>@Sc]_>@?OMNF
Ó�x X�ÃQÓ~Ë û ��^;MNA�ý�þ�bG^�ý�þo��jISRJ0]NKoUVD[Kc]_^n>�D º DGF0JTS@?B^;DGSRHIF0J�ËTx£Ê�Ã�Ó~Ë û ��^;MNA�ý�þ�bG^�ý�þopIS�Mn=:>@?BAfe
CEDGF0DG?BFIX0DG?B>o^;DGXIS�]_AOK C»DG?s���������0xNÚ�DGUVDGFajICEDGSw���O�b����X�]_>�K�?Ob�X�JIDGS�Ä-DGS@>�^�?B>�DG?BF0DGS º ?f��DGS�DGFIZ
�VMNF à x£û�X�ÃÍÓ~Ë�û��-^;MNA ý�þ bG^ ý�þ �$jIS.J0]NK)UVD[Kc]_^Ä>�D º DGF0JTS@?B^;DGS�^;DGXIS�]_AOK��VDGS�JIMNpIpEDGAB>~x

´}µ¨¶Oµ54ÌîÊ¾�Ô¨ï�ðnñnÀzÏ°ÂnòôógÕ�ÂÛõ76Ãöeº
º ?OD � ]_F0JTX�]_CIHIFIU JIDGS�K@>�q:S@q�A�K@>@?BABC»DGFEJIDGS@?B��]_>@?OK@?ODGS@>�DGF º DGF0JTS@?B^;DGS�D9DGS@{�?OD[KhK@?Ob�X ]_AOK�HIFIU�AODG?ObcX
Kcb�Xa{�?ODGS@?BUVDGSh]_AOKQJT?ODhJIDGS º DGF0JTS@?B^;DGS�D�^�?B>�=:>@?BABCEDGF0DG?BFIX0DG?B>�DGF
]_AOKeV|XIS�MN^;MNpIX0MNS~x º ?ODÍ=:>�q:S@q�Afe
K�>@?BABC»DGF0DnMNAB?BUVMN^;DGS@?OK@?ODGS�DGFÍ{|D[K�DGF:>@AB?Ob�XÍAODG?Ob�X:>�DGS�]_AOK/JT?OD"=:>@?BABCEDGF0D��»J0];K@?ODnDG?BF0DGF�U�S�Y/�VDGS�DGFÒ�)F:>�DG?BA
JID[K)d!]_UVD[K@AB?ObcXa>�D[K�]_C0K�MNS@CI?ODGS�DGF�HIF0J�]_HQ�VDGS�JIDG^ >�DG^�p»DGSc]_>@HIS�DG^�pT�0F0JTAB?ObcX0DGS�K@?BF0J�x

��X
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/ a.u.A

�| : V¡£¢£¤�¥a¦�§;¨T©fª:¹I«�¯ ³c¯°®f¸w¶�&%V´�'6(Õ·�´Èps�xtw®.ª6�Õ´Å+V³�#�·ÕµV�®�!�¸w¶V³�´�¯��Õ´�.ô�"æ2ç�è�é�¹/·�¯ �^¥���¯ ³c¯°®°¸w¶_&%V´�'Í®²´
ß°àyßFá â �

º ?ODLPRDGS@F0DG>@Z[HIFIUVK@pIS�M:JTHIi�>�D\�VMNF±�����b�lÓ�x.HIF0J ÅTx�Ú�DGF0DGSc]_>@?OMNFã{�HIS�JIDGF F0M:bcXI^�]_AnCEDGAB?Ob�XTe
>�DG> Ñ ��CICI?BAOJTHIFIUVDGFãÊTxBÓ^�\HIF0J
ÊTxBÓÕÇ�ÔÂ�)DG?BFI^�]_A�^�?B>�DG?BF0DGSTø/DGF0MNFIAy]_^�pEDÒ^�?B>�DG?BF0DG^+Êz�z�WFI^"�
z�Fa>�DGSw� DGS�DGFIZG�0AB>�DGS|HIF0J�DG?BFI^�]_A�^�?B>�DG?BF0DGS���H0D[b�iTK@?BABCEDGS@Ay]_^�p»D�^�?B> º HISc]_F��K� ?BAB>�DGS Ñ��8�	��
�
9�� ÔÂx
º ]NK.��AB?BUVMN^;DGS.DGS@{�?OD[K�K@?Ob�X�J0]_CEDG?E]_AOK�pIX0MN>�M�K�>c]_CI?BA�x�ÜRS�K@>�C»DG?Ek�DGAB?Ob�Xa>@HIFIU�^�?B>�X0MNX0DGS�z�Fa>�DGF0K@?B>cÙ_>
>@S@?B>@>o{�DG?B>�DGS�D�m!MNABq�^;DGS@?OKc]_>@?OMNF�DG?BF�x º ]_CEDG?�?OK�> ?B^ k�DGS�DG?Ob�X�Z[{�?OKcb�X0DGF5�Tx£Ê�HIF0J*�Tx X�pIpI^ DG?BF�{�]Nb�XTe
K�DGF0JIDGS"×GØyÁÂ�:��Fa>�DG?BA!Z[H�C»D[MNC�]NbcXa>�DGF�x º ?OD[K.?OK@>)]_HT�RDG?BF0D;½�¾@¿NÀIÁÂ�»×GØ�ÁÂ�:z�K�MN^;DGS@?OK�?ODGS@HIFIUQJIDGS�Ù_HQ�VDGS�DGF
º MNpIpEDGABCI?BF0JTHIFIU�Z[HIS@j0b�i�Z[HT�$jIXIS�DGF�x º ?OD[K�D"i�]_FIFÒDGS�K@>/DG?BF:>@S�DG>�DGF���F�]Nb�X0JIDG^&JT?OD"?BFIF0DGS�D º MNpIpEDGAfe
CI?BF0JTHIFIUÒS�D~]_U�?ODGS@>�X�]_>~��J0]hDGS�K@>�J0]_FIF JT?OD3��H�]_Fa>�DGF�]_H0K@CEDGHI>�D�JIDGS�½�¾w¿�ÀIÁÂ�»×GØyÁÂ�:z�K�MN^;DGS@?OK@?ODGS@HIFIU
]_HT�oDG?BF0DGF�]_H0K@S�DG?ObcX0DGF0J�X0MNX0DGF Ä-DGS@>�K@>�DG?BU�>~x

º ?OD[K�D[K�ÜoS@UVDGCIFI?OKÄiVMNFIFa>�D�]_H0bcX-^�?B>@>�DGAOK�JIDGS�MNpI>@?OK�bcX0DGF�k�]_FIi��VDGS@?f�0Z[?ODGS@>Ä{|DGS�JIDGF�x º DGS���CIC�]_H
�VMNF �}���y����� ]_F0J MNXIF0D � ?BAB>�DGSQ^�?B>�DG?BF0DGSYø�DGF0MNFIAy]_^�pED�?BFIF0DGS@X�]_ABCß�VMNF Z[{�]_FIZ[?BU\g�?BFaHI>�DGF
K@>c]_>@> Ñ K@?ODGX0DÈ��CICI?BAOJTHIFIU�ÊTxBÓ~ûVÔÂx º ?OD"C»DG?�JIDGF�=:>@?BABC»DGF�� º DGF0JTS@?B^;DGS�DGFÒCED[MNC�]Nb�X:>�DG>�D�Ay]_FIU�{|DGABAB?BUVD
PRDGS�K�bcXI?ODGCIHIFIU�JID[K�gh]�ÃT?B^ÄHI^;K�JTHIS�b�X�k�?BAOJTHIFIU;�VMNFíV|XI?BF0MNF0K�>@S@HIi:>@HIS�DGF�>@S@?B>@>.FI?Ob�X:>/]_HT�@x
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mittlerer
Ring

Doppelbindungen
und innerer Ring

propoxy-
subst. Ring

cis-Stilben

PQDR1  umkristallisiert

PQDR1  366 nm  11 Min.

(ppm)
6.26.46.66.87.07.27.47.6

PQDR1  Hg-Lampe  26 Min.

PQDR1  Rohprodukt
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mittlerer
Ring

Doppelbindungen
und innerer Ring

propoxy-
subst. Ring

cis-Stilben

PQDR2  umkristallisiert

PQDR2  266 nm  11 Min.

PQDR2  Hg-Lampe  26 Min.

(ppm)
6.26.46.66.87.07.27.47.6

PQDR2  Rohprodukt
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λ

A
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����� �"�/23#��/23��#��a#��E1�,.�?>%w��'��0�/'�2���1�,w��'�#��3%�')(@ ���BAÕ�CA_�)6�(È����1�,�'Ä%�'.<���'
´}µ¨´OµA· ¼�¾�D�ï�¾ED�½Fï¡Á$ï�×/ðnñx¾F6íÏHG°Â¦À^¾�Â=DP¾gðnñHG°ÂÖï ¿
º ?OD�Ú/S@HIF0JTAy]_UVD;�$jIS�JT?OD�KcDG^�?ODG^�pI?BS@?OK�b�X0DI��H�]_Fa>�DGFI^;D[b�X�]_FI?BiL?OK@>�JT?OD�=�b�XIS�Y�JT?BFIUVDGS��TÚ/AODG?ObcXaHIFIU
��jIS.DG?BF���>�MN^ M�JIDGS.ghMNAODGi:jIA�^�?B>)^;DGXIS�DGS�DGF�ÜoAODGi�>@S�MNF0DGF�x

JKFLNMPORQ Ý LNMSO Ñ ÊTxBÓÕÔ
º DGS � ]_^�?BAB>�MNF��T��pEDGSc]_>�MNS JK K�DG>@Z[>�K@?Ob�XÍ]_H0K)JIDGS.i�?BF0DG>@?OK�b�X0DGFÍÜoF0DGS@U�?OD"JIDGS)S�DGS@F0D JTEUPVXWPY �5JIDGS
i�?BF0DG>@?OK�bcX0DGF ÜoF0DGS@U�?ODÒJIDGSQÜRAODGi:>@S�MNF0DGF JT�Z!V\[;Y ��JIDGS¢Ä-D[b�X0K�DGAB{�?BS@i�HIFIUVK�DGF0DGS@U�?OD-JIDGSTS�DGS@F0DhHIFTe
>�DGS�DG?BF�]_F0JIDGS J] U�UPVXWPY HIF0JÒJIDGSbÄ-D[b�X0K�DGAB{�?BS@i�HIFIU�JIDGS§S�DGS@F0DÈ^�?B>ÄJIDGF-ÜRAODGi:>@S�MNF0DGF J] U^Z!VXW�_`[;Y
Z[H0K�]_^�^;DGF�x J] ZaZ V\[;Y K�b�XIAB?OD���AB?ObcXÍC»D[K�bcXIS�DG?BCI>/JT?OD§Ä-D[b�X0K�DGAB{�?BS@i�HIFIUVK�DGF0DGS@U�?OD�JIDGS�ÜRAODGi:>@S�MNF0DGFhHIFTe
>�DGS�DG?BF�]_F0JIDGS~��{|MNCEDG? =:pI?BF��:k�]_XIF��QHIF0J�=:pI?BF��T=:pI?BF���Ä-D[bcX0K�DGAB{�?BS@i�HIFIU��VDGS@F�]Nb�XIAyÙNK�K@?BU�>�{|DGS�JIDGF�x

JK?Q JTEUPVXWPY k JTHZbV\[;Y k J] U�UPVXWPY k J] U^Z!VXW�_`[;Y k J] Z+Z!V\[;Y
� jISRghMNAODGi:HIAOD.^�?B>o^;DGXIS�DGS�DGF�ÜoAODGi�>@S�MNF0DGF;?OK@>RJT?OD�=�bcXIS�Y:JT?BFIUVDGS��TÚ�AODG?Ob�XaHIFIUÈFI?ObcXa>|DÂÃ0]_i�>oAOY�K@C�]_S~x
k�DG>@Sc]NbcXa>�DG>�^�]_F9JT?OD�k�DG{|DGU�HIFIUÒJIDGScS�DGS@F0D�]_AOKnK@>c]_>@?OMNF�Ù_S"HIF0J\J0]_^�?B>"HIF�]_CIX�Ù_FIU�?BUÍ�VMNF9JIDGS
k�DG{�DGU�HIFIU�JIDGS ÜoAODGi�>@S�MNF0DGF Ñ k�MNS@F��T��pIp»DGFIX0DG?B^;DGS��:��Ù_X0DGS@HIFIU:ÔÂ�aK�M)AyÙ���> K�?Ob�X�DG?BF0D|DGAODGi�>@S�MNFI?OK�bcX0D
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=�bcXIS�Y:JT?BFIUVDGS��TÚ/AODG?ObcXaHIFIU�� MNS@^ÄHIAB?ODGS�DGF�ÛJK Zac5d LNM Z+c1d ORQ Ý Zac5d LNM Zac5d O Ñ ÊTx£ÅVÔ
^�?B>�JIDG^ � ]_^�?BAB>�MNF��T��pEDGSc]_>�MNS~�0CED[K@>�DGX0DGF0J�]_H0K�DG?BF0DG^4Üo?BF0DGAODGi�>@S�MNF0DGF�]_Fa>�DG?BA���DG?BF0DG^ Z5{�DG?ODGAODGiae
>@S�MNF0DGF�]_F:>�DG?BA!HIF0J�DG?BF0DG^ �)F:>�DG?BA��0JIDGS.�VMNF�JIDGS)��F0MNS�JTFaHIFIUQJIDGS)��>�MN^�iVDGS@F0Dn]_CIX�Ù_FIU�>~ÛJK Z+c1d Q JT�Z!V\[;Y k J] U^Z!VXW�_`[;Y k J] ZaZbV\[eY Qgf#h Ji h k f h\jlkPJm hnk kpo
º ?OD�Ú�D[Kc]_^Ä>�DGF0DGS@U�?OD�DG?BF0D[K�ghMNAODGi:jIAOK�DGS@U�?BCI>�K@?Ob�XÒK�MN^�?B>�]_H0K�JIDGS/DGAODGi�>@S�MNFI?OK�bcX0DGF-ÜoF0DGS@U�?OD"HIF0J
JIDGS�V�MNHIAOMN^nC��:�)C0K�>�M/��HIFIUQJIDGS)S�DGS@F0D�x

Ý Q Ý Z+c1d k J] U^UqVXWPY
��^JT?OD�DGAODGi:>@S�MNFI?OKcb�X0D�=�bcXIS�Y:JT?BFIUVDGS��TÚ/AODG?ObcXaHIFIU;ÊTx£Å/AOY�K�DGF�Z[H�iVYNFIF0DGF���^nj0K�K�DGF�]_ABAODGS�JT?BFIUVK�F0M:bcX
{�DG?B>�DGS�DÄ��Ù_X0DGS@HIFIUVDGF�UVDG^�]Nb�X:>�{�DGS�JIDGF�x º ?OD � ]_S@>@S�D[D��K��M:bciV�:��Ù_X0DGS@HIFIU�CED[K�bcXIS�DG?BCI>)JT?OD�ghDGXISwe
DGAODGi�>@S�MNF0DGF5{�DGABAODGF���HIFIi�>@?OMNF M Zac V/r�_(st_vuvuvu=_xwyY ]_AOK�]_F:>@?OK@q:^�^;DG>@S@?OK�?ODGS@>�D[K�moS�M:JTHIi�>�]_H0K w MNS@>@X0M_e
F0MNS@^�]_AODGFhÜo?BF»DGAODGi�>@S�MNF0DGF»{|DGABAODGF5�$HIFIi�>@?OMNF0DGF{z h x

M Z+c&|~}�Z+c Q J� U�� h z h Ñ ÊTx£ÊVÔ

º DGS)DGAODGi�>@S�MNFI?OK�b�X0D � ]_^�?BAB>�MNF��T��pEDGSc]_>�MNS/KcDG>@Z[>.K@?Ob�X�]_H0K)Üo?BF���HIF0JÙZ5{�DG?ODGAODGi:>@S�MNF0DGF:>�DGS@^;DGF-K�M_e
{�?OD�JIDG^ S�DGS@F�]_C0K�>�M/��HIFIUVK@>�DGS@^ o Z[H0Kc]_^�^;DGF Ñ K@?ODGX0DÄÚ/AODG?Ob�X:HIFIUQÊTx£ÅVÔÂx º ]_^�?B>.DGS@X�Ù_AB>.^�]_Fh]_AOK
ÜoS@{�]_S@>@HIFIUVK@{|DGS@>���jIS�JT?OD�ÜRF0DGS@U�?OD�DGC»DGFT��]_ABAOK�DG?BF0DÄ=:HI^�^;DÄ]_H0K�Üo?BF��QHIF0J Z5{|DG?ODGAODGi�>@S�MNF0DGFI?BFa>�DÂe
U�Sc]_AODGF�HIF0J o x

Ý�� }�Z+c L }�Z+c ORQ f h ��z h L Ji L z h O k rs f h � k�� ��z
h z k L\Jm þ�f L z h z k O�� ��z h z k L�Jm þ�f L z k z h O+� k�o

º ?OD[K�D�Ú�AODG?Ob�XIFIU�KcMNABA�JIDGFLK@>c]_>@?OMNF�Ù_S�DGF�Z5H0K@>c]_F0J-{�?OD[JIDGS@UVDGCEDGF��!]_AOKcM�?BXIS�D;DGS�K@>�D��)CIAODG?B>@HIFIUhK�DG?
��HIABA�x0��]Nb�X�Üo?BFT��jIXIS@HIFIU�JIDGS)�!]_U�Sc]_FIUVD��:g�HIAB>@?BpIAB?Bi�]_>�MNS�DGF�� hnk DGS@X�Ù_AB>)^�]_F�Û

f�h	� �)��z h L J��L z h O k ��z h L J��L ��z h O+�8Q~f-h � k �
hNk � �)�bz h L z k O k ��z h L ��z k O+�

º ?OD[K�D�Ú/AODG?ObcXaHIFIU�?OK@>�b�X0DG^�?OKcb�X�K@?BFIF:�VMNABA�FaHIS�DGSw�$jIABAB>~��{�DGFIF�JT?OD/�!]_U�Sc]_FIUVD��:gh]_>@S@?fÃ�DG?BF0D º ?y]_UVM_e
F�]_AB^�]_>@S@?fÃ�?OK@>�HIF0J�KcMN^�?B>.U�?BAB>~Û J��L z h ORQ~� h L z h O Ñ ÊTx X:Ô
º ]NK!F0DGFIFa>�^�]_F � ]_S@>@S�D[D��K�0M�b�ia�TÚ/AODG?Ob�X:HIFIU0x:=:?OD�DGFa>@X�Ù_AB>oJT?OD���M:bciV�:gÍ]_>@S@?fÃ � HIF0JnJT?ODO� ��S@CI?B>c]_Afe
DGF0DGS@U�?ODGF�� � h Q � h-h x º ]/JIDGS��0M�b�ia�T��p»DGSc]_>�MNSo�VMNFÈJIDGF���S@CI?B>c]_AODGF�z h ]_CIX�Ù_FIU�>~�_?OK@>oÚ�AODG?Ob�XaHIFIU"ÊTx X
DG?BF0D�FI?ObcXa>��aAB?BF0D~]_S�D"Üo?BUVDGFa{�DGS@>@U�AODG?Ob�X:HIFIU�HIF0J�^ÄHQ��?B>�DGSc]_>@?B�QUVDGAOY�K�>.{|DGS�JIDGF�x
g�?B> � ?BAf� D�JIDGS��FV��)�.�:�/Ù_X0DGS@HIFIU Ñ ��?BF0D~]_SeV�MN^nCI?BF�]_>@?OMNF M_�Ä��>�MN^�?ObÍ��S@CI?B>c]_AOKÂÔ;{�DGS�JIDGF JT?OD
Üo?BFEDGAODGi�>@S�MNF0DGF5{�DGABAODGF���HIFIi:>@?OMNF0DGF���]_AOK�MÈJT?ODÊÄ-DGABAODGF5��HIFIi:>@?OMNF0DGF�z h JIDGS.ghMNAODGi�jIA$MNSÂCI?�>c]aAOD)��]_AOK
��?BF0D~]_S@iVMN^nCI?BF�]_>@?OMNF-]_H0K-Ä-DGABAODGF���HIFIi�>@?OMNF0DGF8�=�"JIDGS)��>�MN^�MNS�CI?$>c]aAOD�UVDGCI?BAOJIDG>~x

L z h ORQ f ��� �
h L �=� O Ñ ÊTx à Ô

��Æ



áãâ)ä!å�ä æ@çTè�çNéRê�ë»ì�íGîÕï@ëTî�é»ð�êÄñNòEóQôoõEîaì�î:ö�õEê�÷�ð�êÄóIê�í)ønê�òEóVí@ðB÷�ê�íGê

º ?OD/g�MNAODGi�jIA�MNS@CI?B>c]_A�iVM�D2ú;Z[?ODGFa>�DGF � �
h i�]_FIF�^�]_F�]_AOK�Ú�DG{�?Ob�Xa>@HIFIUVK@� ]_i�>�MNS�DGF�JIDGS���>�MN^;MNS@CI?B>c]_AOD

CEDG>@Sc]Nb�X:>�DGF�x º ?ODbÄ-DGABAODGF5��HIFIi:>@?OMNF0DGF��=��JIDGS���>�MN^�MNSÂCI?�>c]aAODÄ��JT?ODÈk�]NK@?OK��$HIFIi�>@?OMNF0DGF���{�DGS�JIDGF
JTHIS�bcX�=:Ay]_>�DGS��T��S@CI?B>c]_AODÈ]_FIUVDGF�Ù_X0DGS@>~xEÜo?BFÍ��Fa>@?OK@q�^�^;DG>@S@?OD[K@?ODGS@HIFIUVK�MNpEDGSc]_>�MNS�K@>�DGABAB>�K@?Ob�X0DGS~�»J0]��
J0]NK)m ]_HIAB?°�:moS@?BFIZ[?BpÒDGSw��jIABAB>.?OK@>~x
º ]_^�?B>�{�HIS�JID�JIDGS � ]_S@>@S�D[D��K�0M:bciV�:��F0Kc]_>@Z�Z[HIS.Ð�M:MN>@X�]�]_F�� � ]_ABA°�TÚ/AODG?ObcXaHIFIU�DGS@{�DG?B>�DGS@>~x º ]NK�?OK@>
DG?BF0DQgÍ]_>@S@?fÃ�U�AODG?ObcXaHIFIU-]_H0KnJIDGS[�0M�b�ia�:gh]_>@S@?fÃ � ��JIDGFLgÒ�.�KS)M�D2ú;Z[?ODGFa>�DGF��;��JIDG^��)CEDGS@Ay]_pTe
pIHIFIUVK�?BFa>�DGU�Sc]_ARù\HIF0J�JIDGS.ÜoF0DGS@U�?ODnÝ�x � HIF0Jhù9K@?BF0J�K@q�^�^;DG>@S@?OK�b�X0Dngh]_>@S@?B>@Z~DGF���Ý ^nHQ��DG?BF0D
º ?y]_UVMNF�]_AB^�]_>@S@?fÃLKcDG?BF�x��)H0K"Ú/AODG?Ob�X:HIFIUÍÊTx à DGS@X�Ù_AB>n^�]_FLJT?OD;Ð�M:MN>@X�]�]_F�� � ]_ABA°�TÚ/AODG?ObcXaHIFIUÍHIF0J
JT?OD º DÂ�0FI?B>@?OMNF�JIDGS)gh]_>@S@?B>@Z~DGF � HIF0J�ù�x

f � �\�=� L J��L ��� O � �
h Q�� h f � �\�=� L �=� O � �

h
]_AOK�M � � Q Ý"ù��
^�?B> � �b� Q �\��� L J��L �=� O

ùH�!� Q �\��� L �=� O
Ñ ÊTx:�VÔ

� �!� ?OK@>�J0]NK�gh]_>@S@?fÃIDGAODG^;DGFa>�JIDGS���>�MN^;MNS@CI?B>c]_AOD�� � HIF0J�� � � � �
h JIDGS�gÒ�.�KS)M�D2ú;Z[?ODGFa>hJID[K

ghMNAODGi�jIAOMNS@CI?B>c]_AOK�z h � ùH�!��J0]NKq�)CEDGS@Ay]_pIpIHIFIUVK@?BFa>�DGU�Sc]_A�JIDGS"��>�MN^;MNS@CI?B>c]_AOD��=��HIF0J �=��HIF0J � h
JT?ODÄÜoF0DGS@U�?OD�JID[K)ghMNAODGi�jIAOMNS@CI?B>c]_AOK7z h x
z�^ Ú�DGUVDGF0Kc]_>@Z�Z[HTêaH�]_F:>�DGFI^;D[b�X�]_FI?OK�bcX0DGFÍ]_C�?BFI?B>@?OM��:Ð�D[b�XIFaHIFIUVDGF�{|DGS�JIDGF�CEDG?�JIDGF�KcDG^�?ODG^�pI?fe
S@?OKcb�X0DGF;PRDGSw��]_XIS�DGF;FaHIS|JT?OD�P�]_AODGFIZ_MNS@CI?B>c]_AOD)C»DGS@j0bci�K�?Ob�Xa>@?BU�>~xK� jIS}S)MNXIAODGF0K@>�M_��K@?BF0J�J0]NK�JT?OD.ÅNK��5�
Å_pC¡��5��Å_pC¢~��HIF0J-Å_p#£Â�T��S@CI?B>c]_AOD�x�Üo?BF0DGF�iVMN^�pIAODG>@>�DGF9=T]_>@Z�K�MNAObcX0DGS�P�]_AODGFIZ~MNS@CI?B>c]_AOD�C»DGZ~DG?ObcXIF0DG>
^�]_F�]_AOK�k�]NK@?OKcKc]_>@ZVx:��C�?BFI?B>@?OM��:Ð)D[bcXIFaHIFIUVDGFhAOY�K�DGF�JT?OD � ]_S@>@S�D[D��K�0M�b�ia�TÚ/AODG?Ob�X:HIFIU��VMNABAOK�>cÙ_F0JT?BU0�
KcDG^�?ODG^�pI?BS@?OK�b�X0D�Ð)D[b�XIF:HIFIUVDGFQKcDG>@Z~DGF;Z[HISR{|DG?B>�DGS�DGF�PRDGS�DG?BFT� ]NbcXaHIFIU"X�Ù_HT�0UÄJ0]NK¤��CEDGS@Ay]_pIpIHIFIUVKwe
?BF:>�DGU�Sc]_A�ùWHIF:>�DGS�K�b�XI?OD[JTAB?ObcX0DGSÄ��>�MN^;MNS@CI?B>c]_AOD"U�AODG?Ob�XÒ�)HIABA�x º ?OD[K�D[Z º �.�:��pIpIS�M[ÃT?B^�]_>@?OMNF Ñ Z»DGS�M
º ?f��DGS�DGFa>@?y]_A ���VDGS@Ay]_p5Ô|�VDGS�DG?BFT��]Nb�X:>)JT?OD�Ð)M�MN>@X�]�]_F�� � ]_ABA°�TÚ�AODG?Ob�XaHIFIU�Z[H�Ú/AODG?Ob�X:HIFIU�ÊTx Ç���{|DGAOb�X0D
F�]NbcX�JIDG^�P�]_S@?y]_>@?OMNF0K@pIS@?BFIZ[?BphUVDGAOY�K@>.{�?BS�J�x
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gÍ]_F�CEDGS�D[b�XIF0DG>/FaHIFhZVx@k�x0^�?B>/JIDGS � j0b�iVDGA°�:ghDG>@X0M:JIDÈJT?ODÄgÒ�.�KS)M�D2ú;Z[?ODGFa>�DGF �HIF0J�JT?ODÈ��Swe
CI?B>c]_AODGF0DGS@U�?ODGFÍÝ�x º ]_Sc]_H0K�DGS@U�?BCI>/K@?Ob�XhDG?BF�HIFIUVDÂ� Ù_XIS�DGS�Ä-DGS@>.��jIS)JT?OD§��M:bciV�:gÍ]_>@S@?fÃ � x � {�?BS�J
J0]_Sc]_HT��XI?BF�JT?y]_UVMNF�]_AB?OK@?ODGS@>~��{|M�JTHIS�b�X-^�]_FF�ÎHIF0J-Ý4F0DGHÒCEDGS�D[b�XIF0DGF�iN]_FIF�x���H0K�JIDGFÒ�VDGS@CED[Kwe
KcDGS@>�DGF S�M:D2ú;Z[?ODGF:>�DGF¥�`{�?BS�Jß{�?OD[JIDGS@HI^ � CEDGS�D[b�XIF0DG>~��{�]NK�F0M�b�X UVDGF�]_H0DGS�D6Ä-DGS@>�Dh��jIS3�
AB?ODÂ� DGS@>~xIgÍ]_F�{�?OD[JIDGS@X0MNAB>)JT?OD[K�DÄ=�b�XIS@?B>@>�DÄK�M"Ay]_FIUVD��TCI?OK.JT?ODuÄ-DGS@>�D/�$jIS�JT?ODÄ��S@CI?B>c]_ABiVM�D2ú;Z[?ODGFa>�DGF
iVMNF:�VDGS@U�?ODGS�DGF�x
º ?OD � j0b�iVDGA°�:ghDG>@X0M�JID�?B^�pIAB?BZ[?ODGS@>~��J0]��8¦5�hHIF0JÒÉ5�:k|?BF0JTHIFIUVDGF\K�DGp�]_S@?ODGS@>�{�DGS�JIDGF�iVYNFIF0DGF�x�z�F
]_H0K�UVD[JIDGXIFa>�DGF�iVMNF/Ü�HIU�?ODGS@>�DGFQpIAy]_F�]_S�DGF�É5�T=:q�K@>�DG^;DGF�C»D[K�?B>@Z~DGF�JT?OD)É5�:k�?BF0JTHIFIUVDGF�]_F0JIDGS�D/=:q�^Èe
^;DG>@S@?OD[DG?BUVDGF0Kcb�X�]���>�DGF�]_AOK|JT?OD§¦5�:k|?BF0JTHIFIUVDGF�HIF0J�iVYNFIF0DGFQJ0]_X0DGS�HIF�]_CIX�Ù_FIU�?BUÈ�VMNF0DG?BF�]_F0JIDGS�CEDÂe
>@Sc]NbcXa>�DG>.{�DGS�JIDGF�x º ?OD�É5�:g�MNAODGi�jIAOMNS@CI?B>c]_AOD�{|DGS�JIDGF�]_AOK���?BF0D~]_S@iVMN^ÄCI?BF�]_>@?OMNFÍJIDGS���>�MN^;MNS@CI?B>c]_AOD
J0]_S@UVD[K�>�DGABAB>~�_JT?OD|��Y�K@HIFIU�JIDGS�=TÙ_i�HIAy]_S@U�AODG?Ob�X:HIFIU�?BFy�0MNS@^ JIDGSR=TÙ_i:HIAy]_S�JIDG>�DGS@^�?BF�]_F:>�D�{�?BS�JnJTHIS�bcX
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h �©K hnk � ÝÈù hnk �3Q 


]_AOK�M ª �v«�¬¬ K hnk � ÝÈù hnk ¬¬ Q 
^�?B> ù h�h Q r ù hNk Q 
K h�h Q® Ñ V�MNHIAOMN^ÄC��:z�Fa>�DGU�Sc]_A�ÔK hNk Q�¯ ��jIS.C»DGF�]NbcXaC�]_S@>�Dn��>�MN^;D Ñ Ð)D[KcMNF�]_FIZÂ�:z7F:>�DGU�Sc]_A�ÔK hNk Q 
 ��jIS)]_ABAODÄ]_F0JIDGS�DGF���>�MN^;D
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º ]NKR��H0K@^�]��ÄJIDGSRPRDGS@F�]NbcXIAyÙNK�K@?BU�HIFIU"JID[K¤��C»DGS@Ay]_pIpIHIFIUVK@?BF:>�DGU�Sc]_AOK|K�pI?ODGUVDGAB>�K@?Ob�X�?BF�JIDGF���]_^;DGF
JIDGS)DGF:>�K@pIS�D[b�X0DGF0JIDGFhPRDGSw��]_XIS�DGF�{�?OJIDGS~Û

°p±³²³²µ´ F0DGU�AOD[bG>�M_��JT?y]_>�MN^�?ObnJT?f�EDGS�DGF:>@?y]_A!M~�VDGS@Ay]_p�^;M:JIDGA r \ _�v
°�¶9±³²µ´ b[MN^�pIAODG>�DÄF0DGU�AOD[bG>)M_�oJT?f�EDGS�DGF:>@?y]_A!M~�VDGS@Ay]_pEr \ _�v
°�·¸±3²µ´ ?BF:>�DGS@^;D[JT?y]_>�DÄF0DGU�AOD[bG>)M_�oJT?f��DGS�DGFa>@?y]_A!MÕ�VDGS@Ay]_p�^;M�JIDGA�r \ _wv
°�¹�±³²µ´ ^;M�JT?f��D[J�F0DGU�AOD[bG>)M_�oJT?y]_>�MN^�?ObÄMÕ�VDGS@Ay]_pEr \�`wv
°pº�¹¼» ��H0K@>@?BF�ghM�JIDGARÓ_r \ ü�vy�TC�]NK@?ODGS�DGF0J�]_HT�og�� º �°�½S¹�¾ >@XI?BS�J�p�]_Sc]_^;DG>�DGS@?BZÕ]_>@?OMNFÍM_��gh� º �Är \x¿�v
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Üo?BF0D[K|JIDGSoC»DGi�]_FIFa>�D[K�>�DGF�moS�MNU�Sc]_^�^;D.�$jISRK�DG^�?�DG^�pI?BS@?OK�bcX0D)Ð)D[bcXIFaHIFIUVDGF�?OK@>RgÍ�/m»�)V/�V{�DGAOb�X0D[K
?BF�JT?OD[K�DGS��)S@CEDG?B>�Z[HI^4Üo?BF0Kc]_>@Z�i�]_^�x º ]_^�?B>.{�HIS�JID�DG?BF��VDGS�DG?BFT��]Nb�X:>�D[K/ghM�JIDGABAOK@q�K�>�DG^ÎCEDGS�D[b�XTe
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F0DG>~x º ?OD�PRDGS�DG?BFT��]Nb�X:HIFIU-{�]_S�]_HT��U�S@HIF0J\JIDGS"CED[K�b�XIScÙ_FIi�>�DGF���S�]_p�]_Z[?B>cÙ_>&��JID[K"moS�MNU�Sc]_^�^;KÈ?BF
� ?BFaCIAB?Obci-]_HT��JT?ODÈ^�]�ÃT?B^�]_Ao^;YNU�AB?Ob�X0D���FIZÕ]_XIA�]_FÒ��>�MN^;DGF-?BF-JIDGS�k�DGS�D[b�XIFaHIFIU�F0YN>@?BU0x º ]_X0DGS
{�HIS�JIDGF�JIDGSoÙ_HQ�VDGS�D�k�DGF»Z~MNA$S@?BFIU�JIDGSR=:>@?BA$C»DGF0D|HIF0JnJ0]NK º DGFEJTS@?�^;DGSGb[MNS�D�JTHIS�b�X�g�DG>@X:q:A$U�S@HIpIpEDGF
DGS�KcDG>@Z[>~x º ]_FIFÍ{�HIS�JIDÈDG?BFI^�]_ARJT?ODÈk|?BAOJTHIFIUVKGDGF:>@X�]_ABpI?ODÈ�$jIS�DG?BF�V|q�bGAOM:CIH»>c]_Fh^�?B>;×GØ�ÁÂ��HIF0J���jIS
DG?BF5V|qTbGAOM:CIH5>c]_F�^�?B>.½�¾@¿NÀIÁÂ�:K@>cÙ_F0JT?BUVDGF�k�DGF»Z~MNA�S@?BFIUVDGF�CEDGS�D[b�XIF0DG>~x º ?OD�ghM�JIDGABA�^;MNAODGi�jIAOD�K@?BF0J"?BF
��CICI?BAOJTHIFIU"ÊTxBÓ~Æ�UVDGZ~DG?BU�>~x�=:?OD.DGF:>�K@pIS�D[b�X0DGF�JIDGF��VMNF�½�¾@¿NÀIÁÂ�T=:>@?BABCEDGFQ]_CIUVDGAODG?B>�DG>�DGF�ÜoS@{�]_S@>@HIFIUVDGF
��jIS�DG?BF0D�?BFa>@Sc]_^;MNAODGi�HIAy]_S�D Ç Ésf j�k Ésf j©È �8V|q�bGAOMV]NJIJT?B>@?OMNFd�VMNF9JIDGFW?B^ Ð/]_XI^;DGF JT?OD[K�DGS��)S@CEDG?B>
X0DGS@UVD[K�>�DGABAB>�DGF º DGF0JTS@?B^;DGS�DGF�^�?B>.>�DGS@^�?BF�]_AODGFÒ=:>@?BABC»DGF0bcXIS�MN^;MNpIX0MNS�DGF�x
º ?OD�DGS@S�D[bcXIF0DG>�Dnk�?BAOJTHIFIUVKGDGFa>@X�]_ABpI?OD�É K�Ê ?OK@>)JT?OD º ?f��DGS�DGFIZnJIDGS)ÜoF0DGS@U�?ODnJIDGS���>�MN^;DÄ?B^ MNpI>@?fe
^�?ODGS@>�DGF�ghMNAODGi:jIA5Z[HIS|ÜoF0DGS@U�?OD/JIDGS|ÜoAODG^;DGF:>�D/?B^¼=:>c]_F0J0]_S�JTZ[H0K@>c]_F0J�x8� jIS�J0]NK/½�¾w¿NÀ0Á��8V|qTbGAOM:CIHTe
>c]_FEK@qTK@>�DG^ CEDG>@ScÙ_U�>¤É K�Ê XaÊTx£Å/iVb~]_A�Ö�^;MNA0CIZ[{�x0Ó~û�ËTx£Æ/i } Ö�^;MNA��N��jISoJ0]NK)×GØ�Á��8V|qTbGAOM:CIH5>c]_FEK@qTK@>�DG^
X��Tx X�iVb~]_A�Ö�^;MNA.CIZ[{�x�Ó~Æ�X0x£ÊÍi } Ö�^;MNA�x º ]NK�½�¾@¿NÀIÁÂ�8V|q�bGAOM:CIH»>c]_F»K@qTK@>�DG^ ?OK@>�]_AOKcM-ÊTx£ÅhiVb~]_A.CIZ[{�x
Ó~ÊTx X�i } pIS�M�g�MNA�?BF�JIDGS.k�?BAOJTHIFIUQDGF0DGS@UVDG>@?OK�b�X�U�jIF0K@>@?BUVDGS�]_AOK.J0]NKÄ×[ØyÁÂ�8V|qTbGAOMaCIH»>c]_F»K�q�K@>�DG^�x

´}µ¨´Oµ¨´ÌËcÁ/G&Í?ÀvÍ�¾sÔ�ÑOÁ?¾gðnñ°ÂFÏ°ÂnòÖ¾sÂ
k�DG?°S�Sc]��$>w� DGAOJTS�D[b�XIF:HIFIUVDGFÒ{|DGS�JIDGFÍJT?ODÄb�X0DG^�?OKcb�X0DGFÒk�?BF0JTHIFIUVDGFÍ]_AOK��0DGAOJIDGS/C»DG>@Sc]NbcXa>�DG>~�EJIDGS�DGF
Ü@DG{|DG?BAB?BUVD�=:>cÙ_S@iVDQJTHIS�b�X9�VDGS�K�bcXI?OD[JIDGF0DQm�]_Sc]_^;DG>�DGS�CEDGS@j0b�iTK@?Ob�X:>@?BU�>�{�?BS�J�x�Z5{�?OK�bcX0DGF9UVDGCIHIF0JIDÂe
F0DGF���>�MN^;DGF�{�?BS@iVDGF�k�?BF0JTHIFIUVK@i:ScÙ���>�D��IZ[{�?OK�bcX0DGF�HIFIUVDGCIHIF0JIDGF0DGF���]_F�JIDGS-Ä�]�]_AOK��KS�ScÙ���>�D�x0k�DG?
º DÂ� MNS@^�]_>@?OMNF-{|DGS�JIDGFLJT?OD[K�D�k�?BF0JTHIFIUVDGF9=:p�]_FIFaHIFIUVK�i:ScÙ���>�DGFL]_H0K@UVD[K�DG>@Z[>~��JT?ODÈ?BF-DG?BF0D�=:HI^�^;D
�VMNF9ghM:JIDGABABi�ScÙ��$>�DGFLZ~DGS@AODGU�>nHIF0J�^�?B>@>�DGAOKÈJIDGSÄi�Ay]NK�K@?OK�bcX0DGFLghD[b�X�]_FI?Bi Ñ ghMNAOD[bGHIAy]_S"ghD[b�X�]_FI?Ob[K
ghgÒÔ.CED[K�bcXIS@?ODGC»DGFÒ{�DGS�JIDGF�x��)AOK���S�Sc]���>w� DGAOJK� Ñ �0MNS�b[D�� ?ODGAOJ6���RÔ.{�?BS�JÒJ0]_CEDG?RJT?OD�]_ABUVDGCISc]_?OK�b�X0D
��MNS@^ÄHIAB?ODGS@HIFIU�JT?OD[K�DGS)S�ScÙ���>�DÄ]_AOKw�IHIFIi�>@?OMNF�JIDGS)S�DGS@FIiVM�MNS�JT?BF�]_>�DGF�CEDGZ~DG?Ob�XIF0DG>~x
z�^ } ]_XIS�D�Å�Ë�Ë�Ê-K@>�DGABAB>�D���ABAB?BFIUVDGS r ì`Î v JT?OD�F0DGH0D[K�>�D�PRDGS�K@?OMNFdghgÙXÒ�VMNS~x���H0b�XdK�DG?BFdPRMNS@UaÙ_FIUVDGS
ghgÍÊ�C»D[Kcb�XIS�DG?BCI>ÈJT?OD�K@>�DGS@?OK�bcX0D�ÜoF0DGS@U�?ODQÝ§ÏÑÐ ZaÒ h1Ó ]_AOKÈ=:HI^�^;D��VMNF\ÜoF0DGS@U�?ODGCEDG?B>@ScÙ_UVDGF�� JT?OD�JT?OD
��Ca{�DG?Ob�X:HIFIUQ�VMNF�DG?BF0DGS-��?OJID~]_AODGF��"=:>@S@HIi:>@HIS)J0]_S�K�>�DGABAODGF�x
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º ?OD�=:HI^�^;DGF�Ay]_HT��DGF�jICEDGS|]_ABAOD.k�?BF0JTHIFIUVDGF��:k|?BF0JTHIFIUVK�{�?BFIiVDGA���d�MNS�K�?OMNF0K@{�?BFIiVDGA5HIF0J�]_ABAOD�FI?Ob�X:>we
CI?BF0JIDGF0JIDGFYÄ-D[b�X0K�DGAB{�?BS@i�HIFIUVDGF�x�Äß?Ob�X:>@?BUVDwd�DGS@^;D���jISoDG?BF��°��CED[K�b�XIS�DG?BCEDGFÈ��MNABUVDGF0JID�ÜRF0DGS@U�?ODGF�Û

° Ý Ô Û�k|?BF0JTHIFIUVK�AyÙ_FIUVDGF�Ù_F0JIDGS@HIFIU
° Ý§Õ�ÛIk�?BF0JTHIFIUVK@{�?BFIiVDGAyÙ_F0JIDGS@HIFIU
° ÝBÖ|ÛQd!MNS�K@?OMNF
° Ý�×(ÙàÚ-ÛTFI?Ob�X:>@CI?BF0JIDGF0JID"�N]_F�JIDGSwÄ�]�]_AOKw�QK�M~{�?OD§Ä�]NK�K�DGS�K@>�M_�ECIS@j0b�iVDGF:CI?BF0JTHIFIUVDGF
° Ý � Û º ?BpEMNAB{|D[bcX0K�DGAB{�?BS@i�HIFIUVDGF
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S�S�DGHIZ[>�DGS@^;D/CED[K�b�XIS�DG?BCEDGFQJT?ODÊÄ-D[b�X0KcDGAB{�?BS@i:HIFIUVK�DGF0DGS@U�?ODGF�Z[{�?OKcb�X0DGF�k�?BF0JTHIFIUVDGFQHIF0J5Äß?BFIiVDGABF
CIZ[{�x�d!MNS�K@?OMNF0DGF�HIF0J�HIFa>�DGS�DG?BF�]_F0JIDGS~Û

