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'LH IROJHQGH $UEHLW ZXUGH YRQ 0DL ���� ELV 0lU] ���� DQ GHU 8QLYHUVLWlW 6WXWWJDUW

DQJHIHUWLJW�

,FK P|FKWH PLFK EHL +HUUQ 3URI� 'U� &� '� (LVHQEDFK I�U GLH $XIQDKPH LQ GHQ $UEHLWVNUHLV

XQG GLH %HWUHXXQJ PHLQHU $UEHLW EHGDQNHQ�

%HL 'U� 5REHUW 6DI �8QLYHUVLWlW *UD]� EHGDQNH LFK PLFK I�U GLH (6,�06�8QWHUVXFKXQJHQ� EHL

$QGUHDV +RKQHU XQG 0DWWKLDV 7ULVWO �7HFKQLVFKH 8QLYHUVLWlW 0�QFKHQ� I�U +LOIH EHL GHQ

)5$3�0HVVXQJHQ XQG GHQ )OXRUHV]HQ]ILOPZDDJHQXQWHUVXFKXQJHQ� ZHLWHUKLQ EHL YLHOHQ

0LWJOLHGHUQ GHV /HKUVWXKOV (�� LQ 0�QFKHQ� YRU DOOHP DEHU EHL 'U� 5XGROI 0HUNHO XQG EHL

3URI� 'U� (� 6DFNPDQQ I�U VWHWH 'LVNXVVLRQVEHUHLWVFKDIW�

(LQ 'DQN JHKW DQ GDV ,QVWLWXW I�U SK\VLNDOLVFKH &KHPLH I�U GLH 0|JOLFKNHLW GHU 1XW]XQJ HLQHV

)OXRUHV]HQ]VSHNWURPHWHUV�

'U� .ODXV 'LUQEHUJHU GDQNH LFK I�U VHLQH 8QWHUVW�W]XQJ XQG EHVRQGHUV I�U GDV /HVHQ GHU

5RKIDVVXQJ GLHVHU $UEHLW�

,FK EHGDQNH PLFK EHL PHLQHQ /DERUNROOHJHQ 0LFKDHOD 6WHQJ XQG 'RPLQLN :LQWHU I�U JXWH

=XVDPPHQDUEHLW XQG 8QWHUVW�W]XQJ EHL 105 0HVVXQJHQ� EHL ,QHV .HWWHUOH XQG &RULQQH 5RVW

I�U (LQVSULW]HQ XQG $XVZHUWHQ DQ GHU *3&�$QODJH XQG YLHOH VRQVWLJH +LOIHVWHOOXQJHQ� EHL

&KULVWLDQ 6FKDOOHU I�U GLH +LOIH EHL GLYHUVHQ ,7�3UREOHPHQ XQG I�U GDV /HVHQ YRQ 7HLOHQ GHU

$UEHLW� EHL +HLNH $UQGW I�U +LOIH DP 'DPSIGUXFNRVPRPHWHU� EHL 0RQLND 5DLEOH� 0DUNXV

6FKPLGWFKHQ XQG $QGUHDV %D\HU I�U ,KUH 8QWHUVW�W]XQJ XQG *HGXOG VRZLH EHL DOOHQ

LQVJHVDPW I�U GDV JXWH $UEHLWVNOLPD XQG OHEKDIWH 8QRUXQGHQ�

0HLQ EHVRQGHUHU 'DQN JLOW .DL (ZHUW I�U VHLQH )UHXQGVFKDIW XQG VHLQH VWHWH %HUHLWVFKDIW� PLU

5DW ]X JHEHQ�

9RU DOOHP GDQNH LFK DEHU -y]VHI I�U VHLQH *HGXOG PLW PLU� DXFK LQ GHQ DQVWUHQJHQGHQ XQG

HQWWlXVFKHQGHQ 3KDVHQ GLHVHU $UEHLW�



Inhalt

1

��������	
�	�����

�� (LQOHLWXQJ �

��� 3KRVSKROLSLGH �

��� 9HUVFKLHGHQH 7\SHQ YRQ 0RGHOOPHPEUDQHQ �

��� 0HPEUDQSURWHLQH XQG 3URWHLQLPPRELOLVLHUXQJ LQ 0RGHOOPHPEUDQHQ �

��� 9HU]ZHLJWH /LSLGH ��

�� 3UREOHPVWHOOXQJ ��

� 6\QWKHVHQ ���

��� *UXQGW\SHQ V\QWKHWLVLHUWHU $PSKLSKLOH ��

��� $OOJHPHLQHV ]XU 1RPHQNODWXU ��

��� 6\QWKHVHVWUDWHJLH ]XP $XIEDX GHU $PSKLSKLOH �EHU 8UHWKDQYHUNQ�SIXQJHQ ��

����� 9HUZHQGXQJ GHU 6FKXW]JUXSSH &%2 ��

����� 6\QWKHVH GHU &KORURIRUPLDWH ��

����� .RQGHQVDWLRQ GHU &KORURIRUPLDWH PLW $PLQHQ ��

��� 6\QWKHVH GHV K\GURSKREHQ %DXVWHLQV ��

��� 6\QWKHVH GHV K\GURSKLOHQ %DXVWHLQV I�U GLH DQLRQLVFKHQ $PSKLSKLOH ��

��� 6\QWKHVH GHU $PSKLSKLOH ��

����� 7\S $ $PSKLSKLO 5(Q+(*0H ��

����� 7\S % $PSKLSKLO �5(Q��(D+(*0H ��

����� 7\S & $PSKLSKLO �51��'H�+(*0H�� ��

����� 6\QWKHVH GHV 7\S $ $PSKLSKLOV 53& �� ��

��� 5HWURV\QWKHVHVFKHPD � (UZHLWHUXQJ GHU 6\QWKHVH I�U %LRWLQ\OLHUXQJ GHU

YHU]ZHLJWHQ $PSKLSKLOH ��

�� $QDO\WLN ��

��� 0ROHNXODUJHZLFKW XQG 'LVSHUVLWlW ��

����� %HVWLPPXQJ GHU 'LVSHUVLWlW GXUFK *HOSHUPHDWLRQVFKURPDWRJUDSKLH ��

����� 0ROHNXODUJHZLFKWVEHVWLPPXQJ GXUFK (OHNWURQHQVSUD\ ,RQLVDWLRQ �

0DVVHQVSHNWURVNRSLH �(6,�06� ��

����� %HVWLPPXQJ GHU PLWWOHUHQ 0ROPDVVHQ XQG GHU 0ROHN�OVWUXNWXU DXV GHQ �+�105

6SHNWUHQ ��

����� %HVWLPPXQJ GHU 0ROHN�NOVWUXNWXU DXV GHQ ��&�105 6SHNWUHQ ��



Inhalt

2

��� 'LIIHUHQWLHOOH :lUPHIOX�NDORULPHWULH ��

���� .ULWLVFKH 0L]HOOELOGXQJVNRQ]HQWUDWLRQ ��

��� 6FKXE�)OlFKHQ�'LDJUDPPH ��

����� ,VRWKHUPHQ GHU 5HLQVXEVWDQ]HQ ��

����� ,VRWKHUPHQ GHU YHU]ZHLJWHQ $PSKLSKLOH LQ 0LVFKXQJ PLW '33& ��

����� )OXRUHV]HQ]ILOPZDDJH ��

��� 'LIIHUHQWLHOOH :lUPHIOX�NDORULPHWULH DQ Zl�ULJHQ $PSKLSKLOO|VXQJHQ ��

��� 3KRWREOHLFKYHUIDKUHQ ���

��� /LFKWPLNURVNRSLVFKH 8QWHUVXFKXQJHQ ���

����� .RQWDNWSUlSDUDWH ���

����� 3UlSDUDWLRQ PLWWHOV :HFKVHOIHOGPHWKRGH ���

�� ([SHULPHQWHOOHU 7HLO ���

��� 5HDJHQ]LHQ XQG /|VXQJVPLWWHO ���

����� 5HDJHQ]HLQ LQ DOSKDEHWLVFKHU 5HLKHQIROJH ���

����� /|VXQJVPLWWHO ���

��� $OOJHPHLQH $UEHLWVYRUVFKULIWHQ ���

����� $OOJHPHLQH $UEHLWVYRUVFKULIW I�U GLH 3KRVJHQLHUXQJ YRQ

+\GUR[\YHUELQGXQJHQ �$$9 �� ���

����� $OOJHPHLQH $UEHLWVYRUVFKULIW I�U GLH .RQGHQVDWLRQ YRQ $PLQHQ PLW

&KORURIRUPLDWHQ LQ &KORURIRUP �$$9 �� ���

����� $OOJHPHLQH $UEHLWVYRUVFKULIW I�U GLH K\GURJHQRO\WLVFKH $EVSDOWXQJ GHU

%HQ]\OR[\EDUERQ\O�6FKXW]JUXSSH �&%2�6FKXW]JUXSSH� �$$9 �� ���

��� 6\QWKHVH GHU (LQ]HOYHUELQGXQJHQ ���

����� 1��%HQ]\OR[\FDUERQ\O��HWKDQ�����GLDPLQ � ���

����� 'LHWKDQRODPLQ�1�FDUERQVlXUH�EHQ]\OHVWHU 5� �Ä($&%2´� ���

����� 1�1¶�'LK\GUR[\HWK\O�1�1¶�'LFDUERQVlXUH�EHQ]\OHVWHU�HWK\OHQGLDPLQ �

�Ä'H�&%2��´� ���

����� 3RO\PHULVDWLRQ YRQ ����%XWDGLHQ ]XU 'DUVWHOOXQJ GHV XQJHVlWWLJWHQ

0DNURDONRKROV � ���

����� 0DNURDONRKRO � �Ä52+´� ���

����� 0DNURFKORURIRUPLDW � ���

����� 0DNURDPLQ�&%2 � �5(Q&%2� ���

����� 0DNURDPLQ � �5(Q� ���



Inhalt

3

����� 0DNURDPLQ 51+� � ���

������ 0HWKR[\KH[DHWK\OHQJO\NRO �Ä+(*0H´� �� ���

������ &KORURIRUPLDW YRQ 0HWKR[\KH[DHWK\OHQJO\NRO �� ���

������ $PSKLSKLO PLW 0HWKR[\KH[DHWK\OHQJO\NRO .RSIJUXSSH �� �Ä5(10H+(*´� ���

������ 'LHWKDQRODPLQ�1�FDUERQVlXUH�EHQ]\OHVWHU�ELV�FKORURIRUPLDW �� ���

������ Ä�5(Q��($&%2´ �� ���

������ ���¶�%LV�>�0DNURDPLQ�FDUEDPR\O R[\@�GLHWK\ODPLQ �� ���

������ $PSKLSKLO PLW � K\GURSKREHQ 5HVWHQ XQG 0HWKR[\KH[DHWK\OHQNRSIJUXSSH ��

�Ä51�($0H+(*´� ���

������ 1�1¶�'LK\GUR[\HWK\O�HWK\OHQGLDPLQ�ELV�FKORURIRUPLDW �� ���

������ �51��'H�&%2�� �� ���

������ �&��+��1��'H�&%2�� ��                                                    ���

������ �51��'H �� ���

������ �&��+����'H �� ���

������ �51��'H�+(*0H�� �� ���

������ �&��+����'(�+(*0H�� �� ���

������ ��%URPRHWK\O GLFKORURSKRVSKDW �� ���

������ $PSKLSKLO PLW 3KRVSKDWLG\OFKROLQ .RSIJUXSSH �� �Ä53&´� ���

������ $PSKLSKLO PLW 3KRVSKDWLG\OFKROLQ .RSIJUXSSH �� �Ä&�+��23&´� ���

��� 0HVVXQJHQ XQG ,QVWUXPHQWH ���

����� *HUOSHUPHDWLRQVFKURPDWRJUDSKLH ���

����� (6,�06�6SHNWUHQ ���

����� 105�6SHNWURVNRSLH ���

����� 'LIIHUHQWLHOOH :lUPHIOX� .DORULPHWULH ���

����� )OXRUHV]HQ]VSHNWUHQ ���

����� 6FKXE�)OlFKHQGLDJUDPPH ���

����� )OXRUHV]HQ]ILOPZDDJHQPHVVXQJHQ ���

����� 3KRWREOHLFKYHUIDKUHQ ���

����� /LFKWPLNURVNRSLH ���

������ +\GULHUXQJ ���

�� =XVDPPHQIDVVXQJ ���

�� 6XPPDU\ ���



Inhalt

4

�� /LWHUDWXUYHU]HLFKQLV ���

� $QKDQJ ���

��� YHUZHQGHWH $EN�U]XQJHQ ���

��� hEHUVLFKW �EHU GLH 6WUXNWXUIRUPHOQ DOOHU $PSKLSKLOH PLW YHU]ZHLJWHP

K\GURSKREHQ 5HVW ���

����� $PSKLSKLOH PLW HLQHP K\GURSKREHQ 5HVW ���

����� $PSKLSKLOH PLW ]ZHL K\GURSKREHQ 5HVWHQ ���



Kapitel 1                                                                                                                                               Einleitung

5

�� �������	�


��� 3KRVSKROLSLGH

1DW�UOLFKH =HOOHQ ZHUGHQ� JHQDXVR ZLH LKUH VXE]HOOXOlUHQ .RPSDUWLPHQWH� YRQ LKUHU

8PJHEXQJ GXUFK 0HPEUDQHQ DEJHWUHQQW� 'LHVH 0HPEUDQHQ HUI�OOHQ GDEHL HLQH 5HLKH

ZLFKWLJHU $XIJDEHQ� DQJHIDQJHQ YRQ HLQHU HLQIDFKHQ 6FKXW]IXQNWLRQ �EHU GLH )RUPJHEXQJ

ELV KLQ ]XP JHUHJHOWHQ $XVWDXVFK YRQ 6WRIIHQ XQG ,QIRUPDWLRQHQ PLW GHU 8PJHEXQJ�

$EE� ���� 6FKHPDWLVFKHU $XIEDX HLQHU %LRPHPEUDQ QDFK GHP IOXLG PRVDLF

PRGHOO YRQ 6LQJHU XQG 1LFROVRQ >�@�

7URW] GHU 9LHOIlOWLJNHLW LKUHV $XIWUHWHQV XQG LKUHU )XQNWLRQHQ LVW GHU SULQ]LSLHOOH $XIEDX DOOHU

0HPEUDQHQ LPPHU GHU JOHLFKH� ,Q HLQH DXV DPSKLSKLOHQ 0ROHN�OHQ� GHQ 0HPEUDQOLSLGHQ�

EHVWHKHQGH IOXLGH 'RSSHOVFKLFKW VLQG 3URWHLQH JDQ] RGHU WHLOZHLVH LQWHJULHUW� ,P LQWUD� XQG

H[WUD]HOOXOlUHQ 5DXP ZLUG GLH 0HPEUDQ YRQ HLQHU Zl�ULJHQ 3KDVH XPJHEHQ� 'LHVH

%HVFKUHLEXQJ ELRORJLVFKHU 0HPEUDQHQ ZXUGH XQWHU GHU %H]HLFKQXQJ ÄIOXLG PRVDLF PRGHO´

YRQ 6LQJHU XQG 1LFROVRQ EHNDQQW >�@ XQG ZLUG KHXWH DOOJHPHLQ DN]HSWLHUW� �VLHKH $EELOGXQJ

���� (V HUJLEW VLFK XQPLWWHOEDU GLH )UDJH QDFK GHQ ELRORJLVFKHQ� FKHPLVFKHQ XQG

SK\VLNDOLVFKHQ (LJHQVFKDIWHQ GHU HLQ]HOQHQ .RPSRQHQWHQ� 'LH GHWDLOOLHUWH .HQQWQLV GLHVHU
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(LJHQVFKDIWHQ XQG LKUHU ZHFKVHOVHLWLJHQ %HHLQIOXVVXQJ NDQQ ZHJHQ GHV 9RUNRPPHQV

