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� (,1/(,781*�
��� )RUWVFKULWW�GXUFK�0HWKRGRORJLH�

'LH� %HVFKOHXQLJXQJ� YRQ�$EOlXIHQ� MHJOLFKHU� $UW� LVW� HLQ�0HUNPDO� I�U� HLQH� DXI� )RUWVFKULWW�
EDXHQGH� *HVHOOVFKDIW�� 'LHVH� '\QDPLN� HUIDVVW� GDEHL� DXFK� GLH� (QWGHFNXQJV�� XQG�
(QWZLFNOXQJV]\NOHQ� LP� %HUHLFK� GHU� )RUVFKXQJ�� 'LH� FKHPLVFKH� )RUVFKXQJ�� PLW� LKUHU�
JUXQGOHJHQGHQ�%HGHXWXQJ�I�U�GLH�PRGHUQH�0HGL]LQ��GLH�KRFK�HQWZLFNHOWH�$JULNXOWXU�XQG�EHL�GHU�
6XFKH� QDFK� +RFKOHLVWXQJVZHUNVWRIIHQ� LVW� LQ� GLHVH� %HZHJXQJ� HLQJHVFKORVVHQ�� 1HXH�
)UDJHVWHOOXQJHQ� DXI� PROHNXODUHU� (EHQH� ]LHOJHULFKWHW� XQG�P|JOLFKVW� VFKQHOO� ]X� O|VHQ�� LVW� GDKHU�
HLQHV� LKUHU� YRUUDQJLJHQ� =LHOH�� (LQ� GDI�U� XQHUOlVVOLFKHV� :HUN]HXJ� VLQG� HLQIDFKH� FKHPLVFKH�
0HWKRGHQ�� GLH� YHUOlVVOLFK� HLQ� EUHLWHV� 6SHNWUXP� YRQ� 0ROHN�OHQ� XQWHU� GHQ� YHUVFKLHGHQVWHQ�
%HGLQJXQJHQ� PLWHLQDQGHU� LQ� JHSODQWHU� $UW� XQG� :HLVH� YHUNQ�SIHQ�� 'DPLW� NRPPW� GHU�
0HWKRGHQHQWZLFNOXQJ�HLQH� WUDJHQGH�5ROOH� I�U�GHQ�FKHPLVFKHQ�)RUWVFKULWW�]X��'LH�(QWZLFNOXQJ�
QHXHU� .DWDO\VDWRUHQ� I�U� DQVRQVWHQ� ÅXQP|JOLFKH´� 5HDNWLRQ� EHVHW]W� LQ� GLHVHP� =XVDPPHQKDQJ�
LKUH�JDQ]�HLJHQH�9RUUDQJVWHOOXQJ��XP�HLQH�(UZHLWHUXQJ�GHV�FKHPLVFK�'HQNEDUHQ�]X�HUUHLFKHQ��
�

��� 0HWKRGRORJLH�XQG�.UHX]NXSSOXQJVUHDNWLRQHQ�
0LW� HLQHP� PROHNXODUHQ� =LHO� YRU� $XJHQ� VLQG� HV� GLH� HLQIDFKHQ� V\QWKHWLVFKHQ�

7UDQVIRUPDWLRQHQ��GLH�GHQ�&KHPLNHU�EHL�GHU�$QDO\VH�GHU�=LHOVWUXNWXU�OHLWHQ��%HLVSLHOVZHLVH�MHGHU�
PLW� %DVLVZLVVHQ� DXVJHVWDWWHWH� &KHPLNHU� ZLUG� HLQ� 0DNURODFWRQ� �REHUH� 5HDNWLRQVJOHLFKXQJ� LQ�
6FKHPD����YHUVXFKHQ��]X�DOOHUHUVW�GXUFK�(VWHUELOGXQJ�DXI]XEDXHQ���

�
6FKHPD����(LQIDFKH��ZRKOEHNDQQWH�XQG�DXVJHDUEHLWHWH�5HDNWLRQHQ�HUOHLFKWHUQ�GLH�$UEHLW�GHV�&KHPLNHUV��

6R�YHUZXQGHUW�HV�QLFKW��GDVV�I�U�GLHVH�5HDNWLRQ�YHUOlVVOLFKH�3URWRNROOH�YRUOLHJHQ��*OHLFKHV�
JLOW� I�U� GLH� $UPDGD� YRQ� DXVJHIHLOWHQ� 9RUVFKULIWHQ� I�U� GLH� $OGROUHDNWLRQHQ� �XQWHUH�
5HDNWLRQVJOHLFKXQJ�LQ�6FKHPD�������
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�
6FKHPD����.DWDO\VDWRUHQ�PDFKHQ�HLQIDFKH�6\QWKHVHVFKULWWH�P|JOLFK��

.DWDO\VDWRUHQ�HUZHLWHUQ�GLH�0|JOLFKNHLW�GHV�&KHPLNHUV��LQ�HLQIDFKHQ�5HDNWLRQVVFKULWWHQ�]X�
GHQNHQ�� +HXW]XWDJH� ÅYHUELQGHW´� PDQ� PLW� GHU� 6\QWKHVH� YRQ� $U\ODPLQHQ� �REHUH�
5HDNWLRQVJOHLFKXQJ� LQ� 6FKHPD� ��� VHOEVWYHUVWlQGOLFK� GLH� 1DPHQ� +DUWZLJ� XQG� %XFKZDOG�� GLH�
.DWDO\VDWRUHQ� I�U� GLHVH� ZLFKWLJH� 5HDNWLRQ� HQWZLFNHOWHQ��� (EHQVR� HUOHLFKWHUQ� YHUOlVVOLFKH�
UXWKHQLXPEDVLHUWH� .DWDO\VDWRUHQ� GHQ� HLQIDFKHQ� $XIEDX� YRQ� $ONHQHQ� DXV� WHUPLQDOHQ� $ONHQHQ�
�XQWHUH� 5HDNWLRQVJOHLFKXQJ� LQ� 6FKHPD� ���� RKQH� DXI� VW|FKLRPHWULVFKH� 9DULDQWHQ� GHU� :LWWLJ�
2OHILQLHUXQJVFKHPLH�]XU�FNJUHLIHQ�]X�P�VVHQ����

�
6FKHPD����(LQIDFK�]X�VHKHQ�XQG�HLQIDFK�]X�SODQHQ��.UHX]NXSSOXQJVUHDNWLRQHQ��

.UHX]NXSSOXQJVUHDNWLRQHQ� �6FKHPD� ��� HUP|JOLFKHQ� VHKU� HLQIDFK� ]X� HUNHQQHQGH� XQG� ]X�
SODQHQGH� 6\QWKHVHVFKULWWH�� ,QVRIHUQ� YHUZXQGHUW� HV� QLFKW�� GDVV� GLH� XQWHUVFKLHGOLFKHQ�
.UHX]NXSSOXQJVUHDNWLRQHQ�� VHLW� LKUHU�(QWZLFNOXQJ� LQ� GHQ� ��HU� -DKUHQ�� VR� JUR�HV� ,QWHUHVVH� DXI�
VLFK� JH]RJHQ� KDEHQ�� 'LH� PHLVWHQ� 1DWXUVWRIIV\QWKHVHQ� QHXHUHQ� 'DWXPV� EHLQKDOWHQ� ]XPLQGHVW�
HLQH�.UHX]NXSSOXQJVUHDNWLRQ��=LHO�GHU�)RUVFKXQJ�LP�%HUHLFK�GHU�.UHX]NXSSOXQJVFKHPLH�LVW�GLH�
DOOJHPHLQ� IRUPXOLHUWH� 5HDNWLRQVJOHLFKXQJ� LQ� 6FKHPD� �� WDWVlFKOLFK� PLW� DOOHQ� HUGHQNOLFKHQ�
.RPELQDWLRQHQ�LQ�5��5��XQG�;�XQWHU�PLOGHQ�5HDNWLRQVEHGLQJXQJHQ�]X�UHDOLVLHUHQ�XQG�GDPLW�GHU�
6\QWKHVHFKHPLH� HLQ� QDKH]X� XQLYHUVHOOHV� %LQGXQJVNQ�SIXQJVZHUN]HXJ� LQ� GLH� +DQG� ]X� JHEHQ��
'LHVH�0HWKRGHQ�VROOWHQ�7ROHUDQ]�JHJHQ�EHU�IXQNWLRQHOOHQ�*UXSSHQ�XQG�VWHULVFKHQ�$QVSUXFK�LQ�
GLUHNWHU�1DFKEDUVFKDIW�]XP�5HDNWLRQV]HQWUXP�EHVLW]HQ��+HUDXVIRUGHUXQJHQ��GLH�LQ�YLHOHQ�)lOOHQ�
QRFK�QLFKW�UHDOLVLHUW�VLQG��

�:DUHQ� HV� ]X� $QIDQJ� LQ� GHU� QLFNHO�� XQG� SDOODGLXPNDWDO\VLHUWHQ� .UHX]NXSSOXQJVFKHPLH�
KDXSWVlFKOLFK�VS��VS��.RKOHQVWRIIELQGXQJHQ�GLH�DXV�,RGLGHQ�XQG�*ULJQDUG�5HDJHQ]LHQ�JHNQ�SIW�



�� ���

ZHUGHQ�NRQQWHQ��JLEW�HV�KHXWH�%HLVSLHOH�I�U�IDVW�DOOH�P|JOLFKHQ�.RPELQDWLRQ�LQ�VS[�VS\��[� ������\�
 �������I�U�HIIHNWLYH�0|JOLFKNHLWHQ�GHU�+HWHUR�.RKOHQVWRIIDWRPELQGXQJ�XQG�I�U�5HDNWLRQHQ�PLW�
ZHQLJHU� UHDNWLYHQ� QXNOHRSKLOHQ� XQG� HOHNWURSKLOHQ� .XSSOXQJVSDUWQHUQ�� 2KQH� GLH� VWlQGLJH�
)RUWHQWZLFNOXQJ� QHXHU� .DWDO\VDWRUHQ� ZlUH� GLHV� QLFKW� P|JOLFK� JHZHVHQ�� ,QVEHVRQGHUH� GDV�
9HUVWlQGQLV� �EHU� XQG�GHU�(LQVDW]� QHXHU�/LJDQGHQ�� KDW� GHU�.DWDO\VDWRUIRUVFKXQJ�QHXH� ,PSXOVH�
JHJHEHQ��

�

��� .UHX]NXSSOXQJVUHDNWLRQHQ�XQG�/LJDQGHQ�
6FKRQ�IU�K�]HLFKQHWH�VLFK�LQ�GHU�.UHX]NXSSOXQJVFKHPLH�DE��GDVV�GHU�ZRKO�DP�KlXILJVWHQ�

YHUZHQGHWH�/LJDQG��33K���QLFKW�XQEHGLQJW�GHU�EHYRU]XJWH�I�U�DOOH�HUZ�QVFKWHQ�7UDQVIRUPDWLRQHQ�
ZDU�� 0DQ� PXVVWH� IHVWVWHOOHQ�� GDVV� GLH� ULFKWLJH� $XVZDKO� GHV� /LJDQGHQ� GDV� *HVFKHKHQ� SRVLWLY�
EHHLQIOXVVHQ� NRQQWH�� %LGHQWDWH� /LJDQGHQ� �.XPDGD� ������ XQG� 6X]XNL� ������� $EELOGXQJ� ���
HUZLHVHQ� VLFK� ]XP� %HLVSLHO� DOV� KHUYRUUDJHQG� JHHLJQHW� I�U� $ON\OQXNOHRSKLOH�� XP� GLH� PLW� LKQHQ�
YHUEXQGHQH�1HEHQUHDNWLRQ��GLH� �+\GULGHOLPLQLHUXQJ��]X�XQWHUGU�FNHQ��,Q�GHU�6WLOOH�5HDNWLRQHQ�
]HLFKQHWH�VLFK�$V3K���)DULQD��������$EELOGXQJ����DOV�EHYRU]XJWHU�/LJDQG�DXV��LP�9HUJOHLFK�]XP�
JUXSSHQKRPRORJHQ�3KRVSKLQ���

�
$EELOGXQJ����/LJDQGHQ��GLH�LP�VSH]LHOOHQ�)DOO�33K���EHUWUDIHQ��

/DQJH� =HLW� JDOWHQ� $U\OFKORULGH� DOV� lX�HUVW� VFKZHU� ]X� DNWLYLHUHQGH� HOHNWURSKLOH�
.XSSOXQJVSDUWQHU��'HU� ODQJ� DXVVWHKHQGH�XQG� HQWVFKHLGHQGH� 6FKULWW�� XP�GLH� SUHLVZHUWHUHQ�XQG�
YHUI�JEDUHUHQ� $U\OFKORULGH� LQ� GHU� .UHX]NXSSOXQJVFKHPLH� HLQVHW]HQ� ]X� N|QQHQ�� ZDU� GLH�
+LQZHQGXQJ�]X� VWHULVFK� DQVSUXFKVYROOHQ�XQG�HOHNWURQHQUHLFKHQ�/LJDQGHQ��YRU� DOOHP�3&\�� XQG�
3W�%X���=XYRU�ZDUHQ� VLH� DOV� /LJDQGHQ� LQ� KRFKDNWLYHQ�.DWDO\VDWRUHQ� ]�%�� I�U� GLH�+\GULHUXQJHQ��
RGHU�3RO\PHULVDWLRQHQ�YRQ�2OHILQHQ��HLQJHVHW]W�ZRUGHQ��6FKHPD������
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�
6FKHPD����=ZHL�$QZHQGXQJHQ�YRQ�3&\��XQG�3W�%X���EHYRU�VLH�I�U�GLH�.UHX]NXSSOXQJVFKHPLH�HQWGHFNW�ZXUGHQ��

-HGRFK�YHUGLFKWHWHQ�VLFK�XP�GDV�-DKU������KHUXP�GLH�+LQZHLVH��GDVV�HOHNWURQHQUHLFKH�XQG�
QLHGULJNRRUGLQLHUWH� .DWDO\VDWRUHQ�� VR� ZLH� VLH� PLW� GLHVHQ� /LJDQGHQ� VWDELOLVLHUW� ZHUGHQ�� ELVODQJ�
XQJHO|VWH� 3UREOHPH� LQ� GHU� .UHX]NXSSOXQJVFKHPLH� ]X� �EHUZLQGHQ� KDOIHQ������� (LQH� HQRUPH�
$Q]DKO� DQ� PD�JHEOLFKHQ� 9HU|IIHQWOLFKXQJHQ� IROJWH� LQ� GHQ� GDUDXI� IROJHQGHQ� -DKUHQ�� GLH� GDV�
.RQ]HSW�GHU� HOHNWURQHQUHLFKHQ�XQG� VWHULVFK�DQVSUXFKVYROOHQ�/LJDQGHQ�DQZHQGHWHQ� �$EELOGXQJ�
�������

�
$EELOGXQJ����(OHNWURQHQUHLFKH�XQG�VWHULVFK�DQVSUXFKVYROOH�$ON\OSKRVSKLQH�LQ�GHU�.UHX]NXSSOXQJVFKHPLH��

'LH� (UNHQQWQLVVH� DXV� GHU� 3KRVSKLQOLJDQGHQFKHPLH� EHKHU]LJHQG�� ZXUGHQ� GLH� IULVFK�
HQWGHFNWH�.ODVVH�GHU�HOHNWURQHQUHLFKHQ�1�KHWHURF\FOLVFKHQ�&DUEHQOLJDQGHQ��1+&����HEHQIDOOV�DOV�
/LJDQGHQ�I�U�GLH�$NWLYLHUXQJ�YRQ�$U\OFKORULGHQ�KHUDQJH]RJHQ��1DFK�LKUHP�HUVWHQ�(LQVDW]�LQ�GHU�
+HFN�.XSSOXQJ� GXUFK�+HUUPDQQ��� �$EELOGXQJ� ��� VHW]WHQ� VLH� LKUHQ� 6LHJHV]XJ� DXFK� LQ� DQGHUHQ�
.UHX]NXSSOXQJVUHDNWLRQHQ�IRUW��ZLH�HV�1RODQ���I�U�GLH�.XPDGD�5HDNWLRQ�XQG�)�UVWQHU���I�U�VS��



�� ���

VS��6X]XNL�5HDNWLRQ�GHPRQVWULHUHQ�NRQQWHQ��

�
$EELOGXQJ����1+&V�DOV�HOHNWURQHQUHLFKH�/LJDQGHQ�LQ�GHU�.UHX]NXSSOXQJVFKHPLH��XP�$U\OFKORULGH�]X�

DNWLYLHUHQ��

0LW�GLHVHQ�EHLGHQ�.ODVVHQ�DQ�/LJDQGHQ�EHZDIIQHW��WDVWHW�VLFK�GLH�.DWDO\VHFKHPLH�]X�LPPHU�
QHXHQ�8IHUQ�LQ�GHU�$NWLYLHUXQJ�YRQ�DOV�ODQJH�=HLW�LQHUW�JHOWHQGHQ�%LQGXQJHQ�YRU��ZLH�]�%��GHU�&�
+�%LQGXQJ��6FKHPD�����������

�
6FKHPD����&�+�$NWLYLHUXQJ�PLW�+LOIH�YRQ�SKRVSKLQ��XQG�FDUEHQJHVW�W]WHQ�.DWDO\VDWRUHQ��

�

��� =LHOVHW]XQJ���1HXH�/LJDQGHQ���1HXH�5HDNWLYLWlWHQ�
$OV� PHWKRGRORJLVFKHV� 7KHPD� LP� %HUHLFK� GHV� 'HVLJQV� QHXHU� &DUEHQOLJDQGHQ� XQG� GHUHQ�

(LQVDW]� LQ� GHU� .UHX]NXSSOXQJVFKHPLH� DQJHVLHGHOW�� ZDU� GLH� =LHOVHW]XQJ� GLHVHU� $UEHLW�� QHXH�
5HDNWLYLWlWHQ��PLW�+LOIH�GHV�DXV�9RUDUEHLWHQ�HQWVWDQGHQ�,%LR[�&DUEHQOLJDQGHQ��$EELOGXQJ����]X�
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HU]LHOHQ��.RQNUHWH�=LHOH�HUJDEHQ�VLFK�DXV�GHQ�/LPLWLHUXQJHQ�GHU�EHNDQQWHQ�.DWDO\VDWRUV\VWHPH��
GLH�HLQHU�ÅDOOHVN|QQHQGHQ´�.UHX]NXSSOXQJVFKHPLH�ELVODQJ�LKUH�*UHQ]HQ�VHW]WHQ��'LH�9DULDELOLWlW�
GHV� ,%LR[�/LJDQGHQ� VROOWH�GDEHL�GLH�0|JOLFKNHLW� ]XU�$QSDVVXQJ�GHV�/LJDQGHQ�DQ�GLH� MHZHLOLJHQ�
(UIRUGHUQLVVH�I�U�GLH�DXVJHVXFKWHQ�5HDNWLRQHQ�JHEHQ��

�
$EELOGXQJ����*UXQGVWUXNWXU�GHU�,%LR[�/LJDQGHQ��

'LH� HQDQWLRPHUHQUHLQHQ� ,%LR[�/LJDQGHQ� VROOWHQ� LQ� GHU� KRPRJHQHQ� DV\PPHWULVFKHQ�
.DWDO\VH�JHWHVWHW�ZHUGHQ��XP�KRKH�(QDQWLRVHOHNWLYLWlWHQ�]X�HUUHLFKHQ��$FKLUDOH� ,%LR[�/LJDQGHQ�
VROOWHQ�EHL�GHU�.UHX]NXSSOXQJ�VFKZHU�]X�DNWLYLHUHQGHU� �$U\OFKORULGH�XQG�$ON\OKDORJHQLGH��XQG�
JOHLFK]HLWLJ�VWHULVFK�DQVSUXFKVYROOHU�6XEVWUDWH��6FKHPD����LKU�.|QQHQ�XQWHU�%HZHLV�VWHOOHQ���

�
6FKHPD����8QJHO|VWH�3UREOHPH�LQ�GHU�.UHX]NXSSOXQJVFKHPLH��

6RZRKO� GHU� $XIEDX� YRQ� WHWUDRUWKRVXEVWLWXLHUWHQ� %LSKHQ\OHQ�� VRZLH� GHU� (LQVDW]� YRQ�
VHNXQGlUHQ� $ON\OKDORJHQLGHQ� ZDUHQ� JUXQGOHJHQGH� 3UREOHPH�� I�U� GHUHQ� hEHUZLQGXQJ� ELVODQJ�
NHLQ�.DWDO\VDWRU�HQWZLFNHOW�ZRUGHQ�ZDU���

�
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� (1$17,26(/(.7,9(�$/3+$�$5</,(81*��
(567(5�(,16$7=�'(5�,%,2;�/,*$1'(1�

��� &KLUDOH�1+&V���.RQ]HSWH�
1DFK�GHQ�HUVWHQ�%HULFKWHQ��EHU�GHQ�(LQVDW]�YRQ�DFKLUDOHQ�&DUEHQHQ�DOV�/LJDQGHQ� LQ�GHU�

KRPRJHQHQ�.DWDO\VH�� ODJ� HV� DXI� GHU�+DQG�� DXFK� FKLUDOH�&DUEHQOLJDQGHQ� ]X� HQWZLFNHOQ��=X�GHU�
=HLW�� DOV�GDV�%LR[D]ROLQ�)UDJPHQW� DOV�5�FNJUDW� I�U� ]XN�QIWLJH�&DUEHQOLJDQGHQ� LQV�$XJH�JHIDVVW�
ZXUGH�� ZDUHQ� QXU� ZHQLJH� FKLUDOH� &DUEHQOLJDQGHQ� XQG� GHUHQ� HUIROJUHLFKH� $QZHQGXQJ� LQ� GHU�
KRPRJHQHQ�DV\PPHWULVFKHQ�.DWDO\VH�EHVFKULHEHQ�ZRUGHQ�������'LHVHV�)RUVFKXQJVJHELHW�KDW�VLFK�
VHLWGHP�ZHLWHUHQWZLFNHOW� XQG� LQ� HLQLJHQ�7UDQVIRUPDWLRQHQ� NRQQWH�PLW� FKLUDOHQ�&DUEHQHQ�KRKH�
(QDWLRPHUHQ�EHUVFK�VVH�HU]LHOW�ZHUGHQ��6FKHPD���XQG�6FKHPD�����

�

�
6FKHPD����0RQRGHQWDWH�FKLUDOH�&DUEHQH�I�U�GLH�HQDQWLRVHOHNWLYH�.DWDO\VH�������

'LH� YLHU� DXVJHZlKOWHQ� %HLVSLHOH� DXV� GHQ� XQWHUVFKLHGOLFKVWHQ� $QZHQGXQJVJHELHWHQ� YRQ�
1+&V� LQ� GHU� KRPRJHQHQ� .DWDO\VH� GHPRQVWULHUHQ� QHEHQ� GHU� 9LHOIlOWLJNHLW� LKUHU�
(LQVDW]P|JOLFKNHLWHQ� DXFK� GLH� +DXSWVWUDWHJLHQ� LP� 'HVLJQ� YRQ� FKLUDOHQ� &DUEHQOLJDQGHQ�� XP�
.DWDO\VDWRUHQ�PLW�JXWHQ�(QDQWLRVHOHNWLYLWlWHQ�]X�HU]HXJHQ��,P�)DOOH�GHU�PRQRGHQWDWHQ�/LJDQGHQ�
�6FKHPD����YHUKLQGHUQ�DXVODGHQGH�5HVWH�DQ�GHQ�6WLFNVWRIIDWRPHQ�GLH�5RWDWLRQ�XP�GLH�&5HVW�1�
%LQGXQJ��XQG�HU]HXJHQ�VR�HLQH�GHILQLHUWH��FKLUDOH�8PJHEXQJ��'LH�FKLUDOH�,QIRUPDWLRQ�NDQQ�DXV�
GHP�5�FNJUDW����REHUH�5HDNWLRQVJOHLFKXQJ�LQ�6FKHPD����RGHU�DXV�FKLUDOHQ�5HVWHQ�DP�6WLFNVWRII���
KHUVWDPPHQ��XQWHUH�5HDNWLRQVJOHLFKXQJ�LQ�6FKHPD������
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�
6FKHPD����%LGHQWDWH�FKLUDOH�&DUEHQH�I�U�GLH�HQDQWLRVHOHNWLYH�.DWDO\VH�������

'LH�]ZHLWH�6WUDWHJLH�NRPELQLHUW�GDV�1+&��DOV�IHVWHQ�$QNHU�DP�0HWDOO��PLW�HLQHP�]ZHLWHQ�
NRRUGLQLHUHQGHQ�� FKLUDOHQ� (OHPHQW�� 'DGXUFK� ZLUG� HLQH� ULJLGH�� FKLUDOH� 8PJHEXQJ� DP� 0HWDOO�
NUHLHUW�� ,P� %XUJHVV�/LJDQG� �REHUH� 5HDNWLRQVJOHLFKXQJ� LQ� 6FKHPD� ��� LVW� GDV�
VWHUHRLQIRUPDWLRQVJHEHQGH� (OHPHQW� GDV� 2[D]ROLQ���� 0LW� GLHVHP�� DQ� 3�1�/LJDQGHQ������
DQJHOHKQWHQ�� /LJDQGHQPRWLY� NRQQWH� %XUJHVV� GUHLIDFKVXEVWLWXLHUWH�� QLFKW� IXQNWLRQDOLVLHUWH�
'RSSHOELQGXQJHQ�XQWHU�VHKU�PLOGHQ�%HGLQJXQJHQ�HQDQWLRVHOHNWLY�K\GULHUHQ��'DPLW�ZDU�HU�HLQHU�
GHU� HUVWHQ�� GLH� KRKH� (QDQWLRPHUHQ�EHUVFK�VVH� PLW� 1+&�/LJDQGHQ� SURGX]LHUHQ� NRQQWHQ��
+RYH\GD� KLQJHJHQ� YHUHLQWH� LQ� VHLQHP� ELGHQWDWHQ� /LJDQGHQ� ]ZHL� FKLUDOH� (OHPHQWH� �XQWHUH�
5HDNWLRQVJOHLFKXQJ� LQ� 6FKHPD� ���� (LQ� %LSKHQ\OHOHPHQW� PLW� D[LDOHU� &KLUDOLWlW� XQG� HLQ� FKLUDOHV�
&DUEHQ����,Q�.RPELQDWLRQ�PLW�6LOEHU��DOV�7UDQVPHWDOOLHUXQJVUHDJHQ]��XQG�.XSIHU��DOV�HLJHQWOLFKHQ�
.DWDO\VDWRU�� HU]LHOWH� GLHVHU�/LJDQG�KRKH�(QDQWLRVHOHNWLYLWlWHQ� LQ� GHU� DOO\OLVFKHQ�$ON\OLHUXQJ� ]XU�
.RQVWUXNWLRQ�YRQ�TXDUWlUHQ�.RKOHQVWRII]HQWUHQ���

�

�
$EELOGXQJ����/LJDQGHQNRQ]HSWH��

�
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��� &KLUDOH��YRQ�%LR[D]ROLQHQ�DEJHOHLWHWH�&DUEHQOLJDQGHQ��
%HLGH� YRUJHVWHOOWHQ� 6WUDWHJLHQ� �$� XQG� %�� LP� 'HVLJQ� YRQ� FKLUDOHQ� &DUEHQOLJDQGHQ� VLQG�

QRFKPDOV� VFKHPDWLVFK� LQ�$EELOGXQJ���GDUJHVWHOOW��1HEHQ�GHQ�ELVKHULJHQ�.RQ]HSWHQ� I�KUWH�GLH�
,GHH�YRQ�HLQHP�PRQRGHQWDWHQ�&DUEHQOLJDQGHQ��PLW�JOHLFK]HLWLJ�IL[LHUWHU�6WHUHRFKHPLH�QDKH�GHV�
NRRUGLQLHUHQGHQ�0HWDOOHV��]X�GHQ�YRQ�%LR[D]ROLQHQ�DEJHOHLWHWHQ�&DUEHQOLJDQGHQ��Å,%LR[´���&�LQ�
$EELOGXQJ������

'D� GDV� %LR[D]ROLQPRWLY� GHQ� NRUUHVSRQGLHUHQGHQ� $PLQRDONRKRO� DOV� FKLUDOHQ�
*UXQGEDXVWHLQ� HQWKlOW�� HUVFKLHQ� HV� DOV� HLQIDFK� ]XJlQJOLFKHV� (OHPHQW� I�U� GLH� 9RUVWXIH� YRQ�
HQDQWLRPHUHQUHLQHQ� ,PLGD]ROLXPVDO]HQ�� 2[D]ROLQH� VHOEVW� VLQG� LQ� YLHOHQ� FKLUDOHQ� /LJDQGHQ� DOV�
FKLUDOLWlWVWUDJHQGHV� (OHPHQW� HUIROJUHLFK� LQ� GHU� DV\PPHWULVFKHQ�.DWDO\VH� HLQJHVHW]W� ZRUGHQ�������
'LH�5HVWH�5� XQG�5C� VLQG� GXUFK� GDV� WUL]\NOLVFKH�5�FNJUDW� IL[LHUW� XQG� EHILQGHQ� VLFK� LQ� GLUHNWHU�
1DFKEDUVFKDIW�]XP�0HWDOO��GDV�DQ�GDV�&DUEHQNRKOHQVWRIIDWRP�NRRUGLQLHUW���

�

�
$EELOGXQJ����bKQOLFKH�,PLGD]ROLXPVDO]H�PLW�IHVW�GHILQLHUWHQ�VWHUHRGLULJLUHQGHQ�5HVWHQ��

bKQOLFKH�� DEHU� QLFKW� &��V\PPHWULVFKH� ,PLGD]ROLXPVDO]H� VLQG� ]XQlFKVW� YRQ� /HHSHU��� XQG�
GDQQ� ]HLWJOHLFK� PLW� GHU� YRUOLHJHQGHQ� $UEHLW� YRQ� (QGHUV��� XQG� 5RYLV��� I�U� RUJDQRNDWDO\WLVFKH�
$QZHQGXQJHQ� HQWZLFNHOW� ZRUGHQ��'LH� QHXHQ�� YRQ� %LR[D]ROLQHQ� DEJHOHLWHWHQ� ,PLGD]ROLXPVDO]H�
VROOWHQ��ZLH�HV� I�U�%LVLPLQH� LQ�GHU�/LWHUDWXU�EHVFKULHEHQ� LVW��GXUFK�HLQH�=\NOLVLHUXQJ�KHUVWHOOEDU�
VHLQ�������(V�PXVVWH�DEHU�HLQ�QHXHV�3URWRNROO�HQWZLFNHOW�ZHUGHQ��XP�GLH�,%LR[�7ULIODWH�KHUVWHOOHQ�
]X�N|QQHQ��GD�GLH�JlQJLJHQ�0HWKRGHQ�QLFKW�DQZHQGEDU�ZDUHQ��

�'LH� :HLWHUHQWZLFNOXQJ� GHV� 3URWRNROOV� YRQ� $UGXHQJR��� �REHUH� 5HDNWLRQVJOHLFKXQJ� LQ�
6FKHPD� ��� ]X� &KORUPHWK\OSLYDODW� LQ� .RPELQDWLRQ� PLW� 6LOEHUWULIODW� I�KUWH� ]X� HLQHP� 5HDJHQ]��
IRUPDO� Å7ULIODWPHWK\OSLYDODW´�� GDV� GLH� ,%LR[�/LJDQGHQ� LQ� $XVEHXWHQ� YRQ� JHQHUHOO� �EHU� ����
]XJlQJOLFK�PDFKWH��XQWHUH�5HDNWLRQVJOHLFKXQJ�LQ�6FKHPD�����

�
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�

6FKHPD����6\QWKHVH�GHU�,%LR[�7ULIODWH�QDFK�HLQHP�DEJHZDQGHOWHQ�3URWRNROO�YRQ�$UGXHQJR��

'LH�%HREDFKWXQJHQ��GLH�]X�GHU�:DKO�GLHVHV�5HDJHQ]HV�I�KUWHQ��ZDUHQ��GDVV�GLH�%LR[D]ROLQH�
YRQ� VWDUNHQ�1XNOHRSKLOHQ� �&KORULG� RGHU� (WKDQRODW�� ZLHGHU� ULQJH|IIQHW� ZXUGHQ�� $EIDQJHQ� GHV�
&KORULGV� DOV� 6LOEHUFKORULG� XQG� (UVDW]� GHV� (WKDQRODWV� GXUFK� 3LYDODW�� DOV� VFKZDFK� QXNOHRSKLOH�
$EJDQJVJUXSSH��ZDUHQ�GHU�:HJ�]XP�(UIROJ��

�

�
$EELOGXQJ����&KLUDOH�,PLGD]ROLXPVDO]H�QDFK�*ORULXV��

0LW� GLHVHU� 0HWKRGH� KHUJHVWHOOW� ODJ� ]X� $QIDQJ� GLHVHU� $UEHLW� EHUHLWV� HLQH� $XVZDKO�
YHUVFKLHGHQHU�FKLUDOHU� ,%LR[�/LJDQGHQ�YRU��'HU�HUVWH�6FKULWW� ]X�HLQHU� HUVWHQ�$QZHQGXQJ�GLHVHU�
QHXHQ�,PLGD]ROLXPVDO]H�LQ�GHU�hEHUJDQJVPHWDOONDWDO\VH�ZDU�QRFK�]X�WXQ��



�� ���

��� $OSKD�$U\OLHUXQJ���(UJHEQLVVH�
����� EHULFKWHWHQ� GLH� *UXSSHQ� YRQ� +DUWZLJ���� %XFKZDOG��� XQG� 0LDXUD��� �EHU� GLH�

SDOODGLXPNDWDO\VLHUWH��GLUHNWH�.XSSOXQJ�YRQ�.HWRQHQ�PLW�$U\OEURPLGHQ��%HUHLWV�LQ�GLHVHQ�HUVWHQ�
%HULFKWHQ� ]HLJWH� GLH� 5HDNWLRQ� HLQ� KRKHV� 0D�� DQ� 5HJLRVHOHNWLYLWlW� XQG� 7ROHUDQ]� JHJHQ�EHU�
IXQNWLRQHOOHQ� *UXSSHQ�� 9HUEHVVHUWH� 0HWKRGHQ� XQG� .DWDO\VDWRUHQ� HUODXEWHQ� GLH�
$QZHQGXQJVEUHLWH��EHU�GLH�.HWRQH������KLQDXV�]X�HQWZLFNHOQ��'LNHWRQH����$PLGH�������$OGHK\GH����
(VWHU����������1LWULOH�������0DORQDWH������������� &\DQRHVWHU�������1LWURDONDQH������� 6XOIRQH��� XQG� /DFWRQH���
VLQG� KHXW]XWDJH� JlQJLJH� 6XEVWUDWH� I�U� GLH� �$U\OLHUXQJ�� =XVlW]OLFK� VLQG� HEHQIDOOV� $UEHLWHQ� ]XU�
HQDQWLRVHOHNWLYHQ�$U\OLHUXQJ�EHVFKULHEHQ�ZRUGHQ���

�

�
$EELOGXQJ����6WHUHRVHOHNWLYH� �$U\OLHUXQJHQ�YRQ�+DUWZLJ�XQG�%XFKZDOG��$XV�GHP�$U\OKDORJHQLG�VWDPPHQGHU�

7HLO�LVW�IHWW�GDUJHVWHOOW��

%XFKZDOG� ZDU� GHU� (UVWH�� GHU� HLQH� SDOODGLXPNDWDO\VLHUWH� HQDQWLRVHOHNWLYH� $U\OLHUXQJ� YRQ�
.HWRQHQ�XQWHU�(LQVDW]�YRQ��6��%,1$3�PLW�UHODWLY�KRKHU�.DWDO\VDWRUEHODGXQJ�XQG��DXV�KHXWLJHU�
6LFKW�� QLHGULJHQ� $XVEHXWHQ� LQ� 0DVVH� XQG� (QDQWLRPHUHQ�EHUVFKXVV� SXEOL]LHUHQ� NRQQWH�
�$EELOGXQJ� ��� OLQNV����� $XV� GHP� %,1$3�/LJDQGHQ� HQWZLFNHOWH� HU� VSlWHU� HLQHQ� PRQRGHQWDWHQ�
FKLUDOHQ� 3KRVSKLQOLJDQGHQ� I�U� GLH� SDOODGLXPNDWDO\VLHUWH� $U\OLHUXQJ� YRQ� HLQVHLWLJ�
HQDPLQJHVFK�W]WHQ� .HWRQHQ� XQG� HUUHLFKWH� PLW� LKP� YHUEHVVHUWH� $XVEHXWHQ� XQG� K|KHUH�
(QDQWLRPHUHQ�EHUVFK�VVH��$EELOGXQJ����UHFKWV�����+LQJHJHQ�KDWWH�+DUWZLJ�IHVWJHVWHOOW��GDVV�PLW�
FKLUDOHQ� ,PLGD]ROLXPVDO]HQ�� LP� 9HUJOHLFK� ]X� HLQHU� 9LHO]DKO� DQ� FKLUDOHQ� 3KRVSKLQHQ�� K|KHUH�
(QDQWLRVHOHNWLYLWlWHQ� LQ� GHU� LQWUDPROHNXODUHQ� $U\OLHUXQJ� YRQ� $PLGHQ� ]X� HUUHLFKHQ� ZDUHQ�
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�$EELOGXQJ����PLWWLJ���(U�NRQQWH�VR�(QDQWLRVHOHNWLYLWlWHQ�ELV�]X�����EHL�KRKHU�.DWDO\VDWRUODGXQJ�
XQG�HWZDV�WLHIHUHU�7HPSHUDWXU�HUUHLFKHQ��,Q�GLHVHU�5HDNWLRQ�VROOWHQ�GLH�FKLUDOHQ�,%LR[�/LJDQGHQ�
�$EELOGXQJ����JHWHVWHW�ZHUGHQ���

'LH� Q|WLJHQ� 6XEVWUDWH� I�U� GLH� 5HDNWLRQ�ZXUGHQ� DXV� %URPDQLOLQ�� GXUFK�0HWK\OLHUXQJ� GHV�
$PLQV� PLW� 0HWK\OLRGLG� XQG� IROJHQGHU� .RQGHQVDWLRQ� PLW� GHQ� HQWVSUHFKHQGHQ� 6lXUHFKORULGHQ�
KHUJHVWHOOW� �6FKHPD� ����� 'LH� $QLOLGH� *�� +� XQG� ,� ZDUHQ� RKQH� 3UREOHPH� ]X� GHQ� 2[RLQGROHQ�
XP]XVHW]HQ��$QLOLG�-�]HLJWH�NHLQHQ�8PVDW]�PLW�,%LR[L�3U��+27I�DOV�/LJDQGHQ��$QLOLG�.�ZDU�XQWHU�
GHQ�5HDNWLRQVEHGLQJXQJHQ�QLFKW�VWDELO��

�
6FKHPD�����6\QWKHVH�GHU�6XEVWUDWH�I�U�GLH�LQWUDPROHNXODUH� �$U\OLHUXQJ��%HGLQJXQJHQ�����%X/L�������&��7+)��

0H,�����6lXUHFKORULG��(W�1��&+�&O���57��

'LH� 5HDNWLRQHQ� �5HDNWLRQVVFKHPD� �EHU� 7DEHOOH� ��� ZXUGHQ� XQWHU� GHQ� YRQ� +DUWZLJ�
SXEOL]LHUWHQ� LQ� VLWX�%HGLQJXQJHQ�� RKQH� ZHLWHUH� 2SWLPLHUXQJHQ� GHU� HLQ]HOQHQ� 3DUDPHWHU��
GXUFKJHI�KUW��'LH�5HVXOWDWH� LQ�$XVEHXWH� XQG�(QDQWLRPHUHQ�EHUVFKXVV� VLQG� UHODWLY� XQDEKlQJLJ�
YRQ�GHU�$UW�GHU�3DOODGLXPTXHOOH��3G�,,���RGHU�3G�����PLW� OHLFKWHQ�9RUWHLOHQ�I�U�3G��GED����%HLP�
(LQVDW]� HLQHV� YRUJHIRUPWHQ� .RPSOH[HV� >�,%LR[L�3U���3G,�@� PXVVWH� GLH� 5HDNWLRQ� EHL� K|KHUHU�
7HPSHUDWXU� GXUFKJHI�KUW� ZHUGHQ� �(LQWUDJ� ��� 7DEHOOH� ���� :DKUVFKHLQOLFK�� ZDU� GLH� K|KHUH�
7HPSHUDWXU�Q|WLJ��XP�HLQHQ�&DUEHQOLJDQGHQ�DXV�GHP�VWDELOHQ�.RPSOH[�IUHL]XVHW]HQ�XQG�VR�GHQ�
.DWDO\VDWRU�]X�DNWLYLHUHQ��1DFK�GHU�5HDNWLRQ�NRQQWH�HLQ�7HLO�GHV�.DWDO\VDWRUV�UHLVROLHUW�ZHUGHQ���

'LH�$XVEHXWHQ�ZDUHQ�JHQHUHOO�KRFK��JU|�HU������XQDEKlQJLJ�YRP�HLQJHVHW]WHQ�/LJDQGHQ��
%HL�9HUZHQGXQJ�YRQ�/LJDQG�%�NRQQWH�VHOEVW�PLW���0RO���.DWDO\VDWRU�HLQH�$XVEHXWH�YRQ�����
HU]LHOW� ZHUGHQ� �(LQWUDJ� ��� 7DEHOOH� ���� 0LW� GLHVHP� /LJDQGHQ� ZXUGH� DXFK� GHU� K|FKVWH�
(QDQWLRPHUHQ�EHUVFKXVV� YRQ� ���� EHL� 5DXPWHPSHUDWXU� HUUHLFKW� �(LQWUDJ� ��� 7DEHOOH� ���� 'DV�
JOHLFKH� 6XEVWUDW� KDWWH� +DUWZLJ� PLW� ���� HH� XQG� HLQHU� $XVEHXWH� YRQ� ���� KHUJHVWHOOW�� $QGHUH�
/LJDQGHQ�XQG�6XEVWUDWH�OLHIHUWHQ�(QDQWLRPHUHQ�EHUVFK�VVH�LP�%HUHLFK�YRQ�������



�� ���

1LFKW� QXU� GLH�&��V\PPHWULVFKHQ�/LJDQGHQ�$��%� XQG�&� �$EELOGXQJ� ���� VRQGHUQ� DXFK� GLH�
XQV\PPHWULVFKHQ�/LJDQGHQ�'��(��XQG�)�]HLJWHQ�VWHUHRGLULJLHUHQGH�(LJHQVFKDIWHQ��

�

�

Eintrag Produkt Pd  Ligand T/°C t/h Ausbeute/% % ee  

1 Pd2(dba)3 A 50 5 85 28 

2 Pd(OAc)2 A 50 5 92 32 

3 Komplexa A 90 20 95 30 

4 Pd2(dba)3 B RT 14 95 43 

5  Pd2(dba)3
b B 50 14 97 36 

6 Pd(OAc)2 B 50 14 90 34 

7 Pd2(dba)3 C 50 14 90 11 

8 

 

Pd2(dba)3 D 50 16 91 21 

9 Pd2(dba)3 A 50 14 92 27 

10 Pd(OAc)2 A 50 14 89 13 

11 

 

Pd2(dba)3 B 50 2 95 30 

12 Pd2(dba)3 B 50 18 90 33 

13  Pd2(dba)3
b B 50 72 31 34 

14  Pd2(dba)3
c B 90 72 11 n.b. 

15 Pd2(dba)3 E 50 72 91 19 

16 
 

Pd2(dba)3 F 50 72 95 27 

        

7DEHOOH����,QWUDPROHNXODUH� �$U\OLHUXQJ�YRQ�%URPREHQ]DPLGHQ��D��>�,%LR[L�3U���3G,�@��E����0RO���.DW��F�������0RO���.DW���/LJDQGHQ�VLHKH�$EELOGXQJ����

6RPLW�NRQQWH�PLW�GHQ�QHX�HQWZLFNHOWHQ�FKLUDOHQ�,%LR[�/LJDQGHQ�NHLQH�K|KHUHQ�HH�V�HU]LHOW�
ZHUGHQ��DOV�VLH�EHUHLWV�YRQ�+DUWZLJ�I�U�GLHVH�5HDNWLRQ�EHULFKWHW�ZRUGHQ�ZDUHQ��-HGRFK�]HLJWHQ�GLH�
GXUFKZHJ� KRKHQ� $XVEHXWHQ�� GDVV� GLH� ,%LR[�/LJDQGHQ� JXWH� .DQGLGDWHQ� I�U�
3DOODGLXPNDWDO\VDWRUHQ� LQ� .UHX]NXSSOXQJVUHDNWLRQ� ZDUHQ�� (UPXWLJW� GXUFK� GLHVH� (UJHEQLVVH�
EHJDQQ� GLH� HUZHLWHUWH� 6XFKH� I�U� GHQ� (LQVDW]� GLHVHU� /LJDQGHQNODVVH� LP� %HUHLFK� GHU�
.UHX]NXSSOXQJVFKHPLH��'DEHL�YHUVFKRE�VLFK�GDV�$XJHQPHUN�ZHJ�YRQ�GHU�UHLQ�HQDQWLRVHOHNWLYHQ�
.DWDO\VH��$OV�JOHLFKHUPD�HQ�KHUDXVIRUGHUQGH�3UREOHPDWLN�VWHOOWH�VLFK�GLH�6X]XNL�.UHX]NXSSOXQJ�
YRQ�VWHULVFK�DQVSUXFKVYROOHQ�6XEVWUDWHQ�GDU��



� � �

�

���
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� %(1=2;$=2/(���.83)(5.$7$/<6,(57(�
6<17+(6(�

��� 0RWLYDWLRQ�
1DFK� GHQ� HUVWHQ� HUIUHXOLFKHQ� 5HVXOWDWHQ�� GLH� PLW� GHQ� FKLUDOHQ� ,%LR[�/LJDQGHQ� HUUHLFKW�

ZHUGHQ� NRQQWHQ�� ODJ� HV� DXI� GHU� +DQG�� LP� %HP�KHQ� QHXH� 9HUWUHWHU� GLHVHU� /LJDQGHQNODVVH�
KLQ]X]XI�JHQ�� DXFK� QDFK� DOWHUQDWLYHQ� /LJDQGHQV\QWKHVHZHJHQ� ]X� VXFKHQ�� $OV� =LHOVWUXNWXU�
%LR[D]ROLQH� PLW� DQQHOLHUWHQ� $URPDWHQ� YRU� $XJHQ� �6FKHPD� ����� I�KUWH� HLQH� NXU]H�
UHWURV\QWKHWLVFKH� $QDO\VH� ]X� HLQHU� DQGHUHQ�� GDPLW� YHUEXQGHQHQ� )UDJHVWHOOXQJ�� :LH� N|QQHQ�
%HQ]R[D]ROH��HLQIDFK�XQG�LQ�JUR�HU�6WUXNWXUYLHOIDOW�DXIJHEDXW�ZHUGHQ"�

�

�
6FKHPD�����9RP�/LJDQG�]X�%LVEHQ]R[D]ROHQ�]X�%HQ]R[D]ROHQ�DOV�6\QWKHVH]LHO��

$XI� GDV� %HQ]R[D]ROPRWLY� WULIIW� PDQ� DOV� 8QWHUHLQKHLW� LQ� YHUVFKLHGHQHQ� %HUHLFKHQ� GHU�
&KHPLH�� GLH� VLFK� YRQ� 1DWXUVWRIIHQ������ �EHU� ELRORJLVFK� DNWLYH� 9HUELQGXQJHQ�������
)OXRUHV]HQ]PDUNHU���ELV�KLQ�]X�KLW]HEHVWlQGLJHQ�3RO\PHUHQ������HUVWUHFNHQ���

�

�
�6FKHPD�����5HWURV\QWKHWLVFKH�$QDO\VH�YRQ�%HQ]R[D]ROHQ��

'LH� NODVVLVFKHQ� 6\QWKHVHQ� YRQ� ��%HQ]R[D]ROHQ������� GLH� I�U� GLH� ,%LR[�/LJDQGHQ� EHQ|WLJW�
ZRUGHQ� ZlUHQ�� EHVFKUlQNHQ� VLFK� KDXSWVlFKOLFK� DXI� GLH� UHFKWV� LQ� 6FKHPD� ��� GDUJHVWHOOWHQ�
+HUDQJHKHQVZHLVHQ�� 'DEHL� GLHQHQ� ��$PLQRSKHQROH� DOV� 5HDNWLRQVSDUWQHU� I�U� $OGHK\GH�� XQWHU�



� � �

�

���

R[LGDWLYHQ�%HGLQJXQJHQ������� ]XU�=\NOLVLHUXQJ�� RGHU� I�U�&DUERQVlXUHGHULYDWH������ LQ� VHTXHQWLHOOHQ�
RGHU� (LQVFKULWWNRQGHQVDWLRQHQ������� ,Q� YLHOHQ� )lOOHQ� EHGHXWHW� GDV� GHQ� (LQVDW]� YRQ� KDUVFKHQ�
�R[LGDWLYHQ�� VWDUN� VDXUHQ� RGHU� KRFKWHPSHUDWXULJHQ�� 5HDNWLRQVEHGLQJXQJHQ�� (LQ� HUKHEOLFKHU�
1DFKWHLO� GLHVHU�%HQ]R[D]ROV\QWKHVHQ� LVW�GLH� OLPLWLHUWH�9HUI�JEDUNHLW�GHU���$PLQRSKHQROH�� DXFK�
I�U�GHQ�(LQVDW]�LQ�GHU�DQWL]LSLHUWHQ�/LJDQGHQV\QWKHVH��

(LQH�HLQIDFKH�9HUVFKLHEXQJ�GHV�UHWURV\QWKHWLVFKHQ�6FKQLWWV��I�KUWH�]X�'LKDORDURPDWHQ�XQG�
$PLGHQ�DOV�QHXH�6WDUWPDWHULDOLHQ��6FKHPD����XQG�6FKHPD�����E]Z��HLQHQ�6FKULWW�]XU�FNJHGDFKW��
]X� �+DOREHQ]DPLGHQ�� =\NOLVLHUXQJHQ� YRQ� �+DOREHQ]DPLGHQ��������� E]Z�� ��+DOR���
DPLQRS\ULGLQHQ������VLQG�HLQLJH�0DOH�EHVFKULHEHQ�ZRUGHQ���XQWHU�DQGHUHP�DXFK�NXSIHUYHUPLWWHOW���
����6FKHPD������

�

�
6FKHPD�����.XSIHUYHUPLWWHOWH�%HQ]R[D]ROV\QWKHVHQ��

)�U� HLQHQ� EUHLWHQ� (LQVDW]� GLHVHU� 0HWKRGHQ� VWDQGHQ� DEHU� GHUHQ� HEHQIDOOV� KDUWH�
5HDNWLRQVEHGLQJXQJHQ� �VWDUNH� %DVH�� KRKH� 7HPSHUDWXUHQ�� VW|FKLRPHWULVFK� LQ�.XSIHU�� XQG� HLQH�
VHKU� HLQJHJUHQ]WH�6XEVWUDWYLHOIDOW� LP�:HJH��$QJHVSRUQW�GXUFK�GLH�9LHO]DKO� YRQ�%HULFKWHQ��EHU�
QHXH�SDOODGLXP���� XQG�NXSIHUNDWDO\VLHUWH������&�2���XQG�&�1�.XSSOXQJVUHDNWLRQHQ�� VROOWHQ�GLHVH�
0HWKRGHQ�DXI�GLH�6\QWKHVH�YRQ�%HQ]R[D]ROHQ�DXVJHZHLWHW�ZHUGHQ��'LH�ZHLWHUJHKHQGH�,GHH�ZDU��
GDVV� VRZRKO� GLH� &�2��� DOV� GLH� &�1�%LQGXQJ� LQ� HLQHP� 6FKULWW� JHNQ�SIW� ZHUGHQ� VROOWH�� XP� GLH�
5HDNWLRQ�ZLUNOLFK�SUDNWLNDEHO�]X�JHVWDOWHQ��6FKHPD������



�� ���

�

�
6FKHPD�����$QWL]LSLHUWH�6\QWKHVH�YRQ�%HQ]R[D]ROHQ�DXV�'LKDORDURPDWHQ��

�

��� (UJHEQLVVH�XQG�'LVNXVVLRQ�
$XVJDQJVSXQNW�I�U�GLH�6XFKH�QDFK�GHP�JHHLJQHWHQ�.DWDO\VDWRU��ZDUHQ�VRZRKO�SDOODGLXP��

DOV�DXFK�NXSIHUEDVLHUWH�.DWDO\VDWRUV\VWHP��GLH�XQWHU�/LWHUDWXUEHGLQJXQJHQ������DQ�GHU�7HVWUHDNWLRQ�
DXVSURELHUW�ZXUGHQ��$EELOGXQJ�����

�

�
$EELOGXQJ����3URWRNROOH�GHV�HUVWHQ�6FUHHQLQJV�]XU�LQWUDPROHNXODUHQ�=\NOLVLHUXQJ��

(V�]HLJWH�VLFK�GDEHL�VFKQHOO��GDVV�GLH�NXSIHUNDWDO\WLVFKHQ�3URWRNROOH��LP�*HJHQVDW]�]X�GHQ�
SDOODGLXPNDWDO\WLVFKHQ�� GDV� 3URGXNW� ELOGHWHQ�� ,QVEHVRQGHUH� HUVFKLHQ� HLQ� YRQ� %XFKZDOG� I�U�
$PLGLHUXQJHQ� HQWZLFNHOWHV� 3URWRNROO� �KHUYRUJHKREHQ� LQ�$EELOGXQJ� ��� DOV� RSWLPLHUXQJVZ�UGLJ��
GD� VLJQLILNDQWH�0HQJHQ� DQ� JHZ�QVFKWHP�3URGXNW� JHELOGHW�ZXUGHQ��$OOHUGLQJV�ZDU� GHU�8PVDW]�
QRFK�QLFKW�]XIULHGHQ�VWHOOHQG��



� � �

�

���

(LQ� NXU]HV� 6FUHHQLQJ� XQWHUVFKLHGOLFKHU� %DVHQ�/|VXQJVPLWWHO�.RPELQDWLRQHQ� OLH�� GDV�
.�&2��7ROXRO� 6\VWHP� DOV� GDV� RSWLPDOH� KHUYRUJHKHQ�� 0LW� GLHVHP� 3URWRNROO� ZXUGHQ� GUHL� ��
%URPEHQ]DPLGH�LQ�JXWHQ�$XVEHXWHQ�]XP�%HQ]R[D]RO�]\NOLVLHUW��6FKHPD�������

�

�
6FKHPD�����,QWUDPROHNXODUH�=\NOLVLHUXQJ�YRQ���%URPEHQ]DPLGHQ�]X�%HQ]R[D]ROHQ��

'LHVH� JHIXQGHQHQ� %HGLQJXQJHQ� HUZLHVHQ� VLFK� DXFK� DOV� ZLUNXQJVYROO� I�U� GLH� DQJHVWUHEWH�
LQWHUPROHNXODUH� 'RPLQRUHDNWLRQ�� 2EZRKO� GDU�EHU� KLQDXV� YHUVFKLHGHQH� /|VXQJVPLWWHO�%DVHQ��
�&\FORKH[DQ��7ROXRO��,VRSURSDQRO��'LR[DQ��$FHWRQLWULO��'0)�.�32���&V�&2���.�&2���1D2$F��
&V2$F��+�QQLJEDVH��3URWRQHQVFKZDPP���&DUERQDWEDVHQ�/|VXQJVPLWWHO���1D���.���/L���&V���%D�
�� &D�&DUERQDW�+HSWDQ�� 7ROXRO�� 'LR[DQ�� XQG� .XSIHUTXHOOH�/LJDQGHQ�.RPELQDWLRQHQ� �&X,��
&X&1�� &X27I�� &X�&1��3)��� 3KHQDQWUROLQ�� 3UROLQ�� GPHGD�� &\FORKH[\OGLDPLQ�� DQ� GHU�
7HVWUHDNWLRQ� DXVSURELHUW� ZXUGHQ�� EHKLHOW� GDV� I�U� GLH� LQWUDPROHNXODUH� =\NOLVLHUXQJ� JHIXQGHQH�
3URWRNROO� GLH� 2EHUKDQG�� 9HUJOHLFKVZHLVH� JXWH� (UJHEQLVVH� NRQQWH� QRFK� PLW� 'LR[DQ�.�32��
HUUHLFKW�ZHUGHQ��'LH�.XSIHUTXHOOH�LVW�QLFKW�YRQ�HQWVFKHLGHQGHP�(LQIOXVV��MHGRFK�LVW�GHU�/LJDQG�
GPHGD���HLQ]LJ�&\FORKH[\OGLDPLQ�LVW�HEHQIDOOV�LP�JHULQJHUHQ�8PIDQJ�DNWLY���HVVHQWLHOO���

8QWHU� GHQ� JHIXQGHQHQ�5HDNWLRQVEHGLQJXQJHQ� NRQQWH� HLQH� JDQ]H�5HLKH� YRQ�$PLGHQ�PLW�
����'LEURPEHQ]RO� ]XP� %HQ]R[D]RO� ]\NOLVLHUW� ZHUGHQ� �7DEHOOH� ���� 'LH� 5HDNWLRQ� ZDU� DXFK� LP�
JU|�HUHQ� 0D�VWDE� GXUFKI�KUEDU� �(LQWUDJ� ��� 7DEHOOH� ���� $OLSKDWLVFKH� XQG� DURPDWLVFKH� $PLGH�
NRQQWHQ� YHUZHQGHW� ZHUGHQ�� 6HOEVW� IUHLHV� $PLQ� XQG� HLQH� ODELOH� $FHWDOJUXSSH� ZXUGHQ� WROHULHUW�
�(LQWUlJH���XQG����7DEHOOH������

�
�
�
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�

Eintrag Produkt Ausbeute (%) Eintrag Produkt Ausbeute (%) 

1 90 

2  95a 
7 88 

3 67 8  68b 

4 72 9  92b 

5 86 10 68 

6 

�

78 

�

11 

 

77 

 �  �  �  

7DEHOOH����6\QWKHVH�YRQ�%HQ]R[D]ROHQ�PLW�'LEURPDURPDWHQ�XQG�YHUVFKLHGHQHQ�$PLGHQ��D�����PPRO�0D�VWDE��
E�����0RO���&X,�����0RO���GPHGD������bTXLY��.�&2���

1HEHQ� ����'LEURPEHQ]RO� ZXUGHQ� DXFK� DQGHUH� ����'LKDORDURPDWHQ� HLQJHVHW]W�� 'DV� DOV�
HLQIDFKHU� ]X� NXSSHOQ� JHOWHQGH� ����'LRGEHQ]RO� HUIRUGHUWH� HLQH� GRSSHOW� VR� KRKH� 0HQJH� DQ�
.DWDO\VDWRU��XP�YHUJOHLFKEDUH�$XVEHXWHQ�]X�SURGX]LHUHQ��(LQWUlJH���XQG����7DEHOOH�����2EZRKO�
NXSIHUNDWDO\VLHUWH�$PLGLHUXQJHQ�I�U�$U\OFKORULGH�EHVFKULHEHQ�ZRUGHQ�VLQG�����NRQQWHQ�XQWHU�GHQ�
6WDQGDUGEHGLQJXQJHQ� ����'LFKORUEHQ]RO� XQG� ����'LFKORUS\ULGLQ� QLFKW� XPJHVHW]W� ZHUGHQ�
�(LQWUlJH� �� XQG� ��� 7DEHOOH� ���� 'LHVH� (LQVFKUlQNXQJ� HUODXEW� DOOHUGLQJV� HLQH� UHJLRVHOHNWLYH�
.Q�SIXQJ� YRQ� %HQ]R[D]ROHQ�� GD� %URP���FKORUEHQ]RO� ZLHGHUXP� UHDJLHUWH� �(LQWUlJH� �� XQG� ���
7DEHOOH������

'LHVHV� 9HUKDOWHQ� OHJWH� YRP� PHFKDQLVWLVFKHQ� 6WDQGSXQNW� QDKH�� GDVV� ]XHUVW� GLH�
$U\O�6WLFNVWRII�%LQGXQJ� DQ� GHU� %URP�.RKOHQVWRII�3RVLWLRQ� JHNQ�SIW� ZXUGH�� ,P� )ROJHVFKULWW�
VXEVWLWXLHUWH�GDV�QXNOHRSKLOH�6DXHUVWRIIDWRP�VFKQHOO�GDV�&KORULG��,Q�NOHLQHQ�0HQJHQ������*&��
NRQQWH�GDV�%HQ]DPLG��G�K��GDV�IRUPDOH�=ZLVFKHQSURGXNW�QDFK�HUVWHU�$PLGELQGXQJVELOGXQJ�XQG�
+DORJHQ�:DVVHUVWRIIDXVWDXVFK��EHREDFKWHW�ZHUGHQ���

�
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�

���

�

Eintrag Dihaloaromat Produkt Ausbeute (%) Eintrag Dihaloaromat Produkt Ausbeute (%) 

1 
65 

2  89a 

 

7 
59 

3     0 (Z=C) 

4 0 (Z=NH) 
8 75 

5 95a (Z=C) 

6 

 �

  77a (Z=NH) 
9 

 

72 

 �   �  

7DEHOOH����6\QWKHVH�YRQ�%HQ]R[D]ROHQ�PLW�YHUVFKLHGHQHQ�'LKDORDURPDWHQ��D�����0RO���&X,�����0RO���GPHGD��

'LH�5HJLRFKHPLH� GHU�%HQ]R[D]ROH��ZXUGH� DQKDQG� YRQ�9HUJOHLFKHQ�PLW�105�'DWHQ� DXV�
GHU� /LWHUDWXU� �(LQWUDJ� ��� 7DEHOOH� ���� YRQ� ,QNUHPHQWUHJHOQ� DEJHOHLWHWHQ� �(LQWUDJ� ��� 7DEHOOH� ������
RGHU�YRQ�DXWKHQWLVFKHQ�3UREHQ��(LQWUlJH���XQG����7DEHOOH�����GLH�DXV�GHQ�$PLQRSKHQROHQ�GXUFK�
.RQGHQVDWLRQ� KHUJHVWHOOW� ZRUGHQ� ZDUHQ� �6FKHPD� �������� YHULIL]LHUW�� )�U� 'HWDLOV� VLHKH� LP�
([SHULPHQWHOOHQ�7HLO��

�

�
6FKHPD�����6\QWKHVH�YRQ�9HUJOHLFKVSUREHQ�GXUFK�.RQGHQVDWLRQ�DQ�$PLQRSKHQROH��



�� ���

+DORJHQDURPDWHQ� XQG� $PLGH�� GLH� XQWHU� GHQ� KLHU� HQWZLFNHOWHQ� %HGLQJXQJHQ� QLFKW� GDV�
JHZ�QVFKWH�3URGXNW�ELOGHWHQ��VLQG�LQ�$EELOGXQJ����JH]HLJW��'D]X�]lKOHQ�DOOH�$PLGH��GLH�UHDNWLYH�
�&KORULGH�� ,RGLGH��� DNWLYLHUHQGH� �&\DQLG�� 7ULIOXRULG�� RGHU� FKHODWLVLHUHQGH� )XQNWLRQDOLWlWHQ� QDKH�
GHV�$PLGWHLOV�EHVD�HQ��,QVEHVRQGHUH�EHL�GHQ�OHW]WHQ�GUHL�DURPDWLVFKHQ�$PLGHQ�LQ�$EELOGXQJ����
LVW� HLQH� 'HDNWLYLHUXQJ� GHV� .DWDO\VDWRUV� GXUFK� &KHODWLVLHUXQJ� YRUVWHOOEDU�� YRU� DOOHP�� ZHLO� GLH�
UHJLRLVRPHUHQ�(GXNWH��(LQWUlJH���XQG����7DEHOOH����SUREOHPORV�DOV�6XEVWUDWH�IXQJLHUWHQ��

�

�
$EELOGXQJ�����$PLGH��GLH�QLFKW�GDV�%HQ]R[D]RO�PLW�����'LEURPEHQ]RO�XQWHU�6WDQGDUGEHGLQJXQJHQ�IRUPHQ��

.RPPHU]LHOO�HUKlOWOLFKH�'LEURPLGH��GLH�QXU�3URGXNWJHPLVFKH�HU]HXJWHQ��VLQG�LQ�$EELOGXQJ�
���]XVDPPHQJHVWHOOW��6RZRKO�XQYROOVWlQGLJHU�8PVDW]�DOV�DXFK�XQVHOHNWLYH�5HJLRLVRPHUHQELOGXQJ�
ZXUGHQ�KLHU�EHREDFKWHW��'HU�HOHNWURQHQUHLFKH�� VDXHUVWRIIVXEVWLWXLHUWH�%URPDURPDW�YHUKLHOW� VLFK�
XQWHU�GHQ�5HDNWLRQVEHGLQJXQJHQ�LQHUW��

�
$EELOGXQJ�����%URPDURPDWHQ��GLH�3URGXNWJHPLVFKH�XQWHU�6WDQGDUGEHGLQJXQJHQ�OLHIHUWHQ��

/HW]WOLFK�NRQQWH�GLH� DQYLVLHUWH�%LVEHQ]R[D]ROV\QWKHVH�DOV�/LJDQGHQYRUVWXIH�QLFKW�PLW� GHU�
I�U� %HQ]R[D]RO� JXW� IXQNWLRQLHUHQGHQ�0HWKRGH� HUUHLFKW�ZHUGHQ�� 6RZRKO� GLH� LQWUD�� DOV� DXFK� GLH�
LQWHUPROHNXODUH�=\NOLVLHUXQJ�PLW�2[DOVlXUHDPLGHQ�VFKOXJ�IHKO��

�
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�

���

��� $XVEOLFN�
'LH� KLHU� HQWZLFNHOWH� %HQ]R[D]ROV\QWKHVH� HUZHLWHUW� GLH� 3DOHWWH� DQ� PRGHUQHQ�

NXSIHUNDWDO\VLHUWHQ� 5HDNWLRQHQ�� :�QVFKHQVZHUW� ZlUH� HLQH� DXVJHZHLWHWH� $QZHQGEDUNHLW� GLHVHU�
0HWKRGH�DXI�HLQ�EUHLWHUHV�6SHNWUXP�DQ�6XEVWUDWHQ��$EELOGXQJ������1HEHQ�'LFKORUDURPDWHQ�XQG�
'LKDORDONHQHQ�LVW�HEHQIDOOV�HLQH�=\NOLVLHUXQJ��EHU�HLQHQ�&�+�$NWLYLHUXQJVPHFKDQLVPXV�GHQNEDU��
ZHQQ� YRQ� PRQRKDORJHQLHUWHQ� $URPDWHQ� DXVJHJDQJHQ� Z�UGH�� 'XUFK� (OHNWURSKLOH� HLQJHOHLWHWH�
QXNOHRSKLOH� =\NOLVLHUXQJVUHDNWLRQ� YRQ� <QDPLGHQ� JHK|UHQ� HEHQIDOOV� ]X� GHQNEDUHQ� 6WUDWHJLHQ�
GD]X��

�

�
$EELOGXQJ�����0|JOLFKH�DOWHUQDWLYH�6WDUWPDWHULDOLHQ�I�U��GLH�%HQ]R[D]ROV\QWKHVH��

'DVV� GLH� ,GHH� GHU� &�+�� $NWLYLHUXQJ� QLFKW� JDQ]� DXV� GHU� /XIW� JHJULIIHQ� LVW�� ]HLJHQ� GLUHNW�
YHUJOHLFKEDUH� VW|FKLRPHWULVFKH� &\FORPHWDOOLHUXQJVH[SHULPHQWH� PLW� 3DOODGLXPDFHWDW� XQG�
DQVFKOLH�HQGHP� $EIDQJHQ� GHV� 3DOODGDF\FOXV� PLW� H[WHUQHQ� (OHNWURSKLOHQ� �$EELOGXQJ� ������������
1HXH� (UJHEQLVVH� DXV� GHP� *HELHW� GHU� &�+�$NWLYLHUXQJVFKHPLH� �'X%RLV����� 6DQIRUG�����
/HHXZHQ�����ODVVHQ�HLQH�VROFKH�%HQ]R[D]ROV\QWKHVH�DOV�JDQJEDUHQ�6\QWKHVHZHJ�HUVFKHLQHQ��

�

�
$EELOGXQJ�����hEHU�&�+�$NWLYLHUXQJ�HUKDOWHQHU�3DOODGDF\FOXV�DOV�$XVJDQJVSXQNW�I�U�7UDQVIRUPDWLRQHQ��

��



�� ���



� � �

�

���

� 68=8.,�0,<$85$�5($.7,21�²�1(8(�
/,*$1'(1�

��� *UHQ]HQ�XQG�,GHHQ�
6HLW�GHQ�HUVWHQ�%HULFKWHQ��������������EHU�GLH�9HUZHQGXQJ�YRQ�ERURUJDQLVFKHQ�5HDJHQ]LHQ�

LQ� .UHX]NXSSOXQJVUHDNWLRQHQ�� KDW� VLFK� GLHVH� 5HDNWLRQ� XQWHU� GHP� 1DPHQ� Å6X]XNL�0L\DXUD�
5HDNWLRQ´��LP�IROJHQGHQ�NXU]�Å6X]XNL�5HDNLRQ´�]X�HLQHP�EHOLHEWHQ�6\QWKHVHZHUN]HXJ�]XU�&�&�
%LQGXQJVNQ�SIXQJ� HQWZLFNHOW��������� 6RZRKO� EHL� HLQHU� JUR�HQ� DNDGHPLVFKHQ�+HHUVFKDU�� GLH� VLFK�
XP�HLQH�:HLWHUHQWZLFNOXQJ��]�%��6X]XNL�5HDNWLRQ�PLW�$ON\OQXNOHRSKLOHQ�RGHU�(OHNWURSKLOHQ���������
XQG�PHFKDQLVWLVFKH�$XINOlUXQJ����GHU�5HDNWLRQ�EHP�KW��DOV�DXFK�LP�LQGXVWULHOOHQ�8PIHOG����VW|�W�
GLHVH� 5HDNWLRQ� DXI� HQRUPHV� ,QWHUHVVH�� $XV� GHU� ZLUWVFKDIWOLFKHQ� 3HUVSHNWLYH� ]HLFKQHW� VLFK� GLH�
6X]XNL�5HDNWLRQ�GDGXUFK�DXV��GDVV�GLH�QXNOHRSKLOH�.RPSRQHQWH��GLH�ERURUJDQLVFKH�9HUELQGXQJ��
LP�*HJHQVDW]�]X�GHQHQ�DQGHUHU�.UHX]NXSSOXQJHQ��UHODWLY�OXIW��XQG�IHXFKWLJNHLWVVWDELO�LVW��+LQ]X�
NRPPW�GLH�ZHVHQWOLFK�JHULQJHUH�*LIWLJNHLW�GHU�%RUUHDJHQ]LHQ�E]Z��GHU� HQWVWHKHQGHQ�6DO]IUDFKW�
LP� 9HUJOHLFK� ]XU� 6WLOOH�5HDNWLRQ�� GLH� DXI� ]LQQRUJDQLVFKH� 5HDJHQ]LHQ� ]XU�FNJUHLIW�� 'LH� KRKH�
7ROHUDQ]� JHJHQ�EHU� HLQHU� 9LHO]DKO� YRQ� IXQNWLRQHOOHQ� *UXSSHQ� NRQQWH� GLH� 6X]XNL�5HDNWLRQ�
PHKUIDFK�XQWHU�%HZHLV�VWHOOHQ��$XIJUXQG�GLHVHU�9RUWHLOH�XQG�GHV�ZDFKVHQGHQ�,QWHUHVVHV�JLOW�VLH�
DXFK�DOV�HLQ�EHYRU]XJWHV�7HVWJHELHW�I�U�GLH�QHXVWHQ�.UHX]NXSSOXQJVNDWDO\VDWRUHQ�����

,P� DQVSRUQHQGHQ�:HFKVHOVSLHO� ]ZLVFKHQ� DNDGHPLVFKHU� XQG� LQGXVWULHOOHU�)RUVFKXQJ�QDFK�
HLQHU� HUZHLWHUWHQ� $QZHQGXQJVEUHLWH� GHU� 6X]XNL�5HDNWLRQ�� VWLH�� GLH�.DWDO\VHIRUVFKXQJ�� ZLH� EHL�
GHQ� PHLVWHQ� .UHX]NXSSOXQJVUHDNWLRQHQ� GLHVHU� $UW�� DXI� ]ZHL� HQWVFKHLGHQGH� (LQVFKUlQNXQJHQ��
=XP�HLQHQ�ZDU�HV�GDV�3UREOHP�GHU�$NWLYLHUXQJ�YRQ�$U\OFKORULGHQ����]XP�DQGHUHQ�GLH�VHLW�ODQJHP�
EHNDQQWHQ� 3UREOHPH��������� GLH� PLW� GHU� .RQVWUXNWLRQ� YRQ� VWHULVFK� DQVSUXFKVYROOHQ� %LSKHQ\OHQ�
YHUEXQGHQ�VLQG���

(UVWHUHV� NRQQWH�PLW�+LOIH� YRQ� HOHNWURQHQUHLFKHQ�XQG� VWHULVFK� DQVSUXFKVYROOHQ�/LJDQGHQ��
ZLH�3KRVSKLQ���������������RGHU�&DUEHQOLJDQGHQ��������HUVW�LQ�OHW]WHU�=HLW�JHO|VW�ZHUGHQ��/LJDQGHQ��GLH�
]XHUVW� I�U� GLHVH� 7UDQVIRUPDWLRQ� HLQJHVHW]W� ZXUGHQ�� VLQG� LQ� $EELOGXQJ� ��� ]XVDPPHQJHVWHOOW��
'LHVH�(QWGHFNXQJHQ�OLH�HQ�ELV�KHXWH�HLQH�JDQ]H�3OHWKRUD�DQ�QHXHQ�/LJDQGHQ�HQWVWHKHQ��GLH�I�U�
GLH�SDOODGLXPNDWDO\VLHUWH�$NWLYLHUXQJ�YRQ�$U\OFKORULGHQ� LQ�GHU�6X]XNL�5HDNWLRQ�JHQXW]W�ZHUGHQ�
N|QQHQ�� (LQH� NOHLQH� $XVZDKO� GLHVHU� /LJDQGHQ� LVW� LQ� $EELOGXQJ� ��� DEJHELOGHW�� $XIIlOOLJH�
0HUNPDOH� GLHVHU�/LJDQGHQ� VLQG� LKUH� KRKH�/HZLV�%DVL]LWlW� XQG� LKU� VWHULVFKHU�$QVSUXFK��1HXVWH�
(QWZLFNOXQJHQ� NRPELQLHUHQ� GLHVH� /LJDQGHQHLJHQVFKDIWHQ� PLW� GHQHQ� VWDELOHU� 3DOODGDF\FOHQ� DOV�
SUREOHPORV� ODJHUEDUH� .DWDO\VDWRUYRUOlXIHU��������� $QGHUH� :HLWHUHQWZLFNOXQJHQ� I�JHQ� GHP�



�� ���

/LJDQGHQ�HLQH�]XVlW]OLFKH��KHPLODELOH�.RRUGLQDWLRQVP|JOLFKNHLW� I�U�GDV�3DOODGLXPDWRP�EHL��XP�
ODQJOHELJH�XQG�KRFKDNWLYH�.DWDO\VDWRUHQ�]X�HU]HXJHQ�����

�

�
$EELOGXQJ�����6WHULVFK�DQVSUXFKVYROOH�XQG�HOHNWURQHQUHLFKH�/LJDQGHQ�GHU�HUVWHQ�6WXQGH�I�U�GLH�$NWLYLHUXQJ�

YRQ�$U\OFKORULGHQ�LQ�GHU�6X]XNL�5HDNWLRQ��

'LH� PLW� GHP� $XIEDX� YRQ� RUWKR�RUWKR��GLVXEVWLWXLHUWHQ� %LSKHQ\OHQ� YHUEXQGHQH�
3UREOHPDWLN� EOLHE� DOOHUGLQJV� EHVWHKHQ�� LQVEHVRQGHUH� ZHQQ� PLOGH� 5HDNWLRQVEHGLQJXQJHQ� ]XP�
(LQVDW]� NRPPHQ� VROOWHQ�� )X� KDWWH� PLW� W�%X�3� DOV� /LJDQGHQ� EHL� 5DXPWHPSHUDWXU� PD[LPDO�
PRQRRUWKRVXEVWLWXLHUWH�%LSKHQ\OH�V\QWKHWLVLHUHQ�N|QQHQ�����*OHLFKHV�JDOW�I�U�GLH�IU�KHQ�9HUWUHWHU�
GHU� %XFKZDOG�/LJDQGHQ� �$EELOGXQJ� ������� 1XU� EHL� HUK|KWHU� 7HPSHUDWXU� NRQQWHQ� K|KHU�
VXEVWLWXLHUWH�%LSKHQ\OH�DXI�GLHVHP�:HJ�KHUJHVWHOOW�ZHUGHQ���

�
$EELOGXQJ�����(LQH�$XVZDKO�YRQ�/LJDQGHQ��GLH�I�U�GLH�$NWLYLHUXQJ�YRQ�$U\OFKORULGHQ�LQ�GHU�6X]XNL�5HDNWLRQ�

HQWZLFNHOW�ZRUGHQ�VLQG��
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�
6FKHPD�����6X]XNL�5HDNWLRQ�EHL�5DXPWHPSHUDWXU�QDFK�+HUUPDQQ��

8Q�EHUVHKEDU� WUDWHQ� GLH� PLW� VWHULVFK� DQVSUXFKVYROOHQ� 6XEVWUDWHQ� YHUEXQGHQHQ�
6FKZLHULJNHLWHQ� HUQHXW� LQ� HLQHU� 3XEOLNDWLRQ� YRQ� +HUUPDQQ� �EHU� GLH� 6X]XNL�5HDNWLRQ� YRQ�
$U\OFKORULGHQ�EHL�5DXPWHPSHUDWXU�]X�7DJH�����=ZDU�ZDU�HV�LKP�P|JOLFK��XQWHU�9HUZHQGXQJ�GHV�
ELVDGDPDQW\OVXEVWLWXLHUWHQ� 1+&V� �,$G��� HOHNWURQLVFK� XQWHUVFKLHGOLFKH� &KORUDURPDWHQ� XQG�
%RURQVlXUHQ�EHL�5DXPWHPSHUDWXU�&�&�]XYHUNQ�SIHQ� �6FKHPD������ -HGRFK�IDQG�NHLQH�5HDNWLRQ�
EHL� GHP� 9HUVXFK�� PHKU� DOV� ]ZHL� 2UKWRVXEVWLWXHQWHQ� YRP� &KORUDURPDWHQ� E]Z�� YRQ� GHU�
%RURQVlXUH�KHU�LQ�GDV�3URGXNW�HLQ]XI�KUHQ��VWDWW���

�
��� ,%LR[��²�(LQ�/LJDQG�PLW�IOH[LEOHQ�VWHULVFKHQ�$QVSUXFK�

8P� GLHVHQ� 1DFKWHLO� GHU� 6X]XNL�5HDNWLRQ� ]X� �EHUZLQGHQ�� VROOWH� GHU� ,%LR[��/LJDQG�
�$EELOGXQJ������GHU�HUVWH�9HUWUHWHU��GHU� LQ�GLHVHU�$UEHLW�ZHLWHU�DXVJHDUEHLWHWHQ�5HLKH�DQ�,%LR[�
,PLGD]ROLXPVDO]HQ��PLW�]\NOLVFKHQ�$ON\OULQJHQ�DP�%LR[D]ROLQJUXQGJHU�VW��]XP�(LQVDW]�NRPPHQ���

'LH� ]XJUXQGH� OLHJHQGH� $UEHLWVK\SRWKHVH� KLHU]X� HQWVWDQG� GXUFK� HLQH� YHUHLQIDFKHQGH�
$QDO\VH�GHU�GUHL�*UXQGVFKULWWH�GHV�.DWDO\VH]\NOXVVHV�� VR�ZLH�HU� LQ�$EELOGXQJ����GDUJHVWHOOW� LVW��
'HU�YRQ�+HUUPDQQ�HLQJHVHW]WH�ELVDGDPDQW\OVXEVWLWXLHUWH�/LJDQG�ZDU�GHPQDFK� LQ�GHU�/DJH��GLH�
DNWLYH�=Z|OIHOHNWURQHQSDOODGLXPVSH]LHV�/��3G��]X�ELOGHQ��XQG�GXUFK�VHLQHQ�(OHNWURQHQUHLFKWXP�
DXFK� GLH� R[LGDWLYH� $GGLWLRQ� ]X� EHJ�QVWLJHQ�� $XIJUXQG� VHLQHV� VWDUU� GHILQLHUWHQ� VWHULVFKHQ�
$QVSUXFKV�YHUODQJVDPWH�HU�DEHU�GLH�R[LGDWLYH�$GGLWLRQ�YRQ���VXEVWLWXLHUWHQ�$U\OFKORULGHQ��'HV�
:HLWHUHQ� OLH��HU�DXFK�I�U�GHQ�IROJHQGHQ�7UDQVPHWDOOLHUXQJVVFKULWW�QLFKW�JHQ�JHQG�5DXP�LQ�GHU�
/LJDQGHQVSKlUH�GHV�3DOODGLXPV��XP�VWHULVFK�DQVSUXFKVYROOHUH�$U\OUHVWH�]X�DN]HSWLHUHQ���

�
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�
$EELOGXQJ�����9HUHLQIDFKWHU�.DWDO\VH]\NOXV�GHU�6X]XNL�5HDNWLRQ�XQG�$QIRUGHUXQJHQ�DQ�GHQ�/LJDQGHQ�/��

,Q� GLHVHU�+LQVLFKW� HUVFKLHQ� ,%LR[��� DOV� HLQ�PLW� J�QVWLJHUHQ� &KDUDNWHULVWLND� DXVJHVWDWWHWHU�
/LJDQG��$EELOGXQJ������'DV�KDOERIIHQH�XQG�GDV�JHVFKORVVHQH�.RQIRUPHU�LQ�$EELOGXQJ����VROOWHQ�
I�U�GLH� OLJDQGHQXQWHUVW�W]WH�%HYRU]XJXQJ�GHV�PRQRPHUHQ�/��3G�)UDJPHQW� HLQH� WUDJHQGH�5ROOH�
VSLHOHQ�� (LQ� VROFKHV� PLW� VWHULVFK� DQVSUXFKVYROOHQ� /LJDQGHQ� PRQROLJLHUWHV� 0HWDOO]HQWUXP� JLOW�
SDUDGLJPDWLVFK� DOV� GLH� HLJHQWOLFK� NDWDO\WLVFK� DNWLYH� 6SH]LHV� LQ� .UHX]NXSSOXQJVUHDNWLRQHQ��
(LQIDFKH� 8QWHUVXFKXQJHQ� PLW� YHUVFKLHGHQHQ� bTXLYDOHQWHQ� DQ� VWHULVFK� DQVSUXFKVYROOHQ�
/LJDQGHQ������������XQG�YRUJHIRUPWHQ�.RPSOH[HQ�����������������GLH�QXU�HLQHQ�6WHXHUOLJDQGHQ�EHVLW]HQ��
EHVWlWLJHQ� GLHVH� +\SRWKHVH�� 6LH� ZLUG� YRQ� GHWDLOOLHUWHQ� PHFKDQLVWLVFKHQ� 8QWHUVXFKXQJHQ� DQ�
LVROLHUWHQ�.RPSOH[HQ��]�%��YRQ�+DUWZLJ���������XQWHUPDXHUW��

�

�
$EELOGXQJ�����,%LR[��LQ�VHLQHQ�GUHL�.RQIRUPDWLRQHQ��

(QWJHJHQ�GHQ�JlQJLJHQ��LQ�LKUHP�VWHULVFKHQ�$QVSUXFK�ULJLGHQ�/LJDQGHQ��VROOWH�GHU�,%LR[��
/LJDQG�DXFK�HLQ�RIIHQHV�.RQIRUPHU� �$EELOGXQJ�����GHP�.DWDO\VH]\NOXV�]XU�9HUI�JXQJ�VWHOOHQ��
'LHVHV� .RQIRUPHU� VROOWH� I�U� GLH� R[LGDWLYH� $GGLWLRQ� E]Z�� GLH� 7UDQVPHWDOOLHUXQJ� YRQ� VWHULVFK�
DQVSUXFKVYROOHQ�$U\OUHVWHQ�JHQ�JHQG�5DXP�ELHWHQ��)�U�GHQ�OHW]WHQ�6FKULWW�LP�.DWDO\VH]\NOXV��GHU�
UHGXNWLYHQ� (OLPLQLHUXQJ� GHV� 3URGXNWHV�� KLQJHJHQ� N|QQWHQ� GLH� VWHULVFK� DQVSUXFKVYROOHUHQ�
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.RQIRUPHUH�EHJ�QVWLJHQG�ZLUNHQ������

�
$EELOGXQJ�����.ULVWDOOVWUXNWXUHQ�XQG�9HUKlOWQLV�]ZHLHU�,%LR[��.RQIRUPHUH�LQ�/|VXQJ��

'DVV� I�U� GLH� &\FORDON\OULQJH� WDWVlFKOLFK� GLH� YHUVFKLHGHQHQ� .RQIRUPHUH� HQHUJHWLVFK�
]XJlQJOLFK� VLQG�� NRQQWH� VRZRKO� LP� )HVWN|USHU� �$EELOGXQJ� ����� DOV� DXFK� LQ� /|VXQJ� EHL� WLHIHU�
7HPSHUDWXU� SHU� 105�6SHNWURVNRSLH� EHREDFKWHW� ZHUGHQ�� 'LHVH� /LJDQGHQHLJHQVFKDIW� NDQQ� DOV�
ÅZHLFKH�6SHUULJNHLW´�RGHU�QRFK� WUHIIHQGHU� DOV�ÅIOH[LEOHU� VWHULVFKHU�$QVSUXFK´�RGHU�EHVFKULHEHQ�
ZHUGHQ�

�

��� 5HVXOWDWH�XQG�'LVNXVVLRQ�
8P�HUVWH�5HDNWLYLWlWHQ�PLW�GHP�,%LR[��/LJDQGHQ�LQ�GHU�6X]XNL�5HDNWLRQ�]X�HUUHLFKHQ��XQG�

XP�GDUDXV�HLQ�EHL�5DXPWHPSHUDWXU�NDWDO\WLVFK�DNWLYHV�.DWDO\VDWRUV\VWHP�]X�HQWZLFNHOQ��ZXUGHQ�
]XQlFKVW� OLWHUDWXUEHNDQQWH� 9RUVFKULIWHQ� I�U� GLH� 6X]XNL�5HDNWLRQ� YRQ� 1RODQ����� )�UVWQHU��� XQG�
+HUUPDQQ��������DXVSURELHUW��1HEHQ� LQ�VLWX�3URWRNROOHQ��NDPHQ�XQWHU�DQGHUHP�DXFK�GLH� LVROLHUWHQ�
3DOODGLXPNRPSOH[H�>�,%LR[��3G�DOO\O�&O@�XQG�>�,%LR[���3G@�]XP�(LQVDW]��$EELOGXQJ������

�

�
$EELOGXQJ�����/LWHUDWXUEHNDQQWH�9RUVFKULIWHQ��GLH�NHLQ�3URGXNW�EHL�5DXPWHPSHUDWXU�OLHIHUWHQ��

�$OO� GLHVH�0HWKRGHQ� OLHIHUWHQ� NHLQ� 3URGXNW� EHL� 5DXPWHPSHUDWXU�� (UVW� EHL� 7HPSHUDWXUHQ�
YRQ��EHU�����&�NRQQWH�I�U�GLH�HLQIDFKVWH�7HVWUHDNWLRQ�HLQ�8PVDW]�IHVWJHVWHOOW�ZHUGHQ��0|JOLFKH�
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3UREOHPH� N|QQWHQ� HLQH� DXVJHEOLHEHQH� ,QLWLLHUXQJ� GHV�.DWDO\VDWRUV� GXUFK� Q|WLJH�5HGXNWLRQ� GHU�
3G�,,��9RUOlXIHU�]X�3G����JHZHVHQ�VHLQ��(LQH�PDQJHOQGH�'HSURWRQLHUXQJ�GHV�,PLGD]ROLXPVDO]HV�
]XP�&DUEHQOLJDQGHQ��RGHU�HLQH�,QKLELHUXQJ�GHV�.DWDO\VDWRUV�GXUFK�'LEHQ]\OLGHQDFHWRQ��ÅGED´��
RGHU� HLQ� ]XVlW]OLFKHV� bTXLYDOHQW� ,%LR[�� LP� )DOOH� YRQ� 3G��GED��� UHVSHNWLYH� >�,%LR[���3G@�� VLQG�
]XVlW]OLFKH�SRWHQWLHOOH�*U�QGH�I�U�GLH�,QDNWLYLWlW�EHL�5DXPWHPSHUDWXU��

�
6FKHPD�����6\QWKHVH�YRQ�>�,%LR[���3G@��

'HU�.RPSOH[�>�,%LR[���3G@�ZDU�QDFK�HLQHU�DGDSWLHUWHQ�9RUVFKULIW�YRQ�+HUUPDQQ����LQ�QXU�
JHULQJHU�$XVEHXWH� V\QWKHWLVLHUW�ZRUGHQ� �6FKHPD� �����$XV�7+)�(WKHU� NULVWDOOLVLHUWH� EHL� ���� �&�
GHU� .RPSOH[� LQ� IHLQHQ�� KHOOJHOEHQ� 1lGHOFKHQ� DXV�� GLH� I�U� GLH� .ULVWDOOVWUXNWXUEHVWLPPXQJ�
JHHLJQHW�ZDUHQ��
�

�
�
�
�
�
�
�

$EELOGXQJ�����.ULVWDOOVWUXNWXU�YRQ�>�,%LR[���3G@��

'LH� 3DOODGLXP�.RKOHQVWRII�%LQGXQJ� LQ� >�,%LR[���3G@� OLHJW� LP� 9HUJOHLFK� ]X� DQDORJHQ�
.RPSOH[HQ� YRQ� ,0HV� ������ c������ ,3U� ����������� ,W�%X� ������ c����� ,$G� ���������� PLW� ����� c� LP�
XQWHUHQ� /lQJHQEHUHLFK� I�U� GLH� DOV� ZHQLJHU� VWHULVFK� DQVSUXFKVYROO� JHOWHQGHQ� /LJDQGHQ�� 'LH�

[(IBiox6) 2Pd] 
 

Ausgewählte Abstände (Å) und Winkel (°):  
 

 Pd1-C1  2.001(2) 
 C1-N1  1.367(3) 
 C1-N2  1.373(3) 
 C5···C13*  4.197(4) 
 C6···C14*  4.293(4) 
 C7···C15*  4.220(4) 
  

Ebene (C1, C9, C10, N1, N2, Pd1)/Eben (C1*,C9*, C10*, 
N1*, N2*, Pd1) 62(1)°. 
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$QRUGQXQJ� GHU� (EHQHQ� GHU� ,PLGD]ROULQJH� ]XHLQDQGHU� LVW� PLW� HLQHP� 'LHGHUZLQNHO� YRQ� ����
HEHQIDOOV�YHUJOHLFKVZHLVH�NOHLQ��

(U� U�FNW� GDPLW� QlKHU� ]XP� %HUHLFK� NOHLQHUHU� :LQNHO�� GLH� EHL� DURPDWLVFK� VXEVWLWXLHUWHQ�
1+&V� �§������ YRUJHIXQGHQ�ZHUGHQ��������� DOV� ]X�GHQ�EHL� VWHULVFK� DQVSUXFKVYROOHQ�1&+V�� ,W�%X�
���������� ,$G� ���������� JHIXQGHQHQ�� ,Q� GLHVHU�.RQIRUPDWLRQ� NDQQ� ,%LR[�� DOVR� DOV� UHODWLY� NOHLQHU�
/LJDQG�EHWUDFKWHWH�ZHUGHQ��'HU�NXU]H�3G�&FDUEHQ�$EVWDQG�VSULFKW�I�U�HLQH�YHUJOHLFKVZHLVH�VWDUNH�
%LQGXQJ�XQG�N|QQWH�GLH�,QDNWLYLWlW�GHV�.RPSOH[HV�EHL�5DXPWHPSHUDWXU�HUNOlUHQ��GD�HLQ�/LJDQG�
GHQ�.RPSOH[�YHUODVVHQ�PXVV��XP�LKQ�]X�DNWLYLHUHQ�� 

�:HVHQWOLFK� I�U� GLH� HUIROJUHLFKH� (QWGHFNXQJ� HLQHV� EHL� 5DXPWHPSHUDWXU� DNWLYHQ�
.DWDO\VDWRUV�ZDU�GLH�(QWVFKHLGXQJ��GDV�IUHLH�&DUEHQV�PLW��EHUVW|FKLRPHWULVFKHQ�0HQJHQ�DQ�.+�
XQG� NDWDO\WLVFKHQ�0HQJHQ� DQ�.2W�%X� LQ� 7+)� DXV� GHP� ,PLGD]ROLXPVDO]� ]X� HU]HXJHQ�� XQG� HV�
DQVFKOLH�HQG� PLW� 3DOODGLXPDFHWDW� ]X� YHUPLVFKHQ� �6FKHPD� ����� 'LH� NODUH�� EUDXQH�
.DWDO\VDWRUO|VXQJ�NRQQWH�EHTXHP�]X�GHP�YRUEHUHLWHWHQ�5HDNWLRQVJHPLVFK�]XGRVLHUW�ZHUGHQ��6LH�
HQWKLHOW�WDWVlFKOLFK�GHQ�JHVXFKWHQ��UDXPWHPSHUDWXUDNWLYHQ�.DWDO\VDWRU�I�U�GLH�6X]XNL�5HDNWLRQ���

�
6FKHPD�����LQ�VLWX�*HQHULHUXQJ�GHV�UDXPWHPSHUDWXUDNWLYHQ�.DWDO\VDWRUV��

9HUVXFKH�� GHQ� LQ� VLWX� HU]HXJWHQ� .DWDO\VDWRU� ]X� LVROLHUHQ�� JHODQJHQ� QLFKW�� (LQIDFKHV�
(QWIHUQHQ� GHV� /|VXQJVPLWWHOV�� )lOOXQJ� GXUFK� =XJDEH� YRQ� XQSRODUHQ� /|VXQJVPLWWHOQ� RGHU�
.ULVWDOOLVDWLRQ� HUJDEHQ� 0DWHULDO�� GDV� NHLQH� HLQKHLWOLFKH� 6SH]LHV� LP� �+�105� HUNHQQHQ� OLH�HQ��
+LQJHJHQ� ]HLJWH� HLQH� /|VXQJ� GHV� LQ� GHXWHULHUWHP� 7+)� HU]HXJWHQ� .RPSOH[HV� HLQHQ� UHFKW�
FKDUDNWHULVWLVFKHQ� 3HDN� I�U� GLH� &+��*UXSSH� GHV� ,%LR[�5�FNJUDWV�� 06�(,��([SHULPHQWH� GHU�
.DWDO\VDWRUO|VXQJ� GHXWHWHQ� HEHQIDOOV� DXI� GDV� LQWDNWH� ,%LR[�3G�2$F���)UDJPHQW� KLQ�� bKQOLFKH�
�1+&�3G�2$F���.RPSOH[H� VLQG� YRQ� 6LJPDQ���� XQG� 1RODQ���� SXEOL]LHUW� XQG� FKDUDNWHULVLHUW�
ZRUGHQ���

0LW� GHP� ,%LR[��EDVLHUWHQ� 3DOODGLXPNDWDO\VDWRU� NRQQWH� HLQH� 5HLKH� DQ� HOHNWURQLVFK�
YHUVFKLHGHQHQ� $U\OERURQVlXUHQ� �(LQWUlJH� �� XQG� ��� 7DEHOOH� ��� PLW� $U\OFKORULGHQ� XQWHU�
9HUZHQGXQJ� GHU� /|VXQJVPLWWHO�%DVHQ�.RPELQDWLRQ� 7+)�&V)� NUHX]JHNXSSHOW� ZHUGHQ��
(UVWPDOV�ZDU�GDPLW�GLH�6\QWKHVH�YRQ�GLRUWKRVXEVWLWXLHUWH�%LSKHQ\OHQ�EHL�5DXPWHPSHUDWXU�XQWHU�
9HUZHQGXQJ�YRQ�%RURQVlXUHQ�P|JOLFK��
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Eintrag Produkt Ausbeute Eintrag Produkt Ausbeute 

 

  1 82 

 

5 

 

79 

  2 83 

  3 69 

 

6 

 

 

87 

 

 

4 

�

 

85 

�

7 

8 

 

52a 

94b 
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7DEHOOH����3URGXNWH�GHU�6X]XNL�5HDNWLRQ�XQWHU�GHQ� DQJHJHEHQHQ�%HGLQJXQJHQ�� D�� �����0RO���.DWDO\VDWRU�� E��
�����0RO���.DWDO\VDWRU������&��

�

�

Eintrag Produkt Ausbeute (%) Eintrag Produkt Ausbeute (%) 

1 70 

 

4 95 

2 69 5 72 

3 

�

66a 

�

6 

 

76 

 �  �  �  

7DEHOOH����3URGXNWH�GHU�6X]XNL�5HDNWLRQ�XQWHU�GHQ�DQJHJHEHQHQ�%HGLQJXQJHQ��D������&��
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���

'DV� LVW� HLQH�5HDNWLRQ��GLH� VRZRKO� LQ�GHU�9HU|IIHQWOLFKXQJ�YRQ�+HUUPDQQ�XQG�XQWHU�GHQ�
KLHU� HQWZLFNHOWHQ�%HGLQJXQJHQ�PLW� ,$G�E]Z�� ,0HV� DOV�/LJDQGHQ�QLFKW�GXUFK]XI�KUHQ�ZDU��'LH�
5HDNWLRQ� NRQQWH� DXFK� PLW� UHODWLY� QLHGULJHU� .DWDO\VDWRUEHODGXQJ� YRQ� ������ I�U� HLQ� DNWLYLHUWHV�
$U\OFKORULG� �(LQWUDJH� �� XQG� ��� 7DEHOOH� ��� GXUFKJHI�KUW� ZHUGHQ�� /HLFKWHV� (UZlUPHQ� I�KUW� ]X�
721V�LQ�GHU�*U|�HQRUGQXQJ�YRQ�������

8P� ����VXEVWLWXLHUWH� %RURQVlXUHQ� DOV� 6XEVWUDWH� YHUZHQGHQ� ]X� N|QQHQ�� PXVVWHQ� GLH�
5HDNWLRQVEHGLQJXQJHQ�HQWVSUHFKHQG�DQJHSDVVW�ZHUGHQ��5HDNWLRQVVFKHPD��EHU�7DEHOOH�����6RZLH�
HV�6X]XNL���� VHOEVW�EHVFKULHEHQ�KDWWH��KDOI�GDEHL� HLQH� VWlUNHUH�%DVH��.2W�%X� LQ�ZlVVULJHQ�7+)��
.2+� XQWHU� LGHQWLVFKHQ� %HGLQJXQJHQ� OLHIHUWH� NHLQ� 3URGXNW�� :DKUVFKHLQOLFK� EHVFKOHXQLJWH� GLH�
VWlUNHUH� %DVH� GHQ� 7UDQVPHWDOOLHUXQJVVFKULWW�� 6RPLW� NRQQWHQ� DXFK� WULVXEVWLWXLHUWH� %LSKHQ\OH�
�(LQWUlJH���XQG����7DEHOOH����HUVWPDOV�XQWHU�PLOGHQ�6X]XNL�%HGLQJXQJHQ�KHUJHVWHOOW�ZHUGHQ���

1DFK�GLHVHQ�(UIROJHQ�PLW�GHP�QHX�HQWZLFNHOWHQ�,%LR[��.DWDO\VDWRU��EHULFKWHWHQ�1RODQ����
XQG�%XFKZDOG�����EHU�YHUJOHLFKEDUH�(UJHEQLVVH�I�U�GLH�6X]XNL�5HDNWLRQ�YRQ�VWHULVFK�JHKLQGHUWHQ�
$U\OFKORULGHQ�EHL�5DXPWHPSHUDWXU� �$EELOGXQJ������'LH�YRQ�1RODQ�YHUZHQGHWHQ�.DWDO\VDWRUHQ�
VLQG�LQ�]ZHLHUOHL�+LQVLFKW�HUZlKQHQVZHUW��]XP�HLQHQ�NRQQWH�HU�PLW�LKQHQ�NXU]H�5HDNWLRQV]HLWHQ�
UHDOLVLHUHQ��=XP� DQGHUQ� EHUXKHQ� GLH�.DWDO\VDWRUHQ� DXI� GHQ�&DUEHQHQ� ,3U� XQG� ,0HV��'DV� VLQG�
/LJDQGHQ�� GLH� XQWHU� GHQ� LQ� GLHVHU�$UEHLW� HQWZLFNHOWHQ�%HGLQJXQJHQ� NHLQH� NDWDO\WLVFKH�$NWLYLWlW�
]HLJWHQ���

�
$EELOGXQJ�����.DWDO\VDWRUV\VWHPH�YRQ�1RODQ�XQG�%XFKZDOG��GLH�HEHQIDOOV�EHL�5DXPWHPSHUDWXU�

RUWKRVXEVWLWXLHUWH�%LSKHQ\OH�DXIEDXHQ�N|QQHQ��

6R� VFKHLQW� QHEHQ� GHP� HLJHQWOLFKHQ� &DUEHQOLJDQGHQ� LQ� 1RODQV� .RPSOH[HQ�� DXFK� GHU�
VSH]LHOOH�$NWLYLHUXQJVPHFKDQLVPXV�HQWVFKHLGHQG�I�U�GLH�KRKH�$NWLYLWlW�]X�VHLQ��(LQ�]XVlW]OLFKHV��
QHXDUWLJHV� &KDUDNWHULVWLNXP�� GDV� I�U� GLH� KRKH� $NWLYLWlW� GHU� %XFKZDOGVFKHQ� 3KRVSKLQOLJDQGHQ�
YHUPXWOLFK�YHUDQWZRUWOLFK�LVW��LVW�GLH�GXUFK�GHQ�(OHNWURQHQUHLFKWXP�GHV�GLPHWKR[\VXEVWLWXLHUWHQ�



�� ���

$U\OUHVWHV� JHI|UGHUWH� VWDELOLVLHUHQGH� :HFKVHOZLUNXQJ� GHV� �6\VWHPV� GLHVH� $URPDWHQ� PLW� GHP�
3DOODGLXP]HQWUXP������

8P� WHWUDRUWKRVXEVWLWXLHUWH� %LDU\OH� PLW� +LOIH� HLQHV� 6X]XNL�3URWRNROOV� DXV� $U\OFKORULGHQ�
KHUVWHOOHQ�]X�N|QQHQ��ZDUHQ�ZHVHQWOLFKH�9HUlQGHUXQJHQ�DQ�GHQ�.DWDO\VDWRUV\VWHPHQ�QRWZHQGLJ��
hEHU�GLH�LQ�GLHVHU�$UEHLW�XQWHUQRPPHQ�ZLUG�LP�QlFKVWHQ�$EVFKQLWW�EHULFKWHW���
�
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�

���

Å$XGHQWLV�IRUWXQD�LXYDW´�

� (5:(,7(581*�'(5�,%,2;�)$0,/,(�
��� 6\QWKHVH�GHU�QHXHQ�/LJDQGHQ�

1DFK� GHQ� (UJHEQLVVHQ�� GLH� PLW� GHP� ,%LR[��/LJDQGHQ� HU]LHOW� ZHUGHQ� NRQQWHQ�� EOLHE� DOV�
XQJHO|VWHV� 3UREOHP� GLH� 6\QWKHVH� YRQ� WHWUDRUWKRVXEVWLWXLHUWHQ� %LSKHQ\OHQ�� DXVJHKHQG� YRQ�
$U\OFKORULGHQ� XQG� %RURQVlXUHQ�� %LV� GDKLQ� ZDU� GLHV� QXU� I�U� $U\OEURPLGH� YRQ� %XFKZDOG� PLW�
$EN|PPOLQJHQ�VHLQHV�%LSKHQ\OSKRVSKLQ�/LJDQGHQ�EHVFKULHEHQ�ZRUGHQ��$EELOGXQJ�������������

�
$EELOGXQJ�����%XFKZDOGV�:HLWHUHQWZLFNOXQJHQ�I�U�GLH�.UHX]NXSSOXQJ�YRQ�����VXEVWLWXLHUWHQ�$U\OEURPLGHQ�

PLW�����VXEVWLWXLHUWHQ�$U\OERURQVlXUHQ��

*lQJLJH� 3URWRNROOH�� GLH� I�U� .UHX]NXSSOXQJ� I�U� VWHULVFK� DQVSUXFKVYROOH�
.XSSOXQJVSDUWQHU��������RGHU�$U\OFKORULGH���HQWZLFNHOW�ZRUGHQ�ZDUHQ��YHUVDJWHQ�EHL�GHP�9HUVXFK��
GLH�LQ�6FKHPD����DEJHELOGHWH�5HDNWLRQ�PLW�GHP�,%LR[��/LJDQGHQ�GXUFK]XI�KUHQ��+DXSWVlFKOLFK�
EHREDFKWHWH� 1HEHQUHDNWLRQ� ZDU� GLH� +\GURGHERU\OLHUXQJ� GHU� ����'LPHWK\OERURQVlXUH��
LQVEHVRQGHUH� ZHQQ� ZlVVULJH� %HGLQJXQJHQ� YHUZHQGHW� ZXUGHQ�� 'HU� (LQVDW]� YRQ�
K\GURO\VHVWDELOHUHQ� %RURQVlXUHHVWHUQ� DXV� (WKDQGLRO� XQG� 3LQDNRO� I�KUWH� HEHQIDOOV� QLFKW� ]XP�
JHZ�QVFKWHQ� (UIROJ�� 'DV� HUZDUWHWHW� .XSSOXQJVSURGXNW� NRQQWH� QXU� LQ� JHULQJHQ� 0HQJHQ� �FD��
����� LP� *&�06� EHREDFKWHWHW� ZHUGHQ�� ZHQQ� DXI� HLQ� YRQ� %XFKZDOG���� I�U� $U\OEURPLGH�
HQWZLFNHOWHV�3URWRNROO�]XU�FNJHJULIIHQ�ZXUGH���

�
6FKHPD�����$QJHVWUHEWH�6X]XNL�.UHX]NXSSOXQJ��'LH�%HGLQJXQJHQ�VLQG�GHQ�/LWHUDWXUVWHOOHQ�����������]X�

HQWQHKPHQ��

�



�� ���

8P� QHEHQ� GHQ� (IIHNWHQ� GHU� 5HDNWLRQVEHGLQJXQJHQ� DXFK� V\VWHPDWLVFK� GHQ� (LQIOXVV� GHV�
/LJDQGHQ�]X�VWXGLHUHQ��ZXUGH�GLH�,%LR[�/LJDQGHQNODVVH�XP�$QDORJD�]X�,%LR[��+27I�HUZHLWHUW��
'DEHL� ZXUGH� GLH� ,%LR[�.ODVVH� IRNXVVLHUW� XP� GLH� ]X� ,%LR[��+27I� YHUPHLQWOLFK� NOHLQHUHQ�
9HUWUHWHU� ,%LR[0H��+27I� XQG� ,%LR[��+27I�� VRZLH� GLH� ,%LR[�/LJDQGHQ� PLW� JU|�HUHQ�
&\FORDON\OULQJHQ� �,%LR[�����+27I��� HUZHLWHUW�� 6SlWHU� ZXUGH� DXFK� HLQ� ZHLWHUHV� RIIHQNHWWLJHV�
,PLGD]ROLXPVDO]�,%LR[3HQW��+27I�KHUJHVWHOOW��6FKHPD�������

�

�
6FKHPD�����6\QWKHVH�GHU�,%LR[�,PLGD]ROLXPVDO]H��D��62&O���7ROXRO���������&����K���������

'LH�6\QWKHVH�GHU�/LJDQGHQ�EHJDQQ�LP�)DOOH��GDVV�GLH�NRUUHVSRQGLHUHQGH�$PLQRVlXUH�QLFKW�
NRPPHU]LHOO�HUKlOWOLFK�ZDU��EHLP�HQWVSUHFKHQGHQ�.HWRQ��,%LR[���������XQG�,%LR[3HQW����$XV�GHP�
.HWRQ� NRQQWH� GXUFK� NODVVLVFKH� %XFKHUHU�%HUJV�5HDNWLRQ���� ]XQlFKVW� GDV�+\GDQWRLQ� KHUJHVWHOOW�
ZHUGHQ��GDV�XQWHU� VWDUN�EDVLVFKHQ�%HGLQJXQJHQ�]XU�$PLQRVlXUH�YHUVHLIW�ZXUGH��$QVFKOLH�HQGH�
5HGXNWLRQ� GHU� $PLQRVlXUH� PLW� LQ� VLWX� HU]HXJWHP� %+�� QDFK� 0DVDPXQH���� HUJDE� GHQ� I�U� GLH�
.RQGHQVDWLRQ� PLW� 'LHWK\OR[DODW� EHQ|WLJWHQ� $PLQRDONRKRO�� &KORULHUXQJ� PLW� 7KLRQ\OFKORULG�
ZDQGHOWH�GHQ�$PLGRDONRKRO� LQ�GDV�$PLGRFKORULG�XP��8QWHU�EDVLVFKHQ�%HGLQJXQJHQ�]\NOLVLHUWH�
GDV�$PLGRFKORULG� ]XP�%LR[D]ROLQ��%HLP� OHW]WHQ� 6FKULWW�� GHU�=\NOLVLHUXQJ� GHV�%LR[D]ROLQV� ]XP�
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�

���

,PLGD]ROLXPVDO]�� ]HLJWH� VLFK� HUQHXW� GLH� 9HUOlVVOLFKNHLW� GHV� YRQ� *ORULXV� HQWZLFNHOWHQ�
9HUIDKUHQV�����GDV�RKQH�JUR�H�$GDSWLRQ�LQ�DOOHQ�)lOOHQ�$XVEHXWHQ�YRQ��EHU�����OLHIHUWH���

,Q� HLQLJHQ� )lOOHQ� ZXUGH� EHL� =XJDEH� YRQ� Å7ULIODWPHKW\OSLYDODW´���� ]XP� %LR[D]ROLQ� HLQH�
1LHGHUVFKODJVELOGXQJ� EHREDFKWHW�� 6SlWHUH�$QDO\VH� GHU�1HEHQSURGXNWH� ]HLJWH�� GDVV� HV� VLFK� WHLOV�
XP�GHQ�]XU�FNJHELOGHWHQ�$PLQRDONRKRO�KDQGHOWH��GHU�ZDKUVFKHLQOLFK�GXUFK�QXNOHRSKLOHQ�$QJULII�
DXI� GHQ� %LR[D]ROLQPHWK\OHQNRKOHQVWRII� HQWVWDQG�� (V� HPSIDKO� VLFK�� GLH� %LR[D]ROLQH� YRU� GHP�
5LQJVFKOXVV�]XP�,PLGD]ROLXPVDO]�XP]XNULVWDOOLVLHUHQ�RGHU��EHU�HLQH�NXU]H�6lXOH�PLW�6LOLFDJHO�]X�
ILOWULHUHQ��XP�WURFNHQH�XQG�UHLQH�$XVJDQJVYHUELQGXQJ�I�U�GLH�ILQDOH�=\NOLVLHUXQJ�]X�HUKDOWHQ��'LH�
=XJDEH� GHV� 5HDJHQ]HV� ]XP� %LR[D]ROLQ� XQWHU� (LVN�KOXQJ� VWHOOWH� VLFK� HEHQIDOOV� DOV� YRUWHLOKDIW�
KHUDXV�� GD� HLQH� HUKHEOLFKH� :lUPHW|QXQJ� GHV� 5HDNWLRQVJHPLVFKHV� ZlKUHQG� GHU�
5HDJHQ]LHQ]XJDEHQ�EHREDFKWHW�ZXUGH��

*HQHUHOO� LVW� KHUYRU]XKHEHQ�� GDVV� GLH� OlQJOLFK� HUVFKHLQHQGH� 6\QWKHVHVHTXHQ]� RKQH�
3UREOHPH� I�U� MHGHQ� GHU� KLHU� YRUJHVWHOOWHQ� /LJDQGHQ� YHUOLHI�� XQG� DXFK� JU|�HUHQ� 0HQJHQ� DQ�
/LJDQGHQPDWHULDO�EHUHLWJHVWHOOW�ZHUGHQ�NRQQWHQ��,P�)DOOH�YRQ�I�U�,%LR[��+27I�ZXUGH�LQQHUKDOE�
YRQ� �� $UEHLWVWDJHQ� NQDSS� ��� J�� DXVJHKHQG� YRP� .HWRQ�� V\QWKHWLVLHUW�� 'LH� 5HLQLJXQJVVFKULWWH�
EHVFKUlQNWHQ� VLFK� DXI� .ULVWDOOLVDWLRQ�� )LOWUDWLRQ� E]Z�� 'HNDQWLHUHQ�� 'HU� OHW]WH� 6FKULWW� HUIRUGHUW�
HLQHQ�VlXOHQFKURPDWRJUDSKLVFKHQ�5HLQLJXQJVVFKULWW�YRU�GHU�.ULVWDOOLVDWLRQ���

�
$EELOGXQJ�����,%LR[�6WUXNWXUHQ��GLH�QLFKW�KHUJHVWHOOW�ZHUGHQ�NRQQWHQ��

/LJDQGHQVWUXNWXUHQ��GLH�ELVODQJ�QLFKW�KHUJHVWHOOW�ZHUGHQ�NRQQWHQ��ZDUHQ�GLH�LQ�$EELOGXQJ�
���JH]HLJWHQ��'HU�$PLQRDONRKRO��GHU�I�U�,%LR[�2�+27I�QRWZHQGLJ�JHZHVHQ�ZlUH��NRQQWH�QXU�LQ�
]X�JHULQJHQ�$XVEHXWHQ�SURGX]LHUW�ZHUGHQ��'DV�9RUOlXIHUELR[D]ROLQ� I�U� ,%LR[+��+27I�NRQQWH�
QLFKW�]XP�,PLGD]ROLXPVDO]�]\NOLVLHUW�ZHUGH��GD�VLFK�EHL�GHU�5HDNWLRQ�HLQH�]lKH��XQO|VOLFKH�0DVVH�
ELOGHWHW�� 'DV� %LR[D]ROLQ� %LR[+��� ZDU� VHOEVW� VFKZHU� O|VOLFK� LQ� &+�&O��� $XI� GHP� :HJ� ]X�
,%LR[3K��+27I�ZDU�GHU�HQWVSUHFKHQGH�$PLGRDONRKRO�XQWHU�GHQ�&KORULHUXQJVEHGLQJXQJHQ�QLFKW�
VWDELO�� 'LH� 6\QWKHVH� YRQ� ,%LR[$G��+27I� VFKHLWHUWH� DXI� GHU� +\GDQWRLQVWXIH�� GD� XQWHU� GHQ�
6WDQGDUGEHGLQJXQJHQ� GHU� %XFKHUHU�%HUJV�5HDNWLRQ� KDXSWVlFKOLFK� GDV� &\DQK\GULQ� JHELOGHWH�
ZXUGH���



�� ���

��� 'LH�QHXHQ�,%LR[�/LJDQGHQ���(LJHQVFKDIWHQ�
$OV� KHUDXVUDJHQGH� (LJHQVFKDIW� YRQ� &DUEHQOLJDQGHQ� ZLUG� PHLVW� LKUH� VWDUNH� �

'RQRUNDSD]LWlW� EHL� YHUJOHLFKVZHLVH� JHULQJHU� �$N]HSWRUHLJHQVFKDIW� JHQDQQW���� ,PPHU� QHXH�
&DUEHQOLJDQGHQ�ZHUGHQ�SXEOL]LHUW��GLH�VLFK�LQ�GLHVHU�(LJHQVFKDIW�JHJHQVHLWLJ��EHUWUHIIHQ���������(LQ�
SUREDWHV� 0LWWHO�� XP� GLH� (OHNWURQHQGRQRUHLJHQVFKDIW� HLQHV� /LJDQGHQ� ]X� TXDQWLIL]LHUHQ�� LVW� GLH�
0HVVXQJ� GHU� &DUERQ\OVFKZLQJXQVEDQGHQ� LP� LQIUDURWHQ� 6SHNWUDOEHUHLFK� �,5�� YRQ�
&DUERQ\ONRPOSH[HQ� GHU� /LJDQGHQ�� XQG� VLH� PLWHLQDQGHU� LQ� HLQHU� 6HULH� YRQ� .RPSOH[HQ� ]X�
YHUJOHLFKHQ���������

�
$EELOGXQJ�����%HVWLPPXQJ�GHV�7(3�I�U�&DUEHQH�QDFK�&UDEWUHH��

(LQ�HOHNWURQHQUHLFKHU�/LJDQG�HU]HXJW�HLQ�HOHNWURQHQUHLFKHV�0HWDOOIUDJPHQW��GDV�ZLHGHUXP�
(OHNWURQHQGLFKWH�LQ�GLH�2UELWDOH�GHU�&DUERQ\OOLJDQGHQ��EHUWUlJW�XQG�GLH�&�2�%LQGXQJ�VFKZlFKW��
,5�DQDO\WLVFK� EHGHXWHW� GDV� I�U� GLH� &DUERQ\OJUXSSH� QLHGULJHUH� 6FKZLQJXQJVIUHTXHQ]HQ� E]Z��
K|KHUH�:HOOHQ]DKOHQ��7ROPDQ�NDUWRJUDSKLHUWH�I�U�YLHOH�3KRVSKLQH�GLH�/DJH�GHU�&DUERQ\OEDQGHQ�
LP� ,5����� &UDEWUHH� NRQQWH� DXV� GLHVHQ� 'DWHQ� HLQH� HLQIDFKH� OLQHDUH� %H]LHKXQJ� ]ZLVFKHQ� GHQ�
7ROPDQ� (OHFWURQLF� 3DUDPHWHUQ� �7(3�� XQG� GHU� PLWWOHUHQ� 6FKZLQJXQJVIUHTXHQ]� GHU�
&DUERQ\OEDQGHQ� YRQ� 5�3,U�&2��&O�.RPSOH[HQ� DEOHLWHQ� �$EELOGXQJ� ����� hEHU� GLHVH� HLQIDFKH�
OLQHDUH� %H]LHKXQJ� N|QQHQ� PLW� +LOIH� GHU� PLWWOHUHQ� 6FKZLQJXQJVIUHTXHQ]HQ� DQDORJHU�
,ULGLXPNRPSOH[H�YRQ�&DUEHQOLJDQGHQ�DXFK�7(3V�I�U�HLQHQ�9HUJOHLFK�PLW�GHQHQ�YRQ�3KRVSKLQHQ�
EHVWLPPW�ZHUGHQ��$EELOGXQJ�������

�

TEP = 0.722[Qgemittelt(CO)] +593 cm-1 
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�
6FKHPD�����6\QWKHVH�GHU�,ULGLXPFDUERQ\ONRPSOH[H��

8P�HLQH�9RUVWHOOXQJ�YRQ�GHQ�(OHNWURQHQGRQRUHLJHQVFKDIWHQ�GHU�QHXHQ�,%LR[�/LJDQGHQ�]X�
EHNRPPHQ�� XQG� GHQ� (LQIOXVV� GHU� XQWHUVFKLHGOLFKHQ� DQV� /LJDQGHQU�FNJUDW� DQJHNQ�SIWHQ�
$ON\OUHVWH� ]X� XQWHUVXFKHQ�� ZXUGHQ�� GHU� 0HWKRGH� YRQ� &UDEWUHH� IROJHQG�� YLHU� �,%LR[�,U&2�&O�
.RPSOH[H�V\QWKHWLVLHUW�XQG�GHUHQ�,QIUDURWVSHNWUHQ�JHPHVVHQ���

'LH�6\QWKHVH�GHU�.RPSOH[H�JHODQJ�RKQH�ZHLWHUH�6FKZLHULJNHLWHQ�QDFK�GHU�9RUVFKULIW�YRQ�
&UDEWUHH� �6FKHPD� ����� 'LH� LQWHQVLY� JHOEHQ� =ZLVFKHQVWXIHQ� NRQQWHQ� DQ� GHU� /XIW� JHKDQGKDEW�
ZHUGHQ��(LQH�5HLQLJXQJ�SHU�6lXOHQFKURPDWRJUDSKLH�HUJDE�RKQH�]HLWDXIZlQGLJH�.ULVWDOOLVDWLRQ�GLH�
UHLQHQ�9RUOlXIHU� I�U�GHQ�&2'�&2�$XVWDXVFK����PLQ�WLJHV�'XUFKOHLWHQ� HLQHV� VFKZDFKHQ�&2�
6WURPV� GXUFK� HLQH� /|VXQJ� GHV� .RPSOH[HV� LQ� &+�&O�� EHL� �� �&� UHLFKWH� DXV�� XP� &2'� ]X�
YHUGUlQJHQ�� 'DV� IUHLH� &2'� NRQQWH� PLW� 3HQWDQ� YRP� 5�FNVWDQG� ZHJJHZDVFKHQ� ZHUGHQ�� (LQH�
EHPHUNHQVZHUWH� %HREDFKWXQJ� DQ� GLHVHU� 6WHOOH� ZDU�� GDVV� GLH� ,%LR[�����.RPSOH[H� EHJDQQHQ�
VHOEVW� LQ�GHP�XQSRODUHQ�3HQWDQ� UHODWLY� JXW� O|VOLFK�]X�ZHUGHQ��'HVKDOE�PXVVWH� LQ�GLHVHQ�)lOOHQ�
ZlKUHQG�GHV�:DVFKHQV�PLW�3HQWDQ�EHL� WLHIHQ�7HPSHUDWXUHQ�JHDUEHLWHW�ZHUGHQ��XP�QLFKW�]XYLHO�
.RPSOH[�PLW�GHU�:DVFKSKDVH�]X�YHUOLHUHQ��

�

$EELOGXQJ�����.ULVWDOOVWUXNWXU�YRQ�>�,%LR[0H��,U�&2'�&O@��

  [(IBioxMe 4)Ir(COD)Cl] 
 
 Ausgewählte Abstände (Å)  

 
 Ir-C1  2.031(3) 
 Ir-Cl 2. 2.3563(8) 
 Ir-C12  2.107(3) 
 Ir-C13  2.111(3) 
 Ir-C16  2.167(4) 
 Ir-C17  2.187(3) 
 C12-C13 1.425(5) 
 C16-C17 1.392(6) 



�� ���

1HEHQ� GHU� URXWLQHPl�LJHQ� &KDUDNWHULVLHUXQJ� ZXUGH� DXI� EHLGHQ� 6WXIHQ� GHU� 6\QWKHVH�
]XVlW]OLFK� HLQH�.ULVWDOOVWUXNWXUDQD\DOVH� GXUFKJHI�KUW�� XP� GLH�.RQQHNWLYLWlWHQ� LP�(LQ]HOQHQ� ]X�
�EHUSU�IHQ��%HLGH�,ULGLXP]HQWUHQ�VLQG�TXDGUDWLVFK�SODQDU�NRRUGLQLHUW��$EELOGXQJ�����$EELOGXQJ�
����� 'LH� $EVWlQGH� ]HLJHQ� NHLQH� EHVRQGHUHQ� $EZHLFKXQJHQ� LP� 9HUJOHLFK� ]X� DQDORJHQ�
�1+&�,U�&2'�&O�� E]Z�� �1+&�,U�&2��&O�.RPSOH[HQ������������� 'LH� $XIZHLWXQJ� GHV� &���2���
%LQGXQJVOlQJH� �$EELOGXQJ� ���� E]Z�� NOHLQHUH� &���&���'RSSHOGELQGXQJVOlQJH� �$EELOGXQJ� ����
WUDQV�]XP�,%LR[�/LJDQGHQ� LP�9HUJOHLFK�]X�GHQ�FLV�DQJHRUGQHWHQ�/LJDQGHQ�VSLHJHOW�GLH�KRKH� �
(OHNWURQHQGRQRUHLJHQVFKDIW�GHV�/LJDQGHQ�ZLGHU���

�

�
$EELOGXQJ�����.ULVWDOOVWUXNWXU�YRQ�>�,%LR[��,U�&2��&O@��

$XIVFKOXVVUHLFK� ZDU� LQVEHVRQGHUH� GHU� 9HUJOHLFK� 7(3V�� GLH� VLFK� DXV� GHQ� /DJHQ� GHU�
&DUERQ\OEDQGHQ� DEOHLWHWHQ� �7DEHOOH� ���� (V� ]HLJWH� VLFK�� GDVV� DOOH� .RPSOH[H�� LQ� GHQ�
*HQDXLJNHLWVJUHQ]HQ� GLHVHU� 0HWKRGH�� JOHLFKH� 7(3V� XQG� GDPLW� (OHNWURQHQGRQRUHLJHQVFKDIWHQ�
EHVD�HQ�� 'DV� EHGHXWHW�� GDVV� GLH� 9DULDWLRQ� GHU� $ON\OUHVWH� DP� %LR[D]ROLQJUXQGJHU�VW� HLQHQ�
YHUQDFKOlVVLJEDU�NOHLQHQ�(LQIOXVV�DXI�GLH�HOHNWURQLVFKHQ�(LJHQVFKDIWHQ�GHV�/LJDQGHQ�KDWWH��

Ligand �(CO) [cm-1] �(CO) [cm-1] TEP�(CO) [cm-1] 

IBioxMe4 1982 2066 2054 

IBiox6 1982 2065 2054 

IBiox8 1981 2064 2053 

IBiox12 1980 2064 2053 

7DEHOOH����6FKZLQJXQJVIUHXTXHQ]HQ�YRQ�&2�XQG�EHUHFKQHWH�7(3V�QDFK�&UDEWUHH��

[(IBiox6)Ir(CO) 2Cl] 
 

Ausgewählte Abstände (Å) und Winkel (°):  
 

Ir-C1  2.072(3) 
Ir-C18  1.897(4) 
Ir-C19  1.892(3) 
Ir-Cl  2.351(1) 
C18-O3  1.055(4) 
C19-O4  1.137(4) 

 
Ebene (Ir, C1, C18, C19, Cl)/Ebene (Ir, C1, N1, N2, C4, 

C5) 89.9(1)°. 
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'LHVH� bKQOLFKNHLW� LQ� GHU� (OHNWURQHQGLFKWHYHUWHLOXQJ� ]HLFKQHWH� VLFK� DXFK� LQ� GHU�
.RQIRUPLWlW� GHU� FKHPLVFKHQ� 9HUVFKLHEXQJ� DXVJHZlKOWHU� 6LJQDOH� LQ� GHQ� 105�6SHNWUHQ� GHU�
,PLGD]ROLXPVDO]H�DE��7DEHOOH�����

�

Imidazoliumsalz C2-H OCH2 C2 OCN Cquart OCH2 

IBioxMe4•HOTf 8.71 4.76 112.4 125.2 64.6 88.4 

IBiox5•HOTf 8.83 4.83 112.6 125.7 73.6 87.6 

IBiox6•HOTf 8.93 4.82 113.2 124.8 67.5 85.9 

IBiox7•HOTf 8.83 4.75 112.4 124.9 71.3 87.1 

IBiox8•HOTf 8.82 4.78 113.0 125.0 71.5 87.6 

IBiox12•HOTf 8.71 4.73 114.5 125.2 70.9 87.3 

IBioxPent4•HOTf 8.91 4.82 114.0 125.6 70.4 85.4 

7DEHOOH����$XVJHZlKOWH��+��XQG���&�105�'DWHQ�I�U�GLH�,%LR[�,PLGD]ROLXPVDO]H��

�'LHV�JLEW�GLH�ELVODQJ�ZHQLJ�YHUEUHLWHWH�0|JOLFKNHLW� LP�%HUHLFK�GHV�/LJDQGHQGHVLJQV��GHQ�
HOHNWURQLVFKHQ� 3DUDPHWHU� HLQHV� /LJDQGHQ� NRQVWDQW� ]X� KDOWHQ�� ZlKUHQG� GLH� VWHULVFKHQ�
(LJHQVFKDIWHQ�XQDEKlQJLJ�XQG�V\VWHPDWLVFK�YDULLHUW�ZHUGHQ�N|QQHQ��,P�)DOOH�YRQ�PRQRGHQWDWHQ�
3KRVSKLQHQ� LVW�GLHV�DXI�HLQIDFKH�$UW�XQG�:HLVH�QLFKW�P|JOLFK��$XI�GHQ�]ZHLWHQ�%OLFN�IlOOW�DXI��
GDVV� GLH� ,%LR[�/LJDQGHQ� �7(3�  � ����� FP���� HWZDV� VFKOHFKWHUH� (OHNWURQHQGRQRUHLJHQVFKDIWHQ�
EHVLW]HQ� DOV� 6WDQGDUGFDUEHQH� �7(3� � ����� FP����� XQG� LQ� HWZD�PLW� W�%X3�� �7(3� � ����� FP����
YHUJOLFKHQ�ZHUGHQ�N|QQHQ��

(LQHQ� (LQGUXFN� �EHU� GLH� VWHULVFKHQ� (LJHQVFKDIWHQ� GHU� ,PLGD]ROLXPVDO]H� NRQQWH� GXUFK�
U|QWJHQRJUDSKLVFKH�$QDO\VH�LKUHU�6WUXNWXUHQ�LP�)HVWN|USHU�HUKDOWHQ�ZHUGHQ��$EELOGXQJ������'LH�
,PLGD]ROLXPVDO]H� NULVWDOOLVLHUWHQ� DXV� &+�&O��+H[DQ��� E]Z�� +HSWDQ�� RGHU� 'LHWK\OHWKHU�+H[DQ��
/|VXQJVJHPLVFKHQ��

'LH� 5|QWJHQVWUXNWXUHQ� ]HLJHQ� LQ� DOOHQ� 6DO]HQ� HLQHQ� DEVROXW� SODQDUHQ� ,PLGD]ROULQJ�� 'LH�
2[D]ROLQULQJH�N|QQHQ�HWZDV�XQWHUVFKLHGOLFKH�.RQIRUPHUH�HLQQHKPHQ��GLH�0HWK\OHQJUXSSHQ�&��
XQG�&��UDJHQ��������c��DXV�GHU�(EHQH�KHUDXV��'LHVH�$EZHLFKXQJHQ�VLQG�DEHU�VR�NOHLQ��GDVV�PDQ�
GHQ� 7UL]\NOXV� ZHLWHVWJHKHQG� DOV� ULJLGH� EH]HLFKQHQ� NDQQ�� $EELOGXQJ� ��� OlVVW� HLQLJH� P|JOLFKH�
.RQIRUPHUH� GHU� &\FORDON\OULQJH� HUNHQQHQ�� 'LHV� LVW� EHVRQGHUHV� DQ� GHU� 6WUXNWXUHQ� YRQ�
,%LR[��+27I��,%LR[��+27I�XQG�,%LR[���+27I�]X�HUNHQQHQ��EHL�GHQHQ�GLH�&\FORDON\OULQJH�DXI�
EHLGHQ� 6HLWHQ� XQWHUVFKLHGOLFKH� .RQIRUPHUH� HLQJHQRPPHQ� KDEHQ�� )�U� DOOH� 6DO]H� LVW� GLH�
$QRUGQXQJ� GHU� �&�$WRPH� LQ� 5HODWLRQ� ]XP� WUL]\NOLVFKHQ� 5�FNJUDW� EHLQDKH� LGHQWLVFK��



�� ���

�
$EELOGXQJ�����.ULVWDOOVWUXNWXUHQ�GHU�,PLGD]ROLXPWULIODWH��

IBiox5 •HOTf 

IBioxMe 4•HOTf 

IBiox6 •HOTf 

IBiox7 •HOTf 

IBiox8 •HOTf 

IBiox12 •HOTf 
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'LH� $QRUGQXQJ� GHU� UHVWOLFKHQ� .RKOHQVWRIIDWRPH� GHU� 5LQJH� ZLUG� GXUFK� GLH�
6SLUREHIHVWLJXQJ� DP� 5�FNJUDW� XQG� GLH� 1DWXU� GHV� 5LQJHV� EHVWLPPW�� 'HP� 5�FNJUDW� QDKH�
.RKOHQVWRIIDWRPH� VLQG� QRFK� UHODWLY� EHVFKUlQNW� LQ� LKUHU� %HZHJXQJVIUHLKHLW�� -HGRFK� I�U� ZHLWHU�
HQWIHUQWH� H[LVWLHUHQ� YLHOH� YHUVFKLHGHQH�P|JOLFKH�.RQIRUPHUH��'DEHL� NDQQ�PDQ� VLFK� YRUVWHOOHQ��
GDVV� GLH� &\FORDON\OULQJH� LQ� LKUHQ� YHUVFKLHGHQHQ� .RQIRUPHUHQ� GDV� *HVFKHKHQ� LQ� GHU�
/LJDQGHQVSKlUH� HLQHV� DQ� &�� JHEXQGHQHQ� 0HWDOOV� XQWHUVFKLHGOLFK� VWDUN� EHHLQIOXVVHQ� RGHU� GDV�
0HWDOO�DEVFKLUPHQ�N|QQHQ��

(LQ� $XVIULHUHQ� YRQ� HLQ]HOQHQ� .RQIRUPHUHQ� LP� 105�([SHULPHQW� EHL� WLHIHQ�
7HPSHUDWXUHQ�� G�K�� HLQ� (UUHLFKHQ� YRQ� .RDOHV]HQ]WHPSHUDWXUHQ�� VR� ZLH� HV� LP� )DOOH� YRQ�
,%LR[��+27I� P|JOLFK� JHZHVHQ� ZDU� �$EELOGXQJ� ����� NRQQWH� I�U� NHLQHQ� GHU� JU|�HUHQ� 5LQJH�
HUUHLFKW� ZHUGHQ�� 'LHV� OlVVW� DXI� HLQ� 9RUKDQGHQVHLQ� YRQ� YLHOHQ�� HQHUJHWLVFK� QDK� EHLHLQDQGHU�
OLHJHQGHQ�.RQIRUPHUHQ�VFKOLH�HQ��

�
�
��� 9HUJOHLFK�GHU�/LJDQGHQ�LQ�LKUHU�.DWDO\WLVFKHQ�$NWLYLWlW��

$XV�YHUVFKLHGHQHQ�%HGLQJXQJHQ��GLH�PLW� ,%LR[��/LJDQGHQ� I�U�GLH�6X]XNL�.UHX]NXSSOXQJ�
LQ� 6FKHPD� ��� EHUHLWV� JHWHVWHW� ZRUGHQ� ZDUHQ�� KDWWH� VLFK� DOV� HLQ]LJH� /|VXQJVPLWWHO�%DVH�
.RPELQDWLRQ�� 7ROXRO�.�32�� EHL� ���� �&� HUZLHVHQ�� GLH� ]XPLQGHVW� GDV� JHZ�QVFKWH� 3URGXNW� LQ�
NQDSS� ����*&�$XVEHXWH� JHOLHIHUW� KDWWH�� 'HVKDOE� ZXUGHQ� LQ� GLHVHP� 6\VWHP� GLH� KHUJHVWHOOWHQ�
/LJDQGHQ�LQ�GHU�6X]XNL�5HDNWLRQ��6FKHPD�����XQWHU�9HUZHQGXQJ�GHV� LQ�VLWX�3URWRNROOV��6FKHPD�
����JHWHVWHW��

�

�
6FKHPD�����7HVWUHDNWLRQ�I�U�GDV�/LJDQGHQVFUHHQLQJ��



�� ���

�
$EELOGXQJ�����/LJDQGHQVFUHHQLQJ�I�U�GLH�6X]XNL�5HDNWLRQ�YRQ�VWHULVFK�JHKLQGHUWHQ�6XEVWUDWHQ��

'DV� /LJDQGHQVFUHHQLQJ� HUJDE�� GDVV� EHJLQQHQG� PLW� GHP� &DUEHQ� ,%LR[�� QHQQHQVZHUWH�
0HQJHQ� DQ� JHZ�QVFKWHP� 3URGXNW� JHELOGHW� ZHUGHQ� NRQQWHQ�� 0LW� ,%LR[��� OLH�� VLFK� HLQH� *&�
$XVEHXWH� YRQ� ���� HUUHLFKHQ�� 1LFKW� QXU� GLH� ]\NOLVFKHQ� $ON\OUHVWH� ]HLJWHQ� GHQ�
DXVEHXWHVWHLJHUQGHQ�(IIHNW�� VRQGHUQ�DXFK�HLQIDFKH�� ODQJH�DOLSKDWLVFKH�.RKOHQVWRIINHWWHQ�KDEHQ�
HLQH�HQWVSUHFKHQGH�:LUNXQJ��,%LR[3HQW�����

'HU� LQ� GLHVHU�5HDNWLRQ� EHREDFKWHWH�7UHQG�� QlPOLFK� GDVV� GLH�/LJDQGHQ�PLW� GHQ� JU|�HUHQ�
&\FORDON\OUHVWHQ�GLH�K|KHUHQ�$XVEHXWHQ�DQ�%LSKHQ\O�OLHIHUWHQ��]HLJWH�VLFK�DXFK�I�U�DQGHUH�DQDORJH�
6WUXNWXUHQ� �$EELOGXQJ� ����� $XFK� DQ� LKQHQ� ZDUHQ� GLH� XQWHUVFKLHGOLFKHQ� /LJDQGHQ� JHWHVWHW�
ZRUGHQ���
�

�
$EELOGXQJ�����3URGXNWH�GHU�6X]XNL�5HDNWLRQ��EHL�GHQHQ�LP�/LJDQGHQVFUHHQLQJ�GHU�JOHLFKH�7UHQG�EHREDFKWHW�

ZXUGH��

9HUJOHLFKEDUH� $XVEHXWHQ� NRQQWHQ� DXFK� PLW� GHU� /|VXQJVPLWWHO�%DVHQ�.RPELQDWLRQ�
'LR[DQ�&V�&2�� HU]LHOW� ZHUGHQ�� (V� ZDU� GHV� :HLWHUHQ� ZLFKWLJ�� EHL� GHU� 9HUZHQGXQJ� YRQ�
.DOLXPSKRVSKDW��GLHVHV� ]XYRU� ]X�P|UVHUQ�XQG� LP�9DNXXP�HLQLJH�0DOH�SHU�%XQVHQEUHQQHU� ]X�
HUKLW]HQ��XP�HLQH�ZDVVHUIUHLH�%DVH�YRQ�JOHLFK�EOHLEHQGHU�4XDOLWlW�]X�HUKDOWHQ���

IBioxMe 4 IBiox5 IBiox6 IBiox7 IBiox8 IBioxPent 4 IBiox12  
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0LW� GHP� VRZHLW� EHVWHQ� /LJDQGHQ�� GHP� ,PLGD]ROLXPVDO]� ,%LR[���+27I�� NDQQ� HLQH� JDQ]H�
5HLKH�YRQ�VWHULVFK�DQVSUXFKVYROOHQ�%LSKHQ\OHQ��DXVJHKHQG�YRQ�$U\OFKORULGHQ��DXIJHEDXW�ZHUGHQ�
�7DEHOOH� ���� %LV� GDWR� ZDU� GLHVH� 5HDNWLRQ� QXU� PLW� $U\OEURPLGHQ� XQG� GHP� ZHQLJ� VWHULVFK�
JHKLQGHUWHQ�$QWKUDFHQ\OFKORULG�DOV�6XEVWUDW�YRQ�%XFKZDOG�EHVFKULHEHQ�ZRUGHQ������

�

�

Eintrag Produkt Ausbeute Eintrag Produkt Ausbeute 

 

1  91a 

 

9 83 

2 96   

3  71b 10 87 

4  87c, d   

5 75 

 

11 

 

65d  

6 78 

 

12 

 

69 

7 47 13 70 

8 

�

82a 

�

14 

 

72 

 �  �  �  

7DEHOOH� ��� 6X]XNL�.UHX]NXSSOXQJ� YRQ� $U\OFKORULGHQ� ]XP�$XIEDX� YRQ� WHWUDRUWKRVXEVWLWXLHUWH� %LSKHQ\OHQ�� D��
$U\OEURPLG��DQVWDWW�$U\OFKORULG��E������0RO���>�,%LR[��3G&O�@���F������0RO���>�,%LR[���3G&O�@���G������PPRO�0D�VWDE��

�
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1HEHQ�GHU�0HWK\OJUXSSH�NRQQWHQ�DXFK�)OXRULG���0HWKR[\��XQG�VRJDU�(WK\OVXEVWLWXHQWHQ�
LQ� RUWKR�3RVLWLRQ� HLQJHI�KUW� ZHUGHQ�� (OHNWURQHQUHLFKH� XQG� ²DUPH� $U\OFKORULGH� NRQQWHQ�
YHUZHQGHW�ZHUGHQ��(LQWUlJH���XQG�����7DEHOOH�����$Q�VHLQH�*UHQ]HQ�VWLH��GDV�.DWDO\VDWRUV\VWHP�
EHL�GHQ�9HUVXFKHQ�����'LLVRSURS\OEURPEHQ]RO�E]Z���FKORULG�RGHU�GLH�HQWVSUHFKHQGH�%RURQVlXUH�
NUHX]]XNXSSHOQ�� $OOHUGLQJV� VLQG� GLH� JUR�HQ� /LJDQGHQ� DXFK� LQ� GHU� 6X]XNL�5HDNWLRQ� YRQ�
XQJHKLQGHUWHQ�6XEVWUDWHQ��ZLH�,%LR[���EHL�5DXPWHPSHUDWXU�ZLUNXQJVYROO��

=XVlW]OLFK�]X�GHQ�JHZ�QVFKWHQ�3URGXNWHQ�NRQQWH�PLW�GHP���&KORUR���PHWKR[\QDSKWDOHQ�
�6FKHPD����� HLQ� LP� HUVWHQ�0RPHQW� DQRPDO� HUVFKHLQHQGHV�3URGXNW� LVROLHUW�ZHUGH�� GDV� VLFK�SHU�
105�DOV�GDV�HLQHV�&�+�$NWLYLHUXQJVVFKULWWHV�]X�HUNHQQHQ�JDE��(LQH�lKQOLFKH�&�+�$NWLYLHUXQJHQ�
LVW�YRQ�%XFKZDOG�DXFK�EHREDFKWHW�ZRUGHQ�����XQG�VLQG�LQ�lKQOLFKHU�)RUP�JXW�GRNXPHQWLHUW�����

�

� �
6FKHPD�����&�+�$NWLYLHUXQJ�XQWHU�6X]XNL�%HGLQJXQJHQ��

,P�(QGHIIHNW�JHODQJW�GXUFK�GHQ�2[LGDWLRQVVFKULWW�GHU�0HWKR[\VXEVWLWXHQW�LQ�GLUHNWH�1lKH�
GHV� NRRUGLQDWLY� XQJHVlWWLJWHQ� 3DOODGLXPV�� 'LH� &�+�$NWLYLHUXQJ� YHUOlXIW� GDQQ�� ZLH� EHL� HLQHU�
&\FORPHWDOOLHUXQJ�� GLH� GXUFK� 3UlNRRUGLQDWLRQ� EHJ�QVWLJW� ZLUG�� 5HSURWRQLHUXQJ��
7UDQVPHWDOOLHUXQJ� XQG� UHGXNWLYH� (OLPLQLHUXQJ� VLQG� (OHPHQWDUVFKULWWH�� GLH� HLQHQ� P|JOLFKHQ�
.DWDO\VH]\NOXV�YHUYROOVWlQGLJHQ��,P�ÅXPJHNHKUWHQ´�)DOO� �lKQOLFK�(LQWUDJ����7DEHOOH����ZLUG�GDV�
&�+�$NWLYLHUXQJVSURGXNW�QXU� LQ�JHULQJHQ�0HQJHQ�JHELOGHW�� 6ROFKH� DOWHUQDWLYHQ�5HDNWLRQVSIDGH�
ZHUGHQ�ZDKUVFKHLQOLFK�GXUFK�HLQHQ�YHUODQJVDPWHQ�7UDQVPHWDOOLHUXQJVVFKULWW�EHJ�QVWLJW��

+LQZHLVH�� GLH� GLH� LQ� GHU� 6X]XNL�5HDNWLRQ� EHREDFKWHWHQ� $NWLYLWlWHQ� LP� $QVDW]� KHOIHQ�
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N|QQWHQ� ]X� HUNOlUHQ�� NRQQWHQ� DXV� GHQ� 5|QWJHQVWUXNWXUHQ� GHU� 3DOODGLXPNRPSOH[H� GHU� ,%LR[���
XQG����/LJDQGHQ�JHZRQQHQ�ZHUGHQ���

�

�

6FKHPD�����3RVLWLYHU�(IIHNW�YRQ�/L&O�EHL�.RPSOH[ELOGXQJ��

'LH� .RPSOH[V\QWKHVH� NRQQWH� LQ� $QOHKQXQJ� DQ� EHVWHKHQGH� 3URWRNROOH� HQWZLFNHOW� ZHUGHQ�����
+LQ]X�NDP��GDVV�EHL�.RPSOH[LHUXQJVH[SHULPHQWHQ�PLW�1L&S��DXIJHIDOOHQ�ZDU��GDVV�/L&O�I�U�GLH�
.RPSOH[ELOGXQJ� QRWZHQGLJ� ZDU� �6FKHPD� ����� 2KQH� /L&O� NRQQWH� NHLQ� FKDUDNWHULVWLVFKHU�
)DUEXPVFKODJ� EHREDFKWHW�ZHUGHQ�����:DKUVFKHLQOLFK�ZDU� GDV�7ULIODWDQLRQ� ]X�ZHQLJ� QXNOHRSKLO��
XP�GHQ�&S�/LJDQGHQ� YRP�1LFNHO� ]X� YHUGUlQJHQ�� GHU� GDQQ� DOV�&S�$QLRQ� GDV� ,PLGD]ROLXPVDO]�
GHSURWRQLHUHQ� VROOWH�� (LQHQ� lKQOLFKHQ� (IIHNW� VROOWH� /L&O� DXFK� LQ� .RPELQDWLRQ� PLW�
3DOODGLXPDFHWDW�KDEHQ��

�
6FKHPD�����6\QWKHVH�YRQ�>,%LR[�3G&O�@���

:LH� HUZlKQW�ZDUHQ�9HUVXFKH�� DXV�GHP� LQ� VLWX�6\VWHP�HLQHQ�.RPSOH[� ]X� LVROLHUHQ��ZHQLJ�
HUIROJUHLFK�YHUODXIHQ��ZREHL�HLQ�105�([SHULPHQW�LQ�GHXWHULHUWHP�7+)�DXI�GDV�9RUOLHJHQ�HLQHU�
HLQKHLWOLFKHQ� 6SH]LHV� KLQJHGHXWHW� KDWWH�� (EHQVR� RKQH� JUHLIEDUHQ� (UIROJ� ZDUHQ� �EOLFKHQ�
9RUVFKULIWHQ� ]XU� .RPSOH[V\QWKHVH�� ,P� *HJHQVDW]� GD]X� NRQQWH� PLW� ,%LR[��+27I��
3DOODGLXPDFHWDW� XQG� HLQHP� hEHUVFKXVV� DQ� /L&O� LQ� JXWHU� $XVEHXWH� GHU� GLPHUH� .RPSOH[�
>,%LR[�3G&O�@�� QDFK� HLQIDFKHU� H[WUDNWLYHU� $XIDUEHLWXQJ� LVROLHUW� ZHUGHQ� �6FKHPD� ����� 'LH�
5HDNWLRQ�ZXUGH� RKQH�(LQEX�HQ� DQ�$XVEHXWH� VRZRKO� LP�0LOOLJUDPP�� DOV� DXFK� LP� �J�0D�VWDE�
GXUFKJHI�KUW��'DV�$FHWDWDQLRQ�IXQJLHUWH�LQ�GLHVHP�)DOO�DOV�NRPSOH[HLJHQH�%DVH��'HXWOLFK�LVW�GHU�
*HUXFK� YRQ� (VVLJVlXUH� LP� 5HDNWLRQVJHPLVFK� QDFK� GHU� 5HDNWLRQ� ZDKU]XQHKPHQ�� 'HU� GLPHUH�
.RPSOH[�LVW�OXIWVWDELO�XQG�XQO|VOLFK�LQ�XQSRODUHQ�/|VXQJVPLWWHOQ��=XJDEH�YRQ�'RQRUHQ��'LHQH��
$ONLQH��3KRVSKLQH�RGHU�'062��RGHU� VWDUN�SRODUH�/|VXQJVPLWWHO�PDFKHQ� LKQ� DEHU� O|VOLFK��)�U�



�� ���

,%LR[0H�� NRQQWH� DXV� HLQHP� 105�([SHULPHQW� HLQ� VROFKHU� PRQRPHUHU� .RPSOH[� NULVWDOOLVLHUW�
ZHUGHQ��$EELOGXQJ������(U�ZDU�GXUFK�=XJDEH�]X�GHP�XQO|VOLFKHQ�'LPHU�GXUFK�HLQHQ�7URSIHQ�
'062�LQ�&'&O��O|VOLFK�JHPDFKW�ZRUGHQ�XQG�ZLHGHU�DXVNULVWDOOLVLHUW���

�
$EELOGXQJ�����.ULVWDOOVWUXNWXU�>�,%LR[0H��3G&O��'062@��

,P� )DOOH� GHV� DQDORJHQ� ,%L[R���.RPSOH[� PXVVWH� DXI� HLQ� H[WHUQH� %DVH� ]XU�FNJHJULIIHQ�
ZHUGHQ�XQG�GLH�5HDNWLRQ�YHUOLHI�QLFKW�LQ�VR�JXWHQ�$XVEHXWHQ�ZLH�PLW�,%LR[��+27I��6FKHPD������
2KQH� H[WHUQH� %DVH� ]HLJW� GDV� 5RKVSHNWUXP� WURW]� YHUOlQJHUWHU� 5HDNWLRQV]HLW� NDXP�8PVDW]� GHV�
,PLGD]ROLXPVDO]HV��*OHLFKHV�JLOW�I�U�GLH�6WDQGDUG�1+&V�,0HV�+&O��,3U�+&O�XQG�,$G�+%)���'HU�
LVROLHUWH� .RPSOH[� LVW� ]XPLQGHVW� I�U� HLQLJH� 7DJH� DXFK� DQ� GHU� /XIW� VWDELO�� =HLJWH� DEHU�
=HUVHW]XQJVSURGXNWH�LP�105�QDFK�HLQLJHQ�:RFKHQ�/DJHUXQJ��

�

�
6FKHPD�����6\QWKHVH�YRQ�>,%LR[��3G&O�@���

'LH� 5|QWJHQVWUXNWXUHQ� ]HLJHQ�� GDVV� EHLGH� .RPSOH[H� WDWVlFKOLFK� DOV� FKORULGYHUEU�FNWH� 'LPHUH�
YRUOLHJHQ�� 3DOODGLXP� LVW� LQ� EHLGHQ�'LPHUHQ� TXDGUDWLVFK�SODQDU� NRRUGLQLHUW� �$EELOGXQJ� �����'LH�
DQJHJHEHQHQ� $EVWlQGH� ]HLJHQ� NHLQH� JUR�HQ� $EZHLFKXQJHQ� YRQ� DQDORJHQ� >�1+&�3G&O�@��
.RPSOH[HQ���������

'LH�JUR�HQ�&\FORDON\OULQJH�UDJHQ��EHU�GDV�0HWDOO]HQWUXP�XQG�VFKLUPHQ�HV�VR�EHLGVHLWLJ�DE��
'LH� DXVODGHQGHQ� ]Z|OIJOLHGULJHQ� &\FORDON\OUHVWH� EHHLQIOXVVHQ� VLFK� JHJHQVHLWLJ�� VR� GDVV� VLH� VLFK�
YRQHLQDQGHU�ZHJEHZHJHQ��XP�XQJ�QVWLJH�:HFKVHOZLUNXQJHQ�PLW�GHP�JHJHQ�EHUOLHJHQGHQ�5LQJ�

[(IBioxMe 4)PdCl 2•DMSO]  

 
Ausgewählte Abstände (Å) und Winkel (°):  

 
 Pd1-C1  1.9939(17) 
 Pd1-Cl1  2.3004(4) 
 Pd1-Cl2  2.2859(4) 
 Pd1-S1  2.3477(4) 
  

 
 Ebene (Pd, C1, Cl1, Cl2, S)/ Ebene (Pd, C1, N1, N2, C4, 

C5) 82.4(5)°. �
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DXV]XZHLFKHQ��%HDFKWHQVZHUW�LVW�GLH�IDVW�RUWKRJRQDOH�$QRUGQXQJ�GHU�/LJDQGHQHEHQH�]XU�(EHQH�
GHV� 3DOODGLXPFKORULGIUDJPHQWV�� 'LH� KLHU� JHPHVVHQHQ� JUR�HQ� :LQNHO� �!� ����� �EHUVWHLJHQ� GLH�
�EOLFKHUZHLVH� ���²�����EHL� >�1+&�3G&O�@��.RPSOH[HQ�JHIXQGHQ��������� ,Q�GLHVHQ�)lOOHQ�ZHLFKHQ�
VLFK�GLH�/LJDQGHQ�GXUFK�5RWDWLRQ�DXV�GHU�����$QRUGQXQJ�DXV��EHL�GHQ�,%LR[�/LJDQGHQ�KLQJHJHQ�
ZHUGHQ�GLH�5LQJH�VHLWOLFK�ZHJJHNODSSW��RKQH�GDVV�VLFK�GHU�/LJDQG�DOO]X�YLHO�DXV�GHU�RUWKRJRQDOHQ�
$QRUGQXQJ� DEQHLJHQ� PXVV�� 'LHV� LVW� HLQ� ZHLWHUHU� +LQZHLV� DXI� GLH� )OH[LELOLWlW� XQG�
$QSDVVXQJVIlKLJNHLW�GHU�,%LR[�/LJDQGHQ�LQ�VWHULVFK�DQVSUXFKVYROOHP�8PIHOG��'HU�HWZDV�JU|�HUH�
:LQNHO�I�U�GHQ�JU|�HUHQ�/LJDQGHQ�,%LR[���XQWHUVWUHLFKW�GLHV���
�

�
$EELOGXQJ�����.ULVWDOOVWUXNWXUHQ�GHU�,%LR[�3DOODGLXPGLFKORULG�'LPHUH��

$XIIlOOLJ�NXU]�VLQG�GLH�3G�&��$EVWlQGH������c��LQ�EHLGHQ�.RPSOH[HQ��GLH�I�U�HLQH�3G�+�
:HFKVHOZLUNXQJ� VSULFKW��'LHVH�:HFKVHOZLUNXQJ�N|QQWH� HLQHQ� ]XVlW]OLFK� VWDELOLVLHUHQGHQ�(IIHNW�
DXI�GHQ�.RPSOH[�KDEHQ��N|QQWH�DEHU�DXFK�HLQHQ�'HDNWLYLHUXQJVSIDG�I�U�GHQ�.RPSOH[�DQGHXWHQ��
,P�06�(,��ZXUGH�I�U�EHLGH�.RPSOH[H�HLQH�+&O�$EVSDOWXQJ�EHREDFKWHW��0|JOLFKHUZHLVH�NRPPW�
HV�KLHU�]X�HLQHU�&\FORPHWDOOLHUXQJ�SHU�&�+�$NWLYLHUXQJ���

[(IBiox7)PdCl 2]2 

 
Ausgewählte Abstände (Å) und Winkel (°):  

 
 Pd-C1  1.943(2) 
 Pd-Cl1   2.2856(4) 
 Pd-Cl2   2.3344(4) 
 Pd-Cl2*  2.4201(4) 
 C8-Pd  3.673(2) 

 
Ebene (Pd, C1, Cl1, Cl2, Cl2*)/ Ebene (Pd, C1, N1, N2, C4, 

C5) 83.4(1)°. 

[(IBiox12)PdCl 2]2 

 
Ausgewählte Abstände (Å) und Winkel (°):  

 
 Pd-C1  1.944(5) 
 Pd-Cl1  2.285(1) 
 Pd-Cl2  2.337(1) 
 Pd-Cl2*  2.415(1) 
 C8-Pd  3.627(6) 

 
 Ebene (Pd, C1, Cl1, Cl2, Cl2*)/ Ebene (Pd, C1, N1, N2, C4, 

C5) 85.5(1)°. 
�
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��� (UUHLFKWHV�XQG�=XN�QIWLJHV�
$XV� HLQHP� 9HUJOHLFK� GHU� (UJHEQLVVH� DQGHUHU� *UXSSHQ�� YRU� DOOHP� GHU� 1RODQV���� XQG�

%XFKZDOGV����� DXI� GHP�*HELHW� GHU� 6X]XNL�5HDNWLRQ��PLW� GHQHQ� DXV� GLHVHU�$UEHLW� VFKHLQHQ� VLFK�
HLQLJH� ZLFKWLJH� /LJDQGHQHLJHQVFKDIWHQ� KHUDXV� ]X� NULVWDOOLVLHUHQ�� GLH� DOV� 0D�UHJHOQ� I�U� KRKH�
$NWLYLWlWHQ�XQG�7ROHUDQ]�JHJHQ�EHU�VWHULVFKHQ�$QVSUXFK�JHOWHQ�N|QQHQ��

•  +RKHU�(OHNWURQHQUHLFKWXP�GHV�/LJDQGHQ� HU]HXJW� HLQ� HOHNWURQHQUHLFKHV�0HWDOO�� GDV� LQ�
GLH�$U\O�&O�%LQGXQJ�R[LGDWLY�DGGLHUHQ�NDQQ��

•  6WHULVFKHU�$QVSUXFK�EHYRU]XJW�GLH�KRFK�UHDNWLYH�/��3G��=Z|OIHOHNWURQHQVSH]LHV�GXUFK�
9HUGUlQJXQJ�DQGHUHU�/LJDQGHQ��6LH�NDQQ�GXUFK�VFKZDFKH�VHNXQGlUH�:HFKVHOZLUNXQJHQ�
PLW�GHP�/LJDQGHQ�]XVlW]OLFK�VWDELOLVLHUW�ZHUGHQ���

•  (LQH�9HUEHVVHUXQJ�GHU� ,QLWLLHUXQJVPHFKDQLVPHQ�XQG�HLQ�8QWHUELQGHQ�YRQ�P|JOLFKHQ�
'HDNWLYLHUXQJVPHFKDQLVPHQ�I�KUHQ�]X�KRFKDNWLYHQ�XQG�ODQJOHELJHQ�.DWDO\VDWRUHQ��

•  +lXILJ� �EHUVHKHQ� ZLUG� GHU� 8PVWDQG�� GDVV� JUR�H� 5HVWH� XQG� VWDUNH� /LJDQG�0HWDOO�
%LQGXQJHQ�GLH�/|VOLFKNHLW�GHV�.DWDO\VDWRU�XQG�VHLQHU�=ZLVFKHQVWXIHQ�LP�.DWDO\V]\NOXV�
LQ�XQSRODUHQ�/|VXQJVPLWWHOQ�HUK|KHQ��

�
'LHVH� 3XQNWH� EHIROJHQG�� H[LVWLHUHQ� GHU]HLW� GUHL� .DWDO\VDWRUV\VWHPH�� GLH� VWHULVFK�

DQVSUXFKVYROOH� $U\OFKORULGH� PLW� %RURQVlXUHQ� NUHX]NXSSHOQ� N|QQHQ�� PLW� KHUYRU]XKHEHQGHU�
*HQHUDOLWlW� GHV� %XFKZDOG�/LJDQGHQ�� ���������'LPHWKR[\ELSKHQ\O��GLF\FORKH[\OSKRVSKLQ�
�$EELOGXQJ������'LH�6\QWKHVH�YRQ�WDWVlFKOLFK�WHWUDRUWKRVXEVWLWXLHUWHQ�%LSKHQ\OHQ��DXVJHKHQG�YRQ�
$U\OFKORULGHQ� XQG� $U\OERURQVlXUHQ�� LVW� ELVODQJ� QXU� PLW� GHP� KLHU� EHVFKULHEHQHQ� ,%LR[���
/LJDQGHQ�P|JOLFK��

(LQH� 9HUN�U]XQJ� GHU� 6\QWKHVHURXWH� ZlUH� I�U� NRPPHQGH� ,%LR[�*HQHUDWLRQHQ�
Z�QVFKHQVZHUW�� VSULFK�� GDVV� I�U� HLQH�/LJDQGHQYDULDWLRQ��GLH� 6\QWKHVH�QLFKW� LPPHU�EHLP�.HWRQ�
EHJLQQHQ� PXVV�� (LQH�0|JOLFKNHLW� ]XU� VSlWHQ� XQG� IOH[LEOHQ� )XQNWLRQDOLVLHUXQJ� GHU� 5HVWH� ZlUH�
GHPQDFK�HUIRUGHUOLFK���

�
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�

6FKHPD�����'HQNEDUHU�9RUOlXIHU�I�U�VSlWH�0DQLSXODWLRQHQ�DP�/LJDQGHQ��

(LQ� P|JOLFKHU� .DQGLGDW� I�U� HLQ� ÅVSlWHV´� /LJDQGHQWXQLQJ� ZlUH� ,%LR[�&+�2+���+27I�

� �
6FKHPD� ����� GHU� GXUFK� HLQIDFKH� (LJHQVFKDIW� HEHQIDOOV� J�QVWLJ� DXI� GLH� 6WDELOLWlW� GHU�

.RPSOH[H�DXVZLUNHQ��(LQH�NRRUGLQLHUHQGH�7UDQVIRUPDWLRQHQ��6LO\OVFKXW]JUXSSHQ��(WKHUELOGXQJ�
HWF��� LQ� XQWHUVFKLHGOLFKH� /LJDQGHQ� XPJHZDQGHOW� ZHUGHQ� N|QQWH�� 'LH� 6DXHUVWRIIJUXSSH� N|QQWH�
VLFK�DXIJUXQG�LKUHU�]XVlW]OLFKHQ�NRRUGLQLHUHQGHQ�(LQKHLW��ZlUH�JHQHUHOO�HLQ�QHXHV�(OHPHQW�LQ�GHQ�
,%LR[�/LJDQGHQ�� (LQ� &�+�$NWLYLHUXQJVSIDG�� GHU� P|JOLFKHUZHLVH� I�U� HLQH� 'HDNWLYLHUXQJ�
YHUDQWZRUWOLFK� LVW�� ZlUH� VRPLW� DXFK� DXVJHVFKORVVHQ�� (OHNWURQLVFKH� 9DULDWLRQHQ� GHV� ,%LR[�
&DUEHQV��N|QQWHQ�GXUFK�(UVDW]�GHV�6DXHUVWRIIV�LP�7UL]\NOXV�GXUFK�6FKZHIHO�HUUHLFKW�ZHUGHQ��

'LHVH� RGHU� lKQOLFKH� 9DULDWLRQHQ� ZDSSQHQ� GLH� ,%LR[�/LJDQGHQ� DXFK� I�U� ]XN�QIWLJH�
+HUDXVIRUGHUXQJHQ� LQ� GHU� KRPRJHQHQ�.DWDO\VH�� hEHU� HLQ� ZHLWHUHV� $QZHQGXQJVJHELHW�� GDV� LP�
5DKPHQ�GLHVHU�$UEHLW�I�U�GLH�EHVWHKHQGHQ�,%LR[�7ULIODWH�DXVJHDUEHLWHW�ZXUGH��ZLUG�LP�IROJHQGHQ�
.DSLWHO�EHULFKWHW��
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� 6212*$6+,5$�5($.7,21�
��� (QWZLFNOXQJ�GHU�6RQRJDVKLUD�5HDNWLRQ�

.UHX]NXSSOXQJVUHDNWLRQHQ�� LQ� GHQHQ�$ONLQH� DOV� QXNOHRSKLOH�.XSSOXQJVSDUWQHU� HLQJHVHW]W�
ZHUGHQ�� VLQG� VHLW� GHQ�$QIlQJHQ� GHU�.UHX]NXSSOXQJVFKHPLH� EHNDQQW��'DUXQWHU� JHK|UW� GLH� DXV�
GHQ� ��LJHU� -DKUHQ� VWDPPHQGH� &DGLRW�&RGNLHZLF]�5HDNWLRQ���� ]X� GHQ� HUVWHQ� NODVVLVFKHQ�
NXSIHUNDWDO\VLHUWHQ� &�&�%LQGXQJVNQ�SIXQJHQ� ]ZLVFKHQ� ]ZHL� VS�K\EULGLVLHUWHQ� .RKOHQ�
VWRIIDWRPHQ� �6FKHPD� ����� 1DFK� GHQ� HUVWHQ� ULFKWXQJVZHLVHQGHQ� %HULFKWHQ� .XPDGDV� �EHU�
QLFNHONDWDO\VLHUWH� .XSSOXQJVUHDNWLRQHQ����� GHQ� 3LRQLHUDUEHLWHQ� YRQ� .KDUDVFK���� XQG� .RFKL����
IROJHQG�� ZDU� HV� VHOEVWYHUVWlQGOLFK�� DXFK� $FHW\OLGH� DOV� QXNOHRSKLOH� .XSSOXQJVSDUWQHU� ]X�
YHUZHQGHQ��

�
6FKHPD�����&DGLRW�&KRGNLHZLF]�+HWHURNXSSOXQJ��

(LQH� 9LHO]DKO� YRQ� 3URWRNROOHQ� PLW� YHUVFKLHGHQHQ� $FHW\OLGGRQRUHQ���� �0J��������� %���������
6Q��������� =Q��������� $O��������� ,Q��������� *H�������� XVZ��� ZXUGHQ� EHUHLWV� LQ� GLHVHU� )U�KSKDVH� GHU�
.UHX]NXSSOXQJVFKHPLH�� KDXSWVlFKOLFK� LQ� GHU� *UXSSH� YRQ� 1HJLVKL����� DXVJHDUEHLWHW� XQG�
HQWZLFNHOWHQ� VLFK� LQ� GHQ� )ROJHMDKUHQ� XQWHU� GHQ� 1DPHQ� LKUHU� 6WDPPNXSSOXQJVUHDNWLRQHQ�
�Å.XPDGD´��0DJQHVLXPDFHW\OLG�� Å6X]XNL´��%RUDFHW\OLG�� Å6WLOOH´��=LQQDFHW\OLG� XVZ��� HLJHQVWlQGLJ�
ZHLWHU��6LH�DOOH�EHVLW]HQ�LKUH�LQKlUHQWHQ�9RUWHLOH�ZLH�6HOHNWLYLWlW��(LQIDFKKHLW�LQ�GHU�+DQGKDEXQJ�
GHU�5HDJHQ]LHQ� XQG� UHODWLY�PLOGH�5HDNWLRQVEHGLQJXQJHQ�� -HGRFK�KDEHQ� VLH� DOOH� HLQHQ�1DFKWHLO��
'DV� VW|FKLRPHWULVFKH� $FHW\OLGlTXLYDOHQW� PXVV� PHLVW� LQ� HLQHP� VHSDUDWHQ� 6FKULWW� XQWHU� VWDUN�
EDVLVFKHQ�%HGLQJXQJHQ�YRUJHIRUPW�ZHUGHQ��6FKHPD������

�
6FKHPD�����6W|FKLRPHWULVFKH�XQG�LQ�VLWX�9DULDQWH�LQ�.UHX]NXSSOXQJHQ�YRQ�$FHW\OLGQXNOHRSKLOHQ�LP�9HUJOHLFK��
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'HP� KLQJHJHQ� HUVFKHLQW� YRP� 6WDQGSXQNW� HLQHU� HIIL]LHQWHUHQ� XQG� SUDNWLNDEOHUHQ�&KHPLH�
GLH� LQ� VLWX�*HQHULHUXQJ� GHV� $FHW\OLGV� PLW� HLQHU� %DVH� LQ� $QZHVHQKHLW� GHV� HOHNWURSKLOHQ�
.XSSOXQJVSDUWQHUV� XQG� GHV� .DWDO\VDWRUV� DOV� HUVWUHEHQVZHUW�� bKQOLFKH� $QVlW]H� ]XU� LQ� VLWX�
$QLRQHQHU]HXJXQJ� ILQGHQ� VLFK� KHXW]XWDJH� LQ� 5HDNWLRQHQ� ZLH� ]�� %�� GHU� �$U\OLHUXQJ� YRQ�
&DUERQ\OYHUELQGXQJHQ��������������������XQG�GHQ�&�1��XQG�&�2�.XSSOXQJHQ�YRQ�$PLQHQ��������E]Z��
YRQ� $ONRKROHQ�������� ZLHGHU�� 'LHVH� ,GHH� VFKRQ� ZHVHQWOLFK� IU�KHU� I�U� WHUPLQDOH� $ONLQH�
YHUZLUNOLFKHQG�� HUVFKLHQHQ� LP� -DKU� ����� GUHL� XQDEKlQJLJ� YRQHLQDQGHU� HQWZLFNHOWH� 3URWRNROOH�
�6FKHPD������ZlKUHQG�+HFN����XQG�&DVVDU����HLQH�NXSIHUIUHLH�.XSSOXQJVUHDNWLRQ�XQWHU�KDUVFKHQ�
5HDNWLRQVEHGLQJXQJHQ�YRUVWHOOWHQ��HUODXEWH�GDV�]XVlW]OLFKH�$GGLWLY�.XSIHULRGLG�LP�6RQRJDVKLUD�
3URWRNROO����HLQH�ZHVHQWOLFK�PLOGHUH�5HDNWLRQVI�KUXQJ��XP�HLQH�5HLKH�YHUVFKLHGHQHU�$ONLQH�PLW�
$U\O��$ONHQ\OLRGLGHQ�XQG��EURPLGHQ�]X�YHUNQ�SIHQ���

�

�
6FKHPD�����'LH�GUHL�3URWRNROOH�]XU�VS�VS��.UHX]NXSSOXQJ�DXV�GHP�-DKUH�������

$XV� LKUHQ� $QIDQJVWDJHQ� HQWZDFKVHQ�� ILQGHW� VLFK� GLH� 6RQRJDVKLUD�5HDNWLRQ� KHXWH� DOV� HLQ�
OHLVWXQJVIlKLJHV� 6\QWKHVHZHUN]HXJ� ]XU� (LQI�KUXQJ� HLQHU� $ONLQHLQKHLW� I�U� HLQ� EUHLWHV� 6SHNWUXP�
YRQ�$QZHQGXQJHQ� LQ� GHU� FKHPLVFKHQ�)RUVFKXQJ�ZLHGHU������������� ,KU�(LQVDW]JHELHW� UHLFKW� GDEHL�
YRQ� GHU� NODVVLVFKHQ� 6\QWKHVHFKHPLH� �7RWDOV\QWKHVH������ �EHU� GHQ� PDWHULDOZLVVHQVFKDIWOLFKHQ�
6HNWRU��3RO\PHU��0DNURPROHNXODUH�&KHPLH��ELV�KLQ�]X�ELRORJLVFKHQ�)UDJHVWHOOXQJHQ���������'DEHL�
WUHWHQ� LQVEHVRQGHUH� LKUH� $QSDVVXQJVIlKLJNHLW� XQG� 8QHPSILQGOLFKNHLW� JHJHQ�EHU� GHQ�
XQWHUVFKLHGOLFKVWHQ�5HDNWLRQVEHGLQJXQJHQ�KHUYRU��

(LQ� %HLVSLHO� GDI�U� LVW� 6FKUHLEHUV� 6SLURR[LQGROELEOLRWKHNV\QWKHVH�� LQ� GHP� VRZRKO� LKUH�
.RPSDWLELOLWlW� PLW� GHU� )HVWSKDVHQV\QWKHVH�� DOV� DXFK� LKUH� 7ROHUDQ]� JHJHQ�EHU� YLHOHQ�
)XQNWLRQDOLWlWHQ�LP�*UXQGN|USHU�GHU�6SLURR[LQGROV�]XP�$XVGUXFN�NRPPHQ��6FKHPD���������

�



�� ���

�

�
�6FKHPD�����hEHUVW|FKLRPHWULVFKH�6RQRJDVKLUD�5HDNWLRQ�LQ�%LEOLRWKHNV\QWKHVH�YRQ�6SLURR[LQGROHQ��

'DV� $QSDVVHQ� YRQ� YHUZHQGHWHQ� /LJDQGHQ� DQ� GLH� HUIRUGHUOLFKHQ� 5HDNWLRQVEHGLQJXQJHQ�
HUP|JOLFKW� DXFK� LKUHQ� (LQVDW]� LQ� ELRORJLVFKHQ� E]Z�� ZlVVULJHQ� 6\VWHPHQ�� EHL� 'LERZVNL� XQG�
6FKPLGWFKHQ� YHUPLWWHOW� HLQ� GXUFK� *XDQLGLQUHVWH� ZDVVHUO|VOLFK� JHPDFKWHU� 3KRVSKLQOLJDQG� GLH�
$ONLQLHUXQJ�YRQ�%LRWLQ�PLW�HLQHP�2OLJRSHSWLG��6FKHPD���������

1HEHQ� GHU� UHLQHQ� $GDSWLRQ� GHU� XUVSU�QJOLFKHQ� %HGLQJXQJHQ� I�U� GLH� $QZHQGXQJ� LQ�
PDQQLJIDFKHQ� %HUHLFKHQ�� ZLUG� GLH� 6RQRJDVKLUD�5HDNWLRQ� ]XVlW]OLFK� GXUFK� ZHVHQWOLFKH�
1HXHUXQJHQ�DXI�GHU�.DWDO\VDWRU��E]Z��/LJDQGHQVHLWH�EHUHLFKHUW��'DEHL�JHKW�HV�YRU�DOOHP�XP�HLQH�
(QWZLFNOXQJ�YRQ�6\VWHPHQ��GLH�GHQ� LQGXVWULHOOHQ�%HG�UIQLVVHQ� HQWJHJHQNRPPHQ��G�K�� HLQIDFKH�
5�FNJHZLQQXQJ� GHV� .DWDO\VDWRUV� GXUFK� ,PPRELOLVLHUXQJ�������� RGHU� +HWHURJHQLVLHUXQJ���������
HLQIDFKH� ,VROLHUXQJ� GHU� 3URGXNWH���� XQG� XPZHOWIUHXQGOLFKH� 9HUIDKUHQ������������ LQ� ZlVVULJHQ�
/|VXQJVPLWWHOQ�� ,Q� GLH� JOHLFKH� 5LFKWXQJ� ]LHOHQ� GLH� %HP�KXQJHQ�� PLW� NXSIHU��������������������� XQG�
SDOODGLXPIUHLHQ������������ 9DULDQWHQ� RGHU� PLW� DQGHUHQ� hEHUJDQJVPHWDOOHQ� �1LFNHO�������������
5XWKHQLXP���������� QLHGULJHQ� .DWDO\VDWRUEHODGXQJHQ���� E]Z�� ÅNHLQHP´� .DWDO\VDWRU�������� GLH� &�&�
.Q�SIXQJ� GXUFK]XI�KUHQ�� $XFK� PRGHUQH� 5HDNWLRQVI�KUXQJHQ�� ZLH� GLH� 9HUZHQGXQJ� YRQ�
0LNURZHOOHQWHFKQRORJLH����������������RGHU�LRQLVFKH�)O�VVLJNHLWHQ�������������ILQGHQ�VLFK�LQ�.RPELQDWLRQ�
PLW�GHQ�REHQ�JHQDQQWHQ�0HWKRGHQ���

�
6FKHPD�����(LQ�ZDVVHUO|VOLFKHU�/LJDQG�HUP|JOLFKW�GLH�6RQRJDVKLUD�.XSSOXQJ�LP�ZlVVULJHQ�6\VWHP��
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'HQQRFK� JLOW� I�U� GDV�*URV� GHU� 6RQRJDVKLUD�5HDNWLRQHQ�� GDVV� XQWHU�PLOGHQ�%HGLQJXQJHQ�
�5DXPWHPSHUDWXU��QXU�GLH�|NRQRPLVFK�XQJ�QVWLJHQ�,RGLGH�URXWLQHPl�LJ�HLQJHVHW]W�ZHUGHQ��)�U�
$U\OEURPLGH� KLQJHJHQ� JLEW� HV� KDXSWVlFKOLFK� 3URWRNROOH�� GLH� KRKH� 5HDNWLRQVWHPSHUDWXUHQ�
EHQ|WLJHQ�� 'D]X� ]lKOHQ� GLH� $UEHLWHQ�� GLH� DXI� NODVVLVFKH� .DWDO\VDWRUHQ� ZLH� 3G�33K���� RGHU�
�33K���3G&O�� ]XU�FNJUHLIHQ�� %HNDQQW� VLQG� DX�HUGHP� WHPSHUDWXUVWDELOH� 3DOODGLXPNRPSOH[H� YRQ�
%LVS\ULGLQHQ� �1DMHUD������ %LVS\ULPLGLQHQ� �%XFKPHLVHU����� XQG� 3DOODGDF\FOHQ� �+HUUPDQQ�����
1DMHUD�����(EHUKDUGW������$EELOGXQJ������

�
$EELOGXQJ�����3DOODGLXPNRPSOH[H�I�U�GLH�$NWLYLHUXQJ�YRQ�$U\OKDORJHQLGHQ�LQ�GHU�6RQRJDVKLUD�5HDNWLRQ���

-HGRFK� ]HLFKQHW� VLFK� GHU� DOOJHPHLQH� 7UHQG� GHU� .UHX]NXSSOXQJVFKHPLH� KLQ� ]X� DNWLYHUHQ�
.DWDO\VDWRUHQ��GLH�DXFK�ZHQLJHU�UHDNWLYH�+DORJHQLGH�DNWLYLHUHQ�N|QQHQ��DXFK�I�U�GLH�6RQRJDVKLUD�
5HDNWLRQ� DE�� 1HEHQ� GHU� 6XFKH� QDFK� PLOGHUHQ� XQG� RSWLPLHUWHQ� %HGLQJXQJHQ���� JHZLQQW� GLH�
(QWGHFNXQJ�QHXHU�/LJDQGHQ�DQ�%HGHXWXQJ��'LHV�HUP|JOLFKW�YHUPHKUW�GDV�=XU�FNJUHLIHQ�DXI�GLH�
HLQIDFKHUHQ�� SUHLVZHUWHUHQ� XQG� EUHLW� JHIlFKHUWHUHQ� 6WDUWPDWHULDOLHQ�� 'DEHL� SURILWLHUW� GLH�
6RQRJDVKLUD�5HDNWLRQ� YRQ�GHQ�(UUXQJHQVFKDIWHQ�� GLH� LQ�GHQ� YHUZDQGWHQ�.XSSOXQJVUHDNWLRQHQ�
EHL�GHU�$NWLYLHUXQJ�YRQ�XQUHDNWLYHQ�6XEVWUDWHQ�HUUHLFKW�ZRUGHQ�VLQG���������

�
$EELOGXQJ�����3KRVSKLQH�DOV�/LJDQGHQ�I�U�GLH�6RQRJDVKLUD�5HDNWLRQ�YRQ�$U\OKDORJHQLGHQ��$U%U��$U&O���

�
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'LH�GRUW�HUIROJUHLFK�DQJHZHQGHWHQ�/LJDQGHQ�ILQGHQ�VLFK�VHLW�GHQ�VSlWHQ���LJHU�-DKUHQ�DXFK�
LP� (LQVDW]JHELHW� GHU� 6RQRJDVKLUD�5HDNWLRQ� ZLHGHU�� =X� GLHVHQ�� DXV� NUHX]NXSSOXQJVFKHPLVFKHU�
6LFKW� ÅEHYRU]XJWHQ´� /LJDQGHQ�� JHK|UHQ� LQVEHVRQGHUH� GLH� VWHULVFK� DQVSUXFKVYROOHQ� XQG�
HOHNWURQHQUHLFKHQ�3KRVSKLQH��$EELOGXQJ�����XQG�&DUEHQH��$EELOGXQJ������

�
$EELOGXQJ����&DUEHQH�DOV�/LJDQGHQ�I�U�GLH�6RQRJDVKLUD�5HDNWLRQ�PLW�$U\OEURPLGHQ��

8QWHU�LKQHQ�VLQG�GLH�(UJHEQLVVH�YRQ�+HUUPDQQ�����GLH�%XFKZDOGV�LQ�.RRSHUDWLRQ�PLW�)X����
XQG� GLH� YRQ� +XJKHV���� KHUYRU]XKHEHQ�� 'XUFK� (LQVDW]� YRQ� �W�%X��3� LQ� .RPELQDWLRQ� PLW�
3DOODGLXPVDO]HQ� NRQQWHQ� VLH� $U\OEURPLGH� HUVWPDOV� XQWHU� PLOGHQ� %HGLQJXQJHQ� PLW� WHUPLQDOHQ�
$FHW\OHQHQ�NXSSHOQ���

�
$EELOGXQJ�����%HGLQJXQJHQ�XQG�.DWDO\VDWRUHQ�I�U�GLH�6RQRJDVKLUD�5HDNWLRQ�PLW�$U\OFKORULGHQ��)�U�QLFKW�

DXVJHVFKULHEHQH�.DWDO\VDWRUHQ�RGHU�/LJDQGHQ�VLHKH�YRUKHULJH�$EELOGXQJHQ��
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�
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'LHVH� (UIROJH� LQ� GHU� 1XW]EDUPDFKXQJ� GHU� ZHQLJHU� UHDNWLYHQ� $U\OEURPLGH� KDEHQ�
OHW]WHQGOLFK� DXFK� ]X� KRFKUHDNWLYHQ�3DOODGLXPNDWDO\VDWRUHQ� JHI�KUW�� GLH� LQ� GHU� /DJH� VLQG�� VHOEVW�
$U\OFKORULGH� I�U� GLH� 6RQRJDVKLUD�5HDNWLRQ� ]X� DNWLYLHUHQ�� 1HEHQ� GHQ� HUVWHQ� %HLVSLHOHQ�
KHWHURJHQHU� .DWDO\VDWRUHQ� GLHVHU� $UW� YRQ� %XFKPHLVHU���� XQG� &KRXGDU\���� ZXUGHQ� DXFK�
KRPRJHQH� .DWDO\VDWRUHQ� YRQ� 1RODQ����� (EHUKDUGW���� XQG� $VWUXF���� I�U� HLQLJH� ZHQLJH� %HLVSLHOH�
EHVFKULHEHQ��'LH�HUVWHQ�HIIL]LHQWHQ�XQG�I�U�HLQ�UHODWLY�EUHLWHV�6SHNWUXP�DQ�6XEVWUDWHQ�JHHLJQHWHQ�
.DWDO\VDWRUHQ�I�KUWHQ�3OHQLR����XQG�%XFKZDOG����HLQ��$EELOGXQJ�������

1HEHQ�GHU�$QZHQGXQJ�YRQ�VWHULVFK�DQVSUXFKVYROOHQ�XQG�HOHNWURQUHLFKHQ�/LJDQGHQ��KDEHQ�
VLFK� DXFK� GLH� 6WDQGDUGEHGLQJXQJHQ� GHU� 6RQRJDVKLUD�5HDNWLRQ� �$PLQH� DOV� %DVH� XQG�
/|VXQJVPLWWHO�� I�U� GLHVH� 6\VWHPH� ZHVHQWOLFK� YHUlQGHUW�� 0HKUIDFK� ZLUG� EHL� GHQ� QHXHUHQ�
3URWRNROOHQ� DXI� DQRUJDQLVFKH� %DVHQ� LQ� .RPELQDWLRQ� PLW� SRODUHQ� /|VXQJVPLWWHOQ�
]XU�FNJHJULIIHQ�� XP� DQVFKHLQHQG� GLH� KRFKUHDNWLYHQ� .DWDO\VDWRUVSH]LHV� GHU� $UW� �/�3G��� ]X�
VWDELOLVLHUHQ��RKQH�VLH�MHGRFK�NRRUGLQDWLY�]X�GHDNWLYLHUHQ��

�

��� 0RWLYDWLRQ��
=LHO� GLHVHV� 7HLOSURMHNWHV� ZDU� HV�� QHEHQ� GHQ� EHUHLWV� DXIJH]HLJWHQ� 5HDNWLYLWlWHQ� LQ� GHU�

$NWLYLHUXQJ� YRQ� $U\OKDORJHQLGHQ� �6X]XNL�5HDNWLRQ� XQG� LQWUDPROHNXODUH� �$U\OLHUXQJ� YRQ�
$PLGHQ���DXFK�GHQ�1XW]HQ�GHU�,%LR[�/LJDQGHQ�LP�%HUHLFK�GHU�$NWLYLHUXQJ�YRQ�$ON\OKDORJHQLGHQ�
]X�GHPRQVWULHUHQ��'D]X�ZXUGH� LKUH�$QZHQGEDUNHLW� LQ�GHU�$ON\O�6RQRJDVKLUD�5HDNWLRQ�JHQDXHU�
XQWHUVXFKW�� 9RP� 6WDQGSXQNW� GHU� EHQ|WLJWHQ� /LJDQGHQHLJHQVFKDIWHQ�� ZLH� VLH� LP� )ROJHQGHQ�
HUOlXWHUW� ZHUGHQ�� HUVFKLHQ� DXFK� VLH� DOV� DXVVLFKWVUHLFKHV� $QZHQGXQJVJHELHW� I�U� GLH� ,%LR[�
/LJDQGHQ���

�

��� /LJDQGHQHLJHQVFKDIWHQ�²�0HFKDQLVWLVFKH�$VSHNWH�
$XV� GHP� %HUHLFK� GHU� .DWDO\VDWRUHQ�� GLH� I�U� GLH� $NWLYLHUXQJ� YRQ� $U\OFKORULGHQ� I�U�

.UHX]NXSSOXQJHQ� YHUZHQGHW� ZHUGHQ�� VLQG� LQ� M�QJHUHU� =HLW� QHXH� ,PSXOVH� I�U� HLQH� JOHLFKDUWLJH�
$NWLYLHUXQJ� YRQ� $ON\OKDORJHQLGHQ� KHUYRUJHJDQJHQ������������� /DQJH� =HLW� YHUQDFKOlVVLJW�� KDW� VLFK�
DXFK� KLHU� GHU� (LQVDW]� YRQ� VWHULVFK� DQVSUXFKVYROOHQ� /LJDQGHQ� PLW� KRKHU�
(OHNWURQHQGRQRUNDSD]LWlW� DOV� HUIROJUHLFKHV� /LJDQGHQNRQ]HSW� I�U� GLH� (UZHLWHUXQJ� GHU�
(GXNWSDOHWWH�YRQ�VS��]HQWULHUWHQ�+DORJHQLGHQ�DXI�VS��]HQWULHUWH�HUZLHVHQ��,Q�GHQ� OHW]WHQ�-DKUHQ�
LVW�HV�XQWHU�DQGHUHP�PLW�LKUHU�+LOIH�JHOXQJHQ��GLH��ZHJHQ�PDQJHOQGHU�%HUHLWVFKDIW�]X�R[LGDWLYHQ�
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$GGLWLRQ� XQG�1HLJXQJ� ]X�1HEHQUHDNWLRQHQ� � �+\GULGHOLPLQLHUXQJ��� DOV� QRWRULVFK� VFKZLHULJ� ]X�
NXSSHOQGHQ� $ON\OKDORJHQLGH� LQ� GDV� 6\QWKHVHUHSHUWRLUH� GHU� HWDEOLHUWHQ� .UHX]NXSSOXQJHQ�
DXI]XQHKPHQ�����

1LFKW�QXU�I�U�GLH�UHDNWLYHUHQ�$ON\OLRGLGH��VRQGHUQ�DXFK�I�U�GLH�ZHLWDXV�ZHQLJHU�EHUHLWZLOOLJ�
UHDJLHUHQGHQ� VHNXQGlUHQ� $ON\OEURPLGH� XQG� YHUHLQ]HOW� VRJDU� I�U� $ON\OFKORULGH�� VWHKHQ� EHUHLWV�
YHUVFKLHGHQH�.DWDO\VDWRUHQ�I�U�GHUHQ�.UHX]NXSSOXQJHQ�]X�9HUI�JXQJ��9RUUHLWHU�LQ�GLHVHP�QRFK�
MXQJHQ� $UEHLWVJHELHW� LVW� GLH� $UEHLWVJUXSSH� YRQ� 3URIHVVRU� )X�� 'XUFK� LQWHQVLYHV�
/LJDQGHQVFUHHQLQJ� XQG� 5HDNWLRQVEHGLQJXQJVRSWLPLHUXQJHQ� HUDUEHLWHWH� VLH� HLQH� 5HLKH� YRQ�
9RUVFKULIWHQ� I�U� 1DPHQVUHDNWLRQHQ� DXV� GHP� %HUHLFK� GHU� .UHX]NXSSOXQJHQ� ]XP� (LQVDW]� YRQ�
$ON\OHOHNWURSKLOHQ�� 6HOEVW� HLQH� HQDQWLRVHOHNWLYH� 9DULDQWH� GHU� $ON\O�1HJLVKL�.XSSOXQJ� I�U�
DNWLYLHUWH��VHNXQGlUH�%URPLGH�LVW�DXV�GLHVHQ�%HP�KXQJHQ�KHUYRUJHJDQJHQ��6FKHPD���������

�

�
6FKHPD�����(QDQWLRVHOHNWLYH�$ON\O�1HJLVKL�5HDNWLRQ�QDFK�)X��

1HEHQ�3DOODGLXPNRPSOH[HQ�VLQG�HLQLJH�DQGHUH��PHLVW�VWDUN�HOHNWURQHQUHLFKH�XQG�UHDNWLYHUH�
.RPSOH[H� GHU� VSlWHQ� hEHUJDQJVPHWDOOH� I�U� GLH� $NWLYLHUXQJ� YRQ� $ON\OHOHNWURSKLOHQ� LQ�
*HEUDXFK���������*HPHLQVDPHV�0HUNPDO�GLHVHU�.DWDO\VDWRUHQ� LVW� LKUH�KRKH�(OHNWURQHQGLFKWH� DP�
0HWDOO�� 6LH� ZLUG� KHUYRUJHUXIHQ� GXUFK� DW�.RPSOH[ELOGXQJ� �]�%�� /L�&X&O��������������� QLHGULJH�
2[LGDWLRQVVWXIHQ� �Å)H��´����� RGHU� HEHQ� GXUFK� HLQHQ� HOHNWURQHQUHLFKHQ� /LJDQGHQ� �QlFKVWHU�
$EVFKQLWW���(UVW� GDGXUFK�ZLUG� GLH� HVVHQWLHOOH� VFKQHOOH�R[LGDWLYH� ,QVHUWLRQ� LQ� GLH�&$ON\O�+DORJHQ�
%LQGXQJ�HUP|JOLFKW���

(LQH� hEHUVLFKW� GHU�� LQ� SDOODGLXPNDWDO\VLHUWHQ� .UHX]NXSSOXQJVUHDNWLRQHQ� PLW�
$ON\OKDORJHQLGHQ� YHUZHQGHWHQ�� /LJDQGHQ� �$EELOGXQJ� ���� OlVVW� HUNHQQHQ��ZHOFKH�(LJHQVFKDIWHQ�
VLFK�SRVLWLY�DXI�GDV�NDWDO\WLVFKH�*HVFKHKHQ�DXV]XZLUNHQ� VFKHLQHQ��'LHVH�)DNWRUHQ� VROOWHQ�DXFK�
I�U�GLH�$ON\O�6RQRJDVKLUD�5HDNWLRQ�YRQ�WUDJHQGHU�%HGHXWXQJ�VHLQ��XQG�VSLHJHOQ�VLFK�HEHQIDOOV�LQ�
GHQ�&KDUDNWHULVWLND�GHU�,%LR[�/LJDQGHQ�ZLGHU��
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�
$EELOGXQJ�����/LJDQGHQ�I�U�YHUVFKLHGHQH�SDOODGLXPNDWDO\VLHUWH�.UHX]NXSSOXQJVUHDNWLRQHQ�YRQ�

$ON\OEURPLGHQ���WRV\ODWHQ�XQG��FKORULGHQ��

$OV� UDXPEHDQVSUXFKHQGH� /LJDQGHQ� JHZlKUOHLVWHQ� VLH� DOOH�� GDVV� HLQ� HLQIDFKOLJLHUWHV��
PRQRPHUHV� /LJDQG�0HWDOOIUDJPHQW� YRUOLHJW�� XQG� VRUJHQ� GDPLW� I�U� HLQH� KRKH� .RQ]HQWUDWLRQ�
DNWLYHU�.DWDO\VDWRUSH]LHV��'LHV�LVW�KDXSWVlFKOLFK�ZLFKWLJ�I�U�GHQ�HUVWHQ�6FKULWW�GHV�.DWDO\VH]\NOXV��
GHU� R[LGDWLYHQ� $GGLWLRQ� GHV� 0HWDOO]HQWUXPV� DQ� GDV� $ON\OKDORJHQLG�� 9RUJHODJHUWH�
/LJDQGHQGLVVR]LDWLRQHQ�ZHUGHQ�EHJ�QVWLJ�E]Z��VLQG�QLFKW�Q|WLJ��$EELOGXQJ�������

�

�
$EELOGXQJ�����2[LGDWLYH�$GGLWLRQ��$QQlKHUXQJ�XQG�*UHQ]RUELWDOH�QDFK�%LFNHOKDXSW�GHV�OLJDQGHQ�

VWDELOLVLHUWHQ�/�3G��)UDJPHQWV�DQ�HLQ�$ON\OKDORJHQLG���������

$OV�JXWH�(OHNWURQHQGRQRUHQ�HU]HXJHQ�GLHVH�/LJDQGHQ�HLQ�KLQUHLFKHQG�QXNOHRSKLOHV�0HWDOO��
GDV� LQ� GLH� +DORJHQ�.RKOHQVWRIIELQGXQJ� LQVHUWLHUHQ� NDQQ�� 6HLQ� JHQDXHU� $QJULIIVZHJ� LVW� GDEHL�
XQNODU��0|JOLFK�ZlUHQ�HKHU�HLQH�IURQWDOH�$QQlKHUXQJ�GHU�*UHQ]RUELWDOH��HLQ�VHLWOLFKHU�$QJULII�GHU�
&�;�%LQGXQJ� RGHU� HLQ� 61��lKQOLFKHU� 0HFKDQLVPXV�� 'D� GLH� 5HDNWLRQVJHVFKZLQGLJNHLW�
QDFKJHZLHVHQHUPD�HQ� HPSILQGOLFK� JHJHQ�EHU� VWHULVFKHP� (LQIOXVV���� LP� /LJDQG� VHOEVW� RGHU� LP�
$ON\OKDORJHQLG�LVW�²� ��� ��� �6XEVWLWXWLRQ�YHUODQJVDPHQ�GLH�2[LGDWLYH�$GGLWLRQ�HUKHEOLFK�²�XQG�
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]\NOLVFKH�+DORJHQLGH�DOV�ÅHLQIDFKH´�6XEVWUDWH�JHOWHQ��LVW�HLQ�VHLWOLFKHU�$QJULII�QDKH�OLHJHQGHU�XQG�
ZLUG�DXFK�YRQ�WKHRUHWLVFKHQ�0RGHOOHQ��������XQWHUVW�W]W��'DUDXV� OHLWHW�VLFK�I�U�GHQ�/LJDQGHQ�HLQ�
HQJHV� $QIRUGHUXQJVSURILO� I�U� VHLQHQ� VWHULVFKHQ�$QVSUXFK� DE�� =XP� HLQHQ�PXVV� HU� JUR�� JHQXJ�
VHLQ�� GDV� .DWDO\VDWRUPRQRPHU� ]X� VWDELOLVLHUHQ�� ]XP� DQGHUHQ� PXVV� HU� GHQ� VHLWOLFKHQ�
,QVHUWLRQVVFKULWW�UlXPOLFK�]XODVVHQ���

'HQ� 5HJHOQ� HLQHU� NODVVLVFKHQ� QXNOHRSKLOHQ� 6XEVWLWXWLRQ� IROJHQG� XQG� DQDORJ� GHQ� KlXILJ�
DXFK� LQ� DQGHUHQ�.UHX]NXSSOXQJVUHDNWLRQHQ� EHREDFKWHWHQ�5HDNWLYLWlWVWUHQGV�� UHDJLHUHQ� SULPlUH�
+DORJHQLGH� PLW� DEQHKPHQGHU� 5HDNWLYLWlW� LQ� GHU� 5HLKHQIROJH� ,!%Ua27I!&O�� 'LHVHU�
5HDNWLYLWlWVDEVWXIXQJ� HQWVSUHFKHQG� YHUZXQGHUW� HV� QLFKW�� GDVV� VFKRQ� IU�K� $ON\OLRGLGH� DOV�
(OHNWURSKLOH�LQ�HLQHU�YRQ�3G�33K����NDWDO\VLHUWHQ�6X]XNL�5HDNWLRQ����JHQXW]W�ZXUGHQ��$EELOGXQJ�
�����%URPLGH� XQG�&KORULGH� DEHU� HUVW� GLHVHU�7DJH�PLW� GHQ� JHJHQZlUWLJ� QHXHQ�/LJDQGHQ� I�U� GLH�
3DOODGLXPNDWDO\VH� HUVFKORVVHQ� ZHUGHQ�� )�U� VHNXQGlUH� $ON\OEURPLGH� VLQG� GLHVHQ�
5HDNWLYLWlWVDEVWXIXQJHQ� ]XIROJH� HUVW� ZHQLJH� %HLVSLHOH� I�U� *UXSSH� ��� NDWDO\VLHUWH� 5HDNWLRQHQ�
SXEOL]LHUW�ZRUGHQ������

�

�
$EELOGXQJ�����6X]XNL�5HDNWLRQ�PLW�$ON\OLRGLGHQ�DXV�GHP�-DKUH�������

*HUDGH� LQ�%HWUDFKW�DXI�GLH�$ON\O�6RQRJDVKLUD�5HDNWLRQ�EHVWHKHQ�VSH]LHOOH�$QIRUGHUXQJHQ�
DQ� GLH� )HLQDEVWLPPXQJ� GHU� HLQ]HOQHQ� 6FKULWWH�� GD� GHU� QXNOHRSKLOH�5HDNWLRQVSDUWQHU�� GDV�$ONLQ�
E]Z��GDV�$FHW\OLG�RGHU�DXFK�GDV�3URGXNWDONLQ��GXUFK�GLH�NRRUGLQLHUHQGHQ�(LJHQVFKDIWHQ�LKUHU� �
6\VWHPH� GLH� (OHPHQWDUVFKULWWH� GHV� .DWDO\VH]\NOXVVHV� EHHLQIOXVVHQ�� .LQHWLVFKH� 6WXGLHQ� YRQ�
$PDWRUH�XQG�-XWDQG�PLW�$U\OKDORJHQLGHQ�XQG�HOHNWURQLVFK�XQWHUVFKLHGOLFKHQ�$ONLQHQ�OHJHQ�QDKH��
GDVV� I�U� $U\OLRGLGH� GLH� R[LGDWLYH� $GGLWLRQ� QLFKW� GHU� JHVFKZLQGLJNHLWVEHVWLPPHQGH� 6FKULWW� GHV�
.DWDO\VH]\NOXV� LVW�� VRQGHUQ� HKHU� GLH� 7UDQVPHWDOOLHUXQJ� E]Z�� /LJDQGHQGLVVR]LDWLRQ� GHV� $ONLQV�
�OLQNHU�7HLO�LQ�$EELOGXQJ�������������
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�
$EELOGXQJ�����9HUODQJVDPXQJ�GHU�2[LGDWLYHQ�$GGLWLRQ�GXUFK�.RRUGLQDWLRQ�GHV�$ONLQV�XQG�,QLWLLHUXQJ�GHU�

1HEHQUHDNWLRQHQ��1�5����

'DV� 6]HQDULR� lQGHUW� VLFK� I�U� $U\OEURPLGH�� I�U� GLH� GLH� R[LGDWLYH� $GGLWLRQ� HKHU� ]XP�
JHVFKZLQGLJNHLWVEHVWLPPHQGHQ� 6FKULWW� ]X� ZHUGHQ� VFKHLQW�� bKQOLFKHV� VROOWH� DXFK� I�U�
$ON\OKDORJHQLGH� JHOWHQ�� GHUHQ� R[LGDWLYH� $GGLWLRQ� JHQHUHOO� LP� 9HUJOHLFK� ]X� $U\OKDORJHQLGHQ�
ODQJVDPHU�YHUOlXIW��2KQH�GLH�0|JOLFKNHLW�HLQHU�KLOIUHLFKHQ�3UlNRRUGLQDWLRQ�GHV�.DWDO\VDWRUV�DQ�
HLQ� �6\VWHP�GHV�(OHNWURSKLOV�� VR�ZLH�HV�EHL� VS��+DORJHQLGHQ�GHU�)DOO� LVW�� VWHLJW�GDPLW�DXFK�GLH�
$QIlOOLJNHLW� GHU� 6RQRJDVKLUD�5HDNWLRQ� I�U�1HEHQUHDNWLRQHQ��'XUFK� GLH� VWDUNH�:HFKVHOZLUNXQJ�
GHV�$ONLQV�PLW�GHP�0HWDOO�ZHUGHQ�1HEHQUHDNWLRQHQ��DQ�GHQHQ�QXU�GDV�$ONLQ�EHWHLOLJW� LVW��RKQH�
,QNRUSRUDWLRQ� GHV� $ON\OUHVWHV�� EHJ�QVWLJ�� (V� ZLUG� DQJHQRPPHQ�� GDVV� GLH� 1HEHQUHDNWLRQHQ�
HQWZHGHU� GXUFK� HLQHQ�&�+�$NWLYLHUXQJVVFKULWW������������ RGHU� HLQH� &DUERSDOODGLHUXQJ�������� LQLWLLHUW�
ZHUGHQ��UHFKWHU�7HLO�$EELOGXQJ�������

�
$EELOGXQJ�����1HEHQUHDNWLRQHQ�GHV�$ONLQV��GLH�I�U�QLHGHUYDOHQWH�.DWDO\VDWRUHQ�EHVFKULHEHQ�VLQG��

=X� GHQ� 1HEHQUHDNWLRQHQ�������� GHV� $ONLQV� JHK|UHQ� YRU� DOOHP� GHVVHQ� R[LGDWLYH�
'LPHULVLHUXQJ��������� +\GURGLPHULVLHUXQJ��������� 2OLJRPHULVLHUXQJ�������� �OLQHDUH� RGHU� ]\NOLVFKH�
7ULPHULVLHUXQJ��E]Z��3RO\PHULVLHUXQJ�������������'DV�VLQG�5HDNWLRQHQ��GLH�DXFK�JH]LHOW�DXVJHDUEHLWHW�
ZRUGHQ�VLQG��VRIHUQ�PDQ�DQ�GHQ�3URGXNWHQ�LQWHUHVVLHUW�ZDU��$EELOGXQJ������1LHGULJNRRUGLQLHUWH�
.DWDO\VDWRUHQ��VR�ZLH�VLH�LQ�GHQ�SDOODGLXPNDWDO\VLHUWHQ�$ON\ONUHX]NXSSOXQJVUHDNWLRQHQ�YHUZHQGHW�
ZHUGHQ��VLQG�EHVRQGHUV�DQIlOOLJ�I�U�3UlNRRUGLQDWLRQ�GHV�$ONLQV�XQG�GHQ�GDUDXIKLQ�HLQVHW]HQGHQ�
1HEHQUHDNWLRQHQ��$XVZHJH� DXV� GLHVHU�'LVNUHSDQ]� ]ZLVFKHQ� ODQJVDPHU� R[LGDWLYHU�$GGLWLRQ� GHV�
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$ON\OKDORJHQLGV� XQG�3UlNRRUGLQDWLRQ� GHV�$ONLQV� VLQG� ]XP� HLQHQ� GLH�9HUZHQGXQJ� YRQ�SRODUHQ�
/|VXQJVPLWWHOQ� XQG� KHWHURJHQHQ� %DVHQ�� XP� HLQHQ� O|VXQJVPLWWHOVWDELOLVLHUWHQ� 5XKH]XVWDQG� GHV�
.DWDO\VDWRUV�]X�JHZlKUOHLVWHQ��=XP�DQGHUHQ�YHUVXFKW�PDQ�GLH� ORNDOH�.RQ]HQWUDWLRQ�GHV�$ONLQV�
DP�.DWDO\VDWRU]HQWUXP� DQGHUZHLWLJ� QLHGULJ� ]X� KDOWHQ��2EOLJDWH�0LWWHO� GDI�U� VLQG� GLH� ODQJVDPH�
=XJDEH�GHV�$ONLQV����RGHU�GLH�%LOGXQJ�GHV�HLJHQWOLFKHQ�WHUPLQDOHQ�$ONLQV�ZlKUHQG�GHU�5HDNWLRQ�
DXV� ODELOHQ� 9RUOlXIHUQ� �706�� RGHU� L�3URSDQROJHVFK�W]WH� $ONLQH������ 6WHULVFK� DQVSUXFKVYROOH�
/LJDQGHQ� N|QQWHQ� KLHU� ZLHGHUXP� KLOIUHLFK� VHLQ�� LQGHP� IUHLH� .RRUGLQDWLRQVVWHOOHQ� DEJHVFKLUPW�
ZHUGHQ� XQG� I�U� HLQH� QLHGULJH� ORNDOH� $ONLQNRQ]HQWUDWLRQ� DP� 0HWDOO� VRUJHQ�� 2[LGDWLYH�
'LPHULVLHUXQJ� NDQQ� PHLVW� GXUFK� (QWJDVHQ� RGHU� UHGXNWLYH� 5HDNWLRQVEHGLQJXQJHQ� XQWHUGU�FNW�
ZHUGHQ������

�
$EELOGXQJ����� �+\GULGHOLPLQLHUXQJ�XQG�GDV�]XJHK|ULJH�*UHQ]RUELWDOVFKHPD��

'DV� 3UREOHP� GHU� /DELOLWlW� GHV� HQWVWDQGHQHQ� 0HWDOODON\ONRPSOH[HV� LQ� 5LFKWXQJ� �
+\GULGHOLPLQLHUXQJ� �$EELOGXQJ� ����� NDQQ� HLQHUVHLWV� GXUFK� HLQHQ� VFKQHOOHUHQ� )ROJHVFKULWW� ��
7UDQVPHWDOOLHUXQJ� RGHU� &2�,QVHUWLRQ���� �� RGHU� ZLHGHUXP� GXUFK� GHQ� (LQIX�� GHV� /LJDQGHQ�
XQWHUGU�FNW�ZHUGHQ��+LHUEHL�VROOWHQ�GLH�VWHULVFK�DQVSUXFKVYROOHQ�/LJDQGHQ�J�QVWLJH�%HGLQJXQJHQ�
VFKDIIHQ��8QWHU�9HUZHQGXQJ�YRQ�PRQRGHQWDWHQ�� VWHULVFK�DQVSUXFKVYROOHQ�3KRVSKLQHQ� �W�%X�3��
R�7RO�3�� NRQQWH� +DUWZLJ� GUHLIDFK� NRRUGLQLHUWH�� \SVLORQI|UPLJH� $U\O�0RQRSKRVSKLQ�
3DOODGLXPVSH]LHV�� GDV� VLQG� GLH� 3URGXNWH� QDFK� GHU� R[LGDWLYHQ� $GGLWLRQ�� LVROLHUHQ� XQG�
U|QWJHQRJUDSKLVFK� FKDUDNWHULVLHUHQ������������� 0LW� LKQHQ� NRQQWH� DXFK� GLH� (LQIDFKKHLW� GHU�
)ROJHUHDNWLRQHQ�DXIJH]HLJW�ZHUGHQ��*OHLFK]HLWLJ�VWDELOLVLHUHQ�VWHULVFK�DQVSUXFKVYROOH�/LJDQGHQ�GLH�
$ON\ONRPSOH[H�� ZLH� ELGHQWDWH� /LJDQGHQ�� LQGHP� VLH� GLH�.RRUGLQDWLRQVVSKlUH� GHV�0HWDOOV� JHJHQ�
HLQH� HLQIDFKH� SHULSODQDUH� $QQlKHUXQJ� GHV� �:DVVHUVWRIIV� DQ� HLQH� IUHLH� .RRUGLQDWLRQVVWHOOH�
EHKLQGHUQ�� (LQ� VHOWHQHU� $ON\OSDOODGLXP�,,�NRPSOH[� NRQQWH� GXUFK� GLHVH� $UW� GHU� 6WDELOLVLHUXQJ�
VRJDU�YRQ�)X�NULVWDOOLVLHUW�XQG�FKDUDNWHULVLHUW�ZHUGHQ�����

)�U� HLQH� VFKQHOOH� 7UDQVPHWDOOLHUXQJ� VRUJHQ� DXFK� GLH� $GGLWLYH�� QDPHQWOLFK� GDV� DP�
KlXILJVWHQ�YHUZHQGHWH�.XSIHULRGLG��'LH�5ROOH�GHU�$GGLWLYH��LVW�]ZDU�QLFKW�YROOVWlQGLJ�DXIJHNOlUW��



� � �

�

���

HV�ZLUG�DEHU�DQJHQRPPHQ��GDVV�GXUFK�.RRUGLQDWLRQ�DQ�GDV�IUHLH�$ONLQ�GHU�S.$�GHV�WHUPLQDOHQ�
3URWRQV�KHUDEJHVHW]W�ZLUG��'LH�'HSURWRQLHUXQJ�]XP�$FHW\OLG�GXUFK�VFKZDFKH�%DVHQ�ZLUG�VR�HUVW�
P|JOLFK�� <DPDPRWR� ZLHV� QDFK�� GDVV� LVROLHUWH� .XSHUDFHW\OLGH� LKUH� RUJDQLVFKHQ� 5HVWH� DXI�
3DOODGLXP� XQG� 3ODWLQ� WUDQVPHWDOOLHUHQ� N|QQHQ�� GHQ� /LJDQGHQWUDQVIHU� EHVFKOHXQLJHQ� XQG� VRPLW�
DXFK�GLH� FLV�WUDQV�,VRPHULVLHUXQJ��GLH�I�U�GLH�IROJHQGH�UHGXNWLYH�(OLPLQLHUXQJ� LP�.DWDO\VH]\NOXV�
Q|WLJ�LVW��XQWHUVW�W]HQ������

'LH� UHGXNWLYH�(OLPLQLHUXQJ�YRQ�HLQHP�HOHNWURQHQUHLFKHQ�0HWDOO]HQWUXP�� VR�ZLH�HV�GXUFK�
$ON\O��XQG�$FHW\OLGOLJDQGHQ�HU]HXJW�ZLUG�� LVW� LP�9HUJOHLFK�]X�HLQHP��GDV�$U\OUHVWH�DOV�/LJDQGHQ�
WUlJW�� HUVFKZHUW����� 6WHULVFKHU� $QVSUXFK� YRP� /LJDQGHQ�� GHU� GLH� ]X� NXSSHOQGHQ� 5HVWH�
]XVDPPHQI�KUW��ZLUG�DOV�I|UGHUOLFK�DQJHVHKHQ�����$X�HUGHP�ZLU�GLH�Q|WLJH�FLV�$QRUGQXQJ�GHU�]X�
HOLPLQLHUHQGHQ�5HVWH�ZHJHQ�HLQHV�P|JOLFKHQ�7�I|UPLJHQ�,QWHUPHGLDWHV�GLUHNW�JHZlKUOHLVWHW���

�
6FKHPD�����$ON\O�6RQRJDVKLUD�5HDNWLRQ�QDFK�)X��

$OO�GLHVH�hEHUOHJXQJHQ� LQ�+LQVLFKW� DXI�GLH�YHUZHQGHWHQ�/LJDQGHQ� VFKHLQHQ� DXFK� I�U�GDV�
.DWDO\VDWRUV\VWHP��GDV�YRQ�)X�I�U�GLH�HUVWH�$ON\O�6RQRJDVKLUD�5HDNWLRQ�HQWZLFNHOW�ZRUGHQ�LVW��]X�
JHOWHQ� �6FKHPD� ����� 'HU� VWHULVFK� DQVSUXFKVYROOH� ELVDGDPDQW\OVXEVWLWXLHUWH� &DUEHQOLJDQG�
VWDELOLVLHUW�GLH�YHUPXWOLFK�DNWLYH�6SH]LHV�/��3G��XQG�HUP|JOLFKW�GXUFK�VHLQH�HOHNWURQLVFKH�1DWXU�
GLH�R[LGDWLYH�$GGLWLRQ�GHV�$ON\OKDORJHQLGV��'LH�IHLQ�DEJHVWLPPWH�.RPELQDWLRQ�DXV�KHWHURJHQHU�
%DVH��$GGLWLY� XQG� SRODUHP�XQSRODUHP�/|VXQJVPLWWHOJHPLVFK� XQWHUVW�W]W� GLH� 6WDELOLVLHUXQJ� GHV�
.DWDO\VDWRUV�� XQG� VRUJW� I�U� HLQH� DEJHVWLPPWH�'HSURWRQLHUXQJV���7UDQVPHWDOOLHUXQJV��� UHGXNWLYH�
(OLPLQLHUXQJVVHTXHQ]��

,Q�$QDORJLH�]X�GHQ�%HWUDFKWXQJHQ��GLH�]X�HLQHP�HUIROJUHLFKHQ�(LQVDW]�GHU�,%LR[�/LJDQGHQ�
LQ�GHU�6X]XNL�5HDNWLRQ�YRQ� VWHULVFK�DQVSUXFKVYROOHQ�6XEVWUDWHQ�JHI�KUW�KDEHQ�²�DXFK�KLHU�ZDU�
GHU� JOHLFKH� ELVDGDPDQW\OVXEVWLWXLHUWH� &DUEHQOLJDQG� I�U� XQJHKLQGHUWH� 6XEVWUDWH� YHUZHQGHW�
ZRUGHQ���� ²� VFKLHQ� HV� DXVVLFKWVUHLFK� GLH� ,%LR[�/LJDQGHQ�� GLH� HEHQIDOOV� DOO� GLH� REHQ� JHQDQQWHQ�
&KDUDNWHULVWLND� EHVLW]HQ�� LQ� GHU� $ON\O�6RQRJDVKLUD�5HDNWLRQ� HLQ]XVHW]HQ�� =XVlW]OLFK� VROOWH� GHU�
IOH[LEOH� VWHULVFKH�$QVSUXFK�GHU� ,%LR[�/LJDQGHQ�� LP�*HJHQVDW]� ]X�GHP� VWULNW� UDXPDXVI�OOHQGHQ�
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$GDPDQW\OUHVWHQ�LP�3URWRNROO�YRQ�)X��DXFK�5DXP�I�U�GLH�ZHVHQWOLFK�VFKZLHULJHU�]X�NXSSHOQGHQ�
VHNXQGlUHQ�$ON\OEURPLGH�ODVVHQ��

�

��� (UJHEQLVVH�XQG�'LVNXVVLRQ�
(LQVWLHJVSXQNW�LQ�GLHVHV�3URMHNW�ZDUHQ�GLH�YRQ�)X�XQG�VHLQHQ�0LWDUEHLWHUQ�DXVJHDUEHLWHWHQ�

%HGLQJXQJHQ� I�U� GLH� .UHX]NXSSOXQJ� YRQ� SULPlUHQ� $ON\OEURPLGHQ� PLW� WHUPLQDOHQ� $ONLQHQ�
�5HDNWLRQVVFKHPD� �EHU� 7DEHOOH� ������� (UVWH� ([SHULPHQWH� PLW� JOHLFKHQ� .XSSOXQJVSDUWQHUQ� XQG�
XQWHU� LGHQWLVFKHQ� %HGLQJXQJHQ�� DOOHUGLQJV� XQWHU� 9HUZHQGXQJ� GHV� 3DOODGLXPNRPSOH[HV�
>,%LR[�3G&O�@�� DQVWDWW� GHV� YRQ� )X� YHUZHQGHWHQ� ,$G�/LJDQGHQ�� ]HLJWHQ�� GDVV� DXFK� GHU� ,%LR[��
/LJDQG�I�U�GLHVH�7UDQVIRUPDWLRQ�JHHLJQHW�VFKLHQ��'LH�QRFK�RSWLPLHUXQJVEHG�UIWLJHQ�$XVEHXWHQ�
LP�9HUJOHLFK�]X�GHQ�UHSURGX]LHUEDUHQ�(UJHEQLVVHQ�)XV�ZDUHQ�LQVRIHUQ�QLFKW�JDQ]�XQHUZDUWHW��GD�
)X� VHOEVW� LQ� GHU� 9HU|IIHQWOLFKXQJ� HLQH� JDQ]H� 5HLKH� DQ� VWHULVFK� DQVSUXFKVYROOHQ�
%LVDON\OLPLGD]ROLXPVDO]HQ� EHVFKULHEHQ� KDWWH�� GHUHQ� (LQVDW]� HEHQIDOOV� YHUJOHLFKEDUH� $XVEHXWHQ�
JHOLHIHUW�KDWWHQ��7DEHOOH������

��
7DEHOOH����9HUJOHLFK�YRQ�YHUVFKLHGHQHQ�/LJDQGHQ�YRQ�)X��D��*&�$XVEHXWHQ��0LWWHOZHUW�YRQ�]ZHL�/lXIHQ��E��

RKQH�3DOODGLXP��F��RKQH�&X,��

8PVR� HUIUHXOLFKHU� ZDU� ]X� VHKHQ�� GDVV� HEHQIDOOV� &\FORKH[\OEURPLG�� HLQ� ]\NOLVFKHV�
VHNXQGlUHV� $ON\OEURPLG�� GDV� ELVODQJ� QLFKW� DOV� .XSSOXQJVSDUWQHU� LQ� GHU� 6RQRJDVKLUD�5HDNWLRQ�
EHVFKULHEHQ�ZRUGHQ�ZDU��PLW���'HFLQ�XQWHU�GHQ�6WDQGDUGEHGLQJXQJHQ������&��]X�NXSSHOQ�ZDU��
,P�*&�06� ]HLJWHQ� VLFK� QHEHQ� GHP� JHZ�QVFKWHQ� .XSSOXQJVSURGXNW� �FD�� ����*&�$XVEHXWH��
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VRZRKO�GDV� 6WDUWPDWHULDO� �&\FORKH[\OEURPLG�� DXFK�GLH� W\SLVFKHQ�1HEHQSURGXNWH� DXV�R[LGDWLYHU�
'LPHULVLHUXQJ�XQG�HLQIDFKHU�'LPHULVLHUXQJ�GHV�$ONLQV�VRZLH�,VRPHULVLHUXQJ�GHV�3URGXNWDONLQV��
$XIJUXQG� GHU� )O�FKWLJNHLW� GHU� 1HEHQSURGXNWH� �&\FORKH[HQ� XQG� &\FORKH[DQ�� GHV�
&\FORKH[\OEURPLGV��GLH�YRQ� �+\GULGHOLPLQLHUXQJ�E]Z��%URPLG�:DVVHUVWRIIDXVWDXVFK�KHUU�KUHQ��
ZXUGH� I�U� GLH� ZHLWHUHQ�2SWLPLHUXQJHQ� &\FORKHSW\OEURPLG� YHUZHQGHW�� XP� GLH�1HEHQSURGXNWH�
DXFK�SHU�*&�06�UHJLVWULHUHQ�]X�N|QQHQ��*HQHUHOO�WDXFKWHQ�GLH�1HEHQSURGXNWH�QXU�LQ�JHULQJHQ�
0HQJHQ� ������� DXI�� $XV� GLHVHQ� HUVWHQ� H[SORUDWLYHQ� ([SHULPHQWHQ� JLQJ� DXFK� GLH� Q|WLJH�
7HPSHUDWXUHUK|KXQJ�LP�9HUJOHLFK�]X�GHQ�PLOGHQ�����&�LP�9RUOlXIHUSURWNROO�KHUYRU��*HQHUHOO�LVW�
HLQH�7HPSHUDWXU�YRQ��EHU�����&�Q|WLJ��GDPLW�GLH�5HDNWLRQ�EHIULHGLJHQG�YHUOlXIW���

$XIJUXQG� GHU� EHQ|WLJWHQ�� K|KHUHQ� 5HDNWLRQVWHPSHUDWXU� ���� �&� LVW� PLW� 'LHWK\OHWKHU� LP�
JHVFKORVVHQHQ� 6\VWHP� QLFKW� YHUHLQEDU��� XQG� DXFK� ]XU� Q|WLJHQ� 9HUEHVVHUXQJ� GHU� $XVEHXWHQ��
ZXUGH� ]XHUVW� HLQ� 9HUJOHLFK� YRQ� YHUVFKLHGHQHQ� /|VXQJVPLWWHO�%DVH�.RPELQDWLRQHQ�
XQWHUQRPPHQ��'DEHL�NDPHQ�SRODUH�/|VXQJVPLWWHO��'0)��0H&1��103��'062��LQ�9HUELQGXQJ�
PLW� DQRUJDQLVFKHQ� %DVHQ� �&V�&2��� &V2+�+�2�� &V2$F�� .�&2��� .�32���� GLH� LQ� JlQJLJHQ�
6RQRJDVKLUD�3URWRNROOHQ�JHEUDXFKW�ZHUGHQ�E]Z��W\SLVFK�I�U�VROFKH�.DWDO\VDWRUV\VWHPH�VLQG��]XP�
(LQVDW]���

+LHU� ]HLJWH� VLFK� HLQGHXWLJ��GDVV�'0)�GHQ�DQGHUHQ�/|VXQJVPLWWHOQ��EHUOHJHQ�ZDU�� ,Q�GHU�
.RPELQDWLRQ�PLW�GHQ�%DVHQ�LQ�DEQHKPHQGHU�5HLKHQIROJH�.�32�!.�&2�§&V�&2�!&V2+�+�2�
ZDU�'0)�GDV�/|VXQJVPLWWHO��GDV�]XPLQGHVW�LQ�DOOHQ�)lOOHQ�3URGXNW�OLHIHUWH��'HU�EHVWH�/DXI�HUJDE�
HLQH� LVROLHUWH� $XVEHXWH� YRQ� ����� 'LH� DQGHUHQ� /|VXQJVPLWWHO� UHLFKWHQ� QLFKW� DQ� GLH� JXWHQ�
$XVEHXWHQ�XQG�*HQHUDOLWlW�YRQ�'0)�KHUDQ���

'LH� $XVZHUWXQJ� GHU� ([SHULPHQWH� PLW� '062� DOV� /|VXQJVPLWWHO�� ]HLJWH�� REZRKO� EHLGH�
6WDUWPDWHULDOLHQ� NRQVXPLHUW� ZXUGHQ�� LQ� DOOHQ� )lOOHQ� VR� JXW� ZLH� JDU� NHLQ� 3URGXNW�� +LQJHJHQ�
ZXUGHQ�LQ�$FHWRQLWULO�EHLGH�6WDUWPDWHULDOLHQ�NDXP�XPJHVHW]W��1XU�LQ�9HUELQGXQJ�PLW�.�&2��VLQG�
JHULQJH� 0HQJHQ� DQ� 3URGXNWDONLQ� ]X� GHWHNWLHUHQ� JHZHVHQ�� 103� VFKQLWW� EHL� 9HUZHQGXQJ� YRQ�
.�32�� lKQOLFK� JXW� ZLH� '0)�.�&2�� DE�� ,Q� .RPELQDWLRQ� PLW� .�&2�� HQWVWDQG� QLFKW� GDV�
HUZDUWHWH�3URGXNW��VRQGHUQ�IDVW�VHOHNWLY�HLQ�XP�]ZHL�:DVVHUVWRIIDWRPH�VFKZHUHUHV�3URGXNW���

(LQ� XQSURGXNWLYHU� 9HUEUDXFK� GHU� 6WDUWPDWHULDOLHQ� LVW� I�U� GDV� $ON\OEURPLG� KDXSWVlFKOLFK�
PLW� �+\GULGHOLPLQLHUXQJ�]X�HUNOlUHQ��'DV�$ONLQ�ROLJRPHULVLHUWH�ZDKUVFKHLQOLFK�]X�GHQ��LP�*&�
06�QLFKW�ZHLWHU�]X�EHREDFKWEDUHQ��K|KHUPROHNXODUHQ�2OLJRPHUHQ��,Q�GLHVHQ�=XVDPPHQKDQJ�LVW�
GLH�%LOGXQJ�HLQHV�GXQNHOEUDXQHQ�)LOPV�DXI�GHU�/|VXQJVPLWWHOREHUIOlFKH�GHU�5HDNWLRQVJHPLVFKH�
HUZlKQHQVZHUW��(U�ZDU�QLFKW�PLVFKEDU�PLW�GHQ�VWDUN�SRODUHQ�/|VXQJVPLWWHOQ�� DEHU�PLW�3HQWDQ��
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+H[DQ�� 7ROXRO� XQG� (WKHU�� :DKUVFKHLQOLFK� KDQGHOWH� HV� VLFK� KLHUEHL� XP� GLH� XQSRODUHQ�
1HEHQSURGXNWH�GHU�$ONLQROLJRPHULVLHUXQJ��

�8P�HLQHQ�lKQOLFKHQ�(IIHNW�GHV�'LHWK\OHWKHUV�DXV�GHU�3XEOLNDWLRQ�YRQ�)X�QDFK]XDKPHQ��
XQG� XP� HLQH� +RPRJHQLVLHUXQJ� �YRUKHULJHU� $EVFKQLWW�� GHV� 5HDNWLRQVJHPLVFKHV� ]X� HUUHLFKHQ��
ZXUGHQ�GHP�'0)�.�32��6\VWHP�XQSRODUH�/|VXQJVPLWWHO��'0(��+H[DQ��7ROXRO��LP�9HUKlOWQLV�
���� EHLJHPLVFKW�� EHL� NRQVWDQWHP�*HVDPWYROXPHQ�� 'LH� =XJDEH� YRQ� 7ROXRO� XQG� +H[DQ� I�KUWH�
GDEHL�]X�GUDPDWLVFKHQ�(LQEX�HQ�DQ�3URGXNW��ZlKUHQG�'0(�HLQH�OHLFKWH�9HUEHVVHUXQJ�HUJDE��,Q�
VSlWHUHQ� ([SHULPHQWHQ� ]HLFKQHW� VLFK� GLHVHV� /|VXQJVPLWWHOV\VWHP� DOV� GDV� ZHQLJHU�
VW|UXQJVDQIlOOLJH�DXV��1DFKWUlJOLFK�ZXUGH�GDV�/|VXQJVPLWWHOYHUKlOWQLV�YRQ�'0)�'0(�DXI�����
IHLQDEJHVWLPPW��(LQH�8PNHKU�GHV�9HUKlOWQLVVHV�EUDFKWH�GLH�5HDNWLRQ�]XP�(UOLHJHQ���

%HL�GHQ�8QWHUVXFKXQJHQ�VWHOOWH�VLFK�KHUDXV��GDVV�GDV�YRQ�)X�YHUZHQGHWH�&X�3G�9HUKlOWQLV�
DXFK� I�U� GDV� KLHU� HQWZLFNHOWH� 6\VWHP� RSWLPDO� ZDU�� .XSIHU� ZDU� HEHQIDOOV� HVVHQWLHOO� I�U� GLH�
5HDNWLRQ��GDV�%OLQGH[SHULPHQW�RKQH�.XSIHULRGLG�OLHIHUWH�NHLQ�3URGXNW��9RQ�JOHLFKHU�%HGHXWXQJ�
ZDU� HLQH� 5HDNWLRQVWHPSHUDWXU� YRQ� �EHU� ��� �&�� (LQ� HUQHXWHU�� GLUHNWHU� 9HUJOHLFK� YRQ�
&lVLXPFDUERQDW�XQG�.DOLXPSKRVSKDW�XQWHU�GHQ�DGDSWLHUWHQ�%HGLQJXQJHQ��OLH��OHLFKWH�9RUWHLOH�]X�
*XQVWHQ� GHU� WHXUHUHQ� &DUERQDWEDVH� HUNHQQHQ�� ,QVJHVDPW� NRQQWH� GXUFK� GLH� 9HUlQGHUXQJ� GHU�
5HDNWLRQVEHGLQJXQJHQ�HLQH�9HUEHVVHUXQJ�GHU�$XVEHXWH�YRQ�XQJHIlKU�����HUUHLFKW�ZHUGHQ���
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7DEHOOH�����9HUJOHLFK�GHU�,%LR[�/LJDQGHQ�XQWHUHLQDQGHU�XQG�PLW�6WDQGDUGLPLGD]ROLXPVDO]HQ��D�*&�$XVEHXWH��
0LWWHOZHUW�DXV�]ZHL�([SHULPHQWHQ��

Imidazoliumsalz Ausbeute (%)a 

IBioxMe4•HOTf 57 

IBiox6•HOTf 62 

IBiox7•HOTf 61 

IBiox8•HOTf 60 

IBiox12•HOTf 55 

IBioxPent4•HOTf 55 

IMes•HCl 51 

IAd•HCl 41 
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1HEHQ� GHP� (LQVDW]� GHV� YRUJHIRUPWHQ� .RPSOH[HV� >,%LR[�3G&O�@��� NRQQWH� GLH� 5HDNWLRQ�
DXFK�PLW�LQ�VLWX�0HWKRGHQ��DOOHUGLQJV�PLW�HWZDV�VFKOHFKWHUHQ�5HVXOWDWHQ��a����ZHQLJHU�3URGXNW���
GXUFKJHI�KUW�ZHUGHQ��'DEHL�NRQQWH�HLQH�� DQ�GHQ�5HDNWLRQVEHGLQJXQJ�GHU�YRUJHVWHOOWHQ�6X]XNL�
5HDNWLRQ�DQJHOHKQWH��*HQHULHUXQJ�GHV�IUHLHQ�&DUEHQV�PLW�.+�XQG�NDWDO\WLVFKHQ�0HQJHQ�DQ�.2W�
%X� LQ� '0(� DQJHZHQGHWH� ZHUGHQ�� 'LH� ILOWULHUWH� &DUEHQO|VXQJ�� YHUPLVFKW� PLW� YHUVFKLHGHQHQ�
3DOODGLXPYRUOlXIHUQ� �3G�2$F��!3G&O�!.�3G&O�!>3G� �DOO\O�&O@���� OLHIHUWH� GDQQ� HLQHQ� DNWLYHQ�
.DWDO\VDWRU�� 1RFK� HLQIDFKHU�� DEHU� JHQDXVR� HIIHNWLY�� ZDU� GDV� GLUHNWH� 9HUPLVFKHQ� GHV�
,PLGD]ROLXPVDO]HV� PLW� DOOHQ� DQGHUHQ� 5HDJHQ]LHQ�� DQDORJ� GHU� 9HU|IIHQWOLFKXQJ� YRQ� )X�� 'LHV�
HUP|JOLFKWH� HLQHQ� HLQIDFKHQ� 9HUJOHLFK� GHU� YHUVFKLHGHQHQ� ,%LR[�/LJDQGHQ�� RKQH� GLH� HLQ]HOQHQ�
.RPSOH[H�JHVRQGHUW�V\QWKHWLVLHUHQ�]X�P�VVHQ��

%HL�GHP�9HUJOHLFK�GHU�/LJDQGHQ�]HLJWH� VLFK��GDVV�DQGHUV�DOV�EHL�GHU�6X]XNL�5HDNWLRQ�YRQ�
VWHULVFK�DQVSUXFKVYROOHQ�6XEVWUDWHQ��DOOH�/LJDQGHQ�lKQOLFKH�$XVEHXWHQ�OLHIHUWHQ��(LQ�2SWLPXP�LQ�
GHU� 5HLKH� GHU� /LJDQGHQ� VFKHLQW� ]ZLVFKHQ� ,%LR[�� XQG� ,%LR[�� ]X� OLHJHQ�� 'HU� VWHULVFK� ZHQLJHU�
DQVSUXFKVYROOH� ,%LR[0H��/LJDQG� E]Z�� GLH� PLW� JUR�HQ� 5LQJHQ� DXVJHVWDWWHWHQ� XQG� GLH� ]ZHL�
6WDQGDUGFDUEHQH� ,$G� XQG� ,0HV� HUJDEHQ� UHSURGX]LHUEDU� VFKOHFKWHUH� *&�$XVEHXWHQ� XQWHU� GHQ�
YHUZHQGHWHQ� %HGLQJXQJHQ�� ,GHQWLVFKH� 9HUJOHLFKVH[SHULPHQWH� XQWHU� )X�%HGLQJXQJHQ�
�'0)�(WKHU�� SURGX]LHUWHQ� ������� ZHQLJHU� DQ� 3URGXNW�� 6RPLW� ZDUHQ� HV� VRZRKO� GLH�
9HUlQGHUXQJ� GHU� 5HDNWLRQVEHGLQJXQJHQ�� DOV� DXFK� GHU� (LQVDW]� GHU� ,%LR[�/LJDQGHQ�� GLH� GLH�
$XVEHXWHQ�YHUEHVVHUWHQ��

�
$EELOGXQJ�����3UREOHPDWLVFKH��VHNXQGlUH�$ON\OEURPLGH�I�U�GDV�6RQRJDVKLUD�3URWRNROO���

8P� HLQHQ� VFKQHOOHQ� hEHUEOLFN� �EHU� GLH� $QZHQGXQJVEUHLWH� GHV� .DWDO\VDWRUV\VWHPV� ]X�
EHNRPPHQ�� ZXUGHQ� HLQH� 5HLKH� YRQ� NRPPHU]LHOO� HUKlOWOLFKHQ� XQG� SUlSHUDWLY� HLQIDFK�
]XJlQJOLFKHQ� VHNXQGlUHQ� $ON\OEURPLGHQ� XQG� WHUPLQDOHQ� $ONLQHQ� XQWHU� GHQ� HUDUEHLWHWHQ�
5HDNWLRQVEHGLQJXQJHQ� XPJHVHW]W�� ,Q� $EELOGXQJ� ��� VLQG� GLH� $ON\OEURPLGH� DXIJHOLVWHW�� GLH� VLFK�
QLFKW�]XIULHGHQ�VWHOOHQG�]XP�JHZ�QVFKWHQ�3URGXNW�XPVHW]WHQ�OLH�HQ��

1 2 3 4 5 

6 7 8 9 10 11 
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'LH� VSH]LHOOHQ� *U�QGH� GDI�U� VLQG� DXV� GHU� URXWLQHPl�LJHQ� *&�06�$QDO\VH� GHU�
5HDNWLRQVJHPLVFKH� QLFKW� PLW� 6LFKHUKHLW� DE]XOHLWHQ�� =X� GHQ� )DNWRUHQ� GLH� DXJHQVFKHLQOLFK�
SUREOHPDWLVFK�VLQG�]lKOW�]X�DOOHUHUVW�VWHULVFKHU�$QVSUXFK��'LHV�JLOW�YRU�DOOHP�I�U�GLH�%URPLGH���
�6XEVWLWXWLRQ�LQ���6WHOOXQJ�DP�&\FORKH[\OULQJ������ �6XEVWLWXWLRQ�����XQG����6LH�ZXUGHQ�ZlKUHQG�
GHU� 5HDNWLRQ� NDXP� XPJHVHW]W�� ZlKUHQG� GDV� $ONLQ� ZDKUVFKHLQOLFK� ]XP� 2OLJRPHU� DEUHDJLHUWH��
&\FORGHF\OEURPLG�����ZXUGH�ZLH�GLH�DQGHUHQ�*HQDQQWHQ�QLFKW�YROOVWlQGLJ�XPJHVHW]W��HV�WDXFKWHQ�
DEHU�VLJQLILNDQWH�0HQJHQ�DQ�&\FORGHFHQ�LP�*&�06�DXI��%HQ]\OEURPLG�����XQG�GLH�(VWHU���XQG���
VLQG� DNWLYLHUWH�$ON\OEURPLGH�� 6LH� QDKPHQ� HEHQIDOOV� NDXP� DQ� GHU�5HDNWLRQ� WHLO�� XQG� ]HLJWHQ� HLQ�
YLHOIlOWLJHV� 6SHNWUXP� DQ� 1HEHQSURGXNWHQ�� $X�HUGHP� VFKLHQHQ� VLFK� NRRUGLQLHUHQGH�
)XQNWLRQDOLWlWHQ� LQ� GHQ� %URPLGHQ� ���� QLFKW� PLW� GHP� .DWDO\VDWRU� ]X� YHUWUDJHQ�� )�U� GLH�
XQEHIULHGLJHQGHQ�$XVEHXWHQ�EHLP�(LQVDW]�GHU�%URPLGH����XQG����ZDU�)O�FKWLJNHLW�GHV�(GXNWV�
E]Z��3URGXNWV�ZDKUVFKHLQOLFK�GLH�+DXSWXUVDFKH��)�U���%URPRKH[DQ������HUJDEHQ�VLFK�JXWH�*&�
$XVEHXWHQ��DEHU�GLH�,VROLHUXQJ�EHUHLWHWH�6FKZLHULJNHLWHQ��ZlKUHQG�&\FORSURS\OEURPLG������ZHJHQ�
VHLQHV� JHULQJHQ� 6LHGHSXQNWHV� ZDKUVFKHLQOLFK� VFKRQ� ZlKUHQG� GHU� 5HDNWLRQ� LQ� GLH� *DVSKDVH�
�EHUJLQJ�� %HLP� 9HUVXFK� ��&KORURGRGHFDQ� PLW� ��2FWLQ� ]X� NXSSHOQ� ELOGHWHW� VLFK� QXU� ZHQLJ�
3URGXNW� �a���� *&�$XVEHXWH��� 7HPSHUDWXUHUK|KXQJ� YHUEHVVHUWH� GLH� $XVEHXWH� QLFKW��
&\FORKH[\OFKORULG�YHUKLHOW�VLFK�LQHUW�JHJHQ�EHU�GHP�.DWDO\VDWRUV\VWHP��

�
$EELOGXQJ�����7HUPLQDOH�$ONLQH��GLH�XQWHU�GHQ�5HDNWLRQVEHGLQJXQJHQ�QLFKW�NUHX]NXSSHOWHQ��

%HL� 9DULDWLRQ� DXI� GHU� 6HLWH� GHU� WHUPLQDOHQ� $ONLQH� LQ� GHU� 7HVWUHDNWLRQ� PLW�
&\FORKHSW\OEURPLG�� HUZLHVHQ� VLFK� QXU� XQIXQNWLRQDOLVLHUWH� $ONLQH� DOV� ]XYHUOlVVLJH�
.XSSOXQJVSDUWQHU� I�U� GLH� $ON\O�6RQRJDVKLUD�5HDNWLRQ�� 'DEHL� ]HLFKQHWHQ� VLFK� HUKHEOLFKH�
(LQVFKUlQNXQJHQ�DE��GLH�ELVODQJ�QLFKW��EHUZXQGHQ�ZHUGHQ�NRQQWHQ��3UREOHPORV�UHDJLHUWHQ�QXU�
WHUPLQDOH�� OLQHDUH� $ON\ODONLQH�� 6RZRKO� HOHNWURQLVFK� XQWHUVFKLHGOLFKH� �VLO\O��� FDUER[\O��� XQG�
SKHQ\OVXEVWLWXLHUWH���DOV�DXFK�IXQNWLRQDOLVLHUWH�$ONLQH�QDKPHQ�QLFKW�LQ�GHU�JHZ�QVFKWHQ�$UW�XQG�
:HLVH�DQ�GHU�5HDNWLRQ�WHLO��$EELOGXQJ������

�
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1LFKW� RKQH� ZHLWHUHV� HLQ]XVHKHQ� LVW�� LQZLHIHUQ� VHOEVW� )XQNWLRQDOLWlWHQ� �3KHQ\O�� $ONHQ��
&KORULG��$FHWDW��IUHLH�XQG�VLO\O��RGHU�7+3�JHVFK�W]WH�$ONRKROH���GLH�VLFK�HQWIHUQW�]XU�$ONLQHLQKHLW�
EHILQGHQ�� GLH� 5HDNWLRQ� ]XP�(UOLHJHQ� EULQJHQ� NRQQWHQ��8QHUZDUWHW� ZDU� GLHV� DXFK� LQVRIHUQ�� DOV�
GDVV�GLHVH� IXQNWLRQHOOHQ�*UXSSHQ� LP�%URPLG�DXIWDXFKHQ�NRQQWHQ�E]Z��DOV�$GGLWLYH� �$ONRKROH��
$PLQH�� NHLQHQ�PLQLPLHUHQGHQ�(IIHNW� DXI� GLH�$XVEHXWH� GHU� 7HVWUHDNWLRQ� KDWWHQ�� =XVlW]OLFK� ]X�
GLHVHQ�(LQVFKUlQNXQJHQ�ZDU�VWHULVFKHU�$QVSUXFK�DXFK�LP�$ONLQWHLO�HLQ�VLFK�QHJDWLY�DXVZLUNHQGHU�
)DNWRU�� 6R� QDKPHQ� W�EXW\O��� QHRSHQW\O�� RGHU� ��F\FORKH[\OVXEVWLWXLHUWH� $ONLQH� QLFKW� DQ� GHU�
5HDNWLRQ�WHLO���

'HV� :HLWHUHQ� YHUlQGHUWHQ� GLH� HOHNWURQLVFKHQ� (LJHQVFKDIWHQ� GHU� 'UHLIDFKELQGXQJ� LKU�
5HDNWLRQVYHUKDOWHQ� HQRUP�� :lKUHQG� QRUPDOHUZHLVH� LQ� GHU� 6RQRJDVKLUD�5HDNWLRQ� PLW�
$U\OKDORJHQLGHQ�YHUJOHLFKVZHLVH�HOHNWURQHQDUPH�$ONLQH�ZLH�3KHQ\O��XQG�6LO\ODFHW\OHQH�JHJHQ�EHU�
DON\OVXEVWLWXLHUWHQ�$ONLQHQ�DOV�EHYRU]XJWH�� HLQIDFKH�6XEVWUDWH�JHOWHQ��EHREDFKWHWH�PDQ�PLW�GHP�
,%LR[�.DWDO\VDWRUHQ� HLQHQ� JHJHQOlXILJHQ� 7UHQG�� WHUPLQDOH� $ON\ODONLQH� UHDJLHUWHQ� ]XP� 3URGXNW��
6LO\ODONLQH�GLPHULVLHUWHQ�KDXSWVlFKOLFK�XQG�HV�ZDU�QXU�ZHQLJ�.XSSOXQJVSURGXNW�]X�EHREDFKWHQ��
0LW� 3KHQ\ODFHW\OHQ� ZXUGH� LQ� NHLQHP� )DOO� HLQ� 3URGXNWSHDN� LP� *&�06� EHREDFKWHW�� 7URW]�
XQWHUVFKLHGOLFKVWHU� 9DULDWLRQHQ� �ZHLWHU� XQWHQ�� GHU� 6WDQGDUGEHGLQJXQJHQ� JHODQJ� HV� QLFKW�� GLH�
'LPHULVLHUXQJ� E]Z�� 2OLJRPHULVLHUXQJ� �7ULPHULVLHUXQJ� ZDU� LP� *&�06� QRFK� QDFK]XZHLVHQ��
K|KHUPROHNXODUH� 9HUELQGXQJHQ� ILHOHQ� EHL� =XJDEH� YRQ� '&0� RGHU� (WK\ODFHWDW� DXV�� ]X�
XQWHUGU�FNHQ���

1HQQHQVZHUW� LVW�� GDVV� VHOEVW� SULPlUH� $ON\OEURPLGH� PLW� 3KHQ\ODFHW\OHQ� PLW� GHP� KLHU�
YRUJHVWHOOWHQ� .DWDO\VDWRUV\VWHP� QLFKW� NUHX]]XNXSSHOQ� ZDUHQ�� HLQH� 5HDNWLRQ� GLH� YRQ� )X�
]XPLQGHVW�XQWHU�(LQVDW]�KRKHU�.DWDO\VDWRUEHODGXQJ� ����0RO����XQG�QLHGULJHU�$XVEHXWH� ������
I�U� HLQ� %HLVSLHO� GXUFKJHI�KUW� ZHUGHQ� NRQQWH�� 0DQ� NDQQ� KLHU� PXWPD�HQ�� GDVV� GDV�
DGDPDQW\OVXEVWLWXLHUWH� &DUEHQ� GDV� 0HWDOO� EHVVHU� JHJHQ� GLH� .RRUGLQDWLRQ� YRQ� 3KHQ\ODFHW\OHQ�
DEVFKLUPW�� =XU� (UNOlUXQJ� I�U� GLH� XPJHNHKUWH� 5HDNWLYLWlW� GHU� $ONLQH� LP� )DOOH� GHU� $ON\O�
6RQRJDVKLUD�5HDNWLRQ� N|QQWH� HLQ� YHUJOHLFKVZHLVH� VFKQHOOHUHU� &�+�$NWLYLHUXQJVVFKULWW� GHU�
WHUPLQDOHQ� &�+�%LQGXQJ� LQ� 1DFKEDUVFKDIW� ZHQLJHU� HOHNWURQHQUHLFKH� 'UHLIDFKELQGXQJHQ� VHLQ��
3UlNRRUGLQDWLRQ� YRQ� UHODWLY� HOHNWURQHQDUPHQ�$ONLQHQ� DQ� GDV� HOHNWURQHQUHLFKH� 3DOODGLXP� VROOWH�
EHYRU]XJW� VHLQ�� 6RPLW�Z�UGHQ� GLH�1HEHQUHDNWLRQHQ� VFKQHOOHU� LQLWLLHUW�ZHUGHQ�� DOV� GLH� R[LGDWLYH�
$GGLWLRQ�GHV�$ON\OEURPLGV�VWDWWILQGHQ�N|QQWH��$EELOGXQJ����REHUH�5HDNWLRQ����

(UVWDXQOLFK� ZDU� DXFK�� GDVV� GLH� DQVRQVWHQ� SUREOHPORV� YRQVWDWWHQ� JHKHQGH� 7HVWUHDNWLRQ�
�5HDNWLRQVVFKHPD��EHU�7DEHOOH� ���� LP�.RQNXUUHQ]H[SHULPHQW�PLW�3KHQ\ODFHW\OHQ� YROONRPPHQ�
XQWHUGU�FNW� ZXUGH�� 'LHV� OHJW� GLH� 9HUPXWXQJ� QDKH�� GDV� 3KHQ\ODFHW\OHQ� LP� 9HUJOHLFK� ]X�
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$ON\ODFHW\OHQHQ� EHYRU]XJW� DQ� 3G�� E]Z�� 3G��� NRRUGLQLHUW� XQG� YLHOOHLFKW� VR� GHDNWLYLHUHQG� ZLUNW��
:LH� LQ� GHU� (LQOHLWXQJ� HUZlKQW�� ZHUGHQ� GDGXUFK� GLH� 5HDNWLRQVZHJH� I�U� +RPRNXSSOXQJHQ�
EHYRU]XJW�� 'LH� EHREDFKWHWHQ� 1HEHQUHDNWLRQHQ� VLQG� I�U� lKQOLFKH� .DWDO\VDWRUV\VWHPH� �VWHULVFK�
DQVSUXFKVYROOH� /LJDQGHQ�� HOHNWURQHQUHLFKH� /LJDQGHQ�� EHUHLWV� GRNXPHQWLHUW� �VLHKH� (LQOHLWXQJ�
GLHVHV�.DSLWHOV�������
�

�
$EELOGXQJ�����*HZ�QVFKWHU�(IIHNW�GHU�$GGLWLYH��XP�.RRUGLQDWLRQ�GHV�$ONLQV�]XU�FN]XGUlQJHQ��

9HUVXFKH�� GXUFK� $GGLWLYH� HLQHQ� SRVLWLYHQ� (LQIOXVV� DXI� GHQ� 9HUODXI� GHU� 5HDNWLRQ� PLW�
3KHQ\ODFHW\OHQ� ]X� QHKPHQ� �$EELOGXQJ� ��� XQWHUH� 5HDNWLRQ��� I�KUWHQ� ]X� NHLQHU� 9HUEHVVHUXQJ��
*HQHUHOO� IDQG� HLQH� YRP�$ON\OEURPLG� XQDEKlQJLJH� 5HDNWLRQ� GHV� 3KHQ\ODFHW\OHQV� VWDWW�� VR� GDVV�
QDFK� GHU� 5HDNWLRQ� HUKHEOLFKH� 0HQJHQ� DQ� $ON\OEURPLG� �EULJ� EOLHEHQ�� 3KHQ\ODFHW\OHQ� DEHU� ]X�
*XQVWHQ� YRQ� 7ULPHUHQ� E]Z�� 2OLJRPHUHQ� DXIJHEUDXFKW� ZRUGHQ� ZDU�� =X� GHQ� XQWHUQRPPHQHQ�
9HUlQGHUXQJHQ�GHU�6WDQGDUGEHGLQJXQJHQ�]lKOWHQ�GLH�9HUZHQGXQJ�YHUVFKLHGHQHU� DQRUJDQLVFKHU�
%DVHQ� �&V)��1D20H��&V�+&2���.�32���.2W�%X��RGHU�$PLQEDVHQ� �1(W���+1L�3U���'$%&2���
8P� GHQ� 7UDQVPHWDOOLHUXQJVVFKULWW� GLUHNW� ]X� EHHLQIOXVVHQ�� ZXUGHQ� VWDWW� &X,� DQGHUH� &X�,��6DO]H�
HLQJHVHW]W�� �NHLQ� &X,�� &X%U�� &X&O�� &X&1�� >&X�0H&1��@3)��� RGHU� VWDWWGHVVHQ� 6LOEHUVDO]H� �$J,��
$J12���$J27I��$J�&2���$J�2���(LQ�HUQHXWHV�/|VXQJVPLWWHOVFUHHQLQJ��'0)��0H&1��103��'062��
NRQQWH�GLH�1HEHQUHDNWLRQ�GHV�3KHQ\ODFHW\OHQV�HEHQVR�ZHQLJ�XQWHUGU�FNHQ��ZLH�GLH�=XJDEH�YRQ�
DQGHUHQ�3KRVSKLQOLJDQGHQ��33K���3R�7RO���$V3K���3�)XU\O����3W�%X���3&\���3L�3U���30H�����

'XUFK� GHQ� (LQVDW]� GHU� $GGLWLYH� VROOWH� GLH� 3UlNRRUGLQDWLRQ� GHV� 3KHQ\ODFHW\OHQV�
XQWHUEXQGHQ�ZHUGHQ��'DPLW�VROOWH�HLQH�QLHGULJH� ORNDOH�.RQ]HQWUDWLRQ�DQ�$ONLQ�HU]HXJW�ZHUGHQ��
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XQG�DOV�)ROJH�GHVVHQ�GHU�.DWDO\VDWRU�LQ�HLQHQ�DQGHUHQ�5XKH]XVWDQG�YHUVHW]W�ZHUGHQ��$EELOGXQJ�
����� 6WDUN� NRRUGLQLHUHQGH� $GGLWLYH� �'LHQH� XQG� $ONLQH�� lTXLPRODU�� LP� hEHUVFKXVV� RGHU�
]XVlW]OLFKH�bTXLYDOHQWH�DQ�&DUEHQOLJDQG�XQWHUGU�FNWHQ�]ZDU�GLH�2OLJRPHULVLHUXQJ��YHUKLQGHUWHQ�
DEHU�DXFK�JOHLFK]HLWLJ�GLH�R[LGDWLYH�$GGLWLRQ�GHV�+DORJHQLGV���

8P� GXUFK� $W�.RPSOH[ELOGXQJ� �=XJDEH� YRQ� /L&O� RGHU� 1D,�� GLH� R[LGDWLYH� $GGLWLRQ� ]X�
EHJ�QVWLJHQ�RGHU�HLQ�NDWLRQLVFKHV�3DOODGLXP�]X�HU]HXJHQ��9RUEHKDQGHOQ�GHV�3DOODGLXPNRPSOH[HV�
PLW� $J%)�� RGHU� =XJDEH� YRQ� %X�1%U�� /L3)��� HUZLHVHQ� VLFK� HEHQIDOOV� DOV� QLFKW� HUIROJUHLFKH�
6WUDWHJLHQ���

�

�

�
�
�
�
�
�
�
�

7DEHOOH�����$ON\O�6RQRJDVKLUD�5HDNWLRQ�PLU�SULPlUHQ�$ON\OEURPLGHQ��

1LFKWVGHVWRWURW]� NRQQWH� GDV� DXI� GHQ� ,%LR[�/LJDQGHQ� DXIEDXHQGH� .DWDO\VDWRUV\VWHP�
YHUZHQGHW� ZHUGHQ�� XP� XQWHU� PLOGHQ� 5HDNWLRQVEHGLQJXQJHQ� HLQH� 5HLKH� YRQ� $ON\ODONLQHQ�
XQWHUVFKLHGOLFKHU� /lQJH� �(LQWUlJH� ��� �� XQG� ��� 7DEHOOH� ���� VRZRKO� PLW� SULPlUHQ�� DOV� DXFK� PLW�
VHNXQGlUHQ�$ON\OEURPLGHQ�NUHX]]XNXSSHOQ��7DEHOOH����XQG�7DEHOOH������

)XQNWLRQHOOH�*UXSSHQ�ZLH�$URPDWHQ�RGHU�HQGVWlQGLJH�'RSSHOELQGXQJHQ��(LQWUlJH���XQG�

Eintrag Produkt Ausbeute (%) 

1 77 

2 66 

3 61 

4 60 

5 78 

6 

 

62 
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���7DEHOOH�����(LQWUDJ����7DEHOOH�����ZXUGHQ�HEHQVR�LP�$ON\OEURPLG�WROHULHUW��ZLH�&KORULG��(VWHU�
XQG� (SR[LG� �(LQWUlJH� ���� XQG� ��� 7DEHOOH� ���� (LQWUlJH� �� XQG� ���� 7DEHOOH� ����� 'LHVH�
)XQNWLRQDOLWlWHQ�Z�UGHQ�EHL�GHU�NODVVLVFKHQ�$FHW\OLHUXQJ�PLW�/LWKLXPDFHW\OLG�QLFKW�WROHULHUW���

$OV�VHNXQGlUH�$ON\OEURPLGH�NRQQWHQ�QLFKW�QXU�XQWHUVFKLHGOLFK�JUR�H��]\NOLVFKH�%URPLGH��
VRQGHUQ� DXFK� GLH� DQVSUXFKVYROOHUHQ�� RIIHQNHWWLJHQ� HLQJHVHW]W� ZHUGHQ�� XQG� OLHIHUWHQ� GDEHL� JXWH�
$XVEHXWHQ��(LQWUlJH�������7DEHOOH������'DV�3URGXNW��DXVJHKHQG�YRQ�&\FORRFW\OEURPLG��(LQWUDJ�
��� 7DEHOOH� ����� NRQQWH� QXU� PLW� ���� $XVEHXWH� HUKDOWHQ� ZHUGHQ�� GD� VLFK� UHODWLY� YLHO� �
+\GULGHOLPLQLHUXQJVSURGXNW� ELOGHWH�� (LQ� DFHWDWJHVFK�W]WHU� $ONRKRO� �(LQWUDJ� ��� 7DEHOOH� ����
NRQQWH�HEHQIDOOV�RKQH�6FKZLHULJNHLWHQ�XPJHVHW]W�ZHUGHQ��

�

7DEHOOH�����$ON\O�6RQRJDVKLUD�5HDNWLRQ�PLW�VHNXQGlUHQ�$ON\OEURPLGHQ��

�
'LH�3URGXNWH�ZDUHQ�JHQHUHOO�PLW�6SXUHQ��������DQ�KRPRJHNXSSHOWHQ�$ONLQ�YHUXQUHLQLJW��

GLH� DXIJUXQG� GHU� lKQOLFKHQ� 3RODULWlWHQ� GHU� 6XEVWDQ]HQ� QLFKW� VlXOHQFKURPDWRJUDSKLVFK�
DE]XWUHQQHQ� ZDUHQ�� ,P� *&�06� OLH�HQ� VLFK� DXFK� ,VRPHUH� GHU� 3URGXNWDONLQH� �$ONLQH�� 'LHQH��
QDFKZHLVHQ�� (LQH� ]XVlW]OLFKH� 9HUXQUHLQLJXQJ�� GHVVHQ� 8UVSUXQJ� ELVODQJ� QLFKW� NODU� LVW�� HQWKLHOW�
6DXHUVWRII��GHU�VRZRKO�LP�06�(,��DOV�DXFK�LP�,5�DOV�VWDUNH�&DUERQ\OEDQGHQ��a�����X��a�����FP�

��� XQG� +\GUR[\OEDQGH� ������ FP���� LGHQWLIL]LHUW� ZXUGH�� 'LH� 3URGXNWH� VFKHLQHQ� DXIJUXQG� LKUHU�
HOHNWURQHQUHLFKHQ� 'UHLIDFKELQGXQJ� R[LGDWLRQV�� XQG�RGHU� IHXFKWLJNHLWVHPSILQGOLFK� ]X� VHLQ��

Eintrag Produkt Ausbeute (%) Eintrag Produkt Ausbeute (%) 

 

  1 65 

 

6 77 

2 71 7 63 

3 70 8 76 

4 54 9 67 

5 

�

71 

�

10 

 

57 

 �  �  �  
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6SXUHQ� YRQ� 5HVWNDWDO\VDWRU� N|QQHQ� HLQH� 2[LGDWLRQ� RGHU� $QODJHUXQJ� YRQ� :DVVHU� DQV� $ONLQ�
I�KUHQ��6ROFKH�5HDNWLRQHQ�VLQG�JXW�GRNXPHQWLHUW��

'D� GHU� (LQVDW]� YRQ� VHNXQGlUHQ� %URPLGHQ� GLH� 0|JOLFKNHLW� HLQHU� HQDQWLRVHOHNWLYHQ�
5HDNWLRQVI�KUXQJ�QDKH� OHJWH��ZXUGH� DXFK�GLHVH�XQWHUVXFKW��'DV�YHUZHQGHWH� HQDQWLRPHUHQUHLQH�
%URPLG�ZXUGHQ�DXV�GHP�FKLUDOHQ�$ONRKRO�GXUFK�HLQIDFKH�%URPLHUXQJ�PLW�3%U��KHUJHVWHOOW�XQG�
SHU�FKLUDOHU�*&�DXI�VHLQH�(QDQWLRPHUHQUHLQKHLW��EHUSU�IW��8QWHU�6WDQGDUGEHGLQJXQJ�ZXUGH�GDV�
JHZRKQWH� 6RQRJDVKLUD�3URGXNW� LQ� ���� $XVEHXWH� LVROLHUW� �6FKHPD� ����� $OOHUGLQJV� HUJDE� GLH�
JDVFKURPDWRJUDSKLVFKH� HH�%HVWLPPXQJ�� GDVV� ZlKUHQG� GHU� 5HDNWLRQ� GLH� 6WHUHRLQIRUPDWLRQ�
YROONRPPHQ�YHUORUHQ�ZRUGHQ�ZDU��$XFK�GHU�(LQVDW]�HLQHV�FKLUDOHQ�,%LR[�/LJDQGHQ���,%LR[�L�3U����
LP�LQ�VLWX�3URWRNROO�OLHIHUWH�LQ�GLHVHU�+LQVLFKW�NHLQ�DQGHUHV�(UJHEQLV��

�

�
6FKHPD�����9HUVXFKH�]XU�HQDQWLRVHOHNWLYHQ�$ON\O�6RQRJDVKLUD�5HDNWLRQ��

$XJHQVFKHLQOLFKH� *U�QGH� I�U� GLH� 5DFHPLVLHUXQJ� N|QQWHQ� HLQ� ODELOHU� $ON\O�
3DOODGLXPNRPSOH[� VHLQ�RGHU�HLQH�hEHUWUDJXQJ�GHV�$ON\OUHVWHV� DXI� DQGHUH�3DOODGLXP]HQWUHQ�SHU�
5�FNVHLWHQDQJULII�� ,Q� $QEHWUDFKW� GHU� *U|�H� GHU� /LJDQGHQ� XQG� GHU� YHUPXWHWHQ� 6WDELOLWlW� GHV�
,QWHUPHGLDWHV� VLQG� VROFKH� 0HFKDQLVPHQ� HKHU� XQZDKUVFKHLQOLFK�� (LQ� ÅLQQHU� VSKHUH� HOHFWURQ�
WUDQVIHU�FDJHG� LRQ� SDLU´�0HFKDQLVPXV� ZlUH� HLQ� PLW� GHQ� &KDUDNWHULVWLND� GHV� .DWDO\VDWRUV�
YHUHLQEDUHU�5DFHPLVLHUXQJVPHFKDQLVPXV�����

�



�� ���

�
6FKHPD�����0|JOLFKHU�5DFHPLVLHUXQJ�,VRPHULVLHUXQJVPHFKDQLVPXV�QDFK�7URVW�����0|JOLFKH�/DGXQJHQ�

ZXUGHQ�QLFKW�EHU�FNVLFKWLJW��

�
(EHQVR� Z�UGH� HLQH� SDOODGLXPNDWDO\VLHUWH� 5DFHPLVLHUXQJ� GHV� 3URGXNWHV� GXUFK� HLQH�

$OOHQ]ZLVFKHQVWXIH� DXFK� GDV� $XIWUHWHQ� YRQ� ,VRPHUHQ� �$ONLQHQ�� 'LHQHQ�� LQ� DOOHQ� DQGHUHQ�
5HDNWLRQHQ� HUNOlUHQ�N|QQHQ��(LQ�P|JOLFKHU� ,VRPHULVLHUXQJV��5DFHPLVLHUXQJVPHFKDQLVPXV�� GHU�
HLQH� 3DOODGLXPK\GULGVSH]LHV� EHLQKDOWHW�� LVW� LQ� 6FKHPD� ��� JH]HLJW����� (LQH� H[SHULPHQWHOOH�
hEHUSU�IXQJ�GLHVHU�+\SRWKHVH��EHL�GHU�GDV�DQGHUZHLWLJ�HQDQWLRPHUHQUHLQH�KHUJHVWHOOWH�3URGXNW�
XQWHU�GHQ�5HDNWLRQVEHGLQJXQJHQ�DXI�VHLQ�5DFHPLVLHUXQJVYHUKDOWHQ�KLQ�JHWHVWHW�ZLUG��VWHKW�QRFK�
DXV��

�

��� 6FKOXVVIROJHUXQJHQ�
(V�EOHLEW� IHVW]XKDOWHQ��GDVV�GLH�$ON\O�6RQRJDVKLUD�5HDNWLRQ�PLW�+LOIH�GHU� ,%LR[�/LJDQGHQ�

HUVWPDOV� DXFK� PLW� VHNXQGlUHQ� $ON\OEURPLGHQ� GXUFKJHI�KUW� ZHUGHQ� NRQQWH� XQG� GDEHL� JXWH�
$XVEHXWHQ� HU]LHOW� ZXUGHQ�� 'LH� 6FKZLHULJNHLWHQ�� GLH� )X� LP� )DOOH� GHU� SULPlUHQ� $ON\OEURPLGH�
HEHQIDOOV� EHREDFKWHW� �EHVFKUlQNWH� 9DULDWLRQVEUHLWH� LP� ��$ONLQSDUW�� WUDWHQ� KLHU� LP� )DOO� GHU�
VHNXQGlUHQ� $ON\OEURPLGH� YHUVWlUNW� ]X� 7DJH�� GD� 1HEHQUHDNWLRQHQ� DXIJUXQG� GHU� YHUODQJVDPWHQ�
R[LGDWLYHQ�$GGLWLRQ�EHYRU]XJW�ZXUGHQ��1HXH�.DWDO\VDWRUHQ�XQG�5HDNWLRQVEHGLQJXQJHQ��GLH�GLHVH�
6FKZLHULJNHLWHQ��EHUZLQGHQ�ZHUGHQ��VLQG�]X�HUZDUWHQ��5LFKWXQJZHLVHQG�I�U�QHXH�,%LR[�/LJDQGHQ�
N|QQWH�GDV� VLFK� LP�/LJDQGHQVFUHHQLQJ�DQGHXWHQGH�2SWLPXP�GHU�/LJDQGHQJU|�H� �� UHODWLY�NOHLQ��
DEHU� VWHULVFK� QLFKW� ]X� IOH[LEHO� �� VHLQ�� 0RGLIL]LHUWH� ,%LR[�/LJDQGHQ�� VR� ZLH� VLH� DP� (QGH� YRQ�
.DSLWHO���DQJHVSURFKHQ�ZXUGHQ��HU|IIQHQ�KLHU�DXVVLFKWVUHLFKH�3HUVSHNWLYHQ���
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� =86$00(1)$6681*�
=LHO� GLHVHU� $UEHLW� ZDU� HV�� PLW� QHX� HQWZLFNHOWHQ� ,%LR[�/LJDQGHQ� �$EELOGXQJ� ����

JUXQGOHJHQGH�3UREOHPH�LP�%HUHLFK�GHU�.UHX]NXSSOXQJVFKHPLH�]X��EHUZLQGHQ���
�

�
$EELOGXQJ�����*UXQGVWUXNWXU�,%LR[�/LJDQG��

0LW�GHQ�EHUHLWV�YRUKDQGHQHQ��FKLUDOHQ�,%LR[�7ULIODWHQ�ZXUGH�GHU�6FKULWW�KLQ�]X�LKUHU�HUVWHQ�
$QZHQGXQJ� LQ� GHU� .UHX]NXSSOXQJVFKHPLH� JHWDQ�� ,Q� GHU� LQWUDPROHNXODUHQ� �$U\OLHUXQJ� YRQ�
%URPREHQ]DPLGHQ� �6FKHPD� ���� ZXUGHQ� PLW� GHP� HQDQWLRPHUHQUHLQHQ� &��V\PPHWULVFKHQ�
/LJDQGHQ� ,%LR[L�3U�� DXI� $QKLHE� (QDQWLRPHUHQ�EHUVFK�VVH� YRQ� ELV� ]X� ���� XQWHU�
OLWHUDWXUEHNDQQWHQ�5HDNWLRQVEHGLQJXQJHQ��HU]LHOW���

�

�
6FKHPD�����&KLUDOH�,%LR[�/LJDQGHQ�EHVLW]HQ�GLH�)lKLJNHLW�]XU�6WHUHRLQGXNWLRQ��

'LH�.ODVVH�GHU�DFKLUDOHQ�,%LR[�/LJDQGHQ�HUZLHV�VLFK�DOV�HUIROJUHLFK�LQ�GHU�6X]XNL�5HDNWLRQ�
YRQ� VWHULVFK� DQVSUXFKVYROOHQ� 6XEVWUDWHQ�� 7ULRUWKRVXEVWLWXLHUWH� %LDU\OH� NRQQWHQ� HUVWPDOLJ� PLW�
HLQHP�DXI�,%LR[��EDVLHUWHQ�.DWDO\VDWRU�EHL�5DXPWHPSHUDWXU�V\QWKHWLVLHUW�ZHUGHQ��6FKHPD�������

�
�



�� ���

�
6FKHPD�����6\QWKHVH�YRQ�WULRUWKRVXEVWLWXLHUWHQ�%LDU\OHQ�EHL�5DXPWHPSHUDWXU��

'LHVH� QHXH� 5HDNWLYLWlW� ZXUGH� PLW� GHP� /LJDQGHQNRQ]HSW� GHV� ÅIOH[LEOHQ� VWHULVFKHQ�
$QVSUXFKV´�YHUVXFKW�]X�UDWLRQDOLVLHUHQ��,%LR[��ZDU�GDPLW�GHU�HUVWH�9HUWUHWHU�HLQHU�JDQ]HQ�)DPLOLH�
QHXHU�,%LR[�/LJDQGHQ��GLH�LQ�GLHVHU�$UEHLW�DXIJHEDXW�ZXUGHQ��6FKHPD������,KUH�0LWJOLHGHU�OLH�HQ�
VLFK�DOOH�DXV�GHQ�HQWVSUHFKHQ�$PLQRDONRKROHQ�KHUVWHOOHQ��

�

�
6FKHPD�����1HXH�,%LR[�/LJDQGHQ��

8QWHUVXFKXQJHQ� ]XU� �'RQRUVWlUNH� GHU� /LJDQGHQ� XQG� LKUHV� .RPSOH[LHUXQJVYHUKDOWHQV�
ZXUGHQ�XQWHUQRPPHQ��(UVW�PLW�GHQ�QHXHQ��PLW�DXVODGHQGHQ�&\FORDON\UHVWHQ�EHVW�FNWHQ�,%LR[�
/LJDQGHQ�NRQQWHQ�HLQ�.DWDO\VDWRU�HQWZLFNHOW�ZHUGHQ��GHU�DOV�HUVWHU�LQ�GHU�/DJH�ZDU��GLH�6X]XNL�
5HDNWLRQ� YRQ� VWHULVFK� JHKLQGHUWHQ� $U\OFKORULGHQ� XQG� HEHQVROFKHQ� $U\OERURQVlXUHQ� ]X�
NDWDO\VLHUHQ��XP�WHWUDRUWKRVXEVWLWXLHUWH�%LDU\OH�DXI]XEDXHQ��6FKHPD�������

�

�
6FKHPD�����6WHULVFK�JHKLQGHUWH�$U\OFKORULGH�XQG�$U\OERURQVlXUHQ�ZXUGHQ�PLW�,%LR[���DOV�/LJDQGHQ�JHNXSSHOW��
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�
'DU�EHU� KLQDXV� NRQQWHQ� PLW� GHQ� ,%LR[�/LJDQGHQ� VHNXQGlUH� $ON\OEURPLGH� LQ� GHU�

6RQRJDVKLUD�5HDNWLRQ� HLQJHVHW]W� ZHUGHQ� �6FKHPD� ����� 'LHVH� 5HDNWLRQ� ZDU� ELVODQJ� QXU� PLW�
SULPlUHQ�$ON\OEURPLGHQ�P|JOLFK�JHZHVHQ���

�

�
6FKHPD�����6RQRJDVKLUD�5HDNWLRQ�PLW�VHNXQGlUHQ�$ON\OEURPLGHQ��

'HV�:HLWHUHQ�ZXUGH�DXI�GHU�6XFKH�QDFK�QHXHQ�6\QWKHVHVWUDWHJLHQ�I�U�GLH�,%LR[�/LJDQGHQ�
HLQH� QHXDUWLJH�� NXSIHUNDWDO\VLHUWH� &�1�&�2�'RPLQRUHDNWLRQ� ]XU� 6\QWKHVH� YRQ� %HQ]R[D]ROHQ�
HQWZLFNHOW�� $XVJHKHQG� YRQ� 'LKDORDURPDWHQ� NRQQWHQ� %HQ]R[D]ROH� DXFK� UHJLRVSH]LILVFK�
KHUJHVWHOOW�ZHUGHQ��

�

�
6FKHPD�����1HXDUWLJH�NXSIHUNDWDO\VLHUWH�'RPLQRUHDNWLRQ�]XU�6\QWKHVH�YRQ�%HQ]R[D]ROHQ��

�
(LQ�*UR�WHLO�GLHVHU�$UEHLW�LVW�EHUHLWV�YHU|IIHQWOLFKW�ZRUGHQ���

´2[D]ROLQHV� DV� FKLUDO� EXLOGLQJ� EORFNV� IRU� LPLGD]ROLXP� VDOWV� DQG�1�KHWHURF\FOLF� FDUEHQH�
OLJDQGVµ��*ORULXV��)���$OWHQKRII��*���*RGGDUG��5���/HKPDQQ��&K��&KHP��&RPPXQ��������������

´$Q�1�KHWHURF\FOLF�FDUEHQH�OLJDQG�ZLWK�IOH[LEOH�VWHULF�EXON�DOORZV�6X]XNL�FURVV�FRXSOLQJ�RI�
VWHULFDOO\�KLQGHUHG�DU\O�FKORULGHV�DW�URRP�WHPSHUDWXUHµ��$OWHQKRII��*���*RGGDUG��5���/HKPDQQ��&��
:���*ORULXV��)��$QJHZ��&KHP��,QW��(G������������������

´$� GRPLQR� FRSSHU�FDWDO\]HG� &�1��&�2�FRXSOLQJ� IRU� WKH� FRQYHUVLRQ� RI� SULPDU\� DPLGHV�



�� ���

LQWR�EHQ]R[D]ROHVµ��$OWHQKRII��*���*ORULXV��)��$GY��6\QWK��&DWDO������������������������
´6WHULFDOO\� GHPDQGLQJ�� ELR[D]ROLQH�GHULYHG�1�KHWHURF\FOLF� FDUEHQH� OLJDQGV�ZLWK� UHVWULFWHG�

IOH[LELOLW\� IRU�FDWDO\VLVµ��$OWHQKRII��*���*RGGDUG��5���/HKPDQQ��&��:���*ORULXV��)�� -��$P��&KHP��
6RF��������������������������
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� �(;3(5,0(17(//(5�7(,/�
��� $OOJHPHLQH�%HPHUNXQJHQ�

$OOH� 5HDNWLRQHQ� ZXUGHQ� LQ� XQWHU� 9DNXXP� DXVJHKHL]WHQ� *ODVJHUlWHQ� XQWHU�
$UJRQDWPRVSKlUH� QDFK� HLQHU� PRGLIL]LHUWHQ� 6FKOHQNWHFKQLN� RGHU� LQ� HLQHU� *ORYHER[� GHU� )LUPD�
0%UDXQ�GXUFKJHI�KUW���

'LH� YHUZHQGHWHQ� /|VXQJVPLWWHO� ZXUGHQ� GXUFK� 'HVWLOODWLRQ� �EHU� IROJHQGHQ� 5HDJHQ]LHQ�
JHWURFNQHW�XQG�XQWHU�$UJRQ�DXIEHZDKUW��'LPHWKR[\HWKDQ��'LFKORUPHWKDQ��&D+����'LHWK\OHWKHU��
7+)��0J�$QWKUDFHQ���(WKDQRO��0HWKDQRO��0J���+H[DQ��3HQWDQ��7ROXRO��1D�.�/HJLHUXQJ���'0)�
�'HVPRGXU���=LQQODXUHDW���

'LH�5HDNWLRQVNRQWUROOH� HUIROJWH�GXUFK�*&�06�E]Z��GXUFK�'�QQVFKLFKWFKURPDWRJUDSKLH��
'DEHL�ZXUGHQ�)HUWLJIROLHQ��3RO\JUDP�6,/�*�89��)LUPD�0DFKHUH\�1DJHO��'DUPVWDGW��YHUZHQGHW�
PLW� +H[DQ�(W2$F�� &+�&O��0HWKDQRO� R�l�� LQ� XQWHUVFKLHGOLFKHQ� 0LVFKXQJVYHUKlOWQLVVHQ� DOV�
/DXIPLWWHO��'LH�'HWHNWLRQ�ZXUGH�XQWHU�89�/LFKW�GHU�:HOOHQOlQJH�����E]Z������QP�XQG�GXUFK�
(LQWDXFKHQ� LQ� HLQH� ZlVVULJH�� VFKZHIHOVDXUH� /|VXQJ� YRQ� &HUDPPRQLXPQLWUDW��
$PPRQLXPPRO\EGDW� RGHU� HLQH� HWKDQROLVFKH�/|VXQJ� YRQ�$PPRQLXPPRO\EGDWRSKRVSKRUVlXUH�
����LJ��RGHU�EDVLVFKH�.0Q2��/|VXQJ�XQG�DQVFKOLH�HQGHV�(UKLW]HQ�YRUJHQRPPHQ��

*&�06��+HZOHWW�3DFNDUG�+3������PLW�0DVVHQGHWHNWRU�+3�������.DSLOODUVlXOH�+3��06��
&URVVOLQNHG����3KHQ\OPHWK\OVLOR[DQ��/lQJH����P��'XUFKPHVVHU������PP���

6lXOHQFKURPDWRJUDSKLVFKH� 5HLQLJXQJHQ� ZXUGHQ� XQWHU� OHLFKW� HUK|KWHP� 'UXFN� �)ODVK�
&KURPDWRJUDSKLH�� DQ� .LHVHOJHO� �0HUFN�� 7\S� ������ ���� �� ���� PHVK�� ��� c� 3RUHQGXUFKPHVVHU��
GXUFKJHI�KUW�� $OV� (OXWLRQVPLWWHO� ZXUGHQ� GLH� MHZHLOV� DQJHJHEHQHQ� /|VXQJVPLWWHOJHPLVFKH�
YHUZHQGHW��

�
105�6SHNWURVNRSLH�
105�VSHNWURVNRSLVFKH� 8QWHUVXFKXQJHQ� ZXUGHQ� DQ� *HUlWHQ� GHV� 7\SV� $0;� ����� ��+��

������0+]����&�������0+]���'3;�������+��������0+]����&�������0+]���$9�������+��������0+]��
��&��������0+]���GHU�)LUPD�%UXNHU�YRUJHQRPPHQ��&KHPLVFKH�9HUVFKLHEXQJHQ��δ�� LQ�SSP�VLQG�
UHODWLY�]X�&'&O��������SSP��XQG�GLH�.RSSOXQJVNRQVWDQWHQ��-��LQ�+HUW]�DQJHJHEHQ���

�
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,QIUDURWVSHNWURVNRSLH�
'LH� ,QIUDURWVSHNWUHQ� ZXUGHQ� DQ� HLQHP� 1LFROHW� )7������6SHNWURPHWHU� DXIJHQRPPHQ��

&KDUDNWHULVWLVFKH�$EVRUSWLRQVEDQGHQ�VLQG�LQ�:HOOHQ]DKOHQ��FP����DQJHJHEHQ��
�
0DVVHQVSHNWURVNRSLH�
'LH�$XIQDKPHQ�GHU�(,�0HVVXQJHQ�HUIROJWH� DQ�HLQHP�)LQQLJDQ�0$7������XQG�)LQQLJDQ�

0$7� ����� 6SHNWURPHWHU�� (6,�0HVVXQJHQ� ZXUGH� DQ� HLQHP�+HZOHWW� 3DFNDUG�+3� ����� %�06�
(QJLQH�GXUFKJHI�KUW��'LH�KRFKDXIO|VHQGHQ�0DVVHQVSHNWUHQ�ZXUGHQ�DQ�HLQHP�)LQQLJDQ�0$7����
6SHNWURPHWHU� DXIJHQRPPHQ�� 'LH� *&�06�.RSSOXQJHQ� ZXUGHQ� DQ� HLQHP�+3� ����� *HUlW� PLW�
0DVVHQGHWHNWRU�)LQQLJDQ�0$7�664������GXUFKJHI�KUW��/&�06�.RSSOXQJHQ�ZXUGHQ�DQ�HLQHP�
+HZOHWW�3DFNDUG�+3������PLW�0DVVHQGHWHNWRU�+3������%�06�(QJLQH�GXUFKJHI�KUW��

�
$QDO\WLVFKH�*DVFKURPDWRJUDSKLH�
=XU� TXDQWLWDWLYHQ� $QDO\VH� GHU� 5HDNWLRQVPLVFKXQJHQ� ZXUGH� GLH� DQDO\WLVFKH�

*DVFKURPDWRJUDSKLH� DQ� HLQHP� +HZOHWW� 3DFNDUG� +3� ������ +HZOHWW� 3DFNDUG� +3� ����� RGHU�
$JLOHQW� ����� �*&�06��*HUlW� GXUFKJHI�KUW�� 6WDQGDUGPl�LJ� ZXUGH� HLQH�.DSLOODUVlXOH� GHV� 7\SV�
+3��06��&URVVOLQNHG����3KHQ\OPHWK\OVLOR[DQ��/lQJH����P��'XUFKPHVVHU������PP��YHUZHQGHW��
'HU�TXDQWLWDWLYHQ�$XVZHUWXQJ�ODJ�GLH�,QWHJUDWLRQ��EHU�GLH�6XEVWDQ]SHDNV�RKQH�%HU�FNVLFKWLJXQJ�
YRQ�5HVSRQVHIDNWRUHQ�]XJUXQGH��

'UHKZHUWEHVWLPPXQJHQ�

'UHKZHUWH�ZXUGHQ�DQ�HLQHP�'LJLWDO�3RODULPHWHU�����SOXV�GHU�)LUPD�3HUNLQ�(OPHU�EHL�λ� �
����QP��1DWULXP�/LQLH��LQ�HLQHU����FP�.�YHWWH�EHL����&�JHPHVVHQ��
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��� $OSKD�$U\OLHUXQJ�
�

'LH�GUHL�YHUZHQGHWHQ�%URPDQLOLGH��6FKHPD�����ZXUGHQ�DXV���%URP�1�PHWK\ODQLOLQ�GXUFK�
0HWK\OLHUXQJ� QDFK� %DUOXHQJD���� XQG� DQVFKOLH�HQGHU� $F\OLHUXQJ� PLW� GHP� HQWVSUHFKHQGHQ�
6lXUHFKORULG��� KHUJHVWHOOW�� 5DFHPLVFKH� 9HUJOHLFKVSUREHQ� I�U� GLH� HH�%HVWLPPXQJ� SHU� +3/&�
ZXUGHQ�PLW�,3U�+27I�DOV�/LJDQGHQ�XQWHU� LGHQWLVFKHQ�5HDNWLRQVEHGLQJXQJHQ��ZLH�GLH�.DWDO\VHQ�
VHOEVW��V\QWKHWLVLHUW��

�
����� $OOJHPHLQH�9RUVFKULIW�]XU�6\QWKHVH�YRQ�2[RLQGROHQ�DXV���%URPDQLOLGHQ�

8QWHU�$UJRQ�ZXUGHQ�GHU�3DOODGLXPYRUOlXIHU� ������PPRO��� ,PLGD]ROLXPVDO]� �������PPRO��
XQG�1D2W�%X�����PJ�������PPRO��LQ�'0(����P/��I�U�HLQH�0LQXWH�EHL�5DXPWHPSHUDWXU�JHU�KUW��
��%URPDQLOLG� �����PPRO��ZXUGH� ]XJHJHEHQ�� XQG�GDV�5HDNWLRQVJHPLVFK�XQWHU� GHQ� DQJHJHEHQHQ�
%HGLQJXQJHQ�JHU�KUW��'DV�5HDNWLRQVJHPLVFK�ZXUGH�GDUDXIKLQ� DEJHN�KOW� XQG� H[WUDKLHUW� �JHVlWW��
1+�&O��(WKHU���GLH�RUJDQLVFKH�3KDVH��EHU�0J62�� JHWURFNQHW�XQG�NRQ]HQWULHUW��$QVFKOLH�HQGH�
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�(W2$F�+H[DQ�  � ������ GDV� %HQ]R[D]RO� ����� PJ�� ����� DOV� OHLFKW� JHOEHV� 3XOYHU�� $QDO\WLVFKH�
'DWHQ�VWLPPWHQ�PLW�SXEOL]LHUWHQ��EHUHLQ�����
�
�

��3KHQ\O�>���@GLR[ROR>���������@EHQ]R>����G@R[D]RO��7DEHOOH����(LQWUDJ�
����'HU�DOOJHPHLQHQ�$UEHLWVYRUVFKULIW�PLW�����'LEURP�����EHQ]RGLR[RO������
PJ������PPRO���%HQ]DPLG������PJ������PPRO���.�&2�������PJ������PPRO���
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�



�� ���
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$UEHLWVYRUVFKULIW�PLW�����'LLRGEHQ]RO������µ/������PPRO���%HQ]DPLG������PJ��
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PJ������PPRO���.�&2�������PJ������PPRO���&X,�����PJ������PPRO��XQG�1�1·�
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2FWLQ�������/�������PPRO��QDFK�([WUDNWLRQ��3HQWDQ��XQG�VlXOHQFKURPDWRJUDSKLVFKHU�5HLQLJXQJ�
�3HQWDQ��GDV�3URGXNW������PJ�������DOV�KHOOJHOEH�)O�VVLJNHLW��
5I� �������+H[DQ��� �+�105� �����0+]��&'&O��� �������P���+��������������P���+��������������
�P���+��� ���������� �P���+��� ���������� �P����+������� �W�� -� �����+]���+��� ��&�105� ����0+]��
&'&O��� �������� ������� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
������,5��ILOP����������������������������������������������������������������������06��(,���P�]�
��������������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������
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����� ��� ������ ��� ����� ��� ������ ��� ����� ��� ������ ��� ����� ��� ������ ��� ������ ��� ������+506� �(,���
EHUHFKQHW�I�U�&��+��������������JHIXQGHQ����������
�
�

��&KORU���GRGHFLQ��7DEHOOH�����(LQWUDJ�����'HU�DOOJHPHLQHQ�9RUVFKULIW�
IROJHQG� HUJDEHQ� ��%URP���FKORUEXWDQ� ����� �/�� �� PPRO�� PLW� ��2FWLQ�

����� �/�� ����� PPRO�� QDFK� ([WUDNWLRQ� �3HQWDQ�� XQG� VlXOHQFKURPDWRJUDSKLVFKHU� 5HLQLJXQJ�
�3HQWDQ��GDV�3URGXNW������PJ�������DOV�KHOOJHOEH�)O�VVLJNHLW��
5I� �������+H[DQ����+�105������0+]��&'&O��� �������W��-� ������+]���+��������������P���+���
������P���+���������P���+��������������P���+���������W���+�����&�105�����0+]��&'&O��� �������
������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ,5� �ILOP�� ������ ������ ������ ������
���������������������������������������������06��(,���P�]����������!���������������������������
����������������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������������
��� ������ ��� �������� ����� ��� ������ ��� ����� ��� ������ ��� ����� ��� ������ ��� ������ ��� ������+506� �(,���
EHUHFKQHW�I�U�&��+����0�&�+��������������JHIXQGHQ�����������
�
�

��7ULGHFLQVlXUHHWK\OHVWHU��7DEHOOH�����(LQWUDJ�����'HU�DOOJHPHLQHQ�
9RUVFKULIW�IROJHQG�HUJDEHQ�(WK\O���EURPYDOHUDW�������/����PPRO��PLW�

��2FWLQ�������/�������PPRO��QDFK�([WUDNWLRQ��(WKHU��XQG�VlXOHQFKURPDWRJUDSKLVFKHU�5HLQLJXQJ�
�3HQWDQ�(WKHU�������GDV�3URGXNW������PJ�������DOV�KHOOJHOEH�)O�VVLJNHLW��
5I� �������+H[DQ�07%(� ��������+�105������0+]��&'&O��� �������T��-� ������+]���+��������
�W��-� ������+]���+���������P���+���������P���+�� �����������P���+��������������P���+���������W��-� �
�����+]���+��� ��&�105�����0+]��&'&O��� ��������������������������������������������������������
������������������������������,5��ILOP��������������������������������������������������������������
����������������������������������06��(,���P�]�����������������������������������������������������
����������������������������������������������������������������������������������������������������������
�����������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������������������������
��������������������������������������������+506��(,���EHUHFKQHW�I�U�&��+��2������������JHIXQGHQ�
����������



�� ����

�7HWUDGHF���LQ\O�R[LUDQ� �7DEHOOH� ���� (LQWUDJ� ���� 'HU� DOOJHPHLQHQ�
9RUVFKULIW�IROJHQG�HUJDEHQ����%URPKH[\O�R[LUDQ������PJ����PPRO��PLW�

��2FWLQ�������/�������PPRO��QDFK�([WUDNWLRQ��(WKHU��XQG�VlXOHQFKURPDWRJUDSKLVFKHU�5HLQLJXQJ�
�3HQWDQ�(WKHU� �������GDV�3URGXNW������PJ�������DOV�KHOOJHOEH�)O�VVLJNHLW��
5I� �������+H[DQ�07%(� ��������+�105������0+]��&'&O��� �������P���+���������GG��-� �����
+]��-� �����+]���+���������GG��-� �����+]��-� �����+]���+���������P���+��������������P����+��������
�W��-� �����+]���+��� ��&�105� ����0+]��&'&O��� �������������������������������������������������
������������������������������������������������,5��ILOP��������������������������������������������
���������������������������06��(,���P�]�������������������������������������������������������������
����������������������������������������������������������������������������������������������������������
��� ��������� ��������� ��������� ��������� ��������� �����+506� �&,���EHUHFKQHW� I�U�&��+��2��0�+���
����������JHIXQGHQ�����������
�
�

���2FWLQ\O�F\FORSHQWDQ� �7DEHOOH� ���� (LQWUDJ� ���� 'HU� DOOJHPHLQHQ�
9RUVFKULIW�IROJHQG�HUJDEHQ�&\FORSHQW\OEURPLG�������/����PPRO��PLW���2FWLQ�
����� �/�� ����� PPRO�� QDFK� ([WUDNWLRQ� �3HQWDQ�� XQG�

VlXOHQFKURPDWRJUDSKLVFKHU� 5HLQLJXQJ� �3HQWDQ�� GDV� 3URGXNW� ����� PJ�� ����� DOV� KHOOJHOEH�
)O�VVLJNHLW��
5I� �������+H[DQ����+�105������0+]��&'&O��� �������P���+���������GW��-� �����+]��-� �����+]��
�+���������P���+��������������P����+���������W��-� �����+]���+��� ��&�105�����0+]��&'&O��� �
�������������������������������������������������������������������,5� �ILOP��������������������������
���������������������������06� �(,���P�]� ������� ��������� ���������� ���������� ��������� ����������
����������������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������������
���������������������������+506��&,��EHUHFKQHW�I�U�&��+��������������JHIXQGHQ����������
�
�

���2FWLQ\O�F\FORKH[DQ� �7DEHOOH� ���� (LQWUDJ� ������� 'HU� DOOJHPHLQHQ�
9RUVFKULIW� IROJHQG� HUJDEHQ� &\FORKH[\OEURPLG� ����� �/�� �� PPRO�� PLW� ��

2FWLQ�������/�������PPRO��QDFK�([WUDNWLRQ��3HQWDQ��XQG�VlXOHQFKURPDWRJUDSKLVFKHU�5HLQLJXQJ�
�3HQWDQ��GDV�3URGXNW������PJ�������DOV�KHOOJHOEH�)O�VVLJNHLW��



� � �

�

����

5I� �������+H[DQ����+�105������0+]��&'&O��� �������P���+���������GW��-� �����+=��-� �����+]��
�+��������������P���+��������������P����+���������W��-� �����+]���+�����&�105�����0+]��&'&O���
�������������������������������������������������������������������������,5� �ILOP��������������������
���������������������������������������������06��(,���P�]���������������������������������������
��������������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������
������������������+506��(,���EHUHFKQHW�I�U�&��+��������������JHIXQGHQ������������
�
�

���2FWLQ\O�F\FORKHSWDQ� �7DEHOOH� ���� (LQWUDJ� ���� 'HU� DOOJHPHLQHQ�
9RUVFKULIW� IROJHQG� HUJDEHQ� &\FORKHSW\OEURPLG� ����� �/�� �PPRO�� PLW� ��
2FWLQ� ����� �/�� ����� PPRO�� QDFK� ([WUDNWLRQ� �3HQWDQ�� XQG�

VlXOHQFKURPDWRJUDSKLVFKHU� 5HLQLJXQJ� �3HQWDQ�� GDV� 3URGXNW� ����� PJ�� ����� DOV� KHOOJHOEH�
)O�VVLJNHLW��'LH�3UREH�LVW�PLW�HLQHP�VDXHUVWRIIKDOWLJHQ�1HEHQSURGXNW�YHUXQUHLQLJW��
5I� �������+H[DQ����+�105������0+]��&'&O��� �������P���+���������GW��-� ������+]��-� �����
+]���+��������������P����+���������W��-� �����+]���+�����&�105�����0+]��&'&O��� �������������
������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ,5� �ILOP������� �2+��� ������ ������
������������������&2�������������������������������������������������������������06��(,���P�]�
�����������������������������������������������������������������������������������������������������
�����������������������������������������������������������������������������������������������������������
������������������������������������������������������������������������������������������
�
�

���2FWLQ\O�F\FORRFWDQ� �7DEHOOH� ���� (LQWUDJ� ���� 'HU� DOOJHPHLQHQ�
9RUVFKULIW�IROJHQG�HUJDEHQ�&\FORRFW\OEURPLG������PJ���PPRO��PLW���2FWLQ�
����� �/�� ����� PPRO�� QDFK� ([WUDNWLRQ� �3HQWDQ�� XQG�
VlXOHQFKURPDWRJUDSKLVFKHU�5HLQLJXQJ��3HQWDQ��GDV�3URGXNW������PJ�������

DOV�KHOOJHOEH�)O�VVLJNHLW��'LH�3UREH�LVW�HLQHP�VDXHUVWRIIKDOWLJHQ�1HEHQSURGXNW�YHUXQUHLQLJW��
5I� �������+H[DQ����+�105������0+]��&'&O��� �������P���+���������GW��-� �����+]��-� �����+]��
�+��������������P����+���������W��-� �����+]���+�����&�105�����0+]��&'&O��� �������������������
������������������������������������������������������������,5� �ILOP������� �2+���������������������



�� ����

������&2���������&2�������������������������������������������������������06� �(,���P�]� ����
�����������������������������������������������������������������������������������������������������
�����������������������������������������������������������������������������������������������������������
�����������������������������������������������������������������������������������������������������������
��������������������������������������������������������������������������������+506��(,��EHUHFKQHW�
I�U�&��+�������������JHIXQGHQ������������
�
�

���'HFLQ\O�F\FORKHSWDQ� �7DEHOOH� ���� (LQWUDJ� ���� 'HU� DOOJHPHLQHQ�
9RUVFKULIW�IROJHQG�HUJDEHQ�&\FORKHSW\OEURPLG�������/����PPRO��PLW���'HFLQ�
����� �/�� ����� PPRO�� QDFK� ([WUDNWLRQ� �3HQWDQ�� XQG�

VlXOHQFKURPDWRJUDSKLVFKHU� 5HLQLJXQJ� �3HQWDQ�� GDV� 3URGXNW� ����� PJ�� ����� DOV� KHOOJHOEH�
)O�VVLJNHLW��'LH�3UREH�LVW�HLQHP�VDXHUVWRIIKDOWLJHQ�1HEHQSURGXNW�YHUXQUHLQLJW��
5I� �������+H[DQ����+�105������0+]��&'&O��� �������P���+���������GW��-� �����+]��-� �����+]��
�+��������������P����+���������W��-� �����+]���+�����&�105�����0+]��&'&O��� �������������������
������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ,5� �ILOP������� �2+��� ������ ������
����������� �&2�������� �&2��������������������������������������������06� �(,���P�]� ��������
���������������������������������������������������������������������������������������������������������
��������������������������������������������������������������������������������������������������������
�����������������������������������������������������������������������������������������������������������
����������������������������������������������������������������������+506��(,��EHUHFKQHW�I�U�&��+����
����������JHIXQGHQ������������
�
�

���'RGHFLQ\O�F\FORKHSWDQ� �7DEHOOH� ���� (LQWUDJ� ���� 'HU� DOOJHPHLQHQ�
9RUVFKULIW�IROJHQG�HUJDEHQ�&\FORKHSW\OEURPLG�������/�PJ����PPRO��PLW���
'RGHFLQ� ����� �/�� ����� PPRO�� QDFK� ([WUDNWLRQ� �3HQWDQ�� XQG�

VlXOHQFKURPDWRJUDSKLVFKHU� 5HLQLJXQJ� �3HQWDQ�� GDV� 3URGXNW� ����� PJ�� ����� DOV� KHOOJHOEH�
)O�VVLJNHLW��'LH�9HUELQGXQJ�LVW�PLW�HLQHP�VDXHUVWRIIKDOWLJHQ�1HEHQSURGXNW�YHUXQUHLQLJW��
5I� �������+H[DQ����+�105������0+]��&'&O��� �������P���+���������GW��-� �����+]��-� �����+]��
�+��������������P����+���������W��-� �����+]���+�����&�105�����0+]��&'&O��� �������������������
������������������������������������������������������������������������������,5��ILOP��������2+���������
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������������������&2�������������������������������������������������������06� �(,���P�]� ����
��������������������������������������������������������������������������������������������������������
�������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������+506� �(,���
EHUHFKQHW�I�U�&��+��������������JHIXQGHQ�����������
�
�

��0HWK\OGRGHF���LQ\ODFHWDW� �7DEHOOH� ���� (LQWUDJ� ���� 'HU�
DOOJHPHLQHQ� 9RUVFKULIW� IROJHQG� HUJDEHQ� ��%URPSHQW\ODFHWDW���� �����

PJ�� �� PPRO�� PLW� ��2FWLQ� ����� �/�� ����� PPRO�� QDFK� ([WUDNWLRQ� �(WKHU�� XQG�
VlXOHQFKURPDWRJUDSKLVFKHU� 5HLQLJXQJ� �3HQWDQ�(WKHU�  � ������ GDV� 3URGXNW� ����� PJ�� ����� DOV�
KHOOJHOEH�)O�VVLJNHLW���
5I� �������+H[DQ�07%(� ��������+�105������0+]��&'&O��� �������W��-� �����+]���+��������
�P���+��� ����� �GW�� -� �����+]�� -� �����+]���+��� ����� �V�� �+��� ���������� �P���+��� ���������� �P��
��+�������� �G��-� �����+]���+���������W��-� �����+]���+��� ��&�105� ����0+]��&'&O��� ��������
������������������������������������������������������������������������������������,5��ILOP��������������
����������������������������������������������������������06��(,���P�]������������������������
���������������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������������
��������������������������������������������������������+506��&,���EHUHFKQHW�I�U�&��+��2��0�+���
����������JHIXQGHQ������������
�
�

��0HWK\O�WULGHF���LQVlXUHHWK\OHVWHU� �7DEHOOH� ����(LQWUDJ� ����'HU�
DOOJHPHLQHQ� 9RUVFKULIW� IROJHQG� HUJDEHQ� ��%URP�

KH[DQVlXUHHWK\OHVWHU���� ����� PJ�� �� PPRO�� PLW� ��2FWLQ� ����� �/�� ����� PPRO�� QDFK� ([WUDNWLRQ�
�(WKHU�� XQG� VlXOHQFKURPDWRJUDSKLVFKHU� 5HLQLJXQJ� �3HQWDQ�(WKHU� ����������� GDV� 3URGXNW� �����
PJ�������DOV�KHOOJHOEH�)O�VVLJNHLW���
5I� �������+H[DQ�07%(� ��������+�105������0+]��&'&O��� �������T��-� �����+]���+��������
�P���+���������W��-� �����+]���+���������GW��-� �����+]��-� �����+]���+��������������P���+��������
������P����+���������G��-� �����+]���+���������W��-� �����+]���+�����&�105�����0+]��&'&O��� �
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�������������������������������������������������������������������������������������������������,5��ILOP��
�����������������������������������������������������������������������������������06��(,���P�]�
�������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������
��������������������������������������������������������������������������������������������������������������
���������������+506��(,���EHUHFKQHW�I�U�&��+��2�������������JHIXQGHQ������������
�
�

���0HWK\OKHSWDGHF���HQ����LQ� �7DEHOOH� ���� (LQWUDJ� ���� 'HU�
DOOJHPHLQHQ�9RUVFKULIW�IROJHQG�HUJDEHQ���%URPGHF���HQ�$ON\OEURPLG�

����� PJ�� �� PPRO�� PLW� ��2FWLQ� ����� �/�� ����� PPRO�� QDFK� ([WUDNWLRQ� �3HQWDQ�� XQG�
VlXOHQFKURPDWRJUDSKLVFKHU� 5HLQLJXQJ� �3HQWDQ�� GDV� 3URGXNW� ����� PJ�� ����� DOV� KHOOJHOEH�
)O�VVLJNHLW���
5I� �������+H[DQ��� �+�105������0+]��&'&O��� ������GGW��-� ������+]��-� ������+]��-� �����
+]���+���������GT��-� ������+]���+���������P���+���������P���+���������GW��-� �����+]��-� �����+]��
�+���������P���+��������������P����+���������G������+]���+���������W��-� �����+]���+�����&�105�
����0+]��&'&O��� ���������������������������������������������������������������������������������������
������������������������,5� �ILOP�����������������������������������������������������������������
06��(,���P�]������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������
����������������������������������������������������������������������������������������������������������
��� ��������� �������� �������� �������� ��������� �������� ��������� ��������� �������� ��������� ��������� ������
+506��(,���EHUHFKQHW�I�U�&��+��������������JHIXQGHQ������������
�
�

����'LPHWK\O������PHWK\OXQGHF���LQ\O�R[LUDQ� �7DEHOOH� ����(LQWUDJ�
�����'HU� DOOJHPHLQHQ�9RUVFKULIW� IROJHQG� HUJDEHQ� �����%URPEXW\O������

GLPHWK\OR[LUDQ������PJ����PPRO��PLW���2FWLQ�������/�������PPRO��QDFK�([WUDNWLRQ��(WKHU��XQG�
VlXOHQFKURPDWRJUDSKLVFKHU� 5HLQLJXQJ� �3HQWDQ�(WKHU�  � ������ GDV� 3URGXNW� ����� PJ�� ����� DOV�
KHOOJHOEH�)O�VVLJNHLW���
5I� �������+H[DQ�07%(� ��������+�105������0+]��&'&O��� �������GW��-� �����+]��-� �����+]��
�+���������P���+���������GW��-� �����+]��-� �����+]���+��������������P����+���������G��-� �����+]��
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=ZDU�PXVVWH�LFK�HLGHVVWDWWOLFK�EHVWlWLJHQ��GDVV�LFK�GLHVH�'RNWRUDUEHLW�ÅDOOHLQH´�DQJHIHUWLJW�
KDEH��GRFK�WUXJHQ�LQ�:DKUKHLW�YLHOH�KLOIVEHUHLWH�XQG�OLHEHQVZHUWH�0HQVFKHQ�]X�LKUHP�*HOLQJHQ�
EHL�� �

=XDOOHUHUVW� VLQG�PHLQH�EHLGHQ�'RNWRUYlWHU��3URI��*ORULXV� XQG�3URI��)�UVWQHU� ]X�QHQQHQ��GLH�
GDV� ZLVVHQVFKDIWOLFKH� )XQGDPHQW� ]X� GLHVHU� $UEHLW� OHJWHQ�� (V� ZDU� QLFKW� QXU� GLH� LPPHU� ZLHGHU�
JHQDQQWH� )UHLKHLW�� GLH� VLH� ,KUHQ� 'RNWRUDQWHQ� JHZlKUHQ�� VRQGHUQ� LKU� ZLVVHQVFKDIWOLFKHU�
(QWKXVLDVPXV�XQG�DQVSRUQHQGHU�,QWHOOHNW��GLH�VLFK�LQ�GLHVHU�$UEHLW�QLHGHUJHVFKODJHQ�KDEHQ�XQG�
PLFK�QDFKKDOWLJ�SUlJWHQ���

'LH� JHVDPWH� )�UVWQHU� *UXSSH� XQG� GDV� GDPDOV� QRFK� NOHLQH� 7HDP� Å*ORULXV´� ELOGHWHQ� GDV�
KHUYRUUDJHQGH�)OXLGXP�I�U�PHLQH�ZLVVHQVFKDIWOLFKHQ�XQG�PHQVFKOLFKHQ�)UHXGHQ�DP�03,��:LH�
IURK� ZDU� LFK�� DOV� &KULVWLDQ� GDV� HUVWH� ULFKWLJ� *UXSSHQPLWJOLHG� ZXUGH�� HQGOLFK� JXWH� 0XVLN��
/DERUWDQ]HQ�� %DONRQJHVSUlFKH� XQG� (LQODGXQJHQ�� GLH� LFK� DXVVFKODJHQ� NRQQWH�� 'UXPKHUXP�
JUXSSLHUWH� VLFK� GLH� %HOO�(WDJH� 1R�� ��� :KDW� IXQ� ZH� KDG�� $QGUHDV�� 1LFNL�� 0DUWLQ�� 'RULV�� -RQ��
$QGUHD��-DFTXHV��)DELDQ��-DUUHG��DQG�PDQ\�PRUH��$Q�GLHVHU�6WHOOH�P|FKWH�LFK�PLFK�DXFK�EHL�GHQ�
HLIULJHQ�.RUUHNWXUOHVHUQ�EHGDQNHQ��

)�U� GDV� JUXQGOHJHQGH� )XQNWLRQLHUHQ� GHU� *UXSSH�� DXFK� �EHU� GLH� KlXILJHQ� :HFKVHO� GHU�
*UXSSHQPLWJOLHGHU�KLQZHJ��P|FKWH�LFK�PLFK�EHL�GHP�IHVWHQ�6WDE�GHU�)�UVWQHU�*UXSSH�EHGDQNHQ��
$OV�GLH�RUGQHQGHQ�+lQGH�PLW�6LQQ�I�U�GDV�:DUPKHU]LJH�VLQG�]X�QHQQHQ��.DULQ��6LJULG��*�QWKHU��
+HOJD�XQG�)UDX�/LFNIHOG��(EHQVR�GLH�IOHL�LJHQ�+lQGH�GHU�PLU�KHOIHQGHQ�$]XELV�0RQLND��1LFN�XQG�
)ORULDQ���

,FK�VFKUHLE�GLHVH�'DQNVDJXQJ�ZlKUHQG�LFK�VFKRQ�GLH�HUVWHQ�:RFKHQ�EHL�GHU�%$6)�KLQWHU�
PLU�KDEH��2KQH�=ZHLIHO� LVW�GDV�03,� I�U�.RKOHQIRUVFKXQJ�PLW� VHLQHQ�0LWDUEHLWHUQ�� JHUDGH�ZHQQ�HV� LQ�
OHW]WHU�=HLW�ZLHGHU�YHUPHKUW� LQ�'HXWVFKODQG�XP�/HLVWXQJVEHUHLWVFKDIW�XQG�GHU�)RUGHUXQJ�QDFK�
KRKHU�4XDOLWlW�JHKW��HLQ�2UW�PLW�WLHIHQ�:XU]HOQ�LQ�GLHVHQ�%HUHLFKHQ��0|JH�HU�ZHLWHUKLQ�GXUFK�GLH�
.UlIWH�GHU�YRUELOGOLFKHQ�$EWHLOXQJHQ�JHGHLKHQ��GLH�PLU�VR�KLOIUHLFK�ZDUHQ��

�:lKUHQG�PHLQHU�3URPRWLRQ�V\QWKHWLVLHUWH�LFK�HLQHQ�.RPSOH[��GHU�ELOGOLFK�PLW�HLQHU�Å3HUOH�
LQ� GHU� 0XVFKHO´� YHUJOHLFKEDU� LVW�� 0HLQ� ZDKUHV� 3HUOFKHQ� KDEH� LFK� DEHU� DX�HUKDOE� GHV� /DERUV�
JHIXQGHQ��'DV�=XVDPPHQVFKUHLEHQ�XQG�:HLWHUHV�RKQH�.DWK\"��8QYRUVWHOOEDU�I�U�PLFK��
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*DQ]�NRQVHTXHQW�� DEHU�YRU�DOOHP�GLUHNW�YRP�+HU]HQ�KHU�JHGDFKW�� VLQG�HV�PHLQH� OLHEVWHQ�
XQG�JUR�DUWLJHQ�(OWHUQ��GLH�I�U�PLFK�XQG�GLHVH�$UEHLW�GDV�:LFKWLJVWH�VLQG���
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Identifikations Code 4442 
Empirische Formel C12 H17 F3 N2 O5 S 
Farbe farblos 
Formelgewicht 358.34  gmol-1 
Temperatur 100 K 
Wellenlänge 0.71073 Å 
Kristallsystem Monoklin 
Raumgruppe P 21/c,  (no. 14) 
Gitterkonstante a = 9.2288(2) Å α= 90°. 
 b = 9.9771(2) Å β= 93.8730(10)°. 
 c = 17.2853(3) Å γ = 90°. 
Volumen 1587.94(5) Å3 
Z 4 
Dichte (errechnet) 1.499  Mg · m-3 
Absorptionskoeffizient 0.261 mm-1 
F(000) 744 e 
Kristallgröße 0.16 x 0.12 x 0.06 mm3 
θ−Bereich für Datensammlung 5.15 to 30.97°. 
Index Bereich -13 ≤ h ≤ 13, -14≤ k ≤ 14, -24 ≤ l ≤ 25 
Gesammelte Reflexe 38655 
Unabhängige Reflexe 5021 [Rint = 0.1115] 
Reflexe mit I>2σ(I) 3640 
Vervollständigung für θ = 30.97° 99.4 % 
Absorptionskorrektur Gaussian 
Max. und min. Durchlässigkeit 0.98 and 0.96 
Verfeinerungsmethode Full-matrix least-squares on F2 
Daten / Einschränkungen / Parameter 5021 / 0 / 209 
Goodness-of-fit on F2 0.974 
Abschließende R Indizes [I>2σ(I)] R1 = 0.0552 wR2 = 0.1599 
R Indizes (alle Daten) R1 = 0.0893 wR2 = 0.1878 
Extinction coefficient 0.007(4) 
Restelektronendichte 0.775 and -0.846 e · Å-3 
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Tabelle. Bindungslängen [Å] und Winkel [°]. 
 
C(1)-N(1) 1.333(2)  C(1)-N(2) 1.337(2) 
C(2)-N(1) 1.481(2)  C(2)-C(9) 1.521(3) 
C(2)-C(8) 1.527(3)  C(2)-C(3) 1.551(3) 
C(3)-O(1) 1.470(2)  C(4)-O(1) 1.348(2) 
C(4)-C(5) 1.354(3)  C(4)-N(1) 1.381(2) 
C(5)-O(2) 1.355(2)  C(5)-N(2) 1.375(2) 
C(6)-O(2) 1.465(3)  C(6)-C(7) 1.553(3) 
C(7)-N(2) 1.486(2)  C(7)-C(10) 1.512(3) 
C(7)-C(11) 1.516(3)  C(12)-F(3) 1.326(3) 
C(12)-F(2) 1.334(3)  C(12)-F(1) 1.337(3) 
C(12)-S(1) 1.827(2)  O(3)-S(1) 1.4440(16) 
O(4)-S(1) 1.4411(16)  O(5)-S(1) 1.4396(15)  
 
N(1)-C(1)-N(2) 105.55(16)  N(1)-C(2)-C(9) 111.46(16) 
N(1)-C(2)-C(8) 109.42(16)  C(9)-C(2)-C(8) 111.95(17) 
N(1)-C(2)-C(3) 97.51(14)  C(9)-C(2)-C(3) 112.96(17) 
C(8)-C(2)-C(3) 112.67(17)  O(1)-C(3)-C(2) 106.47(15) 
O(1)-C(4)-C(5) 141.32(17)  O(1)-C(4)-N(1) 112.67(16) 
C(5)-C(4)-N(1) 105.99(17)  C(4)-C(5)-O(2) 140.69(18) 
C(4)-C(5)-N(2) 106.51(16)  O(2)-C(5)-N(2) 112.78(16) 
O(2)-C(6)-C(7) 107.21(17)  N(2)-C(7)-C(10) 111.69(18) 
N(2)-C(7)-C(11) 108.84(17)  C(10)-C(7)-C(11) 112.9(2) 
N(2)-C(7)-C(6) 97.40(16)  C(10)-C(7)-C(6) 111.86(19) 
C(11)-C(7)-C(6) 113.1(2)  F(3)-C(12)-F(2) 107.7(2) 
F(3)-C(12)-F(1) 107.43(19)  F(2)-C(12)-F(1) 106.9(2) 
F(3)-C(12)-S(1) 111.50(17)  F(2)-C(12)-S(1) 111.66(16) 
F(1)-C(12)-S(1) 111.45(15)  C(1)-N(1)-C(4) 111.05(16) 
C(1)-N(1)-C(2) 138.40(16)  C(4)-N(1)-C(2) 110.37(15) 
C(1)-N(2)-C(5) 110.88(16)  C(1)-N(2)-C(7) 138.00(17) 
C(5)-N(2)-C(7) 110.68(15)  C(4)-O(1)-C(3) 104.22(14) 
C(5)-O(2)-C(6) 104.51(15)  O(5)-S(1)-O(4) 114.75(10) 
O(5)-S(1)-O(3) 114.90(10)  O(4)-S(1)-O(3) 114.89(11) 
O(5)-S(1)-C(12) 103.73(10)  O(4)-S(1)-C(12) 103.23(10) 
O(3)-S(1)-C(12) 103.05(11) 
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Identifikations Code 4596 
Empirische Formel C16 H21 F3 N2 O5 S 
Farbe farblos 
Formelgewicht 410.41  g · mol-1 
Temperatur 100 K 
Wellenlänge 0.71073 Å 
Kristallsystem Orthorhombisch 
Raumgruppe P b c a,  (no. 61) 
Gitterkonstante a = 15.2398(3) Å α= 90°. 
 b = 11.5499(2) Å β= 90°. 
 c = 20.1497(4) Å γ = 90°. 
Volumen 3546.71(12) Å3 
Z 8 
Dichte (errechnet) 1.537  Mg · m-3 
Absorptionskoeffizient 0.245 mm-1 
F(000) 1712 e 
Kristallgröße 0.18 x 0.17 x 0.08 mm3 
θ−Bereich für Datensammlung 4.26 to 33.21°. 
Index Bereich -23 ≤ h ≤ 22, -17≤ k ≤ 17, -31 ≤ l ≤ 31 
Gesammelte Reflexe 29423 
Unabhängige Reflexe 6612 [Rint = 0.0653] 
Reflexe mit I>2σ(I) 4923 
Vervollständigung für θ = 33.21° 97.3 % 
Absorptionskorrektur Gaussian 
Max. und min. Durchlässigkeit 0.98 and 0.96 
Verfeinerungsmethode Full-matrix least-squares on F2 
Daten / Einschränkungen / Parameter 6612 / 0 / 244 
Goodness-of-fit on F2 1.065 
Abschließende R Indizes [I>2σ(I)] R1 = 0.0591 wR2 = 0.1162 
R Indizes (alle Daten) R1 = 0.0879 wR2 = 0.1270 
Restelektronendichte 0.475 and -0.435 e · Å-3 
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C(1)-N(1) 1.3337(19)  C(1)-N(2) 1.338(2) 
C(2)-N(1) 1.4774(19)  C(2)-C(11) 1.532(2) 
C(2)-C(3) 1.540(2)  C(2)-C(8) 1.550(2) 
C(3)-O(1) 1.473(2)  C(4)-C(5) 1.353(2) 
C(4)-O(1) 1.3546(18)  C(4)-N(1) 1.372(2) 
C(5)-O(2) 1.3462(19)  C(5)-N(2) 1.3743(19) 
C(6)-O(2) 1.4636(19)  C(6)-C(7) 1.552(2) 
C(7)-N(2) 1.4676(18)  C(7)-C(12) 1.525(2) 
C(7)-C(15) 1.532(2)  C(8)-C(9) 1.528(2) 
C(9)-C(10) 1.532(3)  C(10)-C(11) 1.524(3) 
C(12)-C(13) 1.536(2)  C(13)-C(14) 1.548(2) 
C(14)-C(15) 1.547(2)  C(16)-F(1) 1.332(2) 
C(16)-F(3) 1.334(2)  C(16)-F(2) 1.336(2) 
C(16)-S 1.8218(18)  O(3)-S 1.4411(13) 
O(4)-S 1.4444(14)  O(5)-S 1.4362(14) 
 
N(1)-C(1)-N(2) 105.24(13)  N(1)-C(2)-C(11) 113.09(13) 
N(1)-C(2)-C(3) 97.26(12)  C(11)-C(2)-C(3) 114.64(14) 
N(1)-C(2)-C(8) 110.73(12)  C(11)-C(2)-C(8) 106.28(13) 
C(3)-C(2)-C(8) 114.86(13)  O(1)-C(3)-C(2) 106.16(12) 
C(5)-C(4)-O(1) 140.99(15)  C(5)-C(4)-N(1) 106.34(13) 
O(1)-C(4)-N(1) 112.64(13)  O(2)-C(5)-C(4) 140.61(14) 
O(2)-C(5)-N(2) 113.13(13)  C(4)-C(5)-N(2) 106.22(13) 
O(2)-C(6)-C(7) 107.36(12)  N(2)-C(7)-C(12) 116.40(12) 
N(2)-C(7)-C(15) 113.12(13)  C(12)-C(7)-C(15) 103.32(12) 
N(2)-C(7)-C(6) 98.67(11)  C(12)-C(7)-C(6) 112.07(13) 
C(15)-C(7)-C(6) 113.75(13)  C(9)-C(8)-C(2) 105.37(14) 
C(8)-C(9)-C(10) 103.76(14)  C(11)-C(10)-C(9) 102.83(14) 
C(10)-C(11)-C(2) 104.73(14)  C(7)-C(12)-C(13) 101.19(12) 
C(12)-C(13)-C(14) 105.19(13)  C(15)-C(14)-C(13) 106.22(13) 
C(7)-C(15)-C(14) 102.83(13)  F(1)-C(16)-F(3) 107.58(14) 
F(1)-C(16)-F(2) 107.30(15)  F(3)-C(16)-F(2) 107.01(15) 
F(1)-C(16)-S 111.42(13)  F(3)-C(16)-S 111.36(12) 
F(2)-C(16)-S 111.92(12)  C(1)-N(1)-C(4) 111.18(13) 
C(1)-N(1)-C(2) 138.60(13)  C(4)-N(1)-C(2) 110.22(12) 
C(1)-N(2)-C(5) 111.00(12)  C(1)-N(2)-C(7) 137.87(13) 
C(5)-N(2)-C(7) 110.88(12)  C(4)-O(1)-C(3) 103.18(12) 
C(5)-O(2)-C(6) 105.10(11)  O(5)-S-O(3) 115.31(9) 
O(5)-S-O(4) 114.88(9)  O(3)-S-O(4) 114.64(9) 
O(5)-S-C(16) 103.55(8)  O(3)-S-C(16) 102.53(8) 
O(4)-S-C(16) 103.52(8) 
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Identifikations Code 4290 
Empirische Formel C18 H25 F3 N2 O5 S 
Farbe farblos 
Formelgewicht 438.46  g · mol-1 
Temperatur 100 K 
Wellenlänge 0.71073 Å 
Kristallsystem Monoklin 
Raumgruppe P21/n,  (no. 14) 
Gitterkonstante a = 12.62500(10) Å α= 90°. 
 b = 14.44200(10) Å β= 98.29°. 
 c = 22.1470(2) Å γ = 90°. 
Volumen 3995.88(6) Å3 
Z 8 
Dichte (errechnet) 1.458  Mg · m-3 
Absorptionskoeffizient 0.222 mm-1 
F(000) 1840 e 
Kristallgröße 0.18 x 0.18 x 0.10 mm3 
θ−Bereich für Datensammlung 2.97 to 27.50°. 
Index Bereich -16 ≤ h ≤ 16, -18≤ k ≤ 18, -28 ≤ l ≤ 28 
Gesammelte Reflexe 79579 
Unabhängige Reflexe 9184 [Rint = 0.0598] 
Reflexe mit I>2σ(I) 7697 
Vervollständigung für θ = 27.50° 99.9 % 
Absorptionskorrektur Gaussian 
Max. und min. Durchlässigkeit 0.97 and 0.95 
Verfeinerungsmethode Full-matrix least-squares on F2 
Daten / Einschränkungen / Parameter 9184 / 0 / 548 
Goodness-of-fit on F2 1.093 
Abschließende R Indizes [I>2σ(I)] R1 = 0.0407 wR2 = 0.1300 
R Indizes (alle Daten) R1 = 0.0524 wR2 = 0.1407 
Restelektronendichte 0.451 and -0.410 e · Å-3 
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Tabelle. Bindungslängen [Å] und Winkel [°]. 
 
C(1)-N(2) 1.3347(19)  C(1)-N(11) 1.3425(19) 
C(1)-H(1) 0.92(2)  C(1A)-N(11A) 1.338(2) 
C(1A)-N(2A) 1.340(2)  C(1A)-H(1A) 0.97(2)   
C(3)-N(2) 1.4839(18)  C(3)-C(16) 1.526(2) 
C(3)-C(12) 1.530(2)  C(3)-C(4) 1.548(2) 
C(3A)-N(2A) 1.4999(19)  C(3A)-C(16A) 1.527(2) 
C(3A)-C(12A) 1.535(2)  C(3A)-C(4A) 1.546(2) 
C(4)-O(5) 1.4709(19)  C(4)-H(4A) 0.9700   
C(4)-H(4B) 0.9700  C(4A)-O(5A) 1.471(2) 
C(4A)-H(4A1) 0.9700  C(4A)-H(4A2) 0.9700   
C(6)-C(7) 1.353(2)  C(6)-O(5) 1.3526(18) 
C(6)-N(2) 1.3827(19)  C(6A)-C(7A) 1.349(2) 
C(6A)-O(5A) 1.3534(19)  C(6A)-N(2A) 1.380(2) 
C(7)-O(8) 1.3481(18)  C(7)-N(11) 1.3786(19) 
C(7A)-O(8A) 1.358(2)  C(7A)-N(11A) 1.372(2) 
C(9)-O(8) 1.4685(18)  C(9)-C(10) 1.558(2) 
C(9)-H(9A) 0.9700  C(9)-H(9B) 0.9700 
C(9A)-O(8A) 1.464(2)  C(9A)-C(10A) 1.550(2) 
C(9A)-H(9A1) 0.9700  C(9A)-H(9A2) 0.9700 
C(10)-N(11) 1.4835(18)  C(10)-C(22) 1.527(2) 
C(10)-C(26) 1.535(2)  C(10A)-N(11A) 1.4903(19) 
C(10A)-C(26A) 1.522(2)  C(10A)-C(22A) 1.529(2) 
C(12)-C(13) 1.538(2)  C(12)-H(12A) 0.9700 
C(12)-H(12B) 0.9700  C(12A)-C(13A) 1.521(2) 
C(12A)-H(12C) 0.9700  C(12A)-H(12D) 0.9700 
C(13)-C(14) 1.525(2)  C(13)-H(13A) 0.9700 
C(13)-H(13B) 0.9700  C(13A)-C(14A) 1.530(2) 
C(13A)-H(13C) 0.9700  C(13A)-H(13D) 0.9700 
C(14)-C(15) 1.528(2)  C(14)-H(14A) 0.9700 
C(14)-H(14B) 0.9700  C(14A)-C(15A) 1.527(2) 
C(14A)-H(14C) 0.9700  C(14A)-H(14D) 0.9700 
C(15)-C(16) 1.534(2)  C(15)-H(15A) 0.9700 
C(15)-H(15B) 0.9700  C(15A)-C(16A) 1.528(2) 
C(15A)-H(15C) 0.9700  C(15A)-H(15D) 0.9700 
C(16)-H(16A) 0.9700  C(16)-H(16B) 0.9700 
C(16A)-H(16C) 0.9700  C(16A)-H(16D) 0.9700 
C(22)-C(23) 1.530(2)  C(22)-H(22A) 0.9700 
C(22)-H(22B) 0.9700  C(22A)-C(23A) 1.531(2) 
C(22A)-H(22C) 0.9700  C(22A)-H(22D) 0.9700 
C(23)-C(24) 1.533(2)  C(23)-H(23A) 0.9700 
C(23)-H(23B) 0.9700  C(23A)-C(24A) 1.517(3) 
C(23A)-H(23C) 0.9700  C(23A)-H(23D) 0.9700 
C(24)-C(25) 1.526(2)  C(24)-H(24A) 0.9700 
C(24)-H(24B) 0.9700  C(24A)-C(25A) 1.525(3) 
C(24A)-H(24C) 0.9700  C(24A)-H(24D) 0.9700 
C(25)-C(26) 1.529(2)  C(25)-H(25A) 0.9700 
C(25)-H(25B) 0.9700  C(25A)-C(26A) 1.536(2) 
C(25A)-H(25C) 0.9700  C(25A)-H(25D) 0.9700 
C(26)-H(26A) 0.9700  C(26)-H(26B) 0.9700 
C(26A)-H(26C) 0.9700  C(26A)-H(26D) 0.9700 
C(30)-F(3) 1.321(3)  C(30)-F(2) 1.340(2) 
C(30)-F(1) 1.341(2)  C(30)-S(1) 1.813(2) 
O(1)-S(1) 1.4332(14)  O(1A)-S(1B) 1.450(7) 
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O(1A)-S(1A) 1.4386(13)  O(2)-S(1) 1.4415(13) 
O(2A)-S(1B) 1.455(8)  O(2A)-S(1A) 1.4468(12) 
O(3)-S(1) 1.4386(13)  C(30A)-F(1A) 1.334(2) 
C(30A)-F(2A) 1.340(2)  C(30A)-F(3A) 1.346(2) 
C(30A)-S(1A) 1.8225(18)  O(3A)-S(1A) 1.4368(14) 
C(30B)-F(2B) 1.25(3)  C(30B)-F(3A) 1.42(3) 
C(30B)-S(1B) 1.81(3)  O(3B)-F(2A) 0.98(2) 
O(3B)-S(1B) 1.40(2)  S(1B)-F(2A) 1.906(8) 
 
N(2)-C(1)-N(11) 105.66(13)  N(2)-C(1)-H(1) 129.9(13) 
N(11)-C(1)-H(1) 124.4(13)  N(11A)-C(1A)-N(2A) 105.73(13) 
N(11A)-C(1A)-H(1A) 122.9(12)  N(2A)-C(1A)-H(1A) 131.3(12) 
N(2)-C(3)-C(16) 110.15(12)  N(2)-C(3)-C(12) 110.04(12) 
C(16)-C(3)-C(12) 111.36(13)  N(2)-C(3)-C(4) 97.67(11) 
C(16)-C(3)-C(4) 114.23(13)  C(12)-C(3)-C(4) 112.56(13) 
N(2A)-C(3A)-C(16A) 112.84(13)  N(2A)-C(3A)-C(12A) 110.03(12) 
C(16A)-C(3A)-C(12A) 111.85(13)  N(2A)-C(3A)-C(4A) 97.40(11) 
C(16A)-C(3A)-C(4A) 111.97(13)  C(12A)-C(3A)-C(4A) 111.97(13) 
O(5)-C(4)-C(3) 106.00(12)  O(5)-C(4)-H(4A) 110.5     
C(3)-C(4)-H(4A) 110.5  O(5)-C(4)-H(4B) 110.5    
C(3)-C(4)-H(4B) 110.5  H(4A)-C(4)-H(4B) 108.7 
O(5A)-C(4A)-C(3A) 106.22(12)  O(5A)-C(4A)-H(4A1) 110.5 
C(3A)-C(4A)-H(4A1) 110.5  O(5A)-C(4A)-H(4A2) 110.5 
C(3A)-C(4A)-H(4A2) 110.5  H(4A1)-C(4A)-H(4A2) 108.7     
C(7)-C(6)-O(5) 141.27(15)  C(7)-C(6)-N(2) 106.41(13) 
O(5)-C(6)-N(2) 112.31(13)  C(7A)-C(6A)-O(5A) 140.69(15) 
C(7A)-C(6A)-N(2A) 106.38(14)  O(5A)-C(6A)-N(2A) 112.93(14) 
O(8)-C(7)-C(6) 140.86(14)  O(8)-C(7)-N(11) 112.69(13) 
C(6)-C(7)-N(11) 106.44(13)  C(6A)-C(7A)-O(8A) 140.80(15) 
C(6A)-C(7A)-N(11A) 106.82(14)  O(8A)-C(7A)-N(11A) 112.38(14) 
O(8)-C(9)-C(10) 106.55(12)  O(8)-C(9)-H(9A) 110.4 
C(10)-C(9)-H(9A) 110.4  O(8)-C(9)-H(9B) 110.4 
C(10)-C(9)-H(9B) 110.4  H(9A)-C(9)-H(9B) 108.6 
O(8A)-C(9A)-C(10A) 106.78(14)  O(8A)-C(9A)-H(9A1) 110.4 
C(10A)-C(9A)-H(9A1) 110.4  O(8A)-C(9A)-H(9A2) 110.4 
C(10A)-C(9A)-H(9A2) 110.4  H(9A1)-C(9A)-H(9A2) 108.6 
N(11)-C(10)-C(22) 111.22(12)  N(11)-C(10)-C(26) 109.19(12) 
C(22)-C(10)-C(26) 112.48(12)  N(11)-C(10)-C(9) 97.56(11) 
C(22)-C(10)-C(9) 113.92(13)  C(26)-C(10)-C(9) 111.48(12) 
N(11A)-C(10A)-C(26A) 109.66(13)  N(11A)-C(10A)-C(22A) 111.34(12) 
C(26A)-C(10A)-C(22A) 112.17(14)  N(11A)-C(10A)-C(9A) 97.39(12) 
C(26A)-C(10A)-C(9A) 112.98(14)  C(22A)-C(10A)-C(9A) 112.40(15) 
C(3)-C(12)-C(13) 111.31(12)  C(3)-C(12)-H(12A) 109.4 
C(13)-C(12)-H(12A) 109.4  C(3)-C(12)-H(12B) 109.4 
C(13)-C(12)-H(12B) 109.4  H(12A)-C(12)-H(12B) 108.0 
C(13A)-C(12A)-C(3A) 112.42(13)  C(13A)-C(12A)-H(12C) 109.1 
C(3A)-C(12A)-H(12C) 109.1  C(13A)-C(12A)-H(12D) 109.1 
C(3A)-C(12A)-H(12D) 109.1  H(12C)-C(12A)-H(12D) 107.9 
C(14)-C(13)-C(12) 111.64(13)  C(14)-C(13)-H(13A) 109.3 
C(12)-C(13)-H(13A) 109.3  C(14)-C(13)-H(13B) 109.3 
C(12)-C(13)-H(13B) 109.3  H(13A)-C(13)-H(13B) 108.0 
C(12A)-C(13A)-C(14A) 111.08(14)  C(12A)-C(13A)-H(13C) 109.4 
C(14A)-C(13A)-H(13C) 109.4  C(12A)-C(13A)-H(13D) 109.4 
C(14A)-C(13A)-H(13D) 109.4  H(13C)-C(13A)-H(13D) 108.0 
C(13)-C(14)-C(15) 110.36(13)  C(13)-C(14)-H(14A) 109.6 
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C(15)-C(14)-H(14A) 109.6  C(13)-C(14)-H(14B) 109.6 
C(15)-C(14)-H(14B) 109.6  H(14A)-C(14)-H(14B) 108.1 
C(15A)-C(14A)-C(13A) 110.53(13)  C(15A)-C(14A)-H(14C) 109.5 
C(13A)-C(14A)-H(14C) 109.5  C(15A)-C(14A)-H(14D) 109.5 
C(13A)-C(14A)-H(14D) 109.5  H(14C)-C(14A)-H(14D) 108.1 
C(14)-C(15)-C(16) 111.19(13)  C(14)-C(15)-H(15A) 109.4 
C(16)-C(15)-H(15A) 109.4  C(14)-C(15)-H(15B) 109.4 
C(16)-C(15)-H(15B) 109.4  H(15A)-C(15)-H(15B) 108.0 
C(16A)-C(15A)-C(14A) 112.07(14)  C(16A)-C(15A)-H(15C) 109.2 
C(14A)-C(15A)-H(15C) 109.2  C(16A)-C(15A)-H(15D) 109.2 
C(14A)-C(15A)-H(15D) 109.2  H(15C)-C(15A)-H(15D) 107.9         
C(3)-C(16)-C(15) 110.74(13)  C(3)-C(16)-H(16A) 109.5 
C(15)-C(16)-H(16A) 109.5  C(3)-C(16)-H(16B) 109.5 
C(15)-C(16)-H(16B) 109.5  H(16A)-C(16)-H(16B) 108.1 
C(3A)-C(16A)-C(15A) 113.19(13)  C(3A)-C(16A)-H(16C) 108.9 
C(15A)-C(16A)-H(16C) 108.9  C(3A)-C(16A)-H(16D) 108.9 
C(15A)-C(16A)-H(16D) 108.9  H(16C)-C(16A)-H(16D) 107.8 
C(10)-C(22)-C(23) 111.09(12)  C(10)-C(22)-H(22A) 109.4 
C(23)-C(22)-H(22A) 109.4  C(10)-C(22)-H(22B) 109.4 
C(23)-C(22)-H(22B) 109.4  H(22A)-C(22)-H(22B) 108.0 
C(10A)-C(22A)-C(23A) 109.76(13)  C(10A)-C(22A)-H(22C) 109.7 
C(23A)-C(22A)-H(22C) 109.7  C(10A)-C(22A)-H(22D) 109.7 
C(23A)-C(22A)-H(22D) 109.7  H(22C)-C(22A)-H(22D) 108.2 
C(22)-C(23)-C(24) 110.60(12)  C(22)-C(23)-H(23A) 109.5 
C(24)-C(23)-H(23A) 109.5  C(22)-C(23)-H(23B) 109.5 
C(24)-C(23)-H(23B) 109.5  H(23A)-C(23)-H(23B) 108.1 
C(24A)-C(23A)-C(22A) 111.27(15)  C(24A)-C(23A)-H(23C) 109.4 
C(22A)-C(23A)-H(23C) 109.4  C(24A)-C(23A)-H(23D) 109.4 
C(22A)-C(23A)-H(23D) 109.4  H(23C)-C(23A)-H(23D) 108.0 
C(25)-C(24)-C(23) 110.65(13)  C(25)-C(24)-H(24A) 109.5 
C(23)-C(24)-H(24A) 109.5  C(25)-C(24)-H(24B) 109.5 
C(23)-C(24)-H(24B) 109.5  H(24A)-C(24)-H(24B) 108.1 
C(23A)-C(24A)-C(25A) 110.79(15)  C(23A)-C(24A)-H(24C) 109.5 
C(25A)-C(24A)-H(24C) 109.5  C(23A)-C(24A)-H(24D) 109.5 
C(25A)-C(24A)-H(24D) 109.5  H(24C)-C(24A)-H(24D) 108.1 
C(24)-C(25)-C(26) 110.68(12)  C(24)-C(25)-H(25A) 109.5 
C(26)-C(25)-H(25A) 109.5  C(24)-C(25)-H(25B) 109.5 
C(26)-C(25)-H(25B) 109.5  H(25A)-C(25)-H(25B) 108.1 
C(24A)-C(25A)-C(26A) 111.49(15)  C(24A)-C(25A)-H(25C) 109.3 
C(26A)-C(25A)-H(25C) 109.3  C(24A)-C(25A)-H(25D) 109.3 
C(26A)-C(25A)-H(25D) 109.3  H(25C)-C(25A)-H(25D) 108.0 
C(25)-C(26)-C(10) 110.24(12)  C(25)-C(26)-H(26A) 109.6 
C(10)-C(26)-H(26A) 109.6  C(25)-C(26)-H(26B) 109.6 
C(10)-C(26)-H(26B) 109.6  H(26A)-C(26)-H(26B) 108.1 
C(10A)-C(26A)-C(25A) 111.17(15)  C(10A)-C(26A)-H(26C) 109.4 
C(25A)-C(26A)-H(26C) 109.4  C(10A)-C(26A)-H(26D) 109.4 
C(25A)-C(26A)-H(26D) 109.4  H(26C)-C(26A)-H(26D) 108.0     
F(3)-C(30)-F(2) 108.0(2)  F(3)-C(30)-F(1) 107.20(17) 
F(2)-C(30)-F(1) 106.72(18)  F(3)-C(30)-S(1) 112.30(16) 
F(2)-C(30)-S(1) 110.92(14)  F(1)-C(30)-S(1) 111.46(16) 
C(1)-N(2)-C(6) 110.77(13)  C(1)-N(2)-C(3) 139.06(13) 
C(6)-N(2)-C(3) 110.15(12)  C(1A)-N(2A)-C(6A) 110.46(13) 
C(1A)-N(2A)-C(3A) 140.05(13)  C(6A)-N(2A)-C(3A) 109.48(12) 
C(1)-N(11)-C(7) 110.70(13)  C(1)-N(11)-C(10) 138.10(13) 
C(7)-N(11)-C(10) 110.50(12)  C(1A)-N(11A)-C(7A) 110.61(13) 



�� ����

C(1A)-N(11A)-C(10A) 138.61(13)  C(7A)-N(11A)-C(10A) 110.69(12) 
S(1B)-O(1A)-S(1A) 35.8(3)  S(1B)-O(2A)-S(1A) 35.6(3) 
F(1A)-C(30A)-F(2A) 108.00(14)  F(1A)-C(30A)-F(3A) 106.85(15) 
F(2A)-C(30A)-F(3A) 107.82(14)  F(1A)-C(30A)-S(1A) 112.18(12) 
F(2A)-C(30A)-S(1A) 111.41(12)  F(3A)-C(30A)-S(1A) 110.36(12) 
O(3A)-S(1A)-O(1A) 115.38(9)  O(3A)-S(1A)-O(2A) 115.08(8) 
O(1A)-S(1A)-O(2A) 114.71(8)  O(3A)-S(1A)-C(30A) 103.41(9) 
O(1A)-S(1A)-C(30A) 103.09(8)  O(2A)-S(1A)-C(30A) 102.66(8) 
F(2B)-C(30B)-F(3A) 129(3)  F(2B)-C(30B)-S(1B) 114(2) 
F(3A)-C(30B)-S(1B) 104.0(17)  F(2A)-O(3B)-S(1B) 105.3(18) 
O(3B)-S(1B)-O(1A) 114.3(11)  O(3B)-S(1B)-O(2A) 114.3(11) 
O(1A)-S(1B)-O(2A) 113.5(5)  O(3B)-S(1B)-C(30B) 110.4(14) 
O(1A)-S(1B)-C(30B) 105.1(11)  O(2A)-S(1B)-C(30B) 97.5(11) 
O(3B)-S(1B)-F(2A) 29.6(10)  O(1A)-S(1B)-F(2A) 125.9(5) 
O(2A)-S(1B)-F(2A) 118.9(4)  C(30B)-S(1B)-F(2A) 80.8(10) 
C(6)-O(5)-C(4) 104.02(12)  C(6A)-O(5A)-C(4A) 103.84(12) 
C(7)-O(8)-C(9) 105.15(11)  C(7A)-O(8A)-C(9A) 104.42(12) 
O(3B)-F(2A)-C(30A) 98.0(13)  O(3B)-F(2A)-S(1B) 45.1(13) 
C(30A)-F(2A)-S(1B) 53.4(2)  C(30A)-F(3A)-C(30B) 46.8(12) 
O(1)-S(1)-O(3) 115.15(9)  O(1)-S(1)-O(2) 114.48(9) 
O(3)-S(1)-O(2) 115.12(8)  O(1)-S(1)-C(30) 103.43(11) 
O(3)-S(1)-C(30) 102.65(9)  O(2)-S(1)-C(30) 103.63(9) 
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Identifikations Code 4564 
Empirische Formel C20 H29 F3 N2 O5 S 
Farbe farblos 
Formelgewicht 466.51  g · mol-1 
Temperatur 100 K 
Wellenlänge 0.71073 Å 
Kristallsystem Triklin 
Raumgruppe P 1̄,  (no. 2) 
Gitterkonstante a = 10.1279(2) Å α= 97.4670(10)°. 
 b = 11.7194(2) Å β= 94.9020(10)°. 
 c = 18.5299(3) Å γ = 97.5300(10)°. 
Volumen 2150.13(7) Å3 
Z 4 
Dichte (errechnet) 1.441  Mg · m-3 
Absorptionskoeffizient 0.211 mm-1 
F(000) 984 e 
Kristallgröße 0.28 x 0.06 x 0.04 mm3 
θ−Bereich für Datensammlung 4.08 to 31.61°. 
Index Bereich -14 ≤ h ≤ 14, -17≤ k ≤ 17, -27 ≤ l ≤ 27 
Gesammelte Reflexe 54748 
Unabhängige Reflexe 14344 [Rint = 0.1057] 
Reflexe mit I>2σ(I) 8866 
Vervollständigung für θ = 31.61° 99.3 % 
Absorptionskorrektur Gaussian 
Max. und min. Durchlässigkeit 0.99 and 0.96 
Verfeinerungsmethode Full-matrix least-squares on F2 
Daten / Einschränkungen / Parameter 14344 / 0 / 569 
Goodness-of-fit on F2 1.013 
Abschließende R Indizes [I>2σ(I)] R1 = 0.0780 wR2 = 0.1685 
R Indizes (alle Daten) R1 = 0.1373 wR2 = 0.1968 
Restelektronendichte    0.884 and -0.672 e · Å-3 
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Tabelle. Bindungslängen [Å] und Winkel [°]. 

C(1)-N(2) 1.338(3)  C(1)-N(1) 1.340(3) 
C(2)-N(1) 1.487(3)  C(2)-C(8) 1.529(3) 
C(2)-C(13) 1.534(3)  C(2)-C(3) 1.557(3) 
C(3)-O(1) 1.467(3)  C(4)-O(1) 1.340(3) 
C(4)-C(5) 1.352(3)  C(4)-N(1) 1.376(3) 
C(5)-O(2) 1.352(3)  C(5)-N(2) 1.379(3) 
C(6)-O(2) 1.464(3)  C(6)-C(7) 1.541(3) 
C(7)-N(2) 1.495(3)  C(7)-C(19) 1.531(3) 
C(7)-C(14) 1.536(3)  C(8)-C(9) 1.532(3) 
C(9)-C(10) 1.521(4)  C(10)-C(11) 1.522(4) 
C(11)-C(12) 1.530(3)  C(12)-C(13) 1.527(3) 
C(14)-C(15) 1.533(3)  C(15)-C(16) 1.525(4) 
C(16)-C(17) 1.530(4)  C(17)-C(18) 1.526(3) 
C(18)-C(19) 1.531(3)  C(20)-F(3) 1.315(3) 
C(20)-F(1) 1.334(3)  C(20)-F(2) 1.341(3) 
C(20)-S(1) 1.807(3)  C(21)-N(3) 1.335(3) 
C(21)-N(4) 1.339(3)  C(22)-N(3) 1.495(3) 
C(22)-C(33) 1.523(4)  C(22)-C(28) 1.534(3) 
C(22)-C(23) 1.553(4)  C(23)-O(3) 1.457(4) 
C(24)-C(25) 1.346(3)  C(24)-O(3) 1.348(3) 
C(24)-N(3) 1.371(3)  C(25)-O(4) 1.347(3) 
C(25)-N(4) 1.371(3)  C(26)-O(4) 1.461(3) 
C(26)-C(27) 1.562(3)  C(27)-N(4) 1.488(3) 
C(27)-C(39) 1.529(3)  C(27)-C(34) 1.530(3) 
C(28)-C(29) 1.526(3)  C(29)-C(30) 1.532(4) 
C(30)-C(31) 1.510(4)  C(31)-C(32A) 1.603(5) 
C(32A)-C(33) 1.448(5)  C(34)-C(35) 1.533(3) 
C(35)-C(36) 1.523(4)  C(36)-C(37) 1.526(4) 
C(37)-C(38) 1.533(3)  C(38)-C(39) 1.532(3) 
C(40)-F(4) 1.330(3)  C(40)-F(5) 1.331(3) 
C(40)-F(6) 1.332(3)  C(40)-S(2) 1.824(3) 
O(5)-S(1) 1.4394(19)  O(6)-S(1) 1.433(3) 
O(7)-S(1) 1.432(3)  O(8)-S(2) 1.4431(18) 
O(9)-S(2) 1.4358(19)  O(10)-S(2) 1.4377(19)  
 
N(2)-C(1)-N(1) 105.8(2)  N(1)-C(2)-C(8) 107.50(18) 
N(1)-C(2)-C(13) 111.97(19)  C(8)-C(2)-C(13) 115.47(19) 
N(1)-C(2)-C(3) 98.42(18)  C(8)-C(2)-C(3) 112.27(19) 
C(13)-C(2)-C(3) 109.91(18)  O(1)-C(3)-C(2) 107.49(18) 
O(1)-C(4)-C(5) 140.2(2)  O(1)-C(4)-N(1) 113.6(2)  
C(5)-C(4)-N(1) 106.0(2)  C(4)-C(5)-O(2) 140.0(2) 
C(4)-C(5)-N(2) 107.1(2)  O(2)-C(5)-N(2) 112.8(2)  
O(2)-C(6)-C(7) 107.14(19)  N(2)-C(7)-C(19) 112.59(19) 
N(2)-C(7)-C(14) 107.19(18)  C(19)-C(7)-C(14) 115.7(2)  
N(2)-C(7)-C(6) 97.28(18)  C(19)-C(7)-C(6) 110.07(19) 
C(14)-C(7)-C(6) 112.55(19)  C(2)-C(8)-C(9) 114.68(19) 
C(10)-C(9)-C(8) 112.6(2)  C(9)-C(10)-C(11) 116.2(2) 
C(10)-C(11)-C(12) 116.0(2)  C(13)-C(12)-C(11) 112.0(2) 
C(12)-C(13)-C(2) 116.93(19)  C(15)-C(14)-C(7) 113.86(19) 
C(16)-C(15)-C(14) 113.4(2)  C(15)-C(16)-C(17) 115.8(2) 
C(18)-C(17)-C(16) 115.7(2)  C(17)-C(18)-C(19) 112.6(2) 
C(7)-C(19)-C(18) 117.65(19)  F(3)-C(20)-F(1) 106.6(2)   
F(3)-C(20)-F(2) 107.2(2)  F(1)-C(20)-F(2) 107.2(2) 
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F(3)-C(20)-S(1) 112.90(19)  F(1)-C(20)-S(1) 111.3(2)   
F(2)-C(20)-S(1) 111.24(18)  N(3)-C(21)-N(4) 106.0(2) 
N(3)-C(22)-C(33) 112.2(2)  N(3)-C(22)-C(28) 107.22(19) 
C(33)-C(22)-C(28) 117.0(2)  N(3)-C(22)-C(23) 97.5(2) 
C(33)-C(22)-C(23) 108.5(2)  C(28)-C(22)-C(23) 112.7(2)  
O(3)-C(23)-C(22) 106.9(2)  C(25)-C(24)-O(3) 139.7(2) 
C(25)-C(24)-N(3) 106.9(2)  O(3)-C(24)-N(3) 113.3(2) 
C(24)-C(25)-O(4) 140.0(2)  C(24)-C(25)-N(4) 106.5(2) 
O(4)-C(25)-N(4) 113.3(2)  O(4)-C(26)-C(27) 108.16(18) 
N(4)-C(27)-C(39) 112.36(19)  N(4)-C(27)-C(34) 107.44(18) 
C(39)-C(27)-C(34) 115.25(19)  N(4)-C(27)-C(26) 98.25(17) 
C(39)-C(27)-C(26) 109.81(18)  C(34)-C(27)-C(26) 112.46(19) 
C(29)-C(28)-C(22) 114.3(2)  C(28)-C(29)-C(30) 113.0(2) 
C(31)-C(30)-C(29) 116.5(2)  C(30)-C(31)-C(32A) 112.1(2) 
C(33)-C(32A)-C(31) 112.6(3)  C(32A)-C(33)-C(22) 119.1(3) 
C(27)-C(34)-C(35) 114.2(2)  C(36)-C(35)-C(34) 112.6(2) 
C(35)-C(36)-C(37) 116.3(2)  C(36)-C(37)-C(38) 115.8(2) 
C(39)-C(38)-C(37) 112.8(2)  C(27)-C(39)-C(38) 116.61(19) 
F(4)-C(40)-F(5) 107.3(2)  F(4)-C(40)-F(6) 107.4(2)   
F(5)-C(40)-F(6) 107.2(2)  F(4)-C(40)-S(2) 112.04(17) 
F(5)-C(40)-S(2) 111.58(17)  F(6)-C(40)-S(2) 111.03(18) 
C(1)-N(1)-C(4) 111.0(2)  C(1)-N(1)-C(2) 138.3(2) 
C(4)-N(1)-C(2) 110.48(19)  C(1)-N(2)-C(5) 110.2(2)  
C(1)-N(2)-C(7) 139.7(2)  C(5)-N(2)-C(7) 109.92(19) 
C(21)-N(3)-C(24) 110.2(2)  C(21)-N(3)-C(22) 139.5(2) 
C(24)-N(3)-C(22) 109.9(2)  C(21)-N(4)-C(25) 110.4(2) 
C(21)-N(4)-C(27) 138.0(2)  C(25)-N(4)-C(27) 111.35(19) 
C(4)-O(1)-C(3) 105.42(18)  C(5)-O(2)-C(6) 103.69(18) 
C(24)-O(3)-C(23) 104.3(2)  C(25)-O(4)-C(26) 105.79(18) 
O(7)-S(1)-O(6) 115.3(2)  O(7)-S(1)-O(5) 115.22(16) 
O(6)-S(1)-O(5) 114.76(14)  O(7)-S(1)-C(20) 101.90(14) 
O(6)-S(1)-C(20) 102.64(17)  O(5)-S(1)-C(20) 104.43(12) 
O(9)-S(2)-O(10) 115.04(12)  O(9)-S(2)-O(8) 114.82(12) 
O(10)-S(2)-O(8) 115.24(12)  O(9)-S(2)-C(40) 103.13(12) 
O(10)-S(2)-C(40) 102.70(12)  O(8)-S(2)-C(40) 103.42(11)   
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Identifikations Code 4703 
Empirische Formel C22 H33 F3 N2 O5 S 
Farbe farblos 
Formelgewicht 494.56  g · mol-1 
Temperatur 100 K 
Wellenlänge 0.71073 Å 
Kristallsystem Monoklin 
Raumgruppe P 21/c,  (no. 14) 
Gitterkonstante a = 10.5042(1) Å α= 90°. 
 b = 21.4698(3) Å β= 96.415(1)°. 
 c = 10.3191(1) Å γ = 90°. 
Volumen 2312.62(5) Å3 
Z 4 
Dichte (errechnet) 1.420  Mg · m-3 
Absorptionskoeffizient 0.201 mm-1 
F(000) 1048 e 
Kristallgröße 0.12 x 0.09 x 0.05 mm3 
θ−Bereich für Datensammlung 6.83 to 31.00°. 
Index Bereich -15 ≤ h ≤ 15, -31≤ k ≤ 31, -14 ≤ l ≤ 14 
Gesammelte Reflexe 59432 
Unabhängige Reflexe 7272 [Rint = 0.0652] 
Reflexe mit I>2σ(I) 6012 
Vervollständigung für θ = 31.00° 98.7 % 
Absorptionskorrektur Gaussian 
Max. und min. Durchlässigkeit 0.99 and 0.98 
Verfeinerungsmethode Full-matrix least-squares on F2 
Daten / Einschränkungen / Parameter 7272 / 0 / 298 
Goodness-of-fit on F2 0.979 
Abschließende R Indizes [I>2σ(I)] R1 = 0.0448 wR2 = 0.1232 
R Indizes (alle Daten) R1 = 0.0567 wR2 = 0.1333 
Restelektronendichte 0.711 and -0.646 e · Å-3 
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Tabelle. Bindungslängen [Å] und Winkel [°]. 
 