° Ý ÛEÛ�Ü Û��7MNHI>)M_��pIAy]_F0D$� �:k�DG{|DGU�HIFIU�DG?BF0D[K.��>�MN^;K
° Ý Ô;Õ ÛQS�S�DGHIZ[>�DGS@^ ]_H0K.k�?BF0JTHIFIUVK�JIDGXIF:HIFIU�HIF0J�k�?BF0JTHIFIUVK@{�?BFIiVDGAyÙ_F0JIDGS@HIFIU
° Ý§ÕEÕ)ÛQS�S�DGHIZ[>�DGS@^ ]_H0K�Z[{�DG?�k�?BF0JTHIFIUVK@{�?BFIiVDGABF
° ÝBÖÝÔ�ÛQS�S�DGHIZ[>�DGS@^3]_H0K)d!MNS�K@?OMNF�HIF0J�k�?BF0JTHIFIUVK�JIDGXIF:HIFIU

Ú�DGUVDGCEDGF0DGFT��]_ABAOK.^Äj0KcK�DGF�F0M�b�X d!DGS@^;D��$jIS�z�MNF0DGF�CEDGS@j0b�iTK@?Ob�X:>@?BU�>�{�DGS�JIDGF�Û
° Ý Þ ÛIDGAODGi�>@S�M�K@>c]_>@?OK�b�X0DbÄ-D[b�X0K�DGAB{�?BS@i�HIFIUQZ[{�?OK�b�X0DGF�z�MNF0DGF
° Ý§Þ�ß0Û8Ä-D[bcX0K�DGAB{�?BS@i�HIFIU�Z[{�?OK�bcX0DGF�z�MNF0DGF�HIF0J º ?Bp»MNAODGF
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� jIS;JT?OD�ghM:JIDGABAB�VDGS@CI?BF0JTHIFIUL?BF �)CICI?BAOJTHIFIULÊTx£Å�ËÒ{�HIS�JID�]_HQ�VDGS�JIDG^ DG?BF0DTS�Sc]���>w��DGAOJTS�D[bcXIFaHIFIU
Ñ ghg ø�ÔÈJTHIS�bcXIUVDÂ�$jIXIS@>~x º ?OD�DGS@X�]_AB>�DGF0DGF g�?BFI?B^�]-X�]_C»DGFd��MNABUVDGF0JIDÍ=:>c]_F0J0]_S�JIDGFa>@X�]_ABpI?ODG{�DGS@>�DÉ K�Ê É à ÅTxBÓ�iVb~]_A�Ö�^;MNA��}X:Ç�x£û-iVb~]_A�Ö�^;MNA�HIF0JôX��Tx:�ÒiVb~]_A�Ö�^;MNA�x º ]NKQDGS@U�?BCI>;��jIS�JT?OD�K@>�DGS@?OK�b�X0D
ÜoF0DGS@U�?ODQÝ§ÏÑÐ ZaÒ h1Ó É4ÊTÓ�xBÓ;iVb~]_A�Ö�^;MNA��oÅ�ûTx£Æ�iVb~]_A�Ö�^;MNA�HIF0J\Åz�TxBÓ�iVb~]_A�Ö�^;MNA�xoÚ/S�Y/�VD�HIF0JW� AODÂÃT?BCI?fe
AB?B>cÙ_>"JID[KnghMNAODGi:jIAOKÄAy]NK�K�DGFL�:?ODGAOD�DGF0DGS@UVDG>@?OK�b�X\C»DGF�]NbcXaC�]_S@>�D�g�?BFI?B^�]�DGS@{�]_S@>�DGF�x º ]NKÄghMNAODGi�jIA
i�]_FIF-Z[H0DG?BF�]_F0JIDGS"Ù_XIFIAB?ObcX0DYS�MNFT��MNS@^�]_>@?OMNF0DGF9DG?BFIF0DGXI^;DGF��!JT?OD�K@?Ob�XTÜ@DG{|DG?BAOK"]_AOK�ÜoF0DGS@U�?ODG^�?BFI?fe
^nHI^lCED[K�b�XIS�DG?BCEDGF-Ay]NK�K�DGF�x��)AOK�{�DG?B>�DGS�D[KnÜoS@UVDGCIFI?OK"JIDGSbS�Sc]���>w��DGAOJTS�D[bcXIFaHIFIUh{�HIS�JID;��]_UVD�HIF0J
��C0K@>c]_F0J9JIDGS�Ð.?BFIUVDQHIF0J9JIDGS º MNpIpEDGABCI?BF0JTHIFIUVDGF Z[H0DG?BF�]_F0JIDGS;DGS@X�]_AB>�DGF�x º ?ODQÐ.?BFIUVD�DGS�K�b�X0DG?fe
F0DGF AODG?Ob�X:>�UVDGUVDGF0DG?BF�]_F0JIDGS�UVDGi�?BpIpI> Ñ K@?ODGX0DÍ�)CICI?BAOJTHIFIUdÊTx£ÅTÓÕÔ�^�?B>�DG?BF0DG^ ��C0K@>c]_F0Jß�VMNF b~]Tx
X0xBÓäã� ��JT?OD º MNpIpEDGABCI?BF0JTHIFIUVDGF ?BFßDG?BF0DGS�ÜoCEDGF0D�^�?B>�JIDGS�Ð.?BFIUVDGCEDGF0D�x º DGSeV|XIS�MN^;MNpIX0MNS�?OK@>
]_AOK�M9{�DG?B>@UVDGX0DGF0J
DGCEDGF�x º DGS���C0K@>c]_F0J
��AODÂ�0F��T��AODÂ�0F C»DG>@ScÙ_U�>�b~]Tx|X0x£Ê ã� x º ?OD[K�DGS��)C0K�>c]_F0J
?OK@>Èi�F�]_pIp6ÜwDGF0KcDG?B>�K;JIDGS�Ú/S�DGFIZ~D���jISÈDG?BF0D�D2ú;Z[?ODGF:>�D�?BF:>@Sc]_^;MNAODGi:HIAy]_S�D�Ð)D~]_i�>@?OMNF�xFÄ-DGFIFd^�]_F
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º DGF0JTS@?B^;DGS�DÈK@pI?ODGAODGFh]_AOK/K@>@S@HIi�>@HIS@>@S�DGH0Dn��]_F0MNp�]_S@>@?BiVDGA�DG?BF0DÄX0DGSc]_H0K@Sc]_UVDGF0JIDÈÐ�MNABAOD�xnZ5?ODGA!JT?OD[KcDGS
��S@C»DG?B>/{�]_S~� º DGF0JTS@?B^;DGS�D"^�?B>/DG?BF0DGS�X0MNX0DGF º ?Ob�Xa>�D;]_FhpIX0MN>�MV]_i�>@?B�VDGFÃV|XIS�MN^;MNpIX0MNS�DGFÒX0DGS@Z[HTe
K@>�DGABAODGFÒHIF0JÍZ[HÒHIF:>�DGS�K@H0b�X0DGF�x º ]_Z[H-{�HIS�JIDGF-JT?ODÈ>�DGS@^�?BF�]_AODGFL��^�?BF0MNU�S@HIpIp»DGF��VMNF-m!MNABq Ñ pIS�M_e
p:q0AODGF5?B^�?BF5ÔcJIDGFEJTS@?�^;DGS�DGFÍÓ�x�HIF0J�ÅTx:Ú�DGF0DGSc]_>@?OMNF��:�/K@>@Sc]_^;MNAÖ�Bêìë�í`ê7î�í`ï�ð�HIF0Je�BêìëRíxê7î�íxñ#ð|�
^�?B>�K@>@?BABCEDGF0MN?OJIDGFPV|XIS�MN^;MNpIX0MNS�DGFÍ�VDGS@i�FajIpT��>~x5g�?B>@>�DGAOK�Ä ?B>@>@?BU_� � MNS@F0DGS���HIF0J � D[b�ia�:Ð)D~]_i�>@?OMNF
{�HIS�JIDGF Ñ�ò Ô��T=:>@?BABC»DGF0D�]_HT�$UVDGC�]_HI>~�VJT?OD�]_HT�EJIDGSRDG?BF0DGFQ=�DG?B>�D�JTS�DG?5moS�MNp»M~Ã�q�U�S@HIpIpEDGF;Z[HISoPRDGS@C»D[K@e
K�DGS@HIFIU�JIDGS���Y�K�AB?Ob�XIiVDG?B>�HIF0J-]_HT��JIDGS�]_F0JIDGS�DGFL=�DG?B>�D�DG?BF0DÈp�]NKcK�DGF0JIDc�IHIFIi:>@?OMNF�]_AB?B>cÙ_>ÄZ[HIS�PRDGSwe
i�FajIpT��HIFIU�^�?B>�JIDG^&JIDGF0JTS@?B>@?OK�bcX0DGF�V�MNS�D�>@Sc]_UVDGF�x���XIF0D;��ABiVM[ÃTq:U�S@HIpIpEDGF-M�JIDGSÄ]_H0b�XÒ^�?B>�FaHIS
DG?BF0DGS.ghDG>@X0M[ÃTq:U�S@HIpIpED�?BF�óT¿N¾@¿N�:m M�K@?B>@?OMNF�{�HIS�JIDGF�JT?OD�Z5?ODGAB�VDGS@CI?BF0JTHIFIUVDGFhK�DGXIS�K�b�XIF0DGABA�pIS�MNCIAODÂe
^�]_>@?OK�bcX�]_HT�$U�S@HIF0J�^�]_FIUVDGABF0JIDGS.��Y�K�AB?Ob�XIiVDG?B>~xgZ5HIS�PRDGS@i:F:jIpT�$HIFIUÈ^�?B>�JIDG^ º DGF0JTS@?B^;DGS�{�HIS�JIDGF
K@>�q:S@q�AOK@HIC0K@>@?B>@HI?ODGS@>�Dnk�DGFIZ~M:D[KcÙ_HIS�DGF�Z[HIS � DGS�K@>�DGABABHIFIU;�VMNF���^�?OJIDGF������Bê��0k�DGFIZÕ]_AOJIDGXaqTJIDnZ[HIS
� DGS�K@>�DGABABHIFIU��VMNFW=�b�XI?f��K�b�X0DGF9k�]NK�DGFô�������WHIF0J���FI?BAB?BF0D�Z[HIS � DGS�K@>�DGABABHIFIU��VMNF � ]_S@F0K@>�M_��DGF
�����yÇÏ]_AOK���HIFIi�>@?OMNF0DGABAODQÚ/S@HIpIpEDGF�UVDG>�D[K@>�DG>~x º ?ODQ=�b�XI?f��K�bcX0DGF\k�]NK�DGFL{�HIS�JIDGF\]_HQ�VDGS�JIDG^ Z[HIS
ÜoS@X0YNX:HIFIUQJIDGS � qTJTS�MNABq�K�D[K�>c]_CI?BAB?B>cÙ_>.S�D[JTHIZ[?ODGS@> Ñ �����y�LHIF0J��}���y�oÔÂx
º HIS�b�XÒJT?ODnPRDGS@i:F:jIpT�$HIFIU�^�?B>�JIDG^ V�MNS�Dn{|DGS�JIDGFÒJT?OD"K@>@?BABCEDGF0MN?OJIDGFPV|XIS�MN^;MNpIX0MNS�D�K�DGXIS�K@>c]_S@i
pIX0MN>�MV]_i�>@?B�:?ODGS@>~x º ]NKQ>@S@?f�»>Q?BFßC»D[K�MNF0JIDGS�DG^ gÍ]�����jIS�JT?ODÍK@>�q0S@q�A$K@>@?BA$CEDGF»JIDGS@?B��]_>@?OK@?ODGS@>�DGFßPRDGSwe
CI?BF0JTHIFIUVDGF÷�����b� Z[H��oJT?OD�CEDGS�DG?B>�K�?B^³d!]_UVD[K@AB?ObcXa>QpIX0MN>�MNp»MNABq�^;DGS@?OK@?ODGS�DGF�x º ?OD�{|DG?B>�DGS�D�PRDGSwe
F0DG>@Z[HIFIU\DGSw��MNS�JIDGS@>�J0]_FIF ]_ABAODGS�JT?BFIUVK;X0MNX0D���?Ob�X:>@?BFa>�DGF0K@?B>cÙ_>�DGF5Ö�Ay]_FIUVDÒk�DGAB?Ob�X:>@HIFIUVK@Z~DG?B>�DGF�x º DGS
XNe�=:>�q:S@q�AOK@>@?BABCEDGF��8V|XIS�MN^;MNpIX0MNS�X�]_>-DG?BF0DGFDGS@X0DGCIAB?Ob�X0DGF�d�DG?BA�K�DG?BF0DGSÒ��C0K�MNS@pI>@?OMNF CEDGS�DG?B>�KÍ?B^
��P.�:��Fa>�DG?BA�JID[Kcd!]_UVD[K�AB?Ob�Xa>�D[KÕx º ?OD�X0MNX0D���?Ob�X:>�DG^�pT�0F0JTAB?Ob�XIiVDG?B>�JIDGS º DGF0JTS@?B^;DGS�D�^�?B>ÈK@>@?BABCEDÂe
F0MN?OJIDGF÷V|XIS�MN^;MNpIX0MNS�DGF X�]_>�]_ABAODGS�JT?BFIUVKQDG?BF0DhCED[K�MNF0JIDGS�Dh�)S�Kc]NbcX0D���F�Ù_^�AB?ObcX JIDGF =:?BFIU�HIAODG>@>��
ÜoF0DGS@U�?ODG>@Sc]_F0K@��DGS Ñ ��YNS�K@>�DGS��:g�D[bcX�]_FI?OK@^ÄH0KÂÔo�VMNFTV|XIS�MN^;MNpIX0MNS|Z[HqV|XIS�MN^;MNpIX0MNS~x º ?OD[K�DGS�moS�MNZ~D��
iVMNFIi�HIS@S@?ODGS@>�Z[H;JIDGF º D~]_i�>@?B�:?ODGS@HIFIUVK�pIS�MNZ~D[K�K�DGF��V�VDGS@AyÙ_FIUVDGS@>�JT?OD�^�?B>@>@AODGS�D�= þ �:��DGCEDGF0K�J0]_H0DGS|HIF0JDGS@X0YNX:>�K�MN^�?B>.JT?ODyV|X�]_F0b[DGFhJIDGS.moX0MN>�M�b�X0DG^�?OD�x
� jISRJT?OD.Üo^�pT�0F0JTAB?ObcXIiVDG?B>|UVDGUVDGF:jIC»DGS�JIDGSo>@X0DGS@^�?OK�b�X0DGF���AB?BUVMN^;DGS@?OK@?ODGS@HIFIUÈK@pI?ODGAB>�]_H0b�X�JT?OD.PRDGSwe
i�FajIpT��HIFIUQJID[KuV|XIS�MN^;MNpIX0MNS�DGF-]_F�J0]NK�V�MNS�DnDG?BF0D�U�S�M/�VDnÐ)MNABAOD�x»=�MÕ{|MNXIAoJT?ODÄ��^;K�DG>@Z[>@HIFIU��VMNFô þ M�JIDGS3ô f ^�?B>"=TÙ_HIS�D[bcXIAOMNS@?OJ Ñ CEDG?RJIDGS�K�DGXIS���?ODGA�Ð�D~]_i:>@?OMNF0K�{�Ù_S@^;DÈ��S�DG?o{�?BS�J�Ô�]_AOK�]_H0b�XLJT?OD
��^;K�DG>@Z[HIFIUÈ^�?B>-V�]_S@CEMNF0KcÙ_HIS�D�?BF�Ú�DGUVDGFa{�]_S@>��VMNF º ?ObGqTbGAOMNX0DÂÃ�q�AOb~]_S@C»M�JT?B?B^�?OJ Ñ ��Y�K@HIFIUVK@^�?B>@>�DGA
º gí�oÔ)DGS@CISc]Nb�X:>�DGF-AOD[JT?BU�AB?Ob�XL��AB?BUVMN^;DGS�D�x�ÜoSw��MNABU�S�DG?ObcXÒ{�]_S�DGF-ghDG>@X0M:JIDGF��EJT?ODnC»DG?oJIDGS��)^;KcDG>we
Z[HIFIUíd�DG^�pEDGSc]_>@HIS�DGF\CI?OKÄ^�]�Ã�?B^�]_A|�VÇöõIV Ñ d � �RÔ�DGSw��MNS�JIDGS@>�DGF�x!PRMNSn]_ABAODG^lCEDG?|JIDGF º DGF0JTS@?fe
^;DGS�DGF-ÅTx�Ú�DGF0DGSc]_>@?OMNFÒK@>�DGABAB>�DÈK@?Ob�XÒJT?ODc�ISc]_UVD"F�]Nb�X-JIDGS/�VMNABAOK@>cÙ_F0JT?BUVDGF���J�xwX�x�]Nb�X:>w� ]NbcX0DGF���^Èe
K�DG>@Z[HIFIU0ÿF�BêìëRíxê7î�íxñ�K�MNABAB>�D"]_AOK)S�F�Ù_H0DGA��VMNS@AB?ODGUVDGF��»JT?ODÄ��S@^;D�Z[HI^ d�DG?BA!F�]Nb�Xh?BFIF0DGF�UVDÂ��]_AB>�DG>
HIF0J�KcMN^�?B>)JIDG^ Ð�D~]_i:>c]_F0J�F:HIS)CED[JT?BFIU�>.Z[HIUaÙ_FIU�AB?Ob�X�x»��H0b�X�JIMNS@>)iVMNFIFa>�DGF�HIF:>�DGS�MNpI>@?B^�?ODGS@>�DGF
Ð�D~]_i:>@?OMNF0K@CED[JT?BFIU�HIFIUVDGFd]_ABAODQ�)^�?BF0MNU�S@HIpIpEDGF9HI^�UVD[K�DG>@Z[>�{|DGS�JIDGF�x���F�]_ABq:>@?OK�bcX9HIF0J\K�p»DGi�>@S�M_e
K@iVMNpI?OKcb�X Ñ ��PÈ�Vz�Ðn� s � e7�/ghÐÄ� s7Ì V�e7�/g�Ðn��gÍ=IÔRDG?BFa{�]_F0J���S�DG?Eb�X�]_Sc]_i�>�DGS@?OK@?ODGS@>|{�HIS�JIDGF�� MNABUVDGF0JID
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K�>�DG?BF0D"JTHIS�bcX�JT?ODÈk�?BF0JTHIFIU�]_FÍJ0]NKbV�MNS�DÈK@q�^�^;DG>@S@?OK�bcX0DGS~��J�xwX�x»{|DGFI?BUVDGS�pEMNAy]_S@?OK@?ODGS@>~x º ?OD s � e
�/ghÐ��T=:?BU�F�]_AODoS@j0bciVDGFÄ?BFÄ��S�MN^�]_>�HIF0J�m DGS@?BpIX0DGS@?OD|DGFIUVDGS�Z[H0Kc]_^�^;DGF�xÕz�^ K�DGi�HIF0J0Ù_S�DGFn��^�?BF�?OK@>
ZVx@k�x�J0]NK!�/k��T=:q�K@>�DG^ãJIDGS º MNpIpEDGABCI?BF0JTHIFIU�i�]_HI^��~?B^ � ]_S@F0K@>�M_�;Ua]_S!FI?Ob�X:> ^;DGXIS�]_HT�$UVD[K�p�]_AB>�DGF�x
z�F�]_ABAODGF º DGF0JTS@?B^;DGS�DGF�DGSw� ]_XIS�DGF�JT?OD s � e7�/ghÐ��T=:?BU�F�]_AOD�UVDGUVDGFajICEDGS.JIDGF�ÜRJTHIi�>�DGF�DG?BF0DGF�HI^;K�M
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�0F0JIDGF�x º ?ODwV�MNS�D��:moS�MN>�MNF0DGF;Z~DG?BUVDGF�?BF�Ð�DGAy]_>@?OMNF"Z[HI^ HIF0K�HIC0K@>@?B>@HI?ODGS@>�DGF;��K�>@Sc]_^;MNA°� º DGF0JTS@?B^;DGS
?BF�=�bcXI?f�EK�bcX0DGSÄk�]NK�D���HIF0J � ]_S@F0K@>�M_��JIDGS@?B��]_>�DG?BF0DGFÃd�?ODÂ�EDGAOJ:�T=:XI?f��>~�E?BFÒJIDGF-K�DGi:HIF0J0Ù_S�DGFÒ��^�?fe
F0DGFhJ0]_UVDGUVDGF�FI?ObcXa>~xndRq�pI?OK�b�X���jIS�]_ABAOD�X0DGS@UVD[K@>�DGABAB>�DGF�����HIFIi:>@?OMNF�]_AB?OK@?ODGS@>�DGF º DGF0JTS@?B^;DGS�DÄ?OK�>)DG?BF0D
DGS@X0DGCIAB?ObcX0D�=:?BU�F�]_AB�VDGS@CIS�DG?B>�DGS@HIFIU���jIS�JT?OD s � ��HIF0J s7Ì VR�KS�DGS@F0DÈ?B^ V�MNS�D[C»DGS�DG?ObcX�x º DGS�ÜR?BF8h0HQ�
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º ?OD.gÍ]NK�K�DGF0K@pEDGi�>@S�DGF�JIDGS º DGF0JTS@?B^;DGS�D.Z~DG?BUVDGFQDG?BF�HIF0DG?BFIX0DG?B>@AB?ObcX0D[K�k|?BAOJ�ÛaJT?OD/=:>@?BABCEDGF0D.CIS�D[b�X0DGF
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��HT�$F�]_XI^;D��VMNF������b����Z~DG?BU�>)DG?BF0D�i
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k�DG?�JIDGF ��C0K�MNS@pI>@?OMNF0K�K@pEDGi:>@S�DGF JIDGS º DGF0JTS@?B^;DGS�D9Ó�x�Ú�DGF0DGSc]_>@?OMNF Ù_F0JIDGS@>�K@?ObcXßJT?ODh��]_UVDhJIDGS
gÍ]�Ã�?B^�]wÜ@D.F�]Nb�X���S@>�JIDGS�PRDGS@i�FajIpT��HIFIUÈJIDGSwV|XIS�MN^;MNpIX0MNS�D�^�?B>�JIDG^ùV�MNS�D�xTk�DG?»DG>�{�]ÈÊ�Ê�ËÄFI^
AB?ODGUVDGFßJT?OD�gh]�ÃT?B^�]Í�VMNFdKcDGi:HIF0J0Ù_S�DG^ �)^�?BF÷�����y���-HIF0J�XNe Ñ ÊT� X0� à e�d�S@?BpIS�MNpEM[ÃTqTK@>7q�S@q:A�Ô�CEDGFTe
Z[q�A�]_ABiVMNX0MNA�����ÚE��DG>7{�] Ó à FI^ C�]_>@X0M:bcXIS�MN^ �VDGS�K�b�X0MNCEDGF JT?ODÍ�VMNF � ]_S@F0K�>�M_� �����yÇ��\HIF0J
=�bcXI?f�EK�bcX0DGS�k�]NK�Du�����Ê���0�_F0M�b�XI^�]_A0DG>�{�]�Ó à FI^ {|DG?B>�DGS�S�MN>@�VDGS�K�b�X0MNCEDGF�J0]NKogÍ]�Ã�?B^nHI^ �VMNF*XNe
Ñ ÊT� X0� à e�d�S@?BpIS�MNp»M~Ã�qTK@>7q�S@q�A�Ô�C»DGFIZÕ]_AOJIDGX:q�Jÿ�����nx º ?OD�PRDGS@AyÙ_FIUVDGS@HIFIU�JID[KuV|XIS�MN^;MNpIX0MNS�K/HI^ DG?BF0D
=:>�q:S@q�AODG?BFIX0DG?B>�Z[H÷�����b���ÒCED[JT?BFIU�>�DG?BF0D�CEDG>@ScÙNb�X:>@AB?Ob�X0DhÐ)MN>@�VDGS�K�bcXI?ODGCIHIFIUL�VMNF DG>�{�]�Ê�ûÒFI^
UVDGUVDGF:jIC»DGS[���O�b���0x
º ?OD��!]_UVD�JIDGSnÜR^�?OK�K@?OMNF0K@^�]�ÃT?B^�]�JT?f��DGS@?ODGS@>"K�>cÙ_S@iVDGS"]_AOKÄJT?OD���]_UVD�JIDGS"�)C0KcMNS@pI>@?OMNF0K@^�]�Ã�?B^�]Tx
º DGF;UVDGS@?BFIUVK@>�DGF�=:>�MNiVD[K��T=:XI?f��>�^�?B> à Ç�FI^{|DG?OK@>|JIDGS � ]_S@F0K@>�M_��]_HT�@�VJ0]_FIF���MNABU�>�J0]NK|K�DGi�HIF0J0Ù_S�D
��^�?BF-^�?B>"û�X�FI^���J0]_FIF�JT?OD�=�b�XI?f��K�b�X0D�k�]NKcD�^�?B>�Ó à�à FI^�x º ?OD[KÄ{|DG?OK@>È]_HT��HIFa>�DGS�K�bcXI?OD[JTAB?Ob�X
S�DGAy]�ÃT?ODGS@>�Dn= þ �TÚ�D[MN^;DG>@S@?ODGF�XI?BF�x
º ?OD/PRDGS@CI?BF0JTHIFIUVDGF������Ê���0�¦�����y���ÈHIF0J6�����bÇ§�È]_H0K.ÊT� X0� à e�d�S@?BpIS�MNp»M~Ã�qTK@>@?BABCEDGF»DG?BFIX0DG?B>�HIF0J
�/K@>@Sc]_^;MNA°�8V�MNS�D/Ó�x�Ú�DGF0DGSc]_>@?OMNF¢��êSëRíxê7î�í/ïÄ{�HIS�JIDGFÄ?BF"DG?BF0DGSFS)MNFIZ~DGF:>@Sc]_>@?OMNF��VMNF�Ó~Ë ý�þ ^;MNA�Ö_�
CEDGAB?Ob�X:>�DG>~x º DGS �VMNABAOK�>cÙ_F0JT?BUVD.moX0MN>�MV]_CIC�]_H�JTHIS�bcX;k�DGAB?ObcXa>@HIFIUn?BF�V|XIAOMNS�M_� MNS@^^�?B>oDG?BF0DGS�ø�DGF0MNFTe
Ay]_^�pED;DGSw� MNABU�>�D;MNXIF0DuÜ@DGU�AB?Ob�X0DY� ?BAB>�DGS�?BFIF0DGS@X�]_ABCL�VMNF-Z~DGXIF�g�?BFaHI>�DGF Ñ ���O�bÇ��:ÔÂ��Å�Ë�g�?BFaHI>�DGF
Ñ �����y���:Ô�HIF0J�DG?BF0DGS�=:>@HIF0JID Ñ ���������:ÔÂx0��ABAODGF�JTS�DG?�PRDGS@CI?BF0JTHIFIUVDGFhUVDG^;DG?BF0Kc]_^ ?OK@>�J0]NK�ÜoFa>we
K@>�DGX0DGF\DG?BF0D[K�?BF:>�DGS@^;D[JT?yÙ_S�DGF\F0DGH0DGF\gh]�ÃT?B^ÄHI^;KnUVDGS@?BFIUVDGSnz�Fa>�DGF0K�?B>cÙ_>~�!J0]NKÄHI^`DG>7{�]-Ó~Ë�Ë�FI^
C�]_>@X0M�b�XIS�MN^ �VDGS�K�b�X0MNCEDGF�?OK�>~x º ]NK � ]_S@F0K�>�M_�EK@qTK@>�DG^ {�DG?OK@>"]_HQ�VDGS�JIDG^ DG?BF-{|DG?B>�DGS�D[K"?BFa>�DGS@^;DÂe
JT?yÙ_S�D[K.gÍ]�ÃT?B^ÄHI^4CEDG?Ö�TÓ�X;FI^ ]_HT�@x º ?OD[KcD�gh]�ÃT?B^�]ÈiVYNFIF0DGF Ñ Ay]_HI>���S@jIX0DGS�DGS)��Fa>�DGS�K@H0bcXaHIFIUVDGF5Ô
JTHIS�bcX\�)Ã�?OJ0]_>@?OMNF-DGF:>�K@>c]_F0JIDGF0DGFLbcXI?BF0MN?OJIDGF\=:>@S@HIi�>@HIS�DGF-Z[HIUVD[MNS�JTF0DG>�{|DGS�JIDGF���JIDGS�DGF-��DGC»DGF0K@e
J0]_H0DGS Ñ ?B^3=�DGi:HIF0JIDGF:C»DGS�DG?ObcX5Ô�Z[H�i�HIS@Z���jIS.DG?BF0D���ghÐ��8V|X�]_Sc]_i�>�DGS@?OK@?ODGS@HIFIU�?OK@>~x
�����y���n{�HIS�JID/]_HQ�VDGS�JIDG^¼CEDG?�X0YNX0DGS�DGF¢S)MNFIZ~DGF:>@Sc]_>@?OMNF0DGF Ñ Ó~Ë:ý û HIF0JhÓ~Ë:ý�ÿ.^;MNA�Ö_�!ÔR^�?B>�DG?BF0DGS��H0D[bci�K@?BABCEDGS@Ay]_^�pED�^�?B>ÄmRq:S�DÂÃ:�K� ?BAB>�DGS Ñ���� ��
�
3�� Ô�C»DGAB?ObcXa>�DG>~x º ]_CEDG?R{�?BS�J���{�?OD;DGS@{�]_S@>�DG>~�
DG?BF0D|PRDGS@CIS�DG?B>�DGS@HIFIU�JIDGS �/ghÐ��T=:?BU�F�]_AOD|C»D[MNC�]NbcXa>�DG>~x�ÜRK!CI?BAOJIDG>oK@?Ob�X"Z[HIF�ÙNb�X0K@>�×GØ�ÁÂ�T=:>@?BABC»DGF�xN��HTe
�VDGS�JIDG^ AyÙ���>�K@?ObcX�C»DG?ÖX0x£ÊÈpIpI^ DG?BFh=:?BU�F�]_A!C»D[MNC�]NbcXa>�DGF��»J0]NK.�VMNF�?BFa>�DGS���M�JIDGS.?BF:>@Sc]_^;MNAODGi:HIAy]_S
UVDGCI?BAOJIDG>�DGF-ghDG>@XI?BFIpIS�MN>�MNF0DGF-X0DGS@S@jIXIS@>~x���H0b�XÍ{|DGFIFÒAy]_HI>�gÒ�/m5�)VR��HIF0J6S�Sc]���>w��DGAOJTS�D[bcXIFaHIFIU
JT?OD º MNpIpEDGABCI?BF0JTHIFIUVDGF�HIFIU�jIF0K@>@?BUÈ��jIS�DG?BF0D Ç Ésf jOk Ésf j©È �8V|q�bGAOM�JT?B^;DGS@?OK@?ODGS@HIFIU�Z[H0DG?BF�]_F0JIDGS)K�>�DÂe
X0DGF��Ni�]_FIFÈ?B^ãpIX0MN>�M�b�X0DG^�?OKcb�XQ]_FIUVDGS�DGU�>�DGF¢Z5H0K@>c]_F0J�DG?BF0D.Ú�D[MN^;DG>@S@?OD��VMNS@X0DGS@S�K�bcX0DGF��VJT?OD�JT?OD�?BFTe
>@Sc]_^;MNAODGi�HIAy]_S�D�S)MNpT���KS)MNpT���8V|qTbGAOMNCIHI>c]_FaCI?BAOJTHIFIU-DGS@^;YNU�AB?Ob�X:>~x º ?ODÈ^�]NK�K�DGF0K�p»DGi�>@S�MN^;DG>@S@?OK�b�X0DGF
��Fa>�DGS�K@H0bcXaHIFIUVDGF JIDGS;k�DGAB?Ob�Xa>@HIFIUVK�pIS�M:JTHIi�>�D Ñ � º �oÜ|=�zÂ�og��/� º z �Kd)���RÔnZ~DG?BUVDGFd]_AOK�X0Y�b�X0K�>�D
gÍ]NK�K�D�AOD[JT?BU�AB?ObcXhJ0]NK�g�MNF0MN^;DGS~x»��ABAODGS�JT?BFIUVK)i�]_FIF�J0]NJTHIS�bcX�FI?ObcXa>�]_HT�oDG?BF0DÄS�DG?BF�?BF:>@Sc]_^;MNAODGi:HTe
Ay]_S�D.Ð�D~]_i:>@?OMNF�UVD[K�b�XIAOM�K�KcDGF�{|DGS�JIDGF�x º ?OD���MNS@>�Kcb�XIS�DG?B>�DGF0JID/K@>c]_>@?OK@>@?OK�bcX0DÊV-VR�aPRDGS@i:F:jIpT�$HIFIU"i�]_FIF
K�bcXIF0DGABA�Z[Hd�VDGS@F0DG>@Z[>�DGFß��]_F0MNp�]_S@>@?BiVDGABFß�$jIXIS�DGF��|JT?OD�?B^ gÍ]NK�K�DGF0K@pEDGi�>@S�MN^;DG>�DGS�FI?Ob�X:>Yh0?ODGUVDGF�x
º ?ODÈ��ghÐ��T=:pEDGi�>@S�DGFÍJIDGS�^�?B>�Z[HIF0DGXI^;DGF0JIDGS�PRDGS@F0DG>@Z[HIFIU�?B^�^;DGS�K�b�XIAOD[bcXa>�DGSÄAOY�K�AB?Ob�XÒ{|DGS�JIDGFTe
JIDGF d!DG?BAOb�X0DGF�C»DGAODGUVDGF�JT?OD"��AB?BUVMN^;DGS@?OK@?ODGS@HIFIU0x
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º ?OD�K@pEDGi�>@S�M�K@iVMNpI?OK�b�X0DGF��)F:>�DGS�K@H0b�X:HIFIUVDGF�{�HIS�JIDGFÍ]_F���MNABUVDGF0JIDGFhÚ�DGScÙ_>�DGF�JTHIS�b�XIUVDÂ��jIXIS@>~Û
z�Ð��T=:pEDGi:>@S�DGF k�D[b�i�^�]_FIF"��b[bGHIAy]_CcX0��]_AOK°S�k�Swe7moS�D���AB?BFIU�M�JIDGS�?BF"S�DG?BF0DGS moX�]NKcD

Z[{�?OK�b�X0DGF��/]�V|Afe7moAy]_>@>�DGF
m!DGS@i�?BFTe7ÜoAB^;DGS�=:pEDGi:>@S@HI^4Ú�ø�ÖNÅ�Ë�Ën=�DGS@?OD[K~����d�z�Ð��T=:p»DGi�>@S�MN^;DÂe
>�DGS~�»]_AOK�S�k�Swe7moS�D���AB?BFIU�M�JIDGS�?BFhS�DG?BF0DGS�moX�]NK�DnZ[{�?OK�b�X0DGFÒ��]�V|Afe
moAy]_>@>�DGF

�/g�Ð��T=:p»DGi�>@S�DGF k�S@HIiVDGS��)VWÅ�Ë�ËT�a�)V Ê�Ë�Ë�HIF0J;�/g ø XaË�Ë�^�?B>�V º V|A ÿ � º gÒ=I�)eJ	�N�¦V� º ��M�JIDGS.��b[DG>�MNFTe7J	�Ä]_AOK���Y�K@HIFIUVK@^�?B>@>�DGA
� º �:gh]NKcK�DGF0K@pEDGi:>@S�DGF � ?BFIFI?BUVDGF�gh��d Æ à �TÜo^�?B>@>�DGS@X0DG?BZ[Sc]_>�D;Ó~Ën^;��Ö�^�?BF��0=T]_HIUVK@p�]_FTe

FaHIFIU�Ê"CIZ[{�x�X;i[P"�Ik�D[K�bcXIAODGHIFI?BU�HIFIUVK�K@p�]_FIF:HIFIU à i[P
ÜRz��:gÍ]NK�K�DGF0K@pEDGi:>@S�DGF P�]_S@?y]_F;g���d ÊTÓ�Ó��"�VÇNË�D�P z�MNFI?OK�?ODGS@HIFIUVK�DGF0DGS@U�?OD�� º ?BS�DGi:>�DG?BFIAy]��
Ü|=�z��:gÍ]NK�K�DGF0K@pEDGi:>@S�DGF g�?ObGS�MN^�]NKcK�Ö1Ä�]_>�DGS�KS��d)��� ��AB>@?B^�]�ÊT�5�/]Nz@ÖzV�K�z��T=:>c]_F0J0]_S�J�AOY_e

K@HIFIU
gh��� º z��Kd)�����T=:p»DGi�>@S�DGF =:XI?B^�]NJTZ[H��Êø/z�g��.�8V���ÐÄ�»gh]_>@S@?fÃ º ?B>@XISc]_F0MNA��RÓ~Ë���AR�)U�d-�T�

Ñ Ó~Ë"^�U:Ö�Ó~Ë�^�A�ghDÕ� � Ô
��P�Ö�P�z@=V�T=:p»DGi�>@S�DGF Z»DG?OK�KÎg6V�= Ê�Å�ËVÖNÊ�XaË º ?OM�JIDGF�]_S@Sc][q:e�=:p»DGi�>@S�MN^;DG>�DGS~�ÈV � V|A ÿÑ �)��]NK�MNA�Ô�]_AOK.��Y�K@HIFIUVK@^�?B>@>�DGA
� ABH0MNS�D[K@Z~DGFIZÂ�T=:pEDGi:>@S�DGF m!DGS@i�?BFTe7ÜoAB^;DGS�� = à ËNk|e�=:pEDGi:>@S�MN^;DG>�DGS~�yV � V|A ÿ Ñ �)��]NK�MNA�Ô�]_AOK

��Y�K@HIFIUVK@^�?B>@>�DGA
º ?OD�ÜRAODG^;DGFa>c]_Sc]_F�]_ABqTK�DGFÈ{�HIS�JIDGFn?B^ãg�?Bi�S�MV]_F�]_ABq:>@?OKcb�X0DGFÈ��]_C»MNS�JID[K�z�F0K@>@?B>@HI>�D[K��$jISo��S@Ua]_FI?OK�b�X0D
V|X0DG^�?OD�JIDGS��)FI?B�VDGS�K@?B>cÙ_>�gh]_?BFIZÄJTHIS�bcXIUVDÂ�$jIXIS@>~x
º ?ODÄ=�b�XI^;DGABZ[pIHIFIi�>�D�{�HIS�JIDGF�]_F�DG?BF0DGS.DGAODGi�>@S@?OK�bcX�C»DGX0DG?BZ[>�DGF�k�j0bcXI?°�T=�b�XI^;DGABZ[pIHIFIi�>c]_pIp�]_Sc]_>@HIS
CIZ[{�x0DG?BF0DG^3=:>@H�]_S@>/=�bG?ODGFa>@?f��b�=�g�m|ÊÈJTHIS�b�XIUVDÂ��jIXIS@>�HIF0J�K�?BF0J�HIFIiVMNS@S@?BU�?ODGS@>~x
� jISÄJT?OD�KcÙ_HIAODGF0bcXIS�MN^�]_>�MNU�Sc]_pIXI?OK�b�X0DGFÿd�S�DGFIFaHIFIUVDGF9{�HIS�JID�S�?OD[K�DGABUVDGA|JIDGSb� ?BS@^�]�g�DGS�bci Ñ ��ËT�
ÇNË��ÈÅ�Ê�Ë�^;D[K@XQ��=�d�gÒÔ�HIF0J��)ABHI^�?BFI?BHI^;M~Ã�?OJ Ñ C�]NK@?OK�bcX��ak�S�M�b�i�^�]_FIF��:�)i�>@?B�:?B>cÙ_>�ÓÕÔoJIDGS�� ?BS@^�]
gÍ]_S�b�X0DGS@qa�:�/]_UVDGA!�VDGS@{|DGF0JIDG>~x º ?OD���]_HT�$^�?B>@>�DGAB^�?OKcb�XaHIFIUVDGFÒ{�DGS�JIDGF�K@>�DG>�K.?BF�PRMNABHI^;DGFa�VDGS@X�Ù_AB>we
FI?OK�KcDGFÈ]_FIUVDGUVDGCEDGF�x º ?OD���jIS!JT?OD.=TÙ_HIAODGF0b�XIS�MN^�]_>�MNU�Sc]_pIXI?OD)�VDGS@{|DGF0JIDG>�DGF;��Y�K@HIFIUVK�^�?B>@>�DGA�{�HIS�JIDGF
JID[K@>@?BABAB?ODGS@>~x|� jIS�JT?ODhJTjIFIF0Kcb�XI?Ob�X:>�b�XIS�MN^�]_>�MNU�Sc]_pIXI?OK�bcX0D º DG>�DGi�>@?OMNF {�HIS�JIDGF º VR�K��DGS@>@?BUN��MNAB?ODGF
�VMN^ d�q:p-�/����Ú�Ð)�/g =�z��ßÚ¼CIZ[{�x�m|�/���ÄÚ�Ð���g �/�!�|ø��^�?B>y�!ABH0MNS�D[K�Z~DGFIZ[?BFI?BiN]_>�MNS"JIDGS
� ?BS@^�]�gÍ]_S�b�X0DGS@qa�:�/]_UVDGA!�VDGS@{|DGF0JIDG>~x
Z5HI^ d�S�M:bci:F0DGFhJIDGS.��Y�K@HIFIUVK@^�?B>@>�DGA!{�HIS�JIDGF�AB?B>�DGSc]_>@HIS@CEDGiN]_FIF:>�D_r ì s7v0PRDGSw��]_XIS�DGF��VDGS@{|DGF0JIDG>~x
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Z5HIS � DGS�K@>�DGABABHIFIU JIDGS º DGF0JTS@?B^;DGS�D-{�HIS�JID-��K�>@Sc]_^;MNA º �/k�e7��^Èe"Xlð HIF0J º �/k�e7��^Èe�ûeðÏJIDGS
� ?BS@^�]���AOJTS@?Ob�X��VDGS@{|DGF0JIDG>~x
º ?ODÈ��HI^;DGS@?ODGS@HIFIU�JIDGS���>�MN^;DÈDGSw� MNABU�>�F�]Nb�X-JIDGS�z��/m»�)V�e7��MN^;DGFIi�Ay]_>@HIS~xsÄß?BS�JÍ]_HT��U�S@HIF0JÍJIDGS��CEDGS�K@?Ob�X:>@AB?Ob�XIiVDG?B>�J0]~�VMNFd]_CIUVDG{�?Ob�X0DGF��oCEDGZ[?ODGX0DGFWK@?Ob�XWJT?OD º ]_>�DGF ]_HT��JT?OD���HI^;DGS@?ODGS@HIFIU-JIDGS
]_CIUVDGCI?BAOJIDG>�DGF�=:>@S@HIi�>@HISw��MNS@^;DGA�x º ?OD.k�D[K�b�XIS�DG?BCIHIFIU�JIDGS��)CIi�jIS@Z[HIFIUVDGF�K@?ODGX0DÊS�]_pI?B>�DGA Ó�xBÓ�xBÓ�=�DG?fe
>�D§X0x
º ?OD;=:HIC0K@>@?B>@HI>@?OMNF0K@^nH0K@>�DGSÄJID[K���S�MN^�]_>�DGFÒ?B^ �!?BFIUVDGS@pIS@?BF:>@C»DGS�DG?ObcXLJID[K�z�Ð {|DGS�JIDGFÍ� MNABUVDGF0JIDGSwe
^�]��VDGF�C»D[K�bcXIS@?ODGC»DGF�Ûø þ ^;MNF0M�K@HIC0K�>@?B>@HI?ODGS@>�DGS/��S�MN^�]_>~� à �
ø þ � f Ó��£ÅÕ�:JT?OK@HIC0K�>@?B>@HI?ODGS@>�DGS/��S�MN^�]_>~�QX �
ø þ � ÿ Ó��£ÊÕ�:JT?OK@HIC0K�>@?B>@HI?ODGS@>�DGS/��S�MN^�]_>~�I?OK�MNAB?ODGS@>�D[K �
ø þ � û Ó�� X_�:JT?OK@HIC0K�>@?B>@HI?ODGS@>�DGS/��S�MN^�]_>~��Å �
º ?OD���CIi�jIS@Z[HIFIUVDGF�?BF�JIDGF�ÜRz7e7gÍ=�DGFa>�K@pIS�D[bcX0DGF�� MNABUVDGF0JIDGF�?OMNFI?OK�bcX0DGF�k�S@H0b�X0K@>@j0bciVDGF�Û
= º =:>�q:S@q�ABC»DGFIZÕ]_AOJIDGX:q�J�� �
gÒ= ghDG>@Xaq�AOK@>@?BABCEDGF��0DG�»x�� �
=�� ��e�=:>@?BABCEDGFaq�ABpIXa>@X�]_AB?B^�?OJ
= =:>@?BABCEDGF��/Ü@D�F�]Nb�X0JIDG^ � � Ö�� � Ö���Å �
øÈÓ i
V þÑÿ ��� l ý �:z�MNFø�Å i
V þ�f ��� l ý��:z�MNF

