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'BNJMJFT� PG� �%� DPPSEJOBUJPO� QPMZNFST� IBWF� CFFO

EFWFMPQFE� JO� XIJDI� GMFYJCJMJUZ� PG� UIF� QPMZNFS� BSJTJOH
GSPN� TJEF�DIBJO� DPOGPSNBUJPOBM� DIBOHFT� BOE
CPOE�CSFBLJOH� BOE� SFGPSNBUJPO� BU� MBCJMF� NFUBM� DFOUSFT
FOBCMFT� UIF� VQUBLF� BOE� SFMFBTF� PG� B� WBSJFUZ� PG� TNBMM
NPMFDVMFT�CZ�UIFTF�NBUFSJBMT�JO�UIFJS�DSZTUBMMJOF�GPSN�<���>
5IFTF� DSZTUBMMJOF�NBUFSJBMT� BSF� OPU� GPSNBMMZ� QPSPVT� CVU
UIFJS�GMFYJCJMJUZ�SFTVMUT�JO�MBUFOU�QPSPTJUZ�UIBU�GBDJMJUBUFT�UIF
VQUBLF�BOE�SFMFBTF�QSPDFTTFT��5SBOTGPSNBUJPOT�IBWF�CFFO
GPMMPXFE� FYUFOTJWFMZ� CZ� JO� TJUV� EJGGSBDUJPO� TUVEJFT� JO
TPNF� DBTFT� BT� TJOHMF� DSZTUBM�UP�TJOHMF� DSZTUBM� QSPDFTTFT
CVU� BMXBZT� BMTP� CZ� 931%�� %JGGSBDUJPO� TUVEJFT� BSF
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XIFSF�HVFTU�NPMFDVMFT�BSF�SFMFBTFE�JOUP�UIF�WBQPVS�QIBTF�
5IF� QSFTFOUBUJPO� XJMM� GPDVT� PO� VTJOH� EJGGSBDUJPO� JO
DPNCJOBUJPO� XJUI� PUIFS� UFDIOJRVFT� UP� JOWFTUJHBUF
NFDIBOJTN� BOE� XJMM� QSPWJEF� FYBNQMFT� UIBU� JMMVTUSBUF
TFMFDUJWJUZ�PG�HVFTU�FOUSBQNFOU�
<�>�4��-JCSJ�.��.BIMFS�(��.iOHVF[�&TQBMMBSHBT�%��$�

/�� (�� 4JOHI� +�� 4PMFJNNBOFKBE� )�� "EBNT� .�� %�
#VSHBSE� /�� 1�� 3BUI�.�� #SVOFMMJ� -�� #SBNNFS�Angew.
Chem. Int. Ed.������47�����������
<�>� *�� +��7JUoSJDB�:SF[eCBM�(��.iOHVF[�&TQBMMBSHBT� +�

4PMFJNBOOFKBE� "�� +�� 'MPSFODF� "�� +�� 'MFUDIFS� -�
#SBNNFS�Chem. Sci.������4���������
<�>�+��4��8SJHIU�*��+��7JUoSJDB�:SF[eCBM�)��"EBNT�4��1�

5IPNQTPO� "�� )�� )JMM� -�� #SBNNFS IUCrJ� ����� 2
��������
<�>� *�� +�� 7JUoSJDB�:SF[eCBM� 4�� -JCSJ� +�� 3�� -PBEFS� (�

.iOHVF[� &TQBMMBSHBT� .�� )JQQMFS� "�� +�� 'MFUDIFS� 4�� 1�
5IPNQTPO�+��&��8BSSFO�%��.VTVNFDJ�.��%��8BSE�-�
#SBNNFS�Chem. Eur. J. �����JO�QSFTT�
,FZXPSET�� 'MFYJCMF� DPPSEJOBUJPO�QPMZNFS�NPMFDVMBS� FOUSBQNFOU
MBUFOU�QPSPTJUZ�HVFTU�VQUBLF�HVFTU�SFMFBTF�JO�TJUV�EJGGSBDUJPO

MS35-O3�$PPSEJOBUJPO�NFUBMMBDZDMFT
BTTFNCMFE�JOUP�NJDSPQPSPVT�NBUFSJBMT

-VDJBOP�.BSDIJP���*SFOF�#BTTBOFUUJ��$PSSBEP�"U[FSJ��.BUUFP
5FHPOJ��7JODFOU�-��1FDPSBSP�

��� %JQBSUJNFOUP� EJ� $IJNJDB� 6OJWFSTJUB�� EFHMJ� 4UVEJ� EJ� 1BSNB
1BSNB�*UBMZ
���%FQBSUNFOU�PG�$IFNJTUSZ�6OJWFSTJUZ�PG�.JDIJHBO�"OO�"SCPS
.*�64"

FNBJM��NBSDIJP!VOJQS�JU
`1PSPVT� TPMJE� NBUFSJBMT� SFQSFTFOU� POF� PG� UIF� NPTU

JOUFOTF� BSFBT� PG� TUVEZ� GPS� DIFNJTUT� QIZTJDJTUT� BOE
NBUFSJBMT�TDJFOUJTUT�<�>��5IFTF�TZTUFNT�IBWF�GPVOE�B�MBSHF
OVNCFS� PG� BQQMJDBUJPOT� JO� NBOZ� GJFMET� TVDI� BT
BETPSQUJPO� TFQBSBUJPO� BOE� QVSJGJDBUJPO� BT� XFMM� BT
DBUBMZTJT� <�>�� 5IF� DPOTUSVDUJPO� PG� B� SFUJDVMBS� BOE� QPSPVT
BSDIJUFDUVSF� IJHIMZ� EFQFOET� PO� UIF� CVJMEJOH� VOJUT� MJOLFE
CZ�NFBOT�PG�EJGGFSFOU�UZQFT�PG�JOUFSBDUJPOT��*O�QBSUJDVMBS
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DPWBMFOU�PSHBOJD�GSBNFXPSLT�	$0'
�BOE�QPSPVT�BSPNBUJD
GSBNFXPSLT�	1"'
��*O�UIF�MBSHF�BOE�DPOUJOVPVTMZ�HSPXJOH
DMBTT�PG�NFUBM�PSHBOJD�GSBNFXPSL�	.0'
�UIF�NBJO�TPVSDF
PG� TUSVDUVSBM� WBSJBCJMJUZ� EFSJWFT� CZ� UIF� PQUJNBM� NBUDI
CFUXFFO� BO� PSHBOJD� MJHBOE� CPVOE� UP� B� NFUBM� DFOUFS�
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