ELRORJLVFKHU 0HPEUDQHQ LQ DOOHQ =HOOW\SHQ YRQ JUR�HP 1XW]HQ I�U GLH 0HGL]LQ >�@ VRZLH I�U

GLH 6HQVRUWHFKQLN XQG GLH 1DQRVWUXNWXULHUXQJ YRQ :HUNVWRIIHQ VHLQ >�@�

0HPEUDQOLSLGH IRUPHQ EHL LKUHU 'LVSHUVLRQ LQ :DVVHU 6WUXNWXUHQ� LQ GHQHQ WURW] HLQHU

JHULQJHQ 1DKRUGQXQJ HLQH VWDUNH )HUQRUGQXQJ KHUUVFKW� $QJHWULHEHQ GXUFK GHQ

K\GURSKREHQ (IIHNW >�@ ELOGHQ VLFK $JJUHJDWH YRQ 0ROHN�OHQ DXV� EHL GHQHQ GLH K\GURSKLOHQ

0ROHN�OWHLOH PLW GHP Zl�ULJHQ 0HGLXP LQ .RQWDNW VWHKHQ� ZlKUHQG GLH K\GURSKREHQ

$F\ONHWWHQ LP ,QQHUHQ YRQ GHU SRODUHQ 3KDVH DEJHZDQGW VLQG� $QIDQJ GHU VHFK]LJHU -DKUH

EHVFKULHE %DQJKDP DOV HUVWHU� GD� VLFK EHLP 7HPSHUQ YRQ VROFKHQ 3KRVSKROLSLGHQ LP

:DVVHU�EHUVFKX� VSRQWDQ ODPHOODUH 'RSSHOVFKLFKWHQ ELOGHQ� 'D GLHVH 6WUXNWXUHQ DXI

9HUlQGHUXQJ GHU ,RQHQVWlUNH E]Z� GHU ,RQHQDUW VHKU HPSILQGOLFK UHDJLHUWHQ� IROJHUWH HU� GD�

GLH /LSLGGRSSHOVFKLFKWHQ LQ VLFK JHVFKORVVHQ XQG NRQ]HQWULVFK XPHLQDQGHU JUXSSLHUW VLQG�

ZREHL ]ZLVFKHQ MHZHLOV ]ZHL 'RSSHOVFKLFKWHQ HLQH :DVVHUVFKLFKW YRUOLHJW >�@� 'LHVH

VSKlULVFKH $QRUGQXQJ LQ VLFK JHVFKORVVHQHU� YLHOVFKLFKWLJHU /DPHOOHQ ZHUGHQ LP DOOJHPHLQHQ

DOV PXOWLODPHOODUH 9HVLNHO �ODW� YHVLFXOD� %OlVFKHQ� EH]HLFKQHW� 'XUFK (QHUJLH

XQWHUVFKLHGOLFKVWHU )RUP N|QQHQ GDUDXV NOHLQH HLQVFKDOLJH �XQLODPHOODUH� 9HVLNHO JHELOGHW

ZHUGHQ� 'HU %HJULII 9HVLNHO EH]LHKW VLFK VWUHQJ JHQRPPHQ QXU DXI QDW�UOLFK YRUNRPPHQGH

6WUXNWXUHQ� ]�%� 0HPEUDQDEVFKQ�UXQJHQ EHL (QGR]\WRVHYRUJlQJHQ� LP )DOO N�QVWOLFK

KHUJHVWHOOWHU 6WUXNWXUHQ ODXWHW GLH H[DNWH %H]HLFKQXQJ /LSRVRPHQ �JULHFK� /LSRVRPD�

)HWWN|USHU�� ,Q GLHVHU $UEHLW VROO DEHU ZHJHQ VHLQHU DOOJHPHLQHQ *HEUlXFKOLFKNHLW GHU %HJULII

9HVLNHO V\QRQ\P PLW GHP $XVGUXFN /LSRVRP YHUZHQGHW ZHUGHQ >�@�

1HEHQ ODPHOODUHQ 6WUXNWXUHQ N|QQHQ VLFK DXFK PL]HOODUH KH[DJRQDOH RGHU NXELVFKH 3KDVHQ

ELOGHQ >�@� =XP 7HLO N|QQHQ GLH 3KDVHQ GXUFK bQGHUXQJ GHU 7HPSHUDWXU XQG GHV

:DVVHUJHKDOWV LQHLQDQGHU �EHUI�KUW ZHUGHQ �WKHUPRWURSHU XQG O\RWURSHU 0HVRPRUSKLVPXV�

>�@� :HOFKH VSH]LHOOH $JJUHJDWLRQVIRUP YRQ ZHOFKHP /LSLG EHUYRU]XJW ZLUG� NDQQ PLW +LOIH

GHV 3DFNXQJVSDUDPHWHUV >�@� GHU VLFK DXV GHQ *U|�HQYHUKlOWQLVVHQ YRQ K\GURSKLOHP XQG

K\GURSKREHP 0ROHN�OWHLO HUJLEW� HUNOlUW ZHUGHQ�
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��� 9HUVFKLHGHQH 7\SHQ YRQ 0RGHOOPHPEUDQHQ

(LQ]HOQH 0HPEUDQYRUJlQJH ZHUGHQ EHYRU]XJW DQ GHQ LQ $EELOGXQJ ��� GDUJHVWHOOWHQ YLHU

0RGHOOV\VWHPHQ XQWHUVXFKW� 'LHVH 6\VWHPH VLQG ZLH LKU QDW�UOLFKHV 9RUELOG � GLH =HOOH � DXV

/LSLGHQ DXIJHEDXW� GLH VLFK DOV ZDVVHUXQO|VOLFKH DPSKLSKLOH 0ROHN�OH LP .RQWDNW PLW :DVVHU

VHOEVW RUJDQLVLHUHQ� 'LH GD]X HUIRUGHUOLFKHQ /LSLGH ZHUGHQ KlXILJ V\QWKHWLVFK KHUJHVWHOOW� VR

GD� DXFK LQ GHU 1DWXU QLFKW YRUNRPPHQGH 'HULYDWH ]XJlQJOLFK VLQG� -H QDFK GHU

YHUZHQGHWHQ 3UlSDUDWLRQVWHFKQLN ELOGHQ VLFK XQWHUVFKLHGOLFKH VXSUDPROHNXODUH 6WUXNWXUHQ�

GLH PDQ DOV 0RGHOOH ELRORJLVFKHU 6\VWHPH� 0RGHOOPHPEUDQHQ >��@� YHUZHQGHQ NDQQ�

$EE� ���� 3ULQ]LSVNL]]HQ GHU JHEUlXFKOLFKVWHQ 0RGHOOPHPEUDQHQ�



Kapitel 1                                                                                                                                               Einleitung

8

%ODFN /LSLG 0HPEUDQHV �%/0V� >��@� /LSLGGRSSHOVFKLFKWHQ� GLH HLQ /RFK LQ HLQHU 7UHQQZDQG

�EHUVSDQQHQ XQG GDEHL ]ZHL Zl�ULJH .RPSDUWLPHQWH PLWHLQDQGHU YHUELQGHQ� ZHUGHQ ]XP

%HLVSLHO I�U 8QWHUVXFKXQJHQ GHV ,RQHQWUDQVSRUWV YHUZHQGHW� 'XUFK 9HVLNHOIXVLRQ RGHU

/DQJPXLU�%ORGJHWW 7HFKQLN ZHUGHQ VXEVWUDWJHVW�W]WH 'RSSHOVFKLFKWHQ DXI HLQHP IHVWHQ

6XEVWUDW HUKDOWHQ �6ROLG 6XSSRUWHG %LOD\HUV� 66%� >��@� 'LHVH 66%V VLQG VWDELOHU DOV %/0V XQG

DQ GHU 6HLWH� GLH GHU Zl�ULJHQ 3KDVH ]XJHQHLJW LVW� HLQIDFK ]X PDQLSXOLHUHQ� 'HVKDOE HLJQHQ

VLH VLFK I�U 8QWHUVXFKXQJHQ YRQ =HOO�=HOO� XQG =HOO�0HPEUDQ�:HFKVHOZLUNXQJHQ� hEHUGLHV

KDEHQ VLH VLFK DOV Q�W]OLFK I�U GDV 6WXGLXP GHU ODWHUDOHQ 'LIIXVLRQ YRQ 0HPEUDQOLSLGHQ RGHU

DGVRUELHUWHQ 0DNURPROHN�OHQ >��@ VRZLH GHU VSH]LILVFKHQ %LQGXQJ YRQ 3URWHLQHQ DQ

0HPEUDQUH]HSWRUHQ >�����@ HUZLHVHQ�

0RQRVFKLFKWHQ� VRJHQDQQWH /DQJPXLU )LOPH >��@ HQWVWHKHQ EHLP 6SUHLWHQ HLQHV /LSLGV DXI

HLQHU :DVVHUREHUIOlFKH� 6LH HQWVSUHFKHQ HLQHU +lOIWH GHU /LSLGGRSSHOVFKLFKW HLQHU 0HPEUDQ�

$Q LKQHQ ODVVHQ VLFK HLQIDFK GHU )OlFKHQEHGDUI HLQHV $PSKLSKLOV XQG GLH 6WDELOLWlW GHU

0RGHOOPHPEUDQ� VRZLH :HFKVHOZLUNXQJHQ PLW LQ GHU 6XESKDVH JHO|VWHQ 6XEVWDQ]HQ ZLH

]XP %HLVSLHO 3URWHLQHQ XQWHUVXFKHQ�

'LH VFKRQ EHVFKULHEHQHQ /LSRVRPHQ �9HVLNHO� ZHUGHQ XQWHU DQGHUHP ]XU ,PPRELOLVLHUXQJ

YRQ 0HPEUDQSURWHLQHQ VRZLH ]XP 6WXGLXP YRQ 2EHUIOlFKHQHUNHQQXQJVUHDNWLRQHQ

YHUZHQGHW�

'LH 6HOEVWRUJDQLVDWLRQVHLJHQVFKDIWHQ YRQ /LSLGHQ VLQG DEHU QLFKW QXU YRQ DNDGHPLVFKHP

,QWHUHVVH� 'LH VSRQWDQ DXVJHELOGHWHQ 6WUXNWXUHQ ZHUGHQ DOV 7HPSODWH I�U QDQRVWUXNWXULHUWH

0HWDOOH� +DOEOHLWHU RGHU RUJDQLVFKH /HLWHU JHQXW]W� $XFK GLH WKHUDSHXWLVFKH $QZHQGXQJ YRQ

3KRVSKROLSLGHQ ZXUGH XQWHUVXFKW� ZREHL *O\FHURSKRVSKROLSLGH DOV ÄGUXJ FDUULHU´ RGHU DOV

:LUNVWRII YHUZHQGHW ZXUGHQ >��@� :HLWHUKLQ N|QQHQ VXEVWUDWJHVW�W]WH 0HPEUDQHQ DOV

ELRDNWLYH 2EHUIOlFKHQ LQ GHU 0HGL]LQ >��@ VRZLH ]XU .RQVWUXNWLRQ YRQ HPSILQGOLFKHQ

%LRVHQVRUHQ >�@ GLHQHQ�
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��� 0HPEUDQSURWHLQH XQG 3URWHLQLPPRELOLVLHUXQJ LQ 0RGHOOPHPEUDQHQ