 ��� � 676�<��/2��)#�'.� � �a8���#y�0�"!����_�»1.,��a#�AÕ�0�/'
0�µ¨¶OµA·�À ï�ðnñHGx¾sÔ¨ï�×�»RÃYÁÆÅ°ÏnØ8Õsó8»-ºw¾#G�¿8À/ï�ÕOÂ
º ?ODRg�?Ob�X�]NDGAB?OK@e7�)S@CIHIZ~MÕ�ae7Ð�D~]_i:>@?OMNFn{�?BS�J�Ay]_HI> ��S@Ua]_FI?Bi�HI^�r ì s�v~^�?B>�?BFa�VDGS�KcDG^
moX0M�KÂpIXI?B>�Ö_k�S�MN^�?OJ:�
PRDGS@X�Ù_AB>@FI?OKÄJTHIS�b�XIUVDÂ��jIXIS@>~x���HT�|JT?OD;]_C0K�b�XIAB?OD��VDGF0JID�moS�M:JTHIi�>�JID[K@>@?BABAy]_>@?OMNF-{�?BS�JÍUVDGUVDGCEDGF0DGFT��]_ABAOK
]_HT��U�S@HIF0J�JIDGS�X0MNX0DGFQ=:?OD[JIDGpIHIFIi:>�D/JIDGS�moX0M�K�pIX0MNF�]_>�D.�VDGS@Z[?Ob�X:>�DG>~x0=:>c]_>@>�JID[K�K�DGF;{�?BS�J;JIDGS��)CEDGSwe
Kcb�XaHQ�Ùd�S@?ODG>@Xaq�ABpIX0M�K@pIXI?B>n?B^$#�ABpIHI^�pEDGFa��]_i�HIHI^ ]_CIUVDGZ~MNUVDGF�x º ]NK�S�D[K@HIAB>@?ODGS�DGF0JID;mRS�M:JTHIi�>�?OK@>
?�x@�"x���jIS)JT?OD�{|DG?B>�DGS�DÄPRDGS@{|DGF0JTHIFIUQS�DG?BF�UVDGFaHIU0x

0�µ¨¶Oµ¨¶&%�ïoÀ�À/ï�òx»�2bÕFÁ2Ân¾sÁ�»|º)¾#G�¿8À/ï�Õ�Â
S�]_AB?BHI^Èec½('G¾Â½�e�CIHI>7q�Ay]_>È{�?BS�J�?BFWd � � �VMNS@UVDGAODGU�>~� DGFa>@Ua]NK�>nHIF0J\]_HT�.Ë�õ^V UVDGi�jIXIAB>~x º ]_Z[HL{�?BS�J
HIF:>�DGSo=�bcXaHI>@Z[Ua]NKoDG?BF0D�g�?OKcb�XaHIFIU�]_H0K moX0M�K@pIX0MNF�]_>�HIF0JÄ��AOJIDGXaqTJÄ?BF[d � ����DGCEDGFT� ]_ABAOK!DGFa>@Ua]NK@>��
Ay]_FIUVK�]_^ Z[HIUVDG>@S�MNpT��>Gr üwvOx º ]NK.ÜoFa>�K�>�DGX0DGFhJID[K)��AB?OJIK.?OK�>.JTHIS�b�X�JT?OD�?BFa>�DGF0K@?B��UVDGABCED��0MNSc]_FIUVD�M�JIDGS
S�MN>�Du�oÙ_S@CIHIFIU�K�DGXIS�U�HI>�Z[H�DGS@iVDGFIF0DGF�x º ]_FIF�{�?BS�J�]_HT��Å à õ V DGS@{�Ù_S@^Ä>~�0Z[{|YNAf�o=:>@HIF0JIDGF�HIF:>�DGS
=�bcXaHI>@Z[Ua]NK�UVDGS@jIXIS@>)HIF0J�]_F0Kcb�XIAB?OD��VDGF0J�F0M�b�X�DG?BF0Dn=:>@HIF0JID�Z[HI^ Ð)j0b�iKh0HQ��DGS@XI?B>@Z[>~x
Ó�x|Ä-DGFIF�J0]NK�=:>@?BABCEDGFnU�HI> i�S@?OK@>c]_ABAB?OK@?ODGS@>~��{�?BS�J"]_HT��Üo?OK UVDGUVDGCEDGF��_]_CIUVD[K�]_HIU�> HIF0Jn^�?B>ÖÄ�]NKcK�DGS
UVDG{�]NK�bcX0DGF�x

û�Ë
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ÅTx|Ä-DGFIF J0]NK�=:>@?BABCEDGFdK�bcXIAOD[b�Xa>Qi�S@?OK@>c]_ABAB?OK@?ODGS@>~�o{�?BS�J JT?OD�Ð)D~]_i�>@?OMNF ^�?B>*Ä�]NK�K�DGS�]_CIUVDGCIS�M_e
b�X0DGF��»J0]NK)MNS@Ua]_FI?OK�bcX0DÄ��Y�K@HIFIUVK�^�?B>@>�DGA!?B^4P�]_i�HIHI^ DGF:>w��DGS@F:>�HIF0J���JT?OD�{�ÙNKcK@S@?BUVDÄ��Y�K�HIFIU
JID[K)Ð)MNXIpIS�M�JTHIi�>�D[K.JT?BS�DGi:>�JIDGS���b[DG>c]_AOK@p�]_AB>@HIFIU à x£ÅTx£ÊÈHIFa>�DGS@{�MNSw��DGF�xE��F0K�b�XIAB?OD��VDGF0J�{�?BS�J
HI^�i:S@?OK@>c]_ABAB?OK�?ODGS@>~x

0}µ�¶Oµ¨´?Ãbð8¾QÀ©G°Ôo×K½ÝG°Ô
ÀzÏ°Âxò
Z5HIS���b[DG>c]_AOK�p�]_AB>@HIFIUTr üwvR{�?BS�J9?BF V|XIAOMNS�M_� MNS@^ UVDGAOY�K@>�HIF0JW^�?B>;JIDGS�K�DGABCEDGFdghDGFIUVD��VDGS�JTjIFIFa>�DGS
=T]_ABZ~KcÙ_HIS�D��VDGS�K�DG>@Z[>~x �/]NbcXLJTS�DG?.=:>@HIF0JIDGF\Ð)jIXIS�DGF�CEDG?�Å à õ V {�DGS�JIDGF\JT?ODQmoX�]NK�DGFLUVDG>@S�DGFIFa>~x
º ?OD�MNS@Ua]_FI?OK�bcX0DÄmoX�]NKcD�{�?BS�J�^�?B>.UVD[KcÙ_>@>@?BU�>�DGS/�/]_>@S@?BHI^�X:q�JTS�MNUVDGF0b~]_S@CEMNF�]_>@AOY�K@HIFIU�HIF0JTÄ�]NK�KcDGS
UVDG{�]NK�b�X0DGF�xVÜ�Ko{�?BS�J"jIC»DGSRgÍ]_U�F0D[K@?BHI^;K@HIAf��]_>oUVDG>@S�M:bci:F0DG>oHIF0JÈJ0]NKR��Y�K@HIFIUVK@^�?B>@>�DGAI?B^ P�]_i�HIHI^
DGF:>w��DGS@F:>~x

0}µ�¶Oµ�ýÌ2y¾gðx¿K»|º)¾#G�¿8À/ï�Õ�Â
�IS@?OKcb�XÏJID[K�>@?BABAB?ODGS@>�D[K�M�JIDGSÒ�$S@?OKcb�XX0DGS@UVD[K@>�DGABAB>�D[K\]_ABiVM[ÃTq�K�HIC0K@>@?B>@HI?ODGS@>�D[K9=:>�q:S�MNA�HIF0J � ]_AOMNUVDGFTe
CEDGFIZ~MNA�{�DGS�JIDGFÎ?BFÏ>@S�M:bciVDGF0DG^ º gí� UVDGAOY�K@> r Ì?\wv x º ]_Z[HÏ{|DGS�JIDGF¼m ]_ABAy]NJT?BHI^�]Nb[DG>c]_>~�Yd�S@?OK Ñ-, e
>�MNABq�A�Ô�pIX0M�K@pIXI?BF HIF0Jùd�S@?ODG>@Xaq�Ay]_^�?BF UVDGUVDGCEDGF�x;ÜRK {�?BS�J4DGFa>@Ua]NK@>dHIF0J¼Z[{|YNAf�L=:>@HIF0JIDGF4CEDG?
û�Ë õ V UVDGS@jIXIS@>~x
Ó�x�ÜoFa>�{|D[JIDGSÈ{�?BS�JÍF�]Nb�X\JIDG^&�)CIi�jIXIAODGFÒ�0AB>@S@?ODGS@>~��^�?B>ÄÜR>@X0DGS�UVDG{�]NK�bcX0DGF���DG?BFIUVD[DGFIU�>nHIF0J
F0M:bcXI^�]_A0�0AB>@S@?ODGS@>~x º ]NKR��Y�K�HIFIUVK@^�?B>@>�DGA5JT?OD[K�D[K}�!?BAB>@Sc]_>�D[K�{�?BS�JÈ?B^P�]_i�HIHI^ DGFa>w� DGS@Fa>~�aHIF0J
JIDGS)Ð.j0bci�K@>c]_F0J�HI^�i:S@?OK@>c]_ABAB?OK�?ODGS@>~x

ÅTx)�/JIDGS.J0]NK���Y�K@HIFIUVK@^�?B>@>�DGA�{�?BS�J�?B^¼P�]_i:HIHI^�DGF:>w��DGS@F:>~�THIF0JQJIDGS.Ð)j0b�iTK@>c]_F0J�KcÙ_HIAODGF0b�XIS�M_e
^�]_>�MNU�Sc]_pIXI?OK�b�XhUVDGS�DG?BFI?BU�>~x


 ��� �y��'���,.���5� (������9�����5��%BA��/'
0}µ�´OµA·/.ÊÕ�Ô¡Ï10sÔ�×32°Ï°Á&¾ED6¾�Àzñ10sÔ�¾�×1À^¾sÁ4.65

CO2CH3

º ?ODn=:HIC0K@>c]_FIZÄ{�?BS�J�Ay]_HI>���S@Ua]_FI?Bi:HI^�r ì s�v5]_H0K�Ó~Êz�Tx£ÅÈU Ñ Ó�^;MNA�Ô-d�MNABHIq�AOKcÙ_HIS�D�X0DGS@UVD[K@>�DGABAB>~x
��]Nb�XQKcÙ_HIAODGF0b�XIS�MN^�]_>�MNU�Sc]_pIXI?OK�bcX0DGS�Ð�DG?BFI?BU�HIFIU Ñ S�?OD[K�DGABUVDGA��»Ó~Ê�Ã�Ó à bG^��:m!DG>@S�MNAODG>@X0DGS�Ô|S�D[K�HIAB>@?ODÂe
S�DGF Ó~ËVÇQU Ñ Ç�ÓI²Q����?B>~x°r ì s�vyÛ�û�Ë�²�Ô�AODG?Ob�X:>ÄCIScÙ_HIFIAB?Ob�X0DGS[�0D[K@>�K@>�M_�9^�?B>�DG?BF0DG^ =�bcXI^;DGABZ[pIHIFIi:>n�VMNF
XaÊFõIV Ñ ��?B>~x°r ì s�vOÛ�Ê�Êöõ1V�ÔÂx

ûTÓ
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0�µ¨´Oµ¨¶ ´87�ý9710;:<.bÁ�ï�½sÁ&Õ�½FÕ>=>0EÅÖ¾sÂxØ�Õ�¾�×?2°ÏFÁ?¾�¾QÀzñ;0sÔ�¾�×IÀ^¾�Á5õ§î+5
H7C3O

H7C3O

H7C3O

CO2Et

Å�ÆTx Ç�U Ñ ËTxBÓ à ^;MNA�Ô�Ú�]_ABABH0K�K�Ù_HIS�D[DG>@Xaq�AOD[K@>�DGS~��X à ^;� Ñ �TÓ�x£Å�U0�aËTx à Ë�^;MNA��5Ó~Ë�² ��C»DGS�Kcb�XaHQ�:Ô�k�S�MN^Èe
pIS�MNp�]_F��EÇ1X0x£ÆÈU Ñ ËTx à X;^;MNA��5Å�Ë�² ��C»DGS�K�bcXaHQ�:ÔwS�]_AB?BHI^;b~]_S@C»MNF�]_>~��Z[{|DG?�=:p�]_>�DGAOK�pI?B>@Z~DGFÙS�]_AB?$HI^Èe
?OM�JT?OJÍHIF0JÒZ~DGXIF�d�S�MNpT��DGFL�)AB?¨ê:H�]_>�{|DGS�JIDGF-?BF\û�XaËQ^;� >@S�M�b�iVDGF0DG^l��b[DG>�MNF�DG?BF0D�Ä-M:bcX0D�Z[HI^
Ð)j0b�iKh0HQ�-DGS@XI?B>@Z[>Gr ì vOx�ÜRKÈ{�?BS�J9X0DG? ��]_CIUVD[Kc]_HIU�>�HIF0J\^�?B>�X0DG? �VDG^ ��Y�K@HIFIUVK@^�?B>@>�DGA�UVDG{�]NK�b�X0DGF�x
º ]_F�]NbcX�{�?BS�J�?B^ #�ABpIHI^�pEDGFa��]_i:HIHI^ JID[K@>@?BABAB?ODGS@>~x
Ü�K)S�D[K@HIAB>@?ODGS�DGFíX:Ç�x à U Ñ Æ�û�²Q����?B>~x°r ì ]�ü�vyÛ»ûTÓI²¼CIZ[{�x à Ë�²�Ô.K�b�X:{�]NbcXIUVDGABC»D[K@#�A!^�?B>�DG?BF0DG^&=:?OD[JIDÂe
pIHIFIi�>.�VMNF�Ó~Ê�X�õ1V�ÖNËTx£Ë�Ëz��d�MNS@S Ñ ��?B>~x r ì ]�ü�v Û�Ó~Ê�Ê�õ^V�ÖNËTx£Ë�Ë à d�MNS@S.CIZ[{�x�Ó�XaÊFõIV�ÖNËTx£ËTÓ à d�MNS@S�ÔÂx
A þ �CB f �ED þ i£Ê�Å�X0x X0Ó�U:Ö�^;MNA l UVDÂ�@x�i
² l V �z�Tx£Ê�û � ûTx£û�û

CEDGS~x�i
² l V �z�Tx:��X � ûTx ÇNË

F3GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶ � ² �3RES��i pIpI^ l É`Ó�xBÓ~ÅVÖ�Ó�x£Ë�ÆVÖNËTx£û à Ñ >~��Ó~Å � �TA B ÿ Ô�Ó�x£û�ËVÖ�Ó�x à � Ñ KwÃ��°� � ��A B f ÔbX0xBÓ�ÓÕÖNÊTx:��Ê Ñ >~��� � �
D A B f Ô�X0x£Å à Ñ ê»�0Å � � D A B f Ô�Ç�x:��X Ñ KÕ�0Å � Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶ � ² �3RES�qi pIpI^ l ÉÎÓ~ËTx Ç�Ö�Ó~ËTx£ÆVÖ�Ó�X0x à Ñ A B ÿ Ô�Å�ÊTx£ËVÖNÅ�X0xBÓ Ñ A B f Ô-�TÓ�x£ËVÖ�ÇNËTx Ç�Ö�Ç à xBÓ Ñ D A B f Ô/Ó~Ë�ûTx£û Ñ ]_S~x"A�Ð7ÔÓ~Å à x Ç�Ö�Ó�XaÊTx£ÊVÖ�Ó à ÊTx:� Ñ ]_S~x"A)\[Ô/Ó^�z�Tx:� Ñ A D f<]_^ Ô
` ² H ¹ba S^�Ö�Z Ñ ²�ÔwÉ Ê�Å�X0x à Ñ Ó~Ë�ËVÔuitg �dc l ��XaÆTx£Ë Ñ Ó~ËVÔ

û�Å
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0}µ�´Oµ¨´ ´_7�ý97101:C.§Á$ï¡½sÁ?Õ�½ÖÕ"=>0�ÅF¾sÂnØe0sÔ�G°Ô¡¿�ÕOñnÕ�Ô�õ§î+f
H7C3O

H7C3O

H7C3O

CH2OH

Z5HqX0x£û�U Ñ Ó~Ê�ËÄ^�^;MNA�Ô���?B>@XI?BHI^�]_ABHI^�?BFI?BHI^�XaqTJTS@?OJ�?BF�Å�Ë�Ë�^;�h>@S�M�b�iVDGF0DG^ùd � ��{|DGS�JIDGF¢X:Ç�x à U
Ñ Ó�X���^�^;MNA�Ô*��ëhg\?BFLû�Ë�^;� d � � Ay]_FIUVKc]_^lHIF:>�DGSnÜo?OK@i�jIXIABHIFIU�UVDG>@S�MNpT��> r ì ]�ü�v x º ]_F�]Nb�X\{�?BS�J
JTS�DG?o=:>@HIF0JIDGFhZ[HI^ Ð.j0bci�h0HQ��DGS@XI?B>@Z[>~x º ?ODnÐ)D~]_i�>@?OMNF�{�?BS�J�JTHIS�bcX�pEMNS@>@?OMNF0K@{�DG?OK�DcZ5HIUa]_CEDn�VMNF
Ó à Ë\^;� Ä�]NKcK�DGS�]_CIUVDGCIS�M:bcX0DGF HIF0J ^�?B>�Ó~Ë�²n?BUVDGS�=T]_ABZ~KcÙ_HIS�D-F0DGHI>@Sc]_AB?OK@?ODGS@>~x º ?ODÒDG>@X0DGS@?OK�b�X0D
moX�]NKcD�{�?BS�J�^�?B>-Ä�]NK�K�DGS�UVDG{�]NKcb�X0DGF��0JT?OD�{�ÙNK�K@S@?BUVD�]_H0K@UVD[DG>@X0DGS@>~�0JT?OD��VDGS�DG?BFI?BU�>�DGF�MNS@Ua]_FI?OK�b�X0DGF
moX�]NKcDGF�jIC»DGS�gh]_U�F0D[K@?BHI^;K�HIAf� ]_>.UVDG>@S�M�b�i�F0DG>~�IHIF0J�J0]NK)��Y�K@HIFIUVK@^�?B>@>�DGA!?B^4P�]_i:HIHI^ DGFa>w� DGS@Fa>~x
��H0K@CEDGHI>�D�Û8X0Ó�x£ËÈU Ñ Æ�Æ�²Q�0��?B>~x r ì ]^ü�v Û�Æ�Æ�²ÎCIZ[{�x�X���²�Ô�UVDGABC»D[K�#�A�x

A þ � B f � D û i£Å�û�ÅTx£Ê�ûÈU:Ö�^;MNA l UVDÂ�wxÖi
² l V ��ûTx:� à � ÆTx à Ç
C»DGS~xÖi
² l V ��ûTx£Ëz� � ÆTx£Å�û

F3GiH ±3¹KJML`¾>N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�Ùi pIpI^ l É Ó�x£ËTÓÕÖ�Ó�x£Ë�Å Ñ >~��Æ � �lA B ÿ ÔÄÓ�x ÇNËVÖ�Ó�x£û�Ë Ñ KwÃE�x� � �mA B f Ô/ÊTx£Æ�ËVÖNÊTx£Æ�Ê Ñ >~�s� � � D A B f ÔX0x à û Ñ KÕ�0Å � �>A B f DnB Ô|�Tx à�à Ñ K~�0Å � Ô
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ¶P²µ¶@k ÿ RES� i pIpI^ l É Ó~ËTx:� Ñ A B ÿ Ô�Å�ÊTxBÓ Ñ A B f ÔT� à x:� Ñ A B f DnB Ô�ÇNËTx:�VÖ�Ç à x£Ë Ñ D A B f Ô-Ó~Ë à x X Ñ ]_S~xnA�Ð7Ô
Ó~Êz�TxBÓÕÖ�Ó~ÊVÇ�x à Ö�Ó à ÊTx£Å Ñ ]_S~x"A)\[Ô
` ² H ¹ba S^�Ö�Z Ñ ²�Ô)É Å�û�ÅTx X Ñ Ó~Ë�ËVÔuitg �dc l à ��X0x£û Ñ à ÓÕÔ�û�X:Ç�x£Ë Ñ Ó~ÆVÔ

û�Ê
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0�µ¨´Oµ�ý ´87�ý9710;:<.bÁ�ï�½sÁ&Õ�½FÕ>=>0EÅÖ¾sÂxØtG°Ô�ÑÖ¾sñ;0gÑ õ§îcö

H7C3O

H7C3O

H7C3O

CHO

a;o@prq?s H ´+tvuxwzye{|u~}"s
º ?OD.=:{|DGS@FTe��)ÃT?OJ0]_>@?OMNF�{�?BS�J"UVDG>@S�DGH���S@Ua]_FI?Bi�HI^�r ì s�vN^�?B>oÅTx£û�Å/U Ñ Ó~Ë�^�^;MNA�Ô���ë)ÚÄJTHIS�bcXIUVDÂ�$jIXIS@>~x
��H0K@CEDGHI>�D�Û0ÅTx à Ç"U Ñ Æ�Å�²�Ô�UVDGABCED�� ABj0K�K@?BU�iVDG?B>~x
´+tvu~wdye{|u~}1s���ux{ ²³²��
Z5HIS��)ÃT?OJ0]_>@?OMNF�^�?B> º�º � r ì ]�ü�v {�DGS�JIDGF�ÆTx£ÅVÇ"U Ñ Ê�ÊÈ^�^;MNA�Ô���ë)Ú�HIF0J�Ç�x£Æ�ûÈU Ñ Ê à ^�^;MNA�Ô º�º �
?BF9Ó~Å�Ë�^;� º ?OM~ÃI]_F6Xaû�=:>�J�x�CEDG?oÅ à õ1V UVDGS@jIXIS@>~x º ]_FIFÍ{�?BS�J��0AB>@S@?ODGS@>~�»JIDGSu� ?BAB>�DGS@i:H0bcX0DGFÒ^�?B>
{�DGFI?BU º ?OM[Ã0]_F�UVDG{�]NK�b�X0DGF���HIF0J�J0]NK.��Y�K@HIFIUVK�^�?B>@>�DGA�?B^4P�]_i�HIHI^ DGFa>w� DGS@Fa>~x
º ?OD�KcÙ_HIAODGF0b�XIS�MN^�]_>�MNU�Sc]_pIXI?OK�bcX0D�Ð)DG?BFI?BU�HIFIU Ñ S�?OD[K�DGABUVDGA���ûQÃdÓ à bG^���A B f A�� f Ô�DGS@U�?BCI>ÈûTx X0Ó�UÑ ÆTÓI²Q����?B>~x°r ì ]�ü�vyÛ0ûTÓI²ÎCIZ[{�x�Æ�Ë�²�ÔÂx

A þ � B f û D û i£Å�û�ËTx£Êz�ÈU:Ö�^;MNA l UVDÂ�@x�i
² l V ��ûTx à�à � ûTx:��Æ
CEDGS~x�i
² l V ��ûTx à�à � ûTx:��Ê

F3GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES�Ùi pIpI^ l ÉÎËTx£Æ�ÆVÖ�Ó�x£Ë�Ê Ñ >~��Æ � �lA B ÿ ÔnÓ�x Ç1X:Ö�Ó�x£û�Å Ñ KwÃ��n� � �lA B f Ô/ÊTx£ÆVÇ�Ö1X0x£Ë�Ë Ñ >~�s� � � D A B f ÔÇ�x£Ë à Ñ K~�0Å � Ô�ÆTx ÇNÆ Ñ K~��Ó � �>A BiD Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES��i pIpI^ l É Ó~ËTx à Ñ A B ÿ Ô�Å�ÅTx à ÖNÅ�ÊTx à Ñ A B f Ô�ÇNËTx Ç�Ö�Ç à xBÓ Ñ D A B f Ô�Ó~ËVÇ�x£û Ñ ]_S~x3A�Ð7Ô Ó~ÊTÓ�x X:Ö�Ó�XaÊTx£ûVÖ�Ó à ÊTx àÑ ]_S~x1A \ Ô/Ó~ÆTÓ�x£Å Ñ A BiD Ô
` ² H ¹ba S^�Ö�Z Ñ ²�ÔwÉ Å�û�ËTx à Ñ Ó~Ë�ËVÔuitg �dc l à ��ËTx£Æ Ñ ÊVÔ�û�X0Ó�x£Å Ñ ËTx:�VÔ

û�X
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0}µ�´Oµ10¹ým:�À�¾�ÀzñnÕ"=>0�×1ÀY0sÁ?Õ�Ô7À÷î�Í

H3CO

Ç�x£Ê�ÊnU Ñ ��Ë"^�^;MNA�Ô�S�]_AB?BHI^Èec½('Â¾Â½�e�CIHI>�q:Ay]_>�{|DGS�JIDGF�?BF�DG?BF0DGS.]_H0K@UVDGX0DG?BZ[>�DGF���pIp�]_Sc]_>@HIS�?BF�Æ�ËÄ^;�
>@S�M�b�iVDGF0DG^ d � �\C»DG?�ËöõIV HIF:>�DGS)Ð.jIXIS�DGF��VMNS@UVDGAODGU�>Gr _@vyx º ]_Z[H�{�DGS�JIDGF�pEMNS@>@?OMNF0K@{|DG?OK�DnÅTÓ�x£ÊVÇnU
Ñ ��Ë;^�^;MNA�Ô�ghDG>@Xaq�AB>@S@?BpIX0DGFaq�ABpIX0M�K@pIX0MNFI?BHI^ÄCIS�MN^�?OJ�UVDGUVDGC»DGF�x º ?ODÄ?BFa>�DGF0K@?B��UVDGABCED Ñ ��AB?OJ:�TÔ���Y_e
K@HIFIU�{�?BS�JÄDGF:>@Ua]NK@>~x º ]_Z[Hn{|DGS�JIDGF à x X à U Ñ XaË)^�^;MNA�Ô&ó»e7�)FI?OK�]_AOJIDGXaqTJÄ?BFc��Ë�^;�¢d � � Ñ DGCEDGFT� ]_ABAOK
DGF:>@Ua]NK@>�Ô HIFa>�DGS|Üo?OK@i�jIXIABHIFIU�UVDG>@S�MNpT�$>~xV��]Nb�X�CED[DGF0JIDG>�DGS�Z5HIUa]_CED�S@jIXIS@>o^�]_F�Z[{|YNAf�!=:>@HIF0JIDGF�CEDG?
Å à õ V HIF0JnU�?BCI>R]_F0K�b�XIAB?OD��VDGF0J�]_HT�»Å�Ë�Ë�^;�¢Ä�]NK�K�DGS HIF0J à Ë)^;��ghDG>@Xaq�AODGF0b�XIAOMNS@?OJ�x º ?OD�{�ÙNK�K�S@?fe
UVD.mRX�]NK�D�{�?BS�J�^�?B>�ghDG>@Xaq�AODGF0b�XIAOMNS@?OJ�]_H0K@UVD[K�bcXajI>@>�DGAB>~��JT?OD�MNS@Ua]_FI?OK�b�X0D)^�?B>OÄ�]NK�K�DGSoUVDG{�]NK�b�X0DGF�x
º ?OD.�VDGS�DG?BFI?BU�>�DGF�MNS@Ua]_FI?OK�bcX0DGF�moX�]NK�DGFQ{|DGS�JIDGFQjIC»DGS�gh]_U�F0D[K@?BHI^;K�HIAf� ]_>�UVDG>@S�M:bci:F0DG>�HIF0J�DG?BFIUVDÂe
DGFIU�>~x
��]Nb�X�KcÙ_HIAODGF0bcXIS�MN^�]_>�MNU�Sc]_pIXI?OK�b�X0DGS�Ð)DG?BFI?BU�HIFIU Ñ S�?OD[K�DGABUVDGA��TÓ~Ê.Ã"Ê)bG^���A B f A)� f Ô�{|DGS�JIDGF*X0x£Ê�Ë)UÑ û�Ë�²Q�0��?B>~x°r ì uwvyÛ0û�Å�²�Ô�UVDGABCED§� ABj0K�K@?BU�iVDG?B>.DGS@X�]_AB>�DGF�x

0}µ�´Oµ54 ´_7�ý97101:C.§Á$ï¡½sÁ?Õ�½ÖÕ"=>0�×1ÀY0�Á&Õ�Ô)õbîÊÍ
H7C3O

H7C3O

H7C3O

z�F���F�]_AOMNU�?OD;Z[H�PRDGS@CI?BF0JTHIFIU à x£ÊTx à�� ë8��DGS@X�Ù_AB>Ä^�]_F9]_H0KbX0x£Æ à U Ñ XzX�^�^;MNA�Ô§S�]_AB?BHI^Èec½('Â¾G½7e
CIHI>�q:Ay]_>~�EÓ à x Ç à U Ñ XzX"^�^;MNA�ÔRghDG>@Xaq�AB>@S@?BpIX0DGFaq�ABpIX0M�K@pIX0MNFI?BHI^ÄCIS�MN^�?OJ��EûTx£Å�X"U Ñ Å�ÆÄ^�^;MNA�Ôw��ë)�
HIF0J9Ó~Å�ËQ^;��d � �dHIF0J-]_F0K�bcXIAB?OD��VDGF0JIDGSÄKcÙ_HIAODGF0bcXIS�MN^�]_>�MNU�Sc]_pIXI?OK�b�X0DGSÈÐ)DG?BFI?BU�HIFIU Ñ S�?OD[K�DGABUVDGA��
Ó~Ê"ÃÍÓ~Ë�bG^��"A B f A)� f Ô-�Tx£Å�ÆÈU Ñ Ç�Çz²�Ô�X0DGABABUVDGABCED§� ABj0K�K@?BU�iVDG?B>~x

A þ�� B f � D ÿ i£ÅVÇNûTx£Ê�ÆÈU:Ö�^;MNA l UVDÂ�wxÖi
² l V ÇNÅTx Ç/� � Ó~ËTx£ËTÓ
C»DGS~xÖi
² l V ÇNÊTx£Ê à � ÆTx X0Ó

F GiH ±3¹KJML��[N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�Ùi pIpI^ l ÉÎËTx£Æ�ÆVÖ�Ó�x£Ë�Ê Ñ >~��Æ � �lA B ÿ ÔÄÓ�x Ç à Ö�Ó�x£û�Å Ñ KwÃE�x� � �mA B f Ô/ÊTx£ÆTÓÕÖNÊTx£Æ�X Ñ >~�s� � � D A B f Ôà xBÓ^� Ñ J��5Å � �#ÿ3� Ó)h Ï�É4Ó~ËTx Ç � ZV� º C�x Ô à x:��Ë Ñ J��»Å � �#ÿ?�eÐ Ò Þ�� ÏuÉ�ÓÕÇ�x:� � ZV� º C�x Ôw�Tx à�à Ö/�Tx:��Ê Ñ JIJ��
Ó � �Cÿ?� Ó)h Ï ÉÎÓ~ËTx Ç � ZV�Cÿ?� Ð Ò Þ�� Ï ÉÎÓÕÇ�x:� � ZV� º C�x Ô-�Tx:��Ë Ñ KÕ�0Å � Ô

û à



������éRê�í@ðB÷�ê�ò5ì�ê�����ê�í��»ê�ð��
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES��i pIpI^ l ÉÓ~ËTx:� Ñ A B ÿ Ô�Å�ÅTx Ç�ÖNÅ�ÊTx à Ñ A B f Ô|ÇNËTx Ç�Ö�Ç à xBÓ Ñ D A B f Ô.Ó�Ó~ÅTx Ç Ñ º C�x e�ABÏÂÔ�Ó~Ê�ûTx X Ñ º C�x e�A�Ð�ÔÓ~Ë à x£Ë Ñ ]_S~x"A�Ð7Ô�Ó~Ê�ÅTx£ûVÖ�Ó~Ê�ûTx X:Ö�Ó à ÊTx£Å Ñ ]_S~x"A)\ÂÔ
` ² H ¹ba S^�Ö�Z Ñ ²�ÔwÉ ÅVÇNûTx:� Ñ Ó~Ë�ËVÔuitg �dc l
0�µ¨´Oµ��¹ý;:��/îyÁ&Õ�DöDP¾QÀzñ;0sÔ���ÅF¾sÂnØ8Õ�¾�×?2°ÏFÁ?¾�DP¾QÀzñ;0sÔo¾�×1À^¾sÁYîn.65

BrH2C CO2Me

� q?}"�*uxprq?�zsd����ux{���}"k~pr�l�dk~y	q?pr� � q?}"�
º ?ODÈk�S�MN^�?ODGS@HIFIU�{�?BS�JhAy]_HI>n��S@Ua]_FI?Bi:HI^ r ì s�v ^�?B>ÄÇ à xBÓ"U Ñ ËTx à Ë�^;MNA�Ôn�@g�HIF0JÒÅz��^;� Ñ XaËTx£Æ�U0�
ËTx à Ó�^;MNA�Ô�k�S�MN^ JTHIS�b�XIUVDÂ��jIXIS@>~xnZ5HIS)��HT��]_S@C»DG?B>@HIFIU;{�?BS�J�]_H0K@UVD[K�b�X:jI>@>�DGAB>~x
��H0K@CEDGHI>�D�Û à Ç�x£ûTÓ�U Ñ à Ë�²Q�T��?B>~x r ì Ìwv ÛKXaÆ�²�Ô�X0DGABABCISc]_HIF0D�S�S@?OK@>c]_ABAOD�^�?B>�DG?BF0DG^ =�b�XI^;DGABZ[pIHIFIi�>.�VMNF
à X	õ^V/x
� q?}"�*uxprq?�zsd����ux{ ± � a
ÊTÓ�x£Æ�U Ñ ËTx£ÅTÓ�^;MNA�ÔT�@g�{|DGS�JIDGF�Ay]_HI>���?B>�DGSc]_>@HISGr ¿�] ì s vV^�?B>|ÊVÇ�x£û�U Ñ ËTx£ÅTÓ)^;MNA�Ô��)e7k|S�MN^;K�H0b[bG?BFI?B^�?OJ
HI^�UVD[KcDG>@Z[>~x
��H0K@CEDGHI>�D�Û0Åz�Tx£Ê�Æ�U
Ñ à�à ²Q����?B>~x°r ì \@vyÛ|Ç�Çz²�Ô"X0DGABABCISc]_HIF0DÙS�S@?OK@>c]_ABAOD�^�?B>�DG?BF0DG^ =�b�XI^;DGABZ[pIHIFIi�>��VMNF à X	õ^V Ñ ��?B>~x°r ì \@vOÛ
à X õ V�ÔÂx
A �VB��C��rD f i£Å�Å�ÆTx£ËVÇÈU:Ö�^;MNA l

F GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES��i pIpI^ l É
ÊTx£û�Æ Ñ K~��Ê � � D A B ÿ Ô�X0x Xaû Ñ K~�:Å � �eA B f �� Ô|Ç�x XzX:Ö�Ç�x£Æ�Æ Ñ J���X � �a�/�@�tk�kn� e�=:qTK@>�DG^�Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES�6i pIpI^ l É à ÅTx£Å Ñ D A B ÿ Ô�Ê�ÅTx£Å Ñ A B f �� ÔÈÓ~Å�ÆTx£ËVÖ�Ó~Ê�ËTx£Ë Ñ ]_S~x�A�Ð7ÔÈÓ~Åz�Tx:�VÖ�Ó�XaÅTx:� Ñ ]_S~xdA)\[ÔÈÓ^�z�Tx àÑ A D f<�6� Ô
` ² H ¹ba S^�Ö�Z Ñ ²�ÔwÉ Å�Å�ûTx£ËVÖNÅ�Ê�ËTx£Ë Ñ Ó~Ë�ËVÔuitg �dc l ^�?B>)k�Swe7z�KcMN>�MNp»DGFI^nH0K@>�DGS
ûz�
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0}µ�´Oµ�  ým:�À�¾�ÀzñnÕ"=>0�ÅÖ¾�ÂnØe0sÔ�ÅsÁ&ÕRD�ï Ñ¥À÷îcî

H3CO CH2Br

Ó�Ó�x X à U Ñ û�Ê�^�^;MNA�Ô���FI?OKc]_ABiVMNX0MNA:{|DGS�JIDGFÄ?BFÈÇ à Ë�^;�5d!MNABH0MNA�]_HT��Ëöõ1V UVDGi�jIXIAB>Gr üwvyx º ]_Z[HÄ{|DGS�JIDGF
Ay]_FIUVKc]_^ Ó�Ó�xBÓ^�LU Ñ ÊTx£Æ-^;�R��X0Ó�^�^;MNA�Ô�moX0M�K@pIX0MNS@>@S@?BCIS�MN^�?OJ UVDG>@S�MNpT��>~x�ÜRKQ{�?BS�JßDG?BF0D�X�]_ABCED
=:>@HIF0JID�C»DG?)Ë õ V HIF0JdZ[{|DG?/=:>@HIF0JIDGF C»DG?�Å à õ V UVDGS@jIXIS@>~��{|MNCEDG?)K@?ObcXdpIX0M�K@pIX0MNS@?BUVDÍ=TÙ_HIS�D
]_C0K�DG>@Z[>~x º ?ODÈÐ)D~]_i�>@?OMNFÒ{�?BS�JÍ^�?B>�Ó à ËQ^;��Ä�]NK�K�DGS�]_CIUVDGCIS�M�b�X0DGF��!JT?OD"MNS@Ua]_FI?OKcb�X0D;moX�]NKcDÈ^�?B>
UVD[KcÙ_>@>@?BU�>�DGS �/]_>@S@?BHI^�X:q�JTS�MNUVDGF0b~]_S@CEMNF�]_>@AOY�K@HIFIU�HIF0JbÄ�]NK�K�DGS�F0DGHI>@Sc]_A:UVDG{�]NK�bcX0DGF�x�ÜRK�{�?BS�J�jICEDGS
gÍ]_U�F0D[K@?BHI^;K@HIAf��]_>.UVDG>@S�M�b�i�F0DG>)HIF0J�J0]NK)��Y�K@HIFIUVK@^�?B>@>�DGA�?B^4P�]_i�HIHI^ DGF:>w��DGS@F:>~x
��H0K@CEDGHI>�D�Û�Ó à x XaÊÈU Ñ Æ�Å�²�Ô�CIScÙ_HIFIAB?ObcX0D[Kn#�A!]_HT��U�S@HIF0J��VMNFíZ»DGS�KcDG>@Z[HIFIU0x

0}µ�´Oµ�¡ ´_7�ý97101:C.§Á$ï¡½sÁ?Õ�½ÖÕ"=>0�ÅF¾sÂnØe0sÔ�ÅsÁ&Õ�DWï ÑÛõbî[î

H7C3O

H7C3O

H7C3O

CH2Br

XaËTx£ËÈU Ñ Ó�XaÅ�^�^;MNA�Ôu��ë)Ú�{|DGS�JIDGF�?BF�DG?BF0DG^ ��?B>�DGS)d�MNABH0MNA�]_HT�oËöõIV UVDGi�jIXIAB>Gr üwvOx º ]_Z[H�{|DGS�JIDGF
Ay]_FIUVKc]_^ Ó~ÆT�£Å�U Ñ Ç�Ó;^�^;MNA�ÔÄmoX0M�K@pIX0MNS@>@S@?BCIS�MN^�?OJ\UVDG>@S�MNpT�$>~x ÜRKÄ{�?BS�JLDG?BF0D�X�]_ABC»D�=:>@HIF0JID;CEDG?
Ë õ V HIF0J�Z[{|DG?�=:>@HIF0JIDGFLC»DG?�Å à õ V UVDGS@jIXIS@>~��{|MNCEDG?|K�?Ob�X�pIX0M�K�pIX0MNS@?BUVDQ=TÙ_HIS�D�]_C0KcDG>@Z[>~x º ?OD
Ð�D~]_i:>@?OMNFW{�?BS�J9^�?B>�Å�Ë�Ëh^;�UÄ�]NKcK�DGS;]_CIUVDGCIS�M:bcX0DGF���JT?OD�MNS@Ua]_FI?OK�bcX0D�moX�]NK�D�^�?B>�UVD[KcÙ_>@>@?BU�>�DGS
��]_>@S@?BHI^�XaqTJTS�MNUVDGF0b~]_S@C»MNF�]_>@AOY�K�HIFIU�HIF0JqÄ�]NK�K�DGS�F0DGHI>@Sc]_A�UVDG{�]NK�b�X0DGF�x0Ü�K�{�?BS�J�jICEDGS�gh]_U�F0D[K�?fe
HI^;K@HIAf��]_>.UVDG>@S�M�b�i�F0DG>.HIF0J�J0]NK.��Y�K@HIFIUVK@^�?B>@>�DGA�?B^ P�]_i:HIHI^ DGF:>w��DGS@F:>~x
��H0K@CEDGHI>�D�Û8X��Tx£ÅÈU Ñ Æ à ²�Ô�CIScÙ_HIFIAB?ObcX0D[Kn#�A�]_HT��U�S@HIF0J��VMNFÙZ»DGS�K�DG>@Z[HIFIU0x

A þ � B f`þ ��rD ÿ i£Ê�X à x£ÅVÇ"U:Ö�^;MNA l
F3GiH ±3¹KJML`¾>N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�Yi pIpI^ l ÉÏÓ�x£ËTÓÕÖ�Ó�x£Ë�Å Ñ >~��Æ � �eA B ÿ Ô.Ó�x ÇNÊVÖ�Ó�x£û�Ë Ñ KwÃ��8� � �eA B f Ô|ÊTx£ÆTÓ Ñ >~�8� � � D A B f ÔOX0x X0Ó Ñ K~�Å � �>A B f �9� Ô|�Tx à � Ñ K~�0Å � Ô
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ¶P²µ¶@k ÿ RES�5i pIpI^ l É Ó~ËTx à � Ñ A B ÿ Ô�Å�ÊTx£ËTÓ Ñ A B f Ô�ÇNËTx:��ÅVÖ�Ç1X0x£Æ�û Ñ D A B f Ô�Ê�X0x à � Ñ A B f �� Ô�Ó~ËVÇ�x à�à Ñ ]_S~x[A Ð Ô

ûVÇ



������éRê�í@ðB÷�ê�ò5ì�ê�����ê�í��»ê�ð��

Ó~Ê�ÅTx à�à Ö�Ó~Ê�ûTx£Ê�ûVÖ�Ó à ÊTxBÓ�Ó Ñ ]_S~x"A \ Ô
` ² H ¹ba S^�Ö�Z Ñ ²�Ô�É¼Ê�XzX0x X:ÖNÊ�X��Tx X Ñ ÇNÆVÔcitg �dc l ��Ë�ûTx£ûVÖ/�TÓ~ËTx£û Ñ ÆTÓÕÔci£ÅNg �dc e7k�S l ��û�ûTx£ûVÖ/��Æ�ËTx£ûVÖ/��Æ�ÅTx Ç Ñ Ó~Ë�ËVÔ
Æ à ÊTxBÓÕÖNÆ à�à x£ËVÖNÆ à Ç�xBÓ Ñ XaËVÔui£ÊNg �dc e7k|S l �zÜwDG{�DG?BAOK�^�?B>)k�Swe7z�KcMN>�MNp»DGFI^nH0K@>�DGS
0�µ¨´OµA·[¢ î�¾sÂxØ�0�Ô�½°ñnÕ�×K½°ñnÕ�Âx×?2FÏ°Á?¾gÑ�ï�¾QÀzñ;0sÔo¾�×1À^¾sÁ*îcõ

CH2P(OEt)2

O

XzX0x:��U Ñ ÊTÓ�^;���:Åz�TÓ.^�^;MNA�Ôo��S@?OK�b�X�JID[K�>@?BABAB?ODGS@>�K�k�DGFIZ[q�ABCIS�MN^�?OJ;HIF0JYXzX0x:��U Ñ X���^;�R��Ê à Ë�^�^;MNA�Ô
d�S@?ODG>@Xaq�ABpIX0M�K@pIXI?B>/{|DGS�JIDGF�?BF�DG?BF0DGS�g�?ObcX�]NDGAB?OK��:�)S@CIHIZ~MÕ�V�:Ð�D~]_i:>@?OMNFhF�]Nb�X à x£ÅTxBÓ�HI^�UVD[K�DG>@Z[>~x
��H0K@CEDGHI>�D�Û à Ç�x Ç\U Ñ ÆVÇz²Q�.��?B>~x°r ì s7vBÛ.Æ�Ë�²�ÔQ� ]_S@CIAOM�K�DP� ABj0K�K�?BU�iVDG?B>�^�?B>�DG?BF0DG^ =:?OD[JIDGpIHIFIi�>��VMNF
Ó~Ë à õ V�ÖNËTx£Ë�Ëz�Yd�MNS@S Ñ ��?B>~x°r ì s�vyÛ�Ó^�VÇne)ÓÕÇ�Ó õ V�ÖNÅ à d!MNS@S�ÔÂx
0�µ¨´OµA·�·£�2ý;:�Àÿ¾QÀzñxÕ>=>0¦ðüGsÁàÅFÕ�Â10�Ô���ÅÖ¾sÂxØe0sÔ�½°ñnÕÖ×�½°ñnÕOÂn×?2°ÏFÁ?¾gÑOï�¾QÀzñ;0sÔo¾g×IÀ^¾sÁ+5)îcõ

