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�HP��� Y�"����!����(�������$�:��',�#���:����$���!�#��#���$&"#��$!%�!&�'�#"�!���$"&'����!��$,��#"�,��!" #��,�#�'���!��$��'�:!�%��!:������!:,�:!���N#%�"�,�#��'��$&���'�+�"!(,�#��(�""�#������'�::�������!"-%!����$�:!�%�.�B��%#-�+��$!� �������!��'����#+"���!�����#��,��&��:-,�#�';!���#�'"��#�$!�����!�'��<��#"��!:�����#$�� ��$!%�!&�',�:!���N#%�"�,�#���#�%#$�&��$#""->#$$���#+"���#"�.��MN#%�"���!:�/���#�%#$�&��$#""-�#$$���#+"���#"���#���'��$&���'������:.�H/.��F!���N#%�"�,��:�����$!%�!&�'����#��!��$,�!���#��#�:&�$��!�#"�<�!&��(��$��%#-�+��#��!��$�@�.<.,�>T))W�%#-�+��>T))>D,������#��#"��%#-�+��:!�%�'�(����#��&��#+"��$#��!�.��MN#%�"���!:��&��#+"����!�<#��$�$#��!�����$"&'�,�+&��#����!��"�%���'��!,�#"?#"��%��#"��!����&$��#��U#̈�#�'�C̈,�#"?#"�����#����$#��!����&$��#��T#Ḧ�#�'�V<Ḧ,�#�'�!�����$#��!����&$��#��E"=̈.���I�MN#%�"���!:��&��#+"��!�<#��$�$#��!�����$"&'�,�+&��#����!��"�%���'��!,�#%%!��&%��!��@�.�.,�UWS̈D�#�'��&+����&��'�#%%!��&%��!���@�.<.,�UW=*̈,�UWH*Ḧ,�UW*=̈,�U*S̈D.��MN#%�"���!:��!%���&��#+"���&+����&��'�#%%!��&%��!���#�����!���'��� �'�:�!%u����-"#%���,�'����-"#%���,�'�$-$"!��N-"#%���,� ������-"#%���,� +&�-"#%���,� ���-"���'�#%���,� ���#�!"#%���,�'����#�!"#%���,������#R���,�+��R-"#%���,�����-"+��R-"#%���,�$�!"���,�%�<"&%���,�#�'��/���!%���#%���,�#��(�""�#��#%��!�#$�'�,��&$��#��"-�����#�'�#�<�����.��E���N#%�"��!:�#�$!%%!��\&#����#�-�#%%!��&%��!�����U@TW=DS̈.���B:�����$!%�!&�'����$#��!��$,�!���#��#�:&�$��!�#"�<�!&��(��$��%#-�+��$#��!��$�@�.<.,�>UWH�%#-�+��>UW=̈D,������#��#"��%#-�+��:!�%�'�(����#��&��#+"��#��!�.��MN#%�"���!:��&��#+"����!�<#��$�#��!�����$"&'�,�+&��#����!��"�%���'��!,���!���'��� �'�:�!%�����:!""!(��<���!�<#��$�HI�#$�'�u��-'�!$�"!��$,��-'�!+�!%�$,��-'�!�!'�$,��&":&��$,��&":&�!&�,������$,�����!&�,���!���!��$,�#�'���!���!�!&�.��MN#%�"���!:��&��#+"��!�<#��$�#��!�����$"&'�,�+&��#����!��"�%���'��!,���!���'��� �'�:�!%�����:!""!(��<�!�<#��$�#$�'�u�#$���$,���!��!��$,��&$$���$,�<-$!"�$,����#��$,��#"%���$,�"#$��$,�%#"�$,��#%!�$,��#��#��$,�$����$,�<"&$!��$,�#�$!�+�$,�%#"��$,��-'�!N-%#"��$,�����-"#$���$,�<"&�#%�$,�#��#���$,�+��R!�$,�$���#%�$,��-�& �$,��#"�$-$"�$,��&":#��"�$,�H/�H>#$��-!N-+��R!�$,�:&%#��$,��!"&����&":!��$,�%���#���&":!��$,����#���&":!��$,����#���'��&":!��$,�!N#"�$,�������!��$,� #"���$,�#�'�<"&$!��$.��MN#%�"���!:��&��#+"���!"-%���$�#��!�����$"&'�,�+&��#����!��"�%���'��!,���!���'��� �'�:�!%�����:!""!(��<��!"-%���$�#$�'�u��#���$�#$�',�$#�+!N-%���-"�$�""&"!��.�B��%#-�+��$!� �������!��'����#+"���!�����#��,��&��:-,�#�';!���#�'"��#�$!�����!�'��<�=I��!" #���!:�����#$�� ��$!%�!&�'.���������%���!" #�������&��'���������������$!� ����!�#"��������!���:����!�#�$!%�"�N�!:��!"&���@�.<.�#$�� ��$!%�!&�',��#"��!:�#$�� ��$!%�!&�'D�#�'��!" ���.��



�=I���B:������!" �������(#���,������!" #���%#-�+��$!� ������"-���:����'��!�#��#��-'�#��,�:!���N#%�"�,�#�%!�!>�-'�#��,�#�'�>�-'�#��,�#����>�-'�#��,���$.���B��%#-�+��$!� �������!��'����#+"���!�����#��,��&��:-,�#�';!���#�'"������#$�� ��$!%�!&�'����#�$��%�$#""-���!��$��'�:!�%.���������%��$��%�$#""-���!��$��'�:!�%,��#��&��'�������,�����#�����!�#�$!%�!&�'����(��$��!���!��%!�����#$�� ��:&�$��!�#"�<�!&���#�����!��$��'�/�:�!%�&�'����#+"��$��%�$#"���#$��!��,���#����,�#����������:!�%�!:�#���!��$��'�!����!��$���<�<�!&��@#"�!�?�!(��#��#�%#�?�'�!��%#�?��<�<�!&��!��#�+"!$?�'�!��+"!$?��<�<�!&�D.��G-���!��$���<�#���#$�� ��:&�$��!�#"�<�!&�,���#$��!����� !" ��<�!�����&���!��$��'���#$�� ��:&�$��!�#"�<�!&���$#��+�����:!�%�',�(���!&��#::�$���<�������!��$��'�<�!&�i�������!��$���<�<�!&��%#-�+����%! �',�&�&#""-����#��&+��\&��������,�(���!&���&+��#���#""-�#::�$���<�������%#��'���!:������I�%!"�$&"�.��L��,�:!���N#%�"�,���:.�HK.�F!���N#%�"�,�#��-'�!N-�<�!&��%#-�+����!��$��'�#��#��������@>)*D�!��#��������@>)T@�)D*D,�:!���N#%�"�,�#�u�#�e«+&�-"������i�#�+��R-",�+��R�-'�-"�@'�����-"%���-"D,�!������-"�@�������-"%���-"D������i�#����%���-"��"-"�!��e>+&�-"'�%���-"��"-"������i�!��#��#$��-"�������@>)T@�)DTW=,�>)E$D.��/� F!���N#%�"�,�#��#"'��-'��!��?��!���<�!&��%#-�+����!��$��'�#��#��#$��#"�!��?��#",������$�� �"-,����(��$������$#�+!�-"�<�!&��@»T�)D����$!� ����'��!�#�'�������@»T@)*DHD,�+-���#$��!��(���,�:!���N#%�"�,�#����%#�-�#"$!�!".������#"'��-'��!��?��!���<�!&�������#'�"-���<����#��'�+-��-'�!"-����&���<�#�"#�<���N$����!:�(#�����������������$��!:�#$�'.�F!���N#%�"�,�#��#%����<�!&��%#-�+����!��$��',�:!���N#%�"�,�#��#��#%�'��!��#�HI�&����#��,�:!���N#%�"�,�#�u�#�%���-"�#%�'��@>UWT)>TW=Di�#�+��R-"!N-�#%�'��@>UWT)>)TWHTKW/,�>UW>T+RDi�#��#��>+&�!N-�#%�'��@>UWT)>)T@TW=D=,�>UW>G!$Di�#�H>+�����-">H>��!�!N-�#%�'��@>UWT)>)T@TW=DHTKWSTKW/,�>UW>G�!$D,�#��#�P>:"&!���-"%���!N-�#%�'��@>UW>F%!$D,�#��#�K>����! ��#��-"!N-�#%�'��@>UW>U !$D,�#��#�H>���%���-"��"-"���-"!N-�#%�'��@>UW>��!$D,�#��#�H,H,H>���$�"!�!���-"!N-�#%�'��@>UW>��!$D,�#��#��#""-"!N-�#%�'��@>UW>E""!$D,�H/�#��#�H@>����-"�&"��!�-"D���-"!N-�#%�'��@>UW>A��$Di�!�,�����&��#+"��$#���,�#��#��º>!N�'��@»U)¼D.�F!���N#%�"�,�#�$#�+!N-"�$�#$�'�<�!&��%#-�+����!��$��'�#��#��������:!���N#%�"�,�#�u�#��T�>X�#"?-"�������@�.<.�#�%���-"������i�#�e>+&�-"������Di�#�T�>X��#"!#"?-"�������@�.<.�#�T�>X�����#"!#"?-"������Di�#����T�>X�#"?-"��"-">T�>X�#"?-"������i�!��#�T/>HI�#�-">T�>X�#"?-"�������@�.<.�#�=I�+��R-"������i�#�����!+��R-"������Di�!��#��#��#%�'�,�:!���N#%�"�,�#��#�%���-"�#%�'�.�



�=���� F!���N#%�"�,�#����!"�<�!&��%#-�+����!��$��'�#��#����!������@>L*D,�:!���N#%�"�,�#�u�#�+��R-"����!�����i�#��#$��#%�'!%���-"�������@>L>TWHUWT@�)DTW=D.���B��%#-�+��$!� �������!��'����#+"���!�����#��,��&��:-,�#�';!���#�'"������#$�� ��$!%�!&�'��������:!�%�!:�#���!'�&<.���������%����!'�&<�,�#��&��'�������,�����#�����!�#�$!%�!&�'�(��$�,�(����%��#+!"���'�@�.<.�ª¬c½ª½°D,�-��"'������'�����'�#$�� ��$!%�!&�'.��/��-��$#""-,�������!'�&<������#$�� �,�!��"����#$�� ����#������#$�� ��$!%�!&�',�+&��%#-���! �'��#' #��#<�!&���#�'"��<,�#'%������#��!�,�!��%��#+!"�$���!�������.�F!���N#%�"�,��!%����!'�&<��#����������!:�����#$�� ��$!%�!&�'�@�.<.�#���-��!"!<�$#""-�#$$���#+"��%��#+!"�$#""-�"#+�"�������D.��Q&���<�%��#+!"��%,�����������<�!&��@>T@�)D)*D����$"�# �'��!�-��"'�����#$�� ��'�&<.��L&$���������%#-�+��:!�%�'�+-�������:�$#��!�,�:!���N#%�"�,�!:��I�#�-�!:�����$#�+!N-"�$�#$�'�<�!&���@>T@�)D)WD���������#�����$!%�!&�',�(���,�(�����#���!���#��,����!����!��$��!��!:�#�-�!�������#$�� ��<�!&�������������������#�����$!%�!&�',�:!""!(�'�+-�'���!��$��!���:���\&���'.��MN#%�"���!:��&$��%��#+!"�$#""-�"#+�"�����������$"&'����!���(�������*����T�>HI�#"?-"�@�.<.�>V�,�>M�Di�T�>X�#%��!#"?-"�@�.<.�#%��!���-"i�H>@º¾º>'����-"#%��!D���-"i�H>@S>%!���!"��!D���-"Di�#�'�#$-"!N->T�>X�#"?-"�@�.<.�#$-"!N-%���-"i��/�#$-"!N-���-"i��.<.��� #"!-"!N-%���-"i�#$��!N-%���-"i��>#$��!N-���-"i��>@�>%���!N->�>%���-"D���-">$#�+!�N-"!N-���-"i� �>@+��R!-"!N-D���-"i� ��!��!�!N->$#�+!�-"!N-%���-"i��>��!��!�!N->$#�+!�-"!N-���-"i� $-$"!��N-">$#�+!�-"!N-%���-"i� �>$-$"!��N-">$#�+!�-"!N-���-"i�$-$"!��N-"!N->$#�+!�-"!N-%���-"i��>$-$"!��N-"!N->$#�+!�-"!N-���-"i�@S>����#�-'�!�-�#�-"!N-D�$#�+!�-"!N-%���-"i��>@S>����#�-'�!�-�#�-"!N-D$#�+!�-"!N-���-"i�@S>HI�����#�-'�!�-�#�-"D$#�+!�-"!N-%���-"i�#�'��>@S>����#�-'�!�-�#�-"D$#�+!�-"!N-���-"D.�F&�������&��#+"����!'�&<�:!�%����$"&'����!���!�#���#�'�<"-$!"#����#"��.��B���#���$&"#�,��-'�!N-�<�!&���@>)WD,�$#��+��%#'�����!���!���!�#�����!'�&<��+-���#$��!��(����$�"!�!'�+��R-"��!������,�:!""!(�'�+-��-'�!<��#��!�,��!�:!�%�#���!���!�#���<�!&��>)>A@�)D@)WDH.��L&$��#�<�!&��$#��+��$"�#��'�+-���!���!�#�����R-%���'&���<�%��#+!"��%��!�H/�-��"'�����#$�� ��'�&<�(���������-'�!N-�<�!&�.�E"�!,��!%����!'�&<��#���#$�� #��'���R-%#��$#""-��!�-��"'�����#$�� ��$!%�!&�',�!��#�$!%�!&�'�(��$�,�&�!��:&������$��%�$#"���#$��!�,�-��"'������#$�� ��$!%�!&�'.��F!���N#%�"�,�������!'�&<�%#-�+��#��&<#��'��� #�� ��!��!�����<"-$!��'��$!�]&<#��,�!��%#-�+��#��#%��!�#$�'�������'��� #�� �.�=I�



�=H����1457nm��F!��$!� �����$�,�%#�-�$��%�$#"�%!�������#�������������'�&���<�(�""�?�!(��#++�� �#��!��,���$"&'��<�+&���!��"�%���'��!,�%���-"�@V�D,����-"�@M�D,�¬>��!�-"�@�A�D,�ªd°>��!�-"�@�A�D,�¬>+&�-"�@�G&D,�eabe>+&�-"�@�G&D,�¬>��N-"�@�W�ND,�$-$"!��N-"�@$W�ND,�����-"�@A�D,�+�����-"�@+�A�D,�+��R-"�@G�D,��#����-"�@�#��D,�%���!N-�@V�)D,����!N-�@M�)D,�+��R!-"�@GRD,�/�#�'�#$��-"�@E$D.�F!��$!� �����$�,�%#�-�$��%�$#"�$!%�!&�'��#�������������'�&���<�(�""�?�!(��#++�� �#��!��,���$"&'��<�+&���!��"�%���'��!,�%���#�!"�@V�)WD,����#�!"�@M�)WD,���!>��!�#�!"�@�>A�)WD,�%���-"����-"�?��!���@VMCD,�������!��'����-"�������@M�H)D,�#$���$�#$�'�@E$)WD,�'�$�"!�!%���#���@%���-"����$�"!��'�,�QTVD,����:"&!�!#$���$�#$�'�@�FED,�'�%���-":!�%#%�'���I�@QVFD,�����#�-'�!:&�#��@�WFD,�#�'�'�%���-"�&":!N�'��@QVL)D.�¿r7r40§��n7pqr�t��T!%�!&�'��!:�:!�%&"#�B�$#��+������������'�+-�F!�%&"#��u�vwvxvy z{Àz {|{} ������ ÁÂ�(�������*S������������ z ~� .��/� T!%�!&�'��!:�F!�%&"#���$#��+���-��������'�:�!%�$!%�!&�'��!:�F!�%&"#�Hu�vwvxvy z{Àz {|�� ������ Á|�Ã����*X����U*U�*UH,���������+-���#$��!��(����*XW.��Ã����*X����#��#%�'�,�&��#�!���&":!�#%�'��<�!&�,���������+-���#$��!��(����#%%!��#�:!""!(�'�+-���#$��!��!:��������&"���<����%#�-�#%�'��(��������#���!���#���#$�'�$�"!��'�,���!$-#�#���!���&":!�-"�$�"!��'�.��Ã����*X����)*)��!��L*L�,�HI���������+-���#$��!��(�����!�#���&%�$#�+!�#����������#���!���#���#"$!�!"�!�����!"��!" ���.��Ã����*X����#��!���!�#""-��&+����&��'�T=>HI������!$-$"-"�<�!&��!��T/>HI�#�-"�<�!&�,���������+-���#$��!��(����*XG@)E"?DH,�(������#$��E"?������'����'���"-�T�>X�#"?-"�!���!<������(��������!N-<����!�(��$�����-�#���#��#$��'�:!�%�#�T/>X������!$-$"-"�<�!&�.���T!%�!&�'��!:�F!�%&"#�H�$#��+���-��������'�:�!%�$!%�!&�'��!:�F!�%&"#�=u�H/�



�==��� vwvxvy z��z ���� ������ ÁÄ�+-���#$��!��(����W*S�@�<. z ~� D�:!""!(�'�+-���#$��!��(����W*H.�T!%�!&�'��!:�F!�%&"#�=�$#��+���-��������'�:�!%�$!%�!&�'��!:�F!�%&"#�Su�vwvxvy z�~z� ~�� ������ ÁÀ�+-����#�%����(����A)T"=�#�'�U,U>'���!��!�-"#%���,�:!���N#%�"�.�/� T!%�!&�'��!:�F!�%&"#�S�$#��+���-��������'�:�!%�$!%�!&�'��!:�F!�%&"#�/u��vwvxvy z�|~z�|�� ������ Áy�+-����#�%����(����!N#"-"�$�"!��'�,�:!���N#%�"�.�T!%�!&�'��!:�F!�%&"#�/�$#��+���-��������'�:�!%�$!%�!&�'��!:�F!�%&"#�K,�:!���N#%�"��+-���#$��!��(����"�\&�'�#%%!��#�:!""!(�'�+-���#$��!��(�������!�-"�$�"!��'��#�'��I�#%%!��#�<#�u� vwvxvy ~�~���� ������ Áw�E"����#�� �"-�$!%�!&�'��!:�F!�%&"#���$#��+���-��������'�:�!%�$!%�!&�'��!:�F!�%&"#�Xu� vwvxvy z{Àz ��{} ������ Á}��/�+-���#$��!��(����W*H.�



�=S��� T!%�!&�'��!:�F!�%&"#�X�$#��+���-��������'�:�!%�$!%�!&�'��!:�F!�%&"#�Ou�vwvxvy z{Àz ���� ������ Áx�Ã����*X����U*U�*UH,���������+-���#$��!��(����*XW.��Ã����*X����#��#%�'�,�&��#�!���&":!�#%�'��<�!&�,���������+-���#$��!��(����#%%!��#�:!""!(�'�+-���#$��!��!:��������&"���<����%#�-�#%�'��(��������#���!���#���#$�'�$�"!��'�,���!$-#�#���!���&":!�-"�$�"!��'�.��Ã����*X����)*)��!��L*L�,�/���������+-���#$��!��(�����!�#���&%�$#�+!�#����������#���!���#���#"$!�!"�!�����!"��!" ���.��Ã����*X����#��!���!�#""-��&+����&��'�T=>HI������!$-$"-"�<�!&��!��T/>HI�#�-"�<�!&�,���������+-���#$��!��(����*XG@)E"?DH,�(������#$��E"?������'����'���"-�T�>X�#"?-"�!���!<������(��������!N-<����!�(��$�����-�#���#��#$��'�:!�%�#�T/>X������!$-$"-"�<�!&�.���T!%�!&�'��!:�F!�%&"#�O�$#��+���-��������'�:�!%�$!%�!&�'��!:�F!�%&"#�=u��I� vwvxvy z��z ���� ������ ÁÄ�+-���#$��!��(����W*S�@�<. z ~� D.��Ã����*X�����~z�{~Ä{zÂÅ ��/�����T!%�!&�'�!:�F!�%&"#���$#��+������#��'�+-���#$��!��#�$!%�!&�'�!:�F!�%&"#��#u�vwvxvy z{Àz {|{} ������ ÁÂ �



�=/���(�������*S������������ z ~� �,�#�'�*X��� ÆÇ~{~Ä ,�(�������̂ ����#�"�# ��<�<�!&�,��&$��#��#��#"!<��,�:!���N#%�"��$�"!����,�!��#�)L)H�<�!&�,�(�����*����#"?-"�!��#�-",��&$��#��%���-",�+-���#$��!��(������*U�IUWH�.� �T!%�!&�'��!:�F!�%&"#��#�$#��+���-��������'�+-���#$��!��!:�#�$!%�!&�'�!:�F!�%&"#��+�/� vwvxvy z{Àz {|{} ������ ÁÂÈ�(�������*S������������ z ~� �,�#�'�*X��� ~�~{~Ä ,�(����#��#"?-"�!��#�-"��&"��!�-"�$�"!��'���������������$��!:�#�+#��.�� F!��MN#%�"�u��I�



�=K��� z z zz z~ ~~~ z z zz z~ ~~��z z zz z~ ~~z{����ÉÁ��ÄzÉÁÊ��Ë����� �� T!%�!&�'��!:�F!�%&"#��+�$#��+������#��'�+-���#$��!��(����*XG@)E"?DH,�(������#$��E"?������'����'���"-�T�>X�#"?-"�!���!<������(��������!N-<����!�(��$�����-�#���#��#$��'�:!�%�#�T/>X������!$-$"-"�<�!&�.���Ì�r�/� �������������� ����!����! �'���#$�� ��$!%�!&�'�,����$�:�$#""-,�#$�� ���������+����<�����#$�� ��-�!:�%�)*.��������%��#$�� ���#��&��'�������,�����#�����!�$!%�!&�'��(��$��#���$#�#+"��!:�����+����<�%�)*�#$�� ��-,�#�'����$�:�$#""-���$"&'���+!���$!%�!&�'��(������������$�#$�� ��-�@'�&<�D�#��(�""�#����!'�&<��!:��&$��$!%�!&�'�,�(��$����!'�&<��%#-����%��" ����N��+���"���"���I�!���!���������$�#$�� ��-.�)���#��#-�(��$��%#-�$!� ������"-�+��&��'����!�'����!�#����������%�)*�����+���!��!::���'�+-�#��#���$&"#��$!%�!&�'����'��$��+�'���������N#%�"���+�"!(.��������������� ����!��:&��������! �'���#�%���!'�!:�����+����<�����#$�� ��-�!:�%�)*����#�$�"",�$!%������<�$!��#$���<��#�'�$�""�(����#���::�$�� ��#%!&���!:�#��#$�� ��$!%�!&�',��/����:��#+"-��������:!�%�!:�#���#�%#$�&��$#""-�#$$���#+"��$!%�!����!�.��L&$��#�%���!'�%#-�+����#$����'�ª¬c½ªeb°�!��ª¬c½ª½°.�F!���N#%�"�,�#��#%�"��!:�$�""��%#-�+��<�!(��ª¬c½ªeb°�#�'�#��#$�� ��$!%�!&�'�+�!&<������!�$!��#$��(�����#�'�$�""�,�#�'������::�$��!:�����$!%�!&�'�!����!���$�""��!+��� �'.��E���N#%�"���!:���::�$��,���������+���!��!:�$�""&"#��<�!(������#�$���#�����%��!������#$$&%&"#��!��!:�HI�$�""���������9����#���!:�����$�""�$-$"��! ���#�$���#�����%��%#-�+��'����%���'.��Ã���������#$�� ��$!%�!&�'����:!&�'��!��N����#����:"&��$��!������$�""�,������%#-�+��&��'�#��#���!<�!���$��



�=X���!��'�#<�!���$�%#�?���!:������::�$#$-�!:�����$!%�!&�'����%���!'��!:����#���<�#��#������$#��-��<�$�""��!:������#%��$�""&"#���-��.��������%�����#�%����,�#��&��'���������������$!���N��!:����#���<�#�$!�'���!�,�����#����<����#""-��!����#�%����#�'�����#�-,�(�������!:�#��&%#��!��#��#��%#"�@�.<.���� ������#�-�#��"�$#��!��D,����(��$���!%��'�����'�����#��&��$��::�$�����#$��� �',�:!���N#%�"�,���������+���!��/�!:�������!<�����!:�����$!�'���!�,�#�'���$"&'���#���'&$��!����������#���!:���!<����,�#��#"����������#���!:���!<����,�#%�"�!�#��!��!:�����$!�'���!�,�#�'�$&���!:�����$!�'���!�.�����#�%����#��#���!��-"#$��$�%�#�&���@�.�.���!��-"#N��D����#"�!���$"&'�'.��������%��#']&�$���#��&��'����������"#�����!�����&���!:�#$�� ��$!%�!&�'�����$!�]&�$��!��(����?�!(������#��&��$�%�#��.��L&$��%�#�����$"&'��$-�!�!N�$���<�%���!:�'�&<���I�#�';!���!�����<��#'�#��!��#��&��'�����������#�%����!:�'�::������$#�$����-���.��MN#%�"���!:�#']&�$��#���>$#�$���#<�������#��$!&"'�+��$!%+���'�(����$!%�!&�'��:�!%������� ����!����$"&'�,�+&��#����!��"�%���'��!,�����:!""!(��<u�#"?-"#���<�#<����u�����!<���%&��#�'�,�%�$�"!����#%���,�$-$"!��!���#%�'�,��:!�:#%�'�,�%�"��#"#�,�$�"!�#%+&$�"u�U���!�!&��#�u�$#�%&������ @GTUYD,� "!%&������ @TTUYD,� ��%&������ @%���-">TTUYD,��/����-"���%���;%���-"%�"#%���,��������-"���%�"#%����@�MVD,�������-"�������!��!���!�#%�'��@���!���#D,���N#%���-"%�"#%����@WVV,�#"����#%���Du�E"?-"��&:!�#���i�+&�&":#�i����#R����,�'#$#�+#R����@Q�BTDu�E���%��#+!"����i�:!"�$�#$�'�#�#"!<�,�%���!���N#��,����%����N#��,��-��%�'����#�#"!<�,�/>:"&!�!&�#$�",�:"&!�!'�!N-&��'���,�<�%$��#+���,�$-�!�����#�#+��!��'��@E�#T,�$-�#�#+���D,�/>#R#$-��'���,�H,H[>'�:"&!�!'�!N-$-��'���u�A&�����#�#"!<�i�K>HI�%��$#��!�&����,� K>���!<&#����,� #R#���!�����,� H[>'�!N-$!:!�%-$��� @����!��#���,���-���!�-'�!N-�!�-"#'������@MWUED,�:"&'#�#+������!���#��,�H>T�"!�!'�!N-#'��!�����@$"#'��+���,�H>T'EDu��!�!��!%��#���B�����+��!��i�$#%��!���$��,��!�!��$#�,�����!��$#�,��&+���$#�u�U#�&�#"���!'&$��i�#���%��!��$�'�&<�,��#$"��#N�",� ��$#�#"?#"!�'�,� ��+"#������@ĵ GD,� ��$�������,� ��!��"+���,��#N!�����V�@'!$��#N�"D,�����#%&�����,�����#%&��������!���#��i�H/�����!'!��-"!�!N���,���!�!��'�,������!��'�u�E���+�!��$�i�#$��%!%-$���Q,�'#&�!%-$���@�&+�'!%-$��D,�'!N!�&+�$���@#'��#%-$��D,�%��!N#���!��,��'#�&+�$��,�+"�!%-$���,��"�$#%-$���@%����#%-$��D,�%��!%-$���T,�'#$���!%-$��u�M�R-%��i�̂>#��#�#<��#��,�*UE���Eu�G�!"!<�$#"�����!����%!'�:����i������:��!�>#"��#,�B̂>H,�9>TLF,�9V>TLFu�Q�::������#��!��E<����i������!�$�#$�'�'��� #�� ��u�*#'�!�������R���i,�%���!��'#R!"�,�%��!��'#R!"�,�'��%���-"%��!��'#R!"�,�=I���%!��'#R!"�,���#��'#R!"�,���%!�#R!"�,�*LY��IKP,�M)P,�*G�K�S/,�L*SH==,���$!���#%�'�,�/>+�!%!'�!R-&��'���,�/>�!'!'�!N-&��'���,�+�!%!'�!N-$-��'���u�A"#����&%�$!!�'��#��!��$!%�"�N��i�$���"#���,�$#�+!�"#���u�E����#$���'�!��i�%��!N#���!��,�EÍSU�L&+����&��'�&��#,�
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Example 19 
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The chloro-substrates were reported in Example 18. 