)�U GHQ 6WRIIWUDQVSRUW GXUFK GLH 0HPEUDQ VLQG VSH]LHOOH� LQ GHU 0HPEUDQ HLQJHEHWWHWH

7UDQVSRUWSURWHLQH YHUDQWZRUWOLFK >��� ��@� (EHQVR OlXIW GLH SK\VLRORJLVFKH =HOO�=HOO

.RPPXQLNDWLRQ RIWPDOV �EHU 3URWHLQH RGHU .RKOHQZDVVHUVWRIIVWUXNWXUHQ DQ GHU 2EHUIOlFKH

GHU =HOOPHPEUDQHQ DE� GLH VSH]LILVFKH =HOOUH]HSWRUHQ EHQDFKEDUWHU =HOOHQ DNWLYLHUHQ� ,Q GHU

9HUJDQJHQKHLW ZXUGHQ DQ /LSLGH JHNRSSHOWH 3URWHLQH EHUHLWV I�U HLQH 5HLKH YRQ

LPPXQRFKHPLVFKHQ XQG GLDJQRVWLVFKHQ =ZHFNHQ YHUZHQGHW� $QWLN|USHU DQ GHU 2EHUIOlFKH

YRQ /LSRVRPHQ EHIlKLJHQ GDEHL GLH 3URWHLQH� DQ EHVWLPPWH 0ROHN�OH DXI GHU 2EHUIOlFKH YRQ

=HOOHQ ]X ELQGHQ XQG DOV ÄGUXJ GHOLYHU\ V\VWHP´ LQ GLH =HOOH LQNRUSRULHUW ]X ZHUGHQ�

9LHOH SK\VLRORJLVFK ZLFKWLJH 3URWHLQH HQWKDOWHQ HLQHQ K\GURSKREHQ $QNHU� HQWZHGHU HLQH

)HWWVlXUH RGHU NRPSOH[H *O\FRSKRVSKROLSLGH ZLH *O\FRSKRVSKDWLG\OLQRVLWRO >�����@� (V

ZXUGH HLQH 9LHO]DKO YRQ 6WDQGDUGWHFKQLNHQ I�U GLH NRYDOHQWH %LQGXQJ YRQ 3URWHLQHQ DQ

/LSRVRPHQ HQWZLFNHOW >�����@� )�U GLH 8QWHUVXFKXQJ VROFKHU PHPEUDQJHEXQGHQHQ 3URWHLQH

LVW GLH 3UlSDUDWLRQ PHPEUDQJHVW�W]WHU 0RGHOOPHPEUDQHQ PLW ODWHUDOHU 0RELOLWlW

Z�QVFKHQVZHUW >��@� 'LHV Ol�W VLFK DOOHUGLQJV QXU VFKZLHULJ PLW GHU /DQJPXLU�%ORGJHWW

7HFKQLN UHDOLVLHUHQ� GD YLHOH 3URWHLQH GHQ 7UDQVIHU LQ HLQH 0RQRVFKLFKW QLFKW WROHULHUHQ�

2IWPDOV I�KUW HLQ GLUHNWHU .RQWDNW PLW /XIW ]XU 'HQDWXULHUXQJ >��@�

$OWHUQDWLY NDQQ ]XQlFKVW HLQH VXEVWUDWJHVW�W]WH /LSLGPRQROD\HU KHUJHVWHOOW ZHUGHQ� GLH HLQHQ

JHZLVVHQ $QWHLO HLQHV /LSLGHV HQWKlOW� DQ GDV VHOHNWLY 3URWHLQELQGXQJ HUIROJHQ NDQQ� (LQH

6WUDWHJLH KLHU]X LVW GLH $QELQGXQJ HLQHV 0ROHN�OIUDJPHQWV PLW HLQHU $QWLJHQELQGXQJVVWHOOH

�)DE�)UDJPHQW� �EHU 'LVXOILGEU�FNHQ DQ HLQ 3KRVSKDWLG\OHWKDQRODPLQ LQ HLQHU JHPLVFKWHQ

3KRVSKROLSLGPHPEUDQ XQG GLH DQVFKOLH�HQGH .RSSOXQJ GHV 3URWHLQV DQ GDV )DE�)UDJPHQWV

>��@� (LQ ZHLWHUHU $QVDW] EHQXW]W /LSLGH PLW 0HWDOOFKHODWHQ LQ GHU K\GURSKLOHQ .RSIJUXSSH�

%HVLW]W GHU 0HWDOONRPSOH[ IUHLH %LQGXQJVVWHOOHQ� N|QQHQ (OHNWURQHQGRQRUHQ ZLH ,PLGD]RO

RGHU +LVWLGLQ JHEXQGHQ ZHUGHQ >��@�

'LH HLQIDFKVWH 3UlSDUDWLRQVPHWKRGH PDFKW VLFK GLH %HVRQGHUKHLWHQ GHV %LRWLQ�$YLGLQ

.RPSOH[HV ]X QXW]H� $YLGLQ XQG 6WUHSWDYLGLQ VLQG ]ZHL KRPRORJH ZDVVHUO|VOLFKH 3URWHLQH� GLH

MHZHLOV DXV YLHU LGHQWLVFKHQ 8QWHUHLQKHLWHQ DXIJHEDXW VLQG >��@� -HGH GLHVHU (LQKHLWHQ ZHLVW

HLQH VSH]LILVFKH %LQGXQJVVWHOOH I�U %LRWLQ DXI >��@� 'LH %LQGXQJVHQWKDOSLH NRPPW PLW ��

N-�PRO GHU HLQHU NRYDOHQWHQ %LQGXQJ QDKH >��@� 'LH %LQGXQJ LVW GDPLW QDKH]X LUUHYHUVLEHO�

%LRWLQ NRPPW DOV &2��*UXSSHQ �EHUWUDJHQGHV &RHQ]\P LQ YHUVFKLHGHQHQ &DUER[\ODVHQ LQ
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DOOHQ K|KHUHQ 2UJDQLVPHQ YRU >��@� 'LHVH )XQNWLRQ ZLUG GXUFK GLH $YLGLQH JHKHPPW� LQGHP

VLH %LRWLQ VR IHVW ELQGHQ� GD� HV QLFKW PHKU I�U GLH HQ]\PDWLVFKH 5HDNWLRQ ]XU 9HUI�JXQJ

VWHKW� 'LHVH IHVWH %LQGXQJ ZLUG I�U ]DKOUHLFKH $QZHQGXQJHQ LQ GHU %LRDQDO\WLN JHQXW]W >��@�

%LRWLQ NDQQ DQ VHLQHU IUHLHQ &DUER[\OJUXSSH IXQNWLRQDOLVLHUW XQG VR LQ GLH .RSIJUXSSH YRQ

/LSLGHQ HLQJHEXQGHQ ZHUGHQ >�����@� $XVJHKHQG YRQ VROFKHQ PRGLIL]LHUWHQ /LSLGHQ LVW GHU

$XIEDX VHKU G�QQHU XQG JXW GHILQLHUWHU 6WUHSWDYLGLQ�0XOWLVFKLFKWVWUXNWXUHQ GHQNEDU �VLHKH

$EELOGXQJ ����� 'DEHL NDQQ DQ HLQH VXEVWUDWJHVW�W]WH ]ZHLNRPSRQHQWLJH 0RQRVFKLFKW PLW

HLQHP ELRWLQ\OLHUWHQ /LSLG $YLGLQ JHEXQGHQ ZHUGHQ� 'LH VR HQWVWDQGHQHQ NULVWDOOLQHQ

3URWHLQVFKLFKWHQ N|QQHQ ]XP $QGRFNHQ ZHLWHUHU ELRWLQ\OLHUWHU 0ROHN�OH� ZLH ]XP %HLVSLHO

3URWHLQH RGHU 1XNOHLQVlXUHQ� GLHQHQ >��@�

Streptavidin-
matrix

Biotin-Fab-Fragment

Lipid-
schicht

Substrat

biotinyliertes
Lipid

$EE� ���� 6FKHPDWLVFKHU $XIEDX HLQHU VXEVWUDWJHVW�W]WHQ 0XOWLVFKLFKW ]XU

$QELQGXQJ YRQ 3URWHLQHQ DQ 0RGHOOPHPEUDQHQ �EHU HLQHQ

%LRWLQ�$YLGLQ .RPSOH[�

'LH $QELQGXQJ YRQ 3URWHLQHQ DQ /LSLGPRQRVFKLFKWHQ EULQJW DOOHUGLQJV DXFK 3UREOHPH PLW

VLFK� 'DV 3URWHLQ �EW HLQHQ JHZLVVHQ =XJ DXI GDV /LSLG DXV� VR GD� GLHVHV OHLFKW DXV GHU

0HPEUDQ KHUDXVJH]RJHQ ZHUGHQ NDQQ� 'DI�U VLQG ]ZHL YHUVFKLHGHQH )DNWRUHQ

YHUDQWZRUWOLFK� =XP HLQHQ NRVWHW HV IUHLH (QHUJLH� HLQ JUR�HV ZDVVHUO|VOLFKHV 3URWHLQ DQ

HLQHU 6WHOOH ]X 9HUDQNHUQ� *U�QGH KLHUI�U VLQG GHU 7UDQVODWLRQV�(QWURSLH�9HUOXVW EHLP

9HUDQNHUQ XQG GLH bQGHUXQJ GHU +\GUDWLVLHUXQJ GHU 0HPEUDQ� IDOOV GDV 3URWHLQ �EHU HLQHQ

NXU]HQ 6SDFHU DQJHEXQGHQ LVW� 'HU DQGHUH )DNWRU VLQG HFKWH PHFKDQLVFKH .UlIWH GXUFK
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K\GURG\QDPLVFKH 6WU|PXQJ� 'LH (QHUJLH� GLH DXIJHZHQGHW ZHUGHQ PX�� XP HLQ /LSLG DXV

HLQHU 0RQROD\HU ]X HQWIHUQHQ� VWHLJW PLW GHU .HWWHQOlQJH GHV K\GURSKREHQ 5HVWHV� 'LHVHU

NDQQ MHGRFK QLFKW EHOLHELJ YHUOlQJHUW ZHUGHQ� RKQH (LQEX�HQ EHL GHU ODWHUDOHQ 0RELOLWlW

KLQQHKPHQ ]X P�VVHQ� 1|WLJ ZlUH DOVR HLQ /LSLG� GDV DQ GHU .RSIJUXSSH ELRWLQ\OLHUW ZHUGHQ

NDQQ XQG XQDEKlQJLJ YRQ GHU .HWWHQOlQJH GHV K\GURSKREHQ 5HVWHV IOXLGH EOHLEW� 'LHVHV =LHO

NDQQ �EHU GLH 9HUZHQGXQJ YHU]ZHLJWHU /LSLGH HUUHLFKW ZHUGHQ� ZLH LP )ROJHQGHQ DXVJHI�KUW

ZLUG�

��� 9HU]ZHLJWH /LSLGH

.HWWHQVXEVWLWXLHUWH /LSLGH LQ PRQRPROHNXODUHQ )LOPHQ EHVLW]HQ LQ GHU 5HJHO JHULQJHUH

3DFNXQJVGLFKWH XQG YHUOHLKHQ GDPLW GHU 0HPEUDQ K|KHUH 3HUPHDELOLWlW >��@� .XU]H

$ON\OVHLWHQNHWWHQ HUK|KHQ GLH /|VOLFKNHLW XQG YHUPLQGHUQ GLH 0L]HOOELOGXQJVWHQGHQ] YRQ

$PSKLSKLOHQ >��� ��@� ,Q GHU 1DWXU NRPPHQ YHU]ZHLJWH /LSLGH LQ

$UFKDHEDNWHULHQPHPEUDQHQ YRU >��@� 6LH EHVWHKHQ DXV HLQHP LVRSUHQRLGHQ K\GURSKREHQ

%DXVWHLQ� KlXILJ HLQ PHPEUDQGXUFKVSDQQHQGHU 0DNUR]\NOXV �VLHKH $EELOGXQJ ����� XQG �EHU

(WKHUELQGXQJHQ DQJHEXQGHQHQ SRODUHQ .RSIJUXSSHQ �*O\FHUROSKRVSKRHVWHU RGHU

=XFNHUNRPSRQHQWHQ�� 'LH (WKHUELQGXQJHQ VLQG H[WUHP VWDELO� DXFK EHL KRKHQ 7HPSHUDWXUHQ

RGHU LQ VDXUHQ 0HGLHQ� $XIJUXQG GHU 9HU]ZHLJXQJHQ ]HLFKQHQ VLFK GLHVH /LSLGH ZHLWHUKLQ

GXUFK HLQH KRKH )OXLGLWlW� DXFK EHL WLHIHQ 7HPSHUDWXUHQ� DXV� %HLVSLHOVZHLVH ELOGHQ VLH QRFK

EHL ��& VSRQWDQ 5LHVHQYHVLNHO GXUFK 6FKZHOOHQ �ÄVZHOOLQJ´� DXV >��@� 2EHUKDOE ��& EHVLW]HQ

VLH NHLQH +DXSWXPZDQGOXQJ �NHLQHQ 3KDVHQ�EHUJDQJ YRQ HLQHU IO�VVLJNULVWDOOLQHQ LQ HLQH

*HOSKDVH� >��@� $OOHUGLQJV LVW GLH 6\QWKHVH GLHVHU 9HUELQGXQJHQ� EHVRQGHUV GHU K\GURSKREHQ

5HVWH� DXIZHQGLJ XQG ODQJZLHULJ >��� ��@� ZHVKDOE LKUH (LJQXQJ I�U GHQ (LQVDW] LQ

0RGHOOPHPEUDQHQ HLQJHVFKUlQNW LVW�

$OV REHUIOlFKHQDNWLYH %�UVWHQ KDEHQ LQ M�QJHUHU =HLW 9HUELQGXQJHQ PLW 3RO\LVRSUHQUHVW XQG

6XOIDWNRSIJUXSSH $QZHQGXQJ JHIXQGHQ >��� ��@� $XFK KLHU ]HLJW VLFK HLQH KRKH )OXLGLWlW

GXUFK GLH JHULQJH *ODVXPZDQGOXQJVWHPSHUDWXU�
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O
O

O
O

OR'

RO

R, R' = Zucker und/oder Phosphodiester

$EE� ���� DOOJHPHLQH 6WUXNWXUIRUPHO HLQHV PHPEUDQGXUFKVSDQQHQGHQ LVRSUHQRLGHQ /LSLGV�

$QVWHOOH GHU 1XW]XQJ LVRSUHQRLGHU 'HULYDWH ELOGHQ $ON\ONHWWHQ PLW NXU]HQ 9HU]ZHLJXQJHQ

DXVJHKHQG YRQ 3RO\EXWDGLHQ PLW HLQHP EHVWLPPWHQ *HKDOW DQ ����9HUNQ�SIXQJHQ XQG

QDFKIROJHQGHU +\GULHUXQJ GHU 'RSSHOELQGXQJHQ HLQHQ SULQ]LSLHOO HLQIDFKHUHQ =XJDQJ ]X

6WUXNWXUHQ PLW JHULQJHU .HWWHQVWHLILJNHLW� 'XUFK GDV $XIWUHWHQ YRQ ���� XQG ����$GGLWLRQ GHU

0RQRPHUH DQ GDV DNWLYH =HQWUXP GHU 3RO\PHULVDWLRQ N|QQHQ 9HUELQGXQJHQ PLW HLQHP

HLQVWHOOEDUHQ *HKDOW DQ (WK\OVHLWHQJUXSSHQ XQG GHILQLHUWHU 5�FNJUDWOlQJH HUKDOWHQ ZHUGHQ�

'LHVHU $QVDW] ZXUGH LQ GHU YRUOLHJHQGHQ $UEHLW YHUIROJW�
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��������	
��	����

,Q GHU %LRSK\VLN ZLUG GLH 1DFKDKPXQJ ELRORJLVFKHU 0HPEUDQHQ RGHU VRJDU =HOOHQ PLW GHP

=LHO YHUIROJW� GLH 9RUJlQJH LQ QDW�UOLFKHQ 6\VWHPHQ EHVVHU ]X YHUVWHKHQ� (LQ LQWHUHVVDQWHV

*HELHW LVW GDEHL GLH ,PPRELOLVLHUXQJ YRQ 3URWHLQHQ DQ 0RGHOOPHPEUDQHQ� +LHUI�U JLEW HV

PHKUHUH $QVlW]H ]XU 5HDOLVLHUXQJ� 'LH $QELQGXQJ �EHU $QNHUOLSLGH EULQJW 3UREOHPH PLW VLFK

XQG EHGDUI GHU (QWZLFNOXQJ QHXHU $PSKLSKLOV\VWHPH�

,P 0LWWHOSXQNW GLHVHU $UEHLW VWHKHQ GDKHU GLH 6XFKH QDFK HLQHP Y|OOLJ QHXHQ $PSKLSKLOW\S

I�U GHQ (LQVDW] LQ 0RGHOOPHPEUDQHQ DOV P|JOLFKHU K\GURSKREHU $QNHU I�U 3URWHLQH RGHU

QDFK %LRWLQ\OLHUXQJ ]XU $QELQGXQJ DQGHUHU 0ROHN�OH XQG GDV $XIILQGHQ E]Z� $XVDUEHLWHQ YRQ

JHHLJQHWHQ 6\QWKHVHZHJHQ� 'DEHL ZHUGHQ HLQH 5HLKH YRQ $QIRUGHUXQJHQ DQ GLHVH

9HUELQGXQJHQ JHVWHOOW�

,Q HUVWHU /LQLH P�VVHQ GLH DPSKLSKLOHQ %DXVWHLQH I�U GHQ (LQVDW] LQ JHPLVFKWHQ

0RGHOOPHPEUDQHQ PLW QDW�UOLFKHQ /LSLGHQ ZLH GHP 'LSDOPLWR\OSKRVSKDWLG\OFKROLQ �'33&�

PLVFKEDU VHLQ� )DOOV HLQH 0LVFKXQJVO�FNH YRUOLHJW� PX� GLHVH LGHQWLIL]LHUW ZHUGHQ XQG GHU

%HUHLFK GHV 0ROHQEUXFKHV DQ V\QWKHWLVFKHP $PSKLSKLO EHVWLPPW ZHUGHQ� EHL GHP HLQH

(QWPLVFKXQJ DXIWULWW�

:HLWHUKLQ VROO GLHVHV QHXDUWLJH $PSKLSKLO GLH )lKLJNHLW ]XU %LOGXQJ YRQ 9HVLNHOQ EHVLW]HQ�

'D]X LVW GLH (LQVWHOOXQJ HLQHV JHHLJQHWHQ K\GURSKLO�K\GURSKRE�9HUKlOWQLVVHV Q|WLJ� 'LHV VROO

EHL GHU 6\QWKHVH GXUFK GLH :DKO HLQHU K\GURSKLOHQ .RSIJUXSSH JHHLJQHWHU /lQJH

EHU�FNVLFKWLJW ZHUGHQ� ,QVEHVRQGHUH ZLUG DQJHVWUHEW� GD� GLH V\QWKHWLVFKHQ $PSKLSKLOH

IOXLGH 0RQR� XQG 'RSSHOVFKLFKWHQ DXVELOGHQ XQG DXFK LQ GHU /DJH VLQG� HLQH '33&�0HPEUDQ

]X IOXLGLVLHUHQ� XP GLHVH LQ LKUHQ IOXLGHQ (LJHQVFKDIWHQ QDW�UOLFKHQ 0HPEUDQHQ DQ]XQlKHUQ�

$XV GLHVHP *UXQG VROOHQ GLH V\QWKHWLVFKHQ &RWHQVLGH QLFKWNULVWDOOLVLHUEDU VHLQ RGHU ]XPLQGHVW

LQ /|VXQJ PLW :DVVHU�EHUVFKX� REHUKDOE ��& NHLQH WKHUPRWURSH 3KDVHQXPZDQGOXQJ

EHVLW]HQ� 'LHVHU )RUGHUXQJ VROO GXUFK GLH :DKO HLQHV K\GULHUWHQ 3RO\EXWDGLHQV DOV

K\GURSKREHP %DXVWHLQ HQWVSURFKHQ ZHUGHQ�
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%H]�JOLFK GHU 6\QWKHVH LVW EHL SRO\PHUHQ %DXVWHLQHQ HLQH HQJH 0ROHNXODUJHZLFKWVYHUWHLOXQJ