C(1)-N(2) 1.3363(15)  C(1)-N(1) 1.3407(15) 
C(2)-N(1) 1.4896(15)  C(2)-C(14) 1.5274(16) 
C(2)-C(8) 1.5335(16)  C(2)-C(3) 1.5506(16) 
C(3)-O(1) 1.4716(15)  C(4)-O(1) 1.3541(15) 
C(4)-C(5) 1.3544(18)  C(4)-N(1) 1.3769(15) 
C(5)-O(2) 1.3478(15)  C(5)-N(2) 1.3776(15) 
C(6)-O(2) 1.4730(17)  C(6)-C(7) 1.5586(18) 
C(7)-N(2) 1.4849(15)  C(7)-C(21) 1.5319(18) 
C(7)-C(15) 1.5369(17)  C(8)-C(9) 1.5372(17) 
C(9)-C(10) 1.5342(19)  C(10)-C(11) 1.5343(19) 
C(11)-C(12) 1.5402(19)  C(12)-C(13) 1.5371(19) 
C(13)-C(14) 1.5310(18)  C(15)-C(16) 1.5314(18) 
C(16)-C(17) 1.5397(18)  C(17)-C(18) 1.5392(19) 
C(18)-C(19) 1.531(2)  C(19)-C(20) 1.534(2) 
C(20)-C(21) 1.5447(19)  C(22)-F(3) 1.3303(16) 
C(22)-F(1) 1.3339(16)  C(22)-F(2) 1.3351(15) 
C(22)-S 1.8268(13)  O(3)-S 1.4323(15) 
O(4)-S 1.4410(11)  O(5)-S 1.4172(15)  
 
N(2)-C(1)-N(1) 105.17(10)  N(1)-C(2)-C(14) 108.45(9)  
N(1)-C(2)-C(8) 108.21(9)  C(14)-C(2)-C(8) 116.43(10)  
N(1)-C(2)-C(3) 96.81(9)  C(14)-C(2)-C(3) 114.11(10)  
C(8)-C(2)-C(3) 110.83(10)  O(1)-C(3)-C(2) 106.05(9)   
O(1)-C(4)-C(5) 141.27(11)  O(1)-C(4)-N(1) 112.47(11)  
C(5)-C(4)-N(1) 106.21(10)  O(2)-C(5)-C(4) 140.90(12)  
O(2)-C(5)-N(2) 112.76(11)  C(4)-C(5)-N(2) 106.34(10)  
O(2)-C(6)-C(7) 106.28(10)  N(2)-C(7)-C(21) 110.60(9)   
N(2)-C(7)-C(15) 109.09(10)  C(21)-C(7)-C(15) 116.21(10)  
N(2)-C(7)-C(6) 97.02(9)  C(21)-C(7)-C(6) 112.0(10)  
C(15)-C(7)-C(6) 110.03(10)  C(2)-C(8)-C(9) 115.72(10) 
C(10)-C(9)-C(8) 115.53(10)  C(9)-C(10)-C(11) 117.76(10) 
C(10)-C(11)-C(12) 114.94(11)  C(13)-C(12)-C(11) 115.34(11)  
C(14)-C(13)-C(12) 117.66(10)  C(2)-C(14)-C(13) 116.86(10)  
C(16)-C(15)-C(7) 117.75(10)  C(15)-C(16)-C(17) 117.96(10) 
C(18)-C(17)-C(16) 115.45(11)  C(19)-C(18)-C(17) 115.96(11)  
C(18)-C(19)-C(20) 118.29(11)  C(19)-C(20)-C(21) 114.85(12)  
C(7)-C(21)-C(20) 113.80(10)  F(3)-C(22)-F(1) 107.57(11)  
F(3)-C(22)-F(2) 106.75(11)  F(1)-C(22)-F(2) 107.55(11)  
F(3)-C(22)-S 111.60(10)  F(1)-C(22)-S 110.88(9)   
F(2)-C(22)-S 112.24(9)  C(1)-N(1)-C(4) 111.11(10)  
C(1)-N(1)-C(2) 138.59(10)  C(4)-N(1)-C(2) 110.26(10)  
C(1)-N(2)-C(5) 111.14(10)  C(1)-N(2)-C(7) 138.22(10)  
C(5)-N(2)-C(7) 110.61(10)  C(4)-O(1)-C(3) 103.51(9)   
C(5)-O(2)-C(6) 103.62(10)  O(5)-S-O(3) 115.65(14)  
O(5)-S-O(4) 115.13(11)  O(3)-S-O(4) 114.48(9)   
O(5)-S-C(22) 102.34(8)  O(3)-S-C(22) 102.80(8)   
O(4)-S-C(22) 103.89(7) 
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Identifikations Code 4867 
Empirische Formel C13 H22 Cl2 N2 O3 Pd S 
Farbe Farblos 
Formelgewicht 463.69  g · mol-1 
Temperatur 100 K 
Wellenlänge 0.71073 Å 
Kristallsystem Monoklin 
Raumgruppe P21/c,  (no. 14) 
Gitterkonstante a = 8.08610(10) Å α= 90°. 
 b = 8.94430(10) Å β= 92.21°. 
 c = 24.4326(3) Å γ = 90°. 
Volumen 1765.76(4) Å3 
Z 4 
Dichte (errechnet) 1.744  Mg · m-3 
Absorptionskoeffizient 1.483 mm-1 
F(000) 936 e 
Kristallgröße 0.07 x 0.06 x 0.02 mm3 
θ−Bereich für Datensammlung 2.97 to 30.06°. 
Index Bereich -11 ≤ h ≤ 11, -12≤ k ≤ 12, -34 ≤ l ≤ 34 
Gesammelte Reflexe 41245 
Unabhängige Reflexe 5171 [Rint = 0.0545] 
Reflexe mit I>2σ(I) 4571 
Vervollständigung für θ = 30.06° 99.8 % 
Absorptionskorrektur Gaussian 
Max. und min. Durchlässigkeit 0.97 and 0.91 
Verfeinerungsmethode Full-matrix least-squares on F2 
Daten / Einschränkungen / Parameter 5171 / 0 / 276 
Goodness-of-fit on F2 1.007 
Abschließende R Indizes [I>2σ(I)] R1 = 0.0235 wR2 = 0.0552 
R Indizes (alle Daten) R1 = 0.0300 wR2 = 0.0576 
Restelektronendichte 0.686 and -0.644 e · Å-3 



� � �

�

����

 
Tabelle. Bindungslängen [Å] und Winkel [°]. 
 
C(1)-N(1A)* 1.219(19)  C(1)-N(1A) 1.219(19) 
C(1)-N(1B) 1.441(18)  C(1)-N(1B)* 1.441(19) 
C(2A)-O(1A) 1.30(3)  C(2A)-C(2A)* 1.36(5) 
C(2A)-C(2B)* 1.383(13)  C(2A)-O(1B) 1.40(3) 
C(2A)-N(1A) 1.44(3)  C(2A)-N(1B) 1.48(3) 
C(2B)-C(2B)* 1.29(5)  C(2B)-N(1B) 1.35(3) 
C(2B)-C(2A)* 1.383(13)  C(2B)-O(1B) 1.39(3) 
C(2B)-N(1A) 1.41(3)  C(2B)-O(1A) 1.47(2) 
C(3A)-O(1A) 1.440(11)  C(3A)-C(4A) 1.535(10) 
C(3B)-O(1B) 1.467(12)  C(3B)-C(4B) 1.562(10) 
C(4A)-C(15A) 1.514(12)  C(4A)-C(5A) 1.52(2) 
C(4A)-N(1A) 1.57(2)  C(4B)-N(1B) 1.40(2) 
C(4B)-C(15B) 1.525(18)  C(4B)-C(5B) 1.536(11) 
C(5A)-C(6A) 1.55(3)  C(5B)-C(6B) 1.55(2) 
C(6A)-C(7A) 1.495(15)  C(6B)-C(7B) 1.48(3) 
C(7A)-C(8A) 1.487(18)  C(7B)-C(8B) 1.60(2) 
C(8A)-C(9A) 1.569(17)  C(8B)-C(9B) 1.51(2) 
C(9A)-C(10A) 1.33(4)  C(9B)-C(10B) 1.73(3) 
C(10A)-C(11A) 1.71(4)  C(10B)-C(11B) 1.284(19) 
C(11A)-C(12A) 1.066(18)  C(11B)-C(12B) 1.82(4) 
C(12A)-C(13A) 1.648(19)  C(12B)-C(13B) 0.97(7) 
C(13A)-C(14A) 1.64(3)  C(13B)-C(14B) 1.44(2) 
C(14A)-C(15A) 1.507(14)  C(14B)-C(15B) 1.51(2) 
C(16)-F(1B) 1.227(13)  C(16)-F(1B)* 1.227(13) 
C(16)-F(2) 1.316(6)  C(16)-F(1A) 1.453(13) 
C(16)-F(1A)* 1.453(13)  C(16)-S(1) 1.807(6) 
C(17)-ClB* 1.598(11)  C(17)-ClB 1.598(11) 
C(17)-ClC* 1.788(7)  C(17)-ClC 1.789(7) 
C(17)-ClA 1.811(10)  C(17)-ClA* 1.811(10) 
ClA-ClB 0.817(13)  ClA-ClC 1.062(8) 
ClB-ClC 1.235(11)  ClB-ClB* 2.27(2)   
ClC-ClC* 2.163(15)  F(1A)-F(1B) 0.767(13) 
F(1B)-F(1B)* 1.47(3)  N(1A)-N(1A)* 1.87(3) 
O(2A)-O(2B) 0.61(2)  O(2A)-S(1) 1.520(13) 
O(2B)-S(1) 1.345(11)  O(3)-S(1) 1.410(3) 
S(1)-O(2B)* 1.345(11)  S(1)-O(2A)* 1.520(13)  
 

N(1A)*-C(1)-N(1A) 100.5(15)  N(1A)*-C(1)-N(1B) 106.4(4) 
N(1A)-C(1)-N(1B) 17.0(11)  N(1A)*-C(1)-N(1B)* 17.0(11) 
N(1A)-C(1)-N(1B)* 106.4(4)  N(1B)-C(1)-N(1B)* 107.3(16) 
O(1A)-C(2A)-C(2A)* 143.9(10)  O(1A)-C(2A)-C(2B)* 147(3) 
C(2A)*-C(2A)-C(2B)* 16.3(11)  O(1A)-C(2A)-O(1B) 28.5(7) 
C(2A)*-C(2A)-O(1B) 134.7(9)  C(2B)*-C(2A)-O(1B) 128(2)  
O(1A)-C(2A)-N(1A) 115.5(17)  C(2A)*-C(2A)-N(1A) 100.2(12) 
C(2B)*-C(2A)-N(1A) 96(2)  O(1B)-C(2A)-N(1A) 117.3(16) 
O(1A)-C(2A)-N(1B) 106.9(18)  C(2A)*-C(2A)-N(1B) 108.9(13) 
C(2B)*-C(2A)-N(1B) 100(2)  O(1B)-C(2A)-N(1B) 102.1(15) 
N(1A)-C(2A)-N(1B) 17.7(8)  C(2B)*-C(2B)-N(1B) 112.4(12) 
C(2B)*-C(2B)-C(2A)* 16.3(11)  N(1B)-C(2B)-C(2A)* 115(2) 
C(2B)*-C(2B)-O(1B) 137.4(10)  N(1B)-C(2B)-O(1B) 109.5(18) 
C(2A)*-C(2B)-O(1B) 134(2)  C(2B)*-C(2B)-N(1A) 101.9(12) 
N(1B)-C(2B)-N(1A) 18.6(8)  C(2A)*-C(2B)-N(1A) 101(2)  O(1B)-
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C(2B)-N(1A) 120.5(19)  C(2B)*-C(2B)-O(1A) 138.0(9) 
N(1B)-C(2B)-O(1A) 104.7(17)  C(2A)*-C(2B)-O(1A) 125.7(18) 
O(1B)-C(2B)-O(1A) 27.0(5)  N(1A)-C(2B)-O(1A) 107.6(17) 
O(1A)-C(3A)-C(4A) 106.9(7)  O(1B)-C(3B)-C(4B) 107.4(6) 
C(15A)-C(4A)-C(5A) 116.4(9)  C(15A)-C(4A)-C(3A) 112.1(8) 
C(5A)-C(4A)-C(3A) 113.3(11)  C(15A)-C(4A)-N(1A) 107.9(10) 
C(5A)-C(4A)-N(1A) 107.2(12)  C(3A)-C(4A)-N(1A) 98.0(8) N(1B)-
C(4B)-C(15B) 111.7(13)  N(1B)-C(4B)-C(5B) 109.1(11) 
C(15B)-C(4B)-C(5B) 116.2(11)  N(1B)-C(4B)-C(3B) 95.4(10) 
C(15B)-C(4B)-C(3B) 110.5(10)  C(5B)-C(4B)-C(3B) 112.0(8) 
C(4A)-C(5A)-C(6A) 113.0(15)  C(4B)-C(5B)-C(6B) 115.5(11) 
C(7A)-C(6A)-C(5A) 114.5(10)  C(7B)-C(6B)-C(5B) 113(2)  C(8A)-
C(7A)-C(6A) 117.8(10)  C(6B)-C(7B)-C(8B) 108.8(15) 
C(7A)-C(8A)-C(9A) 112.9(13)  C(9B)-C(8B)-C(7B) 114.5(16) 
C(10A)-C(9A)-C(8A) 116.3(17)  C(8B)-C(9B)-C(10B) 119.4(17) 
C(9A)-C(10A)-C(11A) 115.6(15)  C(11B)-C(10B)-C(9B) 112.9(19) 
C(12A)-C(11A)-C(10A) 125.2(16)  C(10B)-C(11B)-C(12B) 120(3) 
C(11A)-C(12A)-C(13A) 131.4(15)  C(13B)-C(12B)-C(11B) 97(4)  C(14A)-
C(13A)-C(12A) 113.0(11)  C(12B)-C(13B)-C(14B) 121(3) 
C(15A)-C(14A)-C(13A) 112.4(15)  C(13B)-C(14B)-C(15B) 117.8(11) 
C(14A)-C(15A)-C(4A) 116.1(13)  C(14B)-C(15B)-C(4B) 114.5(11) 
F(1B)-C(16)-F(1B)* 73.6(10)  F(1B)-C(16)-F(2) 114.3(6) 
F(1B)*-C(16)-F(2) 114.4(6)  F(1B)-C(16)-F(1A) 31.8(5) 
F(1B)*-C(16)-F(1A) 105.4(9)  F(2)-C(16)-F(1A) 99.5(5)  
F(1B)-C(16)-F(1A)* 105.4(9)  F(1B)*-C(16)-F(1A)* 31.8(5)     
F(2)-C(16)-F(1A)* 99.5(5)  F(1A)-C(16)-F(1A)* 137.1(10) 
F(1B)-C(16)-S(1) 118.5(6)  F(1B)*-C(16)-S(1) 118.5(6)   
F(2)-C(16)-S(1) 112.4(4)  F(1A)-C(16)-S(1) 103.8(5) 
F(1A)*-C(16)-S(1) 103.8(5)  ClB*-C(17)-ClB 90.6(8)   
ClB*-C(17)-ClC* 42.3(4)  ClB-C(17)-ClC* 96.9(5)   
ClB*-C(17)-ClC 96.9(5)  ClB-C(17)-ClC 42.3(4)   
ClC*-C(17)-ClC 74.4(6)  ClB*-C(17)-ClA 115.0(6)   
ClB-C(17)-ClA 26.8(4)  ClC*-C(17)-ClA 107.1(5)   
ClC-C(17)-ClA 34.3(3)  ClB*-C(17)-ClA* 26.8(4)     
ClB-C(17)-ClA* 115.0(6)  ClC*-C(17)-ClA* 34.3(3)     
ClC-C(17)-ClA* 107.1(5)  ClA-C(17)-ClA* 135.5(6)   
ClB-ClA-ClC 81.0(12)  ClB-ClA-C(17) 61.9(11)   
ClC-ClA-C(17) 71.7(6)  ClA-ClB-ClC 58.2(10)   
ClA-ClB-C(17) 91.3(11)  ClC-ClB-C(17) 77.1(7)        
lA-ClB-ClB* 131.4(13)  ClC-ClB-ClB* 87.5(7)  
C(17)-ClB-ClB* 44.7(4)  ClA-ClC-ClB 40.8(7)     
ClA-ClC-C(17) 74.0(7)  ClB-ClC-C(17) 60.6(5)     
ClA-ClC-ClC* 124.0(8)  ClB-ClC-ClC* 92.5(7)  
C(17)-ClC-ClC* 52.8(3)  F(1B)-F(1A)-C(16) 57.6(17) 
F(1A)-F(1B)-C(16) 90.6(18)  F(1A)-F(1B)-F(1B)* 144(2)   
C(16)-F(1B)-F(1B)* 53.2(5)  C(1)-N(1A)-C(2B) 112.4(15) 
C(1)-N(1A)-C(2A) 118.2(14)  C(2B)-N(1A)-C(2A) 15.6(11)  
C(1)-N(1A)-C(4A) 138.6(14)  C(2B)-N(1A)-C(4A) 107.2(15) 
C(2A)-N(1A)-C(4A) 103.2(15)  C(1)-N(1A)-N(1A)* 39.8(8)  
C(2B)-N(1A)-N(1A)* 78.1(12)  C(2A)-N(1A)-N(1A)* 79.8(12) 
C(4A)-N(1A)-N(1A)* 170.6(6)  C(2B)-N(1B)-C(4B) 116.7(16) 
C(2B)-N(1B)-C(1) 103.1(15)  C(4B)-N(1B)-C(1) 140.1(15) 
C(2B)-N(1B)-C(2A) 15.0(12)  C(4B)-N(1B)-C(2A) 115.6(18) 
C(1)-N(1B)-C(2A) 103.4(15)  C(2A)-O(1A)-C(3A) 104.2(12) 
C(2A)-O(1A)-C(2B) 14.6(13)  C(3A)-O(1A)-C(2B) 108.3(11) 
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C(2B)-O(1B)-C(2A) 16.1(11)  C(2B)-O(1B)-C(3B) 101.6(10) 
C(2A)-O(1B)-C(3B) 109.2(10)  O(2B)-O(2A)-S(1) 62(2)    
O(2A)-O(2B)-S(1) 95(3)  O(2B)*-S(1)-O(2B) 89.1(11) 
O(2B)*-S(1)-O(3) 125.0(6)  O(2B)-S(1)-O(3) 125.0(6) 
O(2B)*-S(1)-O(2A)* 23.5(10)  O(2B)-S(1)-O(2A)* 112.5(6)  
O(3)-S(1)-O(2A)* 106.6(6)  O(2B)*-S(1)-O(2A) 112.5(6) 
O(2B)-S(1)-O(2A) 23.5(10)  O(3)-S(1)-O(2A) 106.6(6) 
O(2A)*-S(1)-O(2A) 135.9(11)  O(2B)*-S(1)-C(16) 106.4(6) 
O(2B)-S(1)-C(16) 106.4(6)  O(3)-S(1)-C(16) 103.0(2) 
O(2A)*-S(1)-C(16) 100.0(7)  O(2A)-S(1)-C(16) 100.0(7) 
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Identifikations Code 4352 
Empirische Formel C38 H56 N4 O5 Pd 
Farbe JHOE 
Formelgewicht 755.27  g · mol-1 
Temperatur 100 K 
Wellenlänge 0.71073 Å 
Kristallsystem Tetragonal 
Raumgruppe I-4,  (no. 82) 
Gitterkonstante a = 23.7110(1) Å α= 90°. 
 b = 23.7110(1) Å β= 90°. 
 c = 12.671 Å γ = 90°. 
Volumen 7123.90(4) Å3 
Z 8 
Dichte (errechnet) 1.408  Mg · m-3 
Absorptionskoeffizient 0.570 mm-1 
F(000) 3184 e 
Kristallgröße 0.24 x 0.11 x 0.10 mm3 
θ−Bereich für Datensammlung 3.04 to 30.99°. 
Index Bereich -34 ≤ h ≤ 34, -34≤ k ≤ 33, -18 ≤ l ≤ 18 
Gesammelte Reflexe 57202 
Unabhängige Reflexe 11290 [Rint = 0.0532] 
Reflexe mit I>2σ(I) 9227 
Vervollständigung für θ = 30.99° 99.9 % 
Absorptionskorrektur Gaussian 
Max. und min. Durchlässigkeit 0.94973 and 0.89889 
Verfeinerungsmethode Full-matrix least-squares on F2 
Daten / Einschränkungen / Parameter 11290 / 0 / 434 
Goodness-of-fit on F2 1.039 
Abschließende R Indizes [I>2σ(I)] R1 = 0.0366 wR2 = 0.0786 
R Indizes (alle Daten) R1 = 0.0527 wR2 = 0.0848 
Restelektronendichte 1.820 and -0.673 e · Å-3 
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Tabelle. Bindungslängen [Å] und Winkel [°]. 
 
C(1)-N(1) 1.367(3)  C(1)-N(2) 1.373(3) 
C(1)-Pd(1) 2.001(2)  C(2)-N(1) 1.470(3) 
C(2)-C(7) 1.528(3)  C(2)-C(3) 1.533(3) 
C(2)-C(8) 1.547(3)  C(3)-C(4) 1.541(3) 
C(4)-C(5) 1.517(4)  C(5)-C(6) 1.536(4) 
C(6)-C(7) 1.545(4)  C(8)-O(1) 1.470(3) 
C(9)-C(10) 1.343(3)  C(9)-O(1) 1.359(3) 
C(9)-N(1) 1.389(3)  C(10)-O(2) 1.356(3) 
C(10)-N(2) 1.381(3)  C(11)-O(2) 1.440(3) 
C(11)-C(12) 1.559(4)  C(12)-N(2) 1.461(3) 
C(12)-C(17) 1.526(3)  C(12)-C(13) 1.529(4) 
C(13)-C(14) 1.536(4)  C(14)-C(15) 1.526(4) 
C(15)-C(16) 1.521(4)  C(16)-C(17) 1.530(3) 
C(18)-N(3) 1.367(3)  C(18)-N(4) 1.371(3) 
C(18)-Pd(2) 2.002(2)  C(19)-N(3) 1.470(3) 
C(19)-C(20) 1.522(4)  C(19)-C(24) 1.528(3) 
C(19)-C(25) 1.559(4)  C(20)-C(21) 1.528(4) 
C(21)-C(22) 1.524(4)  C(22)-C(23) 1.524(4) 
C(23)-C(24) 1.528(3)  C(25)-O(3) 1.438(3) 
C(26)-C(27) 1.343(4)  C(26)-O(3) 1.358(3) 
C(26)-N(3) 1.384(3)  C(27)-O(4) 1.364(3) 
C(27)-N(4) 1.379(3)  C(28)-O(4) 1.455(3) 
C(28)-C(29) 1.554(3)  C(29)-N(4) 1.464(3) 
C(29)-C(34) 1.526(3)  C(29)-C(30) 1.540(3) 
C(30)-C(31) 1.534(4)  C(31)-C(32) 1.524(4) 
C(32)-C(33) 1.516(4)  C(33)-C(34) 1.534(3) 
C(35)-O(5) 1.436(5)  C(35)-C(36) 1.447(7) 
C(36)-C(37) 1.419(7)  C(37)-C(38) 1.461(6) 
C(38)-O(5) 1.372(5)  Pd(1)-C(1)#1 2.001(2) 
Pd(2)-C(18)#2 2.002(2)  
 

N(1)-C(1)-N(2) 99.87(19)  N(1)-C(1)-Pd(1) 130.85(17) 
N(2)-C(1)-Pd(1) 129.10(17)  N(1)-C(2)-C(7) 109.18(18) 
N(1)-C(2)-C(3) 110.76(19)  C(7)-C(2)-C(3) 111.2(2)  
N(1)-C(2)-C(8) 98.23(18)  C(7)-C(2)-C(8) 113.6(2)  
C(3)-C(2)-C(8) 113.11(19)  C(2)-C(3)-C(4) 110.7(2)  
C(5)-C(4)-C(3) 111.1(3)  C(4)-C(5)-C(6) 110.3(2)  
C(5)-C(6)-C(7) 110.2(2)  C(2)-C(7)-C(6) 112.5(2)  
O(1)-C(8)-C(2) 106.76(18)  C(10)-C(9)-O(1) 142.2(2) 
C(10)-C(9)-N(1) 105.8(2)  O(1)-C(9)-N(1) 112.0(2)  
C(9)-C(10)-O(2) 141.2(2)  C(9)-C(10)-N(2) 105.8(2)  
O(2)-C(10)-N(2) 113.0(2)  O(2)-C(11)-C(12) 109.6(2)  
N(2)-C(12)-C(17) 110.5(2)  N(2)-C(12)-C(13) 110.06(19) 
C(17)-C(12)-C(13) 110.4(2)  N(2)-C(12)-C(11) 98.99(19) 
C(17)-C(12)-C(11) 113.7(2)  C(13)-C(12)-C(11) 112.8(2) 
C(12)-C(13)-C(14) 111.8(2)  C(15)-C(14)-C(13) 110.8(2) 
C(16)-C(15)-C(14) 110.4(2)  C(15)-C(16)-C(17) 111.4(3) 
C(12)-C(17)-C(16) 111.7(2)  N(3)-C(18)-N(4) 99.77(19) 
N(3)-C(18)-Pd(2) 130.29(18)  N(4)-C(18)-Pd(2) 129.88(18) 
N(3)-C(19)-C(20) 110.06(19)  N(3)-C(19)-C(24) 110.15(19) 
C(20)-C(19)-C(24) 110.5(2)  N(3)-C(19)-C(25) 99.4(2)  
C(20)-C(19)-C(25) 114.1(2)  C(24)-C(19)-C(25) 112.1(2) 
C(19)-C(20)-C(21) 111.7(2)  C(22)-C(21)-C(20) 111.4(2) 



�� ����

C(23)-C(22)-C(21) 109.7(2)  C(22)-C(23)-C(24) 111.4(2) 
C(19)-C(24)-C(23) 111.1(2)  O(3)-C(25)-C(19) 109.6(2) 
C(27)-C(26)-O(3) 141.8(2)  C(27)-C(26)-N(3) 105.4(2)  
O(3)-C(26)-N(3) 112.8(2)  C(26)-C(27)-O(4) 141.5(2) 
C(26)-C(27)-N(4) 106.2(2)  O(4)-C(27)-N(4) 112.3(2)  
O(4)-C(28)-C(29) 107.90(18)  N(4)-C(29)-C(34) 111.36(19) 
N(4)-C(29)-C(30) 109.51(18)  C(34)-C(29)-C(30) 111.2(2)  
N(4)-C(29)-C(28) 98.10(19)  C(34)-C(29)-C(28) 112.85(19) 
C(30)-C(29)-C(28) 113.1(2)  C(31)-C(30)-C(29) 112.8(2) 
C(32)-C(31)-C(30) 110.7(2)  C(33)-C(32)-C(31) 110.8(2) 
C(32)-C(33)-C(34) 111.0(2)  C(29)-C(34)-C(33) 111.1(2)  
O(5)-C(35)-C(36) 106.2(4)  C(37)-C(36)-C(35) 106.5(5) 
C(36)-C(37)-C(38) 105.2(4)  O(5)-C(38)-C(37) 106.2(4)  
C(1)-N(1)-C(9) 114.16(19)  C(1)-N(1)-C(2) 134.96(19) 
C(9)-N(1)-C(2) 110.70(19)  C(1)-N(2)-C(10) 114.4(2)  
C(1)-N(2)-C(12) 134.0(2)  C(10)-N(2)-C(12) 111.61(19) 
C(18)-N(3)-C(26) 114.5(2)  C(18)-N(3)-C(19) 134.1(2) 
C(26)-N(3)-C(19) 111.4(2)  C(18)-N(4)-C(27) 114.1(2) 
C(18)-N(4)-C(29) 134.2(2)  C(27)-N(4)-C(29) 111.4(2)  
C(9)-O(1)-C(8) 104.40(17)  C(10)-O(2)-C(11) 105.79(19) 
C(26)-O(3)-C(25) 106.7(2)  C(27)-O(4)-C(28) 104.70(18) 
C(38)-O(5)-C(35) 104.7(4)  C(1)-Pd(1)-C(1)#1 176.58(14) 
C(18)#2-Pd(2)-C(18) 177.79(18) 



� � �

�

����

������ >,%LR[0H�,U�FRG�@�

 

 
Identifikations Code 4483 
Empirische Formel C19 H29 Cl Ir  N2 O2 · 0.25 C6 H14 
Farbe JHOE 
Formelgewicht 555.86  g · mol-1 
Temperatur 100 K 
Wellenlänge 0.71073 Å 
Kristallsystem Orthorhombisch 
Raumgruppe Pbcn,  (no. 60) 
Gitterkonstante a = 16.69220(10) Å α= 90°. 
 b = 22.1865(2) Å β= 90°. 
 c = 12.01190(10) Å γ = 90°. 
Volumen 4448.51(6) Å3 
Z 8 
Dichte (errechnet) 1.660  Mg · m-3 
Absorptionskoeffizient 6.138 mm-1 
F(000) 2186 e 
Kristallgröße 0.21 x 0.18 x 0.12 mm3 
θ−Bereich für Datensammlung 4.14 to 27.50°. 
Index Bereich -21 ≤ h ≤ 21, -28≤ k ≤ 28, -15 ≤ l ≤ 15 
Gesammelte Reflexe 60054 
Unabhängige Reflexe 5090 [Rint = 0.0759] 
Reflexe mit I>2σ(I) 4788 
Vervollständigung für θ = 27.50° 99.5 % 
Absorptionskorrektur Gaussian 
Max. und min. Durchlässigkeit 0.58 and 0.27 
Verfeinerungsmethode Full-matrix least-squares on F2 
Daten / Einschränkungen / Parameter 5090 / 2 / 238 
Goodness-of-fit on F2 1.146 
Abschließende R Indizes [I>2σ(I)] R1 = 0.0236 wR2 = 0.0688 
R Indizes (alle Daten) R1 = 0.0255 wR2 = 0.0705 
Restelektronendichte 1.503 and -1.322 e · Å-3 
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Tabelle. Bindungslängen [Å] und Winkel [°].  
 
C(1)-N(1) 1.365(4)  C(1)-N(2) 1.365(4) 
C(1)-Ir(1) 2.031(3) C(2)-N(1) 1.481(4) 
C(2)-C(8) 1.507(5)  C(2)-C(9) 1.523(5) 
C(2)-C(3) 1.548(5)  C(3)-O(1) 1.451(5) 
C(4)-C(5) 1.326(5)  C(4)-O(1) 1.362(4) 
C(4)-N(1) 1.393(4)  C(5)-O(2) 1.353(4) 
C(5)-N(2) 1.388(4)  C(6)-O(2) 1.460(4) 
C(6)-C(7) 1.537(5) C(7)-N(2) 1.483(4) 
C(7)-C(11) 1.509(5)  C(7)-C(10) 1.522(5)
C(12)-C(13) 1.425(5)  C(12)-C(19) 1.510(5) 
C(12)-Ir(1) 2.107(3) C(13)-C(14) 1.523(5) 
C(13)-Ir(1) 2.111(3) C(14)-C(15) 1.534(5)
C(15)-C(16) 1.511(5) C(16)-C(17) 1.392(6) 
C(16)-Ir(1) 2.167(4) C(17)-C(18) 1.515(5) 
C(17)-Ir(1) 2.187(3) C(18)-C(19) 1.532(6)  
Cl(1)-Ir(1) 2.3563(8)  C(95)-C(95)* 1.27(3) 
C(95)-C(96) 1.66(3) C(96)-C(97) 1.37(3)  
 

N(1)-C(1)-N(2) 101.7(3)  N(1)-C(1)-Ir(1) 131.4(2)  
N(2)-C(1)-Ir(1) 126.7(2)  N(1)-C(2)-C(8) 114.3(3)  
N(1)-C(2)-C(9) 109.3(3)  C(8)-C(2)-C(9) 111.6(3)  
N(1)-C(2)-C(3) 97.7(3)  C(8)-C(2)-C(3) 112.0(3)  
C(9)-C(2)-C(3) 111.3(3)  O(1)-C(3)-C(2) 106.6(3)  
C(5)-C(4)-O(1) 140.3(3)  C(5)-C(4)-N(1) 106.7(3)  
O(1)-C(4)-N(1) 112.9(3)  C(4)-C(5)-O(2) 140.8(3)  
C(4)-C(5)-N(2) 106.4(3)  O(2)-C(5)-N(2) 112.8(3)  
O(2)-C(6)-C(7) 106.3(3) N(2)-C(7)-C(11) 113.7(3)  
N(2)-C(7)-C(10) 109.3(3)  C(11)-C(7)-C(10) 111.8(3)  
N(2)-C(7)-C(6) 98.1(3)  C(11)-C(7)-C(6) 112.2(3) 
C(10)-C(7)-C(6) 111.0(3) C(13)-C(12)-C(19) 125.0(3) 
C(13)-C(12)-Ir(1) 70.4(2)  C(19)-C(12)-Ir(1) 111.6(2) 
C(12)-C(13)-C(14) 123.6(3)  C(12)-C(13)-Ir(1) 70.11(19) 
C(14)-C(13)-Ir(1) 114.7(2) C(13)-C(14)-C(15) 111.8(3) 
C(16)-C(15)-C(14) 113.3(3) C(17)-C(16)-C(15) 125.3(4) 
C(17)-C(16)-Ir(1) 72.1(2)  C(15)-C(16)-Ir(1) 109.8(2) 
C(16)-C(17)-C(18) 123.1(4)  C(16)-C(17)-Ir(1) 70.6(2)  
C(18)-C(17)-Ir(1) 112.2(2) C(17)-C(18)-C(19) 112.3(3) 
C(12)-C(19)-C(18) 112.9(3) C(1)-N(1)-C(2) 137.6(3)  
C(4)-N(1)-C(2) 108.6(3)  C(1)-N(2)-C(5) 112.8(3)  
C(1)-N(2)-C(7) 137.8(3)  C(5)-N(2)-C(7) 108.9(3)  
C(4)-O(1)-C(3) 103.9(3)  C(5)-O(2)-C(6) 104.0(3)  
C(1)-Ir(1)-C(12) 92.79(13)  C(1)-Ir(1)-C(13) 95.05(13) 
C(12)-Ir(1)-C(13) 39.50(14)  C(1)-Ir(1)-C(16) 158.50(15) 
C(12)-Ir(1)-C(16) 97.50(14)  C(13)-Ir(1)-C(16) 81.35(14) 
C(1)-Ir(1)-C(17) 164.15(14)  C(12)-Ir(1)-C(17) 81.26(14) 
C(13)-Ir(1)-C(17) 89.68(14)  C(16)-Ir(1)-C(17) 37.30(15) 
C(1)-Ir(1)-Cl(1) 88.61(9)  C(12)-Ir(1)-Cl(1) 159.03(10) 
C(13)-Ir(1)-Cl(1) 161.09(10)  C(16)-Ir(1)-Cl(1) 88.46(10) 
C(17)-Ir(1)-Cl(1) 91.80(10)  C(97)-C(96)-C(95) 100.0(18) 
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Identifikations Code 4556 
Empirische Formel C19 H24 Cl Ir  N2 O4 
Farbe JHOE 
Formelgewicht 572.05  g · mol-1 
Temperatur 100 K 
Wellenlänge 0.71073 Å 
Kristallsystem 0RQRNOLQ 
Raumgruppe P 21/n,  (no. 14) 
Gitterkonstante a = 13.1029(2) Å α= 90°. 
 b = 9.5315(1) Å β= 105.399(1)°. 
 c = 16.4726(2) Å γ = 90°. 
Volumen 1983.41(4) Å3 
Z 4 
Dichte (errechnet) 1.916  Mg · m-3 
Absorptionskoeffizient 6.893 mm-1 
F(000) 1112 e 
Kristallgröße 0.18 x 0.10 x 0.05 mm3 
θ−Bereich für Datensammlung 6.81 to 30.97°. 
Index Bereich -18 ≤ h ≤ 18, -13≤ k ≤ 13, -22 ≤ l ≤ 23 
Gesammelte Reflexe 32725 
Unabhängige Reflexe 6221 [Rint = 0.0412] 
Reflexe mit I>2σ(I) 5445 
Vervollständigung für θ = 30.97° 98.6 % 
Absorptionskorrektur Semi-empirical from equivalents 
Max. und min. Durchlässigkeit 0.71995 and 0.33462 
Verfeinerungsmethode Full-matrix least-squares on F2 
Daten / Einschränkungen / Parameter 6221 / 0 / 244 
Goodness-of-fit on F2 1.177 
Abschließende R Indizes [I>2σ(I)] R1 = 0.0226 wR2 = 0.0569 
R Indizes (alle Daten) R1 = 0.0305 wR2 = 0.0685 
Restelektronendichte 1.277 and -1.165 e · Å-3 
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Tabelle. Bindungslängen [Å] und Winkel [°]. 
 
C(1)-N(1) 1.351(4)  C(1)-N(2) 1.367(3) 
C(1)-Ir 2.072(3)  C(2)-N(1) 1.489(4) 
C(2)-C(12) 1.518(4)  C(2)-C(8) 1.536(4) 
C(2)-C(3) 1.557(4)  C(3)-O(1) 1.456(4) 
C(4)-C(5) 1.348(4)  C(4)-O(1) 1.353(4) 
C(4)-N(1) 1.380(4)  C(5)-O(2) 1.358(3) 
C(5)-N(2) 1.387(4)  C(6)-O(2) 1.444(4) 
C(6)-C(7) 1.569(4)  C(7)-N(2) 1.475(4) 
C(7)-C(13) 1.521(4)  C(7)-C(17) 1.532(4) 
C(8)-C(9) 1.526(4)  C(9)-C(10) 1.519(5) 
C(10)-C(11) 1.520(5)  C(11)-C(12) 1.529(4) 
C(13)-C(14) 1.541(4)  C(14)-C(15) 1.517(5) 
C(15)-C(16) 1.521(5)  C(16)-C(17) 1.540(4) 
C(18)-O(3) 1.055(4)  C(18)-Ir 1.897(4) 
C(19)-O(4) 1.137(4)  C(19)-Ir 1.892(3)      
Cl-Ir 2.3513(8)  
 

N(1)-C(1)-N(2) 102.6(2)  N(1)-C(1)-Ir 128.3(2)  
N(2)-C(1)-Ir 129.1(2)  N(1)-C(2)-C(12) 112.0(2)  
N(1)-C(2)-C(8) 109.6(2)  C(12)-C(2)-C(8) 111.8(2)  
N(1)-C(2)-C(3) 97.6(2)  C(12)-C(2)-C(3) 113.4(2)  
C(8)-C(2)-C(3) 111.6(3)  O(1)-C(3)-C(2) 106.8(2)  
C(5)-C(4)-O(1) 140.5(3)  C(5)-C(4)-N(1) 106.0(3)  
O(1)-C(4)-N(1) 113.5(2)  C(4)-C(5)-O(2) 140.3(3)  
C(4)-C(5)-N(2) 106.4(2)  O(2)-C(5)-N(2) 113.2(3)  
O(2)-C(6)-C(7) 108.7(2)  N(2)-C(7)-C(13) 113.1(2)  
N(2)-C(7)-C(17) 109.4(2)  C(13)-C(7)-C(17) 110.8(3)  
N(2)-C(7)-C(6) 98.9(2)  C(13)-C(7)-C(6) 111.4(2) 
C(17)-C(7)-C(6) 112.7(3)  C(9)-C(8)-C(2) 111.5(2) 
C(10)-C(9)-C(8) 110.4(3)  C(11)-C(10)-C(9) 111.2(3) 
C(10)-C(11)-C(12) 110.7(2)  C(2)-C(12)-C(11) 111.7(3)  
C(7)-C(13)-C(14) 110.8(2)  C(15)-C(14)-C(13) 110.3(2) 
C(14)-C(15)-C(16) 111.8(3)  C(15)-C(16)-C(17) 111.5(3)  
C(7)-C(17)-C(16) 111.6(2)  O(3)-C(18)-Ir 178.1(3)  
O(4)-C(19)-Ir 178.8(3)  C(19)-Ir-C(18) 92.64(13) 
C(19)-Ir-C(1) 176.73(11)  C(18)-Ir-C(1) 90.62(11) 
C(19)-Ir-Cl 89.85(9)  C(18)-Ir-Cl 176.90(10) 
C(1)-Ir-Cl 86.89(7)  C(1)-N(1)-C(4) 113.1(2)  
C(1)-N(1)-C(2) 137.2(2)  C(4)-N(1)-C(2) 109.3(2)  
C(1)-N(2)-C(5) 111.9(2)  C(1)-N(2)-C(7) 136.9(2)  
C(5)-N(2)-C(7) 110.7(2)  C(4)-O(1)-C(3) 104.1(2)  
C(5)-O(2)-C(6) 106.1(2) 
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Identifikations Code 4728 
Empirische Formel C38 H56 Cl4 N4 O4 Pd2 
Farbe RUDQJH�URW 
Formelgewicht 987.47  g · mol-1 
Temperatur 100 K 
Wellenlänge 0.71073 Å 
Kristallsystem Monoklin 
Raumgruppe P21/n,  (no. 14) 
Gitterkonstante a = 13.2368(2) Å α= 90.0°. 
 b = 11.67480(1) Å β= 97.3395(4)°. 
 c = 13.63060(1) Å γ = 90.0°. 
Volumen 2089.17(4) Å3 
Z 2 
Dichte (errechnet) 1.570  Mg · m-3 
Absorptionskoeffizient 1.160 mm-1 
F(000) 1008 e 
Kristallgröße 0.40 x 0.33 x 0.16 mm3 
θ−Bereich für Datensammlung 3.48 to 31.01°. 
Index Bereich -17 ≤ h ≤ 19, -16≤ k ≤ 16, -19 ≤ l ≤ 19 
Gesammelte Reflexe 35433 
Unabhängige Reflexe 6612 [Rint = 0.0391] 
Reflexe mit I>2σ(I) 6088 
Vervollständigung für θ = 31.01° 99.3 % 
Absorptionskorrektur Gaussian 
Max. und min. Durchlässigkeit 0.80445 and 0.67816 
Verfeinerungsmethode Full-matrix least-squares on F2 
Daten / Einschränkungen / Parameter 6612 / 0 / 235 
Goodness-of-fit on F2 1.053 
Abschließende R Indizes [I>2σ(I)] R1 = 0.0282 wR2 = 0.0668 
R Indizes (alle Daten) R1 = 0.0317 wR2 = 0.0687 
Restelektronendichte 1.371 and -0.692 e · Å-3 
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Tabelle. Bindungslängen [Å] und Winkel [°]. 
 
C(1)-N(1) 1.352(2)  C(1)-N(2) 1.356(2) 
C(1)-Pd 1.9427(17)  C(2)-N(1) 1.490(2) 
C(2)-C(8) 1.527(3)  C(2)-C(13) 1.530(3) 
C(2)-C(3) 1.545(3)  C(3)-O(1) 1.460(3) 
C(4)-C(5) 1.335(3)  C(4)-O(1) 1.352(3) 
C(4)-N(1) 1.391(2)  C(5)-O(2) 1.358(2) 
C(5)-N(2) 1.387(2)  C(6)-O(2) 1.459(3) 
C(6)-C(7) 1.550(3)  C(7)-N(2) 1.491(2) 
C(7)-C(19) 1.530(3)  C(7)-C(14) 1.535(3) 
C(8)-C(9) 1.528(3)  C(9)-C(10) 1.530(3) 
C(10)-C(11) 1.519(4)  C(11)-C(12) 1.526(4) 
C(12)-C(13) 1.538(3)  C(14)-C(15) 1.528(3) 
C(15)-C(16) 1.519(4)  C(16)-C(17) 1.517(4) 
C(17)-C(18) 1.540(4)  C(18)-C(19) 1.525(3) 
Cl(1)-Pd 2.2856(4)  Cl(2)-Pd 2.3344(4) 
Cl(2)-Pd* 2.4201(4)  Pd-Cl(2)* 2.4201(4)  
 

N(1)-C(1)-N(2) 103.53(15)  N(1)-C(1)-Pd 127.15(12) 
N(2)-C(1)-Pd 129.32(14)  N(1)-C(2)-C(8) 114.09(17) 
N(1)-C(2)-C(13) 107.13(14)  C(8)-C(2)-C(13) 116.06(17) 
N(1)-C(2)-C(3) 97.17(15)  C(8)-C(2)-C(3) 109.49(16) 
C(13)-C(2)-C(3) 111.33(18)  O(1)-C(3)-C(2) 106.60(16) 
C(5)-C(4)-O(1) 140.79(18)  C(5)-C(4)-N(1) 106.41(17) 
O(1)-C(4)-N(1) 112.75(17)  C(4)-C(5)-O(2) 140.28(19) 
C(4)-C(5)-N(2) 106.70(16)  O(2)-C(5)-N(2) 112.91(18) 
O(2)-C(6)-C(7) 106.76(14)  N(2)-C(7)-C(19) 113.50(14) 
N(2)-C(7)-C(14) 106.68(14)  C(19)-C(7)-C(14) 117.18(17) 
N(2)-C(7)-C(6) 97.32(15)  C(19)-C(7)-C(6) 109.31(14) 
C(14)-C(7)-C(6) 111.08(15)  C(2)-C(8)-C(9) 117.74(17) 
C(8)-C(9)-C(10) 113.7(2)  C(11)-C(10)-C(9) 114.92(19) 
C(10)-C(11)-C(12) 115.6(2)  C(11)-C(12)-C(13) 113.44(19) 
C(2)-C(13)-C(12) 115.18(16)  C(15)-C(14)-C(7) 115.68(17) 
C(16)-C(15)-C(14) 113.18(19)  C(17)-C(16)-C(15) 116.6(2) 
C(16)-C(17)-C(18) 115.8(2)  C(19)-C(18)-C(17) 113.75(19) 
C(18)-C(19)-C(7) 117.53(17)  Pd-Cl(2)-Pd* 94.282(15) 
C(1)-N(1)-C(4) 111.73(15)  C(1)-N(1)-C(2) 138.38(15) 
C(4)-N(1)-C(2) 109.00(16)  C(1)-N(2)-C(5) 111.62(16) 
C(1)-N(2)-C(7) 137.75(16)  C(5)-N(2)-C(7) 109.12(14) 
C(4)-O(1)-C(3) 104.30(16)  C(5)-O(2)-C(6) 104.38(14) 
C(1)-Pd-Cl(1) 87.93(5)  C(1)-Pd-Cl(2) 91.81(5) 
Cl(1)-Pd-Cl(2) 179.734(18)  C(1)-Pd-Cl(2)* 176.90(5) 
Cl(1)-Pd-Cl(2)* 94.538(15)  Cl(2)-Pd-Cl(2)* 85.718(14) 
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Identifikations Code 4867 
Empirische Formel C13 H22 Cl2 N2 O3 Pd S 
Farbe Farblos 
Formelgewicht 463.69  g · mol-1 
Temperatur 100 K 
Wellenlänge 0.71073 Å 
Kristallsystem Monoklin 
Raumgruppe P21/c,  (no. 14) 
Gitterkonstante a = 8.08610(10) Å α= 90°. 
 b = 8.94430(10) Å β= 92.21°. 
 c = 24.4326(3) Å γ = 90°. 
Volumen 1765.76(4) Å3 
Z 4 
Dichte (errechnet) 1.744  Mg · m-3 
Absorptionskoeffizient 1.483 mm-1 
F(000) 936 e 
Kristallgröße 0.07 x 0.06 x 0.02 mm3 
θ−Bereich für Datensammlung 2.97 to 30.06°. 
Index Bereich -11 ≤ h ≤ 11, -12≤ k ≤ 12, -34 ≤ l ≤ 34 
Gesammelte Reflexe 41245 
Unabhängige Reflexe 5171 [Rint = 0.0545] 
Reflexe mit I>2σ(I) 4571 
Vervollständigung für θ = 30.06° 99.8 % 
Absorptionskorrektur Gaussian 
Max. und min. Durchlässigkeit 0.97 and 0.91 
Verfeinerungsmethode Full-matrix least-squares on F2 
Daten / Einschränkungen / Parameter 5171 / 0 / 276 
Goodness-of-fit on F2 1.007 
Abschließende R Indizes [I>2σ(I)] R1 = 0.0235 wR2 = 0.0552 
R Indizes (alle Daten) R1 = 0.0300 wR2 = 0.0576 
Restelektronendichte 0.686 and -0.644 e · Å-3 
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Tabelle. Bindungslängen [Å] und Winkel [°]. 
 
C(1)-N(1) 1.349(2)  C(1)-N(2) 1.350(2) 
C(1)-Pd(1) 1.9939(17)  C(2)-N(1) 1.488(2) 
C(2)-C(8) 1.509(3)  C(2)-C(9) 1.516(3) 
C(2)-C(3) 1.543(3)  C(3)-O(1) 1.467(2)   
C(4)-C(5) 1.348(2)  C(4)-O(1) 1.348(2) 
C(4)-N(1) 1.386(2)  C(5)-O(2) 1.359(2) 
C(5)-N(2) 1.389(2)  C(6)-O(2) 1.465(2) 
C(6)-C(7) 1.549(2) C(7)-N(2) 1.487(2) 
C(7)-C(10) 1.514(2)  C(7)-C(11) 1.523(3)
C(13)-S(1) 1.7828(19) O(3)-S(1) 1.4797(14) 
S(1)-Pd(1) 2.3477(4)  Cl(1)-Pd(1) 2.3004(4) 
Cl(2)-Pd(1) 2.2859(4)  
 

N(1)-C(1)-N(2) 103.00(14)  N(1)-C(1)-Pd(1) 129.91(12) 
N(2)-C(1)-Pd(1) 126.76(12)  N(1)-C(2)-C(8) 110.03(15) 
N(1)-C(2)-C(9) 110.66(15)  C(8)-C(2)-C(9) 112.70(19) 
N(1)-C(2)-C(3) 99.06(14)  C(8)-C(2)-C(3) 111.78(18) 
C(9)-C(2)-C(3) 111.82(18)  O(1)-C(3)-C(2) 107.74(15) 
C(5)-C(4)-O(1) 140.67(16)  C(5)-C(4)-N(1) 105.93(14) 
O(1)-C(4)-N(1) 113.27(15)  C(4)-C(5)-O(2) 141.28(16) 
C(4)-C(5)-N(2) 106.04(14)  O(2)-C(5)-N(2) 112.67(14) 
O(2)-C(6)-C(7) 106.43(13) N(2)-C(7)-C(10) 112.64(14) 
N(2)-C(7)-C(11) 108.98(14)  C(10)-C(7)-C(11) 113.11(16) 
N(2)-C(7)-C(6) 97.93(13)  C(10)-C(7)-C(6) 111.90(15) 
C(11)-C(7)-C(6) 111.30(15) C(1)-N(1)-C(4) 112.63(14) 
C(1)-N(1)-C(2) 137.35(14)  C(4)-N(1)-C(2) 109.93(14) 
C(1)-N(2)-C(5) 112.40(14)  C(1)-N(2)-C(7) 137.59(14) 
C(5)-N(2)-C(7) 109.25(13)  C(4)-O(1)-C(3) 104.95(14) 
C(5)-O(2)-C(6) 104.75(13)  O(3)-S(1)-C(12) 108.12(9) 
O(3)-S(1)-C(13) 108.30(9)  C(12)-S(1)-C(13) 100.12(10) 
O(3)-S(1)-Pd(1) 115.78(6)  C(12)-S(1)-Pd(1) 114.34(7) 
C(13)-S(1)-Pd(1) 108.91(7)  C(1)-Pd(1)-Cl(2) 90.38(5)  
C(1)-Pd(1)-Cl(1) 89.38(5)  Cl(2)-Pd(1)-Cl(1) 178.992(18) 
C(1)-Pd(1)-S(1) 176.71(5)  Cl(2)-Pd(1)-S(1) 92.764(16) 
Cl(1)-Pd(1)-S(1) 87.469(16) 
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Identifikations Code  [(IBiox12)PdCl2] 
Empirische Formel  C66H114.75Cl4N4O4Pd2 
Farbe  JHOE 
Formelgewicht  1382.97 g · mol-1 
Temperatur  100 K 
Wellenlänge  0.71073 Å 
Kristallsystem  0RQRNOLQ 
Raumgruppe  C2/c, (no. 15) 
Gitterkonstante  a = 31.1890(17) Å  = 90°. 
 b = 8.7086(4) Å   = 94.711(2)°. 
 c = 23.9041(11) Å  �= 90°. 
Volumen  6470.7(5) Å3 
Z  4 
Dichte (errechnet)  1.420 Mg · m-3 
Absorptionskoeffizient  0.771 mm-1 
F(000)  2923 e 
Kristallgröße  0.08 x 0.06 x 0.08 mm3 
�range for data collection  2.94 to 31.50°. 

Index Bereich  -45 ��h ��41, -10��k ��12, -35 ��l ��34 
Gesammelte Reflexe  30015 
Unabhängige Reflexe  10693 [Rint = 0.0533] 
Reflexionen mit I>2(I)  6676 
Vollständigkeit zu �= 31.50°  99.3 % 
Absorptionskorrektur  Semi-empirical from equivalents 
Max. und min. Durchlässigkeit  1.0 and 0.8423 
Verfeinerungsmethode  Full-matrix least-squares on F2 
Daten / Einschränkungen / Parameter  10693 / 0 / 340 
Goodness-of-fit on F2  1.044 
Final R indices [I>2(I)]  R1 = 0.0820 wR2 = 0.1910 
R Indizes (alle Daten)  R1 = 0.1362 wR2 = 0.2211 
Restelektronendichte  3.343 and -0.961 e · Å-3 
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Table 31. Bond lengths [Å] and angles [°]. 
 
C(1)-N(2)  1.358(7)  C(1)-N(1)  1.362(6) 
C(1)-Pd  1.944(5)  C(2)-N(1)  1.488(7) 
C(2)-C(18A)  1.493(18)  C(2)-C(8)  1.529(7) 
C(2)-C(3A)  1.572(12)  C(2)-C(3B)  1.578(13) 
C(2)-C(18B)  1.585(13)  C(3A)-O(1)  1.585(13) 
C(3B)-O(1)  1.343(14)  C(4)-C(5)  1.321(8) 
C(4)-O(1)  1.360(7)  C(4)-N(1)  1.390(7) 
C(5)-O(2)  1.346(7)  C(5)-N(2)  1.396(7) 
C(6A)-C(6B)  0.605(19)  C(6A)-O(2)  1.445(13) 
C(6A)-C(7A)  1.537(17)�� C(6A)-C(7B)�� 1.810(19) 
C(6B)-C(7A)  1.45(2)�� C(6B)-O(2)�� 1.579(19) 
C(6B)-C(7B)  1.58(2)�� C(7A)-N(2)�� 1.380(11) 
C(7A)-C(29A)  1.540(19)�� C(7A)-C(29B)�� 1.543(17) 
C(7A)-C(19A)  1.553(16)�� C(7A)-C(19B)�� 1.948(18) 
C(7B)-C(19A)  1.149(17)�� C(7B)-C(29A)�� 1.51(2) 
C(7B)-C(19B)  1.53(2)�� C(7B)-C(29B)�� 1.64(2) 
C(7B)-N(2) 1.650(14)�� C(8)-C(9)�� 1.559(8) 
C(9)-C(10A)  1.418(18)�� C(9)-C(10B)�� 1.634(18) 
C(10A)-C(11B)  1.38(2)�� C(10A)-C(11A)�� 1.58(3) 
C(10B)-C(11B)  1.57(2)�� C(10B)-C(11A)�� 1.92(3) 
C(11A)-C(12A)  1.11(3)�� C(11A)-C(11B)�� 1.34(2) 
C(11B)-C(12B)  1.32(3)�� C(11B)-C(12A)�� 1.60(3) 
C(12A)-C(13A)  1.29(3)�� C(12A)-C(13B)�� 1.45(3) 
C(12A)-C(12B)  1.59(3)�� C(12A)-C(14A)�� 1.81(3) 
C(12B)-C(13A)  1.62(4)�� C(13A)-C(13B)�� 0.76(4) 
C(13A)-C(14A)  1.55(4)�� C(13B)-C(14A)�� 0.86(3) 
C(13B)-C(14B)  1.52(4)�� C(13B)-C(15A)�� 1.86(4) 
C(14A)-C(14B)  0.96(3)�� C(14A)-C(15A)�� 1.54(4) 
C(14A)-C(15C)  1.93(3)�� C(14B)-C(15A)�� 0.72(4) 
C(14B)-C(15C)  1.28(4)�� C(14B)-C(15B)�� 1.84(5) 
C(15A)-C(15C)  0.84(3)�� C(15A)-C(15B)�� 1.17(5) 
C(15A)-C(16C)  1.46(6)�� C(15A)-C(16A)�� 1.71(5) 
C(15B)-C(16C)  0.65(6)�� C(15B)-C(16A)�� 0.86(4) 
C(15B)-C(15C)  1.36(5)�� C(15B)-C(16B)�� 1.50(5) 
C(15B)-C(17C)  1.53(5)�� C(15C)-C(16A)�� 1.62(4) 
C(15C)-C(17C)  1.80(3)�� C(15C)-C(16C)�� 1.90(6) 
C(16A)-C(16B)  1.02(3)�� C(16A)-C(16C)�� 1.17(5) 
C(16A)-C(17A)  1.66(5)�� C(16A)-C(17C)�� 1.69(3) 
C(16A)-C(17B)  1.74(3)�� C(16B)-C(16C)�� 1.44(5) 
C(16B)-C(17B)  1.51(3)�� C(16B)-C(17A)�� 1.75(5) 
C(17A)-C(17B)  0.56(4)�� C(17A)-C(17C)�� 1.28(5) 
C(17A)-C(18A)  1.52(5)�� C(17A)-C(18B)�� 1.81(5) 
C(17B)-C(18A)  1.25(2)�� C(17B)-C(17C)�� 1.47(3) 
C(17B)-C(18B)  1.54(2)�� C(17C)-C(18B)�� 1.54(2) 
C(17C)-C(18A)  1.55(3)�� C(19A)-C(19B)�� 0.521(16) 
C(19A)-C(20A)  1.544(19)�� C(19A)-C(20B)�� 1.63(2) 
C(19B)-C(20B)  1.50(3)�� C(19B)-C(20A)�� 1.64(2) 
C(20A)-C(20B)  0.78(2)�� C(20A)-C(21A)�� 1.54(3) 
C(20A)-C(21C)  1.97(3)�� C(20B)-C(21A)�� 1.01(3) 
C(20B)-C(21C)  1.25(4)�� C(20B)-C(21B)�� 1.84(4) 
C(21A)-C(21C)  0.91(3)�� C(21A)-C(21B)�� 1.42(4) 
C(21A)-C(22A)  1.61(4)�� C(21B)-C(21C)�� 0.93(4) 
C(21B)-C(22B)  1.40(5)�� C(22A)-C(33B)�� 1.02(7) 



� � �

�

����

C(22A)-C(23A)  1.60(4)�� C(22A)-C(34B)�� 1.72(5) 
C(22A)-C(34A)  1.95(5)�� C(22A)-C(32B)�� 1.96(4) 
C(22B)-C(23B)  1.77(5)�� C(23A)-C(35B)�� 0.76(5) 
C(23A)-C(35A)  1.36(4)�� C(23A)-C(34B)�� 1.40(5) 
C(23A)-C(24A)  1.50(4)�� C(23A)-C(34A)�� 2.00(5) 
C(23B)-C(24B)  1.63(5)�� C(23B)-C(24A)�� 1.89(5) 
C(23B)-C(25A)  2.01(5)�� C(24A)-C(25A)�� 1.54(4) 
C(24A)-C(35B)  1.97(6)�� C(24B)-C(25B)�� 1.41(5) 
C(24B)-C(25A)  1.60(5)�� C(25A)-C(26B)�� 1.24(4) 
C(25A)-C(25B)  1.29(4)�� C(25A)-C(26A)�� 1.64(4) 
C(25B)-C(26B)  1.31(3)�� C(25B)-C(27A)�� 1.89(3) 
C(26A)-C(26B)  0.80(3)�� C(26A)-C(27A)�� 1.45(3) 
C(26A)-C(27B)  1.60(3)�� C(26B)-C(27A)�� 1.14(3) 
C(26B)-C(27B)  1.57(3)�� C(27A)-C(27B)�� 0.60(2) 
C(27A)-C(28A)  1.51(2)�� C(27A)-C(28B)�� 1.72(2) 
C(27B)-C(28B)  1.585(19)�� C(27B)-C(28A)�� 1.595(19) 
C(28A)-C(28B)  0.596(13)�� C(28A)-C(29A)�� 1.65(2) 
C(28A)-C(29B)  1.747(19)�� C(28B)-C(29B)�� 1.337(19) 
C(28B)-C(29A)  1.39(2)�� C(29A)-C(29B)�� 0.50(2) 
C(30A)-C(30B)  0.78(3)�� C(30B)-C(31A)�� 1.35(7) 
C(30B)-C(32A)  1.64(5)�� C(30B)-C(31B)�� 1.77(5) 
C(31A)-C(31B)  1.06(7)�� C(31A)-C(32B)�� 1.07(7) 
C(31A)-C(34A)  1.82(8)�� C(31A)-C(32A)�� 1.93(8) 
C(31A)-C(33B)  1.96(10)�� C(31B)-C(32B)�� 0.89(4) 
C(31B)-C(33B)  1.24(8)�� C(31B)-C(33A)�� 1.28(6) 
C(31B)-C(34A)  1.33(5)�� C(31B)-C(32A)�� 1.68(7) 
C(31B)-C(34B)  1.77(6)�� C(32A)-C(33C)�� 1.10(8) 
C(32A)-C(33A)  1.25(6)�� C(32A)-C(34A)�� 1.86(6) 
C(32B)-C(33B)  1.04(7)�� C(32B)-C(34A)�� 1.12(4) 
C(32B)-C(34B)  1.60(5)�� C(32B)-C(33A)�� 1.74(5) 
C(33A)-C(34A)  1.06(5)�� C(33A)-C(34B)�� 1.19(6) 
C(33A)-C(35A)  1.50(5)�� C(33A)-C(33C)�� 1.72(9) 
C(33A)-C(33B)  1.83(9)�� C(33A)-C(35B)�� 1.88(7) 
C(33B)-C(34A)  1.45(8)�� C(33B)-C(34B)�� 1.57(8) 
C(34A)-C(34B)  0.61(4)�� C(34A)-C(35A)�� 1.78(4) 
C(34A)-C(35B)  1.86(5)�� C(34B)-C(35B)�� 1.28(6) 
C(34B)-C(35A)  1.32(4)�� C(35A)-C(35B)�� 0.65(5) 
Cl(1)-Pd  2.2854(13)�� Cl(2)-Pd�� 2.3369(13) 
Cl(2)-Pd*  2.4151(12)�� Pd-Cl(2)*�� 2.4152(12) 
 
N(2)-C(1)-N(1)  104.2(4)�� N(2)-C(1)-Pd�� 128.6(4) 
N(1)-C(1)-Pd  127.3(4)�� N(1)-C(2)-C(18A)�� 103.7(8) 
N(1)-C(2)-C(8)  111.0(4)�� C(18A)-C(2)-C(8)�� 121.3(8) 
N(1)-C(2)-C(3A)  104.1(6)�� C(18A)-C(2)-C(3A)�� 104.0(8) 
C(8)-C(2)-C(3A)  111.1(5)�� N(1)-C(2)-C(3B)�� 90.0(6) 
C(18A)-C(2)-C(3B)  113.8(9)�� C(8)-C(2)-C(3B)�� 111.9(6) 
C(3A)-C(2)-C(3B)  15.3(6)�� N(1)-C(2)-C(18B)�� 115.7(6) 
C(18A)-C(2)-C(18B)  16.4(8)�� C(8)-C(2)-C(18B)�� 105.3(6) 
C(3A)-C(2)-C(18B)  109.7(7)�� C(3B)-C(2)-C(18B)�� 122.3(7) 
C(2)-C(3A)-O(1)  99.9(7)�� O(1)-C(3B)-C(2)�� 111.5(8) 
C(5)-C(4)-O(1)  141.0(6)�� C(5)-C(4)-N(1)�� 106.7(5) 
O(1)-C(4)-N(1)  112.3(5)�� C(4)-C(5)-O(2)�� 139.9(6) 
C(4)-C(5)-N(2)  107.7(5)�� O(2)-C(5)-N(2)�� 112.3(5) 
C(6B)-C(6A)-O(2)  91(2)�� C(6B)-C(6A)-C(7A)�� 71(2) 
O(2)-C(6A)-C(7A)  101.7(9)�� C(6B)-C(6A)-C(7B)�� 58(2) 
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O(2)-C(6A)-C(7B)  102.4(9)�� C(7A)-C(6A)-C(7B)�� 12.5(6) 
C(6A)-C(6B)-C(7A)  86(3)�� C(6A)-C(6B)-O(2)�� 66(2) 
C(7A)-C(6B)-O(2)  99.2(12)�� C(6A)-C(6B)-C(7B)�� 103(3) 
C(7A)-C(6B)-C(7B)  16.5(6)�� O(2)-C(6B)-C(7B)�� 107.5(13) 
N(2)-C(7A)-C(6B)  113.4(10)�� N(2)-C(7A)-C(6A)�� 100.6(8) 
C(6B)-C(7A)-C(6A)  23.1(7)�� N(2)-C(7A)-C(29A)�� 129.4(10) 
C(6B)-C(7A)-C(29A)  110.7(12)�� C(6A)-C(7A)-C(29A)�� 110.8(10) 
N(2)-C(7A)-C(29B)  113.4(10)�� C(6B)-C(7A)-C(29B)�� 117.1(11) 
C(6A)-C(7A)-C(29B)  109.2(9)�� C(29A)-C(7A)-C(29B)�� 18.8(8) 
N(2)-C(7A)-C(19A)  105.2(8)�� C(6B)-C(7A)-C(19A)�� 87.9(11) 
C(6A)-C(7A)-C(19A)  110.3(9)�� C(29A)-C(7A)-C(19A)�� 100.0(10) 
C(29B)-C(7A)-C(19A)  116.9(10)�� N(2)-C(7A)-C(19B)�� 101.4(7) 
C(6B)-C(7A)-C(19B)  99.1(11)�� C(6A)-C(7A)-C(19B)�� 121.5(9) 
C(29A)-C(7A)-C(19B)  95.0(9)�� C(29B)-C(7A)-C(19B)�� 110.2(9) 
C(19A)-C(7A)-C(19B)  11.2(6)�� C(19A)-C(7B)-C(29A)�� 126.0(14) 
C(19A)-C(7B)-C(19B)  15.5(8)�� C(29A)-C(7B)-C(19B)�� 117.0(12) 
C(19A)-C(7B)-C(6B)  98.6(13)�� C(29A)-C(7B)-C(6B)�� 106.0(12) 
C(19B)-C(7B)-C(6B)  114.1(12)�� C(19A)-C(7B)-C(29B)�� 141.8(14) 
C(29A)-C(7B)-C(29B)  17.8(8)�� C(19B)-C(7B)-C(29B)�� 130.2(11) 
C(6B)-C(7B)-C(29B)  105.2(12)�� C(19A)-C(7B)-N(2)�� 111.6(11) 
C(29A)-C(7B)-N(2)  113.5(11)�� C(19B)-C(7B)-N(2)�� 109.7(9) 
C(6B)-C(7B)-N(2)  94.3(10)�� C(29B)-C(7B)-N(2)�� 96.1(9) 
C(19A)-C(7B)-C(6A)  116.1(12)�� C(29A)-C(7B)-C(6A)�� 99.2(11) 
C(19B)-C(7B)-C(6A)  131.6(11)�� C(6B)-C(7B)-C(6A)�� 19.1(7) 
C(29B)-C(7B)-C(6A)  93.3(10)�� N(2)-C(7B)-C(6A)�� 80.8(7) 
C(2)-C(8)-C(9)  114.5(5)�� C(10A)-C(9)-C(8)�� 120.7(9) 
C(10A)-C(9)-C(10B)  14.8(9)�� C(8)-C(9)-C(10B)�� 110.1(7) 
C(11B)-C(10A)-C(9)  136.0(15)�� C(11B)-C(10A)-C(11A)�� 53.2(11) 
C(9)-C(10A)-C(11A)  107.6(14)�� C(11B)-C(10B)-C(9)�� 108.0(11) 
C(11B)-C(10B)-C(11A)  43.6(9)�� C(9)-C(10B)-C(11A)�� 85.4(10) 
C(12A)-C(11A)-C(11B)  81(2)�� C(12A)-C(11A)-C(10A)�� 123(2) 
C(11B)-C(11A)-C(10A)  55.7(12)�� C(12A)-C(11A)-C(10B)�� 115(2) 
C(11B)-C(11A)-C(10B)  54.1(11)�� C(10A)-C(11A)-C(10B)�� 9.5(9) 
C(12B)-C(11B)-C(11A)  107.2(18)�� C(12B)-C(11B)-C(10A)�� 130.5(17) 
C(11A)-C(11B)-C(10A)  71.0(14)�� C(12B)-C(11B)-C(10B)�� 117.4(16) 
C(11A)-C(11B)-C(10B)  82.3(13)�� C(10A)-C(11B)-C(10B)�� 15.8(10) 
C(12B)-C(11B)-C(12A)  65.0(15)�� C(11A)-C(11B)-C(12A)�� 43.2(12) 
C(10A)-C(11B)-C(12A)  105.4(14)�� C(10B)-C(11B)-C(12A)�� 109.5(13) 
C(11A)-C(12A)-C(13A)  127(3)�� C(11A)-C(12A)-C(13B)�� 124(3) 
C(13A)-C(12A)-C(13B)  31.4(17)�� C(11A)-C(12A)-C(12B)�� 104(2) 
C(13A)-C(12A)-C(12B)  68(2)�� C(13B)-C(12A)-C(12B)�� 99(2) 
C(11A)-C(12A)-C(11B)  55.8(16)�� C(13A)-C(12A)-C(11B)�� 105(2) 
C(13B)-C(12A)-C(11B)  133(2)�� C(12B)-C(12A)-C(11B)�� 49.2(12) 
C(11A)-C(12A)-C(14A)  127(2)�� C(13A)-C(12A)-C(14A)�� 57.0(19) 
C(13B)-C(12A)-C(14A)  28.0(13)�� C(12B)-C(12A)-C(14A)�� 120(2) 
C(11B)-C(12A)-C(14A)  160.5(19)�� C(11B)-C(12B)-C(12A)�� 65.8(16) 
C(11B)-C(12B)-C(13A)  102(2)�� C(12A)-C(12B)-C(13A)�� 47.5(15) 
C(13B)-C(13A)-C(12A)  86(4)�� C(13B)-C(13A)-C(14A)�� 18(3) 
C(12A)-C(13A)-C(14A)  78(2)�� C(13B)-C(13A)-C(12B)�� 150(5) 
C(12A)-C(13A)-C(12B)  65(2)�� C(14A)-C(13A)-C(12B)�� 136(2) 
C(13A)-C(13B)-C(14A)  145(6)�� C(13A)-C(13B)-C(12A)�� 63(4) 
C(14A)-C(13B)-C(12A)  100(3)�� C(13A)-C(13B)-C(14B)�� 171(5) 
C(14A)-C(13B)-C(14B)  36(2)�� C(12A)-C(13B)-C(14B)�� 125(3) 
C(13A)-C(13B)-C(15A)  160(5)�� C(14A)-C(13B)-C(15A)�� 55(3) 
C(12A)-C(13B)-C(15A)  125(2)�� C(14B)-C(13B)-C(15A)�� 21.5(14) 
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C(13B)-C(14A)-C(14B)  113(4)�� C(13B)-C(14A)-C(15A)�� 98(3) 
C(14B)-C(14A)-C(15A)  20(2)�� C(13B)-C(14A)-C(13A)�� 16(3) 
C(14B)-C(14A)-C(13A)  129(3)�� C(15A)-C(14A)-C(13A)�� 114(2) 
C(13B)-C(14A)-C(12A)  52(3)�� C(14B)-C(14A)-C(12A)�� 143(3) 
C(15A)-C(14A)-C(12A)  123(2)�� C(13A)-C(14A)-C(12A)�� 44.6(14) 
C(13B)-C(14A)-C(15C)  108(3)�� C(14B)-C(14A)-C(15C)�� 36(2) 
C(15A)-C(14A)-C(15C)  24.9(12)�� C(13A)-C(14A)-C(15C)�� 122.6(19) 
C(12A)-C(14A)-C(15C)  110.7(15)�� C(15A)-C(14B)-C(14A)�� 133(6) 
C(15A)-C(14B)-C(15C)  38(3)�� C(14A)-C(14B)-C(15C)�� 119(3) 
C(15A)-C(14B)-C(13B)  108(5)�� C(14A)-C(14B)-C(13B)�� 31(2) 
C(15C)-C(14B)-C(13B)  114(2)�� C(15A)-C(14B)-C(15B)�� 15(4) 
C(14A)-C(14B)-C(15B)  120(3)�� C(15C)-C(14B)-C(15B)�� 47(2) 
C(13B)-C(14B)-C(15B)  93(2)�� C(14B)-C(15A)-C(15C)�� 110(6) 
C(14B)-C(15A)-C(15B)  156(6)�� C(15C)-C(15A)-C(15B)�� 83(4) 
C(14B)-C(15A)-C(16C)  139(6)�� C(15C)-C(15A)-C(16C)�� 108(5) 
C(15B)-C(15A)-C(16C)  26(3)�� C(14B)-C(15A)-C(14A)�� 27(3) 
C(15C)-C(15A)-C(14A)  105(4)�� C(15B)-C(15A)-C(14A)�� 131(3) 
C(16C)-C(15A)-C(14A)  126(3)�� C(14B)-C(15A)-C(16A)�� 177(5) 
C(15C)-C(15A)-C(16A)  70(3)�� C(15B)-C(15A)-C(16A)�� 27(2) 
C(16C)-C(15A)-C(16A)  42(2)�� C(14A)-C(15A)-C(16A)�� 156(3) 
C(14B)-C(15A)-C(13B)  51(4)�� C(15C)-C(15A)-C(13B)�� 115(3) 
C(15B)-C(15A)-C(13B)  105(3)�� C(16C)-C(15A)-C(13B)�� 100(3) 
C(14A)-C(15A)-C(13B)  27.2(11)�� C(16A)-C(15A)-C(13B)�� 132(2) 
C(16C)-C(15B)-C(16A)  101(8)�� C(16C)-C(15B)-C(15A)�� 104(8) 
C(16A)-C(15B)-C(15A)  114(5)�� C(16C)-C(15B)-C(15C)�� 140(8) 
C(16A)-C(15B)-C(15C)  91(5)�� C(15A)-C(15B)-C(15C)�� 38(2) 
C(16C)-C(15B)-C(16B)  72(7)�� C(16A)-C(15B)-C(16B)�� 41(3) 
C(15A)-C(15B)-C(16B)  149(4)�� C(15C)-C(15B)-C(16B)�� 132(4) 
C(16C)-C(15B)-C(17C)  141(8)�� C(16A)-C(15B)-C(17C)�� 85(4) 
C(15A)-C(15B)-C(17C)  108(4)�� C(15C)-C(15B)-C(17C)�� 77(3) 
C(16B)-C(15B)-C(17C)  90(3)�� C(16C)-C(15B)-C(14B)�� 100(8) 
C(16A)-C(15B)-C(14B)  123(5)�� C(15A)-C(15B)-C(14B)�� 9(2) 
C(15C)-C(15B)-C(14B)  44(2)�� C(16B)-C(15B)-C(14B)�� 156(3) 
C(17C)-C(15B)-C(14B)  108(3)�� C(15A)-C(15C)-C(14B)�� 32(3) 
C(15A)-C(15C)-C(15B)  59(3)�� C(14B)-C(15C)-C(15B)�� 89(3) 
C(15A)-C(15C)-C(16A)  81(3)�� C(14B)-C(15C)-C(16A)�� 113(3) 
C(15B)-C(15C)-C(16A)  31.9(19)�� C(15A)-C(15C)-C(17C)�� 107(3) 
C(14B)-C(15C)-C(17C)  125(2)�� C(15B)-C(15C)-C(17C)�� 56(2) 
C(16A)-C(15C)-C(17C)  58.8(13)�� C(15A)-C(15C)-C(16C)�� 47(3) 
C(14B)-C(15C)-C(16C)  78(3)�� C(15B)-C(15C)-C(16C)�� 13(3) 
C(16A)-C(15C)-C(16C)  37.7(18)�� C(17C)-C(15C)-C(16C)�� 68.2(18) 
C(15A)-C(15C)-C(14A)  50(3)�� C(14B)-C(15C)-C(14A)�� 25.8(16) 
C(15B)-C(15C)-C(14A)  96(3)�� C(16A)-C(15C)-C(14A)�� 126.2(19) 
C(17C)-C(15C)-C(14A)  109.9(16)�� C(16C)-C(15C)-C(14A)�� 88(2) 
C(15B)-C(16A)-C(16B)  105(5)�� C(15B)-C(16A)-C(16C)�� 33(4) 
C(16B)-C(16A)-C(16C)  82(3)�� C(15B)-C(16A)-C(15C)�� 57(4) 
C(16B)-C(16A)-C(15C)  161(3)�� C(16C)-C(16A)-C(15C)�� 84(3) 
C(15B)-C(16A)-C(17A)  107(4)�� C(16B)-C(16A)-C(17A)�� 77(2) 
C(16C)-C(16A)-C(17A)  125(3)�� C(15C)-C(16A)-C(17A)�� 100(2) 
C(15B)-C(16A)-C(17C)  65(4)�� C(16B)-C(16A)-C(17C)�� 101(2) 
C(16C)-C(16A)-C(17C)  91(3)�� C(15C)-C(16A)-C(17C)�� 65.8(15) 
C(17A)-C(16A)-C(17C)  45.1(18)�� C(15B)-C(16A)-C(15A)�� 39(4) 
C(16B)-C(16A)-C(15A)  139(3)�� C(16C)-C(16A)-C(15A)�� 57(3) 
C(15C)-C(16A)-C(15A)  29.1(12)�� C(17A)-C(16A)-C(15A)�� 123(2) 
C(17C)-C(16A)-C(15A)  80.6(17)�� C(15B)-C(16A)-C(17B)�� 104(4) 
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C(16B)-C(16A)-C(17B)  59.9(19)�� C(16C)-C(16A)-C(17B)�� 111(3) 
C(15C)-C(16A)-C(17B)  113.9(17)�� C(17A)-C(16A)-C(17B)�� 18.7(15) 
C(17C)-C(16A)-C(17B)  50.7(11)�� C(15A)-C(16A)-C(17B)�� 131(2) 
C(16A)-C(16B)-C(16C)  53(3)�� C(16A)-C(16B)-C(15B)�� 33(2) 
C(16C)-C(16B)-C(15B)  25(2)�� C(16A)-C(16B)-C(17B)�� 84(2) 
C(16C)-C(16B)-C(17B)  110(3)�� C(15B)-C(16B)-C(17B)�� 89(2) 
C(16A)-C(16B)-C(17A)  68(2)�� C(16C)-C(16B)-C(17A)�� 104(3) 
C(15B)-C(16B)-C(17A)  80(2)�� C(17B)-C(16B)-C(17A)�� 17.8(15) 
C(15B)-C(16C)-C(16A)  46(6)�� C(15B)-C(16C)-C(16B)�� 82(7) 
C(16A)-C(16C)-C(16B)  45(2)�� C(15B)-C(16C)-C(15A)�� 51(6) 
C(16A)-C(16C)-C(15A)  80(4)�� C(16B)-C(16C)-C(15A)�� 125(4) 
C(15B)-C(16C)-C(15C)  27(6)�� C(16A)-C(16C)-C(15C)�� 58(3) 
C(16B)-C(16C)-C(15C)  102(3)�� C(15A)-C(16C)-C(15C)�� 24.9(17) 
C(17B)-C(17A)-C(17C)  98(6)�� C(17B)-C(17A)-C(18A)�� 51(5) 
C(17C)-C(17A)-C(18A)  67(2)�� C(17B)-C(17A)-C(16A)�� 88(6) 
C(17C)-C(17A)-C(16A)  68(2)�� C(18A)-C(17A)-C(16A)�� 111(3) 
C(17B)-C(17A)-C(16B)  56(5)�� C(17C)-C(17A)-C(16B)�� 88(3) 
C(18A)-C(17A)-C(16B)  96(3)�� C(16A)-C(17A)-C(16B)�� 34.8(14) 
C(17B)-C(17A)-C(18B)  53(5)�� C(17C)-C(17A)-C(18B)�� 57(2) 
C(18A)-C(17A)-C(18B)  11.7(9)�� C(16A)-C(17A)-C(18B)�� 100(2) 
C(16B)-C(17A)-C(18B)  89(2)�� C(17A)-C(17B)-C(18A)�� 109(6) 
C(17A)-C(17B)-C(17C)  60(5)�� C(18A)-C(17B)-C(17C)�� 69.3(13) 
C(17A)-C(17B)-C(16B)  106(5)�� C(18A)-C(17B)-C(16B)�� 122.9(17) 
C(17C)-C(17B)-C(16B)  91.7(15)�� C(17A)-C(17B)-C(18B)�� 111(6) 
C(18A)-C(17B)-C(18B)  14.1(10)�� C(17C)-C(17B)-C(18B)�� 61.8(11) 
C(16B)-C(17B)-C(18B)  109.8(14)�� C(17A)-C(17B)-C(16A)�� 73(5) 
C(18A)-C(17B)-C(16A)  122.5(16)�� C(17C)-C(17B)-C(16A)�� 62.9(13) 
C(16B)-C(17B)-C(16A)  35.9(11)�� C(18B)-C(17B)-C(16A)�� 109.2(13) 
C(17A)-C(17C)-C(17B)  22(2)�� C(17A)-C(17C)-C(15B)�� 95(3) 
C(17B)-C(17C)-C(15B)  90(2)�� C(17A)-C(17C)-C(18B)�� 79(2) 
C(17B)-C(17C)-C(18B)  61.3(11)�� C(15B)-C(17C)-C(18B)�� 110(2) 
C(17A)-C(17C)-C(18A)  64(2)�� C(17B)-C(17C)-C(18A)�� 48.6(10) 
C(15B)-C(17C)-C(18A)  116(2)�� C(18B)-C(17C)-C(18A)�� 16.6(8) 
C(17A)-C(17C)-C(16A)  67(2)�� C(17B)-C(17C)-C(16A)�� 66.4(13) 
C(15B)-C(17C)-C(16A)  30.4(16)�� C(18B)-C(17C)-C(16A)�� 111.5(16) 
C(18A)-C(17C)-C(16A)  108.2(16)�� C(17A)-C(17C)-C(15C)�� 108(3) 
C(17B)-C(17C)-C(15C)  118.8(16)�� C(15B)-C(17C)-C(15C)�� 47(2) 
C(18B)-C(17C)-C(15C)  156.1(17)�� C(18A)-C(17C)-C(15C)�� 162.9(17) 
C(16A)-C(17C)-C(15C)  55.4(13)�� C(17B)-C(18A)-C(2)�� 139.0(16) 
C(17B)-C(18A)-C(17A)  20.4(18)�� C(2)-C(18A)-C(17A)�� 124(2) 
C(17B)-C(18A)-C(17C)  62.1(13)�� C(2)-C(18A)-C(17C)�� 113.8(13) 
C(17A)-C(18A)-C(17C)  49.4(18)�� C(17B)-C(18B)-C(17C)�� 56.9(11) 
C(17B)-C(18B)-C(2)  110.5(10)�� C(17C)-C(18B)-C(2)�� 109.3(11) 
C(17B)-C(18B)-C(17A)  16.7(15)�� C(17C)-C(18B)-C(17A)�� 44.1(16) 
C(2)-C(18B)-C(17A)  102.6(16)�� C(19B)-C(19A)-C(7B)�� 128(3) 
C(19B)-C(19A)-C(20A)  92(2)�� C(7B)-C(19A)-C(20A)�� 105.1(12) 
C(19B)-C(19A)-C(7A)  133(3)�� C(7B)-C(19A)-C(7A)�� 8.9(8) 
C(20A)-C(19A)-C(7A)  110.5(10)�� C(19B)-C(19A)-C(20B)�� 66(2) 
C(7B)-C(19A)-C(20B)  130.0(13)�� C(20A)-C(19A)-C(20B)�� 28.3(8) 
C(7A)-C(19A)-C(20B)  136.9(12)�� C(19A)-C(19B)-C(20B)�� 95(3) 
C(19A)-C(19B)-C(7B)  36(2)�� C(20B)-C(19B)-C(7B)�� 113.4(14) 
C(19A)-C(19B)-C(20A)  70(2)�� C(20B)-C(19B)-C(20A)�� 28.3(9) 
C(7B)-C(19B)-C(20A)  85.3(11)�� C(19A)-C(19B)-C(7A)�� 36(2) 
C(20B)-C(19B)-C(7A)  118.0(13)�� C(7B)-C(19B)-C(7A)�� 5.8(7) 
C(20A)-C(19B)-C(7A)  89.8(10)�� C(20B)-C(20A)-C(21A)�� 36(2) 
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C(20B)-C(20A)-C(19A)  82(2)�� C(21A)-C(20A)-C(19A)�� 116.4(16) 
C(20B)-C(20A)-C(19B)  65(2)�� C(21A)-C(20A)-C(19B)�� 98.4(16) 
C(19A)-C(20A)-C(19B)  18.5(6)�� C(20B)-C(20A)-C(21C)�� 18(2) 
C(21A)-C(20A)-C(21C)  26.8(13)�� C(19A)-C(20A)-C(21C)�� 97.4(13) 
C(19B)-C(20A)-C(21C)  82.0(13)�� C(20A)-C(20B)-C(21A)�� 118(3) 
C(20A)-C(20B)-C(21C)  150(3)�� C(21A)-C(20B)-C(21C)�� 46(2) 
C(20A)-C(20B)-C(19B)  86(2)�� C(21A)-C(20B)-C(19B)�� 147(3) 
C(21C)-C(20B)-C(19B)  120(2)�� C(20A)-C(20B)-C(19A)�� 70(2) 
C(21A)-C(20B)-C(19A)  164(3)�� C(21C)-C(20B)-C(19A)�� 133(2) 
C(19B)-C(20B)-C(19A)  18.6(7)�� C(20A)-C(20B)-C(21B)�� 167(3) 
C(21A)-C(20B)-C(21B)  50(2)�� C(21C)-C(20B)-C(21B)�� 27.3(17) 
C(19B)-C(20B)-C(21B)  103.1(17)�� C(19A)-C(20B)-C(21B)�� 120.9(17) 
C(21C)-C(21A)-C(20B)  81(3)�� C(21C)-C(21A)-C(21B)�� 40(3) 
C(20B)-C(21A)-C(21B)  97(3)�� C(21C)-C(21A)-C(20A)�� 104(3) 
C(20B)-C(21A)-C(20A)  26.6(16)�� C(21B)-C(21A)-C(20A)�� 123(3) 
C(21C)-C(21A)-C(22A)  127(4)�� C(20B)-C(21A)-C(22A)�� 137(3) 
C(21B)-C(21A)-C(22A)  126(3)�� C(20A)-C(21A)-C(22A)�� 111(2) 
C(21C)-C(21B)-C(22B)  141(4)�� C(21C)-C(21B)-C(21A)�� 39(3) 
C(22B)-C(21B)-C(21A)  102(3)�� C(21C)-C(21B)-C(20B)�� 38(3) 
C(22B)-C(21B)-C(20B)  114(3)�� C(21A)-C(21B)-C(20B)�� 33.2(14) 
C(21A)-C(21C)-C(21B)  101(4)�� C(21A)-C(21C)-C(20B)�� 53(3) 
C(21B)-C(21C)-C(20B)  114(4)�� C(21A)-C(21C)-C(20A)�� 50(3) 
C(21B)-C(21C)-C(20A)  124(3)�� C(20B)-C(21C)-C(20A)�� 11.3(13) 
C(33B)-C(22A)-C(23A)  112(5)�� C(33B)-C(22A)-C(21A)�� 112(5) 
C(23A)-C(22A)-C(21A)  119(3)�� C(33B)-C(22A)-C(34B)�� 64(5) 
C(23A)-C(22A)-C(34B)  50(2)�� C(21A)-C(22A)-C(34B)�� 151(3) 
C(33B)-C(22A)-C(34A)  46(4)�� C(23A)-C(22A)-C(34A)�� 67.7(19) 
C(21A)-C(22A)-C(34A)  148(2)�� C(34B)-C(22A)-C(34A)�� 17.8(15) 
C(33B)-C(22A)-C(32B)  18(4)�� C(23A)-C(22A)-C(32B)�� 101(2) 
C(21A)-C(22A)-C(32B)  130(2)�� C(34B)-C(22A)-C(32B)�� 51.2(17) 
C(34A)-C(22A)-C(32B)  33.4(12)�� C(21B)-C(22B)-C(23B)�� 110(3) 
C(35B)-C(23A)-C(35A)  16(4)�� C(35B)-C(23A)-C(34B)�� 65(4) 
C(35A)-C(23A)-C(34B)  57(2)�� C(35B)-C(23A)-C(24A)�� 118(6) 
C(35A)-C(23A)-C(24A)  132(3)�� C(34B)-C(23A)-C(24A)�� 144(3) 
C(35B)-C(23A)-C(22A)  129(5)�� C(35A)-C(23A)-C(22A)�� 115(3) 
C(34B)-C(23A)-C(22A)  70(2)�� C(24A)-C(23A)-C(22A)�� 113(3) 
C(35B)-C(23A)-C(34A)  69(4)�� C(35A)-C(23A)-C(34A)�� 60.4(18) 
C(34B)-C(23A)-C(34A)  5(2)�� C(24A)-C(23A)-C(34A)�� 146(3) 
C(22A)-C(23A)-C(34A)  64.6(19)�� C(24B)-C(23B)-C(22B)�� 103(3) 
C(24B)-C(23B)-C(24A)  83(3)�� C(22B)-C(23B)-C(24A)�� 165(3) 
C(24B)-C(23B)-C(25A)  51(2)�� C(22B)-C(23B)-C(25A)�� 128(2) 
C(24A)-C(23B)-C(25A)  46.4(15)�� C(23A)-C(24A)-C(25A)�� 116(3) 
C(23A)-C(24A)-C(23B)  93(3)�� C(25A)-C(24A)-C(23B)�� 71(2) 
C(23A)-C(24A)-C(35B)  20.1(18)�� C(25A)-C(24A)-C(35B)�� 119(3) 
C(23B)-C(24A)-C(35B)  113(3)�� C(25B)-C(24B)-C(25A)�� 50(2) 
C(25B)-C(24B)-C(23B)  110(4)�� C(25A)-C(24B)-C(23B)�� 77(3) 
C(26B)-C(25A)-C(25B)  62(2)�� C(26B)-C(25A)-C(24A)�� 144(3) 
C(25B)-C(25A)-C(24A)  154(3)�� C(26B)-C(25A)-C(24B)�� 120(3) 
C(25B)-C(25A)-C(24B)  58(2)�� C(24A)-C(25A)-C(24B)�� 97(3) 
C(26B)-C(25A)-C(26A)  28.4(17)�� C(25B)-C(25A)-C(26A)�� 91(3) 
C(24A)-C(25A)-C(26A)  115(3)�� C(24B)-C(25A)-C(26A)�� 148(3) 
C(26B)-C(25A)-C(23B)  143(3)�� C(25B)-C(25A)-C(23B)�� 96(2) 
C(24A)-C(25A)-C(23B)  63(2)�� C(24B)-C(25A)-C(23B)�� 52(2) 
C(26A)-C(25A)-C(23B)  149(2)�� C(25A)-C(25B)-C(26B)�� 57(2) 
C(25A)-C(25B)-C(24B)  72(3)�� C(26B)-C(25B)-C(24B)�� 129(3) 
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C(25A)-C(25B)-C(27A)  93(2)�� C(26B)-C(25B)-C(27A)�� 36.3(14) 
C(24B)-C(25B)-C(27A)  165(3)�� C(26B)-C(26A)-C(27A)�� 52(3) 
C(26B)-C(26A)-C(27B)  73(3)�� C(27A)-C(26A)-C(27B)�� 22.0(9) 
C(26B)-C(26A)-C(25A)  47(3)�� C(27A)-C(26A)-C(25A)�� 98(2) 
C(27B)-C(26A)-C(25A)  120(2)�� C(26A)-C(26B)-C(27A)�� 95(4) 
C(26A)-C(26B)-C(25A)  104(4)�� C(27A)-C(26B)-C(25A)�� 159(3) 
C(26A)-C(26B)-C(25B)�� 164(4)�� C(27A)-C(26B)-C(25B)�� �101(3) 
C(25A)-C(26B)-C(25B)�� 60(2)�� C(26A)-C(26B)-C(27B) 77(3) 
C(27A)-C(26B)-C(27B)�� 17.9(13)�� C(25A)-C(26B)-C(27B)�� 169(3) 
C(25B)-C(26B)-C(27B)�� 118(2)�� C(27B)-C(27A)-C(26B)�� 126(4) 
C(27B)-C(27A)-C(26A)�� 93(3)�� C(26B)-C(27A)-C(26A)�� 33.5(16) 
C(27B)-C(27A)-C(28A)�� 87(3)�� C(26B)-C(27A)-C(28A)�� 107(2) 
C(26A)-C(27A)-C(28A)�� 113.9(16)�� C(27B)-C(27A)-C(28B)�� 67(3) 
C(26B)-C(27A)-C(28B)�� 121.1(19)�� C(26A)-C(27A)-C(28B)�� 116.1(16) 
C(28A)-C(27A)-C(28B)�� 20.0(6)�� C(27B)-C(27A)-C(25B)�� 168(3) 
C(26B)-C(27A)-C(25B)�� 43.0(18)�� C(26A)-C(27A)-C(25B)�� 76.5(16) 
C(28A)-C(27A)-C(25B)�� 91.5(13)�� C(28B)-C(27A)-C(25B)�� 111.5(13) 
C(27A)-C(27B)-C(26B)�� 36(3)�� C(27A)-C(27B)-C(28B)�� 92(3) 
C(26B)-C(27B)-C(28B)�� 104.8(14)�� C(27A)-C(27B)-C(28A)�� 71(3) 
C(26B)-C(27B)-C(28A)�� 85.2(14)�� C(28B)-C(27B)-C(28A)�� 21.6(5) 
C(27A)-C(27B)-C(26A)�� 65(3)�� C(26B)-C(27B)-C(26A)�� 29.3(11) 
C(28B)-C(27B)-C(26A)�� 115.2(14)�� C(28A)-C(27B)-C(26A)�� 101.8(14) 
C(28B)-C(28A)-C(27A)�� 100(2)�� C(28B)-C(28A)-C(27B)�� 78.3(18) 
C(27A)-C(28A)-C(27B)�� 22.1(8)�� C(28B)-C(28A)-C(29A)�� 54.8(18) 
C(27A)-C(28A)-C(29A)�� 114.1(12)�� C(27B)-C(28A)-C(29A)�� 98.4(11) 
C(28B)-C(28A)-C(29B)�� 38.9(17)�� C(27A)-C(28A)-C(29B)�� 116.5(12) 
C(27B)-C(28A)-C(29B)�� 96.8(10)�� C(29A)-C(28A)-C(29B)�� 16.7(7) 
C(28A)-C(28B)-C(29B)�� 125(2)�� C(28A)-C(28B)-C(29A)�� 105(2) 
C(29B)-C(28B)-C(29A)�� 21.2(9)�� C(28A)-C(28B)-C(27B)�� 80.1(18) 
C(29B)-C(28B)-C(27B)�� 117.5(12)�� C(29A)-C(28B)-C(27B)�� 110.9(12) 
C(28A)-C(28B)-C(27A)�� 59.8(18)�� C(29B)-C(28B)-C(27A)�� 129.9(12) 
C(29A)-C(28B)-C(27A)�� 116.6(12)�� C(27B)-C(28B)-C(27A)�� 20.5(7) 
C(29B)-C(29A)-C(28B)�� 73(3)�� C(29B)-C(29A)-C(7B)�� 96(3) 
C(28B)-C(29A)-C(7B)�� 118.5(14)�� C(29B)-C(29A)-C(7A)�� 81(3) 
C(28B)-C(29A)-C(7A)�� 120.3(13)�� C(7B)-C(29A)-C(7A)�� 17.1(6) 
C(29B)-C(29A)-C(28A)�� 93(3)�� C(28B)-C(29A)-C(28A)�� 20.5(6) 
C(7B)-C(29A)-C(28A)�� 111.5(12)�� C(7A)-C(29A)-C(28A)�� 119.7(12) 
C(29A)-C(29B)-C(28B)�� 86(3)�� C(29A)-C(29B)-C(7A)�� 80(3) 
C(28B)-C(29B)-C(7A)�� 124.0(12)�� C(29A)-C(29B)-C(7B)�� 66(3) 
C(28B)-C(29B)-C(7B)�� 113.3(12)�� C(7A)-C(29B)-C(7B)�� 16.0(6) 
C(29A)-C(29B)-C(28A)�� 70(3)�� C(28B)-C(29B)-C(28A)�� 16.3(7) 
C(7A)-C(29B)-C(28A)�� 113.7(11)�� C(7B)-C(29B)-C(28A)�� 100.7(10) 
C(30A)-C(30B)-C(31A)�� 157(4)�� C(30A)-C(30B)-C(32A)�� 117(3) 
C(31A)-C(30B)-C(32A)�� 80(3)�� C(30A)-C(30B)-C(31B)�� 166(3) 
C(31A)-C(30B)-C(31B)�� 36(3)�� C(32A)-C(30B)-C(31B)�� 59(2) 
C(31B)-C(31A)-C(32B)�� 50(4)�� C(31B)-C(31A)-C(30B)�� 94(6) 
C(32B)-C(31A)-C(30B)�� 143(7)�� C(31B)-C(31A)-C(34A)�� 46(4) 
C(32B)-C(31A)-C(34A)�� 35(3)�� C(30B)-C(31A)-C(34A)�� 116(4) 
C(31B)-C(31A)-C(32A)�� 60(4)�� C(32B)-C(31A)-C(32A)�� 92(5) 
C(30B)-C(31A)-C(32A)�� 57(3)�� C(34A)-C(31A)-C(32A)�� 59(3) 
C(31B)-C(31A)-C(33B)�� 35(4)�� C(32B)-C(31A)-C(33B)�� 21(3) 
C(30B)-C(31A)-C(33B)�� 128(5)�� C(34A)-C(31A)-C(33B)�� 45(3) 
C(32A)-C(31A)-C(33B)�� 90(4)�� C(32B)-C(31B)-C(31A)�� 66(5) 
C(32B)-C(31B)-C(33B)�� 55(4)�� C(31A)-C(31B)-C(33B)�� 116(7) 
C(32B)-C(31B)-C(33A)�� 105(5)�� C(31A)-C(31B)-C(33A)�� 125(6) 



� � �

�

����

C(33B)-C(31B)-C(33A)�� 93(5)�� C(32B)-C(31B)-C(34A)�� 57(3) 
C(31A)-C(31B)-C(34A)�� 99(5)�� C(33B)-C(31B)-C(34A)�� 69(4) 
C(33A)-C(31B)-C(34A)�� 48(3)�� C(32B)-C(31B)-C(32A)�� 117(5) 
C(31A)-C(31B)-C(32A)�� 86(5)�� C(33B)-C(31B)-C(32A)�� 140(5) 
C(33A)-C(31B)-C(32A)�� 48(3)�� C(34A)-C(31B)-C(32A)�� 75(3) 
C(32B)-C(31B)-C(34B)�� 65(4)�� C(31A)-C(31B)-C(34B)�� 114(5) 
C(33B)-C(31B)-C(34B)�� 60(4)�� C(33A)-C(31B)-C(34B)�� 42(3) 
C(34A)-C(31B)-C(34B)�� 16(2)�� C(32A)-C(31B)-C(34B)�� 81(3) 
C(32B)-C(31B)-C(30B)�� 114(4)�� C(31A)-C(31B)-C(30B)�� 49(4) 
C(33B)-C(31B)-C(30B)�� 162(5)�� C(33A)-C(31B)-C(30B)�� 104(4) 
C(34A)-C(31B)-C(30B)�� 120(3)�� C(32A)-C(31B)-C(30B)�� 57(2) 
C(34B)-C(31B)-C(30B)�� 132(3)�� C(33C)-C(32A)-C(33A)�� 94(6) 
C(33C)-C(32A)-C(30B)�� 151(6)�� C(33A)-C(32A)-C(30B)�� 113(4) 
C(33C)-C(32A)-C(31B)�� 139(6)�� C(33A)-C(32A)-C(31B)�� 49(3) 
C(30B)-C(32A)-C(31B)�� 65(3)�� C(33C)-C(32A)-C(34A)�� 96(5) 
C(33A)-C(32A)-C(34A)�� 33(3)�� C(30B)-C(32A)-C(34A)�� 101(3) 
C(31B)-C(32A)-C(34A)�� 44(2)�� C(33C)-C(32A)-C(31A)�� 142(6) 
C(33A)-C(32A)-C(31A)�� 78(4)�� C(30B)-C(32A)-C(31A)�� 44(2) 
C(31B)-C(32A)-C(31A)�� 33(2)�� C(34A)-C(32A)-C(31A)�� 57(3) 
C(31B)-C(32B)-C(33B)�� 80(5)�� C(31B)-C(32B)-C(31A)�� 65(4) 
C(33B)-C(32B)-C(31A)�� 137(6)�� C(31B)-C(32B)-C(34A)�� 81(4) 
C(33B)-C(32B)-C(34A)�� 84(5)�� C(31A)-C(32B)-C(34A)�� 112(5) 
C(31B)-C(32B)-C(34B)�� 85(4)�� C(33B)-C(32B)-C(34B)�� 69(4) 
C(31A)-C(32B)-C(34B)�� 128(5)�� C(34A)-C(32B)-C(34B)�� 16(2) 
C(31B)-C(32B)-C(33A)�� 46(3)�� C(33B)-C(32B)-C(33A)�� 78(4) 
C(31A)-C(32B)-C(33A)�� 92(4)�� C(34A)-C(32B)-C(33A)�� 36(2) 
C(34B)-C(32B)-C(33A)�� 42(2)�� C(31B)-C(32B)-C(22A)�� 92(4) 
C(33B)-C(32B)-C(22A)�� 18(4)�� C(31A)-C(32B)-C(22A)�� 154(5) 
C(34A)-C(32B)-C(22A)�� 73(2)�� C(34B)-C(32B)-C(22A)�� 56.8(18) 
C(33A)-C(32B)-C(22A)�� 77(2)�� C(34A)-C(33A)-C(34B)�� 31(3) 
C(34A)-C(33A)-C(32A)�� 106(5)�� C(34B)-C(33A)-C(32A)�� 132(5) 
C(34A)-C(33A)-C(31B)�� 68(4)�� C(34B)-C(33A)-C(31B)�� 91(4) 
C(32A)-C(33A)-C(31B)�� 83(4)�� C(34A)-C(33A)-C(35A)�� 86(4) 
C(34B)-C(33A)-C(35A)�� 57(3)�� C(32A)-C(33A)-C(35A)�� 129(5) 
C(31B)-C(33A)-C(35A)�� 145(5)�� C(34A)-C(33A)-C(33C)�� 107(5) 
C(34B)-C(33A)-C(33C)�� 113(5)�� C(32A)-C(33A)-C(33C)�� 40(3) 
C(31B)-C(33A)-C(33C)�� 120(5)�� C(35A)-C(33A)-C(33C)�� 90(4) 
C(34A)-C(33A)-C(32B)�� 38(3)�� C(34B)-C(33A)-C(32B)�� 63(3) 
C(32A)-C(33A)-C(32B)�� 95(4)�� C(31B)-C(33A)-C(32B)�� 30(2) 
C(35A)-C(33A)-C(32B)�� 120(3)�� C(33C)-C(33A)-C(32B)�� 120(4) 
C(34A)-C(33A)-C(33B)�� 52(3)�� C(34B)-C(33A)-C(33B)�� 58(4) 
C(32A)-C(33A)-C(33B)�� 124(5)�� C(31B)-C(33A)-C(33B)�� 43(3) 
C(35A)-C(33A)-C(33B)�� 102(4)�� C(33C)-C(33A)-C(33B)�� 154(5) 
C(32B)-C(33A)-C(33B)�� 34(2)�� C(34A)-C(33A)-C(35B)�� 73(4) 
C(34B)-C(33A)-C(35B)�� 42(3)�� C(32A)-C(33A)-C(35B)�� 144(5) 
C(31B)-C(33A)-C(35B)�� 126(4)�� C(35A)-C(33A)-C(35B)�� 18.1(19) 
C(33C)-C(33A)-C(35B)�� 105(4)�� C(32B)-C(33A)-C(35B)�� 103(3) 
C(33B)-C(33A)-C(35B)�� 84(3)�� C(22A)-C(33B)-C(32B)�� 144(8) 
C(22A)-C(33B)-C(31B)�� 149(8)�� C(32B)-C(33B)-C(31B)�� 45(4) 
C(22A)-C(33B)-C(34A)�� 103(6)�� C(32B)-C(33B)-C(34A)�� 51(4) 
C(31B)-C(33B)-C(34A)�� 58(4)�� C(22A)-C(33B)-C(34B)�� 80(5) 
C(32B)-C(33B)-C(34B)�� 73(5)�� C(31B)-C(33B)-C(34B)�� 77(5) 
C(34A)-C(33B)-C(34B)�� 23(2)�� C(22A)-C(33B)-C(33A)�� 105(6) 
C(32B)-C(33B)-C(33A)�� 68(4)�� C(31B)-C(33B)-C(33A)�� 44(3) 
C(34A)-C(33B)-C(33A)�� 35(2)�� C(34B)-C(33B)-C(33A)�� 40(3) 
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C(22A)-C(33B)-C(31A)�� 165(7)�� C(32B)-C(33B)-C(31A)�� 22(3) 
C(31B)-C(33B)-C(31A)�� 29(3)�� C(34A)-C(33B)-C(31A)�� 63(4) 
C(34B)-C(33B)-C(31A)�� 85(4)�� C(33A)-C(33B)-C(31A)�� 66(4) 
C(32A)-C(33C)-C(33A)�� 47(4)�� C(34B)-C(34A)-C(33A)�� 87(6) 
C(34B)-C(34A)-C(32B)�� 133(7)�� C(33A)-C(34A)-C(32B)�� 106(4) 
C(34B)-C(34A)-C(31B)�� 128(7)�� C(33A)-C(34A)-C(31B)�� 64(3) 
C(32B)-C(34A)-C(31B)�� 42(2)�� C(34B)-C(34A)-C(33B)�� 90(6) 
C(33A)-C(34A)-C(33B)�� 93(4)�� C(32B)-C(34A)-C(33B)�� 46(3) 
C(31B)-C(34A)-C(33B)�� 53(4)�� C(34B)-C(34A)-C(35A)�� 35(5) 
C(33A)-C(34A)-C(35A)�� 57(3)�� C(32B)-C(34A)-C(35A)�� 150(3) 
C(31B)-C(34A)-C(35A)�� 117(3)�� C(33B)-C(34A)-C(35A)�� 107(4) 
C(34B)-C(34A)-C(31A)�� 161(7)�� C(33A)-C(34A)-C(31A)�� 88(4) 
C(32B)-C(34A)-C(31A)�� 33(3)�� C(31B)-C(34A)-C(31A)�� 35(3) 
C(33B)-C(34A)-C(31A)�� 73(4)�� C(35A)-C(34A)-C(31A)�� 145(3) 
C(34B)-C(34A)-C(32A)�� 121(6)�� C(33A)-C(34A)-C(32A)�� 40(3) 
C(32B)-C(34A)-C(32A)�� 94(3)�� C(31B)-C(34A)-C(32A)�� 61(3) 
C(33B)-C(34A)-C(32A)�� 112(4)�� C(35A)-C(34A)-C(32A)�� 86(2) 
C(31A)-C(34A)-C(32A)�� 63(3)�� C(34B)-C(34A)-C(35B)�� 14(5) 
C(33A)-C(34A)-C(35B)�� 74(4)�� C(32B)-C(34A)-C(35B)�� 142(3) 
C(31B)-C(34A)-C(35B)�� 125(3)�� C(33B)-C(34A)-C(35B)�� 97(4) 
C(35A)-C(34A)-C(35B)�� 20.5(16)�� C(31A)-C(34A)-C(35B)�� 160(3) 
C(32A)-C(34A)-C(35B)�� 107(3)�� C(34B)-C(34A)-C(22A)�� 60(5) 
C(33A)-C(34A)-C(22A)�� 97(4)�� C(32B)-C(34A)-C(22A)�� 74(2) 
C(31B)-C(34A)-C(22A)�� 81(3)�� C(33B)-C(34A)-C(22A)�� 31(3) 
C(35A)-C(34A)-C(22A)�� 83.7(19)�� C(31A)-C(34A)-C(22A)�� 103(3) 
C(32A)-C(34A)-C(22A)�� 131(2)�� C(35B)-C(34A)-C(22A)�� 69(2) 
C(34B)-C(34A)-C(23A)�� 12(5)�� C(33A)-C(34A)-C(23A)�� 87(4) 
C(32B)-C(34A)-C(23A)�� 121(3)�� C(31B)-C(34A)-C(23A)�� 118(3) 
C(33B)-C(34A)-C(23A)�� 78(3)�� C(35A)-C(34A)-C(23A)�� 41.6(14) 
C(31A)-C(34A)-C(23A)�� 149(3)�� C(32A)-C(34A)-C(23A)�� 125(2) 
C(35B)-C(34A)-C(23A)�� 22.5(16)�� C(22A)-C(34A)-C(23A)�� 47.8(14) 
C(34A)-C(34B)-C(33A)�� 62(5)�� C(34A)-C(34B)-C(35B)�� 159(8) 
C(33A)-C(34B)-C(35B)�� 99(4)�� C(34A)-C(34B)-C(35A)�� 130(7) 
C(33A)-C(34B)-C(35A)�� 73(3)�� C(35B)-C(34B)-C(35A)�� 29(2) 
C(34A)-C(34B)-C(23A)�� 163(7)�� C(33A)-C(34B)-C(23A)�� 116(4) 
C(35B)-C(34B)-C(23A)�� 33(2)�� C(35A)-C(34B)-C(23A)�� 60(2) 
C(34A)-C(34B)-C(33B)�� 67(6)�� C(33A)-C(34B)-C(33B)�� 82(4) 
C(35B)-C(34B)-C(33B)�� 122(5)�� C(35A)-C(34B)-C(33B)�� 128(4) 
C(23A)-C(34B)-C(33B)�� 95(4)�� C(34A)-C(34B)-C(32B)�� 31(5) 
C(33A)-C(34B)-C(32B)�� 75(3)�� C(35B)-C(34B)-C(32B)�� 159(4) 
C(35A)-C(34B)-C(32B)�� 147(3)�� C(23A)-C(34B)-C(32B)�� 133(3) 
C(33B)-C(34B)-C(32B)�� 38(3)�� C(34A)-C(34B)-C(22A)�� 103(6) 
C(33A)-C(34B)-C(22A)�� 104(4)�� C(35B)-C(34B)-C(22A)�� 91(4) 
C(35A)-C(34B)-C(22A)�� 109(3)�� C(23A)-C(34B)-C(22A)�� 60(2) 
C(33B)-C(34B)-C(22A)�� 36(3)�� C(32B)-C(34B)-C(22A)�� 72(2) 
C(34A)-C(34B)-C(31B)�� 36(5)�� C(33A)-C(34B)-C(31B)�� 47(3) 
C(35B)-C(34B)-C(31B)�� 137(4)�� C(35A)-C(34B)-C(31B)�� 117(3) 
C(23A)-C(34B)-C(31B)�� 129(3)�� C(33B)-C(34B)-C(31B)�� 43(3) 
C(32B)-C(34B)-C(31B)�� 30.1(16)�� C(22A)-C(34B)-C(31B)�� 77(2) 
C(35B)-C(35A)-C(34B)�� 72(5)�� C(35B)-C(35A)-C(23A)�� 18(5) 
C(34B)-C(35A)-C(23A)�� 63(2)�� C(35B)-C(35A)-C(33A)�� 117(6) 
C(34B)-C(35A)-C(33A)�� 50(3)�� C(23A)-C(35A)-C(33A)�� 101(3) 
C(35B)-C(35A)-C(34A)�� 88(5)�� C(34B)-C(35A)-C(34A)�� 15(2) 
C(23A)-C(35A)-C(34A)�� 78(2)�� C(33A)-C(35A)-C(34A)�� 37(2) 
C(35A)-C(35B)-C(23A)�� 146(9)�� C(35A)-C(35B)-C(34B)�� 79(5) 
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C(23A)-C(35B)-C(34B)�� 83(5)�� C(35A)-C(35B)-C(34A)�� 72(5) 
C(23A)-C(35B)-C(34A)�� 89(5)�� C(34B)-C(35B)-C(34A)�� 7(2) 
C(35A)-C(35B)-C(33A)�� 45(5)�� C(23A)-C(35B)-C(33A)�� 105(5) 
C(34B)-C(35B)-C(33A)�� 39(3)�� C(34A)-C(35B)-C(33A)�� 32.8(17) 
C(35A)-C(35B)-C(24A)�� 167(6)�� C(23A)-C(35B)-C(24A)�� 42(4) 
C(34B)-C(35B)-C(24A)�� 114(4)�� C(34A)-C(35B)-C(24A)�� 121(3) 
C(33A)-C(35B)-C(24A)�� 147(3)�� Pd-Cl(2)-Pd*�� 93.36(5) 
C(1)-N(1)-C(4)�� 111.1(5)�� C(1)-N(1)-C(2)�� 138.8(4) 
C(4)-N(1)-C(2)�� 109.9(4)�� C(1)-N(2)-C(7A)�� 142.7(6) 
C(1)-N(2)-C(5)�� 110.3(5)�� C(7A)-N(2)-C(5)�� 107.0(6) 
C(1)-N(2)-C(7B)�� 135.9(6)�� C(7A)-N(2)-C(7B)�� 13.9(7) 
C(5)-N(2)-C(7B)�� 111.3(6)�� C(3B)-O(1)-C(4)�� 99.6(7) 
C(3B)-O(1)-C(3A)�� 13.4(7)�� C(4)-O(1)-C(3A)�� 108.4(5) 
C(5)-O(2)-C(6A)�� 101.3(6)�� C(5)-O(2)-C(6B)�� 107.7(8) 
C(6A)-O(2)-C(6B)�� 22.5(7)�� C(1)-Pd-Cl(1)�� 88.80(15) 
C(1)-Pd-Cl(2)�� 91.17(15)�� Cl(1)-Pd-Cl(2)�� 179.75(5) 
C(1)-Pd-Cl(2)*�� 176.26(15)�� Cl(1)-Pd-Cl(2)*�� 93.41(5) 
Cl(2)-Pd-Cl(2)*�� 86.63(5) 

�
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