 

(Compounds 19a to 19x) 5 

Conditions A: 

To a mixture of the appropriate chloro-substrate (1 equiv), potassium carbonate (3.5 equiv), 

and the appropriate boronic acid (1.0 equiv) in acetonitrile/water (1:1) (0.026 M of chloro-

substrate) was added tetrakis(triphenylphosphine) palladium
0
 (0.05 equiv). The reaction 

vessel was sealed and heated at 95 
o
C for 2 hours.  Upon completion the samples were filtered 10 

through a silica cartridge, washed with CH2Cl2 and methanol and then concentrated in vacuo. 

The crude residue was then purified by preparative HPLC to give the desired products. 

 

Conditions B: 

To a mixture of the appropriate chloro-substrate (1 equiv), cesium fluoride (3.5 equiv), and 15 

the appropriate boronic acid (1.0 equiv) in acetonitrile (0.026 M of chloro-substrate) was 

added tetrakis(triphenylphosphine) palladium
0
 (0.05 equiv). The reaction vessel was sealed 

and heated at 95 
o
C for 2 hours.  Upon completion the samples were filtered through a silica 

cartridge, washed with CH2Cl2 and methanol and then concentrated in vacuo. The crude 

residue was then purified by preparative HPLC to give the desired products. 20 

 

Conditions C: 

To a mixture of the appropriate chloro-substrate (1 equiv), potassium carbonate (2.5 equiv), 

and the appropriate pinacolate boron ester or boronic  acid (1.1 equiv) in acetonitrile/water 

(1:1) (0.041 M of chloro-substrate) was added tetrakis(triphenylphosphine) palladium
0
 (0.05 25 

equiv). The reaction vessel was sealed and exposed to microwave radiation (150 
o
C, medium 

absorption setting) for 30 minutes under nitrogen atmosphere.  Upon completion the samples 

were concentrated in vacuo. The crude residue was then purified by preparative HPLC to give 

the desired products. 

30 
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Table 19: 

 

 Purity 

(%) 

Retention 

time (min) 

m/z 

[M+H]
+
 

Conditions Example Structure 

19a 93 7.66 433.2 A 

 

19b 88 8.95 471.3 A 

 

19c 79 7.54 473.3 A 

 

19d 92 11.14 519.3 A 

 

19e 99 6.14 472.3 A 

 

O

OH

N N

N

N

O

NH
2

O

OH

N N

N

N

O

O

OH

N N

N

N

O

OH

O

OH

N N

N

N

O

O

O

OH

O

N N

N

N

O



 

 

-224- 

 

 Purity 

(%) 

Retention 

time (min) 

m/z 

[M+H]
+
 

Conditions Example Structure 

19f 90 7.43 458.3 A 

 

19g 84 10.52 532.3 A 

 

19h 75 9.58 501.3 B 

 

19i 94 11.13 488.3 A 

 

19j 84 7.36 444.3 A 

 

19k 88 7.33 486.3 A 
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 Purity 

(%) 

Retention 

time (min) 

m/z 

[M+H]
+
 

Conditions Example Structure 

19l 88 8.75 487.3 A 

 

19m 93 11.64 511.3 A 

 

19n 87 9.26 457.3 A 

 

19o 89 9.05 473.3 A 

 

19p 97 4.31 444.3 C 

 

19q 95 4.13 414.2 C 
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 Purity 

(%) 

Retention 

time (min) 

m/z 

[M+H]
+
 

Conditions Example Structure 

19r 94 4.14 414.2 C 

 

19s 97 4.43 444.2 C 

 

19t 98 4.28 444.2 C 

 

19u 87 4.41 432.2 C 

 

19v 98 4.07 417.2 C 

 

19w 96 4.12 445.3 C 
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 Purity 

(%) 

Retention 

time (min) 

m/z 

[M+H]
+
 

Conditions Example Structure 

19x 99 5.66 418.2 A 

 

 

NMR data for Example 19j 

1
H NMR (300 MHz, DMSO) δ ppm 9.63 (ArH, d, J = 1.49 Hz, 1H), 8.84-8.69 (ArH, m, 2H), 

8.49-8.37 (ArH, m, 1H), 8.19 (ArH, dd, J = 8.61, 2.35 Hz, 1H), 8.00 (ArH, d, J = 8.76 Hz, 

1H), 7.57 (ArH, ddd, J = 7.99, 4.81, 0.71 Hz, 1H), 7.15 (ArH, d, J = 8.71 Hz, 1H), 5.23 5 

(ArH, dd, J = 2.03, 1.13 Hz, 1H),5.23 (CH, m, 1H), 4.78 (CH, d, J = 6.83 Hz, 1H), 4.61 

(CH2OH, s, 2H), 4.22 (CH2, d, J = 13.08 Hz, 1H), 4.03-3.92 (CH2, m, 1H), 3.98 (OCH3, s, 

3H), 3.88-3.61 (CH2, m, 3H), 2.50 1.49 (CH3, d, J = 6.79 Hz, 3H) 

13
C NMR (75 MHz, DMSO) δ ppm 164.91, 161.77, 161.25, 160.36, 158.71, 151.75, 149.97, 

136.10, 133.86, 131.45, 129.97, 127.92, 126.79, 124.08, 117.24, 110.92, 108.15, 70.77, 66.83, 10 

66.80, 58.39, 56.04, 52.15, 44.39 and 15.24. 

 

NMR data for Example 19x 

1
H NMR (300 MHz, CDCl3) δ ppm 9.86-9.80 (ArH, m, 1H), 9.00-8.91 (ArH, m, 1H), 8.77 

(ArH, dd, J = 4.80, 1.71 Hz, 3H), 8.28 (ArH , ddd, J = 9.24, 8.03, 5.57 Hz, 1H), 7.83 (ArH, d, 15 

J = 8.64 Hz, 2H), 7.60-7.53 (ArH, m, 2H), 7.53-7.43 (CH, m, 1H), 4.72 (CH2, d, J = 6.93 Hz, 

1H), 4.33-4.23 (CH2, m, 1H), 4.00-3.80 (CH2, m, 4H), 1.65 (CH3, d, J = 6.81 Hz, 3H) 

13
C NMR (75 MHz, CDCl3) δ ppm  164.55, 161.73, 161.53, 151.52, 150.66, 136.99, 136.34, 

134.91, 133.42, 129.34, 129.12, 123.19, 119.66, 117.15, 108.64, 106.49, 70.98, 67.02, 52.92, 

44.49 and 15.16. 20 

 

Tested in Alternative Enzyme Assay:  Ex. (19a) 0.048µM; Ex. (19b) 0.018µM; Ex. (19c) 

0.052µM; Ex. (19d) 0.25µM; Ex. (19e) 0.11µM; Ex. (19f) 0.096µM; Ex. (19g) 0.0087µM; 

Ex. (19h) 0.77µM; Ex. (19i) 0.28µM; Ex. (19j) 0.057µM; Ex. (19k) 0.077µM; Ex. (19l)  

 25 

N N

N

N
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N

Cl
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0.12µM; Ex. (19m) 0.41µM; Ex. (19n) 0.22µM; Ex. (19o) 0.19µM; Ex. (19p) 0.24µM; Ex. 