*UXQGYRUDXVVHW]XQJ� XP HLQ JXW GHILQLHUWHV XQG LQ VHLQHQ 6WUXNWXU�(LJHQVFKDIWVEH]LHKXQJHQ

XQWHUVXFKEDUHV 6\VWHP ]X HUKDOWHQ� 'LH 6\QWKHVH PX� HUZHLWHUEDU VHLQ� VR GD�

JHJHEHQHQIDOOV %LRWLQ RGHU DQGHUH %DXVWHLQH ]XU 3URWHLQDQELQGXQJ LQ GDV 0ROHN�O HLQJHEDXW

ZHUGHQ N|QQHQ�

,P 5DKPHQ GLHVHU $UEHLW VROOHQ HQGJUXSSHQIXQNWLRQDOLVLHUWH XQG K\GULHUWH 3RO\EXWDGLHQH DOV

YDULDEOHV 6\VWHP I�U GHQ K\GURSKREHQ %DXVWHLQ GHU $PSKLSKLOH YHUZHQGHW ZHUGHQ� (V VROOHQ

GDEHL 9HUELQGXQJHQ PLW XQWHUVFKLHGOLFKHP *HKDOW DQ (WK\OYHU]ZHLJXQJHQ XQG HQJHU

0ROHNXODUJHZLFKWVYHUWHLOXQJ KHUJHVWHOOW ZHUGHQ� XP DQVFKOLH�HQG GHQ GDUDXV UHVXOWLHUHQGHQ

(IIHNW DXI GLH 0LVFKEDUNHLW PLW )OXLGLVLHUXQJ YRQ '33& LQ JHPLVFKWHQ 0HPEUDQHQ VWXGLHUHQ

]X N|QQHQ� :HLWHUKLQ VROOHQ XQWHUVFKLHGOLFKH .RSIJUXSSHQ 9HUZHQGXQJ ILQGHQ XQG HLQH

$XVVDJH �EHU LKUH (LJQXQJ DOV .RSIJUXSSH HLQHV &RWHQVLGV I�U IOXLGH JHPLVFKWH 0HPEUDQHQ

PLW '33& JHWURIIHQ ZHUGHQ� 'DQHEHQ VROOHQ YHUVFKLHGHQDUWLJH %ORFNV\VWHPH �PLW

XQWHUVFKLHGOLFKHU $Q]DKO DQ K\GURSKREHQ XQG K\GUGRSKLOHQ %DXVWHLQHQ� V\QWKHWLVLHUW XQG GHU

(LQIOX� GLHVHU 9DULDWLRQ DXI GDV 9HUKDOWHQ LQ 0RGHOOPHPEUDQHQ VWXGLHUW ZHUGHQ�

'LH K\GURSKREHQ� SRO\PHUHQ %DXVWHLQH VRZLH DOOH GDUDXV V\QWKHWLVLHUWHQ $PSKLSKLOH VROOHQ

DXI LKUH 6WUXNWXU KLQ XQWHUVXFKW ZHUGHQ� 'DEHL VROO GLH *HOSHUPHDWLRQVFKURPDWRJUDSKLH

�*3&� XQG JHJHEHQHQIDOOV DOWHUQDWLYH 8QWHUVXFKXQJVPHWKRGHQ 9HUZHQGXQJ ILQGHQ� XP GLH

3RO\GLVSHUVLWlW ]X EHVWLPPHQ� (V VROO GHU *HKDOW DQ 9HU]ZHLJXQJHQ XQG GDV

0ROHNXODUJHZLFKW IHVWJHVWHOOW ZHUGHQ� VRZLH GLH 0LNURVWUXNWXU DQDO\VLHUW ZHUGHQ� +LHU]X

VROOHQ YHUVFKLHGHQH 0HWKRGHQ GHU PDJQHWLVFKHQ .HUQUHVRQDQ]VSHNWURVNRSLH 9HUZHQGXQJ

ILQGHQ� :HLWHUKLQ VROOHQ GLH WKHUPLVFKHQ (LJHQVFKDIWHQ PLWWHOV 'LIIHUHQWLHOOHU

:lUPHIOX�NDORULPHWULH XQWHUVXFKW ZHUGHQ�

9RQ ,QWHUHVVH VLQG ZHLWHUKLQ GLH 6WUXNWXU�(LJHQVFKDIWVEH]LHKXQJHQ GHU YHU]ZHLJWHQ

$PSKLSKLOH� 'D]X VROOHQ GLH NULWLVFKHQ 0L]HOOELOGXQJVNRQ]HQWUDWLRQHQ LQ $EKlQJLJNHLW GHU

.RSIJUXSSH XQG GHU 6WUXNWXU GHV K\GURSKREHQ 5HVWHV EHVWLPPW XQG VRPLW HLQ $QKDOWVSXQNW

I�U GLH /|VOLFKNHLW GHU 9HUELQGXQJHQ LQ :DVVHU HUKDOWHQ ZHUGHQ�
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'DV 9HUKDOWHQ DQ GHU :DVVHU�/XIW�*UHQ]IOlFKH VROO PLWWHOV )LOPZDDJHQXQWHUVXFKXQJHQ

EHVWLPPW ZHUGHQ� +LHUEHL LVW ]XQlFKVW GLH 6WDELOLWlW GHU PRQRPROHNXODUHQ )LOPH YRQ

,QWHUHVVH� :HLWHUKLQ VROO GHU )OlFKHQEHGDUI GHU $PSKLSKLOH LQ HLQHU 0RGHOOPHPEUDQ

EHVWLPPW XQG GLH GDEHL HUKDOWHQHQ 'DWHQ LQ =XVDPPHQKDQJ PLW GHU $UW GHU .RSIJUXSSH

E]Z� GHU 0LNURVWUXNWXU GHU K\GURSKREHQ .HWWH JHVHW]W ZHUGHQ�

=XU %HDQWZRUWXQJ GHU )UDJH GHU 0LVFKEDUNHLW PLW '33& VROOHQ JHPLVFKWH )LOPH PLW

YDULLHUHQGHP *HKDOW DQ YHU]ZHLJWHP $PSKLSKLO KHUJHVWHOOW XQG PLWWHOV NRQYHQWLRQHOOHU

)LOPZDDJHQWHFKQLN VRZLH � QDFK =XVDW] HLQHV )OXRUHV]HQ]LQGLNDWRUV � JHNRSSHOW PLW

)OXRUHV]HQ]PLNURVNRSLH XQWHUVXFKW ZHUGHQ� $XV GLHVHQ 8QWHUVXFKXQJHQ VROOHQ DX�HUGHP

$XVVDJHQ �EHU GLH 6WDELOLWlW GHU JHPLVFKWHQ )LOPH JHWURIIHQ ZHUGHQ�

$QKDQG GHU (UJHEQLVVH GLHVHU 8QWHUVXFKXQJHQ VROOHQ HLQLJH JHHLJQHWH $PSKLSKLOH I�U

ZHLWHUH ([SHULPHQWH DXVJHZlKOW ZHUGHQ� ZHOFKH GLH (UJHEQLVVH GHU )LOPZDDJHQPHVVXQJHQ

XQWHUVW�W]HQ VROOHQ� (V LVW KLHUI�U ZLFKWLJ� DQGHUH 7\SHQ YRQ 0RGHOOPHPEUDQHQ ]X

YHUZHQGHQ� XP HLQ XPIDVVHQGHV %LOG �EHU GDV 9HUKDOWHQ GHU QHXHQ $PSKLSKLONODVVH

JHZLQQHQ ]X N|QQHQ� )�U 8QWHUVXFKXQJ DQ /LSRVRPHQ VROO GLH 'LIIHUHQWLHOOH

:lUPHIOX�NDORULPHWULH ]XP (LQVDW] NRPPHQ� 'LH 0HVVXQJHQ LQ /|VXQJ PLW

:DVVHU�EHUVFKX� VROOHQ $XIVFKOX� �EHU GLH )OXLGLVLHUXQJ GHU '33&�'RSSHOVFKLFKW GXUFK GLH

YHU]ZHLJWHQ $PSKLSKLOH JHEHQ� $X�HUGHP VROOHQ $XVVDJHQ �EHU GLH 0LVFKEDUNHLW EHLGHU

$PSKLSKLOH JHWURIIHQ ZHUGHQ XQG JHJHEHQHQIDOOV GHU %HUHLFK HLQHU 0LVFKXQJVO�FNH

IHVWJHVWHOOW ZHUGHQ�

$Q VXEVWUDWJHVW�W]WHQ 0HPEUDQHQ DXV '33& PLW XQWHUVFKLHGOLFKHP *HKDOW DQ YHU]ZHLJWHP

$PSKLSKLO VROOHQ GLH 'LIIXVLRQVNRQVWDQWHQ GHU ]ZHLNRPSRQHQWLJHQ 'RSSHOVFKLFKWHQ EHL

XQWHUVFKLHGOLFKHQ 7HPSHUDWXUHQ JHPHVVHQ XQG VRPLW HLQH $XVVDJH �EHU GLH )OXLGLWlW LQ

$EKlQJLJNHLW YRP *HKDOW DQ V\QWKHWLVFKHP $PSKLSKLO JHWURIIHQ ZHUGHQ� 'D]X VROO GDV

3KRWREOHLFKYHUIDKUHQ HLQJHVHW]W ZHUGHQ� $X�HUGHP VROOHQ $QKDOWVSXQNWH �EHU GLH 6WDELOLWlW

GLHVHU 0RGHOOPHPEUDQHQ HUKDOWHQ ZHUGHQ�
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$EVFKOLH�HQG VROOHQ 8QWHUVXFKXQJHQ PLWWHOV YLGHRXQWHUVW�W]WHU 0LNURVNRSLH KHOIHQ

IHVW]XVWHOOHQ� RE GLH V\QWKHWLVLHUWHQ $PSKLSKLOH LQ GHU /DJH VLQG� DOV 5HLQVXEVWDQ] XQG LQ

0LVFKXQJ PLW '33& 9HVLNHO ]X ELOGHQ� $XV GLHVHQ 8QWHUVXFKXQJHQ VROOWHQ TXDOLWDWLYH

6FKOX�IROJHUXQJHQ �EHU GLH )OXLGLWlW GHU YHU]ZHLJWHQ 9HUELQGXQJHQ E]Z� GLH )OXLGLVLHUXQJ

YRQ '33& 9HVLNHOQ GXUFK GHQ =XVDW] GLHVHU QHXDUWLJHQ 6XEVWDQ]HQ JH]RJHQ ZHUGHQ�

(V VROO YHUVXFKW ZHUGHQ� DOOH (UJHEQLVVH LQ =XVDPPHQKDQJ ]X VHW]HQ XQG VR HLQ NRPSOHWWHV

%LOG YRQ GHQ (LJHQVFKDIWHQ GHU YHU]ZHLJWHQ $PSKLSKLOH ]X HUVWHOOHQ� $XV GHQ

8QWHUVXFKXQJHQ VROO VLFK HUJHEHQ� ZHOFKH 6WUXNWXUPHUNPDOH VLFK I�U JHPLVFKWH

0RGHOOPHPEUDQHQ XQG I�U HLQH VSlWHUH ,PPRELOLVLHUXQJ YRQ 3URWHLQHQ DOV J�QVWLJ HUZHLVHQ�
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�� ������	��

,Q GLHVHP .DSLWHO ZHUGHQ GLH 6\QWKHVH GHV SRO\PHUHQ K\GURSKREHQ 5HVWHV VRZLH GHU GDUDXV

KHUJHVWHOOWHQ $PSKLSKLOH YRUJHVWHOOW� =XQlFKVW ZHUGHQ GLH YHUVFKLHGHQHQ $PSKLSKLOW\SHQ

DXIJHI�KUW XQG GLH ]XU %HQHQQXQJ GHU 9HUELQGXQJHQ YHUZHQGHWHQ .XU]EH]HLFKQXQJHQ

HUNOlUW� ,P $QVFKOX� GDUDQ ZHUGHQ GLH 6\QWKHVHQ GHU HLQ]HOQHQ $PSKLSKLOH GHWDLOOLHUW

EHVSURFKHQ XQG HLQ $XVEOLFN DXI HLQH 0|JOLFKNHLW GHU (UZHLWHUXQJ GHU 6\QWKHVHQ JHJHEHQ�

��� *UXQGW\SHQ V\QWKHWLVLHUWHU $PSKLSKLOH

,P 5DKPHQ GLHVHU $UEHLW ZXUGHQ YHUVFKLHGHQH $PSKLSKLOW\SHQ PLW XQWHUVFKLHGOLFKHU $Q]DKO

DQ K\GURSKREHQ XQG K\GURSKLOHQ *UXSSHQ VRZLH XQWHUVFKLHGOLFKHQ $UWHQ K\GURSKLOHU

.RSIJUXSSHQ V\QWKHWLVLHUW �YJO� $EE� ��� ELV ����� $OOHQ $PSKLSKLOHQ ZDU MHGRFK GLH $UW GHV

K\GURSKREHQ 5HVWHV JHPHLQVDP� DQ GHQ HLQH 5HLKH YRQ $QIRUGHUXQJHQ JHVWHOOW ZXUGHQ�

=XQlFKVW VROOWHQ GLH QHXDUWLJHQ $PSKLSKLOH QLFKW NULVWDOOLVLHUEDU VHLQ� XP IOXLGH 9HUELQGXQJHQ

I�U 0RGHOOPHPEUDQHQ ]XU 9HUI�JXQJ ]X KDEHQ� XP VR GLH ELRORJLVFKHQ IOXLGHQ 0HPEUDQHQ

P|JOLFKVW JXW ]X LPLWLHUHQ� 'LHV ZXUGH GXUFK 9HUZHQGXQJ HLQHV 0DNURDONRKROV� EHVWHKHQG

DXV HLQHU $ON\ONHWWH PLW VWDWLVWLVFK YHUWHLOWHQ (WK\OHQYHU]ZHLJXQJHQ� HUUHLFKW �YJO� .DS� �����

6LH VROOWHQ HLQH JHULQJH 3RO\GLVSHUVLWlW EHVLW]HQ� HEHQIDOOV LQ $QDORJLH ]X GHQ LQ QDW�UOLFKHQ

6\VWHPHQ YRUNRPPHQGHQ /LSLGHQ DOV 9RUELOGHUQ� GLH DXV GHILQLHUWHQ 9HUELQGXQJHQ EHVWHKHQ�

:HLWHUKLQ VROOWH GHU *UDG GHU 9HU]ZHLJXQJ HLQVWHOOEDU VHLQ XQG DXFK YDULLHUW ZHUGHQ� XP GHQ

(LQIOX� GXUFK GLH 9HU]ZHLJXQJHQ PLW +LOIH YHUVFKLHGHQHU SK\VLNDOLVFK�FKHPLVFKHU

8QWHUVXFKXQJHQ VWXGLHUHQ ]X N|QQHQ�

%XWDGLHQ NDQQ VLFK LQ $EKlQJLJNHLW GHU 3RODULWlW GHV /|VXQJVPLWWHOV XQWHU ���� QHEHQ ����

$GGLWLRQ DQ GDV DNWLYH =HQWUXP GHU 3RO\UHDNWLRQ DQODJHUQ� 'LHVH (LJHQVFKDIW ZXUGH JHQXW]W�

XP �EHU GDV 9HUKlOWQLV YRQ &\FORKH[DQ XQG 7HWUDK\GURIXUDQ �7+)� DOV /|VXQJVPLWWHO GHQ

9HU]ZHLJXQJVJUDG JH]LHOW ]X YDULLHUHQ� 'XUFK 9HUZHQGXQJ GHU DQLRQLVFKHQ 3RO\PHULVDWLRQ

NRQQWH HLQH HQJH 0ROHNXODUJHZLFKWVYHUWHLOXQJ JHZlKUOHLVWHW ZHUGHQ� (LQH

(QGJUXSSHQIXQNWLRQDOLVLHUXQJ XQWHU 9HUZHQGXQJ YRQ (WK\OHQR[LG HUP|JOLFKWH GLH

$QNQ�SIXQJ YHUVFKLHGHQHU K\GURSKLOHU .RSIJUXSSHQ� 8P GLHVHQ SRO\PHUHQ %DXVWHLQ

FKHPLVFK ]X VWDELOLVLHUHQ� ZXUGH HU K\GULHUW� 'LHVHU 0DNURDONRKRO ZXUGH QDFK 3KRVJHQLHUXQJ

XQG 9HUNQ�SIXQJ PLW (WK\OHQGLDPLQ RGHU GXUFK 0LWVXQREX�5HDNWLRQ LQ HLQ 0DNURDPLQ
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XPJHZDQGHOW �VLHKH .DS� ���� $EE� ����� $XVJHKHQG YRQ GLHVHQ GUHL *UXQGEDXVWHLQHQ

NRQQWHQ DQVFKOLH�HQG GLH =LHOYHUELQGXQJHQ DXIJHEDXW ZHUGHQ�

'LH )lKLJNHLW ]XU $XVELOGXQJ YRQ 9HVLNHOQ ZDU HLQH ZHLWHUH $QIRUGHUXQJ DQ GLH

V\QWKHWLVLHUWHQ 9HUELQGXQJHQ� 8P KLHUI�U GDV ULFKWLJH K\GURSKLO�K\GURSKRE 9HUKlOWQLV

HLQ]XVWHOOHQ� ZXUGH LP 5DKPHQ GHU YRUOLHJHQGHQ $UEHLW HLQH 5HLKH YRQ $PSKLSKLOHQ PLW

XQWHUVFKLHGOLFKHU $Q]DKO DQ K\GURSKLOHQ XQG K\GURSKREHQ *UXSSHQ �YJO� $EE� ��� � ����

V\QWKHWLVLHUW� 'DGXUFK NRQQWH GLH 9DULDELOLWlW GHU JHZlKOWHQ 6\QWKHVHVWUDWHJLH QDFK HLQHP

%DXNDVWHQSULQ]LS JH]HLJW ZHUGHQ �V� .DS� ����� $X�HUGHP IDQGHQ ]ZHL YHUVFKLHGHQH

K\GURSKLOH .RSIJUXSSHQ $QZHQGXQJ� GLH HEHQIDOOV DXI LKUH %HVRQGHUKHLWHQ LQ

0RGHOOPHPEUDQHQ KLQ XQWHUVXFKW ZHUGHQ VROOWHQ�

(V ZXUGHQ GUHL YHUVFKLHGHQH 7\SHQ DPSKLSKLOHU 0ROHN�OH V\QWKHWLVLHUW�

7\S $ PLW HLQHP K\GURSKLOHQ XQG HLQHP K\GURSKREHQ 5HVW �$EE� ����� 7\S %� HLQ

JDEHOI|UPLJHV 0ROHN�O PLW ]ZHL K\GURSKREHQ XQG HLQHP K\GURSKLOHQ 5HVW �$EE� ����� VRZLH

7\S & DOV 9HUWUHWHU GHU VRJHQDQQWHQ *HPLQL�$PSKLSKLOH >��@ PLW MH ]ZHL K\GURSKLOHQ XQG

K\GURSKREHQ 5HVWHQ �$EE� �����

7\S $� $PSKLSKLO PLW MH HLQHP K\GURSKREHQ XQG K\GURSKLOHQ %ORFN XQWHUVFKLHGOLFKHU $UW�

P

O

O-

O
N(CH3)

+
3][ ][...stat...

xy

NH
NH O

O

O
CH3( )
6

O

][ ][...stat...
xy O

O

PhosphatidylcholinMakroalkohol

MethoxyhexaethylenglykolMakroamin

$EE� ���� 6WUXNWXUIRUPHOQ GHU 7\S $ $PSKLSKLOH�
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)�U GDV 7\S $ $PSKLSKLO IDQGHQ ]ZHL YHUVFKLHGHQH K\GURSKLOH .RSIJUXSSHQ 9HUZHQGXQJ�

3KRVSKDWLG\OFKROLQ XQG 0HWKR[\KH[DHWK\OHQJO\NRO�

3KRVSKDWLG\OFKROLQ DOV GLH KlXILJVWH .RSIJUXSSH EHL /LSLGHQ� GLH LQ ELRORJLVFKHQ 6\VWHPHQ

YRUNRPPHQ� ZXUGH LP +LQEOLFN DXI GLH 8QWHUVXFKXQJ GHU 0LVFKEDUNHLW GHU YRUOLHJHQGHQ

V\QWKHWLVFKHQ $PSKLSKLOH PLW GHP QDW�UOLFKHQ /LSLG '33& �'LSDOPLWR\OSKRVSKDWLG\OFKROLQ�

XQG DXI GLH bKQOLFKNHLW ]X ELRORJLVFKHQ 6\VWHPHQ JHZlKOW� 'LH 6\QWKHVH HUIROJWH DXVJHKHQG

YRP 0DNURDONRKRO �.DS� �����

3RO\HWK\OHQJO\NRO LVW HLQH LQ GHU FKHPLVFKHQ %LRSK\VLN KlXILJ YHUZHQGHWH .RSIJUXSSH I�U

V\QWKHWLVFKH /LSLGH� 'HV ZHLWHUHQ EHVWHKHQ LP $UEHLWVNUHLV VFKRQ (UIDKUXQJHQ LQ GHU

6\QWKHVH YRQ $PSKLSKLOHQ PLW GLHVHU K\GURSKLOHQ *UXSSH >��� ��@� ZHVKDOE VLH DOV

$OWHUQDWLYH I�U GLH 3KRVSKDWLG\OFKROLQJUXSSH YHUZHQGHW ZXUGH� +H[DHWK\OHQJO\NRO LVW GDV

K|FKVWH +RPRORJH LQ GHU 5HLKH GHU 3RO\HWK\OHQJO\NROH� GDV DOV GHILQLHUWH 9HUELQGXQJ

NRPPHU]LHOO HUKlOWOLFK LVW� 'LH 9HUZHQGXQJ GLHVHU PROHNXODUHLQKHLWOLFKHQ 9HUELQGXQJ DQVWDWW

HLQHV 3RO\HWK\OHQJO\NRO�*HPLVFKHV JDUDQWLHUW HLQH HQJH 0ROHNXODUJHZLFKWVYHUWHLOXQJ GHU

DPSKLSKLOHQ =LHOYHUELQGXQJ� GD QXU GHU K\GURSKREH 0ROHN�OWHLO GXUFK DQLRQLVFKH

3RO\PHULVDWLRQ V\QWKHWLVLHUW ZXUGH� 'XUFK (QGFDSSLQJ PLW HLQHU 0HWK\OHLQKHLW ZLUG GLH

HLQVHLWLJH $QELQGXQJ DQ GHQ K\GURSKREHQ 5HVW HUP|JOLFKW�

7\S %� $PSKLSKLO PLW HLQHP JHJDEHOWHQ� K\GURSKREHQ 6WUXNWXUHOHPHQW� EHVWHKHQG DXV �

0DNURDPLQHQ� �DQJHNQ�SIW DQ HLQH 'LHWKDQRODPLQJUXSSH� XQG HLQHP OLQHDUHQ�

K\GURSKLOHQ 7HLO �$EE� ����

O][ ][
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[][ ]
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yx
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O
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MethoxyhexaethylenglykolMakroamin

$EE� ���� 6WUXNWXUIRUPHOQ GHV 7\S % $PSKLSKLOV�
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$XFK I�U GLHVHQ 7\S ZXUGH 0HWKR[\KH[DHWK\OHQJO\NRO DOV K\GURSKLOH .RSIJUXSSH YHUZHQGHW�

'LH 9HUNQ�SIXQJ GHU ]ZHL K\GURSKREHQ 5HVWH PLW GHP K\GURSKLOHQ %ORFN HUIROJWH �EHU HLQH

'LHWKDQRODPLQ�(LQKHLW �(D� �.DS� ������� VR GD� HLQ JDEHOI|UPLJHV 0ROHN�O HQWVWHKW� GDV

K\GURSKREHU LVW DOV GLH 7\S $ $PSKLSKLOH PLW QXU HLQHP YHU]ZHLJWHQ 5HVW�

7\S &� *HPLQL�$PSKLSKLO PLW ]ZHL K\GURSKREHQ XQG ]ZHL K\GURSKLOHQ 5HVWHQ� YHUNQ�SIW

�EHU HLQH 1�1¶�'LK\GUR[\HWK\OHWK\OHQGLDPLQ (LQKHLW �$EE� ����

N][ ][

N
[][ ]

...stat...

...stat...

yx

yx

(CH2)2

O

O

O

N

N

O
O

O

O

][
6

O
O

O

][

6

MethoxyhexaethylenglykolMakroamin

$EE� ���� 6WUXNWXUIRUPHOQ GHV 7\S & $PSKLSKLOV�

'LH 9HUNQ�SIXQJVHLQKHLW GLHVHV $PSKLSKLOV YRP VRJHQDQQWHQ *HPLQL�7\S �=ZLOOLQJV�

$PSKLSKLO PLW ]ZHL K\GURSKLOHQ XQG ]ZHL K\GURSKREHQ 5HVWHQ� ELOGHWH HLQ 1�1¶�

+\GUR[\PHWK\O�HWK\OHQGLDPLQ %DXVWHLQ� GHU QDFK 3KRVJHQLHUXQJ DQ EHLGHQ +\GUR[\JUXSSHQ

PLW HLQHP 0DNURDPLQ YHUNQ�SIW ZXUGH �VLHKH .DS� ������� 9HUZHQGHW ZXUGH HEHQIDOOV HLQH

0HWKR[\KH[DHWK\OHQJO\NRO .RSIJUXSSH� $Q GLHVHP $PSKLSKLO NRQQWH LP 9HUJOHLFK PLW GHP

7\S $ XQG 7\S % $PSKLSKLO GHU (LQIOX� GHU K\GURSKLOHQ .RSIJUXSSH XQWHUVXFKW ZHUGHQ �V�

.DS� �����
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��� $OOJHPHLQHV ]XU 1RPHQNODWXU

=XU 9HUHLQIDFKXQJ GHU %HQHQQXQJ HLQ]HOQHU %DXVWHLQH XQG GHU DXV LKQHQ V\QWKHWLVLHUWHQ

=LHOYHUELQGXQJHQ ZLUG HLQH 5HLKH YRQ .�U]HOQ EHQXW]W�

D� 52+ 0DNURDONRKRO� 5 EH]HLFKQHW GLH $ON\ONHWWH PLW YHUlQGHUOLFKHU .HWWHQOlQJH XQG

VWDWLVWLVFKHU 9HU]ZHLJXQJ �YJO� $EE� ����

][ ][...stat...
yx OH

'LH %H]HLFKQXQJ Ä���VWDW���´ LVW GDEHL NRQIRUP PLW GHQ ,83$& 5HJHOQ XQG EHGHXWHW

ÄVWDWLVWLVFKHU (LQEDX´ EHLGHU *UXSSHQ LQ GDV 3RO\PHU�

E� 5(Q 8PVHW]XQJVSURGXNW YRQ 52+ ]XP 0DNURDPLQ PLW (WK\OHQGLDPLQHLQKHLW �YJO�

$EE� ����

][ ][...stat...
yx O N

NH

O

H

(QWVSUHFKHQG ZLUG GLH (WK\OHQGLDPLQHLQKHLW NXU] DOV (Q EH]HLFKQHW�

F� 51 8PVHW]XQJVSURGXNW YRQ 52+ ]XP 0DNURDPLQ �YJO� $EE� ����

][ ][...stat...
yx NH

G� +(*0H 0HWKR[\KH[DHWK\OHQJO\NROEDXVWHLQ �YJO� $EE� ����
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I� 'H 1�1¶�'LK\GUR[\HWK\OHWK\OHQGLDPLQ

HN NH

OHHO

J� (D 'LHWKDQRODPLQ

HN

OH

OH

K� Ä&%2´� %HQ]\OR[\FDUERQ\O�� 6FKXW]JUXSSH I�U $PLQH

O

O

'LH %HQHQQXQJ GHU $PSKLSKLOH XQG GHU =ZLVFKHQVWXIHQ GHU 6\QWKHVH HUIROJW LQ GHU

5HLKHQIROJH K\GURSKREHU 7HLO �5� 5(Q� 51� � X�8� 9HUEU�FNXQJVWHLO �(D� 'H� � K\GURSKLOHU

7HLO �+(*0H� 3&�� 'HP]XIROJH ODXWHQ GLH .XU]EH]HLFKQXQJHQ I�U GLH 7\S $ $PSKLSKLOH 53&

E]Z� 5(Q+(*0H� I�U GDV 7\S % $PSKLSKLO HUJLEW VLFK GLH %H]HLFKQXQJ �5(1��(D+(*0H XQG

I�U GDV 7\S & $PSKLSKLO GDV .�U]HO �51��'H�+(*0H���
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��� 6\QWKHVHVWUDWHJLH ]XP $XIEDX GHU $PSKLSKLOH �EHU