CH2P(OEt)2

O

MeO2C

Å à x à U Ñ Ó�Ó�Ó�^�^;MNA�ÔØë9�@g�HIF0J�Å�ËTx XÈU Ñ ÅTÓ/^;�R�»Ó~Å�Ê�^�^;MNA�Ô�d�S@?ODG>@Xaq�ABpIX0M�K@pIXI?B>�{|DGS�JIDGF�?BF�DG?BF0DGS
g�?Ob�X�]NDGAB?OKw�:�)S@CIHIZ~MÕ�V�:Ð�D~]_i:>@?OMNFhF�]Nb�X à x£ÅTxBÓ�HI^�UVD[K�DG>@Z[>Gr ¿wvyx
��]Nb�XÈJIDGS º D[K@>@?BABAy]_>@?OMNF"?B^¤#�ABpIHI^�p»DGF:�N]_i�HIHI^ S�D[K�HIAB>@?ODGS�DGF�ÅVÇ�x X�U Ñ ûz��²Q�_��?B>~x r ì�ì v Û_Æ à ²�Ô»��]_S@CIAOM�K�D
� ABj0K�K�?BU�iVDG?B>.^�?B>)DG?BF0DG^ =:?OD[JIDGpIHIFIi�>.�VMNF�Ó�XzXpõIV�ÖNËTx£Ë�Ë à d�MNS@S~x
A þÑÿ B þ �ED þC¥ i£Å�ûz�Tx£ÅVÇÈU:Ö�^;MNA l UVDÂ�@x�i
² l V à ÊTx£Æ à � �Tx:�TÓ

CEDGS~x�i
² l V à X0x à X � �Tx:��Æ

F3GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES�5i pIpI^ l É ÊTx ÇNû Ñ K~�IÊ � � D A B ÿ Ô/Ó�xBÓ~Ê Ñ >~�Q� � �[A B ÿ Ô|ÊTx£û�ÆVÖNÊTx£ÆTÓ Ñ JQê5�8X � �tÿ?� Ü � ¦ É$ÿ?� ¦¤� ¦ ÉÇ�x£Å � ZV� ¥ D A B f Ô�ÊTx£Ë�Æ Ñ J���Å � �>A B f ¥ Ô.Ç�x£Åz�VÖ�Ç�x£ûVÇ Ñ J��QX � �I�/�@�tk�kn� e�=:q�K�>�DG^�Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES�¢i pIpI^ l É à Ó�x£Æ Ñ D A B ÿ Ô�Ó^�Tx£ÅVÖ�Ó^�Tx£Ê Ñ A B ÿ Ô-��ÅTxBÓÕÖ/��ÅTx£Å Ñ ¥ D A B f Ô.Ê�ÅTx£ÆVÖNÊ�X0x£û Ñ A B f<¥ Ô�Ó~Å�ÆTx Ç�ÖÓ~Å�ÆTx£ûVÖ�Ó~ÊVÇ�x£ËVÖ�Ó~ÊVÇ�x£Å Ñ ]_S~x"A Ð Ô�Ó~Åz�Tx à Ö�Ó~Å�ûTx:�VÖ�Ó~Å�ûTx Ç Ñ ]_S~x"A \ Ô/Ó^�z�Tx Ç Ñ A D f �6� Ô
û�û



�*���Véoê�í@ðB÷�ê�ò»ì�ê�����ê�í+�»ê�ð��

` ² H ¹ba S^�Ö�Z Ñ ²�Ô)É Å�ûz�Tx:� Ñ Ó~Ë�ËVÔuitg �dc l
0}µ�´OµA·g¶¹ý;:�Àÿ¾QÀzñnÕ"=>0�ÅF¾sÂnØe0sÔ¡½FñxÕ�×K½FñxÕ�Âx×32°Ï°Á&¾¦Ñ�ï�¾QÀzñ10�Ôo¾�×1À^¾sÁ�À îcõ

CH2P(OEt)2

O

H3CO

Ó à xBÓÕÇ�U Ñ Ç/�/^�^;MNA�Ô � ë)��HIF0J�Ó~ÊTx£û/U Ñ Ó�X0x£Å/^;�R�Vû�Ê/^�^;MNA�Ô�d�S@?ODG>@X:q:ABpIX0M�K�pIXI?B>�{|DGS�JIDGF�?BF;DG?BF0DGS
g�?Ob�X�]NDGAB?OK��:��S@CIHIZ~M~�a�:Ð)D~]_i�>@?OMNFhF�]Nb�X à x£ÅTxBÓ�HI^�UVD[KcDG>@Z[>~x
��H0K@CEDGHI>�D�Û�Ó à x XaÊÈU Ñ Æz��²�Ô�X0DGABABUVDGABCED[K�#�A�x

A þ�f B þ �|D û ¥ i£Å à ûTx£Å à U:Ö�^;MNA l UVDÂ�wxÖi
² l V à�à x£û�Ë � Ç�x XaÅ
C»DGS~xÖi
² l V à�à x£ûTÓ � Ç�x XaÅ

F GiH ±3¹KJML��[N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�5i pIpI^ l É ÊTx ÇNÊ Ñ K~�IÊ � � D A B ÿ Ô/Ó�x£ÅTÓ Ñ >~�8� � �[A B ÿ Ô�ÊTx£Æ�X:ÖNÊTx£ÆVÇ Ñ JQê»�8X � � ÿ � Ü � ¦ É ÿ � ¦�� ¦ ÉÇ�x£Ê � ZV� ¥ D A B f Ô�ÊTx£Ë à Ñ J���Å � �>A B fV¥ Ô|�Tx£ûTÓÕÖ�Ç�xBÓ~û Ñ ^��QX � �I���§�tk�kn� e�=:q�K@>�DG^�Ô
FYU ¶ H ±3¹KJWL�Z[N�¹ GPO	Q ¶P²µ¶@k ÿ RES�Pi pIpI^ l É à�à x£Å Ñ D A B ÿ Ô�Ó^�Tx X Ñ A B ÿ Ô§��ÅTxBÓ Ñ ¥ D A B f ÔÄÊTÓ�x X Ñ A B fV¥ Ô;Ó�Ó~ÊTx£ÆVÖ�Ó~Ê�ËTx£û Ñ ]_S~xTA�Ð7Ô
Ó~Å�ÆTx Ç�Ö�Ó à ûTx:� Ñ ]_S~x"A \ Ô
` ² H ¹ba S^�Ö�Z Ñ ²�Ô)É Å à ûTx à Ñ Ó~Ë�ËVÔuitg �dc l à ÓÕÇ�xBÓ Ñ ÓÕÔ
0}µ�´OµA·g´ ´87�ý9710;:<.bÁ�ï�½sÁ&Õ�½FÕ>=>0EÅÖ¾sÂxØ�0�Ô�½°ñnÕ�×K½°ñnÕ�Âx×?2FÏ°Á?¾gÑ�ï�¾QÀzñ;0sÔo¾�×1À^¾sÁ*õ§îcõ

CH2P(OEt)2

O

H7C3O

H7C3O

H7C3O

XaÅTx X U Ñ Ó~Å�Ê ^�^;MNA�ÔÅ��ëØëlHIF0J Å�ÅTx:� U Ñ Ó~Êz� ^�^;MNA�ÔPd�S@?ODG>@Xaq�ABpIX0M�K@pIXI?B>L{�DGS�JIDGFÏ?BFÏDG?BF0DGS
g�?Ob�X�]NDGAB?OK��:��S@CIHIZ~M~�a�:Ð)D~]_i�>@?OMNFhF�]Nb�X à x£ÅTxBÓ�HI^�UVD[KcDG>@Z[>~x

û�Æ
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��H0K@CEDGHI>�D�Û8XaûTx£ÆÈU Ñ Æ�Æ�²Q�0��?B>~x°r üwvOÛ8XzXK²�Ô�X0DGABABUVDGABC»Dy� ABj0K�K@?BU�iVDG?B>~x

A f ú B ÿ`þ D � ¥ i XaË�ÅTx X���U:Ö�^;MNA l UVDÂ�@x�i
² l V à ÆTx£Æ�Ë � ûTx Ç/�
CEDGS~x�i
² l V à ÆTx:��Æ � ûTx Ç�Ç

F3GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES�Yi pIpI^ l ÉÓ�x£Ë�Ë Ñ >~��Æ � �eA B ÿ Ô.Ó�x Ç�ÓÕÖ�Ó�x Ç/� Ñ K@ÃE��� � �eA B f Ô|ÊTx£û�ûVÖNÊTx£Æ�Ë Ñ >~��� � � D A B f Ô.Ó�x£Å�Å Ñ >~�� � �>A B ÿ Ô�ÊTx£Æ�Æ Ñ ^��QX � � ¥ D A B f Ô�ÊTx£Ë�Ê Ñ J���Å � �>A B f<¥ Ôw�Tx X:Ç Ñ J���Å � Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES�Åi pIpI^ l É Ó~ËTx à Ñ A B ÿ ÔÈÅ�ÅTx Ç�ÖNÅ�ÊTx X:ÖNÅ�ÊTx à Ñ A B f Ô;ÇNËTx:�VÖ�Ç1X0x£ÆVÖ�Ç à x£Ë Ñ D A B f Ô�Ó^�Tx£ÊVÖ�Ó^�Tx X Ñ A B ÿ Ô��ÅTx£ËVÖ/��ÅTxBÓ Ñ ¥ D A B f Ô�Ê�ÊTx£û Ñ A B fC¥ Ô�Ó~Ë�ûTx X:Ö�Ó~Ë�ûTx à Ñ ]_S~x)A�Ð�Ô�Ó~Ëz�Tx£ÆVÖ�Ó~Åz�Tx£ÊVÖ�Ó~Åz�Tx X:Ö�Ó à ÅTx£ÆVÖ�Ó à ÊTx£Ë
Ñ ]_S~x1A)\GÔ
` ² H ¹ba S^�Ö�Z Ñ ²�ÔwÉÛXaË�ÅTx:� Ñ Ó~Ë�ËVÔuitg �dc l
0�µ¨´OµA·Qý©¨ª:«�2ý;:/îyÁ?ÕRDÅ½Fñx¾sÂ;0sÔ��z½°ñ¦ÀzñHG°Ô¨ï�D�ï Ñ îcõ§Ò

N

O

O

Br

�Tx£û\U Ñ à ûL^�^;MNA�ÔQmoX:>@X�]_AOKcÙ_HIS�D~]_FIXaqTJTS@?OJ
{�DGS�JIDGF ?B^+Å�Å�ËFõIV X0DG? �VDGFK#�ABC�]NJ UVD[K�b�XI^;MNABZ~DGF�x
º ]_Z[Hn{|DGS�JIDGF�]_HT�IDG?BFI^�]_A à x£Ë�U Ñ Å�Æ�^�^;MNA�ÔxXNe7k�S�MN^�]_FI?BAB?BF"UVDGUVDGC»DGF�x��/]NbcXnDG?BF0DGS!X�]_ABC»DGF�=:>@HIF0JID
{�?BS�J�]_CIUVDGi:jIXIAB>.HIF0J�?BF�{|DGFI?BUYd!MNABH0MNA�UVDGAOY�K@>~x
��]Nb�X9KcÙ_HIAODGF0bcXIS�MN^�]_>�MNU�Sc]_pIXI?OK�b�X0DGSQÐ)DG?BFI?BU�HIFIU Ñ S�?OD[K�DGABUVDGA���Ó~Ë�ÃdÓ~Ë�bG^��Fd!MNABH0MNA�Ô�S�D[K�HIAB>@?ODGS�DGF
ûTx Ç�Ç�U Ñ êaH�]_F:>~x Ô�X0DGABABCEDG?BUVDGS*�0D[K@>�K@>�M_� ^�?B>"DG?BF0DG^ =:HICIAB?B^�]_>@?OMNF0K@pIHIFIi�>��VMNFßÓ~Æ�û�õ^V Ñ ��?B>~x°r Ì�_wvOÛ
Å�Ë�ÊÈe|Å�Ë�X õ V�ÔÂx
A þ û B¬�<���iD f i£Ê�Ë�ÅTxBÓ~Å�U:Ö�^;MNA l UVDÂ�@x�i
² l V à X0x à Ç � ÅTx£Æ�Æ �÷X0x:��Ë

CEDGS~x�i
² l V à�à x:�z� � ÅTx:�VÇ �÷X0x:��X

F GIH ±³¹KJML��[N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES�qi pIpI^ l É Ç�x£Ê�X:Ö�Ç�x:��Å Ñ J��QX � �I���§�tk�k�� e�=:qTK@>�DG^�Ô.Ç�x£û�ËVÖ�Ç�x£Æ�Ê Ñ ^��8X � �ImoXa>@X�]_AB?B^�?OJ�Ô

Æ�Ë
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FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ¶P²µ¶@k ÿ RES�Ti pIpI^ l É4Ó~ÅTÓ�x£û Ñ A�\ ���� Ô�Ó~Å�ÊTx£ÆVÖ�Ó~ÅVÇ�x£ÆVÖ�Ó~Ê�ÅTx£ÊVÖ�Ó~Ê�X0x:� Ñ ]_S~x;A�Ð7ÔÄÓ~ÊTÓ�x:�VÖ�Ó^�z�Tx£Æ Ñ ]_S~x;A)\[Ô�ÅTÓ~ÅTxBÓ
Ñ V-É���Ô
·<J®L-¯ � q RES°± itbG^cë s l É Ê�Ë�XaË Ñ ±«² ý ¦ Ô�ÓÕÇ�Ç à Ñ ± Ûl³ ² ý U ý ² ³�Û Ô.ÓÕÇNÊ�Ë;Ó^��Æ à Ñ ± Ûl³ ² ý U ý ² ³�Û Ô.Ó à û�Ë;Ó�X:Ç à Ó�Ó�Ó àÓ~ËVÇ à Ó~Ëz� à ÑC´�µ?¶ ¾�e�Ú�DGS@j0K@>�K�bcXa{�?BFIU�HIFIU:Ô)Ó~Ë�Ë à û�û�Ë�û�X à û�Ê�Ë Ñx· ² ý ¦ ø þ � û ÔoÇNû à Ç�Ó~Ë Ñx· ² ý ¦ ø þ � f Ô
` ² H ¹ba S^�Ö�Z Ñ ²�Ô)É Ê�ËTÓ�x à ÖNÊ�Ë�ÊTx à Ñ Ó~Ë�ËVÔuitg �dc l �Ik|Swe7z�K�MN>�MNpEDGFI^ÄH0K@>�DGS
0}µ�´OµA·#0¸¨ª:��2ý;:/¸ Õ�ÑO½°ñn¾�Â10sÔ��z½FñnÀzñÝG°Ô�ï�D�ï�Ñ÷¸"õ§Ò

N

O

O

I

Ó~Ë)U Ñ ��û)^�^;MNA�Ô�moXa>@X�]_AOKcÙ_HIS�D~]_FIX:q�JTS@?OJ�{|DGS�JIDGFÈUVD[K�bcXI^;MNABZ~DGF�x º ]_Z[H"{|DGS�JIDGF;]_HT��DG?BFI^�]_A8X0x£Ê�û)U
Ñ Å�Ë�^�^;MNA�Ô�XNe7z�M�J0]_FI?BAB?BF;UVDGUVDGCEDGF�xV�/]NbcX�DG?BF0DGSRX�]_ABCEDGFQ=:>@HIF0JID.{�?BS�J�]_CIUVDGi:jIXIAB>~��?BFQÅ�Ë�Ë/^;� d�M_e
ABH0MNA:UVDGAOY�K@>!HIF0JÄ^�?B> Ê�Ë�Ë)^;��UVD[K�Ù_>@>@?BU�>�DGS � q�JTS�MNUVDGF0b~]_S@CEMNF�]_>@AOY�K@HIFIU���?ODGS�=:>@HIF0JIDGF�]_H0K@UVDGiVM:bcXa>~x
º ]_FIF�{�?BS�J�F0DGHI>@Sc]_A�UVDG{�]NK�bcX0DGF��0jICEDGS)gh]_U�F0D[K�?BHI^;K@HIAf� ]_>)UVDG>@S�M:bci:F0DG>.HIF0J�J0]NK.��Y�K@HIFIUVK@^�?B>@>�DGA
?B^4P�]_i�HIHI^ DGF:>w��DGS@F:>~x
ÜRKdS�D[K@HIAB>@?ODGS�DGF �Tx£Å�X U Ñ û�Æ�²�Ô9X0DGABABCEDG?BUVDGSÈ�0D[K�>�K@>�M_� ^�?B>dDG?BF0DG^ =:HICIAB?B^�]_>@?OMNF0K@pIHIFIi�>ß�VMNF
Å�Ê�ÅFõIV Ñ ��?B>~x°r Ì�_wvyÛ0Å�ÅVÇne|Å�Å�ûFõIV�ÔÂx
A þ û B �<¹ ID f i£Ê�XaÆTxBÓ~Å�U:Ö�^;MNA l UVDÂ�wxÖi
² l VÈXaûTx£Åz� � ÅTx£Å�Æ � ÊTx£Æ�û

C»DGS~xÖi
² l VÈXaûTx X�� � ÅTx£ÊTÓ �ÛX0x£ËTÓ

F3GiH ±3¹KJML`¾>N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�qi pIpI^ l ÉÇ�x£ÅTÓÕÖ�Ç�x£ûTÓ Ñ J��QX � �I�/�§�tk�kn� e�=:qTK@>�DG^�Ô.Ç�x ÇNûVÖ�Ç�x£Æ�Ê Ñ ^��8X � �ImRXa>@X�]_AB?B^�?OJ�Ô
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ²³¹ba=´ H w �|RES�Åi pIpI^ l É&Æ�X0xBÓ Ñ A)\ � ¹ Ô�Ó~Å�ÊTx:�VÖ�Ó~Å�ÆTx à Ö�Ó~Ê�X0x£ÆVÖ�Ó~ÊVÇ�x£û Ñ ]_S~x�A�Ð7Ô�Ó~ÊTÓ�x:�VÖNÊTÓ~ÊTx£û Ñ ]_S~xA�\GÔ�Ó^�z�Tx£û
Ñ V-É���Ô
·<J®L-¯ � q RES°± itbG^ ë s l É Å�ÆTÓ~Ë Ñ ±«² ý ¦ Ô�ÓÕÇ�ÇNË Ñ ± Ûl³ ² ý U ý ² ³�Û Ô.ÓÕÇNÊ�Ë;ÓÕÇNË�Ë Ñ ± Ûl³ ² ý U ý ² ³�Û Ô.Ó�Xaû�Ë;Ó~Ê�û�Ë�Ó�Ó~Å�ËÓ�Ó~Ë à Ó~Ë�Æ à Ó~Ë�û�Ë�Ó~Ë à�à ÑC´�µ3º e�Ú�DGS@j0K@>�K�bcXa{�?BFIU�HIFIU:Ô�Ó~Ë�Ë à û�û�Ë"û à ËnûTÓ~Ë Ñx· ² ý ¦ ø þ � û Ô|ÇNÅ�Ë Ñx· ² ý ¦ø þ � f Ô

ÆTÓ
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` ² H ¹ba S^�Ö�Z Ñ ²�ÔwÉ Ê�XaûTx£Æ Ñ Ó~Ë�ËVÔuitg �dc l

 �¼» �y��'���,.���»� (����U�;½��a���n��#76�8���'.�

0�µ�ý�µA·¾��¿��<:2ým:�À�¾�Àzñ10sÔ�×IÀ/ï�Ô ÅÖ¾�Â~ÀÈ¼

Me

à U Ñ Ó~Å à ^�^;MNA�ÔwSÄ� � {|DGS�JIDGF�� DG?BF�UVDG^;YNS�K�DGS@>�?BF XaËÈ^;� º gÙ�9HIF0JeXYd�S�MNpT� DGFh��AB?¨ê:H�]_>�Ê�Êz�
K�H0K@p»DGF0JT?ODGS@>Gr ü�vyx º ?OD���Y�K@HIFIU�{�?BS�J�DGFa>@Ua]NK�>~x º ]_Z[HÈ{�DGS�JIDGF�HIFa>�DGS|=�b�X:HI>@Z[Ua]NK à x Ç à U Ñ Å à x£Å�^�^;MNA�ÔëÊ�ÒHIF0J�ÊTx£Ë�U Ñ Å à x£ËÄ^�^;MNA�ÔRó5e�d�MNABHIq�Ay]_AOJIDGXaqTJ�?BFÍÓ~Å�^;� º gí� Ñ DGCEDGFT� ]_ABAOK�DGF:>@Ua]NK@>�Ô�?BFIF0DGS@X�]_ABC
DG?BF0DGS|X�]_ABC»DGF�=:>@HIF0JID.HIF:>�DGS�Üo?OK�i:jIXIABHIFIUnZ[HIUVDG>@S�MNpT�$>~x º ?OD)��Y�K@HIFIUÄ� Ù_S@CI>|K@?Ob�XQJ0]_C»DG?»MNSc]_FIUVDGS�MN>~x
Ü�K�{�?BS�JÍ]_HT��Å à õIV3DGS@{�Ù_S@^Ä>�HIF0J�Z[{|YNAf�.=:>@HIF0JIDGFhHIF:>�DGSÄ=�b�XaHI>@Z[Ua]NK�UVDGS@jIXIS@>~xsZ5HIS���HT� ]_S@CEDG?fe
>@HIFIUQ{�?BS�J�]_HT��ÜR?OK)UVDGUVDGCEDGF��0^�?B> à Ë�^;��d�MNABH0MNA�DÂÃ�>@Sc]_XI?ODGS@>~�»^�?B>�Å à ^;�WÄ�]NK�K�DGS)UVDG{�]NK�b�X0DGF��
jICEDGS�gh]_U�F0D[K@?BHI^;K�HIAf� ]_>/UVDG>@S�M:bci:F0DG>/HIF0JhJ0]NK���Y�K�HIFIUVK@^�?B>@>�DGA�?B^ P�]_i�HIHI^ DGF:>w��DGS@F:>~x º DGS/S�YN>we
AB?ObcX0DÄÐ)j0b�iTK@>c]_F0J�{�?BS�J�]_H0K)Ê�ËÈ^;�LÜo>@X�]_F0MNA�HI^�i�S@?OK@>c]_ABAB?OK@?ODGS@>~x
Ü�K�S�D[K@HIAB>@?ODGS�DGFßÅTx à Ó�U Ñ à Å�²�ÔÈK�b�XI?BAOJTp�]_>@>w��]_S@CEDGF0D�moAyÙ_>@>�bcX0DGFd^�?B>�DG?BF0DG^ =�bcXI^;DGABZ[pIHIFIi:>��VMNF
Ó�ÓÕÇ õ V Ñ ��?B>~x r ì _wv Û�Ó�ÓÕÇ õ V�ÔÂx
A þÑþ B þ û iBÓ~Æ�X0x£ÅVÇ"U:Ö�^;MNA l UVDÂ�@x�i
² l V Æ�ÅTx Ç�Ç � Ç�x£Ê�û

CEDGS~x�i
² l V Æ�ÅTx Ç1X � Ç�x£Åz�

F GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES� i pIpI^ l ÉÏÅTx£Ê�û Ñ K~�»Ê � �1A B ÿ Ô�Ç�x£Ë�ÆVÖ�Ç�xBÓ~Ë Ñ J��EÅ � �&ÿ3�ÿÉ4Ó^�Tx à � ZV� º C�x Ô�Ç�x à Å Ñ J��EÅ � ��M_e � Ô
Ç�x£ÊVÇ Ñ >~��Å � �T^Èe � Ô�Ç�x£Åz� Ñ >~��Ó � �TpTe � Ô.Ç�xBÓ~ÆVÖ�Ç�x XaÊ Ñ J���û � �I���§�tk�kn� e�=:q�K@>�DG^�Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES� i pIpI^ l É ÅTÓ�x£Ê Ñ A B ÿ ÔÍÓ~Åz�Tx X:Ö�Ó~Åz�Tx à Ö�Ó~ÅVÇ�x X:Ö�Ó~Å�ûTx:�VÖ�Ó~Å�ûTx Ç�Ö�Ó~Å�ÆIx X Ñ ]_S~x�HIF0J º C�x e�A Ð ÔÒÓ~ÅVÇ�x Ç�Ö
Ó~Ê�X0x:�VÖ�Ó~ÊVÇ�x à Ñ ]_S~x"A)\[Ô
·<JWL-¯ � q RES°± itbG^cë s l É Ê�ËTÓ~ËVÖNÅ�Æ�Ë�ËVÖNÅ�û�XaË Ñ ±«² ý ¦ ÔoÓ à û à Ö�Ó à ÇNËVÖ�Ó à Ë�Ë Ñ ±«² ³ ² ��S~x ÔoÓ�Xaû�ËnÓ�XzXaË Ñ � Þ Ï � ² ý ¦ V � ÿ ÔÓ~ÊVÇNË Ñ �vÏ � ² ý ¦ V � ÿ Ô�Ó~Å�Æ à Ó~Å à Ë�Ó~Å�Ë à Ó�ÓÕÇNË;Æz� à Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô.ûTÓ~Ë Ñx· ² ý ¦ ø þ � û Ô�Ç1X à Ö�ÇNË�ËM�JIDGSÊ��Æ�Ë Ñx· ² ý ¦ ø þ Ô
À · H ¹¤a S�^�Ö�Z Ñ ²�ÔcÉ`Ó~Æ�X0xBÓ Ñ Ó~Ë�ËVÔqitg �dc l ÓÕÇNÆTx£Å Ñ Æz�VÔ5i =aecÓ l ÓÕÇNûTx£Ë Ñ X��VÔ5i =ae�Å l Ó^� à xBÓ Ñ �VÔ5i øÈÓ l
Ó à ÅTx£Ë Ñ ûVÔui ø�Å l

Æ�Å
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0}µ ý�µ¨¶Á�«¿��<:2ý;:«��´87�ý9710;:<.bÁ�ï�½sÁ&Õ�½FÕ>=>0g×IÀV0sÁ�0�Ô���À^Õ�Ô�ÏxÕ�Ô-õPÀô¼

Me

H7C3O

H7C3O

H7C3O

º ?OD�Ä ?B>@>@?BU_� � MNS@F0DGS��:Ð)D~]_i�>@?OMNF;F�]NbcX à x£ÅTx£ÅTxBÓ�{�?BS�JÈ^�?B>RÅTx£Êz��U Ñ ÅTÓ�^�^;MNA�Ô°S�]_AB?BHI^Èec½('Â¾Â½�e�CIHI>�q:Ay]_>
?BF Ç à ^;� d � � HIF0J à x£ûTÓ�U Ñ Ó�X�^�^;MNA�ÔY��ë)� HIF0JßÓ�x£û�Ë�U Ñ Ó à ^�^;MNA�Ô ó»e�d�MNABHIq�Ay]_AOJIDGXaqTJ\?BF
X à ^;�Wd � �9JTHIS�bcXIUVDÂ�$jIXIS@>~x5�)F0K�bcXIAB?OD��VDGF0J�{�?BS�J�]_H0K)m!DG>@S�MNAODG>@X0DGS/HI^�i:S@?OK�>c]_ABAB?OK@?ODGS@>~x
��H0K@CEDGHI>�D�Û8X0x£Ë�X;U Ñ ÇNû�²�Ô�X0DGABABUVDGABCEDGS)�0D[K@>�K�>�M_�h^�?B>)DG?BF0DG^3=�b�XI^;DGABZ[pIHIFIi�>��VMNFÙ��Æöõ1V/x
A f û B ÿ�f D ÿ i£Êz��ûTx à Ó�U:Ö�^;MNA l UVDÂ�wxÖi
² l V Ç�Ç�x ÇNÅ � ûTx£Ê�Æ

C»DGS~xÖi
² l V ÇNûTx£Å�Å � ûTx Ç à

F3GiH ±3¹KJML`¾>N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�Yi pIpI^ l É Ó�x£Ë�ÊVÖ�Ó�x£Ë�X Ñ >~��Æ � �	A B ÿ Ô.Ó�x Ç/�VÖ�Ó�x£û�Ê Ñ KwÃ��K� � �	A B f Ô�ÅTx£Ê�X Ñ K~�TÊ � �eA B ÿ Ô�ÊTx£Æ�ÅVÖNÊTx£Æ�ûÑ >~�s� � � D A B f Ô)�Tx£Æ�Ê Ñ ÅNJ���Å � �Ýÿ3� Ð Ò ÞÂ� Ï É Ó^�Tx à � ZV� º C�x Ô��Tx:��Æ Ñ K~��Å � Ô/Ç�xBÓ�X:Ö�Ç�x£ÊVÇ Ñ J��¦X � �
�/�@�tk�kn� e�=:qTK@>�DG^�Ô
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ¶P²µ¶@k ÿ RES�*i pIpI^ l É Ó~ËTx:�VÖNÅTÓ�x£Å Ñ A B ÿ ÔRÅ�ÅVÇ�ÖNÅ�ÊTx à Ñ A B f Ô�ÇNËTx Ç�Ö�Ç à xBÓ Ñ D A B f Ô.Ó~Ë à x£ÅVÖ�Ó~Åz�Tx£ÊVÖ�Ó~ÅVÇ�x:�VÖ�Ó~Å�ÆTx X:ÖÓ~Ê�ÅTx Ç Ñ ]_S~x0HIF0J º C�x e�A�Ð7Ô�Ó~Ê�ËTx£ÅVÖ�Ó~Ê�X0x:�VÖ�Ó~ÊVÇ�x£ÊVÖ�Ó~Ê�ûTx£ÅVÖ�Ó à ÊTx£Å Ñ ]_S~x"A)\[Ô
·<J®L-¯ � q RES°± itbG^cë s l É Ê�ËTÓ~ËVÖNÅ�Æz� à ÖNÅ�ûVÇNû Ñ ±«² ý ¦ Ô\Ó à û�ËVÖ�Ó à Ë�Ê Ñ ±«² ³ ² �)S~x Ô\Ó�X:ÇNÅVÖ�Ó�XaÊ�Å Ñ � ² ý ¦ ÔWÓ~Ê�ûz�
Ñ �vÏ � ² ¦vÃ Ô)Ó~Ê�Ê�û�Ó~ÊTÓ~ûQÓ~Å�Ê�ûVÖ�Ó�Ó~Å�Å Ñ ±«² ý Û ��Swe��)e7Ð/Ô�Ó~Ëz��ÊÈÆ�Æ�ûÈÆz��Ë Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô�û�Å à Ñx· ² ý ¦ø þ � û Ô�û�ËTÓ Ñx· ² ý ¦ ø þ � ÿ Ô�Ç1Xaû�Ç�Ó~Ë Ñ~Ä ² ¦dÅ Ô-��Æ�Ë*�z�z�Y��Å à;à Ë�ûcXzX à XaÊ�Å
À · H ¹¤a S^�Ö�Z Ñ ²�Ô§É�Êz��ûTxBÓ Ñ Ó~Ë�ËVÔ�itg �dc l Ê�Åz�TxBÓ Ñ à ÆVÔ*itg�e&V ÿ � � l Å�X0Ó�x£Å Ñ ÆVÔ;Ó~Æ�X0x£Æ Ñ Ê à ÔcitgÒ= l Ó~û�ËTx£û Ñ X:Ô
i =C�"Ó l ÓÕÇ�Ç�x£û Ñ X:Ôui =ae�Å l Ó^��X0x£û Ñ ûVÔui øÈÓ l Ó à Ó�x£û Ñ Ó~ÊVÔui ø�Å l

Æ�Ê
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CHO

º ?OD�Äß?B>@>@?BU_� � MNS@F0DGS��:Ð�D~]_i:>@?OMNF;F�]NbcX à x£ÅTx£ÅTxBÓ�{�?BS�JÈ^�?B>oÊTx:� à U Ñ Ê�Ê�^�^;MNA�Ô°S�]_AB?BHI^Èec½('Â¾G½7e�CIHI>�q:Ay]_>
?BF�Ç à ^;�íd � �ÍHIF0J�ÊTx£Ëz��U Ñ Ó~ÊTx Xn^�^;MNA�Ô�ë)�ÍHIF0J�ÅTx£Æ�Æ�U Ñ Ó�X0x Xn^�^;MNA�ÔOd!DGS�DGpIXa>@X�]_AOJT?y]_AOJIDGXaqTJ�e
^;MNF0M�JT?ODG>@Xaq�Ay]Nb[DG>c]_A»?BF�X à ^;� d � �ÒJTHIS�b�XIUVDÂ��jIXIS@>~x º ?OD.��b[DG>c]_AOK@p�]_AB>@HIFIU à x£ÅTx£Ê�{�?BS�J�?BF�Ê�Ë�Ë�^;�
V|XIAOMNS�M_� MNS@^ JTHIS�bcXIUVDÂ�$jIXIS@>~x
��H0K@CEDGHI>�D�Û�ÅTx Ç1X�U Ñ Æ�û�²�Ô�UVDGABCEDGSb�0D[K@>�K�>�M_� ^�?B>nDG?BF0DG^ =�bcXI^;DGABZ[pIHIFIi:>"�VMNF Ó�Ó~Å�õ^V Ñ ��?B>~x°r ì `�vOÛ
Ó�Ó~ËÈe)Ó�Ó~Å õ V�ÔÂx
A þÑþ B þ�f D i£Å�Ë�ûTx£Å à U:Ö�^;MNA l UVDÂ�@x�i
² l V ûz�Tx à Ó � à x£û�Å

CEDGS~x�i
² l V ûz�Tx à Ó � à x£ûTÓ

F GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES� i pIpI^ l ÉÎÇ�xBÓ~ÊVÖ�Ç�x£Å�X Ñ J��»Å � � ÿ ��É Ó^�Tx X � ZV� º C�x Ô�Ç�x à Ê Ñ J��»Å � �5M_e � Ô�Ç�x£Ê�û Ñ >~�EÅ � �0^Èe � Ô
Ç�x£Ê�Å Ñ >~��Ó � �TpTe � Ô�Ç�x:��ÅVÖ�Ç�x£û à Ñ J��5û � �I�/�@�tk�kn� e�=:qTK@>�DG^�Ô�ÆTx£ÆVÇ Ñ K~��Ó � �>A BID Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES�Yi pIpI^ l É Ó~Åz�Tx£ÆVÖ�Ó~ÅVÇ�x£ÊVÖ�Ó~Å�ûTx à Ö�Ó~Å�ûTx£ûVÖ�Ó~Ê�ËTx£ÅVÖ�Ó~Ê�ÅTx£Å Ñ ]_S~x�HIF0J º C�x e�A�Ð�Ô�Ó~Ê à x£ÊVÖ�Ó~Êz�Tx à Ö�Ó�XaÊTx X Ñ ]_S~x
A�\GÔ/Ó~ÆTÓ�x:� Ñ A BiD Ô
·<JWL-¯ � q RES°± itbG^ ë s l É Ê�Ë�Å�ËVÖNÅ�û�Å�ËVÖNÅVÇNÊ�Ë Ñ ±«² ý ¦ ÔoÓ^��Æ�Ë Ñ ±«² ³�Û ÔoÓ^�TÓ à Ñ ±«² ³ ² º C�x ÔRÓ à Æ�ËVÖ�Ó à�à ËVÖ�Ó à Ê à Ñ ±«² ³ ²��S~x Ô�Ó�Xaû�Ë�Ó~Ê�Æ�Ë�Ó~Å�Ë�Ë�Ó�Ó^��ËÄÆVÇNË Ñx· ² ¦ >@Sc]_F0Kwe º C�x ÔoÆ à ËÄûVÇNË�û�Ê�ËÄû�Å�Ë Ñx· ² ý ¦ ø þ � û Ôoû�Ë�ËnÇ/��ËVÖ�Ç�Ó~ËM�JIDGSÊ��Æ�Ë Ñx· ² ý ¦ ø þ Ô
À · H ¹¤a S ^�Ö�Z Ñ ²�Ô�É¼Å�Ë�ûTxBÓ Ñ Ç1X:Ôyitg �dc l Ó~Æ�X0x£Ë Ñ Æ�ËVÔ[itgÒ= l ÓÕÇNÆTx£Ë Ñ XaûVÔ[i =aecÓ l ÓÕÇ�Ç�x£û Ñ Ó~Ë�ËVÔ[i =ae�Å l
Ó^��X0x£û Ñ X:Ôui ø"Ó l Ó à Ó�x£Æ Ñ �VÔui ø�Å l

Æ�X



�*���Véoê�í@ðB÷�ê�ò»ì�ê�����ê�í+�»ê�ð��

0}µ ý�µ�ý®�«¿��<:2ý;:«�2ý;:�Àÿ¾QÀzñnÕ"=>0�×1ÀY0�Á�0sÔ���ÅÖ¾sÂxØtG°Ô�ÑÖ¾sñ;0gÑ Àô¼)ö

H3CO

CHO

º ?OD�Ä ?B>@>@?BU_� � MNS@F0DGS��:Ð)D~]_i�>@?OMNF;F�]NbcX à x£ÅTx£ÅTxBÓ�{�?BS�JÈ^�?B>RÊTx£Æ�Æ�U Ñ Ê à ^�^;MNA�Ô°S�]_AB?BHI^Èec½('Â¾Â½�e�CIHI>�q:Ay]_>
?BF�ÇNËÈ^;�Wd � �\HIF0J�ÊTx:��ÅÈU Ñ Ó�X�^�^;MNA�Ô � ëÊ�LHIF0J�ÊTx£Å�Å�U Ñ Ó à ^�^;MNA�Ô|d�DGS�DGpIX:>@X�]_AOJT?y]_AOJIDGXaqTJ�e
^;MNF0M�JT?ODG>@Xaq�Ay]Nb[DG>c]_A5?BFYX à ^;� d � �ÒJTHIS�b�XIUVDÂ��jIXIS@>~x º ?OD.��b[DG>c]_AOK@p�]_AB>@HIFIU à x£ÅTx£Ê�{�?BS�J�?BF�Ê�Ë�Ë�^;�
V|XIAOMNS�M_� MNS@^ JTHIS�bcXIUVDÂ�$jIXIS@>~ÿ���]_ABAOKn×GØ�ÁÂ�T=:>@?BABC»DGFh?OK�MNAB?ODGS@>){�?BS�J���{�?BS�J�]_F0K�bcXIAB?OD��VDGF0Jh]_H0KuV|q�bGAOMNX0DÂe
Ã0]_F�HI^�i:S@?OK�>c]_ABAB?OK@?ODGS@>~x
��H0K@CEDGHI>�D�Û�ÅTx£Ê�û�U Ñ û�û�²�Ô�UVDGABCEDGSb�0D[K@>�K@>�M_� ^�?B>"DG?BF0DG^ =�bcXI^;DGABZ[pIHIFIi:>"�VMNF Ó�XaË õ V Ñ ��?B>~x°r ì üwvOÛ
Ó�X��"e)Ó�Xaû�õ^V�ÔÂx
A þ � B þ û D f i£Å�Ê�ûTx£Å�ûÈU:Ö�^;MNA l UVDÂ�wxÖi
² l V û�ËTx:��X � à x£û�Æ

C»DGS~xÖi
² l V û�ËTx:� à � à x£Æ�Å

F3GiH ±3¹KJML��[N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�yi pIpI^ l ÉßÊTx£û�Å Ñ K~��Ê � � D A B ÿ Ô��Tx£Æ�ÆVÖ�Ç�xBÓ~Æ Ñ J��VÅ � ��ÿ?� ÉãÓ^�Tx:� � ZV� º C�x Ô��Tx£Æ�ËVÖ�Ç�x X:Ç�Ö�Ç�x:��ËVÖ�Ç�x£û�Ê
Ñ J���û � �I�/�@�tk�kn� e�=:q�K�>�DG^;DÕÔ�ÆTx£Æz� Ñ K~��Ó � �>A BiD Ô
FYU ¶ H ±3¹KJWL�Z[N�¹ GPO	Q ¶P²µ¶@k ÿ RES��i pIpI^ l É à�à x X Ñ D A B ÿ Ô�Ó�Ó�X0x£ÊVÖ�Ó~Å à x£ÅVÖ�Ó~Åz�Tx:�VÖ�Ó~Å�ûTx£ÊVÖ�Ó~Ê�ËTx£ÅVÖ�Ó~ÊTÓ�x£û Ñ ]_S~x�HIF0J º C�x e�A�Ð�Ô�Ó~Å�ÆTx X:Ö
Ó~Ê à x£ËVÖ�Ó�XaÊTx£ÆVÖ�Ó^��ËTx£Ë Ñ ]_S~x"A)\[Ô/Ó~ÆTÓ�x:� Ñ A BID Ô
·<J®L-¯ � q RES°± itbG^cë s l É Å�Æ�Æ�ËVÖNÅ�û�û�ËVÖNÅ�ûTÓ~Ë Ñ ±«² ý ¦ Ô/Ó^��Å à Ñ ±«² ³�Û Ô/Ó à û à Ö�Ó à ��ËVÖ�Ó à Ë�Ë Ñ ±«² ³ ² ��S~x Ô/Ó�X à Ë�M�JIDGSÓ�XaÅ à Ñ � Þ Ï � ² ¦ ý�ÿ ÔRÓ�XaË à Ñ �vÏ � ² ¦vÃ Ô|Ó~Å�Æ�ËnÓ~Å�XaËVÖ�Ó�ÓÕÇNË Ñ ±«² ý Û �)Swe��)e7Ð�Ô|Ó�Ó~Ë�ËnÓ~Ë�Å à Æ à�à Ñx· ² ¦ >@Sc]_F0K@eº C�x Ô�û�Å à Ñx· ² ý ¦ ø þ � û Ô�Ç à�à ÇNÅ à
À · H ¹¤a S!^�Ö�Z Ñ ²�Ô�É¼Å�Ê�ûTxBÓ Ñ Ó~Ë�ËVÔ[itg �dc l Å�Ë�ÆTx£Ë Ñ Ó~ËVÔ[i = º l Ó~Æ à x£Ë Ñ Ó~ËVÔ[itgÍ= l ÓÕÇNÆTxBÓ Ñ Ó~ÊVÔ[i =aecÓ l
ÓÕÇNûTx£Ë Ñ Ó~ûVÔ�i =ae�Å l Ó^� à x£Ë Ñ Ç�ÓÕÔui øÈÓ l Ó à Ó�x£Æ Ñ Åz�VÔui ø�Å l

Æ à
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H7C3O

H7C3O

H7C3O

CHO

º ?OD�Äß?B>@>@?BU_� � MNS@F0DGS��:Ð�D~]_i:>@?OMNF;F�]NbcX à x£ÅTx£ÅTx£Å/{�?BS�JÈ^�?B>oÊTx£ûVÇ)U Ñ Ê�X�^�^;MNA�Ô°S�]_AB?BHI^Èec½('Â¾G½7e�CIHI>�q:Ay]_>
?BFÒÇ à ^;��d � � HIF0J à x£ûTÓ�U Ñ Ó�X�^�^;MNA�Ôb��ë)�9HIF0J�ÊTxBÓ~Æ;U Ñ Ó à ^�^;MNA�Ôwd!DGS�DGpIXa>@X�]_AOJT?y]_AOJIDGXaqTJ�e
^;MNF0M�JT?ODG>@Xaq�Ay]Nb[DG>c]_A»?BF�X à ^;� d � �ÒJTHIS�b�XIUVDÂ��jIXIS@>~x º ?OD.��b[DG>c]_AOK@p�]_AB>@HIFIU à x£ÅTx£Ê�{�?BS�J�?BF�Ê�Ë�Ë�^;�
V|XIAOMNS�M_� MNS@^ JTHIS�bcXIUVDÂ�$jIXIS@>~�»]_F0K�b�XIAB?OD��VDGF0J�{�?BS�J�]_H0K)m DG>@S�MNAODG>@X0DGS/HI^�i:S@?OK@>c]_ABAB?OK�?ODGS@>~x
��H0K@CEDGHI>�D�Û§X0x Xaû
U Ñ û�XK²Q�"��?B>~x°r üwvOÛc�z��²�ÔÍUVDGABCEDGS��0D[K�>�K@>�M_�4^�?B>\DG?BF0DG^ =�b�XI^;DGABZ[pIHIFIi�>9�VMNF
�TÓ�õ^V Ñ ��?B>~x°r üwvOÛ���ÅFõIV�ÔÂx
A f û B ÿ`ÿ D û i£Ê�û�ÅTx XaÆÈU:Ö�^;MNA l UVDÂ�@x�i
² l V Ç à x£Ê�Å � Ç�x£û�X