(19q) 0.14µM; Ex. (19r) 0.012µM; Ex. (19s) 2µM; Ex. (19t) 0.097µM; Ex. (19u) 0.055µM; 

Ex. (19v) 0.07µM; Ex. (19w) 0.086µM; Ex. (19x) 0.81µM. 

 

Example 20 5 

N

N

N
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R

 

The amino substrate was reported in Example 18. 

 

(Compounds 20a to 20c) 

Conditions A: 10 

The appropriate amino-substrate (1 equiv) was suspended in THF (0.04 M). The appropriate 

sulfonyl chloride (2.0 equiv) was added. The reaction vessel was sealed and exposed to 

microwave radiation (140 
o
C, medium absorption setting) for 10 minutes.  Upon completion 

the samples were concentrated in vacuo. The crude residue was then purified by preparative 

HPLC to give the desired products. 15 

Conditions B: 

The appropriate amino-substrate (1 equiv) was suspended in DMF (0.04 M). The appropriate 

acyl chloride (1.2 equiv) and potassium carbonate (2.4 equiv) were added. The reaction vessel 

was sealed and exposed to microwave radiation (140 
o
C, medium absorption setting) for 10 

minutes.  Upon completion the samples were concentrated in vacuo. The crude residue was 20 

then purified by preparative HPLC to give the desired products. 

Conditions C: 

The appropriate amino-substrate (1 equiv) was suspended in DMF (0.09 M). The appropriate 

acyl chloride (3.0 equiv) was added. The reaction vessel was sealed and exposed to 

microwave radiation (130 
o
C, medium absorption setting) for 15 minutes.  Upon completion 25 

the samples were concentrated in vacuo. The crude residue was then purified by preparative 

HPLC to give the desired products. 

] 
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Table 20: 

 Purity 

(%) 

Retention 

time 

(min) 

m/z 

[M+H]
+
 

Conditions Example Structure 

20a 93 4.67 536.5 A 

 

20b 97 4.58 486.4 B 

 

20c 85 4.56 436.3 C 

 

 

Tested in Alternative Enzyme Assay:  Ex. (20a) 1.4µM; Ex. (20b) 0.67µM; Ex. (20c) 

0.024µM. 5 

 

Example 21 
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The chloro-substrate was reported in Example 18. 
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(Compound 21a) 

The appropriate chloro-substrate (1 equiv) was dissolved in ethanol (0.025 M). Sodium 

formate (11.0 equiv) and palladium on carbon (0.5 equiv) were added. The reaction vessel 

was sealed and heated at 100 
o
C for 12 hours.  Upon completion the sample was filtered 

through Celite™, and the filtrate was concentrated in vacuo. The crude residue was then 5 

purified by reverse phase chromatography eluting with a gradient of 5 to 95 % acetonitrile in 

0.1 % formic acid/water, to give the desired product. 

 

Table 21: 

 Purity 

(%) 

Retention 

time 

(min) 

m/z 

[M+H]
+
 

Example Structure 

21a 97 5.94 367.3 

 

 10 

NMR data for Example 21a 

1
H NMR (300 MHz, DMSO) δ ppm 8.70 (ArH, s, 1H), 8.42 - 8.37 (ArH, m, 2H), 8.16 (ArH, 

dd, J = 8.59, 2.34 Hz, 1H), 8.01 (ArH, d, J = 8.79 Hz, 1H), 7.14 (ArH, d, J = 8.69 Hz, 1H), 

5.20 (CH, t, J = 5.67, 5.67 Hz, 1H), 4.59 (CH2, d, J = 5.61 Hz, 2H), 4.05 - 3.93 (CH2, m, 2H), 

3.89 (OCH3, s, 3H), 3.80-3.59 (CH2, m, 4H), 3.57 (s, 1H), 3.31 (s, 1H), 2.50 (td, J = 3.64, 15 

1.80, 1.80 Hz, 1H), 1.42 (CH3, d, J = 6.79 Hz, 3H) 

13
C NMR (75 MHz, DMSO) δ ppm 164.04, 161.48, 160.52, 158.69, 157.38, 136.11, 131.43, 

129.96, 127.87, 126.77, 117.33, 110.93, 109.11, 70.71, 66.83, 58.37, 56.03, 52.14, 44.28 and 

15.17. 

 20 

Tested in Alternative Enzyme Assay:  Ex. (21a) 0.2µM. 
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Comparative Example 1 

N

N

Cl

N ClCl N

N

N

N ClCl

O

N

N

N

N R2Cl

O

 

 

Using the method of Example 1, to a cooled (0-5 
o
C) stirred solution (0.1 M) of the 

appropriate trichloro substrate (1 equiv) in CH2Cl2 was added diisopropylethylamine (1 equiv) 5 

in a dropwise fashion. The appropriate amine (1 equiv) was then added to the reaction mixture 

portionwise over the period of 1 hour. The solution was maintained at room temperature with 

stirring for a further 1 hour before the mixture was washed with water (2x1 reaction volume). 

The aqueous extracts were combined and extracted with CH2Cl2 (2x1 reaction volume).  The 

organic extracts were then combined, dried (sodium sulphate), filtered and concentrated in 10 

vacuo to give an oily residue which solidified upon prolonged drying. The solid was triturated 

with diethylether and then filtered and the cake washed with cold diethyl ether to leave the 

title compound in a suitably clean form to be used without any further purification. 

N

N

N

N ClCl

O

 

2,7-Dichloro-4-morpholin-4-yl-pyrido[2,3-d]pyrimidine - R1= morpholine: (92% yield, 90% 15 

purity) m/z (LC-MS, ESP): 285 [M+H]
+
 R/T = 3.90 min 

N

N

N

N R2Cl

O

 

To a solution (0.2 M) of the appropriate dichloro-substrate (1 equiv) in anhydrous dimethyl 

acetamide under an inert atmosphere was added diisopropylethylamine (1 equiv) followed by 

the appropriate amine (1 equiv).  The resulting mixture was heated for 48 hours at 70 
o
C 20 

before being cooled to ambient temperature.  The reaction was diluted with CH2Cl2 (1 

reaction volume) and then washed with water (3x1 reaction volumes).  The organic extract  
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was concentrated in vacuo to give a syrup which was dissolved in EtOAC (1 reaction volume) 

and washed with saturated brine solution before being dried, filtered (sodium sulphate) and 

concentrated in vacuo to give an oil.  The crude residue was purified by flash chromatography 

(SiO2, eluted with EtOAc:Hex (7:3) going to (1:1)) to give the title compound as a yellow 

solid that was suitably clean to be used without any further purification. 5 

N

N

N

N NCl

O

O

 

7-Chloro-2-((2S,6R)-2,6-dimethyl-morpholin-4-yl)-4-morpholin-4-yl-pyrido[2,3-

d]pyrimidine - R1= morpholine, R2=cis-dimethylmorpholine: (42% yield, 100% purity) m/z 

(LC-MS, ESP): 364 [M+H]
+
 R/T = 2.96 min 

N

N

N

N NCl

O

O

 10 

7-Chloro-2-((S)-3-methyl-morpholin-4-yl)-4-morpholin-4-yl-pyrido[2,3-d]pyrimidine R1 = 

morpholine, R2= (S)-3-Methyl-morpholine: (70 % yield, 97 % purity) m/z (LC-MS, ESP): 

350 [M+H]
+
 R/T = 3.44 min 

 

N

N

N

N NCl

O

 15 

7-Chloro-2-(2-ethyl-piperidin-1-yl)-4-morpholin-4-yl-pyrido[2,3-d]pyrimidine R1 = 

morpholine, R2= 2-Ethyl-piperidine: (56 % yield, 95 % purity) m/z (LC-MS, ESP): 362 

[M+H]
+
 R/T = 3.78 min 
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Comparative Examples 1a, 1b, 1c, 1j, and 1k 

R
4
 = morpholine 

R
2
 = (S)-3-methyl-morpholine or cis-dimethylmorpholine or 2-Ethyl-piperidine 

R
7
 = aryl or heteroaryl 

N

N

R
4

N R
2

Cl N

N

R
4

N R
2

R
7

 5 

The appropriate chloro-substrate (1 equiv) was dissolved in a toluene/ethanol (1:1) solution 

(0.02 M).  Sodium carbonate (2 equiv) and the appropriate pinacolate boron ester or boronic  

acid (1 equiv) were then added followed by tetrakis(triphenylphosphine) palladium
0
 (0.1 

equiv).  The reaction vessel was sealed and the mixture exposed to microwave radiation (140 

o
C, medium absorption setting) for 30 minutes.  Upon completion the samples were filtered 10 

through a silica cartridge, washed with EtOAc and then concentrated in vacuo.  The crude 

residue was then purified by preparative HPLC to give the desired comparative examples. 