8UHWKDQYHUNQ�SIXQJHQ

'LH 9HUELQGXQJ GHU HLQ]HOQHQ %DXVWHLQH ]X $PSKLSKLOHQ HUIROJWH �EHU 8UHWKDQELQGXQJHQ�

�'LH HLQ]LJH $XVQDKPH ELOGHW GDV 7\S $ $PSKLSKLO 53& PLW 3KRVSKDWLG\OFKROLQNRSIJUXSSH�

GHVVHQ 6\QWKHVH JHVRQGHUW LQ .DSLWHO ����� EHVSURFKHQ ZLUG�� 'LHVH $UW GHU 9HUNQ�SIXQJ

ELHWHW GHQ 9RUWHLO HLQHU HLQIDFKHQ 6\QWKHVH �EHU 3KRVJHQLHUXQJ HLQHV $ONRKROV ]XP

&KORURIRUPLDW �.DS� ������ XQG DQVFKOLH�HQGHU .RQGHQVDWLRQ PLW HLQHP $PLQ �.DS� �������

0LW +LOIH GLHVHU 6\QWKHVHVWUDWHJLH ZXUGH GLH $XVDUEHLWXQJ XQG 9HUZHQGXQJ HLQHV

%DXNDVWHQV\VWHPV DXV YHUVFKLHGHQHQ %O|FNHQ HUP|JOLFKW� ,P YRUOLHJHQGHQ )DOO KDQGHOW HV

VLFK GDEHL XP GDV 0DNURDPLQ E]Z� GHQ 0DNURDONRKRO DOV K\GURSKREHQ %ORFN XQG GLH

K\GURSKLOH 0HWKR[\KH[DHWK\OHQJO\NROJUXSSH� 'LHVH N|QQHQ �EHU YHUVFKLHGHQH

9HUNQ�SIXQJVHLQKHLWHQ GXUFK ZHQLJH 5HDNWLRQHQ PLWHLQDQGHU ]X 0XOWLEORFNV\VWHPHQ

YHUNQ�SIW ZHUGHQ� 'LH 8UHWKDQJUXSSHQ EHVLW]HQ GDEHL GHQ HQWVFKHLGHQGHQ 9RUWHLO HLQHU

KRKHQ 6WDELOLWlW JHJHQ�EHU GHQ 5HDNWLRQHQ� GLH LP /DXIH GHU 6\QWKHVH ]XP $XIEDX GLHVHU

2OLJRPHUH YHUZHQGHW ZXUGHQ�

%LIXQNWLRQHOOH $PLQH PX�WHQ YRU GHU .RQGHQVDWLRQ PLW HLQHP &KORURIRUPLDW HLQVHLWLJ

JHVFK�W]W ZHUGHQ� XP QXU HLQH GHU EHLGHQ $PLQJUXSSHQ LQ GLH .RQGHQVDWLRQVUHDNWLRQ

HLQ]XEH]LHKHQ� 'LHV ZXUGH PLW GHU EHZlKUWHQ &%2�6FKXW]JUXSSH >��@ HUUHLFKW �.DS� �������

'LDPLQH ODVVHQ VLFK GXUFK JHQDXH (LQVWHOOXQJ GHV S+�:HUWHV EHL GHU .RQGHQVDWLRQVUHDNWLRQ

PLW GLHVHU *UXSSH JH]LHOW PRQRVFK�W]HQ� 'LH (OLPLQLHUXQJ GHU 6FKXW]JUXSSH LVW K\GURO\WLVFK

OHLFKW P|JOLFK >��@�

'LH DXVJHDUEHLWHWH 6\QWKHVHVWUDWHJLH ELHWHW VRPLW HLQH KRKH )OH[LELOLWlW� GLH GXUFK GLH $Q]DKO

GHU YHUVFKLHGHQHQ KHUJHVWHOOWHQ $PSKLSKLOW\SHQ ZLGHUJHVSLHJHOW ZLUG�

����� 9HUZHQGXQJ GHU 6FKXW]JUXSSH &%2

=XU +HUVWHOOXQJ GHV 0DNURDPLQV 5(Q ZDU HV ]XQlFKVW HUIRUGHUOLFK� HLQ PLW &%2

PRQRJHVFK�W]WHV (WK\OHQGLDPLQ ]X V\QWKHWLVLHUHQ �YJO� $EE� ����� 'LHV JHODQJ �EHU HLQH S+�

NRQWUROOLHUWH .RQGHQVDWLRQVUHDNWLRQ GHV &KORUDPHLVHQVlXUHEHQ]\OHVWHUV PLW GHP 'LDPLQ� %HL

S+ ��� OLHJHQ VRZRKO (WK\OHQGLDPLQ DOV DXFK (WK\OHQGLDPLQ�1�FDUERQVlXUHEHQ]\OHVWHU

PRQRSURWRQLHUW YRU� VR GD� HLQH JOHLFK]HLWLJH 5HDNWLRQ PLW &KORUDPHLVHQVlXUHEHQ]\OHVWHU DQ
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EHLGHQ 6WLFNVWRIIDWRPHQ XQWHUGU�FNW ZHUGHQ NRQQWH� 'HU S+�:HUW ZXUGH GXUFK

DEZHFKVHOQGH =XJDEH GHV &KORUDPHLVHQVlXUHHVWHUV XQG 1DWULXPDFHWDWO|VXQJ NRQVWDQW DP

8PVFKODJVSXQNW GHV ]XJHVHW]WHQ ,QGLNDWRUV %URPNUHVROJU�Q JHKDOWHQ� 7URW] GLHVHU

5HDNWLRQVI�KUXQJ HQWVWDQGHQ NOHLQH 0HQJHQ GLVXEVWLWXLHUWHV 3LSHUD]LQ� GLH GXUFK ([WUDNWLRQ

PLW %HQ]RO LP 6DXUHQ DEJHWUHQQW ZHUGHQ NRQQWHQ� 'XUFK HUQHXWH ([WUDNWLRQ GHV

5HDNWLRQVJHPLVFKHV PLW 7ROXRO EHL S+ �� ZXUGHQ GDV 3URGXNW ��� XQG (GXNW DXV GHU

Zl�ULJHQ 3KDVH YRQ JHULQJHQ 0HQJHQ GLVXEVWLWXLHWHP (WK\OHQGLDPLQ DEJHVFKLHGHQ XQG

DQVFKOLH�HQG GXUFK 6lXOHQFKURPDWRJUDSKLH YRQHLQDQGHU JHWUHQQW�

'LH 6\QWKHVH YRQ 'LHWKDQRODPLQ�1�FDUERQVlXUH�EHQ]\OHVWHU ��� XQG &%2 JHVFK�W]WHP 1�1¶�

'LK\GUR[\HWK\HWK\OHQGLDPLQ ��� �YJO� $EE� ���� HUIROJWH HEHQIDOOV GXUFK HLQH =ZHLSKDVHQ

.RQGHQVDWLRQVUHDNWLRQ >��@ XQWHU =XVDW] HLQHU VFKZDFKHQ DQRUJDQLVFKHQ 6lXUH� ZREHL KLHU

NHLQ H[DNWHU S+�:HUW HLQJHVWHOOW ZHUGHQ PX�WH� VRQGHUQ QXU HQWVWHKHQGH 6DO]VlXUH

DEJHIDQJHQ XQG JOHLFK]HLWLJ GLH +\GUR[\IXQNWLRQ YRU HLQHU 5HDNWLRQ PLW GHP

&KORUDPHLVHQVlXUHHVWHU JHVFK�W]W ZXUGH� $XIJUXQG GHU K|KHUHQ 1XNOHRSKLOLH GHU

$PLQRJUXSSH ILQGHW LQ EDVLVFKHP 0HGLXP NHLQH 5HDNWLRQ ]ZLVFKHQ GHP

&KORUDPHLVHQVlXUHEHQ]\OHVWHU XQG GHU +\GUR[\JUXSSH VWDWW� %HLGH 9HUELQGXQJHQ NRQQWHQ LQ

JXWHU $XVEHXWH ��� E]Z� �� �� V\QWKHWLVLHUW ZHUGHQ�

O N

O

NH2

O

O

N

OH

OH

N O
H

O

OH

NO

OH

O

1 2 3

$EE� ���� 6WUXNWXUIRUPHOQ GHU PLW &%2 JHVFK�W]H %DXVWHLQH &%2(Q �� &%2(D � XQG

&%2'H ��

1DFK 8PVHW]HQ GHU JHVFK�W]WHQ 9HUELQGXQJHQ ]X 8UHWKDQHQ PX�WH GLH &%2�6FKXW]JUXSSH

ZLHGHU HOLPLQLHUW ZHUGHQ� EHYRU $QNQ�SIXQJ DQ HLQHQ DQGHUHQ %DXVWHLQ P|JOLFK ZDU� 'LH

%HVRQGHUKHLW GLHVHU 6FKXW]JUXSSH LVW GLH 0|JOLFKNHLW GHU VHOHNWLYHQ (OLPLQLHUXQJ GXUFK

NDWDO\WLVFKH +\GULHUXQJ �YJO� $EE� ����� ZREHL QHEHQ GHP IUHLHQ $PLQ .RKOHQGLR[LG XQG

7ROXRO HQWVWHKHQ� 'LH 8UHWKDQELQGXQJHQ ZXUGHQ GDEHL QLFKW DQJHJULIIHQ >��@�
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O N

O

N O
H

H
O

<MeOH/AcOH, 45°C, 12h>
H2, Pd,C

- CO2, -C6H5CH3

H2N
N O
H

O

$EE� ���� %HLVSLHO I�U GLH $EVSDOWXQJ GHU &%2�6FKXW]JUXSSH�

'LHVH 5HDNWLRQ ZXUGH PLW �� � 3DOODGLXP DXI $NWLYNRKOH NDWDO\VLHUW XQG EHL ���&

GXUFKJHI�KUW� $OV /|VXQJVPLWWHO ZXUGH HLQH 0LVFKXQJ DXV 0HWKDQRO XQG (VVLJVlXUH

YHUZHQGHW� ,Q HLQLJHQ )lOOHQ ZXUGH DXV *U�QGHQ GHU /|VOLFKNHLW (WK\ODFHWDW ]XJHVHW]W� 'DV

(QGH GHU 5HDNWLRQ ZXUGH PLWWHOV 105�6SHNWURVNRSLH �EHUSU�IW� GLH YROOVWlQGLJH (QWIHUQXQJ

GHU 6FKXW]JUXSSH EHGXUIWH QLH HLQHU OlQJHUHQ =HLW DOV ]Z|OI 6WXQGHQ� =XU $XIDUEHLWXQJ ZLUG

GHU .DWDO\VDWRU �EHU &HOLWH DEJHILOWHUW� GDV )LOWUDW PLW Zl�ULJHU 1DWULXPK\GUR[LGO|VXQJ DXI S+

�� DEJHVWXPSIW XQG GDV 3URGXNW DXV GHU Zl�ULJHQ /|VXQJ PLW &KORURIRUP H[WUDKLHUW�

����� 6\QWKHVH GHU &KORURIRUPLDWH

'XUFK 8PVHW]XQJ HLQHV $ONRKROV PLW 3KRVJHQ ZLUG GDV HQWVSUHFKHQGH &KORURIRUPLDW

HUKDOWHQ� 'DEHL ZXUGH HLQ PLQGHVWHQV I�QIIDFK PRODUHU hEHUVFKX� �EHL 'LROHQ VLHEHQIDFK� DQ

3KRVJHQ YHUZHQGHW� 'LH 5HDNWLRQ ZXUGH PLW HLQHU VSH]LHOOHQ $SSDUDWXU GXUFKJHI�KUW �VLHKH

.DS� ������� GD ZHJHQ GHV WR[LVFKHQ *DVHV 3KRVJHQ HLQH JHVFKORVVHQH 5HDNWLRQVI�KUXQJ

Q|WLJ ZDU�

R OH R O C

O

Cl
+ COCl2

- HCl

$EE� ���� DOOJHPHLQH 5HDNWLRQVJOHLFKXQJ

6\QWKHVH GHU &KORURIRUPLDWH�

hEHUVFK�VVLJHV 3KRVJHQ ZXUGH QDFK HUIROJWHU 5HDNWLRQ GXUFK (UZlUPHQ GHV

5HDNWLRQVJHPLVFKHV DXI ���& ZHLWHVWJHKHQG DXV GHU 5HDNWLRQVDSSDUDWXU DXVJHWULHEHQ�

/HW]WH 5HVWH ZXUGHQ EHLP (QWIHUQHQ GHV /|VXQJVPLWWHOV LP +RFKYDNXXP HQWIHUQW� 'DV

&KORURIRUPLDW ZXUGH XPJHKHQG XQG RKQH 5HLQLJXQJ HLQJHVHW]W� 'DEHL ZXUGH GDYRQ

DXVJHJDQJHQ� GD� GLH 8PVHW]XQJ GHV $ONRKROV ]X ���� HUIROJW LVW�
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����� .RQGHQVDWLRQ GHU &KORURIRUPLDWH PLW $PLQHQ

'LH 9HUNQ�SIXQJ GHU YHUVFKLHGHQHQ %DXVWHLQH GXUFK 8UHWKDQELQGXQJHQ ZDU GXUFK

.RQGHQVDWLRQ YRQ $PLQHQ XQG &KORURIRUPLDWHQ P|JOLFK�

R O C

O

Cl + H NR2 R O C

O

NR2

-HCl

$EE� ���� DOOJHPHLQH 5HDNWLRQVJOHLFKXQJ

.RQGHQVDWLRQVUHDNWLRQ�

'DEHL ZXUGH GDV $PLQ LQ ��� IDFK PRODUHP hEHUVFKX� LQ &KORURIRUP YRUJHOHJW XQG XQWHU

.�KOXQJ GDV &KORURIRUPLDW ]XJHWURSIW� 'LH HQWVWHKHQGH 6DO]VlXUH ZXUGH GXUFK

1DWULXPFDUERQDW DEJHIDQJHQ� ZREHL GLHV LP ��� IDFKHQ hEHUVFKX� EH]RJHQ DXI GDV $PLQ

YRUOLHJHQ PX�WH� hEHUVFK�VVLJHV $PLQ ZXUGH QDFK HUIROJWHU 5HDNWLRQ GXUFK :DVFKHQ PLW

YHUG�QQWHU 6DO]VlXUH HQWIHUQW�

��� 6\QWKHVH GHV K\GURSKREHQ %DXVWHLQV

'HU 0DNURDONRKRO ZXUGH LP HUVWHQ 6FKULWW GXUFK DQLRQLVFKH 3RO\PHULVDWLRQ YRQ %XWDGLHQ PLW

Q�%XW\OOLWKLXP DOV ,QLWLDWRU XQG QDFKIROJHQGHU 8PVHW]XQJ GHV OHEHQGHQ 3RO\PHUV PLW

(WK\OHQR[LG >��@ XQG $EEUXFK GXUFK YHUG�QQWH 6DO]VlXUH KHUJHVWHOOW �$EE� ����� 'D

(WK\OHQR[LG PLW HLQHP &DUEDQLRQ LQ HLQHP DSRODUHQ 0HGLXP XQG EHL WLHIHQ 7HPSHUDWXUHQ LQ

*HJHQZDUW HLQHV /LWKLXP *HJHQLRQV QXU HLQPDO UHDJLHUW >��@� LVW HLQH JHQDXH 'RVLHUXQJ

GLHVHV 5HDNWDQGHQ QLFKW HUIRUGHUOLFK� $OV /|VXQJVPLWWHO ZXUGH HLQ *HPLVFK DXV &\FORKH[DQ

XQG 7+) LQ YDULLHUHQGHU =XVDPPHQVHW]XQJ YHUZHQGHW� =XQlFKVW ZDU XQVLFKHU� RE GHU =XVDW]