CEDGS~x�i
² l V Ç à x£Êz� � Ç�x£ÆTÓ

F GIH ±³¹KJML��[N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES�Ùi pIpI^ l É Ó�x£ËTÓÕÖ�Ó�x£Ëz� Ñ >~��Æ � �lA B ÿ ÔnÓ�x Ç/�VÖ�Ó�x£û�X Ñ KwÃ��n� � �lA B f Ô/ÊTx£Æ�ÅVÖNÊTx£Æ�Æ Ñ >~�s� � � D A B f Ô�Tx£Æ�ÆVÖ�Ç�xBÓ�X Ñ J���Å � � ÿ �eÐ Ò ÞÂ� ÏOÉ Ó^�Tx£Å � ZV� º C�x Ô��Tx ÇNÊ Ñ KÕ�ÕÅ � Ô�Ç�x:��ÅVÖ�Ç�x£û�Ê Ñ J��^X � �~�/�@�tk�kn� e�=:qTK@>�DG^�Ô
ÆTx£ÆVÇ Ñ K~��Ó � �>A BiD Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES�Yi pIpI^ l ÉÓ~ËTx:� Ñ A B ÿ Ô�Å�ÊTxBÓ Ñ A B f Ô�ÇNËTx£ÆVÖ�Ç à xBÓ Ñ D A B f Ô)Ó~Ë à x Ç�Ö�Ó~Åz�Tx£ÊVÖ�Ó~Åz�Tx Ç�Ö�Ó~Ê�ËTx£ÅVÖ�Ó~Ê�ÅTx X Ñ ]_S~xHIF0J º C�x e�A�Ð�Ô/Ó~ÊTÓ�x Ç�Ö�Ó~Ê à xBÓÕÖ�Ó~Ê�ÆTxBÓÕÖ�Ó�XaÊTx à Ö�Ó à ÊTx X Ñ ]_S~x"A)\[Ô/Ó~ÆTÓ�x à Ñ A BiD Ô
·<JWL-¯ � q RES°± itbG^ ë s l É
Å�Æ�XaËVÖNÅ�Æ�Ë�ËVÖNÅ�û à Ë Ñ ±«² ý ¦ Ô.Ó^��û à Ñ ±«² ³�Û Ô�Ó à Æ�ËVÖ�Ó à ÇNËVÖ�Ó�XaÆ à Ñ ±«² ³ ² ��S~x Ô)Ó�X�� à Ö�Ó�XaÅ àÑ � ² ý ¦ Ô�Ó~Ê�û�Ë Ñ �vÏ � ² ¦ Ã Ô�Ó~Ê�XaË"Ó~Å�Æ à Ö�Ó�Ó~Ë�Ë Ñ ±«² ý Û ��Swe��)e7Ð/Ô�Ó�Ó à�à Æ à�à Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô ûz��Ë)M�JIDGSû�Ê à Ñx· ² ý ¦ ø þ � ÿ Ô�ûTÓ~Ë Ñx· ² ý ¦ ø þ � û Ô�ÇNË à Ñ~Ä ² ¦ Å Ô
` ² H ¹ba S^�Ö�Z Ñ ²�ÔwÉ Ê�û�ÅTx£û Ñ Ó~Ë�ËVÔuitg �dc l
À · H ¹¤a S^�Ö�Z Ñ ²�ÔwÉ Ê�û�ÅTx£Å Ñ Ó~Ë�ËVÔuitg �dc l Ê�XaËTx£Ê Ñ Æ�ÆVÔ�itg�e&V ÿ � � l Å à �Tx£Ê Ñ à ÊVÔ)Å�Ë�ÆTx£Å Ñ Ê�ÆVÔ�i = º l Ó~û�ËTx£Æ Ñ Ê�ÅVÔi =C�"Ó l ÓÕÇNûTx£û Ñ �VÔui =aecÓ l Ó^��X0x£Æ Ñ Ó~ËVÔ�i ø"Ó l Ó à Ó�x£Æ Ñ Å�X:Ô�i ø�Å l

Æz�
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CO2Me

ÊTx Ç à U Ñ Ó^��ÊQ^�^;MNA�Ô��/]_>@S@?BHI^&{�DGS�JIDGF-�VMNS�K@?ObcXa>@?BU�?BF�Ê�Ë�^;� g�DG>@X�]_F0MNA�UVDGAOY�K@>~ÿ�JT?OD[K�D;��Y�K�HIFIU
{�?BS�J\DGFa>@Ua]NK@>~x º ]_Z[H9{|DGS�JIDGF9HIFa>�DGS�Üo?OK�i:jIXIABHIFIUÍHIF0JW=�b�XaHI>@Z[Ua]NK Ñ DGC»DGFT��]_ABAOKÈDGFa>@Ua]NK@>�Ô"Ê�ËTx XhU
Ñ Ó~Ê�Ê�^�^;MNA�Ô�ë)�hHIF0J;J0]_FIF�ÅTÓ�x£Å�U Ñ Ó~Å�Æ�^�^;MNA�Ô�XNe���MNS@^Äq�ABC»DGFIZ~M�D[KcÙ_HIS�DG^;DG>@Xaq�AOD[K@>�DGS�?BF�Ó~Ë�Ë�^;�
º gí��UVDG>@S�MNpT��>~x º ?OD���Y�K@HIFIU�{�?BS�J�]_HT��Å à õ^V DGS@{�Ù_S@^Ä>)HIF0J�Z[{|YNAf��=:>@HIF0JIDGF�HIFa>�DGS�=�bcXaHI>@Z[Ua]NK
UVDGS@jIXIS@>~x5�)F0K�bcXIAB?OD��VDGF0J�{�?BS�J�]_HT�RÜo?OK�UVDGUVDGCEDGF���]_CIUVD[Kc]_HIU�>�HIF0J�^�?B>wÄ�]NK�K�DGS�UVDG{�]NK�b�X0DGF�x
��]Nb�XdJIDG^ �)^�i�S@?OK@>c]_AB?OK@?ODGS�DGF ]_H0K º ?OM~ÃI]_F5Ö1Ä�]NKcK�DGS�M�JIDGS;{|DGFI?BU�ÜR>@X�]_F0MNA)S�D[K@HIAB>@?ODGS�DGF Å�ËTx à U
Ñ �VÇz²�Ô|��]_S@CIAOM�K�DGS)��D[K@>�K@>�M_�Í^�?B>)DG?BF0DG^ =�b�XI^;DGABZ[pIHIFIi�>/�VMNF-Ó à ûFõ1V Ñ ��?B>Gr Ì `�vyÛ�Ó à ÆTx à e)Ó^��Ë�õ1V�ÔÂx
Äß?BS�J-JT?OD;Ð�D~]_i:>@?OMNF�]_F�]_AOMNUh��?B>�DGSc]_>@HISGr Ì `wv�JTHIS�b�XIUVDÂ��jIXIS@>"^�?B>Äk�DGFIZÕ]_AOJIDGXaqTJ-HIF0JÉg ë)����K�M�?OK@>
JT?OD���H0K@CEDGHI>�D�^�?B>Ê��Ë�² Ñ ��?B>~x°r Ì `wvBÛ5ÊVÇz²�Ô�DG>7{�]NK.FI?OD[JTS@?BUVDGS~x

A þ�� B þ � D ÿ i£Å�Ê�ûTx£Å�ÆÈU:Ö�^;MNA l UVDÂ�wxÖi
² l V û�ËTx:��Å � �Tx£Ë�û
C»DGS~xÖi
² l V û�ËTx:� à � à x£Æ�Å

F GiH ±3¹KJML`¾>N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�Ùi pIpI^ l ÉÎÊTx£ÆTÓ Ñ KÕ�EÊ � �lA D f A B ÿ Ô�Ç�xBÓ~ÅVÖ�Ç�xBÓ~Æ Ñ J���Å � � ÿ �ôÉ Ó^�Tx X � ZV� º C�x Ô�Ç�x à Ê Ñ J���Å � �
M_e � Ô�Ç�x£Ê�û Ñ >~��Å � �T^Èe � Ô)Ç�x£Ê�Å Ñ >~��Ó � �TpTe � Ô�Ç�x à�à ÖNûTx£ËTÓ Ñ J��8X � �I�/�§�tk�kn� e�=:qTK@>�DG^�Ô
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ¶P²µ¶@k ÿ RES�*i pIpI^ l É à ÅTxBÓ Ñ D A B ÿ Ô.Ó~Åz�Tx£ÊVÖ�Ó~Åz�Tx Ç�Ö�Ó~ÅVÇ�x à Ö�Ó~Å�ûTx£ÅVÖ�Ó~Å�ûTx£ûVÖ�Ó~Å�ûTx£ÆVÖIÓ~Ê�ËTx£ËaÖ�Ó~ÊTÓ�x£Å Ñ ]_S~xaHIF0J º C�x eA�Ð7Ô�Ó~Å�ûTx£ÆVÖ�Ó~Êz�Tx Ç�Ö�Ó�X0Ó�x£û Ñ ]_S~x"A)\GÔ�Ó^�z�Tx£Æ Ñ A D f Ð�Ô·<J®L-¯ � q RES°± itbG^ ë s l É¼Å�Æ�û�ËVÖNÅ�Æ�Ê�Ë Ñ ±«² ý ¦ ÔÄÓÕÇ�Ó~Ë Ñ ±«² ³�Û ��Swe&V�� f Ð/ÔnÓ à Æ à Ñ ±«² ³ ² ��S~x ÔÄÓ�XzX à Ó�XaÊ�Ë-Ó�XaË àÓ~Å�û�Ë�Ó�Ó~Æ�Ë-Ó�Ó~û�Ë-Ó�Ó^� à Ñ ± Þ Ï � ² ý Û V�� f V � ÿ Ô�Ó�Ó�Ó~Ë-Ó~ËTÓ~Ë�ÆVÇ à M:JIDGS"Æz��Ë Ñx· ² ¦ >@Sc]_F0Kwe º C�x ÔÄûVÇ à
û�Ê à Ñx· ² ý ¦ ø þ � û Ô.Ç�Ç à Ö�ÇNË�Ë Ñx· ² ý ¦ ø þ Ô
À · H ¹¤a S^�Ö�Z Ñ ²�ÔuÉ Å�Ê�ûTxBÓ Ñ Ó~Ë�ËVÔyitg �dc l Å�ËVÇ�xBÓ Ñ XaÅVÔyi = º l ÓÕÇNûTx£û Ñ û�ûVÔyi =aecÓ l ÓÕÇ�Ç�x£û Ñ ÇNËVÔyi =ae�Å l Ó^��X0x£Æ Ñ ÓÕÔ
i øÈÓ l Ó à ËTx£û Ñ Ç�Ôui ø�Å l

ÆVÇ



������éRê�í@ðB÷�ê�ò5ì�ê�����ê�í��»ê�ð��

0�µ�ý�µ��Æ��¿��<:2ým:��2ý;:�Àÿ¾QÀzñxÕ>=>0g×IÀV0sÁ�0�Ô���ÅÖ¾sÂxØ8Õ°¾g×32°Ï°Á&¾�DP¾QÀzñ;0sÔ�¾�×IÀ^¾�Á�Àô¼h5

H3CO

CO2Me

Ç�xBÓ à U Ñ Å à ^�^;MNA�Ôhg�ëÊ�ÒHIF0J�ÊTx Ç à U Ñ ÅVÇ�^�^;MNA�Ô ó5e7��FI?OKc]_AOJIDGXaqTJQ{|DGS�JIDGFQ^�?B> à x:�ÄU Ñ à Ë�^�^;MNA�Ô
S�]_AB?BHI^Èec½('G¾Â½�e�CIHI>7q�Ay]_>�?BF ?BF0K@UVD[Kc]_^n>�Ó à ËÍ^;�ã]_C0K~xOd � � ?BFdDG?BF0DGSYÄß?B>@>@?BU_� � MNS@F0DGS��:Ð)D~]_i�>@?OMNF
F�]NbcX à x£ÅTx£ÅTxBÓ�HI^�UVD[KcDG>@Z[>~x
��H0K@CEDGHI>�D�Û^X0x£ÆVÇ.U Ñ Ç1XK²�Ô�X0DGABABUVDGABCEDGS°�0D[K�>�K@>�M_�;^�?B> DG?BF0DG^=�b�XI^;DGABZ[pIHIFIi�>��VMNFQÓ~Æ�û�õ^V Ñ ��?B>~x°r ì ¿wvOÛ
Å�ËTÓ�e|Å�Ë�ÅFõIV�ÔÂx
A þ�� B þ � D ÿ i£Åz��ûTx£ÊTÓ�U:Ö�^;MNA l UVDÂ�@x�i
² l V Ç/�Tx£Ê�Ê � à x£ÆTÓ

CEDGS~x�i
² l V Ç/�TxBÓ~Ë � �Tx£ËTÓ

F GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES�ci pIpI^ l É ÊTx£û�ÅVÖNÊTx£û�Æ Ñ K~��� � � D A B ÿ HIF0JiA D f A B ÿ ÔO�Tx£Æ�ûVÖ�Ç�xBÓ~Ê Ñ J��:Å � �eÿ?�íÉÓ^�Tx X � ZV� º C�x Ô
�Tx£û�ÆVÖ�Ç�x X à Ö�Ç�x à ÓÕÖ�Ç�x£Æ�û Ñ J��0û � �I�/�@�tk�kn� e�=:q�K�>�DG^;DÕÔ
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES�÷i pIpI^ l É à ÅTx£ËVÖ à�à x£Ê Ñ D A B ÿ ÔLÓ�Ó�X0x£ÅVÖ�Ó~Å à x X:Ö�Ó~Åz�Tx£ËVÖ�Ó~Å�ûTxBÓÕÖ�Ó~Ê�ËTx£ËVÖ�Ó~Ê�ËTx£û Ñ ]_S~x/HIF0J º C�x e�A Ð Ô
Ó~Å�ûTx à Ö�Ó~Å�ÆTx à Ö�Ó�XaÅTx£ÅVÖ�Ó à ÆTx£û Ñ ]_S~x"A�\GÔ/Ó^�z�Tx£Æ Ñ A D f Ð�Ô·<JWL-¯ � q RES°± itbG^cë s l É&Ê�Ë�Ë�ËVÖNÅ�Æ�XaË Ñ ±«² ý ¦ Ô�ÓÕÇ�Ó~Ë Ñ ±«² ³�Û ÔQÓ à Æ à Ö�Ó à ÇNËVÖ�Ó à Ó~Ë Ñ ±«² ³ ² ��S~x Ô�Ó�XaÊ�Ë Ñ � ² ý ¦ ÔÓ�X0Ó~Ë�Ó~Å�û à Ó~Å à Ë Ñ ±«² ý Û ��Swe��)e7Ð/Ô�Ó�Ó~Æ à Ó�Ó~û�Ë Ñ ± Þ Ï � ² ý Û V�� f V � ÿ Ô�Ó�Ó�Ó à Ó~Ë�Ê�Ë�Ó~ËTÓ à Æz� à Ñx· ² ¦>@Sc]_F0K@e º C�x Ô.û�û�Ë;û à Ë;û�Ê�Ë;ûTÓ à Ñx· ² ý ¦ ø þ � û Ô�û�Ë�Ë�Ç�ÇNË�ÇNÅ�Ë Ñ~Ä ² ¦zÅ Ô�ÇNË�Ë
À · H ¹¤a S^�Ö�Z Ñ ²�Ô|É
Åz��ûTxBÓ Ñ Ó~Ë�ËVÔÊitg �dc l Å�Ë�ÆTxBÓ Ñ Ç�Ô)i = º l ÓÕÇNûTx£û Ñ ÅVÔÊi =aecÓ l Ó^� à x£Ë Ñ Ó~ÆVÔÊi ø"Ó l Ó à Ó�x£Æ Ñ ÓÕÔwi ø�Å l

Æ�û



�*���Véoê�í@ðB÷�ê�ò»ì�ê�����ê�í+�»ê�ð��

0}µ ý�µ� Á�«¿��<:2ý;:«��´87�ý9710;:<.bÁ�ï�½sÁ&Õ�½FÕ>=>0g×IÀV0sÁ�0�Ô���ÅÖ¾sÂxØ8Õ°¾g×32°Ï°Á&¾�DP¾QÀzñ;0sÔ�¾�×IÀ^¾�ÁYõ)¼È5
H7C3O

H7C3O

H7C3O

CO2Me

Ó�Ó�x£Åz�;U Ñ Å�û�^�^;MNA�Ô§��ëÊ�\HIF0JTX0x£Æ�Å�U Ñ Ê�Ë;^�^;MNA�Ô|XNe��0MNS@^nq:ABCEDGFIZ~M�D[KcÙ_HIS�DG^;DG>@Xaq�AOD[K@>�DGS�{|DGS�JIDGF
^�?B>�X0x£û�U Ñ XaÊ�^�^;MNA�ÔOS�]_AB?BHI^Èec½('Â¾Â½�e�CIHI>�q:Ay]_>�?BF;?BF0K@UVD[K�]_^Ä>�Ó à Ë�^;�h]_C0KÕx�d � �Í?BF�DG?BF0DGS}Äß?B>@>@?BU_�
� MNS@F0DGS��:Ð)D~]_i�>@?OMNF�F�]Nb�X à x£ÅTx£ÅTxBÓ�HI^�UVD[K�DG>@Z[>~x5ÜRK�{�?BS�J�]_H0K.��b[DG>�MNF�HI^�i:S@?OK@>c]_ABAB?OK�?ODGS@>~x
��H0K@CEDGHI>�D�Û à x£Ë�X;U Ñ XaÊ�²�Ô�X0DGABABUVDGABCEDGS)�0D[K@>�K�>�M_�h^�?B>)DG?BF0DG^3=�b�XI^;DGABZ[pIHIFIi�>��VMNF�Æz� õ V/x
A f`þ B ÿ�f D þ i X0Ó~ÅTx à ÅÈU:Ö�^;MNA l UVDÂ�wxÖi
² l V ÇNÅTx:�VÇ � Ç�x:��Æ

C»DGS~xÖi
² l V ÇNÅTx ÇNÆ � Ç�x£û�Å

F GiH ±3¹KJML`¾>N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�Ùi pIpI^ l É Ó�x£Ë�ÊVÖ�Ó�x£Ë à Ñ >~��Æ � �lA B ÿ ÔÄÓ�x Ç/�VÖ�Ó�x£û�X Ñ KwÃE�x� � �mA B f Ô/ÊTx£Æ à ÖNÊTx£Æ�û Ñ >~�s� � � D A B f ÔÊTx£û�Æ Ñ K~�:Ê � ��A D f A B ÿ Ô��Tx£Æ�ûVÖ�Ç�x£Ë�Æ Ñ J��:Å � �eÿ?�íÉÓ^�Tx X � ZV� º C�x ÔO�Tx ÇNÅ Ñ K~�aÅ � �V��S~x Ô�Ç�x à ÅVÖ�Ç�x£Æ�Æ
Ñ J��QX � �I�/�@�tk�kn� e�=:q�K�>�DG^�Ô
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ¶P²µ¶@k ÿ RES�ui pIpI^ l É Ó~ËTx à Ö�Ó~ËTx:� Ñ A B ÿ Ô�Å�ÅTx Ç�ÖNÅ�ÊTx à Ñ A B f Ô à ÅTx£Ë Ñ D A B ÿ Ô�ÇNËTx£ûVÖ�Ç à xBÓ Ñ D A B f Ô�Ó~Ë à x à Ö�Ó~Åz�TxBÓÕÖÓ~Åz�Tx à Ö�Ó~Å�ÆTx£ÆVÖ�Ó~ÊTÓ�x X Ñ ]_S~x[HIF0J º C�x e�A Ð Ô Ó~Å�ûTx Ç�Ö�Ó~ÊTÓ�x£ÆVÖ�Ó~Ê�ûTx£ûVÖ�Ó�X0Ó�x£ÆVÖ�Ó à ÊTx£Ê Ñ ]_S~x3A \ Ô Ó^�z�Tx£Æ Ñ A D f Ð�Ô·<J®L-¯ � q RES°± itbG^cë s l É Å�Æ�Ê�ËVÖNÅ�û à Ë Ñ ±«² ý ¦ Ô�Ó^��Æ à Ñ ±«² ³�Û Ô�Ó^�TÓ~Ë Ñ ±«² ³ ² º C�x Ô�Ó à Æ�ËVÖ�Ó à ÇNËVÖ�Ó�XaÆ�Ë Ñ ±«² ³ ² ��S~x ÔÓ�X���ËVÖ�Ó�XaÅ�Ë Ñ � ² ý ¦ ÔÈÓ~Ê�û�Ë Ñ � Ï � ² ¦vÃ Ô"Ó~Ê�Ê à Ó~Å�û�ËÍÓ~Å à ËVÖ�Ó~Å�Ê à M:JIDGS;Ó~Å�Å�ËVÖ�Ó�Ó~Å à Ñ ± ² ý Ûß�)Swe��)e7Ð�Ô
Ó�Ó~û�ËQÓ�ÓÕÇNËnM:JIDGS�Ó�Ó à�à Ñ ± Þ Ï � ² ý Û V�� f V � ÿ Ô)Ó~Ë à Ë"Æz� à M�JIDGS�Æ à�à Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô�Æ�Ë�ËÈûVÇNË"û�XaËû�Ê�Ë;û�Ë à Ñx· ² ý ¦ ø þ � û Ô�Ç/��Ë�Ç�Ó~Ë Ñ~Ä ² ¦dÅ Ô|��Æ�Ë
` ² H ¹ba S^�Ö�Z Ñ ²�Ô)ÉÛX0Ó~ÅTx à Ñ Ó~Ë�ËVÔuitg �dc l
À · H ¹¤a S^�Ö�Z Ñ ²�ÔÊÉ X0Ó~ÅTx X Ñ Ó~Ë�ËVÔ�itg �dc l ÊVÇNËTx£Å Ñ X à Ô§itg�e&V ÿ � � l Å�ûz�Tx£Å Ñ Ó~ËVÔ)Å�Ë�ÆTxBÓ Ñ Ê�ËVÔ�i = º l Ó~û�ËTx£û Ñ Ê�ÅVÔi =C�"Ó l ÓÕÇNÆTx£û Ñ Ó~ÊVÔui = l Ó^��X0x£Æ Ñ Ó~ËVÔui øÈÓ l Ó à Ó�x£Æ Ñ Ó~ËVÔui ø�Å l

Æ�Æ
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0�µ�ý�µ�¡Æ��¿��<:2ým:�¼�ÀV0sÁÇ0sÔ ÅÖ¾�ÂnØ8Õ�¾�×?2FÏ°Á?¾Å¼�¼

CO2H

ÅTx£Ê�ÆÄU Ñ Ó~ËÄ^�^;MNA�Ô��Tg�{|DGS�JIDGF�?BF�Ê à ^;� º ?OM[Ã0]_F�UVDGAOY�K@>�HIF0J�^�?B>�ËTx à ÅÄU Ñ Ó~ÊÄ^�^;MNA�ÔR��]V� � ?BF
Ó~Ë.^;�YÄ�]NKcK�DGS��VDGS�K�DG>@Z[>Gr ì s7vBx�ÜRK!{�?BS�JÄDG?BF0D�=:>@HIF0JID�Z[HI^ãÐ)j0b�iKh0HQ��DGS@XI?B>@Z[>~x_�/]NbcXnJIDG^ã�)CIi�jIXIAODGF
{�?BS�J�^�?B>/=T]_ABZ~KcÙ_HIS�DÄ]_HT��p � ÓÄDG?BFIUVD[K@>�DGABAB>.HIF0J�]_^4F�ÙNbcX0K@>�DGF d ]_U�]_CIUVD[Kc]_HIU�>~x
��]Nb�XTÄ�]NKcb�X0DGF�^�?B>�X0DG? �VDG^ùÄ�]NK�KcDGS�HIF0JTd�S�M:bci:F0DGF�S�D[K@HIAB>@?ODGS�DGF�ÅTx£Åz�"U Ñ êaH�]_F:>~x Ô|C»DG?BUVDGSw��D[K@>we
K�>�M_�h^�?B>)DG?BF0DG^3=�b�XI^;DGABZ[pIHIFIi�>)�VMNF�Å à ÇöõIV Ñ ��?B>~x°r _ Î vyÛ0Å�X à õIV�ÔÂx
Äß?BS�J��VMNS JIDG^ ��F0KcÙ_H0DGS@F"]_CIUVD[K�]_HIU�>~��DGS@X�Ù_AB> ^�]_F�Ó�x£Æ à U Ñ ÇNÆ�²�ÔF���;]_AOK�� ]_S@CIAOM�K�D[K!�/]_>@S@?BHI^;K�]_ABZV�
]_H0K)JIDG^ � ?BAB>@Sc]_>.F�]Nb�Xh�)F0KcÙ_H0DGS@F�F0M�b�XI^�]_A�ËTx XaûÈU Ñ ÅTÓI²�Ô|��S�DG?ODn=TÙ_HIS�D�x

A þ � B þ û D ÿ i£Å�Å�X0x£Åz�ÈU:Ö�^;MNA l UVDÂ�@x�i
² l V û�ËTx£Ê à � à x£ÊVÇ
CEDGS~x�i
² l V û�ËTx£Ê�X � à x£Ê�Æ

F GIH ±³¹KJML��[N"Ny¹ GPO	Q ²³¹ba=´ H w � RES� i pIpI^ l ÉÎÇ�x£Ê�ÊVÖ�Ç�x£Ê�Æ Ñ J��»Å � �&ÿ3��É Ó^�Tx:� � ZV� º C�x Ô�Ç�x:��Ê Ñ J��»Å � �5M_e � Ô�Ç�x£Ê�Æ Ñ >~�EÊ � �0^Èe � Ô
Ç�x£Å�Æ Ñ >~��Ó � �!pTe � Ô"Ç�x ÇNËVÖ�Ç�x£Æ�Ê Ñ J��°X � � ���§�tk�k�� e�=:qTK@>�DG^�Ô�Ó~ÅTx£Æ�Å Ñ K~��Ó � ��A D f B �!��DGXIAB>"?B^��]�e�=T]_ABZ�UVDGF�]_H0K�M;{�?OD�JIDGS º gÍ=I�)e"Ä�]NK�KcDGSwe7m!D~]_i0Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ²³¹ba�´ H w �3RES��i pIpI^ l É Ó~Åz�Tx:�VÖ�Ó~Åz�Tx£ÆVÖ�Ó~ÅVÇ�x X:Ö�Ó~Å�ûTx X:Ö�Ó~Å�ûTx£ÆVÖ�Ó~Å�ÆTx£ÆVÖ�Ó~ÊIÓ�xBÓ Ñ ]_S~x[HIF0J º C�x e�A�Ð7Ô�Ó~Å�ÆTx X:Ö�Ó~Êz�Tx:�VÖ�Ó�X0Ó�x à
Ñ ]_S~x1A)\GÔ/Ó^�VÇ�x X Ñ A D f B Ô·<JWL-¯ � q RES°± itbG^cë s l É Ê�Ë�Ë�Ë Ñ ± Û ¦ Ô�ÅVÇNË�Ë�e!Å�Ê�Ë�Ë Ñ ��CEDGSwe�HIF0J�S�MN^ÄCI?BF�]_>@?OMNF0K�Kcb�Xa{�?BFIU�HIFIUVDGF5Ô�Ó^�VÇNË Ñ ±«² ³�Û ÔÓ à Æ�ËVÖ�Ó à ��Ë Ñ ±«² ³ ² ��S~x Ô"Ó�X:Ç à Ó�XaÊ à Ó�X0Ó à Ó~ÊTÓ~ËÍÓ~Å�û�Ë Ñ � Û ¦ Ô"Ó�ÓÕÇ à Æ à�à Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô�ûVÇNË
û�Ê�Ë�Ç�ÇNËVÖ/��Æ�Ë Ñx· ² ý ¦ ø þ Ô
À · H ¹¤a S^�Ö�Z Ñ ²�ÔuÉÎÅ�Å�X0xBÓ Ñ à ÓÕÔyitg �dc l ÓÕÇNûTx Ç Ñ Ó~Ë�ËVÔbi =aecÓ l ÓÕÇ�Ç�x£û Ñ X��VÔyi =ae�Å l Ó^��X0x£û Ñ ÊVÔyi ø"Ó l Ó à Ó�x Ç Ñ Ó~ÊVÔ
i ø�Å l

Ó~Ë�Ë
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0}µ ý�µA·[¢®��¿��<:2ým:��2ý;:�Àÿ¾QÀzñxÕ>=>0g×IÀV0sÁ�0�Ô���ÅÖ¾sÂxØ8Õ°¾g×32°Ï°Á&¾�Àô¼�¼

H3CO

CO2Me

z�F-�)F�]_AOMNU�?OD�Z[H à x X0x£Æ�{|DGS�JIDGF9ÆTx£Æ�Ë�U Ñ ÊVÇQ^�^;MNA�Ô � �Tg9?BFdÓ~Å�Ë�^;� º ?OM[Ã0]_F-UVDGAOY�K@>�HIF0J-^�?B>
Ó�x£û�X;U Ñ X��È^�^;MNA�Ô��/]V� � ?BFTXaËÈ^;�PÄ�]NK�K�DGS��VDGS�KcDG>@Z[>~x0ÜRK�{�?BS�J�Z[{�DG? =:>@HIF0JIDGF�Z[HI^ Ð)j0b�iKh0HQ�
DGS@XI?B>@Z[>~x!�/]NbcX�JIDG^l��CIi:jIXIAODGF-{�?BS�J-^�?B>"=T]_ABZ~KcÙ_HIS�D�]_HT��p � Ó�DG?BFIUVD[K@>�DGABAB>ÄHIF0JL]_^&F�ÙNb�X0K@>�DGF
d ]_U�]_CIUVD[Kc]_HIU�>~x
��]Nb�XUÄ�]NK�bcX0DGF ^�?B>�X0DG? �VDG^ Ä�]NK�K�DGS�HIF0JUd�S�M:bci:F0DGF
S�D[K@HIAB>@?ODGS�DGF
ûTx Ç�ÇLU Ñ Æ�XK²�Ô�X0DGABABUVDGABC»DGS
�0D[K�>�K@>�M_�h^�?B>�DG?BF0DG^ =�b�XI^;DGABZ[pIHIFIi�>��VMNFhÅVÇNË õ V Ñ ��?B>~x°r _Âs�vyÛ0Å à Ë"e|Å à�à õ V�ÔÂx
A þ � B þ û D ÿ i£Å à X0x£Å�ûÈU:Ö�^;MNA l UVDÂ�wxÖi
² l V Ç à x:��Ë � à x à X

C»DGS~xÖi
² l V Ç à x à Ç � à x à�à

F GiH ±3¹KJML`¾>N"Ny¹ GjO	Q ²³¹¤a�´ H w � RES�yi pIpI^ l ÉßÊTx Ç�Ç Ñ K~��Ê � � D A B ÿ ÔoÇ�xBÓ^�VÖ�Ç�x£Ê�Ê Ñ J��VÅ � � ÿ � ÉãÓ^�Tx à � ZV� º C�x Ô��Tx£Æ à Ö�Ç�x à Ç�Ö�Ç�x:�z�VÖ�Ç�x£Æ�Ë
Ñ J���û � �I�/�@�tk�kn� e�=:q�K�>�DG^;DÕÔ�Ó~ÅTx£Æ�Ë Ñ K~��Ó � �>A D f B Ô
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ²³¹ba=´ H w � RES��i pIpI^ l É à�à x£Ê Ñ D A B ÿ Ô�Ó�Ó�X0x X:Ö�Ó~Å à x£ÅVÖ�Ó~Åz�Tx£ÅVÖ�Ó~Å�ûTx£ÊVÖ�Ó~Å�ÆTx£ÆVÖ�Ó~Ê�ËTx£û Ñ ]_S~x�HIF0J º C�x e�A�Ð�Ô�Ó~Å�ÆTxBÓÕÖ
Ó~Å�ÆTx X:Ö�Ó�X0Ó�x£ÆVÖ�Ó à ÆTx à Ñ ]_S~x"A)\[Ô/Ó^�VÇ�x£Å Ñ A D f B Ô·<J®L-¯ � q RES°± itbG^ ë s l É Å�Æ�Ë�Ë Ñ ± Û ¦ Ô�ÅVÇNË�Ë�e!Å�Ê�Ë�Ë Ñ ��CEDGSwe�HIF0J�S�MN^ÄCI?BF�]_>@?OMNF0K�K�bcXa{�?BFIU�HIFIUVDGF5Ô�Ó^�VÇNË Ñ ±«² ³�Û ÔÓ à Æ�ËVÖ�Ó à ��ËVÖ�Ó à Ë à Ñ ±«² ³ ² ��S~x Ô)Ó�X à�à Ó�XaÊ à Ó�X0Ó à Ó~ÊTÓ~Ë�Ó~Å�û�Ë Ñ � Û ¦ Ô�Ó~Å�X à Ñ ±«² ý Û �)Swe��)e7Ð�Ô�Ó�Ó~û�ËÆVÇNË�M�JIDGS)Æz��Ë Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô�ûVÇ à û�X à Ñx· ² ý ¦ ø þ � û Ô�û�Å�Ë�ÇNÆ�Ë�Ç�ÇNË;Ç�Ó à Ñ~Ä ² ¦ Å Ô|��Æ�ËY� à Ë
À · H ¹¤a S^�Ö�Z Ñ ²�ÔuÉ Å à X0x£Ê Ñ Ó~Ë�ËVÔyitg �dc l Å�Ë�ÆTx£Ê Ñ Ç�Ôbi = º l Ó~Æ�X0x£Ë Ñ Åz�VÔbitgÍ= l ÓÕÇNûTx£Æ Ñ ÓÕÇ�Ôyi =aecÓ l ÓÕÇ�Ç�x£Æ Ñ ÅTÓÕÔ
i =ae�Å l Ó^� à x£û Ñ Ó�ÓÕÔ�Ó à Ó�x£Ë Ñ ÅVÔ

Ó~ËTÓ



������éRê�í@ðB÷�ê�ò5ì�ê�����ê�í��»ê�ð��

0�µ�ý�µA·�·£�«¿��V:�ý;:���´87 ý97101:C.§Á$ï¡½sÁ?Õ�½ÖÕ"=>0�×1ÀY0sÁÇ0sÔ���ÅF¾sÂnØ8Õ�¾�×?2°ÏFÁ?¾ÿõ)¼}¼
H7C3O

H7C3O

H7C3O

CO2H

z�F9�)F�]_AOMNU�?ODQZ[H à x X0x£Æ�{�DGS�JIDGF Ó�x£û�XÍU Ñ X0x à ^�^;MNA�Ô5���Tg ?BF�XaË�^;� º ?OM~ÃI]_F9UVDGAOY�K@>"HIF0J\^�?B>
ËTx à U Ñ Ó~ÅTx à ^�^;MNA�Ô.�/]V� � ?BFÙX;^;��Ä�]NKcK�DGS.�VDGS�K�DG>@Z[>~x5ÜRK.{�?BS�J�Z[{|DG?R=:>@HIF0JIDGF�Z[HI^ Ð)j0b�iKh0HQ�
DGS@XI?B>@Z[>~x!�/]NbcX�JIDG^l��CIi:jIXIAODGF�{�?BS�JÒ^�?B>"=T]_ABZ~KcÙ_HIS�DQ]_HT��p � Ó�DG?BFIUVD[K@>�DGABAB>nHIF0J�]_^&F�ÙNb�X0K�>�DGF
d ]_U�]_CIUVD[Kc]_HIU�>~x
��]Nb�XUÄ�]NKcb�X0DGF ^�?B>�X0DG? �VDG^ Ä�]NK�KcDGS�HIF0JUd�S�M�b�i�F0DGF S�D[K@HIAB>@?ODGS�DGFÓ�x ÇNÅ9U Ñ Æz��²�Ô�X0DGABABUVDGABCEDGS
��D[K@>�K@>�M_�Í^�?B>)DG?BF0DG^ =�b�XI^;DGABZ[pIHIFIi�>/�VMNF�Ó~Å�Æöõ1V/x
A f û B ÿ ú D þ i£Ê�Æ�ûTx XaÆÈU:Ö�^;MNA l UVDÂ�@x�i
² l V Ç�Ó�x£û�û � Ç�x ÇNÆ

CEDGS~x�i
² l V ÇNÅTx£Ê�X � Ç�x à Æ

F GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES�6i pIpI^ l É Ó�x£Ë�ÊVÖ�Ó�x£Ë à Ñ >~��Æ � �zA B ÿ ÔÈÓ�x Ç1X:Ö�Ó�x£û�Å Ñ KwÃE�F� � �zA B f ÔÄÊTx£Æ à ÖNÊTx£Æ�Æ Ñ >~�°� � � D A B f Ô�Tx£Æ�ÆVÖ�Ç�xBÓ~Å Ñ J��ÕÅ � � ÿ �qÉ Ó^�Tx£Å � ZV� º C�x ÔÖ�Tx ÇNÊ Ñ K~��Å � �Õ�)S~x Ô�Ç�x à �VÖNûTx£ËVÇ Ñ J���X � �~�/�@�tk�kn� e�=:qTK@>�DG^�Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES�yi pIpI^ l ÉãÓ~ËTx:�VÖ�Ó~ËTx Ç Ñ A B ÿ Ô Å�ÅTx X:ÖNÅ�ÊTx£Å Ñ A B f Ô ÇNËTx£ËVÖ�Ç1X0x£Å Ñ D A B f Ô|Ó~Ë à x X:Ö�Ó~Åz�Tx£ÊVÖ�Ó~Åz�Tx à Ö�Ó~Å�ÆTx£ÆVÖÓ~ÊTÓ�x X Ñ ]_S~xIHIF0J º C�x e�A�Ð�Ô/Ó~Å�ÆTx£ÊVÖ�Ó~Ê�ÅTxBÓÕÖ�Ó~ÊVÇ�x:�VÖ�Ó�X0Ó�x£ûVÖ�Ó à ÅTx£û Ñ ]_S~x"A)\[Ô/Ó^�VÇ�x£Å Ñ A D f B Ô·<JWL-¯ � q RES°± itbG^cë s l É Å�Æ�XaËVÖNÅ�ûz��Ë Ñ ± Û ¦ HIF0J ± ² ¦ Ô!ÅVÇNË�Ë�e�Å�Ê�Ë�Ë Ñ ��C»DGSweEHIF0JcS)MN^nCI?BF�]_>@?OMNF0K�K�b�X:{�?BFIU�HIFIUVDGF5ÔÓ^�VÇNË Ñ ±«² ³�Û ÔoÓ^��Ë�ËVÖ�Ó à ÇNËVÖ�Ó�XaÆ à Ñ ±«² ³ ² �)S~x ÔRÓ�X�� à Ó�XaÅ à Ó~Ê�û�ËnÓ~Ê�XaËÄÓ~ÊTÓ~ËnÓ~Å�û�Ë Ñ � Û ¦ ÔRÓ~Å à�à M�JIDGSÓ~Å�Ê à Ö�Ó�Ó�Ó à Ñ ±«² ý Û ��Swe��)e7Ð/Ô�Ó�Ó~û�ËQÓ~Ëz��Ë"Æ à�à Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô�û�XaË Ñx· ² ý ¦ ø þ � û Ô�ûTÓ~Ë�Ç�ÇNË�Ç�Ó~ËÑ~Ä ² ¦ Å Ô|��Æ à
À · H ¹¤a S^�Ö�Z Ñ ²�ÔbÉ Ê�Æ�ûTx£Å Ñ Ó~Ë�ËVÔ�itg �dc l Ê à �Tx£Ë Ñ ÇNËVÔ�itg�e&V ÿ � � l ÅVÇ�Ó�x£Ê Ñ Å�X:Ô�Å�Ë�ÆTxBÓ Ñ ÆVÔ*i = º l Ó~Æ à x X Ñ ûVÔ
itgÒ= l Ó~û�ËTx£û Ñ Ó~ÅVÔ�i =C�"Ó l ÓÕÇNÆTx£Æ Ñ ÅVÔ�i = l Ó^��X0x£û Ñ X:Ô�i ø"Ó l Ó à ÅTx£Ê Ñ Å�ÊVÔ�i ø�Å l

Ó~Ë�Å
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0}µ ý�µA·g¶Æ��¿��<:2ým:�¼�ÀV0sÁÇ0sÔ ÅÖ¾�ÂnØ8Õ�¾�×?2FÏ°Á?¾e:��2ý;:�ÂÖï�ÀzÁ&Õ�½°ñx¾sÂ10�Ô��^¾�×1À^¾sÁPÃI5¬Ê

O

O

NO2

Ó�xBÓ~Å;U Ñ à ^�^;MNA�Ô)���Ò{�DGS�JIDGF�?BFhDG?BF0DGS)>@S�M�b�iVDGF0DGFÍ�)pIp�]_Sc]_>@HIS/^�?B>�ÇÈ^;�Wd�XI?OMNF:q:AObcXIAOMNS@?OJÍ�VDGSwe
K�DG>@Z[>�HIF0J�HIF:>�DGS)�0DGH0b�X:>@?BU�iVDG?OKc]_H0K�K�bcXIABHQ�QDG?BF0DÄ=:>@HIF0JID�Z[HI^4Ð)j0b�iKh0HQ��DGS@XI?B>@Z[>~x º ]_FIF�{�?BS�JQJ0]NK
jICEDGS�K�b�X:j0K�K@?BUVDyd�XI?OMNFaq�AOb�XIAOMNS@?OJ�?B^ #�ABpIHI^�p»DGF:�N]_i�HIHI^3]_CIUVDGZ~MNUVDGF�x
º ]NK.S�MNX0DÈ=TÙ_HIS�D[b�XIAOMNS@?OJh{�?BS�J�KcM_��MNS@>�?BF�Ó�x£û�^;���$S@?OKcb�X�jICEDGSÊSÄ� � JID[K@>@?BABAB?ODGS@>�DG^3moq�S@?OJT?BFhK�H0Kwe
pEDGF0JT?ODGS@>RHIF0J�HIF:>�DGS�Üo?OK@i�jIXIABHIFIUÄHIF0J*�0DGH0bcXa>@?BU�iVDG?B>�Kc]_H0KcK�b�XIABHQ��Z[H�ËTx£û�Ê�U Ñ ��^�^;MNA��a]_H0KOd�MNABH0MNA
HI^�i�S@?OK@>c]_ABAB?OK@?ODGS@>�DG^�ÔÊXNe7��?B>@S�MNpIX0DGF0MNAo?BFÍÊTx à ^;�Wmoq�S@?OJT?BFÍUVDG>@S�MNpT�$> r ì s�v x»ÜRK/{�?BS�J�Z~DGXIFÍg�?BFaHI>�DGF
UVDGS@jIXIS@>�HIF0J�Z[{|YNAf��=:>@HIF0JIDGFhK@>�DGX0DGF�UVDGAy]NKcK�DGF�x º ]_FIF�{�?BS�J�]_HT�RÜo?OK)UVDGUVDGC»DGF���^�?B>)iVMNFIZVxE=T]_ABZGe
KcÙ_HIS�Dn]_FIUVD[KcÙ_H0DGS@>~�I^�?B>wÄ�]NK�KcDGS�F0DGHI>@Sc]_A�UVDG{�]NKcb�X0DGF�HIF0J�]_CIUVD[Kc]_HIU�>~x
ÜRK.S�D[K@HIAB>@?ODGS�DGFLÓ�x XaÆÈU Ñ ûz��²�Ô�� ]_S@CIAOM�K�DGSÊ�0D[K@>�K@>�M_�Í^�?B>)DG?BF0DG^ =�bcXI^;DGABZ[pIHIFIi:>/�VMNF-Ó~ÆTÓyõ1V/x
A fÂþ B þÑþ iD û i£Ê�X à x X à U:Ö�^;MNA l UVDÂ�wxÖi
² l V ÇNÅTxBÓ^� � X0x Xaû �ÛX0xBÓ~Ë

C»DGS~xÖi
² l V ÇNÊTx£Ë�X � X0x£Ê�û �ÛX0x£Ëz�

F3GiH ±3¹KJML��[N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�*i pIpI^ l ÉãÇ�xBÓÕÇ�Ö�Ç�x£Å à Ñ J��TÅ � �;ÿ?�6ÉÓ^�Tx:� � ZV� º C�x Ô|Ç�x à X Ñ J��TÅ � �aM_e � Ô�Ç�x£Ê�X Ñ ^��TÊ � �V^Èe�HIF0J
pTe � Ô�Ç�x X0ÓÕÖ�Ç�x:��X:ÖNûTxBÓ^�VÖNûTx£ÊTÓ Ñ J���û � �I�/�§�tk�kn� e�=:qTK@>�DG^;DÕÔ
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ¶P²µ¶@k ÿ RES�Ði pIpI^ l É Ó~Å�ÅTx:�VÖ�Ó~Å à x£ÊVÖ�Ó~Åz�Tx:�VÖ�Ó~Åz�Tx£ÆVÖ�Ó~ÅVÇ�x£ÅVÖ�Ó~Å�ûTx à Ö�Ó�Å�ûTx£ûVÖTÓ~Ê�ËTx£ûVÖTÓ~Ê�ÅTx£Å Ñ ]_S~x"HIF0J º C�x e�A�Ð7Ô
Ó~ÅVÇ�xBÓÕÖ�Ó~Êz�Tx à Ö�Ó�XaÊTx£ÅVÖ�Ó�X à x X:Ö�Ó à�à x£û Ñ ]_S~x>A�\GÔ/Ó^��ÊTx£Æ Ñ V�� f Ð/Ô

·<J®L-¯ � q RES°± itbG^cë s l É ÓÕÇNÊ�Ë Ñ ±«² ³�Û ÔQÓ^��Ë à Ñ ±«² ³ ² º C�x Ô�Ó à Æ�ËVÖ�Ó�XaÆ�Ë Ñ ±«² ³ ² �)S~x Ô�Ó à Å�Ë Ñ ± Ï � U ³�Û Ô�Ó~Ê à ËÑ ± Þ Ï � U ³�ÛoÔ�Ó~ÅVÇNË Ñ � Ï � ² ý Û±V�� f Ð/Ô�Ó~ÅTÓ~Ë Ñ �GÞ Ï � ² ý Û�V�� f Ð�Ô�Ó�Ó~û�ËdÓ�Ó^� à Ó�Ó�Ó~Ë Ó~ËVÇNË Ó~ËTÓ à Æz� à
Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô�û�Æ à ûVÇNË;Ç�Ç à Ö�ÇNË�Ë Ñx· ² ý ¦ ø þ Ô
À · H ¹¤a S^�Ö�Z Ñ ²�Ô�É Ê�X à xBÓ Ñ à Ô�itg �dc l Å�Ë�ÆTx£Ê Ñ ÅVÔ�i = º l Å�ËVÇ�x£Å Ñ Ó~Ë�ËVÔ�ÓÕÇNÆTx£Ë Ñ ÆVÔ�i =aecÓ l ÓÕÇNûTx£Ë Ñ Å�ÆVÔ�i =ae�Å l Ó à ÅTxBÓ
Ñ X:Ôui ø�Å l Ó~Ê�ÆTx£Ë Ñ à Ôui � �)e&V � � û e7��� f l

Ó~Ë�Ê
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0�µ�ý�µA·g´®�«¿��V:�ý;:�¼�ÀY0sÁÇ0sÔ�ÅÖ¾sÂxØ�Õ�¾�×?2°ÏFÁ?¾gðe0tG°ÂnÕRDP¾QÀzñ;0sÔ�¾�×IÀ^¾�ÁPÃi5BÄ

O

O

CN

Z5H ÅTx£ÅVÇhU Ñ Ó~Ë-^�^;MNA�Ô���� HIF0JßÊTx£ûÍ^;� Ñ Ó�X�^�^;MNA�Ô"��S@?OK�bcX jIC»DGS5SÄ� � JID[K@>@?BABAB?ODGS@>�DG^þd�S@?ODÂe
>@X:q:Ay]_^�?BFW?BF Å à ^;� K@?OD[JIDGF0JIDG^ ]_C0KcMNABHI>�DG^ ÜRK�K@?BUVKcÙ_HIS�D[DG>@X:q:AOD[K�>�DGS�{|DGS�JIDGFWHIFa>�DGS�=�bcXaHI>@Z[Ua]NK
Ó�x£Ëz��U Ñ ËTx£Æ�^;�R��Ó�X�^�^;MNA�ÔwV|XIAOMNSc]Nb[DG>�MNFI?B>@S@?BA ?BF-Ó à ^;�-ÜRK�K@?BUVD[K�>�DGS�UVDG>@S�MNpT�$>Grts�vyxTÜRK.{�?BS�J�Z[{|YNAf�
=:>@HIF0JIDGFhZ[HI^3Ð.j0b�iKh0HQ��DGS@{�Ù_S@^Ä>~x º ]_FIFh{�?BS�J�?BF à Ë�^;�9g�DG>@X�]_F0MNA�K@H0K@pEDGF0JT?ODGS@>~�5]_CIUVD[K�]_HIU�>
HIF0J�^�?B>)DG?OK@i�]_AB>�DG^4g�DG>@X�]_F0MNA!HIF0J¢Ä�]NK�K�DGS.UVDG{�]NK�b�X0DGF�x
º ]NK�Ð�MNXIpIS�M:JTHIi�>�{�?BS�J�]_H0K.Å�Ë�Ën^;�Ãd!MNABH0MNA�HI^�i:S@?OK�>c]_ABAB?OD[K@?ODGS@>~�IJ0]NK-� ?BAB>@Sc]_>�CI?OK.]_HT�!b~]Tx0Å�Ën^;�
DG?BFIUVD[DGFIU�>)HIF0J�^�?B>)mRÜ Ñ XaË�e�ÇNËVÔ�UVDÂ��Ù_ABAB>~xIÜRK�S�D[K�HIAB>@?ODGS�DGF�ÅTxBÓÕÇnU Ñ û�Å�²�Ô�� ]_S@CIAOM�KcDGSw�0D[K@>�K@>�M_�Í^�?B>
DG?BF0DG^3=�b�XI^;DGABZ[pIHIFIi�>��VMNF�Ó�XaËöõ1V Ñ HIF:>�DGSuZ»DGS�K�DG>@Z[HIFIU:ÔÂx

F GIH ±³¹KJML��[N"Ny¹ GPO	Q ²³¹ba=´ H w � RES�6i pIpI^ l É à x£Å�Å Ñ K~��Å � �dA B f A  Ô�Ç�x£Êz�VÖ�Ç�x XzX Ñ J���Å � � ÿ � É3Ó^�Tx:� � ZV� º C�x Ô�Ç�x:� à Ñ J���Å � �
M_e � Ô.Ç�x£Ê�X Ñ ^���Ê � �T^Èe�HIF0J�pTe � Ô�Ç�x Ç�Ç�Ö�Ç�x£Æ�û Ñ J���X � �I�/�@�tk�kn� e�=:qTK@>�DG^�Ô

0�µ�ý�µA·QýM�«¿��V:�ý;:�¼�ÀY0sÁÇ0sÔ�ÅÖ¾sÂxØ�Õ�¾�×?2°ÏFÁ?¾e:�Ë?·e:���¶87101:�Ñ�ï�Õ>=¦Õ��z½[0sÁ&ÕOÔ¨ï�ÑOï¡Â;0sÔÍÌ?¾g×IÀ^¾sÁìÃI5�¼

O

O

N

O

O

ËTxBÓ^�)U Ñ ËTx Ç�^�^;MNA�Ô°���;{|DGS�JIDGF�]_F�]_AOMNU à x X0xBÓ~Å)^�?B>�d�XI?OMNFaq�AOb�XIAOMNS@?OJÈ?BF0KR=TÙ_HIS�D[bcXIAOMNS@?OJÈjIC»DGSw��jIXIS@>~x
º ]NK)S�MNX0DÈ=TÙ_HIS�D[bcXIAOMNS@?OJ�{�?BS�J�?BF X�^;� º ?OM[Ã0]_F�UVDGAOY�K�>)HIF0J�]_HT�|Ëöõ1V UVDGi�jIXIAB>Gr Ì ì vyx0Ü�K){�DGS�JIDGF
ËTx£Ë�ÆnU Ñ ËTx£û�^�^;MNA�Ô|�)e � qTJTS�M[ÃTqTK@H0b[bG?BFI?B^�?OJQHIF0J�ËTx£ËVÇ�^;� Ñ ËTx£ÆÄ^�^;MNA�Ô�mRq:S@?OJT?BF�Z[HIUVDGUVDGCEDGF�x�Ü�K
{�?BS�JÒ]_HT��Å à õ^V DGS@{�Ù_S@^Ä>�HIF0J�{|DG?B>�DGS�DÈZ[{�DG?�=:>@HIF0JIDGFÒUVDGS@jIXIS@>~x»��]Nb�X º D[K@>@?BABAy]_>@?OMNFÍ{�?BS�JÍJIDGS
UVDGABCED�Ð.j0bci�K�>c]_F0JÍ?BF-ÜRK�K@?BUVD[K@>�DGS"]_HT�$UVDGF0MN^�^;DGF���^�?B>bÄ�]NK�K�DGS�UVDG{�]NK�bcX0DGF���jICEDGS�gÍ]_U�F0D[K@?BHI^Èe
K�HIAf� ]_>�UVDG>@S�M�b�i�F0DG>)HIF0J�J0]NK)��Y�K@HIFIUVK@^�?B>@>�DGA!?B^�P�]_i:HIHI^ DGF:>w��DGS@F:>~x
Ü�K�S�D[K@HIAB>@?ODGS�DGFhËTx£ËVÇÈU Ñ Å�Æ�²�Ô�X0DGABABUVDGABC»DGS��0D[K@>�K@>�M_�ox

Ó~Ë�X
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F GiH ±3¹KJML��[N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�Ti pIpI^ l ÉÏÊTx£ÆTÓ Ñ KÕ�gX � �;A B f Ô/Ç�xBÓ~ÊVÖ�Ç�xBÓ~Æ Ñ J��»Å � � ÿ ��É Ó^�Tx:� � ZV� º C�x Ô�Ç�x à Ê Ñ J��»Å � ��M_e � Ô
Ç�x£ÊVÇ Ñ >~�5Å � �T^Èe � Ô�Ç�x£ÊTÓ Ñ >~��Ó � �TpTe � Ô)Ç�x à�à ÖNûTx£ËTÓ Ñ J��QX � �I���§�tk�k�� e�=:qTK@>�DG^�Ô

0}µ ý�µA·#0®��¿��<:Î¨�:?Ë-�2ý;:�¼�ÀY0sÁÇ0sÔ��/½°ñx¾sÂ10�ÔÏÌ�½FñnÀzñHGFÔ�ï�D�ï�ÑÈ¼wÒ

N

O

O

º ?OD � D[b�ia�:Ð)D~]_i�>@?OMNFhF�]Nb�X à x£ÅTx X0xBÓÄ{�?BS�J�^�?B>�ÅTx:�;U Ñ Å à ^�^;MNA�Ô/=:>7q�S�MNA HIF0Jí�Tx£Ë�X�U Ñ Å�Ë�^�^;MNA�ÔëÊ�Ð\?BF Ê�Ë�^;� º gí���ÖX:Ç�^�U Ñ ËTx£Å�^�^;MNA�Ô"m ]_ABAy]NJT?BHI^�]Nb[DG>c]_>~��Å�XaË�^�U Ñ ËTx£û�^�^;MNA�Ôyd�S@?OK Ñ-, e
>�MNABq�A�Ô�pIX0M�K@pIXI?BF HIF0JWÅTx£ûh^;� Ñ Å�Ëh^�^;MNA�Ô[d�S@?ODG>@Xaq�Ay]_^�?BF JTHIS�b�XIUVDÂ��jIXIS@>~x º DGS;Ð.j0bci�K�>c]_F0J\JID[K
Z[{�DG?B>�DGFÙ� ?BAB>@Sc]_>�D[K.{�?BS�J�]_H0K�V|XIAOMNS�M_��MNS@^ HI^�i:S@?OK@>c]_ABAB?OK�?ODGS@>~x
ÜRK.S�D[K@HIAB>@?ODGS�DGF X0x à ûÈU Ñ ÇNË�²�Ô�X0DGABABUVDGABC»DGS��0D[K@>�K@>�M_�Í^�?B>)DG?BF0DG^ =�bcXI^;DGABZ[pIHIFIi:>��VMNF�Å�Æz�FõIV/x
A f�f B þÑþ iD f i£Ê�Å à x£Êz��U:Ö�^;MNA l
F3GiH ±3¹KJML��[N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�Ki pIpI^ l ÉlÇ�xBÓ~Ê Ñ K~��Å � � º C�x Ô�Ç�x:�TÓÕÖ�Ç�x:� à Ñ Å � �RM_e � Ô;Ç�x£Å�ÆVÖ�Ç�x£Ê�ÅVÖ�Ç�x£Êz� Ñ Ê � �o^Èe"HIF0JWpTe � Ô
Ç�x XaÊVÖ�Ç�x:��Ê Ñ J��8X � �I�/�§�tk�kn� e�=:qTK@>�DG^�Ô�Ç�x ÇNÆVÖ�Ç�x£Æ�X Ñ ^���X � �ImoX:>@X�]_AB?B^�?OJ�Ô
·<J®L-¯ � q RES°± itbG^cë s l É ÓÕÇNû�ËVÖ�ÓÕÇNË�Ë Ñ ±«² ³�Û Ô.Ó^��Ë�ËVÖ�Ó à Ó~Ë Ñ ±«² ³ ² ��S~x Ô�Ó~Ê�Æ�Ë�Ó�Ó~Å�Ë;Ó�Ó�Ó~Ë�Ó~Ë�Æ à Ó~Ë�û�ËÄÆz� à Ñx· ² ¦>@Sc]_F0Kwe º C�x Ô�û�û à ûVÇNË;û�Å à Ñx· ² ý ¦ ø þ � û Ô�Ç à�à Ö�ÇNË�Ë Ñx· ² ý ¦ ø þ Ô�ÇNÅ à M�JIDGS�Ç�Ó à Ñx· ² ý ¦ ø þ � f Ô-��Æ�Ë
` ² H ¹ba S^�Ö�Z Ñ ²�Ô)É Ê�Å à x:� Ñ Ó~Ë�ËVÔuitg �dc l
À · H ¹¤a S^�Ö�Z Ñ ²�Ô§É¼Ê�Å à x£Å Ñ Ó~Ë�ËVÔ*itg �dc l Ê�Ëz�Tx£Ë Ñ Ó~ÆVÔcitg�e � ÿ � l ÓÕÇNÆTx£Ë Ñ ÆVÔ[i =aecÓ l ÓÕÇ�Ç�x£Æ Ñ X��VÔ[i =ae�Å l Ó^��ÅTx£ÊÑ X:Ô�Ó à ËTx£Æ Ñ ÊVÔ

Ó~Ë à
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N

O

O

H3CO

º ?OD � D[b�ia�:Ð)D~]_i�>@?OMNF�F�]Nb�X à x£ÅTx X0xBÓ�{�?BS�J�^�?B>�Ó�x Ç1X;U Ñ Ó~Ê"^�^;MNA�Ô � ë8�
HIF0J�ÊTx XaÆ"U Ñ Ó~Ë"^�^;MNA�Ô
Ñ �)Ð�?BF�Ó à ^;� º gí���5Å�ÅTx à ^�U Ñ ËTxBÓÄ^�^;MNA�Ô�m�]_ABAy]NJT?BHI^�]Nb[DG>c]_>~� Ó~ÅTÓ�x Ç�^�U Ñ ËTx X�^�^;MNA�Ôwd�S@?OK Ñ-, e
>�MNABq�A�Ô�pIX0M�K@pIXI?BF HIF0J Ó�x XÍ^;� Ñ Ó~Ëh^�^;MNA�Ô[d�S@?ODG>@Xaq�Ay]_^�?BF JTHIS�bcXIUVDÂ�$jIXIS@>~x º DGS;Ð)j0b�iTK@>c]_F0JWJID[K
Z[{�DG?B>�DGFÙ� ?BAB>@Sc]_>�D[K.{�?BS�J�]_H0KÊV|XIAOMNS�M_��MNS@^ HI^�i:S@?OK�>c]_ABAB?OK@?ODGS@>~x
��H0K@CEDGHI>�D�Û0ÅTxBÓ~ûÈU Ñ �TÓI²�Ô�X0DGABABUVDGABCEDGS)�0D[K�>�K@>�M_�Ò^�?B>.DG?BF0DG^ =�b�XI^;DGABZ[pIHIFIi�>��VMNFhÅVÇNÆöõ1V/x
A f`ÿ B þ�� iD ÿ i£Ê à�à x£Ê�ÆÈU:Ö�^;MNA l UVDÂ�@x�i
² l V Ç�Ç�x ÇNÆ � X0x Ç à �÷X0x£Ëz�

CEDGS~x�i
² l V Ç�Ç�x ÇNÊ � X0x£û�Å �ãÊTx£Æ�X

F GIH ±³¹KJML��[N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES�Ki pIpI^ l É ÊTx£û�Å Ñ K~�aÊ � � D A B ÿ Ô��Tx£Æ�ÆVÖ�Ç�x£Ë�û Ñ J��aÅ � ��ÿ3� Ð Ò Þ�� Ï ÉãÓ^�Tx:� � ZV� º C�x Ô��Tx£û�ÆVÖ�Ç�x XaÅVÖ�Ç�x X��VÖ
Ç�x:��Ë Ñ J���û � �I�/�§�tk�kn� e�=:qTK@>�DG^;DÕÔ.Ç�x ÇNÆVÖ�Ç�x£Æ�X Ñ ^���X � �ImoX:>@X�]_AB?B^�?OJ�Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES��i pIpI^ l É à�à x X Ñ D A B ÿ Ô.Ó�Ó�X0x£ÅVÖ�Ó~Å�ÊTx£ûVÖ�Ó~Å à x:�VÖ�Ó~Åz�Tx:�VÖ�Ó~Åz�Tx£ûVÖ�Ó~ÅVÇ�x£ÆaÖ�Ó~Å�ÆTx X�Ö�Ó~Ê�X0x X Ñ ]_S~xaHIF0J º C�x eA�Ð�Ô�Ó~Å�ÆTx£ÆVÖ�Ó~Ê�ËTx X:Ö�Ó~ÊTÓ�x£ûVÖ�Ó~ÊVÇ�x:� Ñ ]_S~x1A)\GÔ/Ó à ÆTx à Ö�Ó^�VÇ�x£Ê Ñ ]_S~x"A)\ �*D Ô
·<JWL-¯ � q RES°± itbG^cë s l É ÓÕÇ�Ç à Ö�ÓÕÇ�Ó~Ë Ñ ±«² ³�Û ÔQÓ^��Ë�ËVÖ�Ó à Ó~Ë Ñ ±«² ³ ² �)S~x ÔQÓ~Ê�û à Ó~Å à ËVÖ�Ó~Ë�XaË Ñ ±«² ý Û �)Swe��)e7Ð�Ô
Ó�Ó~û�Ë�Ó�Ó~Å�Ë�Ó~Ë�û�Ë;Æz� à Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô�û�û à û�Ê à Ñx· ² ý ¦ ø þ � û Ô�û�Å�Ë;ÇNÅ�Ë Ñx· ² ý ¦ ø þ � f Ô
` ² H ¹ba S^�Ö�Z Ñ ²�ÔwÉ Ê à�à xBÓ Ñ Ó~Ë�ËVÔuitg �dc l
À · H ¹¤a S^�Ö�Z Ñ ²�Ô�ÉßÊ à�à xBÓ Ñ Ó~Ë�ËVÔ�itg �dc l Ê�Å�ÅTxBÓ Ñ Ó~ûVÔ�itg�e � f �)e&V � ÿ l Ó~Æ�ÊTx£Ë Ñ �VÔ�i =�g l ÓÕÇ�Ç�x à Ñ ûVÔ�i =ae�Å l Ó^��ÊTx£ÆÑ X:Ô

Ó~Ëz�



�*���Véoê�í@ðB÷�ê�ò»ì�ê�����ê�í+�»ê�ð��
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N

O

O

H7C3O

H7C3O

H7C3O

º ?OD � D[b�ia�:Ð)D~]_i�>@?OMNF�F�]NbcX à x£ÅTx X0x£Å�{�?BS�J�^�?B>ÊX0xBÓ�X�U Ñ Ó à ^�^;MNA�Ô§��ë8�ãHIF0JeX0xBÓ�X�U Ñ Ó~ÅÈ^�^;MNA�Ô
Ñ �)Ð ?BF
Ó^�-^;� º gÙ����Å à ^�U Ñ ËTxBÓ�^�^;MNA�Ô;m ]_ABAy]NJT?BHI^�]Nb[DG>c]_>~��Ó~Å�Ê-^�U Ñ ËTx X�^�^;MNA�Ô�d�S@?OK Ñ-, e
>�MNABq�A�Ô�pIX0M�K@pIXI?BF HIF0J Ó�x Ç-^;� Ñ Ó~Å�^�^;MNA�Ô�d�S@?ODG>@Xaq�Ay]_^�?BF
JTHIS�b�XIUVDÂ��jIXIS@>~x�ÜRKQ{�?BS�Jd^;DGXIS@^�]_AOK
KcÙ_HIAODGF0bcXIS�MN^�]_>�MNU�Sc]_pIXI?OK�b�XÒUVDGS�DG?BFI?BU�> Ñ S�?OD[K�DGABUVDGA��5ûnÃ�Å�ËÈbG^��"A B f A)� f ÔÂx
��H0K@CEDGHI>�D�Û0ÊTxBÓÕÇ"U Ñ à Ê�²�Ô�X0DGABABUVDGABCEDGS)�0D[K@>�K�>�M_�h^�?B>)DG?BF0DG^3=�b�XI^;DGABZ[pIHIFIi�>��VMNF�Ó~Ê�X õ V/x
A f`ÿ B þ�� iD ÿ i XaÆ�ÆTx:��Ë�U:Ö�^;MNA l UVDÂ�wxÖi
² l V Ç1X0x à Ç � �Tx:��Ê � ÅTx£û�û

C»DGS~xÖi
² l V Ç1X0x à Ê � �Tx:�z� � ÅTx£û�Ë

F GiH ±3¹KJML`¾>N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�Ùi pIpI^ l É Ó�x£ËTÓÕÖ�Ó�x£Ë à Ñ >~��Æ � �lA B ÿ ÔÄÓ�x Ç/�VÖ�Ó�x£û�X Ñ KwÃE�x� � �mA B f Ô/ÊTx£Æ à ÖNÊTx£Æ�Æ Ñ >~�s� � � D A B f Ô�Tx£Æ�ûVÖ�Ç�x£Ë�Ê Ñ J���Å � ��ÿ|�eÐ Ò ÞÂ� Ï�É
Ó^�Tx£Å � ZV� º C�x Ô��Tx ÇNÅ Ñ K~��Å � ��]_S~xÎA�Ð7Ô�Ç�x XaÅVÖ�Ç�x Xaû Ñ J���X � �N�/�@�tk�kn� e
=:qTK@>�DG^�Ô.Ç�x ÇNûVÖ�Ç�x£Æ�X Ñ ^���X � �ImoX:>@X�]_AB?B^�?OJ�Ô
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ¶P²µ¶@k ÿ RES�Ui pIpI^ l É Ó~ËTx:� Ñ A B ÿ Ô�Å�ÅTx£ûVÖNÅ�ÊTx à Ñ A B f Ô�ÇNËTx£ûVÖ�Ç à xBÓ Ñ D A B f Ô-Ó~Ë à x X:Ö�Ó~Å�ÊTx Ç�Ö�Ó~Åz�Tx à Ö�Ó~Åz�Tx:�VÖÓ~Åz�Tx£ÆVÖ�Ó~Å�ÆTx£ÆVÖ�Ó~Ê�X0x X Ñ ]_S~x�HIF0J º C�x e�A Ð Ô�Ó~Ê�ËTx:�VÖ�Ó~ÊTÓ�x£ûVÖ�Ó~Ê�ÅTx£ÅVÖ�Ó~ÊVÇ�x£Ê Ñ ]_S~x1A \ Ô�Ó~Ê�ûTx à Ö�Ó à ÆTx à Ö�Ó^�VÇ�x£Ê
Ñ ]_S~x"A�\�e���Ô
·<J®L-¯ � q RES°± itbG^cë s l É Å�Æ à ËVÖNÅ�Æ�Å�ËVÖNÅ�ûz��Ë Ñ ± ² ý ¦ Ô.ÓÕÇ/��ËVÖ�ÓÕÇ�Ó~Ë Ñ ± ² ³�ÛoÔ�Ó à Ç à Ö�Ó à Ë�Ë Ñ ± ² ³ ² ��S~x Ô.Ó�X�� à Ö�Ó�XaÅ àÑ � ² ý ¦ Ô�Ó~Êz� à Ñ �vÏ � ² ¦dÃ Ô;Ó~Ê�Ê�Ë�Ó~ÊTÓ~Ë�Ó~Ê�Ë�Ë�Ó~Å à Ë�M:JIDGSQÓ~Ê�Å�ËVÖ�Ó�Ó�Ó à Ñ ±«² ý Û �)Swe��)e7Ð�ÔÈÓ�Ó à ËLÓ~Ë�Æ à
Ó~ËVÇNË�Ó~Ë à Ë�Ó~Ë�Ë�ËQÆ à Ë Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô�û�û�Ë�ûz� à û à�à û�X à û�Å à Ñx· ² ý ¦ ø þ � û Ô.ûTÓ~Ë�û�Ë�Ë�ÇNÆ�ËQÇNû�ËÇ�Ó~Ë Ñx· ² ý ¦ ø þ � f Ô-��Æ à ��û�Ë
` ² H ¹ba S^�Ö�Z Ñ ²�Ô)ÉÛXaÆ�ÆTx Ç Ñ Å�ûVÔuitg �dc l Ê�ÊTÓ�x X Ñ Ó~Ë�ËVÔ
À · H ¹¤a S^�Ö�Z Ñ ²�Ô�É�XaÆ�ÆTx£Å Ñ Ó~Ë�ËVÔcitg �dc l X à Ç�x£Å Ñ X à Ô[itg�e&V ÿ � � l Ê à X0xBÓ Ñ ÅTÓÕÔ�Ê�Å à x£Ë Ñ Å à Ô[i =�� l ÓÕÇ�Ç�x£Æ Ñ ÓÕÔi =ae�Å l

Ó~ËVÇ
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NH2

G pÎÒ?�"Ó;JipÎy	�;{|u~}"sÔ��ux{�Õ H � q?}"��y[sduÖkÖuÖs
º ?OD � D[bciV�:Ð�D~]_i:>@?OMNFhF�]Nb�X à x£ÅTx X0xBÓÄ{�?BS�J�^�?B>�ÅTx:�;U Ñ Å à ^�^;MNA�Ô�=:>�q:S�MNA HIF0JhÊTx XzX�U Ñ Å�Ë;^�^;MNA�ÔëÊ�)ÐL?BF Ê�Ë�^;� º gÙ���FX:Ç�^�U Ñ ËTx£Å�^�^;MNA�Ô"m ]_ABAy]NJT?BHI^�]Nb[DG>c]_>~�|Å�XaË�^�U Ñ ËTx£û�^�^;MNA�Ôyd�S@?OK Ñ-, e
>�MNABq�A�Ô�pIX0M�K@pIXI?BF HIF0J ÅTx£û�^;� Ñ Å�Ëh^�^;MNA�Ô[d�S@?ODG>@Xaq�Ay]_^�?BF JTHIS�bcXIUVDÂ�$jIXIS@>~x º DGS;Ð)j0b�iTK@>c]_F0JWJID[K
Z[{�DG?B>�DGFÙ� ?BAB>@Sc]_>�D[K.{�?BS�J�]_H0KÊV|XIAOMNS�M_��MNS@^ HI^�i:S@?OK�>c]_ABAB?OK@?ODGS@>~x
Ü�K�S�D[K@HIAB>@?ODGS�DGFÍÓ�x X��ÄU Ñ ÊVÇz²Q����?B>~x r Ì?\@v Û�X à ²�Ôo��]_S@CIAOM�K�DGS��0D[K�>�K@>�M_��^�?B>�DG?BF0DG^4=�b�XI^;DGABZ[pIHIFIi�>��VMNF
Ó à�à õ^V Ñ ��?B>~x r _@uwv Û�Ó à ÓyõIV�ÔÂ�0JIDGS.K@?ObcX�CEDG?B^ =:>�DGX0DGF�]_F�JIDGS.��HT��>.S�MN>.�VDGSw��Ù_S@CI>~x
GP× wdq?y O uÖsv}1k ×lØ pPÙ"}1s �TÐ
Ó�x à U Ñ X0x:�"^�^;MNA�Ô-�8Ð�?BF à ËÄ^;�LÜo>@X�]_F0MNA�{|DGS�JIDGF�HIFa>�DGS)��S@UVMNF�^�?B>-XÈ^;� Ñ X0xBÓ~Å"U0�0û�Ën^�^;MNA�Ô
� qTJTSc]_Z[?BFIXaqTJTSc]_>;�VDGS�K�DG>@Z[>~xRÜRKÈ{�?BS�JWDG?BF0Dh=:>@HIF0JID�Z[HI^ Ð.j0b�iKh0HQ��DGS@XI?B>@Z[>~x º ?OD�g�HI>@>�DGS@Ay]_HIUVD
{�?BS�J ]_HT�Èb~]Tx�ÓÕÖ�Ó~Ë\DG?BFIUVD[DGFIU�>�HIF0Jß^�?B>�JIDGS�K�DGABC»DGF ghDGFIUVDíÄ�]NK�K�DGSQ�VDGS�K�DG>@Z[>~x�z7F JIDGSTS�Ù_AB>�D
��]_ABAODGF-K�bcXI?BAOJTp�]_>@>c]_S@>@?BUVDYS�S@?OK@>c]_ABAODÈ�VMNF�� � �EJT?OD;]_CIUVD[Kc]_HIU�>�HIF0JÍ^�?B>�DG?OK@iN]_AB>�DG^&ÜR>@X�]_F0MNARHIF0J
Ä�]NKcK�DGS�UVDG{�]NK�bcX0DGF�{�DGS�JIDGF�x
Z5HI^ ÜoF:>w��DGS@F0DGF S�D[K@>@AB?ObcX0DGF � qTJTSc]_Z[?BF0K�{�?BS�J ]_H0K�Üo>@X�]_F0MNA�HI^�i:S@?OK�>c]_ABAB?OK@?ODGS@>~x�ÜRK�S�D[K�HIAB>@?ODGS�DGF
ËTx X���U Ñ à ÓI²�Ô|� ]_S@CIAOM�KcD§S�S@?OK@>c]_ABAOD�x

A þ û B þÑÿ  iBÓ~Æ à x£Åz�ÈU:Ö�^;MNA l UVDÂ�@x�i
² l V û à x£û�X � Ç�x£Ë à � Ç�xBÓ à
CEDGS~x�i
² l V ûz�TxBÓ~Å � �Tx Ç�Ó � Ç�xBÓÕÇ

F GIH ±³¹KJML��[N"Ny¹ GPO	Q ²³¹ba=´ H w �|RES�ei pIpI^ l É ÊTx ÇNÅ Ñ K~�»Å � � �B f Ô)�Tx£Æ�ÊVÖ�Ç�x£Ë�Ë Ñ J��»Å � � ÿ �ÅÉ Ó^�Tx X � ZV� º C�x Ô/Ç�x X�� Ñ J��»Å � ��M_e � Ô
Ç�x£Å�Æ Ñ >~��Å � �T^Èe � Ô�Ç�x£Å�Ë Ñ >~��Ó � �TpTe � Ô-�Tx:�z�VÖ�Ç�x£Ê�Ê Ñ J��QX � �I���§�tk�kn� e�=:q�K@>�DG^�Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES� i pIpI^ l É Ó�Ó à x£ÅVÖ�Ó~Å à xBÓÕÖ�Ó~Åz�TxBÓÕÖ�Ó~Åz�Tx£ÆVÖ�Ó~ÅVÇ�x£ûVÖ�Ó~Å�ûTx:�VÖTÓ~Å�ûTx Ç Ñ ]_S~x.HIF0J º C�x e�A�Ð�ÔÍÓ~Å�ûTx£ÊVÖ�Ó~ÊVÇ�x£ÆVÖ
Ó�X��TxBÓ Ñ ]_S~x"A)\[Ô
·<JWL-¯ � q RES°± itbG^cë s l É Ê�XaÊ�ËVÖNÊ�Ê à Ë Ñ ± U ý ¦ Ô Ê�ËTÓ~Ë Ñ ±«² ý ¦ Ô�Ó^�TÓ~ËVÖ�Ó à û�ËVÖ�Ó à Ó~Ë Ñ ±«² ³ ² �)S~x�HIF0J�� U ý ¦ Ð)� � f ÔÓ�XaÆ�Ë�Ó~Å�û à Ó~Åz� à Ó�Ó~û�Ë;ÆVÇNË Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô�û�Å à Ñx· ² ý ¦ ø þ � û Ô�Ç/��ËVÖ/��Æ�Ë Ñx· ² ý ¦ ø þ Ô
À · H ¹¤a S^�Ö�Z Ñ ²�ÔuÉ�Ó~Æ à x£Ë Ñ à ÅVÔbitg �dc l ÓÕÇNÆTx£Ë Ñ ÊVÔbi =aecÓ l ÓÕÇ�Ç�x£Æ Ñ �VÔbi =ae�Å l Ó^��X0x£Æ Ñ �VÔbi ø"Ó l Ó à Ó�x£Æ Ñ ÊVÔ§i ø�Å l
Ó~Ë�û
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H3CO

º ?OD�UVDGABCIU�S@jIF0DÒÜo^ÄHIAOK@?OMNF �VMNF ÊTx£ËLU Ñ ûTx XzX\^�^;MNA�Ô � �TÐß?BF Ó~Ë�Ë�^;� Üo>@X�]_F0MNA�{�?BS�J HIFa>�DGS
��S@UVMNFÒ^�?B>ÄûQ^;� Ñ ûTx£Å�X�U0��ËTxBÓ^�Q^;MNA�Ô � q�JTSc]_Z[?BFIX:q�JTSc]_>Ä�VDGS�K�DG>@Z[>~x�ÜRK�{�?BS�JÒDG?BF0D�=:>@HIF0JID;Z[HI^
Ð)j0b�iKh0HQ��DGS@XI?B>@Z[>~��{|MNCEDG?0DG?BF;JT?Ob�iVDGSoX0DGABABU�Sc]_H0DGS���?OD[JIDGS�K�bcXIAy]_U�� Ù_ABAB>~x���]Nb�X;JIDG^��CIi�jIXIAODGF�{�?BS�J
^�?B>�g�DG>@X:q:AODGF0bcXIAOMNS@?OJ��VDGS�KcDG>@Z[>�HIF0JÈ�0AB>@S@?ODGS@>~x º DGS}� ?BAB>�DGS@S@j0b�iTK@>c]_F0J�{�?BS�J�^�?B>|ghDG>@Xaq�AODGF0b�XIAOMNS@?OJ
UVDG{�]NK�b�X0DGF��EJ0]NK)� ?BAB>@Sc]_>�]_HT�ob~]Tx à Ë�^;�\DG?BFIUVD[DGFIU�>~x5z�F�JIDGS)S�Ù_AB>�D�� Ù_ABAB> � � � �5J0]NK�]_CIUVD[Kc]_HIU�>
HIF0J�^�?B>�DG?OK@iN]_AB>�DG^4ÜR>@X�]_F0MNA�HIF0JTÄ�]NK�KcDGS�UVDG{�]NK�bcX0DGF�{�?BS�J�x
ÜRK�S�D[K@HIAB>@?ODGS�DGF"ËTx£Æ à U Ñ à Ë�²�ÔEZÕ]_S@>@UVDGABC»DGSÖ��D[K@>�K@>�M_��^�?B>�DG?BF0DG^ =�bcXI^;DGABZ[pIHIFIi:>!�VMNF�Ó^� à õ V Ñ ��?B>~x r _@Ì@v Û
ÓÕÇNÊ"e)ÓÕÇ1X	õ^V�ÔÂ��JIDGS)K@?Ob�X�CEDG?B^ =:>�DGX0DGF�]_F�JIDGS)��HT��>�S�MN>.�VDGSw� Ù_S@CI>~x

A þÑþ B þÑþ iD i£Å�Å à x£Å�Æ;U:Ö�^;MNA l UVDÂ�wxÖi
² l V ÇNÆTx£û�Ë � �Tx ÇNÊ �Ó�Tx£ÊTÓ
C»DGS~xÖi
² l V ÇNÆTx£ÆVÇ � �Tx Ç�Ó �Ó�Tx£Å�Å

F3GiH ±3¹KJML`¾>N"Ny¹ GjO	Q ²³¹¤a�´ H w �|RES�*i pIpI^ l É ÊTx ÇNÊ Ñ KÕ�:Ê � � D A B ÿ Ô à x£Å�Ê Ñ KÕ��Å � � ªB f ÔO�Tx£û�ÅVÖ/�Tx£û�û Ñ J��TÅ � �;ÿ?�6É Ó^�Tx£Å � ZV� º C�x Ô
�Tx à X:Ö�Ç�x£Å�ÅVÖ/�Tx£û�ÆVÖ�Ç�x X0Ó Ñ J��0û � �I���§�tk�kn� e�=:q�K@>�DG^;DÕÔ
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ¶P²µ¶@k ÿ RES��i pIpI^ l É à�à x£Ê Ñ D A B ÿ Ô�Ó�Ó�X0xBÓÕÖ�Ó�Ó à x£ÅVÖ�Ó~Å�X0x Ç�Ö�Ó~Åz�Tx Ç�Ö�Ó~ÅVÇ�x£ÅVÖ�Ó~ÅVÇ�x X Ñ ]_S~x�HIF0J º C�x e�A�Ð�Ô�Ó~Å�ûTx X:Ö
Ó~Ê�ËTx£ûVÖ�Ó�X à x£ûVÖ�Ó à ûTx£û Ñ ]_S~x"A)\[Ô
·<J®L-¯ � q RES°± itbG^cë s l É3Ê�Ê�Å�Ë Ñ ± U ý ¦ ÔÈÅ�Æ�û�Ë Ñ ±«² ý ¦ ÔÈÅ�ûTÓ~Ë Ñ ±«² ý ¦ ��V � ÿ ÔQÓ à Æ�ËVÖ�Ó à Ë�Ë Ñ ±«² ³ ² ��S~x�HIF0J� U ý ¦ Ð)� � f Ô�Ó�X à Ë�Ó�XaÅ à Ó~Å�Æ�Ë�Ó~Åz��Ë�Ó~Å�X à Ö�Ó~Ë�Å à Ñ ±«² ý Û �)Swe��)e7Ð�Ô�Ó�ÓÕÇNËnÆz��Ë Ñx· ² ¦ >@Sc]_F0K@e º C�x Ôû�Å à Ñx· ² ý ¦ ø þ � û Ô.Ç1X à
` ² H ¹ba S^�Ö�Z Ñ ²�Ô)É Å�Å à x£Å Ñ Ó~Ë�ËVÔuitg �dc l

Ó~Ë�Æ
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NH2

H7C3O

H7C3O

H7C3O

ÊTxBÓÕÇÈU Ñ �Tx£Ê"^�^;MNA�Ôu���TÐ�{|DGS�JIDGF�?BF�ÇNË"^;��Üo>@X�]_F0MNA�?BF�JIDGS)Ä Ù_S@^;D�UVDGAOY�K@>�HIF0J�HIFa>�DGS)��S@UVMNF
^�?B>�û�^;� Ñ ûTx£Å�X"U0�:ËTxBÓ^�Ä^;MNA�Ô � qTJTSc]_Z[?BFIXaqTJTSc]_>��VDGS�KcDG>@Z[>~x:ÜRK|{�?BS�JQDG?BF0D�=:>@HIF0JID�Z[HI^ÎÐ)j0b�iKh0HQ�
DGS@XI?B>@Z[>~�E{�MNC»DG?RDG?BF-JT?ObciVDGS�X0DGABABU�Sc]_H0DGSÄ��?OD[JIDGS�K�b�XIAy]_U���Ù_ABAB>~xEÜRK�{�?BS�JÍX0DG? �Q�0AB>@S@?ODGS@>~��J0]NK�� ?BAB>@Sc]_>
KcM_��MNS@>�F0M�b�XI^�]_AOK)�0AB>@S@?ODGS@>~x0��H0K.JT?OD[K�DG^ � ?BAB>@Sc]_>.i�S@?OK@>c]_ABAB?OK@?ODGS@>.?BF�JIDGSÊS�Ù_AB>�D�Kc]_HICEDGS�D[K§��� � x
Ü�K�S�D[K@HIAB>@?ODGS�DGFhÓ�x XaÅ�U Ñ �TÓI²�ÔRX0DGABABUVDGABCEDGS��0D[K@>�K�>�M_��^�?B>�DG?BF0DG^�=�bcXI^;DGABZ[pIHIFIi:>��VMNF�Ó~Å�Å�õ^V/�:JIDGS
K�?Ob�X�CEDG?B^ =:>�DGX0DGFh]_F�JIDGS)��HT�$>.S�MN>��VDGSw��Ù_S@CI>~x

A f`ÿ B ÿÂþ iD ÿ i£Êz��ÆTx à ËÈU:Ö�^;MNA l UVDÂ�@x�i
² l V Ç1X0x£Æ�û � ûTx XaÆ �ãÊTx£ÆTÓ
CEDGS~x�i
² l V Ç1X0x Ç/� � ûTx X�� �ãÊTx ÇNÆ

F GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES�Ùi pIpI^ l É Ó�x£Ë�ËVÖ�Ó�x£Ë�X Ñ >~��Æ � �lA B ÿ ÔnÓ�x Ç à Ö�Ó�x£û�Ê Ñ KwÃ��n� � �lA B f Ô/ÊTx£Æ�ÊVÖNÊTx£ÆVÇ Ñ >~�s� � � D A B f Ô�Tx£û�ÅVÖ/�Tx£ûz� Ñ J��ÕÅ � � ÿ �qÉ Ó^�Tx£Å � ZV� º C�x ÔÖ�Tx:�z� Ñ K~��Å � �Õ�)S~x Ôs�Tx ÇNÊVÖ�Ç�x£ÊTÓ Ñ J���X � �~�/�@�tk�kn� e�=:qTK@>�DG^�Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES�yi pIpI^ l ÉãÓ~ËTx:� Ñ A B ÿ Ô!Å�ÅTx£ûVÖNÅ�ÊTx à Ñ A B f Ô�ÇNËTx Ç�Ö�Ç à xBÓ Ñ D A B f Ô|Ó~Ë�X0x£ÆVÖ�Ó�Ó à x:�VÖ�Ó~Å à x:�VÖ�Ó~ÅVÇ�x:�VÖ�Ó~ÅVÇ�x ÇÑ ]_S~x0HIF0J º C�x e�A�Ð7Ô�Ó~Å�ûTx:�VÖ�Ó~Ê�ÊTxBÓÕÖ�Ó~ÊVÇ�x£ûVÖ�Ó�X à xBÓÕÖ�Ó à ÊTx£Å Ñ ]_S~x"A)\[Ô
·<JWL-¯ � q RES°± itbG^cë s l É Ê�XaÅ�ËVÖNÊ�Ê�Å�Ë Ñ ± U ý ¦ Ô�Ê�ËTÓ~ËVÖNÅ�ÆVÇNËVÖNÅ�ûz��Ë Ñ ±«² ý ¦ Ô�Ó^�TÓ à Ñ ±«² ³ ² º C�x Ô�Ó à Æ à Ö�Ó à û�ËVÖ�Ó à Ë àÑ ±«² ³ ² ��S~xaHIF0J³� U ý ¦ Ð)� � f Ô�Ó�X�� à Ó�XaÊ�ËQÓ~Ê�û à Ó~Ê�XaË�Ó~ÊTÓ à Ó~Å�û à Ó~Å à�à Ö�Ó~Å�XaËÈM�JIDGS�Ó~ÅTÓ~ËVÖ�Ó�Ó~Å�ËÑ ±«² ý Û ��Swe��)e7Ð/Ô/Ó�ÓÕÇNË�Ó�Ó à�à Ó~Ë à�à Æ�Æ à Æz��ËÈM�JIDGS�Æ à Ë Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô�ÆTÓ~Ë;û�Ê�Ë Ñx· ² ý ¦ ø þ � û ÔûTÓ à û�Ë�Ë;û�Æ�Ë�ÆVÇNË�ÇNÅ à Ñ~Ä ² ¦ Å Ô�ÇNË�Ë
` ² H ¹ba S^�Ö�Z Ñ ²�ÔwÉ Êz��ÆTx£Å Ñ Ó~Ë�ËVÔuitg �dc l

Ó�Ó~Ë
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0}µ ý�µ¨¶�·¾��¿��<:2ým:���´87�ý97501:<.bÁ�ï�½sÁ&ÕO½ÖÕ>="0�×IÀV0sÁÇ0sÔ���ÅÖ¾sÂxØe0sÔ�G°Ô�¿�Õ�ñxÕ�Ô�õ)¼hf
H7C3O

H7C3O

H7C3O

CH2OH

à x£ËTÓ�U Ñ Ó~ÅTxBÓ�^�^;MNA�Ô����8g�?BF�Å à ^;�Wd � �\{�DGS�JIDGF�^�?B>-X0Ó~ÊÈ^�U Ñ Ó~ËTx£ÆÈ^�^;MNA�Ô���?B>@XI?�HI^�]_ABH5^�?fe
FI?BHI^�X:q�JTS@?OJ�HIF:>�DGS.Üo?OK@i�jIXIABHIFIU��VDGS�K�DG>@Z[>~x º ]_F�]NbcX�{�?BS�J�JTS�DG?�=:>@HIF0JIDGF�Z[HI^�Ð)j0b�iKh0HQ�ÈDGS@XI?B>@Z[>~x
º ?OD;Ð�D~]_i:>@?OMNF-{�?BS�J�^�?B>�Ó~Ë�^;�ÈÄ�]NK�K�DGSn]_CIUVDGCIS�M�b�X0DGF\HIF0JÒ^�?B>�Ó~Ë�²n?BUVDGS�=T]_ABZ~KcÙ_HIS�D;F0DGHI>@Sc]�e
AB?OK@?ODGS@>~x º ?OD�DG>@X0DGS@?OKcb�X0D�moX�]NK�D�{�?BS�J\^�?B>yÄ�]NKcK�DGSnUVDG{�]NK�b�X0DGF��oJT?OD�{�ÙNKcK@S@?BUVD�]_H0K@UVD[DG>@X0DGS@>~��JT?OD
�VDGS�DG?BFI?BU�>�DGFQMNS@Ua]_FI?OK�b�X0DGFQmoX�]NK�DGF;jICEDGSRgh]_U�F0D[K�?BHI^;K@HIAf� ]_>�UVDG>@S�M:bci:F0DG>RHIF0J�J0]NKR��Y�K@HIFIUVK@^�?B>@>�DGA
?B^4P�]_i�HIHI^ DGF:>w��DGS@F:>~x
��]Nb�X\KcÙ_HIAODGF0b�XIS�MN^�]_>�MNU�Sc]_pIXI?OK�bcX0DGS�Ð)DG?BFI?BU�HIFIU Ñ S�?OD[K�DGABUVDGA���ûQÃ�Å�Ë�bG^��zA B f A)� f Ô/S�D[K@HIAB>@?ODGS�DGFÊTx£ûVÇ"U Ñ û�Ê�²�Ô�C»DG?BUVDGS)��D[K@>�K@>�M_�Í^�?B>)DG?BF0DG^ =�b�XI^;DGABZ[pIHIFIi�>/�VMNF�Æ�Ëöõ1V/x
A f û B ÿ�f D û i£Ê�û�X0x à Ó�U:Ö�^;MNA l UVDÂ�wxÖi
² l V Ç1X0x£ûTÓ � ûTx£Ê�û

C»DGS~xÖi
² l V Ç1X0x£ÆVÇ � ûTx£Ê�Æ

F3GiH ±3¹KJML`¾>N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�Ùi pIpI^ l É Ó�x£Ë�ÅVÖ�Ó�x£Ë à Ñ >~��Æ � �lA B ÿ ÔÄÓ�x Ç/�VÖ�Ó�x£û�Ê Ñ KwÃE�x� � �mA B f Ô/ÊTx£Æ�X:ÖNÊTx£ÆVÇ Ñ >~�s� � � D A B f ÔX0x:�VÇ Ñ K~�IÅ � �	A B f DnB Ô��Tx£Æ à Ö/�Tx£Æ�û Ñ J��IÅ � � ÿ ��ÉÏÓ^�Tx X � ZV� º C�x Ô��Tx ÇNË Ñ K~�TÅ � ����S~x Ô�Ç�x£Ê�ÅVÖ�Ç�x X��
Ñ J��QX � �I�/�@�tk�kn� e�=:q�K�>�DG^�Ô
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ¶P²µ¶@k ÿ RES�Ùi pIpI^ l É Ó~ËTx:� Ñ A B ÿ Ô/Å�ÅTx Ç�ÖNÅ�ÊTx à Ñ A B f Ô�ÇNËTx£ûVÖ�Ç à xBÓ Ñ D A B f Ô�� à xBÓ Ñ A B f DnB ÔnÓ~Ë à x£ÊVÖ�Ó~Åz�Tx à ÖÓ~ÅVÇ�x£ÊVÖ�Ó~ÅVÇ�x X:Ö�Ó~Å�ûTx£Æ Ñ ]_S~xIHIF0J º C�x e�A�Ð�Ô/Ó~Ê�ÅTx à Ö�Ó~Êz�Tx£ûVÖ�Ó~Ê�ûTx£ÊVÖ�Ó�XaËTxBÓÕÖ�Ó à ÊTx£Ê Ñ ]_S~x"A�\GÔ
·<J®L-¯ � q RES°± itbG^ ë s l É3Ê�Å�Ë�Ë Ñ ± Û ý ¦ ÔÈÅ�Æz��ËVÖNÅ�ûz��Ë Ñ ±«² ý ¦ ÔQÓ à û�ËVÖ�Ó à Ë à Ñ ±«² ³ ² ��S~x ÔQÓ�X:ÇNËVÖ�Ó�XaÊ�Ë Ñ � ² ý ¦ ÔÓ~Ê�û à Ñ �vÏ � ² ¦dÃ Ô�Ó~Ê�X à Ó~Åz��ËhÓ~Å�XaË�Ó~Å�Å à Ó�Ó~Å à Ñ ±«² ý Û �)Swe��)e7Ð�Ô�Ó~Ëz��ËQÆz� à Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô/û�XaËû�Å�Ë Ñx· ² ý ¦ ø þ � û Ô.Ç�ÇNË;ÇNË�Ë
À · H ¹¤a S^�Ö�Z Ñ ²�ÔÊÉ Ê�û�X0x£Å Ñ Ó~Ë�ËVÔ�itg �dc l Ê�XaÅTx£Ë Ñ Ç�ÓÕÔ§itg�e&V ÿ � � l Å�XaËTxBÓ Ñ Åz�VÔ)Å�Å�ÊTx£Å Ñ Å à Ô.Å�Ë�ÆTx£Ë Ñ ��ÅVÔui = º lÓ~Æ�ÊTx£Æ Ñ Ó~ÊVÔ�itgÍ= l Ó~û�ËTx Ç Ñ XzX:Ô�i =C�"Ó l Ó^��X0x£û Ñ XaÅVÔui øÈÓ l Ó à Ó�x£Æ Ñ ��ËVÔui ø�Å l

Ó�Ó�Ó
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0�µ�ý�µ¨¶�¶®�«¿��V:�ý;:���´87 ý97101:C.§Á$ï¡½sÁ?Õ�½ÖÕ"=>0�×1ÀY0sÁÇ0sÔ���ÅF¾sÂnØe0sÔ�ÅsÁ&Õ�DWï Ñ õ)¼)î
H7C3O

H7C3O

H7C3O

CH2Br

ÊTx ÇNûÄU Ñ ÆTx£ûÄ^�^;MNA�Ôw����ÚÈ{�DGS�JIDGF�?BF¢��Ë�^;�6d�MNABH0MNA�]_HT�!Ë õ V UVDGi�jIXIAB>~x º ]_Z[H�{�DGS�JIDGF�Ay]_FIUVKc]_^
Ó�x à U Ñ à x:�;^�^;MNA�Ô)moX0M�K@pIX0MNS@>@S@?BCIS�MN^�?OJÒUVDG>@S�MNpT��>~x»ÜRK/{�?BS�J�DG?BF0DnX�]_ABC»D�=:>@HIF0JIDnC»DG?oËöõIV HIF0J
Z[{�DG?/=:>@HIF0JIDGFWCEDG?)Å à õ1V UVDGS@jIXIS@>~�o{|MNCEDG?.K@?Ob�XWpIX0M�K�pIX0MNS@?BUVD�=TÙ_HIS�D�]_C0K�DG>@Z[>~x º ?OD�Ð)D~]_i�>@?OMNF
{�?BS�Jß^�?B>ÍÓ à ^;� Ä�]NK�KcDGS�]_CIUVDGCIS�M�b�X0DGF���JT?ODhMNS@Ua]_FI?OK�b�X0DÒmRX�]NK�D�^�?B>QUVD[KcÙ_>@>@?BU�>�DGS���]_>@S@?BHI^Èe
X:q�JTS�MNUVDGF0b~]_S@CEMNF�]_>@AOY�K@HIFIU�HIF0JeÄ�]NKcK�DGS.F0DGHI>@Sc]_A UVDG{�]NK�bcX0DGF�x5ÜRK){�?BS�J�jICEDGS�gÍ]_U�F0D[K@?BHI^;K@HIAf��]_>
UVDG>@S�M�b�i�F0DG>)HIF0J�J0]NK���Y�K@HIFIUVK@^�?B>@>�DGA�?B^4P�]_i:HIHI^ DGFa>w� DGS@Fa>~x
��H0K@CEDGHI>�D�Û0ÊTx£û�ÅÈU Ñ ûVÇz²�Ô�UVDGABCEDGS)�0D[K�>�K@>�M_�h^�?B>�DG?BF0DG^ =�b�XI^;DGABZ[pIHIFIi�>)�VMNF�ûTÓ õ V/x
A f û B ÿÂþ ��rD ÿ i XzX:Ç�x X0Ó�U:Ö�^;MNA l UVDÂ�@x�i
² l V ��X0x X à � Ç�x£Ë�Å

CEDGS~x�i
² l V ��X0x XaÊ � �Tx£Æ�û

F GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES�Ùi pIpI^ l É Ó�x£Ë�ÊVÖ�Ó�x£Ëz� Ñ >~��Æ � �lA B ÿ ÔnÓ�x Ç à Ö�Ó�x£û à Ñ KwÃ��n� � �lA B f Ô/ÊTx£Æz�VÖNÊTx£Æ�Æ Ñ >~�s� � � D A B f ÔX0x à Ë Ñ K~��Å � �"A B f �� Ô-�Tx£Æ à Ö�Ç�x£ËTÓ Ñ J���Å � �Cÿ?��É�Ó^�Tx£Å � ZV� º C�x Ôw�Tx Ç�Ó Ñ K~�0Å � �I�)S~x Ô)Ç�x£Êz�VÖ�Ç�x X à
Ñ J���X � �I�/�@�tk�kn� e�=:qTK@>�DG^�Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES�ÿi pIpI^ l É Ó~ËTx:� Ñ A B ÿ Ô�Å�ÅTx£ûVÖNÅ�ÊTx à Ñ A B f Ô�ÇNËTx£ûVÖ�Ç à xBÓ Ñ D A B f Ô;Ê�ÊTx:� Ñ A B f �� Ô�Ó~Åz�Tx£ÆVÖ�Ó~Å�ÆTx ÇÑ º C�x e�A�Ð�Ô/Ó~Ë à x X:Ö�Ó~Åz�Tx Ç�Ö�Ó~Å�ÆTx X Ñ ]_S~x>A�Ð�Ô/Ó~Å�ÆTx£ËVÖ�Ó~Ê�ÅTx£ÊVÖ�Ó~Êz�Tx£ûVÖ�Ó~ÊVÇ�x Ç�Ö�Ó à ÊTx£Ê Ñ ]_S~x1A)\GÔ
·<JWL-¯ � q RES°± itbG^cë s l É Å�Æ�Ê�ËVÖNÅ�ûz��Ë Ñ ±«² ý ¦ Ô�Ó à û�ËVÖ�Ó à Ë�Ë Ñ ±«² ³ ² ��S~x Ô�Ó�X:ÇNËVÖ�Ó�XaÊ�Ë Ñ � ² ý ¦ Ô�Ó~Ê�û à Ñ �vÏ � ² ¦ Ã ÔÓ~Ê�X à Ó~ÊTÓ à Ó~Åz��Ë�Ó~Å�Ê�ËVÖ�Ó�Ó�Ó~Ë Ñ ±«² ý Û ��Swe��)e7Ð/Ô�Ó�Ó~Æ�ËQÓ~Ëz��Ë�Ó~Ë�Ë à Æz� à Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô�Æ�X à û�Ê àÑx· ² ý ¦ ø þ � û Ô�û�Å�Ë Ñx· ² ý ¦ ø þ � ÿ Ô.ÇNË�Ë*��Å à ÑÛÚnµ3¶ ¾Õe�Ú�DGS@j0K�>�K�b�X:{�?BFIU�HIFIUVDGF5Ô
` ² H ¹ba S^�Ö�Z Ñ ²�Ô[ÉÆXzX��Tx£ûVÖ1XzXaûTx£û Ñ Ó~Ë�ËVÔ�itg �dc l ûTÓ~ÊTx Ç�ÖNûTÓ à x Ç Ñ �VÔYi£ÅNg �dc e7k�S l û�Æ à x Ç�ÖNû�ÆVÇ�x Ç Ñ �VÔYi£ÅNg �dc l �
Ü@DG{|DG?BAOK)^�?B>)k�Swe7z�KcMN>�MNp»DGFI^nH0K@>�DGS

Ó�Ó~Å



�*���Véoê�í@ðB÷�ê�ò»ì�ê�����ê�í+�»ê�ð��

0}µ ý�µ¨¶�´Æ��¿��<:2ým:���´87�ý97501:<.bÁ�ï�½sÁ&ÕO½ÖÕ>="0�×IÀV0sÁÇ0sÔ���ÅÖ¾sÂxØe0sÔ�½°ñxÕ�×�½°ñxÕ�Ân×?2°ÏFÁ?¾gÑOï�¾QÀzñ;0sÔ�¾�×IÀ^¾�Á
õ)¼wõ

H7C3O

H7C3O

H7C3O

CH2P(OEt)2

O

ÊTx£û�Å�U Ñ ûTx à ^�^;MNA�Ô-����ëÒHIF0J;Å�Ë�U Ñ Ó~Å�Ë/^�^;MNA�Ô�d�S@?ODG>@Xaq�ABpIX0M�K@pIXI?B>|{�DGS�JIDGF;?BF�DG?BF0DGSRg�?Ob�X�]NDGAB?OK��
��S@CIHIZ~M~�a�:Ð)D~]_i�>@?OMNF à x£ÅTxBÓ�HI^�UVD[KcDG>@Z[>~x
��H0K@CEDGHI>�D�Û8X0x£Å�ûÈU Ñ ê:H�]_Fa>~x Ô�K�DGXIS)ZÕÙ_X0D[K�UVDGABCIU�S@jIF0D[Kn#�A�x

A f �<B û þ D � ¥ i à Ë�X0x:��ËÈU:Ö�^;MNA l UVDÂ�wxÖi
² l V �z�Tx Ç�Ó � ûTxBÓÕÇ
C»DGS~xÖi
² l V �z�Tx:� à � ûTxBÓ~Æ

F3GiH ±3¹KJML`¾>N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�qi pIpI^ l ÉÎÓ�x£ËTÓÕÖ�Ó�x£Ë�X:Ö�Ó�x£Å�Å Ñ >~�0Æ � �>A B ÿ Ô/Ó�x Ç à Ö�Ó�x£û�Å Ñ KwÃ��8� � �[A B f Ô|ÊTx£ÆVÇ Ñ ^���� � �üÿ?� Ü � ¦ Éÿ3� ¦¤� ¦ É��Tx Ç � ZV� D A B f HIF0J ¥ D A B f ÔÈÊTxBÓ~Å Ñ J���Å � �_A B f ¥ Ôc�Tx£Æ�ÅVÖ/�Tx£Æ à Ñ J��RÅ � �Rÿ?�ÛÉ
Ó^�Tx X � ZV� º C�x Ô-�Tx:��û Ñ K~�0Å � �I��S~x Ô�Ç�x£Åz�VÖ�Ç�x X0Ó Ñ ^��QX � �I���§�tk�kn� e�=:q�K@>�DG^�Ô
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ¶P²µ¶@k ÿ RES��i pIpI^ l É
Ó~ËTx à Ö�Ó~ËTx:� Ñ A B ÿ Ô!Å�ÅTx Ç�ÖNÅ�ÊTx à Ñ A B f Ô ÇNËTx Ç�Ö�Ç à xBÓ Ñ D A B f ÔoÓ^�Tx£ÊVÖ�Ó^�Tx X Ñ A B ÿ ÔÖ��ÅTxBÓÕÖ/��ÅTx£ÅÑ ¥ D A B f Ô�Ê�ÅTx:�VÖNÊ�X0x à Ñ A B f<¥ Ô�Ó~Ë à x£ÊVÖ�Ó~Åz�Tx X:Ö�Ó~Åz�Tx à Ö�Ó~ÅVÇ�x£ÅVÖ�Ó~Å�ûTx£ûVÖ�Ó~Ê�ËTx£ËVÖ�ÓÕÊ�ËTxBÓ Ñ ]_S~x�HIF0J º C�x e
A�Ð7Ô�Ó~Ê�ËTx Ç�Ö�Ó~Ê�ËTx£ûVÖ�Ó~Ê�ÅTx à Ö�Ó~Êz�TxBÓÕÖ�Ó~Ê�ûTx£ÊVÖ�Ó à ÊTx£Ê Ñ ]_S~x"A)\[Ô
·<J®L`±jyÝ¶@k RES°± itbG^ ë s l É Ê�ËTÓ~ËVÖNÅ�Æz��ËVÖNÅ�ûVÇNË Ñ ±«² ý ¦ Ô\Ó à ÇNËVÖ�Ó à Ë�Ë Ñ ±«² ³ ² �)S~x Ô\Ó�X�� à Ö�Ó�XaÅ à Ñ � ² ý ¦ ÔWÓ~Ê�û�Ë
Ñ �vÏ � ² ¦ Ã Ô�Ó~Ê�X à Ó~Ê�Ê�Ë;Ó~ÊTÓ à Ó~Å�Ê à Ñ ±«² ý Û ��Swe��)e7ÐdHIF0J ± Ül³�Û Ô�Ó�Ó~Å�Ë Ñ ±«² ý Û ��Swe��)e7Ð/Ô�Ó~Ë à ËVÖ�Ó~Ë�Å�ËÑ ± Ü ý Û HIF0J ±«² ý Û moe��)e7Ð/ÔoÆ à�à Ñx· ² ¦ >@Sc]_F0K@e º C�x Ô�û à Ë Ñx· ² ý ¦ ø þ � û ÔRûTÓ~Ë Ñx· ² ý ¦ ø þ � ÿ ÔRÇ/��ËnÇNÊ�ËÑ~Ä ² ¦ Å Ô|��û à ��Å�Ë
` ² H ¹ba S^�Ö�Z Ñ ²�Ô)É à Ë à xBÓ Ñ Ó~Ë�ËVÔuitg �dc l Ó~ËTÓ~ËTx X Ñ à Ô

Ó�Ó~Ê
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H7C3O

H7C3O

H7C3O CHO

º ?OD*Äß?B>@>@?BU_� � MNS@F0DGS��:Ð)D~]_i�>@?OMNF à x£ÅTx£ÅTx£Å�{�?BS�J-^�?B>�Ó�x£Ê�û�U Ñ Ó~ÅTx£Ê�^�^;MNA�ÔbS�]_AB?BHI^Èec½('Â¾G½7e�CIHI>�q:Ay]_>~�
Ó�x£û�X�U Ñ ûTx£ûQ^�^;MNA�Ôud�DGS�DGpIX:>@X�]_Ay]_AOJIDGXaqTJT^;MNF0M:JT?ODG>@X:q:Ay]Nb~DG>c]_A)HIF0JPX0xBÓ à U Ñ ûTx£ÅQ^�^;MNA�Ôc����� ?BF
?BF0K�UVD[Kc]_^Ä>u��Ë�^;��d � �WJTHIS�b�XIUVDÂ��jIXIS@>~x º ]NK)��b[DG>c]_A�{�?BS�J�F�]Nb�X à x£ÅTx£ÊÈ?BFLÓ à ËÈ^;��V|XIAOMNS�M_� MNS@^
UVD[K�p�]_AB>�DGF�x
��]Nb�XãKcÙ_HIAODGF0b�XIS�MN^�]_>�MNU�Sc]_pIXI?OKcb�X0DGS�Ð�DG?BFI?BU�HIFIU Ñ S�?OD[K�DGABUVDGA��nÓ~Å9Ã Ç9bG^��)DGS�K�> d�MNABH0MNA��/J0]_FIF
ÜR> f ��ÔnHIF0Jd]_F0K�b�XIAB?OD��VDGF0JIDG^ �)^�i�S@?OK@>c]_ABAB?OK@?ODGS�DGFß]_H0K5V|q�bGAOMNX0DÂÃ0]_F S�D[K@HIAB>@?ODGS�DGF Ó�x£ûz�ÍU Ñ X:Çz²�Ô
MNSc]_FIUVDGUVDGABCEDGSÊ��D[K@>�K@>�M_�Í^�?B>)DG?BF0DG^ =�b�XI^;DGABZ[pIHIFIi�>/�VMNF�Ó à X�õ1V/x
A ÿ�f B ÿ � D û i Xaû�X0x:��ÊÈU:Ö�^;MNA l UVDÂ�@x�i
² l V ÇNÆTx£Ê�Ê � Ç�x à û

CEDGS~x�i
² l V ÇNÆTx£ÊTÓ � Ç�x XaÆ

F3GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES�Ùi pIpI^ l É Ó�x£Ë�ÊVÖ�Ó�x£Ë à Ñ >~��Æ � �lA B ÿ ÔnÓ�x Ç1X:Ö�Ó�x£û�X Ñ KwÃ��n� � �lA B f Ô/ÊTx£Æ à ÖNÊTx£ÆVÇ Ñ >~�s� � � D A B f Ô�Tx£Æz�VÖ�Ç�x£Ë�ÊVÖ�Ç�xBÓ~ÅVÖ�Ç�x£Å�Ê Ñ J���Å � � ÿ �6ÉÓ^�Tx£Å � ZV� º C�x ÔO�Tx ÇNÅ Ñ K~�TÅ � �a��S~x Ô|Ç�x à Ë Ñ J��KX � �:�/�@�tk�kn� e
=:qTK@>�DG^��_^�?B>@>@AODGS�DGSoÐ.?BFIU:Ô�Ç�x:��ÊVÖ�Ç�x£û�X Ñ J��1X � �_���§�tk�k�� e�=:qTK@>�DG^��_�)Swe&V � ��Ô ÆTx£ÆVÇ Ñ K~�_Å � ��A BiD Ô
FVU ¶ H ±³¹KJWLÆ»�N"N�¹ GPO	Q ¶P²µ¶@k ÿ RES�5i pIpI^ l ÉÎÓ~ËTx à Ö�Ó~ËTx:� Ñ A B ÿ Ô�Å�ÅTx Ç�ÖNÅ�ÊTx à Ñ A B f Ô�ÇNËTx Ç�Ö�Ç à xBÓ Ñ D A B f Ô�Ó~Åz�Tx£ÆVÖ�Ó~ÅVÇ�x£ËVÖ�Ó~Å�ÆTx X:Ö�Ó~ÊTÓ�x ÇÑ º C�x e�A�Ð�Ô�Ó~Ë à x£ÊVÖ�Ó~Åz�Tx Ç�Ö�Ó~Åz�Tx£ûVÖ�Ó~ÅVÇ�x£ÊVÖ�Ó~Ê�ËTx£Å Ñ ]_S~xdA�Ð�Ô�Ó~Ê�ÅTx£ÊVÖ�Ó~Ê à x£ÅVÖ�Ó~Ê à x:�VÖ�Ó~ÊVÇ�x:�VÖ�Ó~Ê�ûTx à Ö�Ó�XaÊTx X:Ö
Ó à ÊTx£Ê Ñ ]_S~x"A \ Ô/Ó~ÆTÓ�x à Ñ A BiD Ô
·<JWL-¯ � q RES°± itbG^cë s l É
Ê�ËTÓ~ËVÖNÅ�Æz��ÊVÖNÅ�Æ�Ê�X:ÖNÅ�ûVÇ/� Ñ ±«² ý ¦ Ô)Ó^��Æ�Æ Ñ ±«² ³�Û Ô�Ó à û�X:Ö�Ó à ËVÇ Ñ ±«² ³ ² ��S~x Ô)Ó�X:ÇNËVÖ�Ó�XaÊ�ÊÑ � ² ý ¦ ÔnÓ~Ê�û�Æ Ñ � Ï � ² ¦dÃ ÔnÓ~Ê�XzX-Ó~Ê�Ê�ËhÓ~Å�XzX:Ö�Ó�Ó~Å�X Ñ ± ² ý Û �)Swe��)e7Ð�ÔÄÓ�Ó^�VÇ�Ó~Ëz��Å�Æz��Ë Ñx· ² ¦ >@Sc]_F0Kwe
º C�x Ô�û�Å�X Ñx· ² ý ¦ ø þ � û Ô�ûTÓ~Ë Ñx· ² ý ¦ ø þ � ÿ Ô�ÇNÅ�Ë Ñ~Ä ² ¦ Å Ô|��Å�Ê à Êz�
` ² H ¹ba S^�Ö�Z Ñ ²�ÔwÉÛXaû à x£Ë Ñ Ó~Ë�ËVÔuitg �dc l

Ó�Ó�X
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ËTx£ûVÇ U Ñ ÊTx£Æã^�^;MNA�ÔÅ���o��ËTx£Ê�Ê U Ñ ÊTx£Êã^�^;MNA�Ô � DÂÃ�q�Ay]_^�?BF¼HIF0J4ËTx Ç/�ãU Ñ �Tx:�ã^�^;MNA�ÔÝ�Qe
� q�JTS�M~Ã�qTK@H0b[bG?BFI?B^�?OJ {�DGS�JIDGF ?BF DG?BF0DGS�>@S�M�b�iVDGF0DGF ��pIp�]_Sc]_>@HIS�?BF
Ê�Ë\^;� º gí�ÏUVDGAOY�K�>�HIF0J
DGF:>@Ua]NK@>~x º ]_Z[H9{|DGS�JIDGF Ay]_FIUVKc]_^ HIF:>�DGSQ=:>@?Ob�iTK@>�M_��]_>@^;M�K@pIX�Ù_S�D�ËTx:��ûhU Ñ ÊTx£Êh^�^;MNA�Ô º ?ObGqTbGAOM_e
X0DÂÃTq:AOb~]_S@CEM�JT?B?B^�?OJ ?BF Ó~ËL^;� º gí� Ñ DGCEDGFT� ]_ABAOK�DGF:>@Ua]NK@>�Ô�UVDG>@S�MNpT�$>~x���]Nb�X DG>�{�]9Z[{�DG?n=:>@HIFTe
JIDGF9CEDGU�?BFIFa>;DG?BF\� ]_S@CIAOM�KcDGSÈ��?OD[JIDGS�K�bcXIAy]_U�]_H0K@Z[HT� ]_ABAODGF�x º ?ODQÐ)D~]_i�>@?OMNF0K@^�?OK�bcXaHIFIU-{�?BS�J\HIFa>�DGS
=:>@?Obci�K@>�M_�hZ[{|YNAf��=:>@HIF0JIDGF�C»DG?�Å à õ1V UVDGS@jIXIS@>~x º ]_FIF�{�?BS�JQ�VMNF�DGFa>�K@>c]_F0JIDGF0DG^ º ?ObGqTbGAOMNX0D[bGq:Afe
X�]_S@F0K@>�M_�h�0AB>@S@?ODGS@>�HIF0J�J0]NK���Y�K@HIFIUVK�^�?B>@>�DGA�?B^�P�]_i:HIHI^ ]_HT��DG>7{�]ÈDG?BF�P/?ODGS@>�DGA�DG?BFIUVD[DGFIU�>~xIg�?B>
Ä�]NK�KcDGS;{�?BS�JdDG?BF0D�g�?OK�bcXaHIFIUW]_H0KY� � ê�í�Ç HIF0Jô��� UVDÂ��Ù_ABAB>~��JT?OD�KcÙ_HIAODGF0b�XIS�MN^�]_>�MNU�Sc]_pIXI?OK�bcX
Ñ S�?OD[K�DGABUVDGA��!Ó~ËnÃÍÓ~ËÈbG^���DGS�K@>wd�MNABH0MNA�ÛIÜRK�K@?BUVD[K@>�DGSnÓ�Û�Ó��IJ0]_FIF���b[DG>�MNF5Ô�UVDG>@S�DGFIF:>){�?BS�J�x
ÜRK.S�D[K@HIAB>@?ODGS�DGFLÓ�x£ËÈU Ñ Æ�û�²�Ô�� ]_S@CIAOM�K�DGSÊ�0D[K@>�K@>�M_�Í^�?B>)DG?BF0DG^ =�bcXI^;DGABZ[pIHIFIi:>��VMNF�Ó^�TÓ õ V/x
A fÂþ B f`þ iD i£Ê�ËVÇ�x XaÊ;U:Ö�^;MNA l

F GiH ±3¹KJML��[N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�Yi pIpI^ l É
ËTx£û�û Ñ >~�IÊ � �	A B ÿ Ô�Ó�x£Ê�Å Ñ ^��Q� � �	A B f Ô�Ó�x:��Ë Ñ ê:HI?BFa>�DG>@>~�0Å � �[A B f Ô|ÊTx XaÊ Ñ ê»��Å � � A B f Ô��TxBÓÕÇ Ñ KÕ�»Ó � � ªB Ô.Ç�xBÓ~ËVÖ�Ç�xBÓ�X Ñ J��0Å � �tÿ?��ÉÎÓ^�Tx:� � ZV� º C�x Ô�Ç�x£ÅVÇ Ñ J���Ó � �TpTe � Ô�Ç�x£Ê à
Ñ >~��Å � �T^Èe � Ô.Ç�x à Ë Ñ >~��Å � �IM_e � Ô.Ç�x à ÓÕÖ�Ç�x à X Ñ J��g� � �I�/�§�tk�kn� e�=:qTK@>�DG^�Ô
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ¶P²µ¶@k ÿ RES�÷i pIpI^ l É Ó�X0x£ËVÖNÅ�ÅTx:�VÖNÅz�Tx Ç�ÖNÅ�ÆTx Ç�ÖNÊTÓ�x à Ö1XaËTxBÓ Ñ � DÂÃ�q�ABS�D[K@>�Ô�Ó~Åz�Tx à Ö�Ó~Åz�Tx Ç�Ö�Ó~ÅVÇ�x£ÊVÖ�Ó~ÅVÇ�x à Ö�Ó~Å�ûTxBÓÕÖ
Ó~Å�ûTx Ç�Ö�Ó~Ê�ËTx à Ñ ]_S~xIHIF0J º C�x e�A�Ð�Ô/Ó~Ê�ÊTx à Ö�Ó~Êz�Tx£ûVÖ�Ó�XaËTx£Ê Ñ ]_S~x"A)\[Ô/Ó^�VÇ�xBÓ Ñ V��/� � Ô
·<J®L-¯ � q RES°± itbG^cë s l É`Ê�Ê�X0Ó Ñ ± U ý ¦ ÔQÊ�ËTÓÕÇ�ÖNÅ�Æ à X:ÖNÅ�Æ�ÅVÇ�ÖNÅ�û à Ó Ñ ±«² ý ¦ Ô�Ó^��Å�ÆVÖ�Ó à Ê�ÊVÖ�Ó à Ë�Ê Ñ ±«² ³�Û Ö ±«² ³ ²��S~x Ô�Ó�X���ûVÖ�Ó�XzXaû Ñ � ² ý ¦ Ô.Ó~ÊTÓ�ÓÄÓ~ÅVÇ à Ó�Ó~ûz��Ó�Ó�XaÆ�Ó�Ó~Ë�û;Ó~ËVÇ1X�Æz��Ê Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô|Æ à ÊÄûVÇNÊnû�ÊTÓÑx· ² ý ¦ ø þ � û Ô�Ç/��ûVÖ/��ÆTÓ Ñx· ² ý ¦ ø þ Ô�Ç1XaÅ�ÇNÅ à Ñ~Ä ² ¦ Å Ô
` ² H ¹ba S^�Ö�Z Ñ ²�Ô)É Ê�ËVÇ�x£Ê Ñ Ó~Ë�ËVÔuitg �dc l
G J H À aH· H ¹ba S^�Ö�Z[É Ê�Ê�ËTxBÓ~û�Å�Ë itg��ã��] l�� ÿI��Ca{|DG?ObcXaHIFIU0ÛnX0x£Å"pIpI^
Ð�DÂ��DGS�DGFIZVÛ0��]Nz@ÖzV�K�z �T=:>c]_F0J0]_S�JTAOY�K�HIFIU0ÿ�Ð)DÂ� DGS�DGFIZ[pED~]_i»ÛT^�Ö�Z[É Ê�Å�ÅTx Ç�ÇNû�Å

Ó�Ó à
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0�µ�ý�µ¨¶E4®�«¿��V:�ý;:�¼�ÀY0sÁÇ0sÔ�ÅÖ¾sÂxØ�Õ�¾�×?2°ÏFÁ?¾xï�×1Õ�½sÁ?Õ�½[0sÔ�¾�×1À^¾sÁb¼ØÀpÃ4:zõ

O

O

Ü�K�?OK@>)DG?BF���]_S@CIAOM�K�DGS)�0D[K�>�K@>�M_�h^�?B>�DG?BF0DG^ =�b�XI^;DGABZ[pIHIFIi�>��VMNF ��Æ�õ^V/x
A þ �CB þ �ED f i£Åz�z�Tx£Ê�ÊÈU:Ö�^;MNA l UVDÂ�@x�i
² l V ÇNÆTx£Å�Ë � �Tx Ç�Ç

CEDGS~x�i
² l V ûTÓ�xBÓÕÇ � �Tx£ûTÓ

F GIH ±³¹KJML��[N"Ny¹ GPO	Q ²³¹ba=´ H w �|RES��i pIpI^ l É Ó�x£Ê à Ö�Ó�x£ÊVÇ Ñ J��}� � �9A B ÿ Ô à x£Å�X Ñ K�DGpI>�DG>@>~�)Ó � �}V � Ô;Ç�xBÓ~ÅVÖ�Ç�xBÓ~û Ñ J���Å � �Rÿ?�ÛÉ
Ó^�Tx:� � ZV� º C�x Ô�Ç�x£ÅVÇ Ñ >~�EÓ � ��pTe � Ô�Ç�x£Êz� Ñ >~�0Å � ��^Èe � Ô�Ç�x à Å Ñ J��0Å � �IM_e � Ô�Ç�x à X:ÖNûTx£ËTÓ Ñ J��8X � �
�/�§�tk�kn� e�=:qTK@>�DG^�Ô
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES��i pIpI^ l É&ÅTÓ�x£Æ Ñ V � ÿ Ôc��ûTx£Ê Ñ V � Ô�Ó~Åz�Tx£ÅVÖ�Ó~Åz�Tx£ûVÖ�Ó~ÅVÇ�x:�VÖ�Ó~Å�ûTx£ÅVÖ�Ó~Å�ûTx£ûVÖ�Ó~Å�ÆTx£ÆVÖ�Ó~ÊIÓ�x£Ë Ñ ]_S~xoHIF0J
º C�x e�A�Ð�Ô/Ó~Å�ÆTx Ç�Ö�Ó~Êz�Tx£ûVÖ�Ó�X0Ó�x:� Ñ ]_S~x"A)\[Ô/Ó^�VÇ�xBÓ Ñ V�� f Ð�Ô·<JWL-¯ � q RES°± itbG^ ë s l ÉWÊ�XzXaË Ñ ± Û ý ¦ Ô�Ê�Ë�Å�ûVÖNÅ�Æ�û�ÊVÖNÅ�Æ�Ê�ûVÖNÅ�ûVÇNÅ Ñ ±«² ý ¦ Ô�ÓÕÇNËz� Ñ ±«² ³�Û ÔoÓ^��Ë�Å Ñ ±«² ³ ² �)S~x ÔRÓ�X0Ó~ÅÑ � ² ý ¦ Ô�Ó~Ê�X:Ç Ñ �vÏ � ² ¦dÃ Ô)Ó~ÅVÇ à Ö�Ó�Ó~Ë à Ñ � ² ý Û V�� f Ð�Ô�Ó�ÓÕÇ1X Ñ ± Þ Ï � ² ý Û Ô�Æ à û Ñx· ² ¦ >@Sc]_F0Kwe º C�x Ô�ûVÇ1XÇ�Ç1X:Ö/��Æ à Ñx· ² ý ¦ ø þ Ô.Ç1XaÅ Ñ~Ä ² ¦ Å Ô
` ² H ¹ba S^�Ö�Z Ñ ²�ÔwÉ Åz�z�Tx£Ê Ñ Ó~Ë�ËVÔuitg �dc l

Ó�Ó^�
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DGF:>�K@>c]_F0JIDGF0D º DGF0JTS@?B^;DGS�]_F0K�bcXIAB?OD��VDGF0J�F0M:bcX�^�?BF0JID[K@>�DGF0K.DG?BF0D�X�]_ABCEDÄ=:>@HIF0JID�HIFa>�DGS.S�D[JTHIZ[?ODGSwe
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F3GiH ±3¹KJML`¾>N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES�ci pIpI^ l É Ó�x£Ë�ÅVÖ�Ó�x£Ë�X Ñ >~��Êz� � �rA B ÿ Ô�Ó�x Ç/�VÖ�Ó�x£û�Å Ñ KwÃ��aÅ�X � �rA B f ÔoÊTx£Æ�ÊVÖNÊTx£Æz� Ñ >~�:Å�X � � D A B f ÔÓ�x XaËVÖNÅTx XaË Ñ Ü@DbX � Ô�ÅTx à ËVÖNÊTx:�TÓ Ñ ÜwDÈû � ÔÊ�Tx£Æ à Ö�Ç�x£Ë�Å Ñ J��»û � � ÿ ��É Ó^� � ZV� º C�x ÔÊ�Tx:��Æ Ñ K~�Eû � �
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DGF:>�K@>c]_F0JIDGF0D º DGF0JTS@?B^;DGS�]_F0K�bcXIAB?OD��VDGF0J�F0M�b�X�^�?BF0JID[K@>�DGF0K�DG?BF0D�X�]_ABCEDÄ=:>@HIF0JID�HIFa>�DGS)S�D[JTHIZ[?ODGSwe
>�DG^ º S@H0bci�{|DG?B>�DGS�DGS@{�Ù_S@^Ä>~x
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A þ@þ�f B þ � ú  � D þ�f iBÓÕÇNû�ÅTx à Ê�U:Ö�^;MNA l

F GIH ±³¹KJML`¾>N"Ny¹ GPO	Q Là¶P² ÿ R f ¶	�3´ RES�ci pIpI^ l É Ó�x£Ë�ÅVÖ�Ó�x£Ë�Ê Ñ >~�:Êz� � �rA B ÿ Ô�Ó�x ÇNËVÖ�Ó�x ÇNû Ñ K@ÃE�aÅ�X � �rA B f ÔoÊTx£û�ÆVÖNÊTx£Æz� Ñ >~�:Å�X � � D A B f Ô
Ó�Ó~û



�*���Véoê�í@ðB÷�ê�ò»ì�ê�����ê�í+�»ê�ð��

Ó�x£Ê�ÆVÖNÅTx£Ê�Ê Ñ ÜwD�X � Ô/Ó�x:��ËVÖNÅTx XaÅVÖNÅTx:�TÓ Ñ Ü@D�û � Ô�ÅTx Ç/� Ñ KÕ� � f � HIF0J�� � Ô�ÊTx ÇNË Ñ KÕ�Tû � �gV � f e7� � ÔÇ�x£Ë�Æ Ñ J��5û � � ÿ ��ÉÎÓ^� � ZV� º C�x Ô|�Tx£û�Ê Ñ K~�0û � �I�)S~x Ô�Ç�x£Ê�ÅVÖ�Ç�x X à Ñ J���Ó^� � �I���§�tk�k�� e�=:qTK@>�DG^�Ô
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q Là¶P² ÿ R f ¶	�3´ RES�ci pIpI^ l É Ó~ËTx£û Ñ A B ÿ ÔoÅ�ÊTx X:ÖNÅ�X0xBÓ Ñ A B f ÔRÇNËTx£ÆVÖ�Ç à xBÓ Ñ D A B f ÔRÅ à x£ÆVÖNÅ�ûTx£ÊVÖ1XaûTx à Ö à ÊTxBÓÕÖ à X0xBÓÕÖ à X0x£ûÑ A B f A B f  ÔnÓ~Ë à x£ÆVÖ�Ó~Åz�Tx£ÆVÖ�Ó~Å�ûTx£ÅVÖ�Ó~Å�ûTx£ÆVÖ�Ó~Å�ÆTxBÓ Ñ ]_S~xEHIF0J º C�x e�A�Ð7ÔnÓ~Å�ÆTx£ËVÖ�Ó~Ê�ÊTx:�VÖ�Ó~Êz�Tx Ç�Ö�Ó~Ê�ûTx£ûVÖÓ à X0x£Ë Ñ ]_S~x1A)\GÔ
·<J®L-¯ � q RES°± itbG^ ë s l É Ê�XaÊ à Ñ Ä�]NK�K�DGS�Ô�Ê�Ë�Å�ËVÖNÅ�Æz��ÊVÖNÅ�Æ�Êz�VÖNÅ�ûVÇ à ÖNÅ�û�Ë�X Ñ ±«² ý ¦ ÔRÓ à û à Ö�Ó à Ëz� Ñ ±«² ³ ² �)S~x ÔRÓ�X��TÓÓ�XaÊz� Ñ � ² ý ¦ Ô�Ó~Ê�û�Å�Ó~Ê�Ê�û�Ó~Å�Ê�ÊVÖ�Ó�Ó�Ó~û Ñ ±«² ý Û ��Swe��)e7Ð/ÔoÆz�TÓ Ñx· ² ¦ >@Sc]_F0Kwe º C�x ÔRû�Å�Æ Ñx· ² ý ¦ ø þ � û Ô
` ² H ¹ba S^�Ö�Z Ñ ²�Ô)ÉÎÓÕÇNû à xBÓ Ñ Ó~Ë�ËVÔuitg �dc l û�Æ�ÊTx£Å Ñ Ó~ÊVÔuitg u � l
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` ² H ¹ba S^�Ö�Z Ñ ²�Ô)É Ê�û�X0xBÓ Ñ Ó~Ë�ËVÔuitg �dc �VMNF�m|=�� l
À aH· H� ´ ` S^�Ö�Z Ñ ²�Ô}É XaÅ�ÊTx£Å Ñ ÇNÅVÔ-itm|=���� SSý l ÇNÆTÓ�x à Ñ Ó~Ë�ËVÔwi
V�MNS�D � ��]�ý l Ó�Ó à ÆTx£û Ñ XaÅVÔ-i
V�MNS�D �
=:>@?BABCEDGF�ã��] ý l Ó à Å�ûTxBÓ Ñ ÊVÔui
V�MNS�D9� Å;=:>@?BABCEDGF0Dq�ã��] ý l
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¤²³· H� ´ ` S^�Ö�Z Ñ ²�ÔÊÉ Ê�û�X0x£Ê itg �dc �VMNFÍm|=�� l XaÆ�ÊTx£Êíitm|=��p���U ý l ûz�TÓ�x à i
V�MNS�D�� �)U ý ��� � f l Ó~Å�Å�ÆTx£ûi
V�MNS�D��4ÓÈ=:>@?BABC»DGF�� ��U;ýL��� � f l Ó�XaÆ�ÅTx£ËÙi
V�MNS�D��ÏÅ�=:>@?BABCEDGF0D�� � ýL��� � f l Ó à Æ�ûTxBÓ¢i
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ÂxÕ���½sÁ&Õ�½[0sÔÍÌ Å°Ï�À©G°Â>:z·v7�ý;:�Ñ�ï-G�D�ï¡Â
õ 6Pöeºy·

���)âäã9åræVç«å�è[éhê�ëA�[ìîílíÇè1ï�å[ð?å;ñré�òÎå>óÎô;ê3ë5ïtíCõ��líÇå�ð?å;ñrée÷	øÇù>úÍï�è[éeóeûxí���íY÷[ñ�é>ó�ù>úÜéeó;í<õ/ïtíCõVõCýÈûxí���íÇé«øEñré�í
órù	úÏûxí���íY÷>ñré"órù"ú é	óeí<õÇütíCõ<õ<ýÈûxí���íÇé�øCñré"órùeúÍûxí2�[ì��;ìîþlíY÷[ñ�é>ó�ù>úÜéeó	ûVûÂôlê¸ïtí-ö�òÎå;ÿ��ÎøÂå>ó
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H7C3O

H7C3O
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N
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OC3H7

OC3H7

OC3H7

ÇNÅz�Tx£Ë�^�U Ñ Ó�x à ^�^;MNA�Ôy�}��� HIF0JLÓ�Ó~ËTx£Ë�^�U Ñ ËTx£Ê à ^�^;MNA�Ô)��K�>@Sc]_^;MNA��Bêìë�í`ê7î�í`ï�{�DGS�JIDGFÍ?BF
{�DGFI?BU���Y�K@HIFIUVK@^�?B>@>�DGAoUVDGAOY�K@>~x º ?OD[K�D[K�{�?BS�JÍ]_^3Ð)MN>c]_>@?OMNF0K��VDGS�J0]_^�pT��DGS�DGF:>w��DGS@F:>�HIF0J�J0]NK�DGFa>we
K@>c]_F0JIDGF0D º DGF0JTS@?B^;DGS/]_F0K�b�XIAB?OD��VDGF0J�F0M�b�X�^�?BF0JID[K�>�DGF0K)DG?BF0D�X�]_ABCEDÄ=:>@HIF0JID�HIFa>�DGS�S�D[JTHIZ[?ODGS@>�DG^
º S@H0b�i�{�DG?B>�DGS�DGS@{�Ù_S@^n>~x
Z5HIS�Ð)D[JTHIi�>@?OMNF�{�?BS�JhJT?ODÄDGS@X�]_AB>�DGF0D;=�b�XI?f��K�bcX0D"k�]NK�DÄ?BFLÓ à ^;�L>@S�M�b�iVDGF0DG^ d!DG>@Sc]_XaqTJTS�M_�$HISc]_F
Ñ d � �RÔ!UVDGAOY�K@>~���VMNS�K@?ObcXa>@?BUÄHIF:>�DGS�Üo?OK@i�jIXIABHIFIUÄ^�?B>|Ç/�/^�U Ñ Å/^�^;MNA�Ô�������� B û �VDGS�K�DG>@Z[>RHIF0J�]Nb�Xa>=:>@HIF0JIDGF\Z[HI^ Ð)j0b�iKh0HQ�hDGS@XI?B>@Z[>~x º ?OD�Ð�D~]_i:>@?OMNF\{�?BS�JLJTHIS�bcXLAy]_FIUVK�]_^;D¢Z5HIUa]_CED��VMNFßÓ~Ë�^;�
Ä�]NK�KcDGS�]_CIUVDGCIS�M�b�X0DGF�xI��]Nb�X�mRX�]NK�DGFa>@S�DGFIF:HIFIU�HIF0J�ÜoFa>w� DGS@F0DGF�JID[K���Y�K@HIFIUVK�^�?B>@>�DGAOK�{�?BS�JQHI^Èe
i�S@?OK@>c]_ABAB?OK@?ODGS@>~x

Ó~ÅTÓ
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A þ û�û B þ � û  � D þ�f i£ÅTÓ~ÆTÓ�x£ËVÇÈU:Ö�^;MNA l

F GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES�ci pIpI^ l É Ó�x£Ë�ÅVÖ�Ó�x£Ëz� Ñ >~�:Êz� � �rA B ÿ Ô�Ó�x Ç1X:Ö�Ó�x£û�Ê Ñ K@ÃE�aÅ�X � �rA B f ÔoÊTx£Æ à ÖNÊTx£Æ�û Ñ >~�:Å�X � � D A B f ÔÓ�x£Êz�VÖNÅTx£Êz� Ñ Ü@D�X � Ô;Ó�x:��ÊVÖNÅTx XaÊVÖNÅTx:��Å Ñ ÜwDQû � Ô�ÊTx ÇNÊ Ñ K~� û � ��V � f e7� � Ô§�Tx£Æ à Ö/�Tx£ÆVÇ�Ö�Ç�x£Ë�ÊVÖ�Ç�x£Ë àÑ J���Ó^� � �Ýÿ?��É Ó à x£ûVÖ�Ó^�Tx£Å � ZV� º C�x Ô��Tx ÇNË Ñ KÕ�»û � �5��S~x Ô�Ç�x£ÅVÇ�Ö�Ç�x XzX:Ö�Ç�x X à Ñ J��»Ê�Å � �5�/�@�tk�kn� e
=:qTK@>�DG^;DÕÔ
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES�yi pIpI^ l ÉãÓ~ËTx:� Ñ A B ÿ Ô Å�ÅTx£ûVÖNÅ�ÊTx à Ñ A B f Ô�ÇNËTx Ç�Ö�Ç à xBÓ Ñ D A B f Ô Å à xBÓÕÖNÅVÇ�x à Ö1XaûTx£ÅVÖ à ÅTx X:Ö à ÊTx£ÆVÖ à X0xBÓÑ A B f A B f  Ô�Ó~Ë à x£ÊVÖ�Ó~Åz�Tx à Ö�Ó~Åz�Tx Ç�Ö�Ó~Åz�Tx£ûVÖ�Ó~ÅVÇ�x£ÊVÖ�Ó~ÅVÇ�x£ûVÖTÓ~Å�ûTx£ÅaÖ�Ó~Å�ûTx à Ö�Ó~Å�ûTx²Ç Ñ ]_S~xRHIF0J º C�x e�A�Ð7Ô
Ó~Ê�ÅTx à Ö�Ó~Ê à x£ÆVÖ�Ó~Êz�Tx à Ö�Ó~Êz�Tx Ç�Ö�Ó~Ê�ûTx X:Ö�Ó�XaËTxBÓ_Ö�Ó à ÊTx£Ê Ñ ]_S~x"A)\GÔ
` ² H ¹ba S^�Ö�Z Ñ ²�ÔwÉ ÅTÓ~Æ à x£Ê Ñ Ó~Ë�ËVÔuitg �dc l Ó~Ë�Æ�ûTx£Ê Ñ Æ�ÅVÔ�itg u � l

Ó~Å�Å
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0}µ50}µ10?G°Ô¡ÔÜ:��«¿��<:«Êi7ÛÊi7ÛÊ�à(7ÛÊ�àá:?Ë"´":!ÅFï�×|:���´":�Ë ý;:��2ý;:�ËA´_7�ý97101:C.§Á$ï"½sÁ?Õ�½ÖÕ"=>0x×IÀV0FÁÇ0sÔÍÌ$×1ÀY0°Á�0�Ô��lÅF¾sÂ>:
Øe0sÔ5G¤D�ï"ÂnÕmÌÆG�DWï"ÂxÕ�½sÁ&Õ�½[0sÔ��K½sÁ?Õ�½[0sÔÏÌ!ÅFÏ�À©G°Â":/·v7 ý;:�ÑOï�G¤DWï�Â
õ 6Pöeº�¶

�üï�âäã9åræVç«å�è[éhê�ëA�[ìîílíÇè1ï�å[ð?å;ñré�òÎå>óÎô;ê3ëA��í-å�ð3å;ÿ��eøÇù"úÍï�è[éeórô;ê�ë5ïtíCõ��líÇå�ð?å;÷[éeó	ø�ù"úÍï�è[é	óeûxí2��íV÷[ñré"órù"úÜéeóeí
õ/ïtíCõVõCýÈûxí���íÇé«øEñré"órùeúÍûxí2��íV÷[ñré"órù"úÜéeóeíCõÇütí<õ<õCýÈûxí2��í-é«øCñré"órù	úÏûxí��[ì��;ìîþlíV÷[ñré"órù"úÜéeóeû<ûÂôvê¸ïtíÇöÎòÎå;ÿ��ÎøYå[ó
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OC3H7
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OC3H7

� à ÆTx£Å�^�U Ñ Ó�x£Ê;^�^;MNA�Ôy�}��� HIF0JLÓ~Ë�ÆTx£û�^�U Ñ ËTxBÓ�X�^�^;MNA�Ô)��K�>@Sc]_^;MNA��Bêìë�í`ê7î�íxñ�{�DGS�JIDGFÍ?BF
{�DGFI?BU���Y�K@HIFIUVK@^�?B>@>�DGAoUVDGAOY�K@>~x º ?OD[K�D[K�{�?BS�JÍ]_^3Ð)MN>c]_>@?OMNF0K��VDGS�J0]_^�pT��DGS�DGF:>w��DGS@F:>�HIF0J�J0]NK�DGFa>we
K@>c]_F0JIDGF0D º DGF0JTS@?B^;DGS/]_F0K�b�XIAB?OD��VDGF0J�F0M�b�X�^�?BF0JID[K�>�DGF0K)DG?BF0D�X�]_ABCEDÄ=:>@HIF0JID�HIFa>�DGS�S�D[JTHIZ[?ODGS@>�DG^
º S@H0b�i�{�DG?B>�DGS�DGS@{�Ù_S@^n>~x
Z5HIS�Ð)D[JTHIi�>@?OMNF�{�?BS�JhJT?ODÄDGS@X�]_AB>�DGF0D;=�b�XI?f��K�bcX0D"k�]NK�DÄ?BFLÓ à ^;�L>@S�M�b�iVDGF0DG^ d!DG>@Sc]_XaqTJTS�M_�$HISc]_F
Ñ d � �RÔ!UVDGAOY�K@>~���VMNS�K@?ObcXa>@?BUÄHIF:>�DGS�Üo?OK@i�jIXIABHIFIUÄ^�?B>|Ç/�/^�U Ñ Å/^�^;MNA�Ô�������� B û �VDGS�K�DG>@Z[>RHIF0J�]Nb�Xa>=:>@HIF0JIDGF\Z[HI^ Ð)j0b�iKh0HQ�hDGS@XI?B>@Z[>~x º ?OD�Ð�D~]_i:>@?OMNF\{�?BS�JLJTHIS�bcXLAy]_FIUVK�]_^;D¢Z5HIUa]_CED��VMNFßÓ~Ë�^;�
Ä�]NK�KcDGS�]_CIUVDGCIS�M�b�X0DGF�xI��]Nb�X�mRX�]NK�DGFa>@S�DGFIF:HIFIU�HIF0J�ÜoFa>w� DGS@F0DGF�JID[K���Y�K@HIFIUVK�^�?B>@>�DGAOK�{�?BS�JQHI^Èe

Ó~Å�Ê
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i�S@?OK@>c]_ABAB?OK@?ODGS@>~x

A f � � B ÿ � û  þ û D f û i X à Å�ÅTx£Ê�û�U:Ö�^;MNA l
F GIH ±³¹KJML`¾>N"Ny¹ GPO	Q ¶P²µ¶@k ÿ RES��i pIpI^ l É Ó�x£ËTÓ Ñ >~�IÇNÅ � ��A B ÿ Ô�Ó�x Ç à Ö�Ó�x£û�Å Ñ KwÃ���Xaû � �eA B f Ô|ÊTx£Æ�ÊVÖNÊTx£Æz� Ñ >~��Xaû � � D A B f Ô.Ó�x X0ÓÑ X � Ô�Ó�x:��Ë Ñ Å�X � Ô�ÅTx XaË Ñ Êz� � Ô)ÅTx à Æ Ñ Ó^� � Ô�ÊTx ÇNË Ñ KÕ�!Ó^� � �sV � f e7� � Ô)�Tx£Æ à Ö�Ç�x£Ë�Å Ñ ^���Ê�Å � �ÿ �WÉÎÓ à x£û � ZV� º C�x Ô-�Tx:��Æ Ñ K~��Ó^� � �I��S~x Ô.Ç�x£Å à Ö�Ç�x XaÅVÖ�Ç�x XaÊ Ñ J�����X � �I�/�@�tk�kn� e�=:qTK@>�DG^;DÕÔ
FVU ¶ H ±³¹KJWLYX	Z�¹ GPO[Q ¶P²µ¶@k ÿ RES�ui pIpI^ l É Ó~ËTx:� Ñ A B ÿ Ô�Å�ÅTx£ûVÖNÅ�ÊTx à Ñ A B f Ô�ÇNËTx Ç�Ö�Ç à xBÓ Ñ D A B f Ô�ÅVÇ�x à ÖNÅ�ÆTx Ç�Ö1XaûTx£ÅVÖ à ÅTx£ÊVÖ à ÊTx£ÆVÖ à �TxBÓÕÖÇ�Ç�x£Å Ñ A B f A B f  Ô.Ó~Ë à x£ÊVÖ�Ó~Åz�Tx à Ö�Ó~Åz�Tx Ç�Ö�Ó~Åz�Tx£ûVÖ�Ó~ÅVÇ�x£ÊVÖ�Ó~ÅVÇ�x£ûVÖ�Ó�Å�ûTx£ÅVÖTÓ~Å�ûTx X:ÖTÓ~Å�ûTx Ç Ñ ]_S~xaHIF0J º C�x eA�Ð�Ô�Ó~Ê�ÅTx à Ö�Ó~Ê à x£ÆVÖ�Ó~Êz�Tx à Ö�Ó~Êz�Tx Ç�Ö�Ó~Ê�ûTx X:Ö�Ó à ÊTx£Ê Ñ ]_S~x"A)\[Ô
À a�· H ¹ba S^�Ö�Z Ñ ²�ÔwÉÎÓ à Æ à xBÓ Ñ ÅVÔ�Ó~Ëz��ûTx Ç Ñ Ó~Ë�ËVÔ�Ó~ËTÓ�Ó�x Ç Ñ à Ô�û�Å�ÅTx:� Ñ X:Ô.ÇNÅ�ËTx à Ñ ÊVÔ�X���ÆTx£Ê Ñ Ó~ÆVÔ�XaÅVÇ�x£Ê Ñ X:Ô

0�µ10}µ54?GFÔ¡ÔÜ:«��¿��<:«Êi7ÛÊi7ÛÊiàÛ7ÛÊiàÍ:?Ë"´":«�$ým:?Ë"´87�ý97501:<.bÁ�ï"½sÁ?Õ�½ÖÕ"=>0x×1ÀY0°Á�0�ÔÏÌ�À^Õ�Ô¡Ï�ï¡Ñ�ï"ÂxÕ�ðüGsÁ©ÅÖÕ�Â;0sÔ��<:G=D�ï"ÂxÕ�½sÁ&Õ�½[0sÔÍÌ Å°Ï�À©G°Â>:z·v7�ý;:�Ñ�ï-G�D�ï¡Â
õ)¼wö32q·

���)âäã9å�æYç«å�è[éhê�ëA�[ìîílí-è"ï�å[ð?å;ñré�òÎå>óÎô;ê?ë5ïtí<õ2�[ìîþlíÇå�ð3å;í �líÇöÎòÎölñ�éròrù>úÍï�è[éeóeûxí���íY÷[ñ�é>ó�ù>úÜéeó;í<õÇütíCõVõCýÈûxí���í
é�øCñré"órùeúÍûxí2�[ì��;ìîþlíY÷[ñ�é>ó�ù>úÜéeó	û�ô1êvïtíÇöÎòÎå;ÿ��røÂå[ó
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OC3H7

OC3H7

X0Ó~ûTx£Å ^�U Ñ Ó�x X ^�^;MNA���Ó~Ë�² ��CEDGS�K�b�X:HQ� C»DGZ~MNUVDGF4]_HT�U��� � Ô�k|?OK Ñ >@S@?Ob�XIAOMNS@^;DG>@Xaq�A�Ô�b~]_SÂC»M_e
F�]_> Ñ d�S@?BpIX0M�K@UVDGF5Ô�{|DGS�JIDGF
?BF Ç9^;� >@S�M:bciVDGF0DG^ ghDG>@Xaq�AODGF0b�XIAOMNS@?OJ �VMNS@UVDGAODGU�>�HIF0J ^�?B>�ÜR?OK
UVDGi�jIXIAB>Gr Ì`¿wvyx º ]_Z[Hß{�DGS�JIDGF HIFa>�DGS�=�bcXaHI>@Z[Ua]NK�]_H0K�DG?BF0DG^ �0DG?BF0JIM�K�?ODGS@>@S�MNpT�$>@S@?ObcXa>�DGSh?BFIF0DGS@X�]_ABC
�VMNF�JTS�DG?!=:>@HIF0JIDGF-Ó�x XaÅnU Ñ ÊTx£û"^�^;MNA��IÅ�Ë�² �)CEDGS�K�b�X:HQ��C»DGZ~MNUVDGF�]_HT�§�BêìëRíxê7î�í`ï�ÔÊ��� � HIF0J
ËTx à Æn^;� Ñ X0x£Ån^�^;MNA�Ô�d�S@?ODG>@X:q:Ay]_^�?BF�?BF�Å�XÈ^;�ÒghDG>@Xaq�AODGF0b�XIAOMNS@?OJ�UVDG>@S�MNpT�$>~xT��]Nb�X�]_F0K�b�XIAB?OD��VDGFTe
JIDGS!��Y�K@HIFIUVK@^�?B>@>�DGAOJID[K@>@?BABAy]_>@?OMNFÈ{�?BS�JÄjIC»DGS�K�bcXaj0K�K�?BUVD[KÖd�S@?ODG>@X:q:Ay]_^�?BFÈHIF0J�DG�Ex[F0M�b�X��VMNS@X�]_F0JIDGF0DGS��CEDGS�K�b�X:HQ��moX0M�K@UVDGFÒ?B^¾#�ABpIHI^�pEDGFa��]_i:HIHI^ ]_CIUVDGZ~MNUVDGF�x º ]_C»DG?�{�DGS�JIDGF-Z[{|DG?R^�?B>�mRS�MNp�]_F0MNA

Ó~Å�X
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CED[K@>@j0b�i�>�D[S�jIXIAf� ]_ABAODGFÍZ[{�?OK�bcX0DGFÍ��pIp�]_Sc]_>@HIS�HIF0J�mRHI^�p»D"UVD[K�bcX�]_AB>�DG>~�»J0]_^�?B>�CEDG?B^ ��HT��>c]_H0DGF
J0]NK.mRX0M�K@UVDGF�K�M_� MNS@>)]_CIS�D~]_U�?ODGS�DGF�i�]_FIF�x
º DGSRJTHIFIiVDGABS�MN>�D)��D[K@>�K@>�M_��{�?BS�J;K�M_� MNS@> ?BF à ^;��>@S�M:bciVDGF0DG^ÏghDG>@Xaq�AODGF0b�XIAOMNS@?OJ�UVDGAOY�K@>RHIF0JÈHIFa>�DGS
=�bcXaHI>@Z[Ua]NKQ^�?B>QÅ�XaÊTx£Ê-^�U Ñ ËTx£ûÍ^�^;MNA�Ô���K�>@Sc]_^;MNAb�BêìëRíxê7î�í`ï ?BF
Ó~Ë-^;� ghDG>@Xaq�AODGF0b�XIAOMNS@?OJ
�VDGS�K�DG>@Z[>~x�Ü�K�{�?BS�J Z[{�YNAf�;=:>@HIF0JIDGF CEDG?�Å à õ V UVDGS@jIXIS@>~x)Z5HI^ ÜoFa>w� DGS@F0DGF
JID[KI��C»DGS�K�bcXaHQ�VD[K
z�K�M�bGqa]_F�]_>�{�?BS�J�J0]_FIF�^�?B>wX�^;�Lg�DG>@X�]_F0MNA��VDGS�KcDG>@Z[>.HIF0J�F0M�b�XI^�]_A!DG?BF0DGFÙd!]_U;UVDGS@jIXIS@>~x
��]Nb�XhKcÙ_HIAODGF0b�XIS�MN^�]_>�MNU�Sc]_pIXI?OK�bcX0DGSÄÐ)DG?BFI?BU�HIFIU Ñ S�?OD[K�DGABUVDGA��¦X0x à Ã�û;bG^���Ó�x�ÜRK�K@?BUVD[K@>�DGS~�»ÅTx0ghDÂe
>@X�]_F0MNAÄÛ�d�S@?ODG>@Xaq�Ay]_^�?BF É Ó~Ë9Û�ÓÕÔnHIF0J ]_F0K�b�XIAB?OD��VDGF0JIDG^ Ay]_FIUVKc]_^;DGFd��C»J0]_^�pT� DGF JID[K*d�S@?ODÂe
>@X:q:Ay]_^�?BF0K!S�D[K@HIAB>@?ODGS@>!DG?BFnC»DG?BUVDGSF�0D[K@>�K@>�M_� Ñ Ó�x£Ê�U0��Æ�Ê�²�ÔE^�?B>�DG?BF0DG^ =�b�XI^;DGABZ[pIHIFIi�>!�VMNFQÓ~ÊVÇöõIV/x
A þ@þ�f B þÑþ �  þ ú D þ �ciBÓ~û�Æ�ûTx à Å�U:Ö�^;MNA l
F3GiH ±3¹KJML`¾>N"Ny¹ GjO	Q ¶P²µ¶@k ÿ RES��i pIpI^ l É ËTx£û�X Ñ >~��Êz� � �TA B ÿ Ô�Ó�x à �VÖ�Ó�x:��Å Ñ KwÃ�� Å�X � ��A B f ÔÄÊTx ÇNÊVÖNÊTx Ç/� Ñ >~�oÅ�X � � D A B f ÔÓ�x Ç/�VÖNÊTxBÓ~Å Ñ ÜwD;û � Ô�ÅTx£Æ�Ê Ñ Ó~Å � Ôu�Tx XaÆ Ñ K~��û � � º C�x�M�JIDGS��)S~x Ô��Tx ÇNË Ñ K~�oÓ~Å � ����S~x�M�JIDGS º C�x
HIF0J �B Ô.Ç�xBÓ~ûVÖ�Ç�x£ÊTÓ Ñ J���Ó^� � �I���§�tk�k�� e�=:qTK@>�DG^�Ô�ûTx£û�Ë Ñ û � � ªB Ô
FYU ¶ H ±3¹KJWLYX	Zy¹ GPO	Q ¶P²µ¶@k ÿ RES�Ûi pIpI^ l É Ó~ËTx à Ñ A B ÿ ÔÍÅ�ÅTx Ç�ÖNÅ�ÊTx X Ñ A B f ÔÒÇNËTx:�VÖ�Ç à x£Ë Ñ D A B f ÔhÅTÓ�x£ÊVÖNÅ�X0x£ÊVÖNÊz�Tx Ç�Ö à ËTx Ç�Ö à ÅTx£ÅÑ A B f A B f  ÔnÓ~Ë�X0x£ÆVÖ�Ó�Ó~ûTx Ç�Ö�Ó~Åz�Tx£ÆVÖ�Ó~ÅVÇ�xBÓ Ñ ]_S~x»HIF0J º C�x e�A�Ð7ÔnÓ~ÊTÓ�x X:Ö�Ó~Ê�ÅTx Ç�Ö�Ó~ÊVÇ�x£ÆVÖ�Ó~Ê�ÆTxBÓÕÖ�Ó à ÊTx£ÅVÖÓ à �Tx à Ñ ]_S~x1A \ Ô
·<J®L-¯ � q RES°± itbG^cë s l É Ê�Ê�Å�Ë Ñ ± U ý ¦ Ö1Ä�]NK�K�DGS�Ô!Ê�Ë�Å�ûVÖNÅ�Æz�VÇ�ÖNÅ�Æ�Ê�ÆVÖNÅ�ûVÇ à Ñ ±«² ý ¦ Ô�Ó^�VÇ�Ç�Ö�Ó à XaÊ Ñ ±«² ³�Û V��/� � ÔÓ à Æ�ÊVÖ�Ó à Ó à Ñ ± ² ³ ² �)S~x Ô�Ó�X���Æ;Ó�XaÊ�Ë Ñ � ² ý ¦ Ô�Ó~Ê�ûz�;Ó~ÊTÓ~û;Ó~Å�Åz�VÖ�Ó�Ó~ÅTÓ Ñ ± ² ý ÛÒ��Swe��)e7Ð/ÔRÆ à û Ñx· ² ¦>@Sc]_F0Kwe º C�x Ô�û�ÊTÓ Ñx· ² ý ¦ ø þ � û Ô
` ² H ¹ba S^�Ö�Z Ñ ²�ÔyÉ3Ó~Æ�Ë�ÊTx£û Ñ ��ûVÔ*itg �dc l Ó à Ëz�Tx X Ñ Ó~ÊVÔÄÆVÇNûTx Ç Ñ Å�ËVÔ�Æ à Ó�x à Ñ ÊTÓÕÔ�Æ�Å�X0x à Ñ Ê�ûVÔ�Ê�Æ à x£û Ñ Ó~Ë�ËVÔ
it��Swe7� � e&V�� l

Ó~Å à



������éRê�í@ðB÷�ê�ò5ì�ê�����ê�í��»ê�ð��

Ó~Åz�



� � îMèúåùé^ç è�ñóé��õåùé���å îÈû ÷ òïî}ë

iBÓ l d�X�x���?f�$i�]T� º ?BpIAOMN^�]_S@C»DG?B>~�5gh]_?BFIZ »����"N
i£Å l � xQS�S�DG>�K�bcXI^�]_FIF�� º ?OK�K�DGS@>c]_>@?OMNF���gh]_?BFIZ »����"�
i£Ê l �"xQd�MN^�pEDGS@>~� º ?BpIAOMN^�]_S@CEDG?B>~�gd�jICI?BFIUVDGF »����&¾
i X l S�x�g�jIABAODGS~� º ?OK�KcDGS@>c]_>@?OMNF��0gh]_?BFIZ »����1Z
i à l ÐnxIm!DG>�DGS@^�]_FIF�� º ?BpIAOMN^�]_S@C»DG?B>~�5gh]_?BFIZ »����mX
i:� l g\xQ�0DG>@>�DGF�� º ?OKcK�DGS@>c]_>@?OMNF��0gÍ]_?BFIZ »������
i Ç l g\x�=�b�X:{|DGS@>�DGA�� º ?OK�K�DGS@>c]_>@?OMNF��0gÍ]_?BFIZ »������
i£û l g\xI��DGXI^�]_FIF�� º ?OKcK�DGS@>c]_>@?OMNF��0gÍ]_?BFIZ »������
i£Æ l � x º DG>�DGS@>~� � ]_CI?BAB?B>c]_>@?OMNF���gÍ]_?BFIZ �[N"N�»
iBÓ~Ë l g\x�=�b�X�Ù�� DGS~� º ?OK�KcDGS@>c]_>@?OMNF��0k�DGS@AB?BF �[N"N"�
iBÓ�Ó l � xIghDG?ODGS~����À �Î'"!$# ´�% '"&'# »����"� ��(*),+0��Ó�XaÅ à
iBÓ~Å l � xIghDG?ODGS~����À �Î'"!$# ´�% '"&'# �>N>N�» ��(*(.-V��Ó~Æ�Ë�Ê�HIF0J�Z[?B>~x0��?B>~x
iBÓ~Ê l Ñ ]VÔ � xIghDG?ODGS~� � xQS�S�DG>�K�b�XI^�]_FIF��5gLxI��]_FIU0��/�#�ó5¾@¿10�½2# ´�% '"& »����[Õ �3-*- 4N�0Å�ÆVÇÑ C5Ô�g\xT��DGXI^�]_FIF��Ik�x�=�b�X�]_S@>�DGA��0g\x � DGFIF0D[bciVD�� � xTghDG?ODGS~��5"'G½�¾@¿ % '76N¾ , À »������ �38*8LÓ~Ê�ÊVÇ�Ç
iBÓ�X l Ü)x0k�HIXIAODG?ODGS~�QÄãx8Ä-DGXIF0DGS~�¦��xTP/YNU�>@AOD��:9�;_À5½ % '�Á�Ø�Á »��mX�� ��Ó à�à
iBÓ à l V/x � ]~{�i:{�DGS~� } x0g\x } x��IS7<[bcX0DG>~��/�# ´�% '"&'#=9 , ×�#?> ´�% ',&@# ´T, &A&AB�ÀC# »����>N ��Ó~ËTÓ~Ë
iBÓ^� l Ü)xag\xag\xVJID)k�Sc]_C�]_F0JIDGS��a��]_FQJIDGFQk�DGS@U0�:Ü.x�Ä xVghDG? ÜwDGSD��À �Î'"!$# ´�% '"&'# »�����¾ �C(*)E8��5Ó~ÊVÇNË
iBÓÕÇ l V/x�ÄßYNS@F0DGS~�0ÐnxTg�jIABX�]_HIpI>~�:��À �Î'"!$# ´�% ',&@# »�����¾ ��(*)E8���Ó~Êz�VÇ
iBÓ~û l Ú�xVÐÄx��/DG{�iVMN^;D��:ÚÈxVÐnx�k�]_iVDGS~� } x�S�x���MNHIFIU0� } x:ÚÈx�d�Sc][q�FIX�]_^���/�#�F ,.G ;.&@#C9»×GØH#I� »�����¾ �-�(N�g��X0Ó
iBÓ~Æ l Ú�x:Ðnx:�/DG{�iVMN^;D���V/x:�"x:ghM�MNS�DÂ��DGAOJ�����x:P/YNU�>@AOD���J§'ÂÀ�6N¾ÂØK&�'G¾cÁ�¿NÀ�6LJ§'ÂÀ�6�¾ , À0ÁNM ´T, À5×Â'ÑóE½$ÁO>

9�;_À5½ % '�ÁC'ÂÁO>P�^ó;ó G Ø ×�¿�½�Ø , ÀIÁG�IPÊV � �8Ä-DG?BFIX0DG?B^����/DG{Ô��MNS@i �>N>NE»
i£Å�Ë l =»x � D[bcXa>~� } x�gLx } xg�IS7<[b�X0DG>~�:��À �Î'"!$# ´�% ',&@# �[N"N�» ��(*(.-V�5Ç/�
i£ÅTÓ l } xa=»x_Ð)HI>@>~�*J@'ÂÀC6N¾�ØK&ª'Â¾�Á�¿NÀC6��Ä¿NÀ , ½('@× % À ,.G�, �.;QM�¿RF�¿�½('ÂÀ�½ òTS ó G�, ÁÂØ , ÀQ�/]_>@?OMNF�]_A0��]_F0MN>�D[b�XTe

F0MNAOMNU�q�z�FI?B>@?y]_>@?B�VDyV�MNFT� DGS�DGF0b[D���Ä�]NK@XI?BFIU�>�MNF º x
V/xB��Å�ÆTx£Ë�X0x �>N>N1�

Ó~ÅVÇ



UWV�ð�ì�ê�íàù�ì@ñNíYX_ê�í�ZNê�ð�ö�õIòIðOï
i£Å�Å l S�x e � x � ]�]NK~�x��x � HI>@>�DGS~��m!xnÄ�]_S@FIiVD�� } x¦Ä-DGFIUVDGA���F�¾ , 6EBQ0�½�Ø , À\[ , À]B:À�6^&ÈØ$½_�Ä¿NÀ , &;¿�½('"_

¾�Ø ¿ G Ø¼'ÂÀ Ñ � S�K@U0xBÛ8�ISc]_HIFIX0M_��DGS��:z�F0K@>@?B>@HI>)�$jIS�=:?BAB?Ob~]_>w� MNS�K�b�X:HIFIU�HIF0Je�0Sc]_HIFIX0M_��DGS��:z�F0K@>@?B>@HI>.��jIS
=:q�K@>�DG^n>�D[b�XIFI?Bi�HIF0J�z�FIF0M~��]_>@?OMNF0Kw� MNS�K�b�X:HIFIU�?B^4��HT��>@Sc]_U�JID[K.k�g�k|�RÔ �[N"N�¾

i£Å�Ê l � x:Üo?Ob�iVDGF:CIH0K�b�X��T�"x � M_�»i�F0D[b�X:>~� º x � MNAB>@^�]_FIF0K@pEYN>@>�DGS~�aPÈx�Ä�]_U�F0DGS~�:�nx8Z5{|D[b�iE�I��ÀIÁ,`�½ba3'
a,B�¾)½('@× % À�ØyÁ[× % 'ÂÀª�cBT½ba,B�À �A6Î'Â¾�9;' Ged ÁÂ½ , ¾f�V¿NÀ�ØyÁ[¿�½�Ø , À Ñ � S�K@U0xBÛ_P º z��Kd�D[bcXIF0MNAOMNU�?ODGZ~DGFa>@S@HI^¼?B^
�)HT��>@Sc]_U�JID[K.k�ghk��RÔ �>N>N�¾ �I+�g

i£Å�X l k/x5k�S@H0b�XI^�]_FIF�� ¶ ¿EB &A& ,.G '0�h G '�Øi& ��¿NÀ , &�¿7j�ÁG½�¿ d M�J§'ÂÀ�6�¾�ØK&ª'Â¾-'$k"h�¾ÄÀ1'"B['lJ�¾BI×"0~Á";_ÁÂ½('"_
&�'mB:À�6]�nB�½ ,.G ¿V×"0«'ÒX:>@>@p�Û Ö�Ö�{�{�{�xtb[MNAOMNHIS��:DGHIS�MNp»D�xtJIDÕÖ�pT��o)ûTÓ~Å�o���MNS�Kcb�X�HIFIU�o�F�]_F�M���X0x X�>@^ �
PRDGS@Ay]_U�moX�Ù_F0MN^;DGF6��]_S@C»D�� �[N>N&¾

i£Å à l P"xnÄ�]_U�F0DGS~� º xgÄ-D[bcX0K@AODGS~�d�Ä¿NÀ ,Qd Ø , ½('@× % À ,.G�, �NØÛ' º-º M���À�!9'ÂÀC6.B:À��Î'ÂÀ�Ø$À]6Î'G¾qp '�6NØeaGØ$ÀrB:ÀC6
F % ¿N¾"&;¿�aGØÛ' Ñ � S�K@U0xBÛ�P º z �Kd!D[b�XIF0MNAOMNU�?ODGZ~DGF:>@S@HI^ Ú/^nC � ?B^ ��HT��>@Sc]_UQJID[K/k�g�k|�RÔ �>N>N>Õ �8Q)

i£Åz� l =»x } x8Ä�]_FIU0��g\xIk�S�D[b�X:CI?ODGA���Ü.x¦V/x�Ä ?ODGF0DGS~�0z�Fa�VD[K�>@?BUa]_>@?B�VD�Ð�]NJT?OMNAOMNU�q �>N>N�¾ �3-*gV�g�z��Å
i£ÅVÇ l S�x � ?B>@>@^�]_?BS�?BFts , ¾Â½ d Ø G 6.B:À��vu�¾G½ %�, ó�`*6�Ø¼'YMR6NØÛ''�c9=ôw_yxLB�¾cÁE'^6Î'G¾@J�ôcuL5 Ñ � S�K@U0xBÛ��nx�k�x

z7^�X0M_��Ô �>N>N�» �=8���Ê
i£Å�û l V/x��nx � DGS@CEMNS@F���g\x�=�b�XI^�?OJT>~�o�"x�k|S@H0JIDGS~�!Ü.x���]_UVDGA���S�x!=:X�]_^;K@?�� } x�k�]_S@i�X�]_H0K�DGF�� Ú ¿._

6NØ ,EGî, �E; �>N>N[Õ �:zQ-*-V� à �VÇ
i£Å�Æ l Ñ ]VÔ.ÚÈx8Äß?B>@>@?BU0����À �Î'"!$# ´�% '"&'# »��"Z�{ ��4.gV� à Ë àÑ C5Ô.ÚÈx8Äß?B>@>@?BU0����À �Î'"!$# ´�% '"&'# »����>N �3|Eza���VÇ�Ó
i£Ê�Ë l Ñ ]VÔ��Rx � MNS@F0DGS~� � x � M_�E^�]_FIF��I�nx�Ú�xQÄ ?BpIpEDGA�� ´�% '"&'# ¶ 'Â¾Y# »��"Z�� �3| (N���TÓÑ C5Ô��Rx � MNS@F0DGS~� � x � M_�E^�]_FIF��I�nx»ÚÈx8Ä ?BpIpEDGA���ÚÈxQS�Ay]_XIS�D�� ´�% '"&'# ¶ 'G¾N# »��1Z�� �3|*za��Å�XaÆ�Æ
i£ÊTÓ l Ñ ]VÔ } x0Ü.xIghb[g�HIS@S@qV�0gLxIm x�� AODG^�^�?BFIU0��/�#3�n&'# ´�% '"&'#�9 , ×�# »��mX�Õ �3| 4N�QX:ÇNË�ûÑ C5Ô|d�xIg�HIi�]_?Bqa]_^�]T�gd�x�=T]_>�MI� } x � ]_FIF�]T� ´�% '"&'#3}v'[½ ½2# »��;Xü¾ ��Ó~Ë�X0ÓÑ bÕÔ.=»xQdRq�S@AB?Bi»��z�x8Ä-MNAObcX0M~{�?ObGZV� ¶ B GiG #�9 , ×�# ´�% ØK&@#:s�¾N# »��mXü¾ �0ÅTÓ�X:ÇÑ J�Ô��nxQ� jIS�K@>@F0DGS~���nx � HIpIp»DGS@>�KÕ�3/�#=�n&'# ´�% '"&'#�9 , ×~# »����"Z ��(*(��~��XzX���û
i£Ê�Å l Ñ ]VÔ��nxIÜ)x5=:?ODGU�S@?OK@>~���@' G [.# »���{mX �=8Q)N�0Æ�Ëz�Ñ C5Ô��nxIÜ)x5=:?ODGU�S@?OK@>~� � xIÐÄxIghDGqVDGS~���4' G [1# »���{�� �=8.za��Ó~Å�û�ÅÑ bÕÔ��nxIÜ)x5=:?ODGU�S@?OK@>~�0m x0��?OD[bcXa>@?�� � xIÐnx�ghDGqVDGS~��S�xQÄ-DGCEDGS~���@' G [.# »���{�� �=8.za��Å à ÅTÓ
i£Ê�Ê l Ñ ]VÔ � xI�"x º ?OD[b�iE�0ÐÄxQ��x � D[b�iE�3/�#=�n&'# ´�% '"&'#�9 , ×�# »��;XeÕ �3| 4N��Ó�Ó~Ê�ÊÑ C5Ô�ÐÄxQ��x � D[b�iE��u�¾f�Q# Ú '@¿10�½2# »����"� �:z��~�0Ê�X à
i£Ê�X l V/x0k�xgZ5?ODGU�AODGS~�0ÐÄxQ��x � D[b�iE�3/�#$u�¾f�Q# ´�% '"&'# »��mX�� �I+�-V�0Å�Æ�X0Ó
i£Ê à l ��xTP�YNU�>@AOD��0�Rx º DbV�MNAy]T� ´�% '"&'# ò B�¾N#�/�# »������ �I+0����Æ�Æ
i£Êz� l =»x5Ú�]_CIS@?ODGA�� ´�% ',&@# ¶ 'Â¾Y# »��;XI� ��(*(N�5Å�Åz��Ë
i£ÊVÇ l º x � xgÄ�]NJIK�{|MNS@>@X��!�"xEÜ.x�=�b�X:HIpIp���Ü.x } x�=�DGH0K~� } xE�"x¦�0MNS�J�� } S~xB�P/�#�u�¾f�Q# ´�% '"&'# »���{1Z �- )N�g��û�Ë
i£Ê�û l � xIÜRbciVDGS@>~��k�x��0MNS�K�>�DGS~����À �Î'"!$# ´�% '"&'# »����;X �3|*|V�0Æ�Å�Å
Ó~Å�û



UrV�ð�ì�ê�íàù�ì@ñNíYX_ê�í�ZNê�ð�ö�õIòIðOï
i£Ê�Æ l PÈx_m!DGFI?Ob~]_H0J���V/x_gh]_?BABAODG>~�_m x } ]_Fa��?ODGS~�_g\xÕmR?Bp»DGAB?ODGS~�Nk�x�k�H/Ü@MNAB?�� ò B:¾Y#�/�#�u�¾f�Q# ´�% '"&'# »������ �ÓÕÇ1X à
i XaË l ÐnxI�nx8Ä x } MNXIF0K@>�MNF0D��5k�x } x0g�?BABAy]_S�J��:�P#m��¿�½yB�¾Kk , ¾�ÁG× % �Q# »���{�{ �:z�(�¿��g��Ë�X
i X0Ó l ÐnxI�nx8Ä x } MNXIF0K@>�MNF0D��E=»x º xQÄ�]_S�J��=/�# ´�% '"&'#�9 , ×�# ´ »���{�� ��Ó~û�Ë à
i XaÅ l g\x } x0k�?OK@X0MNp���z�xQ� AODG^�^�?BFIU0�=/�# ´�% '"&'#�9 , ×�# ´ »���{�� ��ÓÕÇ�Ó~Å
i XaÊ l ��x8Ä xTg�b[��]���DGS@>7qV��ÐÄx8S)MNS@FT� DGAOJ��8ÄãxQ��x � ]NJIJIMNF��QS�xI��DG��KcDGF��Iz�x0=T]_i�]_?���m x���xTk�DGFa>�D�z�z�zÂ�

=»xgd�Kc]_?�� � x º xIÐÄx�=�bcXaH0JIJIDG^�]_UVD��P/�#=�n&'# ´�% '"&'#�9 , ×~# »��;Xü¾ �3|Q8���Ê�û�ûz�
i XzX l � x�Ú/j0K@>�DGF����Rx�S�Ay]NK@?BF0b��IPÈxQS�Sc]_^;DGS~� } x�gh]_S�K�DGA���u�¾f�Q#�ph¿NÁcÁc9�ó	'@×~½�¾ , & »��mX�Õ �3gV�0Ê�Å�Ê
i X à l Ú�x � MNABZ[^�]_FIF�� } xnS�xgd!DGS@AOMNHa{���V/x»Ü.xnV/x»�nx � MNp��»m!xsV/x�k�HIS@UVDGS�K~��u�¾y�Q#Tph¿_Á�Ál9�ó	'�×[½�¾ , &»����1Z �:z�(N��Ó~Ë à
i X�� l } x��"x�m MNpIAOD�� º x���x�k�DG�VDGS@?OJTUVD��*�^óeó»¾ ,YS Øi&;¿�½('Dp ,.G '@×,B G ¿�¾lu�¾ d Ø�½�¿ G 5 % ' , ¾;��_gh]NbÕÚ/Sc]~{�� � ?BABA��

�/DG{ß��MNS@iE� »��mXeN
i X:Ç l g\x } x5=»x º DG{�]_S~��Ä xQd�XI?ODGA��=/�#=�n&'# ´�% '"&'#�9 , ×�# »��;X"X �3|*|V��Xaû�Æ�ÆÈHIF0J¢XaÆ�ËVÇ
i Xaû l g\x } x�=»x º DG{�]_S~��Ü.x�ÚÈx�Z»M�DGCI?OK�b�X���Ü)xs��x � D~]_ABqV� } x } xEm!x�=:>�DG{�]_S@>~��/�#��n&'# ´�% '"&'#�9 , ×�#»����1Z ��(*)��Õ��Ê�Æ�Ë�Å
i XaÆ l } x } x0m x5=:>�DG{�]_S@>~��/�# ´T, &§ó�BT½2# ´�% '"&'# »������ ��(Q)N�0Å�Ë�ÆÈHIF0J�Å�ÅTÓ
i à Ë l �"xI�Rx0��ABAB?BFIUVDGS.X:>@>@p�Û Ö�Ö_DGHIS�MNp�]Txtb�X0DG^�x HIUa]TxtD[JTH
i à Ó l ��S@Ua]_FI?Bi�HI^ Å�ËTxI��H8h5]_UVD »�����{
i à Å l d�x»��iN]_^;MN>�MI��S�xgS)MNC�][qa]NK�XI?��»=»x5��i�]T��=»xQd!]_^�?B^;MN>�MI�P/�#$u�¾f�Q# ´�% '"&'# »������ �=8*-V�8Xaû�ÆVÇ
i à Ê l V/x } x � ][{�iVDGS~�QS�xT�Rx�Ä-M�MNAODGqV� } x�g\x } x8�IS7<[b�X0DG>~�=/�# ´�% '"&'#39 , ×">�FÈ'Â¾0ÕØ$À�50¾w¿NÀ0ÁN# º »�����¾ �Ó~Å�ûVÇ
i à X l ��xImo?Ob~]_S�J���Ü.xIk�]NK@>�MNF��QÄ x�Ð�DG?Ob�X0DGS@>~�0Ðnx�Äãx � ]_S@>@^�]_FIF�� ¶ Ø ,E, ¾y�Q#Pp '�6Q# ´�% '"&'# �[N"N>N �Cga�Ó�X:ÇNÆ
i à�à l �"xgV/x��IS�DGqTJ0]_FIiE�0gLx�Ú�x � HI^�pIXIS�DGqV�5ÐÄx�ÄãxQ�0S@?OD[JTS@?Ob�X��»k/xI��HI>@X0DGS�� º ]~�:?OD[KÕ�w51'G½�¾@¿ % '�6N¾ , À
�>N>N1� �=8EgV��Ó�XaÅ à

i à � l Ñ ]VÔ�m!xQÄ�]_S@F0DGS~�5ÐÄx0=:HI>@X0DGS@Ay]_F0J���/�#�u�¾y� # ´�% '"&'# »����1� �=8I�~�¦��Å�Æ�XÑ C5Ô|Äãx } x�Ä�]_S�J�� } S~xB�QÄ xIÜ.x0ghb�Üo{|DGF���/�#$u�¾f�Q# ´�% '"&'# »����>N �=8Q8��8XaÆ�Ê
i à Ç l } x¦V�]NK@>�DGABAOK.DG>�]_A�xB� } xgV|X0DG^�x»=�M�b�xIm!DGS@i�?BF d�Sc]_F0K)z »��;XI� ��Ó
i à û l Ú�xIgh]_F0D[bciVD��»=»x0��jI>@>@iVD�� ´�% '"&'# ¶ 'G¾N# »��mXeN ��(*).-V��ÇNË�Ë
i à Æ l Ú�xIm!xE=�b�XI?ODG^;DGFIZV��g\xQ� ?BFIZ~DGFIX�]_UVDGF��C}oØ¼' d Ø��_ÁR��À�ÀC# »�����» ��Ó�X:Ç/�
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