 

The following Comparative Examples were prepared 

 15 

 

Purity 

(%) 

Retention 

time 

(min) 

m/z 

[M+H]
+
 

Comparative Example 

Structure 

1a 99 4.13 452.3 
N N
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1b 95 3.95 452.3 N N
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Purity 

(%) 

Retention 

time 

(min) 

m/z 

[M+H]
+
 

Comparative Example 

Structure 

1c 99 9.01 464.4 
N

N

N

O

NN

O

OH

 
  

 

1j 88 8.57 406.5 N N

N

N

N

O

O

 
  

 

1k 93 8.12 412.3 

NN

N

N

N

O

O

S

 
  

 

 

Example 22 

Biological Assay 

For mTOR enzyme activity assays, mTOR protein was isolated from HeLa cell 

cytoplasmic extract by immunoprecipitation, and activity determined essentially as described 5 

previously using recombinant PHAS-1 as a substrate (ref. 21). 

Examples 1a – 1l, 1ak, 1al, 1ap, 1at, 1az, 3l, 4a, 4c, 4d, 4f, 4i, 4w, 4x, 5q were tested 

and exhibited IC50 values against mTOR of less than 200 nM.  For example 5q was measured 

to have an IC50 of 46nm.  

The comparative Examples were also tested and when compared to the corresponding 10 

Examples, the exhibited IC50 values for the Comparative Examples were higher than those of 

the corresponding Examples (ie IC50 Comparative Example 1a > IC50 Example 1a).  For 

example Example 1k was measured to have an IC50 of 5nm whereas Comparative Example 



 

 

-235- 

 

1k was measured to have an IC50 of 33nm.  Therefore, compounds of the present invention 

are more active in the mTOR assay. 

 

Example 23 

Alternative Enzyme Assay 5 

The assay used AlphaScreen technology (Gray et al., Analytical Biochemistry, 2003, 

313: 234-245) to determine the ability of test compounds to inhibit phosphorylation by 

recombinant mTOR. 

 A C-terminal truncation of mTOR encompassing amino acid residues 1362 to 2549 of 

mTOR (EMBL Accession No. L34075) was stably expressed as a FLAG-tagged fusion in 10 

HEK293 cells as described by Vilella-Bach et al., Journal of Biochemistry, 1999, 274, 4266-

4272.  The HEK293 FLAG-tagged mTOR (1362-2549) stable cell line was routinely 

maintained at 37°C with 5 % CO2 up to a confluency of 70-90 % in Dulbecco's modified 

Eagle's growth medium (DMEM; Invitrogen Limited, Paisley, UK Catalogue No. 41966-029) 

containing 10 % heat-inactivated foetal calf serum (FCS; Sigma, Poole, Dorset, UK, 15 

Catalogue No. F0392), 1 % L-glutamine (Gibco, Catalogue No. 25030-024) and 2 mg/ml 

Geneticin (G418 sulphate; Invitrogen Limited, UK Catalogue No. 10131-027).  Following 

expression in the mammalian HEK293 cell line, expressed protein was purified using the 

FLAG epitope tag using standard purification techniques. 

 Test compounds were prepared as 10 mM stock solutions in DMSO and diluted into 20 

water as required to give a range of final assay concentrations.  Aliquots (2 µl) of each 

compound dilution were placed into a well of a Greiner 384-well low volume (LV) white 

polystyrene plate (Greiner Bio-one).  A 10 µl mixture of recombinant purified mTOR 

enzyme, 1 µM biotinylated peptide substrate (Biotin-Ahx-Lys-Lys-Ala-Asn-Gln-Val-Phe-

Leu-Gly-Phe-Thr-Tyr-Val-Ala-Pro-Ser-Val-Leu-Glu-Ser-Val-Lys-Glu-NH2; Bachem UK 25 

Ltd), ATP (20 µM) in a buffer solution [comprising Tris-HCl pH7.4 buffer (50 mM), EGTA 

(0.1 mM), bovine serum albumin (0.5 mg/ml), DTT (1.25 mM) and manganese chloride (10 

mM)] were added to the assay plates and incubated with compound for 2 hours at room 

temperature. 

Each reaction was stopped by the addition of 5 µl of a mixture of EDTA (50 mM), 30 

bovine serum albumin (BSA; 0.5 mg/ml) and Tris-HCl pH7.4 buffer (50 mM) containing p70 

S6 Kinase (T389) 1A5 Monoclonal Antibody (Cell Signalling Technology, Catalogue No.  
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9206B) and AlphaScreen Streptavidin donor and Protein A acceptor beads 

(200ng/well Perkin Elmer, Catalogue No. 6760002B and 6760137R respectively). Assay 

plates were left for approx 16 hours at room temperature before measurement. The resultant 

signals arising from laser light excitation at 680 nm were measured using a Packard Envision 

instrument. 5 

Phosphorylated biotinylated peptide is formed in situ as a result of mTOR mediated 

phosphorylation.  The phosphorylated biotinylated peptide that is associated with 

AlphaScreen Streptavidin donor beads forms a complex with the p70 S6 Kinase (T389) 1A5 

Monoclonal Antibody that is associated with Alphascreen Protein A acceptor beads.  Upon 

laser light excitation at 680 nm, the donor bead : acceptor bead complex produces a signal that 10 

can be measured.  Accordingly, the presence of mTOR kinase activity results in an assay 

signal.  In the presence of an mTOR kinase inhibitor, signal strength is reduced. 

Control wells that produced a maximum signal corresponding to maximum enzyme 

activity were created by using 5 % DMSO instead of test compound.  Control wells that 

produced a minimum signal corresponding to fully inhibited enzyme were created by adding 15 

EDTA (83 mM) instead of test compound.   

 

mTOR enzyme inhibition for a given test compound was expressed as an IC50 value. 

The compounds tested in this assay exhibited IC50 values against mTOR of less than 

40µm. 20 

The following compounds exhibited IC50 values against mTOR of less than 1µm: 1bp, 1ca, 

1cb, 1cd, 12e, 18df, 1m, 1q, 1r, 17, 19h, 19m, 18n, 18o, 18ak, 18al, 18at, 1t, 18bb, 18be, 18bi, 

18bl, 1x, 1y, 1ba, 1z, 20b, 1ae, 7a, 7h, 18ce, 5f, 4af, 4ag, 4aj, 5y, 3b, 5j, 5k, 5p, 3w, 3y, 3z, 

11a, 18da, 3m, 3o, 3p, 3r, 3s, 1aj, 5r, 5s, 1cn, 2a, 2b, 1cq, 1cr, 2d, 3ad, 2h, 1cw and 1dd, with 

the following compounds exhibiting IC50 values against mTOR of less than 300nM: 1c, 1bq, 25 

1bt, 1ch, 1ci, 4ap, 4at, 4aw, 4ax, 4ay, 4bd, 12b, 18de, 18dh, 18di, 18dg, 21a, 1o, 18b, 18d, 

18h, 19d, 19e, 19i, 19l, 19n, 19o, 18p, 18q, 18r, 18w, 18af, 18ag, 18an, 18aq, 18au, 18av, 1v, 

18ay, 18ba, 18bd, 1bg, 1w, 1ac, 4p, 9a, 1bb, 1av, 7b, 7e, 7f, 7g, 7k, 7j, 5c, 5d, 5e, 5g, 4v, 4x, 

4y, 4z, 4aa, 4ae, 4ah, 4ai, 5u, 5v, 5w, 5x, 3d, 3f, 18bv, 18cb, 3h, 5h, 5i, 5l, 5o, 3i, 3j, 3v, 3x, 

3u, 3ab, 1al, 1am, 1an, 1be, 18cy, 18dc, 13a, 19p, 19q, 3k, 3n, 3q, 13f, 13b, 4g, 1au, 5q, 1ay, 30 

18dj, 13c, 13e, 10a, 1cl, 2c, 2e, 1cs, 2i, 8d, 13g and 1cu, with the following compounds 

exhibiting IC50 values against mTOR of less than 100nM:  1b, 1a, 1d, 1bl, 1bm, 1bn, 1f, 1bo, 

1i, 1g, 1h, 1br, 1bs, 1bu, 1bv, 1e, 1j, 1bw, 1bx, 1by, 1bz, 1cc, 1ce, 1k, 1cf, 1cg, 1l, 1cj, 4al, 
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4am, 4an, 4ao, 4aq, 4ar, 4as, 4au, 4av, 4az, 4ba, 4bb, 4bc, 4be, 4bf, 12c, 12d, 12a, 18a, 6a, 

1as, 1ax, 1n, 1p, 1s, 1ck, 18c, 18e, 18f, 18g, 18i, 18j, 18k, 1ar, 19a, 19b, 19c, 19f, 19g, 19j, 

19k, 18l, 18m, 1bd, 1aq, 18s, 18t, 18u, 18v, 18x, 18y, 18z, 18aa, 18ab, 18ac, 18ad, 18ae, 