DQ 7HWUDK\GURIXUDQ HLQHQ (LQIOX� DXI GLH $QODJHUXQJ GHV (WK\OHQR[LGV EHVLW]W� 'LH �+�105

6SHNWUHQ GHV 0DNURDONRKROV XQG GHU GDUDXV V\QWKHWLVLHUWHQ $PSKLSKLOH JHEHQ DOOHUGLQJV

NHLQHQ $QKDOWVSXQNW I�U HLQH PHKUIDFKH $QODJHUXQJ GHV (WK\OHQR[LGV �YJO� $EELOGXQJ �����

'LH 0HQJH DQ %XWDGLHQ ZLUG �EHU HLQ JUDGLHUWHV *HIl� JHQDX EHVWLPPW� LQ ZHOFKHV GDV

0RQRPHU ]XQlFKVW HLQNRQGHQVLHUW ZLUG� 'XUFK 8PNRQGHQVDWLRQ �EHU HLQH NXU]H 6lXOH PLW

0ROHNXODUVLHE LQ HLQ 'UXFNJHIl� PLW .DOLXPVSLHJHO HUIROJWH GLH 5HLQLJXQJ XQG 7URFNQXQJ GHV

%XWDGLHQV YRU (LQOHLWXQJ LQ GDV HLJHQWOLFKH 5HDNWLRQVJHIl�� $OOH *ODVJHUlWH ZXUGHQ GXUFK
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VRUJIlOWLJHV $XVKHL]HQ YRQ )HXFKWLJNHLW EHIUHLW� 'DEHL ZXUGH EHZX�W DXI GLH 'XUFKI�KUXQJ LQ

HLQHU VSH]LHOO I�U DQLRQLVFKH 3RO\PHULVDWLRQHQ DXVJHOHJWHQ $SSDUDWXU YHU]LFKWHW� GD GLH PLW

GHU NRQYHQWLRQHOOHQ 9DNXXP��6FKXW]JDVWHFKQLN HU]LHOWHQ (UJHEQLVVH I�U GLH KLHU JHVWHOOWHQ

(UIRUGHUQLVVH DEVROXW DXVUHLFKHQG ZDUHQ� (V ZXUGH GDEHL LQ .DXI JHQRPPHQ� GD� HLQ $QWHLO

GHU 3RO\PHULVDWLRQV]HQWUHQ YRU =XJDEH GHV (WK\OHQR[LGV LQDNWLYLHUW ZXUGHQ� GD GLH

2OLJRPHUH RKQH +\GUR[\HQGJUXSSH OHLFKW GXUFK 6lXOHQFKURPDWRJUDSKLH HQWIHUQW ZHUGHQ

NRQQWHQ�

'D 1LFKWNULVWDOOLQLWlW HLQ +DXSWHUIRUGHUQLV DQ GLH V\QWKHWLVLHUWHQ $PSKLSKLOH VHLQ VROOWH� ZDU

HV QRWZHQGLJ� 6HLWHQJUXSSHQ LQ GLH $ON\ONHWWH HLQ]XEDXHQ� 'LHV JHODQJ GXUFK ���� QHEHQ

����3RO\PHULVDWLRQ GHV %XWDGLHQV >��@� 'LHQH DOV ELIXQNWLRQHOOH 0RQRPHUH ELHWHQ GHP

DNWLYHQ 3RO\PHULVDWLRQV]HQWUXP ]ZHL 5HDNWLRQVVWHOOHQ ]XP $QJULII DQ� +DQGHOW HV VLFK XP HLQ

NRQMXJLHUWHV 'LHQ� VR NDQQ GHU hEHUJDQJV]XVWDQG LVRPHULVLHUHQ� XQG GXUFK HLQH 8PODJHUXQJ

NDQQ VRZRKO GLH $GGLWLRQ PLW GHP .RKOHQVWRIIDWRP � XQG �� ZLH DXFK PLW GHP HUVWHQ XQG

YLHUWHQ &�$WRP HLQWUHWHQ�

'DV 9HUKlOWQLV ���� ]X ����3RO\PHULVDWLRQ XQG GDPLW GHU 9HU]ZHLJXQJVJUDG NRQQWH GXUFK GLH

=XVDPPHQVHW]XQJ GHV /|VXQJVPLWWHOJHPLVFKHV �&\FORKH[DQ�7HWUDK\GURIXUDQ� E]Z� GXUFK

GDV 9HUKlOWQLV YRQ 7+) ]X ,QLWLDWRU XQG GXUFK GLH ,QLWLDWRUNRQ]HQWUDWLRQ JHVWHXHUW >��@ XQG

DQVFKOLH�HQG� HEHQVR ZLH GDV 0ROHNXODUJHZLFKW� DXV GHP �+�105�6SHNWUXP EHVWLPPW

ZHUGHQ� 6R ZXUGHQ YHUVFKLHGHQH K\GURSKREH 5HVWH �$QVlW]H D�I� PLW XQWHUVFKLHGOLFKHQ

.HWWHQOlQJHQ XQG YHUVFKLHGHQHP $QWHLO DQ 6HLWHQNHWWHQ V\QWKHWLVLHUW� (LQH DQ GLH

3RO\PHULVDWLRQ DQVFKOLH�HQGH +\GULHUXQJ LQ &\FORKH[DQ PLW 3DOODGLXP DXI &DOFLXPFDUERQDW

DOV .DWDO\VDWRU I�KUWH ]XP JHVlWWLJWHQ 0DNURDONRKRO � �$EE� ����� 7DEHOOH ��, ID�W GLH

.RQ]HQWUDWLRQVYHUKlOWQLVVH >7+)@�>,@ XQG GLH ,QLWLDWRUNRQ]HQWUDWLRQ ZLH DXFK GHQ

SUR]HQWXDOHQ $QWHLO DQ ����$GGLWLRQVHLQKHLWHQ� EHVWLPPW DXV TXDQWLWDWLYHU $XVZHUWXQJ GHU

��&�105 6SHNWUHQ �YJO� .DS� ������ I�U GLH 9HUELQGXQJHQ �D�I ]XVDPPHQ� (LQH DXVI�KUOLFKH

'LVNXVVLRQ GHU :HUWH LP 9HUJOHLFK PLW /LWHUDWXUGDWHQ IROJW LQ .DSLWHO ������
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7DEHOOH ��,� .RQ]HQWUDWLRQVYHUKlOWQLV 7+) ]X ,QLWLDWRU �>7+)@�>,@��

.RQ]HQWUDWLRQ GHV ,QLWLDWRUV �>,@� LQ PRO�O VRZLH $Q]DKO

GHU (WK\OHWK\OHQ� VRZLH 7HWUDPHWK\OHQHLQKHLWHQ �[ E]Z�

\� GHV UHVXOWLHUHQGHQ 3RO\PHUV �YJO� $EE� ���� XQG GHP

GDUDXV EHUHFKQHWHQ SUR]HQWXDOHQ $QWHLO DQ ����

$GGLWLRQVHLQKHLWHQ �� ���� I�U GLH 0DNURDONRKROH �D�I�

9HUELQGXQJ >7+)@�>,@ >,@ [ \ � ���

�D ��� ��� ��� ��� ��

�E ��� ��� ��� ��� ��

�F ��� ���

�G ��� ��� ��� ��� ��

�H ��� ��� ��� ��� ��

�I ��� ��� ��� ��� ��

'LH 5HLQLJXQJ GHU 2OLJRPHUH YRQ 1HEHQSURGXNWHQ ZLH YHU]ZHLJWHQ $ONDQHQ RKQH

+\GUR[\HQGJUXSSH HUIROJWH GXUFK 6lXOHQFKURPDWRJUDSKLH� 'LH $XVEHXWHQ QDFK $XIUHLQLJXQJ

EH]RJHQ DXI %XWDGLHQ ODJHQ ]ZLVFKHQ �� XQG ����

1DFK 3KRVJHQLHUXQJ GHV 0DNURDONRKROV � ]XP &KORURIRUPLDW � HUIROJWH .RQGHQVDWLRQ PLW

GHP PRQRJHVFK�W]WHQ (WK\OHQGLDPLQ (Q&%2 � HQWVSUHFKHQG GHU REHQ EHVFKULHEHQHQ

9RUJHKHQVZHLVH ]XU 9HUELQGXQJ 5(Q&%2 �� $EVFKOLH�HQGH K\GURJHQRO\WLVFKH $EVSDOWXQJ GHU

&%2�6FKXW]JUXSSH NRPSOHWWLHUW GLH 6\QWKHVH GHV K\GURSKREHQ %DXVWHLQV 5(Q �� 'LHVHV

=ZLVFKHQSURGXNW ZXUGH DXV GHQ 0DNURDONRKROHQ �D�I KHUJHVWHOOW� (LQH YROOVWlQGLJH

5HLQLJXQJ GHU 9HUELQGXQJHQ � XQG � ZDU �EHU 6lXOHQFKURPDWRJUDSKLH WURW] ]ZHLIDFKHU

&KURPDWRJUDSKLH EHL 9HUZHQGXQJ XQWHUVFKLHGOLFKHU /|VXQJVPLWWHOV\VWHPH QLFKW P|JOLFK� 6R

ZXUGHQ EHLGH 6WXIHQ QXU JURE GXUFK 6lXOHQFKURPDWRJUDSKLH YRUJHUHLQLJW XQG VR I�U GLH

ZHLWHUH 6\QWKHVH YHUZHQGHW� 'LH GDUDXV V\QWKHWLVLHUWHQ =LHOYHUELQGXQJHQ ZDUHQ MHGRFK

DXIJUXQG JU|�HUHU 3RODULWlWVXQWHUVFKLHGH ]ZLVFKHQ 9HUXQUHLQLJXQJ XQG 3URGXNW YROOVWlQGLJ

UHLQ HUKlOWOLFK�
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][ y[...stat...
xx OH

][ ][...stat...
yx OH

2. O
1. BuLi

3. H2, Pd/CaCO3

= ROH  5 a-f

ROH
COCl2

R O C

O

Cl R O C

O

N
NH2N

NCBO H

H

O

O

H2, Pd/C
R O C

O

N
NH2

H

ROH
HN3, DPAD, PPh3

RNH2   9f

= REn  8 a-e

4 a-f

6 a-e 7 a-e

$EE� ���� 6\QWKHVH GHU K\GURSKREHQ %DXVWHLQH 52+ ���� 5(Q ��� XQG 51+� ��� PLW

VWDWLVWLVFKHP (LQEDX DQ ���� XQG ����$GGLWLRQVHLQKHLWHQ �[ E]Z� \� YJO� 7DE� ��,��

'DV 0DNURDPLQ 51+� � NRQQWH DXV GHP 0DNURDONRKRO 52+ �J GXUFK HLQH 0LWVXQREX

5HDNWLRQ >��@ V\QWKHWLVLHUW ZHUGHQ� 'D]X ZLUG ]XQlFKVW HLQH /|VXQJ YRQ .QDOOVlXUH +1� LQ

%HQ]RO GXUFK YRUVLFKWLJH =XJDEH YRQ 6FKZHIHOVlXUH ]X 1DWULXPD]LG LQ %HQ]RO KHUJHVWHOOW

>��@� 'LH �EHUVWHKHQGH EHQ]ROLVFKH /|VXQJ ZLUG PLW 1DWULXPK\GUR[LG 0D�O|VXQJ JHJHQ

3KHQROSKWKDOHLQ WLWULHUW XQG VRIRUW HLQJHVHW]W� 'HU 0DNURDONRKRO ZLUG LQ DEVROXWHP 7+)

JHO|VW XQG PLW +1� hEHUVFKX� YHUVHW]W� 'LH =XJDEH YRQ 'LLVRSURS\OD]DGLFDUERQVlXUH XQG

7ULSKHQ\OSKRVSKLQ NRPSOHWWLHUHQ GLH 5HDNWLRQ ]XP 0DNURDPLQ�
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��� 6\QWKHVH GHV K\GURSKLOHQ %DXVWHLQV I�U GLH DQLRQLVFKHQ $PSKLSKLOH

8P GHQ K\GURSKLOHQ %DXVWHLQ 0HWKR[\KH[DHWK\OHQJO\NRO DQ GDV K\GURSKREH *UXQGJHU�VW

DQ]XNQ�SIHQ� PX�WH JH]LHOW HLQH +\GUR[\JUXSSH SKRVJHQLHUW ZHUGHQ� 'D]X ZDU HV Q|WLJ�

HLQH GHU EHLGHQ +\GUR[\JUXSSHQ ]XYRU ]X EORFNLHUHQ >��@� (V ZXUGH HLQ (QGFDSSLQJ PLW

HLQHU 0HWK\OJUXSSH YRUJHQRPPHQ� 1DFK 8PVHW]XQJ PLW 1DWULXPK\GULG ZXUGH GD]X GDV 'LRO

PLW 0HWK\OLRGLG YHUHWKHUW� 8P GHQ $QWHLO DQ 'LHWKHU LP 3URGXNW JHULQJ ]X KDOWHQ� ZXUGH GDV

'LRO LP hEHUVFKX� YRUJHOHJW XQG 0HWK\OLRGLG ODQJVDP ]XJHJHEHQ� 'DV 3URGXNWJHPLVFK

NRQQWH PLWWHOV 6lXOHQFKURPDWRJUDSKLH JHUHLQLJW ZHUGHQ�

'XUFK GLH 0HWKR[\HQGJUXSSH ZXUGH GLH .RSIJUXSSH QLFKW ]X VWDUN K\GURSKRELVLHUW� 6LH NDQQ

VRPLW RKQH QDFKWHLOLJH :LUNXQJ DXI GDV K\GURSKLO�K\GURSKRE 9HUKlOWQLV DP =LHOPROHN�O

EHODVVHQ ZHUGHQ� 'LHV VWHOOW HLQH JXWH $OWHUQDWLYH ]XU ELVKHU EHQXW]WHQ� VWHULVFK

DQVSUXFKVYROOHQ 6FKXW]JUXSSH ����'L�WHUW�EXW\O�EHQ]\OFKORULG GDU� GLH QDFK .RQGHQVDWLRQ GHV

K\GURSKLOHQ 5HVWHV PLW GHP K\GURSKREHQ *UXQGJHU�VW QLFKW PHKU K\GURJHQRO\WLVFK

DEVSDOWEDU ZDU >��@�

][
5

HO
O

OH ][
5

CH3O
O

OH
NaH, MeI

10

][
5

CH3O
O

OCOCl

11

COCl2

$EE� ����5HDNWLRQVVFKHPD 6\QWKHVH GHV K\GURSKLOHQ %DXVWHLQV +(*0H �� XQG

VHLQHV &KORURIRUPLDWV �� DOV K\GURSKLOH .RSIJUXSSH I�U GLH QLFKWLRQLVFKHQ

$PSKLSKLOH�
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��� 6\QWKHVH GHU $PSKLSKLOH