18ah, 18ai, 18aj, 18am, 18ao, 18ap, 18ar, 18as, 18aw, 18ax, 18az, 18bc, 18bf, 18bg, 18bk, 

18bh, 18bj, 15a, 18bm, 8b, 4h, 14a, 8a, 1aa, 1ab, 1ad, 1af, 1ag, 14b, 1bc, 4i, 1ah, 4j, 4l, 4m, 5 

4n, 4o, 18bn, 18bo, 4u, 1bh, 16a, 1at, 7c, 7d, 7i, 3a, 3c, 5a, 5b, 4w, 4ac, 4ad, 5t, 3e, 3g, 18bp, 

18bq, 18br, 18bs, 18bt, 18bu, 18bw, 18by, 18bz, 18ca, 18cc, 18cd, 18cf, 18cg, 18ch, 18ci, 

18cj, 18ck, 18cl, 4ak, 18bx, 18cm, 18cv, 1bi, 1bj, 4a, 1aw, 3t, 3aa, 1ap, 1bf, 18cn, 18co, 18cp, 

18cs, 18ct, 18cu, 18cw, 18cx, 18cz, 18cq, 19r, 19t, 3l, 19u, 19v, 19w, 20c, 1u, 4b, 4q, 4t, 4c, 

4e, 4f, 18dd, 4d, 1az, 4r, 4s, 2f, 2g, 2j and 1cv.  For example, Compound 4aa has an IC50 of 10 

151nM. 

The Comparative Examples were also tested and when compared to the corresponding 

Examples, the exhibited IC50 values for the Comparative Examples were higher than those of 

the corresponding Examples.  For example Example 1k was measured to have an IC50 of 

15nm whereas Comparative Example 1k was measured to have an IC50 of 225nm.    15 

Therefore, compounds of the present invention are more active in reducing cell growth. 

 

Example 24 

Cell proliferation assay (GI50) 

Cell growth was assessed using the sulforhodamine B (SRB) assay (A). T47D 20 

(ECACC, 85102201) cells were routinely passaged in RPMI (Invitrogen, 42401018) plus 10 

% foetal calf serum (FCS), 1 % L-glutamine (Gibco BRL, 25030) to a confluence not greater 

than 80 %. To undertake the assay, T47D cells were seeded at 2.5x10
3
 cells/ well in 90µ l 

RPMI plus 10 % foetal calf serum, 1 % L-glutamine in 96 well plates (Costar, 3904) and 

incubated at 37°C (+5 % CO2) in a humidified incubator. Once the cells had fully adhered 25 

(typically following 4-5 hours incubation) the plate was removed from the incubator and 

10µL of the diluent added to the control wells (A1-12 and B1-12). Compound was prepared in 

a six point semi-log dilution at 10x the final concentration required e.g. for a 6 point range of 

30µM to 100nM in semi-log steps dilution started at 300µM in stock plate. Dosing was 

completed by addition of 10µL of compound at highest concentration to C1-12 through to the 30 

lowest concentration in H1-12. The plates were then incubated for 120 hours prior to SRB 

analysis. 
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Upon completion of incubation, media was removed and the cells fixed with 100µl of 

ice cold 10 % (w/v) trichloroacetic acid.   The plates were incubated at 4°C for 20 minutes 

and then washed four times with water.  Each well of cells was then stained with 100µl of 0.4 

% (w/v) SRB (Sulforhodamine B, Sigma, Poole, Dorset, UK, Catalogue number S-9012) in 1 

% acetic acid for 20 minutes before washing four times with 1 % acetic acid.  Plates were then 5 

dried for 2 hours at room temperature.  The dye from the stained cells was solubilized by the 

addition of 100µl of 10mM Tris Base into each well.  Plates were gently shaken and left at 

room temperature for 30 minutes before measuring the optical density at 564nM on a 

Microquant microtiter plate reader. The concentration of inhibitor eliciting a 50 % reduction 

in growth (GI50) was determined by analysis of staining intensity of the treated cells as a 10 

percentage of the vehicle control wells using Excelfit software.   

 

(A) Skehan, P., Storung, R., Scudiero, R., Monks, A., McMahon, J., Vistica, D., Warren, J. 

T., Bokesch, H., Kenny, S. and Boyd, M. R. (1990) New colorimetric cytotoxicity assay for 

anticancer-drug screening.  J. Natl. Cancer Inst. 82, 1107-1112.  15 

Examples 1a –1l were tested and exhibited GI50 values of less than 300 nM. 

The Comparative Examples were also tested and when compared to the corresponding 

Examples, the exhibited GI50 values for the Comparative Examples were higher than those of 

the corresponding Examples (ie GI50 Comparative Example 1a > GI50 Example 1a).  For 

example Example 1k was measured to have an GI50 of 32nm whereas Comparative Example 20 

1k was measured to have an GI50 of 268nm.    Therefore, compounds of the present invention 

are more active in reducing cell growth. 

 

Example 25 

In Vitro phospho-Ser473 Akt assay 25 

 This assay determines the ability of test compounds to inhibit phosphorylation of  

Serine 473 in Akt as assessed using Acumen Explorer technology (Acumen Bioscience 

Limited), a plate reader that can be used to rapidly quantitate features of images generated by 

laser-scanning. 

A MDA-MB-468 human breast adenocarcinoma cell line (LGC Promochem, 30 

Teddington, Middlesex, UK, Catalogue No. HTB-132) was routinely maintained at 37°C with 

5 % CO2 up to a confluency of 70–90 % in DMEM containing 10 % heat-inactivated FCS and 

1 % L-glutamine. 
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For the assay, the cells were detached from the culture flask using ‘Accutase’ 

(Innovative Cell Technologies Inc., San Diego, CA, USA; Catalogue No. AT104) using 

standard tissue culture methods and resuspended in media to give 1.7x10
5
 cells per ml.  

Aliquots (90 µl) were seeded into each of the inner 60 wells of a black Packard 96 well plate 

(PerkinElmer, Boston, MA, USA; Catalogue No. 6005182) to give a density of ~15000 cells 5 

per well.  Aliquots (90 µl) of culture media were placed in the outer wells to prevent edge 

effects.  The cells were incubated overnight at 37°C with 5 % CO2 to allow them to adhere. 

On day 2, the cells were treated with test compounds and incubated for 2 hours at 

37°C with 5 % CO2.  Test compounds were prepared as 10 mM stock solutions in DMSO and 

serially diluted as required with growth media to give a range of concentrations that were 10-10 

fold the required final test concentrations.  Aliquots (10 µl) of each compound dilution were 

placed in a well (in triplicate) to give the final required concentrations. As a minimum 

reponse control, each plate contained wells having a final concentration of 100 µM LY294002 

(Calbiochem, Beeston, UK, Catalogue No. 440202).  As a maximum response control, wells 

contained 1 % DMSO instead of test compound.  Following incubation, the contents of the 15 

plates were fixed by treatment with a 1.6 % aqueous formaldehyde solution (Sigma, Poole, 

Dorset, UK, Catalogue No. F1635) at room temperature for 1 hour. 

All subsequent aspiration and wash steps were carried out using a Tecan 96 well  

plate washer (aspiration speed 10 mm/sec).  The fixing solution was removed and the contents 

of the plates were washed with phosphate-buffered saline (PBS; 50 µl; Gibco, Catalogue  20 

No. 10010015).  The contents of the plates were treated for 10 minutes at room temperature 

with an aliquot (50 µl) of a cell permeabilisation buffer consisting of a mixture of PBS and  

0.5 % Tween-20.  The ‘permeabilisation’ buffer was removed and non-specific binding sites 

were blocked by treatment for 1 hour at room temperature of an aliquot (50 µl) of a blocking 

buffer consisting of 5 % dried skimmed milk [‘Marvel’ (registered trade mark); Premier 25 

Beverages, Stafford, GB] in a mixture of PBS and 0.05 % Tween-20.  The ‘blocking’ buffer 

was removed and the cells were incubated for 1 hour at room temperature with rabbit anti 

phospho-Akt (Ser473) antibody solution (50 µl per well; Cell Signalling, Hitchin, Herts, U.K., 

Catalogue No 9277) that had been diluted 1:500 in ‘blocking’ buffer.  Cells were washed  

three times in a mixture of PBS and 0.05 % Tween-20.  Subsequently, cells were incubated 30 

for 1 hour at room temperature with Alexafluor488 labelled goat anti-rabbit IgG (50 µl per 

well; Molecular Probes, Invitrogen Limited, Paisley, UK, Catalogue No. A11008) that had  
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been diluted 1:500 in ‘blocking’ buffer.  Cells were washed 3 times with a mixture of 

PBS and 0.05 % Tween-20.  An aliquot of PBS (50 µl) was added to each well and the plates 

were sealed with black plate sealers and the fluorescence signal was detected and analysed. 

Fluorescence dose response data obtained with each compound were analysed and the 

degree of inhibition of Serine 473 in Akt was expressed as an IC50 value. 5 

The compounds tested in this assay exhibited IC50 values against mTOR of less than 

10µm. 

The following compounds exhibited IC50 values against mTOR of less than 1µm: 1bu, 1ce, 

12b, 18de, 18dg, 18j, 1ar, 19e, 19h, 19i, 19l, 19m, 19n, 19o, 18n, 18o, 18z, 18aa, 18ag, 18ai, 

18al, 1v, 18az, 1ah, 7e, 7i, 7j, 5d, 5f, 4v, 4ab, 4aj, 5t, 5u, 5w, 5x, 5y, 5z, 3f, 3g, 18bp, 18bs, 10 

18bv, 18by, 18cb, 18cv, 1aw, 3u, 1bf, 18ct, 19q, 19s, 19u, 19v, 19w, 1au, 5r, 4t, 18dj, 1cl, 2d, 

2e, 1cs, 2h, 2j and 1cw, with the following compounds exhibiting IC50 values against mTOR 

of less than 300nM:  1bo, 1bp, 1j, 1bx, 1by, 1cf, 1ci, 1cj, 4an, 4ap, 4av, 12d, 18dh, 18di, 6a, 

1n, 1p, 1q, 18e, 18h, 19b, 19c, 19f, 19k, 18p, 1bd, 18w, 18ab, 18af, 18aj, 18aq, 18as, 18av, 

18ay, 18bb, 18bc, 18bf, 18bl, 1ab, 4p, 9a, 1av, 3a, 5b, 5c, 5e, 5g, 4aa, 4ad, 4ah, 5v, 3e, 18bq, 15 

18bt, 18bz, 18ca, 18cd, 18cg, 18ci, 18bx, 5n, 1am, 1ao, 18cn, 18cx, 1bk, 13b, 4g, 5s, 4q, 

18dd, 1cp, 1cq, 2f, 2g, 13g, 1cv and 1ct, with the following compounds exhibiting IC50 values 

against mTOR of less than 100nM:  1b, 1a, 1c, 1d, 1bl, 1bm, 1f, 1i, 1g, 1h, 1br, 1bs, 1bv, 1e, 

1bz, 1cc, 1k, 1cg, 1l, 4al, 4am, 4ao, 4aq, 4as, 4at, 4au, 4aw, 4ax, 4ay, 4az, 4ba, 4bb, 4bc, 4bd, 

4be, 4bf, 12c, 12a, 18a, 1as, 1s, 18c, 18d, 18f, 18g, 18i, 18k, 19j, 18m, 18q, 18r, 18s, 18t, 18u, 20 

18v, 18x, 18y, 18ac, 18ad, 18ae, 18ah, 18ak, 18am, 18an, 18ap, 18ar, 18au, 18aw, 18ax, 18ba, 

18bd, 18be, 18bg, 18bi, 18bk, 18bh, 18bj, 18bm, 1bg, 8b, 4h, 1ba, 8a, 1aa, 1ac, 1ae, 1af, 1ag, 

14b, 1bc, 4i, 4j, 4k, 4l, 4m, 4n, 4o, 18bn, 18bo, 4u, 1bb, 1at, 7b, 7c, 7d, 7f, 7g, 7k, 5a, 4w, 4x, 

4y, 4z, 4ac, 4af, 4ai, 18br, 18bw, 18cc, 18cf, 18ch, 18cj, 18ck, 18cl, 4ak, 18cm, 4a, 3i, 3y, 

1ak, 1al, 1ap, 1be, 18co, 18cr, 18cs, 18db, 19p, 3l, 1u, 4b, 5q, 4c, 4e, 4f, 4d, 1az, 4r, 4s, 1cn, 25 

1co and  3ad.  For example, Compound 18di has an IC50 of 151nM 

The Comparative Examples were also tested and when compared to the corresponding 

Examples, the exhibited IC50 values for the Comparative Examples were higher than those of 

the corresponding Examples.  For example Example 1k was measured to have an IC50 of 

83nm whereas Comparative Example 1k was measured to have an IC50 of 412nm.    30 

Therefore, compounds of the present invention are more active in reducing cell growth. 
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CLAIMS 

 

1. A compound of formula I: 
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, or a pharmaceutically acceptable salt thereof, wherein: 5 
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8
 is N, and X

5
 and X

6
 are CH; 
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N
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O
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O
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 and  

NH

O

; 

 

R
2
 is  

O

N

*

N

*

CONHMe

O

N

*

N

*

CONMe
2

O

N

*

oror

or or

. 5 

 

2. A compound of formula Ia or Ib: 
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(Ia)
X
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, or a pharmaceutically acceptable salt thereof, wherein: 

X
8
 is N, and X

5
 and X

6
 are CH; 10 
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R
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3. A compound of formula Ia: 

X
6

X
8

X
5

N

N

R
2

R
7

N

O

(Ia)

 5 

, or a pharmaceutically acceptable salt thereof, wherein: 

one or two of X
5
, X

6
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8
 is N, and the others are CH; 
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4. A compound according to Claim 1 which is: 

N N

N

N

N

O

O
O

OH

 

or a pharmaceutically acceptable salt thereof. 

 

5. A compound according to Claim 1 which is: 5 

N N

N

N

N

O

O
O

OH

. 

 

6. A compound according to Claim 1 which is: 

O

N

N N

N

N

O

O

N

 

or a pharmaceutically acceptable salt thereof. 10 
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7. A compound according to Claim 1 which is: 

O

N

N N

N

N

O

O

N

. 

 

8. A pharmaceutical composition comprising a compound according to any one of claims 

1 to 7, and a pharmaceutically acceptable carrier or diluent. 5 

 

9. A compound according to any one of claims 1 to 7 for use in a method of treatment of 

the human or animal body. 

 

10. The use of a compound according to any one of claims 1 to 7 in the preparation of a 10 

medicament for treating a disease ameliorated by the inhibition of mTOR. 

 

11. A compound according to any one of claims 1 to 7, or a pharmaceutically acceptable 

salt thereof, for use as a medicament. 

 15 

12. The use of a compound according to any one of claims 1 to 7, or a pharmaceutically 

acceptable salt thereof, in the manufacture of a medicament for use in the production of a 

mTOR inhibitory effect in a warm-blooded animal such as man. 

 

13. The use of a compound according to any one of claims 1 to 7, or a pharmaceutically 20 

acceptable salt thereof, in the manufacture of a medicament for use in the production of an 

anti-cancer effect in a warm-blooded animal such as man. 
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14. The use of a compound according to any one of claims 1 to 7, or a pharmaceutically 

acceptable salt thereof, in the manufacture of a medicament for use in the treatment of 

melanoma, glioma, papillary thyroid tumours, cholangiocarcinomas, colon cancer, ovarian 

cancer, lung cancer, leukaemias, lymphoid malignancies, carcinomas and sarcomas in the 

liver, kidney, bladder, prostate, endometrium, breast and pancreas, and primary and recurrent 5 

solid tumours of the skin, colon, thyroid, lungs and ovaries. 

 

15. The use of a compound according to any one of claims 1 to 7, or a pharmaceutically 

acceptable salt thereof, in the production of a mTOR inhibitory effect in a warm-blooded 

animal such as man. 10 

 

16. The use of a compound according to any one of claims 1 to 7, or a pharmaceutically 

acceptable salt thereof, in the production of an anti-cancer effect in a warm-blooded animal 

such as man. 

 15 

17. The use of a compound according to any one of claims 1 to 7, or a pharmaceutically 

acceptable salt thereof, in the treatment of melanoma, glioma, papillary thyroid tumours, 

cholangiocarcinomas, colon cancer, ovarian cancer, lung cancer, leukaemias, lymphoid 

malignancies, carcinomas and sarcomas in the liver, kidney, bladder, prostate, endometrium, 

breast and pancreas, and primary and recurrent solid tumours of the skin, colon, thyroid, lungs 20 

and ovaries. 

 

18. A pharmaceutical composition which comprises a compound according to any one of 

claims 1 to 7, or a pharmaceutically acceptable salt thereof, in association with a 

pharmaceutically-acceptable diluent or carrier for use in the production of a mTOR inhibitory 25 

effect in a warm-blooded animal such as man. 

 

19. A pharmaceutical composition which comprises a compound according to any one of 

claims 1 to 7, or a pharmaceutically acceptable salt thereof, in association with a 

pharmaceutically-acceptable diluent or carrier for use in the production of an anti-cancer 30 

effect in a warm-blooded animal such as man. 
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20. A pharmaceutical composition which comprises a compound according to any one of 

claims 1 to 7, or a pharmaceutically acceptable salt thereof, in association with a 

pharmaceutically-acceptable diluent or carrier for use in the treatment of melanoma, glioma, 

papillary thyroid tumours, cholangiocarcinomas, colon cancer, ovarian cancer, lung cancer, 

leukaemias, lymphoid malignancies, carcinomas and sarcomas in the liver, kidney, bladder, 5 

prostate, endometrium, breast and pancreas, and primary and recurrent solid tumours of the 

skin, colon, thyroid, lungs and ovaries in a warm-blooded animal such as man. 

 