����� 7\S $ $PSKLSKLO 5(Q+(*0H

$XV GHQ ELVKHU EHVFKULHEHQHQ %DXVWHLQHQ ZDU GLH 6\QWKHVH GHV $PSKLSKLOV 5(Q+(*0H

GXUFK HLQH HLQIDFKH .RQGHQVDWLRQUHDNWLRQ HUKlOWOLFK� 'LHVH ZXUGH ZLH VFKRQ EHVFKULHEHQ

�VLHKH ������ LQ HLQHU =ZHLSKDVHQUHDNWLRQ PLW 1DWULXPK\GURJHQFDUERQDW ]XP $EIDQJHQ GHU

HQWVWHKHQGHQ 6DO]VlXUH GXUFKJHI�KUW� 'DEHL ZDU GDUDXI ]X DFKWHQ� GD� LQ GHU $XIDUEHLWXQJ

]XQlFKVW QXU HLQH 3KDVHQWUHQQXQJ HUIROJWH XQG NHLQ ([WUDKLHUHQ GHV �EHUVFK�VVLJHQ $PLQV

DXV GHU RUJDQLVFKHQ 3KDVH PLW YHUG�QQWHU 6DO]VlXUH� 'LHV KlWWH HLQH 5HGX]LHUXQJ GHU

$XVEHXWH ]XIROJH JHKDEW� GD GDV $PSKLSKLO �� HLQH VLJQLILNDQWH /|VOLFKNHLW LQ :DVVHU EHVLW]W�

'DV $PSKLSKLO NRQQWH DQVFKOLH�HQG GXUFK 6lXOHQFKURPDWRJUDSKLH �EHU .LHVHOJHO JHUHLQLJW

ZHUGHQ� 'LH $XVEHXWH EH]RJHQ DXI GHQ 0DNURDONRKRO � ODJ ]ZLVFKHQ �� XQG �� �� 'DV

$PSKLSKLO ZXUGH XQWHU 9HUZHQGXQJ YHUVFKLHGHQHU K\GURSKREHU 5HVWH ��D�H� V\QWKHWLVLHUW�

GLH VLFK LQ LKUHP *HKDOW DQ (WK\OYHU]ZHLJXQJHQ XQG GHU /lQJH GHU +DXSWNHWWH HQWVSUHFKHQG

GHU 'DWHQ LQ $EELOGXQJ ���� XQWHUVFKLHGHQ �YJO� 7DE� ��,9��

NH
NH O

O

O
CH3( )
6

][ ][...stat...
xy O

O

12 a-e

R O C

O

N
NH2

H 8 a-e

][
5

CH3O
O

OCOCl

11

+

9HUELQGXQJ ��D ��E ��F ��G ��H

[ ��� ��� ��� ��� ���

\ ��� ��� ��� ��� ���

$EE� ����� 6\QWKHVHVFKHPD DQLRQLVFKHV 7\S $ $PSKLSKLO 5(Q+(*0H ��D�H�
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����� 7\S % $PSKLSKLO �5(Q��(D+(*0H

'DV 7\S % $PSKLSKLO ZXUGH DXV GHQ 0DNURDPLQHQ 5(Q �D E]Z� E� GHP K\GURSKLOHQ

&KORURIRUPLDW �� XQG GHP &%2 JHVFK�W]WHQ 'LHWKDQRODPLQ &%2(D � VWXIHQZHLVH DXIJHEDXW�

6R HQWVWDQGHQ ]ZHL JHJDEHOWH =LHOYHUELQGXQJHQ� GLH VLFK LQ GHU =DKO GHU (WK\OYHU]ZHLJXQJHQ

XQG GHU .HWWHQOlQJH HQWVSUHFKHQG $EELOGXQJ ���� XQWHUVFKLHGHQ �YJO� 7DE� ��,9��
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9HUELQGXQJ ��D ��E

[ ��� ���

\ ��� ���

$EE� ����� 6\QWKHVHVFKHPD 7\S % $PSKLSKLO �� �5(1��(D+(*0H�

=XQlFKVW ZXUGH GDV JHVFK�W]H 'LHWKDQRODPLQ SKRVJHQLHUW XQG GDV HQWVWDQGHQH

&KORURIRUPLDW PLW GHP 0DNURDPLQ 5(Q ]XU =ZLVFKHQYHUELQGXQJ �� NRQGHQVLHUW� 'LHVH

NRQQWH GXUFK HLQIDFKH 6lXOHQFKURPDWRJUDSKLH QLFKW YROOVWlQGLJ UHLQ HUKDOWHQ ZHUGHQ� VR GD�

GLH $EWUHQQXQJ DOOHU 1HEHQSURGXNWH HUVW DXI GHU 6WXIH GHU =LHOYHUELQGXQJ HUIROJWH� 1DFK

K\GURO\WLVFKHU $EVSDOWXQJ GHU &%2�6FKXW]JUXSSH HUIROJWH .RQGHQVDWLRQ GHU 9HUELQGXQJ ��

PLW GHP &KORURIRUPLDW GHV 0HWKR[\KH[DHWK\OHQJO\NROV �� ]XU =LHOYHUELQGXQJ
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�5(Q��(D+(*0( ��� $XFK KLHU ZXUGH HLQH 5HLQLJXQJ GXUFK 6lXOHQFKURPDWRJUDSKLH XQG

QLFKW GXUFK ([WUDNWLRQ GHV �EHUVFK�VVLJHQ $PLQV DXV GHU RUJDQLVFKHQ 3KDVH YRUJHQRPPHQ�

1HEHQ GHU =LHOYHUELQGXQJ ZXUGHQ DXFK GLH =ZLVFKHQVWXIHQ �� XQG �� ]ZHLIDFK PLWWHOV

6lXOHQFKURPDWRJUDSKLH JHUHLQLJW� 'DGXUFK VDQNHQ GLH $XVEHXWHQ EH]RJHQ DXI GDV

0DNURDPLQ DXI HWZD �� E]Z� �� �YJO� .DS� �������
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����� 7\S & $PSKLSKLO �51��'H�+(*0H��
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$EE� ����� 6\QWKHVHVFKHPD 7\S & $PSKLSKLO 51�'H+(*0H� �� XQG ���

$XFK GLHVHV $PSKLSKLO NRQQWH GXUFK HLQH )ROJH YRQ .RQGHQVDWLRQV� XQG

&KORURIRUPLHUXQJVUHDNWLRQHQ KHUJHVWHOOW ZHUGHQ� 1DFK GHU 8PVHW]XQJ GHV 'LROV � PLW

3KRVJHQ NRQQWH GLHVHV PLW GHP 0DNURDPLQ 51+� �I �V� $EE� ���� NRQGHQVLHUW ZHUGHQ� ,P

$QVFKOX� DQ GLH K\GURO\WLVFKH &%2�$EVSDOWXQJ HUIROJWH GLH .RQGHQVDWLRQ GHV 'LDPLQV �� PLW
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GHP &KORURIRUPLDW GHV 0HWKR[\KH[DHWK\OHQJO\NROV �� ]XU =LHOYHUELQGXQJ 51�'H+(*0H� ���

GLH GXUFK 6lXOHQFKURPDWRJUDSKLH JHUHLQLJW ZHUGHQ NRQQWH� =XP 9HUJOHLFK GHV 9HUKDOWHQV

GLHVHU 9HUELQGXQJ PLW HLQHP XQYHU]ZHLJWHQ 5HVW ZXUGH HEHQIDOOV HLQ 7\S & $PSKLSKLO ��

PLW HLQHP 2FWDGHF\ODPLQ DOV K\GURSKREHP 5HVW V\QWKHWLVLHUW�

����� 6\QWKHVH GHV 7\S $ $PSKLSKLOV 53& ��

,P *HJHQVDW] ]X GHQ DQGHUHQ $PSKLSKLOHQ PLW 0HWKR[\KH[DHWK\OHQJO\NRONRSIJUXSSH NRQQWH

GDV 3KRVSKDWLG\OFKROLQ LQ HLQHU 0XOWLVWHSUHDNWLRQ QDFK *DHQW]OHU HW DO� >��@ V\QWKHWLVLHUW

ZHUGHQ �V� $EE� ������ 'D]X ZXUGH ]XQlFKVW DXV %URPHWKDQRO XQG 3KRVSKRU\OFKORULG GDV

5HDJHQ] ��%URPRHWK\OGLFKORURSKRVSKDW V\QWKHWLVLHUW >��@� 'LHV ZXUGH QDFKIROJHQG PLW GHQ

0DNURDONRKROHQ 52+ �D�H XPJHVHW]W� 2KQH $XIDUEHLWXQJ RGHU $XIUHLQLJXQJ HQWVWDQGHQ GLH

3KRVSKDWLG\OFKROLQH QDFK DQVFKOLH�HQGHU 5HDNWLRQ PLW 7ULHWK\ODPLQ�
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9HUELQGXQJ ��D ��E ��F ��G ��H

[ ��� ��� ��� ��� ���

\ ��� ��� ��� ��� ���

$EE� ����� 6\QWKHVHVFKHPD 7\S $ $PSKLSKLO 53& ��D�H�

'LH HUKDOWHQHQ $PSKLSKLOH NRQQWHQ GXUFK 6lXOHQFKURPDWRJUDSKLH JHUHLQLJW ZHUGHQ� 'D]X

ZXUGHQ ]XQlFKVW VlPWOLFKH 9HUXQUHLQLJXQJHQ PLW HLQHP *HPLVFK DXV 0HWK\OHQFKORULG XQG

0HWKDQRO PLW ODQJVDP ZDFKVHQGHQ *HKDOW DQ 0HWKDQRO HQWIHUQW XQG DQVFKOLH�HQG GLH

3URGXNWH GXUFK HLQ *HPLVFK DXV 0HWKDQRO XQG Zl�ULJHU ���LJHU $PPRQLDNO|VXQJ YRQ GHU

&KURPDWRJUDSKLHVlXOH HOXLHUW� 'LH $PSKLSKLOH ZDUHQ DXI GLHVH :HLVH PLW KRKHU 5HLQKHLW
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V\QWKHWLVLHUEDU� ZDV LP �+� XQG ��3�105 6SHNWUXP VRZLH GXUFK (OHNWURQHQVSUD\ ,RQLVDWLRQ �

0DVVHQVSHNWURVNRSLH �VLHKH .DS� ������ GHXWOLFK ZXUGH�

:LH LP )DOO GHV 7\S & $PSKLSKLOV �51��'H�+(*0H�� ZXUGH DXFK KLHU HLQ $PSKLSKLO PLW

HLQHP XQYHU]ZHLJWHQ &�� 5HVW V\QWKHWLVLHUW �&��+��23&� ���� XP GHQ 8QWHUVFKLHG GHU

WKHUPLVFKHQ (LJHQVFKDIWHQ KHUDXV]XDUEHLWHQ�
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��� 
����	�����	�	�����������������������������	���������������������

��������������������������

'LH (UZHLWHUEDUNHLW GHU 6\QWKHVH KLQ ]X ELRWLQ\OLHUWHQ $PSKLSKLOHQ ZDU HLQH GHU

$QIRUGHUXQJHQ� GLH DQ GLH KLHU YRUJHVWHOOWHQ 9HUELQGXQJHQ JHVWHOOW ZXUGH� 'LH

QDFKIROJHQGHQ ]ZHL 5HWURV\QWKHVHVFKHPHQ VROOHQ DQKDQG YRQ LQ GHU /LWHUDWXU EHVFKULHEHQHQ

6\QWKHVHQ ]HLJHQ� GD� GLHVH )RUGHUXQJ HUI�OOW LVW�

$EELOGXQJ ���� ]HLJW HLQH P|JOLFKH 6\QWKHVH HLQHV ELRWLQ\OLHUWHQ $PSKLSKLOV PLW HLQHU

+H[DHWK\OHQJO\NRONRSIJUXSSH XQG HLQHP K\GURSKREHQ 5HVW� %LRWLQ NDQQ �EHU GLH

NRPPHU]LHOO HUKlOWOLFKH 9HUELQGXQJ %LRWLQ�1%6 DQ YHUVFKLHGHQH $PLQH DQJHQ�SIW ZHUGHQ

>��@� 'LH 6\QWKHVH HLQHV $PSKLSKLOV PLW $PLQRHQGIXQNWLRQ LQ GHU 3RO\HWK\OHQR[LGNRSIJUXSSH

NDQQ �EHU GLH 9HUZHQGXQJ YRQ %LV�WULPHWK\OVLO\O�NDOLXPDPLG DOV ,QLWLDWRU HUUHLFKW

ZHUGHQ >��@�
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$EE� ����� 5HWURV\QWKHVHVFKHPD ]XU 6\QWKHVH HLQHV ELRWLQ\OLHUWHQ $PSKLSKLOV PLW

3RO\HWK\OHQJO\NRONRSIJUXSSH�
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$XFK GLH $QELQGXQJ HLQHU %LRWLQJUXSSH DQ HLQ $PSKLSKLO PLW HLQHP 3KRVSKRUVlXUHGHULYDW LQ

GHU K\GURSKLOHQ .RSIJUXSSH ZLUG LQ GHU /LWHUDWXU EHVFKULHEHQ� ,Q GHU 5HJHO ZHUGHQ KLHU]X

3KRVSKDWLG\OHWKDQRODPLQH YHUZHQGHW� 'LH 6\QWKHVH GLHVHV /LSLGW\SV NDQQ DXI PHKUHUHQ

:HJHQ HUIROJHQ >��@� =XPHLVW ZLUG HLQ $ONRKRO ]XQlFKVW PLW 3KRVSKRU\OFKORULG XQG

DQVFKOLH�HQG PLW DP 6WLFNVWRIIDWRP JHVFK�W]WHP (WKDQRODPLQ XPJHVHW]W >��@� $OV

6FKXW]JUXSSH ZLUG KLHU �EOLFKHUZHLVH GLH WHUW�%XW\OR[\FDUERQ\O�*UXSSH �%RF� YHUZHQGHW�
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$EE� ����� 5HWURV\QWKHVHVFKHPD ]XU 6\QWKHVH HLQHV ELRWLQ\OLHUWHQ

$PSKLSKLOV PLW 3KRVSKDWLG\OHWKDQRODPLQNRSIJUXSSH�

'LH YHUZHQGHWH 6\QWKHVHVWUDWHJLH PLW GHP %DXVWHLQV\VWHP NDQQ DOVR OHLFKW PRGLIL]LHUW

ZHUGHQ� 'XUFK GHQ $XVWDXVFK GHU 0HWKR[\KH[DHWK\OHQJO\NRO� E]Z� 3KRVSKDWLG\O�

FKROLQJUXSSH N|QQHQ $PSKLSKLOH PLW HLQHU $PLQRJUXSSH LP K\GURSKLOHQ %DXVWHLQ KHUJHVWHOOW

ZHUGHQ� 'LH $QELQGXQJ HLQHU %LRWLQJUXSSH LVW VRPLW HUP|JOLFKW�


