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*�������)JHI�WBMFOU�PSHBOPNFUBMMJD�OJDLFM�DIFNJTUSZ����������������������������������������������������

*���������)JHI�WBMFOU�PSHBOPOJDLFM�DPNQMFYFT�WJB�$�)�BDUJWBUJPO���������������������
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$IBQUFS� ***�� � 1SFQBSBUJPO� PG� B� $PPSEJOBUJWFMZ� 4BUVSBUFE� ϶�Ϯ��Ϯ��1FSPYPEJDPQQFS	**
�
$PNQPVOE��������������������������������������������������������������������������������������������������������������������������������
$IBQUFS� *7�� � .FDIBOJTUJD� *OTJHIUT� JOUP� UIF� PSUIP�%FGMVPSJOBUJPO�)ZESPYZMBUJPO� PG� ��
)BMPQIFOPMBUFT�1SPNPUFE�CZ�B�#JT	϶�PYP
EJDPQQFS	***
�$PNQMFY�������������������������������������
$IBQUFS� 7�� 8FMM�%FGJOFE� "SZM�'F**� $PNQMFYFT� JO� $SPTT�$PVQMJOH� BOE� $�)� "DUJWBUJPO�
1SPDFTTFT���������������������������������������������������������������������������������������������������������������������������������
$IBQUFS�7*��0SHBOPNFUBMMJD�/J	**

�/J	***
�BOE�/J	*7
�$PNQMFYFT�3FMFWBOU�UP�$BSCPO�
$BSCPO�BOE�$BSCPO�0YZHFO�#POE�'PSNBUJPO�3FBDUJPOT����������������������������������������������������
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EJDPQQFS	***
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7**���8FMM�EFGJOFE�BSZM�'F**�DPNQMFYFT�JO�DSPTT�DPVQMJOH�BOE�D�I�BDUJWBUJPO�QSPDFTTFT�����������
7**���0SHBOPNFUBMMJD�/J	**

�/J	***
�BOE�/J	*7
�DPNQMFYFT�SFMFWBOU�UP�DBSCPO�DBSCPO�BOE�
DBSCPO�PYZHFO�CPOE�GPSNBUJPO�SFBDUJPOT���������������������������������������������������������������������������������������������
7**���3FGFSFODFT������������������������������������������������������������������������������������������������������������������������������������������

$IBQUFS�7***��(FOFSBM�$PODMVTJPOT���������������������������������������������������������������������������������������
"//&9��4VQQPSUJOH�JOGPSNBUJPO������������������������������������������������������������������������������������������
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6800$5<��S������

&+$37(5�,��*HQHUDO�LQWURGXFWLRQ��S������

&+$37(5�,,��2EMHFWLYHV��S������

&+$37(5� ,,,�� 3UHSDUDWLRQ� RI� D� &RRUGLQDWLYHO\� 6DWXUDWHG� Ǎ�ǈ��ǈ��
SHUR[RGLFRSSHU�,,��FRPSRXQG��S������

�
&+$37(5� ,9�� 0HFKDQLVWLF� ,QVLJKWV� LQWR� WKH� RUWKR�'HIOXRULQDWLRQ�
+\GUR[\ODWLRQ� RI� ��+DORSKHQRODWHV� 3URPRWHG� E\� D� %LV�Ǎ�
R[R�GLFRSSHU�,,,��&RPSOH[��S������
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&+$37(5�9��:HOO�'HILQHG�$U\O�)H,,�&RPSOH[HV�LQ�&URVV�&RXSOLQJ�DQG�&�
+�$FWLYDWLRQ�3URFHVVHV��S�������

�
&+$37(5�9,��2UJDQRPHWDOOLF�1L�,,���1L�,,,��DQG�1L�,9��&RPSOH[HV�5HOHYDQW�
WR�&DUERQ�&DUERQ�DQG�&DUERQ�2[\JHQ�%RQG�)RUPDWLRQ�5HDFWLRQV��S��
�����

�
&+$37(5�9,,��5HVXOWV�DQG�GLVFXVVLRQ��S�������

&+$37(5�9,,,��*HQHUDO�FRQFOXVLRQV��S�������

$11(;��6XSSRUWLQJ�LQIRUPDWLRQ��S�������
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/,67�2)�),*85(6�
'JHVSF�*���4DIFNBUJD�SFQSFTFOUBUJPO�PG�USJ��PS�UFUSBEFOUBUF�/�CBTFE�NBDSPDZDMJD�NPEFM�MJHBOET�

PS� TVCTUSBUFT�� *OTFU��5ZQJDBM� PDUBIFESBM� BOE� TRVBSF� QMBOBS� DPPSEJOBUJPO� HFPNFUSJFT� GPS� UIFTF�

NPEFM�MJHBOET������������������������������������������������������������������������������������������������������������������������������������������������������

'JHVSF�*���0SHBOPNFUBMMJD�DPNQMFYFT�JTPMBUFE�XJUI�B
�3-�9�NPEFM�TVCTUSBUF�BOE�C
�3-�)�NPEFM�

TVCTUSBUF���������������������������������������������������������������������������������������������������������������������������������������������������������������

'JHVSF�*���#JPNJNFUJD�BQQSPBDI��GSPN�B�NFUBMMPQSPUFJO�UP�B�TZOUIFUJD�NPEFM���������������������������������

'JHVSF�*���B
�"DUJWBUJPO�PG���NPMFDVMBS�PYZHFO�UP�HJWF�JUT�BDUJWF�SFEVDFE�GPSNT
�BOE�C
�SFEVDUJPO�

PG�NPMFDVMBS�PYZHFO�UP�ZJFME�JUT�SFEVDFE�GPSNT������������������������������������������������������������������������������������������

'JHVSF�*���%JGGFSFOU�TQJO�TUBUF�TDFOBSJPT�QPTTJCMF�GPS�UIF�SFBDUJPO�DPPSEJOBUFT�HJWFO�CZ�UIF�543�

BGGPSEJOH� TNBMMFS� BDUJWBUJPO� CBSSJFST�� 5IF� QVSQMF� BOE� PSBOHF� DVSWFT� SFQSFTFOU� EJGGFSFOU� TQJO�

TUBUFT
�BOE�UIF�SFE�EPUT�SFQSFTFOU�TQJO�JOWFSTJPOT��������������������������������������������������������������������������������������

'JHVSF� *���3FQSFTFOUBUJPO�PG� UIF� JSPO�NFDIBOJTUJD� UPPMCPY� VTJOH� B� DPNCJOBUJPO�PG� QIZTJDBM�

JOPSHBOJD� TQFDUSPTDPQJFT
� DPODVSSFOU� JSPO� TQFDJBUJPO� SFBDUJWJUZ� TUVEJFT� BOE� MPX�UFNQFSBUVSF�

TZOUIFTJT�PG�PSHBOPNFUBMMJD�JSPO�DPNQMFYFT������������������������������������������������������������������������������������������������

'JHVSF�*���B
�(FOFSBM�TDIFNF�PG�UIF�EJSFDUJOH�HSPVQ�BQQSPBDI�GPS�UIF�BDUJWBUJPO�PG�PSUIP�
�NFUB��

BOE�QBSB��QPTJUJPOT�PG�BSZM�9�HSPVQT��&YBNQMF�PG�BO�PSUIP�EJSFDUJOH�HSPVQ�TUSBUFHZ��C
�*TPMBUFE�

BOE� 93%� DIBSBDUFSJ[FE� BSZM�'F	**
� DPNQMFYFT� PCUBJOFE� WJB� QPMBS� PYJEBUJWF� BEEJUJPO� VTJOH� B�

QIFOZMJNJOF�TVCTUSBUF�GPS�UIF�PSUIP�EJSFDUJOH�HSPVQ�TUSBUFHZ�UPHFUIFS�XJUI�TUSPOH�GJFME�MJHBOET�

TVDI�BT�USJNFUIZM�QIPTQIJOF�BOE�DBSCPO�NPOPYJEF
�BOE�D
�*TPMBUFE�BOE�93%�DIBSBDUFSJ[FE�BSZM�

'F	**
�DPNQMFYFT�PCUBJOFE�WJB�QPMBS�PYJEBUJWF�BEEJUJPO�VTJOH�B�	PYB[PMJOZM
QIFOZM�TVCTUSBUF�GPS�

UIF�PSUIP�EJSFDUJOH�HSPVQ�TUSBUFHZ�UPHFUIFS�XJUI�DBSCPO�NPOPYJEF�BT��TUSPOH�GJFME�MJHBOE�������������

'JHVSF� *��� *TPMBUFE� BOE� 93%� DIBSBDUFSJ[FE� BSZM�� BOE� BMLZM�'F	**
� DPNQMFYFT� PCUBJOFE� WJB�

PYJEBUJWF� BEEJUJPO�PG� UIF� QIFOZM� BOE�NFUIZM� JPEJEF
� SFTQFDUJWFMZ
� UPXBSET� UIF� DPSSFTQPOEJOH�

JSPO	�
�QSFDVSTPS�VTJOH�B�DBSCFOF�QJODFS�MJHBOE�UIBU�QSPWJEFT�B�TUSPOH�GJFME�MJHBOE�FOWJSPONFOU�

UP�TUBCJMJ[F�UIF�SFTVMUJOH�PSHBOPNFUBMMJD�JSPO	**
�DPNQMFYFT�	$IJSJL�����
��������������������������������������

'JHVSF�*���	�
�4ZOUIFTJT�PG�UIF�BSZM�'F	**
�EJNFS�GPSNFE�SJHIU�BGUFS�UIF�$�)�BDUJWBUJPO�TUFQ�VTJOH�

POF�FRVJWBMFOU�PG�(SJHOBSE�SFBHFOU
�BOE�	�
�GPSNBUJPO�PG�UIF�CJTBSZM�'F	**
�EJNFS�VTJOH�UISFF�

FRVJWBMFOUT� PG� (SJHOBSE� SFBHFOU�� )ZESPHFO� BUPNT� BOE� TPNF� PG� UIF� DBSCPO� BUPNT� GSPN� UIF�

EJQIPTQIJOF�MJHBOET�PG�UIF�9�SBZ�TUSVDUVSFT�IBWF�CFFO�PNJUUFE�GPS�DMBSJUZ�����������������������������������������
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'JHVSF� *���� 4ZOUIFTJT� PG� BSZM�'F	**
� IZESJEF� DPNQMFY� WJB� PYJEBUJWF� BEEJUJPO� UP� BO� JSPO	�
�

TPVSDF��"MM�IZESPHFO�BUPNT�	FYDFQU�UIF�'F�)
�IBWF�CFFO�PNJUUFE�GPS�DMBSJUZ�����������������������������������

'JHVSF�*����&YBNQMFT�PG�SFDFOUMZ�JTPMBUFE�XFMM�EFGJOFE�PSHBOPOJDLFM	***
�DPNQMFYFT�SFMFWBOU�GPS�

DSPTT�DPVQMJOH�USBOTGPSNBUJPOT�CZ�UIF�.JSJDB�HSPVQ��������������������������������������������������������������������������������

'JHVSF�*����4ZOUIFTJT
�9�SBZ�TUSVDUVSF�BOE�SFBDUJWJUZ�PG�UIF�PSHBOPOJDLFM	*7
�DPNQMFY�JTPMBUFE�

CZ�4BOGPSE�BOE�DP�XPSLFST������������������������������������������������������������������������������������������������������������������������������

'JHVSF�*����9�SBZ�TUSVDUVSF�PG�UIF�JTPMBUFE�PSHBOPOJDLFM	*7
�DPNQMFY�SFQPSUFE�CZ�.JSJDB�BOE�

DP�XPSLFST� BOE� SFEVDUJWF� FMJNJOBUJPO� SFBDUJWJUZ� TUVEJFT� VQPO� UIFSNPMZTJT� BOE� DIMPSJOBUJPO
�

SFTQFDUJWFMZ����������������������������������������������������������������������������������������������������������������������������������������������������������

'JHVSF� 7**��� 4ZOUIFTJT� PG� �05G� CZ� SFBDUJOH� FRVJNPMBS� BNPVOUT� PG� 1Z/.F�� MJHBOE� BOE�

<$V*	$)�$/
�>	05G
� JO� BDFUPOJUSJMF� BMPOHTJEF� XJUI� UIF� %'5� DPNQVUFE� TUSVDUVSF� GPS�

DPNQPVOE�������������������������������������������������������������������������������������������������������������������������������������������������������

'JHVSF�7**���)3�&4*�.4�TQFDUSB�PG�<$V*	1Z/.F�
>	05G
�	�05G
��-FGU�JOTFU��UIF�FYQBOEFE�

WJFX�PG�UIF�NBJO�QFBL�BU�B�N�[������������DPSSFTQPOEJOH�UP�<$V*	1Z/.F�
>��BOE�UIF�FYQBOEFE�

WJFX� PG� UIF� DPSSFTQPOEJOH� DBMDVMBUFE� TQFDUSVN� GPS� UIJT� NPMFDVMBS� GPSNVMB�� 3JHIU� JOTFU�� UIF�

FYQBOEFE� WJFX� PG� UIF� TNBMM� QFBL� BU� B� N�[� �� ��������� DPSSFTQPOEJOH� UP�

<$V*	1Z/.F�
	$)�$/
>��BOE�UIF�FYQBOEFE�WJFX�PG�UIF�DPSSFTQPOEJOH�DBMDVMBUFE�TQFDUSVN�

GPS�UIJT�NPMFDVMBS�GPSNVMB������������������������������������������������������������������������������������������������������������������������������

�'JHVSF�7**���B
� �)�/.3�TQFDUSVN�PG��05G� JO�$%�$/�BU� SPPN�UFNQFSBUVSF��C
� ��$�/.3�

TQFDUSVN�PG��05G�JO�$%�$/�BU�SPPN�UFNQFSBUVSF��D
�FYQBOEFE�WJFX�PG�UIF�)42$�BMJQIBUJD�

SFHJPO�TQFDUSVN�PG��05G�JO�$%�$/�BU�SPPN�UFNQFSBUVSF
�BOE�E
�FYQBOEFE�WJFX�PG�UIF�/0&4:�

BMJQIBUJD�SFHJPO�TQFDUSVN�PG��05G�JO�$%�$/�BU�SPPN�UFNQFSBUVSF��������������������������������������������������

'JHVSF� 7**��� 67�WJT� TQFDUSB� DPSSFTQPOEJOH� UP� UIF� SFBDUJPO� PG� �05G� 	���� N.
� XJUI� 0�� JO�

$)�$/�5)'�	����
�BU�������$�	ZFMMPX���05G��PSBOHF���
��*OTFU��UJNF�USBDF�PG�UIF�CBOE�BU�ϴNBY�

������ON�DPSSFTQPOEJOH�UP�UIF�GPSNBUJPO�BOE�TFMG�EFDBZ�PG�DPNQPVOE���BU�������$��������������������

'JHVSF�7**����5PQ��3FBDUJPO�PG�<$V*	%#&%
	$)�$/
>��XJUI�0��UP�GPSN��1�BOE��0�JTPNFST�

BMPOH� XJUI� UIF� DBMDVMBUFE� (JCCT� GSFF� FOFSHJFT� 	PSBOHF
�� #PUUPN�� 3FBDUJPO� PG�

<$V*	%#&%
	$)�$/
>��	����N.
�XJUI�0��JO�$)�$/���.F5)'������BU������$�NPOJUPSFE�

CZ�67�WJT�TQFDUSPTDPQZ��*OTFU��LJOFUJD�USBDF�BU�ϴNBY�������ON���������������������������������������������������������������

'JHVSF�7**��� 5PQ��3FBDUJPO� PG��1� XJUI� �
��EJGMVPSPQIFOPMBUF� UP� GPSN� TQFDJFT��0pB� XJUI� UIF�

DPSSFTQPOEJOH� DBMDVMBUFE�(JCCT� GSFF� FOFSHJFT� 	PSBOHF
� PG� UIF� UXP� QPTTJCMF� JTPNFST� GPSNFE��
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#PUUPN��3FBDUJPO�PG��1� 	�����N.
�XJUI���FRVJWBMFOUT��
��EJGMVPSPQIFOPMBUF� UP�GPSN�TQFDJFT�

�0pB� JO�$)�$/���.F5)'������BU�������$�NPOJUPSFE�CZ�67�WJT�TQFDUSPTDPQZ��*OTFU��LJOFUJD�

USBDFT�PG�ϴ	�1
�������ON��ϴ	�0pB
�������ON
�BOE�ϴ	�0pB
�������ON��������������������������������������������������

'JHVSF�7**��� � � �1SPQPTFE�NFDIBOJTN�BOE�DBMDVMBUFE� GSFF�FOFSHZ�QSPGJMFT�BU� UIF�6.���-�DD�

Q75;�H� _� 4.%��6.���-������(	E
� MFWFM� PG� UIFPSZ� GPS� ��GMVPSPQIFOPMBUF�� (JCCT� GSFF�

FOFSHJFT�	(
�JO�LDBMpNPM��
�BSF�SFMBUJWF�UP��0D��������������������������������������������������������������������������������������������

7**����67�WJT�TQFDUSB�PG��0pC�F�HFOFSBUFE�VQPO�SFBDUJPO�PG��1�	�����N.
�XJI���FRVJWBMFOUT�PG�

TPEJVN���GMVPSP���:�QIFOPMBUF�	:���$M
�'
�)�BOE�$)�
�BU�������$�JO�$)�$/���.F5)'�������

*OTFUT��LJOFUJD�USBDFT�DPSSFTQPOEJOH�UP�UIF�TFMG�EFDBZ�PG��0pC�F�BU�������$����������������������������������������

'JHVSF�7**���&YQFSJNFOUBM�)BNNFUU�QMPU�GPS� UIF�TFMG�EFDBZ�PG��0pY�	Y���C�m�F
�BU�������$�JO�

$)�$/���.F5)'�	����
�����������������������������������������������������������������������������������������������������������������������������

'JHVSF�7**����&YQFSJNFOUBM�&ZSJOH�QMPU� GPS� UIF�EFDBZ�PG��0pB� JO�$)�$/���.F5)'������ BU�

EJGGFSFOU�UFNQFSBUVSFT�������������������������������������������������������������������������������������������������������������������������������������

'JHVSF� 7**���� B
� 4ZOUIFTJT� PG� UIF� JSPO	**
� DPNQMFY� QSFDVSTPST� �p9�� 	9� �� $M� BOE� #S

� BOE�

FGGFDUJWF� NBHOFUJD� NPNFOU� EFUFSNJOFE� CZ� UIF� &WBOT�� NFUIPE� GPS� DPNQMFY� �p$M�� XIJDI� JT�

DPOTJTUFOU�XJUI� B� IJHI�TQJO� JSPO	**
� DPNQMFY�� C
� BOE� D
�9�SBZ� TUSVDUVSFT� PG��p$M�� BOE��p#S��

EFUFSNJOFE� �BU�����,�	$$%$���������BOE�$$%$��������
�BMPOH�XJUI�TFMFDUFE�TUSVDUVSBM�

QBSBNFUFST����������������������������������������������������������������������������������������������������������������������������������������������������������

'JHVSF�7**����B
�3FBDUJPO�PG��p$M��UPXBSET�1I.H#S�GPS�UIF�GPSNBUJPO�PG�CJBSZM�$�$�DPVQMJOH�

QSPEVDU�	.F-1I
��C
�3FQSFTFOUBUJPO�PG�UIF�TIJFMEJOH�DPOF�FGGFDU�PCTFSWFE�CZ��)�/.3�GPS�.F-1I
�

BOE�D
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UP�SFNPWF�UIF�QSPUPO����������������������������������������������������������������������������������������������������������������������������������������

4DIFNF� *���� 3FBDUJPO� PG� <'F	EQQF
�p$�)�>� VOEFS�67� MJHIU� UP� HFOFSBUF� UIF� DPSSFTQPOEJOH�

GFSSBDZDMF�IZESJEF�DPNQMFY�CZ�PYJEBUJWF�BEEJUJPO�PG�POF�PG�UIF�PSUIP�$�)�JO�UIF�QIFOZM�HSPVQT�

GSPN�UIF�EQQF�MJHBOE�����������������������������������������������������������������������������������������������������������������������������������������

4DIFNF� *���� 4ZOUIFTJT� PG� BO� PSUIP�NFUIZMBUFE� 'F	**
� IZESJEF� DPNQMFY� WJB� $�)� BDUJWBUJPO�

JOWPMWJOH�GJSTU�B�Ͻ�CPOE�NFUBUIFTJT�BOE�UIFO�BO�PYJEBUJWF�BEEJUJPO������������������������������������������������������

4DIFNF� *���� 4FMFDUFE� FYBNQMFT� PG� /J�DBUBMZ[FE� DSPTT�DPVQMJOH� SFBDUJPOT� PG� B
� $�'� CPOE�

BDUJWBUJPO
�C
�UFSUJBSZ�BMLZM�IBMJEFT�BDUJWBUJPO
�BOE�D
�UFSUJBSZ�QIFOPM�EFSJWBUJWFT�BDUJWBUJPO����������

4DIFNF� *���� $PNNPOMZ� QSPQPTFE� /J	�
�/J	**

� /J	*
�/J	**
�/J	***
� BOE� /J	*
�/J	***
�

DBUBMZUJD� DZDMFT� BOE� SBSFMZ� JOWPLFE� /J	**
�/J	*7
� DBUBMZUJD� DZDMF
� BOE� DPNQBSJTPO� XJUI� 1E�

DIFNJTUSZ�������������������������������������������������������������������������������������������������������������������������������������������������������������

4DIFNF�*����B
�BOE�C
�TFMFDUFE�DPOUSJCVUJPOT�XJUI�SFBDUJWJUZ�PO�OJDLFM�NFEJBUFE�DSPTT�DPVQMJOH�

SFBDUJPOT�WJB�QSPQPTFE�PSHBOPOJDLFM	***
�JOUFSNFEJBUFT
�JO�XIJDI�B��FMFDUSPO�PYJEBOU�JT�BEEFE�

UP� UIF�/J	**
�QSFDVSTPS�XIJDI� SFTVMUT� JO� UIF� GPSNBUJPO�PG� UIF�PSHBOJD�DPVQMJOH�QSPEVDU
� UIVT�

JOEJDBUJOH� UIF� QVUBUJWF� GPSNBUJPO� PG� B� /J	***
� JOUFSNFEJBUF� TQFDJFT�� D
� 'JSTU� JTPMBUFE�

PSHBOPOJDLFM	***
�DPNQMFY�BOE�SFBDUJWJUZ��TUVEJFT�UPXBSET�$�#S�CPOE�GPSNJOH�SFBDUJPOT�������������



���
�

4DIFNF�*����*TPMBUFE�PSHBOPOJDLFM	***
�DPNQMFYFT�CZ�4BOGPSE�BOE�DP�XPSLFST�BOE�TVCTFRVFOU�

UIFSNPMZTJT�TUVEJFT�ZJFMET�UP�$�$�CPOE�GPSNJOH�QSPEVDUT�CZ�SFEVDUJWF�FMJNJOBUJPO
�SFTQFDUJWFMZ�

��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

4DIFNF�*����'JSTU�JTPMBUFE�PSHBOPOJDLFM	*7
�DPNQMFYFT�����������������������������������������������������������������������

4DIFNF�*����B
�*TPMBUFE�PSHBOPOJDLFM	***
�DPNQMFY�PCUBJOFE�WJB�$�)�BDUJWBUJPO�BOE�SFBDUJWJUZ�

TUVEJFT� UPXBSET�DZBOPBMLZMBUJPO�CZ�.JSJDB�BOE�DP�XPSLFST
�BOE�C
� JTPMBUFE�PSHBOPOJDLFM	*7
�

DPNQMFY�WJB�$�)�BDUJWBUJPO�CZ�4BOGPSE�BOE�DP�XPSLFST��������������������������������������������������������������������������

4DIFNF�**���4DIFNBUJD�SFQSFTFOUBUJPO�PG�UIF�PCKFDUJWFT�DPSSFTQPOEJOH�UP�UIF�GJSTU�QBSU�PG�UIJT�

UIFTJT� 	UPQ��$IBQUFS� ***
� BOE� CPUUPN��$IBQUFS� *7
�� DPQQFS� DPNQMFYFT� GPS�0��BDUJWBUJPO� BOE�

TVCTUSBUF�PYJEBUJPO�VTJOH�CJPJOTQJSFE�NPEFM�MJHBOET�������������������������������������������������������������������������������

4DIFNF�**���4DIFNBUJD�SFQSFTFOUBUJPO�PG�UIF�PCKFDUJWFT�DPSSFTQPOEJOH�UP�UIF�TFDPOE�QBSU�PG�UIJT�

UIFTJT�	UPQ��$IBQUFS�7
�BOE�CPUUPN��$IBQUFS�7*
��JTPMBUJPO�PG�PSHBOPNFUBMMJD�JSPO�BOE�OJDLFM�

DPNQMFYFT�CFBSJOH�NPEFM�TVCTUSBUFT�BOE�NPEFM�MJHBOET�SFMFWBOU�GPS�$�)�BDUJWBUJPO�BOE�DSPTT�

DPVQMJOH�USBOTGPSNBUJPOT���������������������������������������������������������������������������������������������������������������������������������

4DIFNF�7**���0��BDUJWBUJPO�CZ��05G�BGGPSEJOH�UIF�41�TQFDJFT��
�XIJDI�JT�OPU�BCMF�UP�PYJEJ[F�

QIFOPMBUFT���������������������������������������������������������������������������������������������������������������������������������������������������������

4DIFNF�7**���4USVDUVSF�PG�DPNQPVOE����JUT�MBDL�PG�SFBDUJWJUZ�UPXBSET�QIFOPMBUFT�	MFGU

�BOE�JUT�

TDBSDF�SFBDUJWJUZ�UP�PYJEJ[F���NFUIPYZUIJBOJTPMF���������������������������������������������������������������������������������������

4DIFNF� 7**��� 4ZTUFN� EFTDSJCFE� CZ� 4UBDL� BOE� DP�XPSLFST� GPS� UIF� PSUIP�IZESPYZMBUJPO� PG�

QIFOPMBUFT�����������������������������������������������������������������������������������������������������������������������������������������������������������

4DIFNF� 7**���$IPJDF� BOE� EFTJHO� TDIFNF� PG� UIF� NPEFM� NBDSPDZDMJD� TVCTUSBUF� .F-)� GPS� UIF�

GPSNBUJPO� PG� PSHBOPNFUBMMJD� BSZM�JSPO	**
� DPNQMFYFT� WJB� $�)� BDUJWBUJPO� UISPVHI� BO� PSUIP�

EJSFDUJOH�HSPVQ�TUSBUFHZ����������������������������������������������������������������������������������������������������������������������������������

4DIFNF�7**���'PSNBUJPO�PG�UIF�QVUBUJWF�VOTUBCMF�TQFDJFT�#�VQPO�$�)�BDUJWBUJPO�WJB�Ͻ�CPOE�

NFUBUIFTJT�����������������������������������������������������������������������������������������������������������������������������������������������������������

4DIFNF�7**���/FX�MJHBOE�EFTJHO�GSPN�$�)�BDUJWBUJPO�	.F-)
�UP�$�#S�BDUJWBUJPO�	.F-#S
����������

4DIFNF�7**���4ZOUIFUJD�SPVUF�GPS�UIF�TZOUIFTJT�PG�UIF�OFX�NPEFM�TVCTUSBUF�.F-#S�������������������������

4DIFNF� 7**��� 4ZOUIFTFT� PG� UIF� BSZM�JSPO	**
� DPNQMFYFT� 	�.F� UPQ� BOE� �)� CPUUPN
� WJB�

QIPUPJOEVDFE� 	���� ON
� PYJEBUJWF� BEEJUJPO� PG� UIF� $�#S� CPOE� GSPN� UIF� SFTQFDUJWF� NPEFM�

TVCTUSBUFT�UP�UIF�JSPO	�
�QSFDVSTPS��������������������������������������������������������������������������������������������������������������



���
�

4DIFNF�7**���4ZOUIFTJT�PG�UIF�PSHBOJD�DPVQMJOH�QSPEVDU�.F-$01I�GSPN�UIF�SFBDUJPO�PG��.F�XJUI�

1I.H#S
�BMPOH�XJUI�B�QVUBUJWF�NFDIBOJTN�GPS�UIF�$0�JOTFSUJPO�TUFQ������������������������������������������������

4DIFNF�7**����3FBDUJPO�PG��p$M��XJUI�1I.H#S�VTJOH�%$*#�BT�PYJEBOU������������������������������������������

4DIFNF�7**����1SPQPTFE�NFDIBOJTN�GPS�UIF�SFBDUJPO�PG��p$M��XJUI�1I.H#S�GPS�UIF�PCUFOUJPO�

PG�UIF�CJBSZM�$�$�DPVQMJOH�QSPEVDU�	.F-1I
�WJB�$�)�BDUJWBUJPO������������������������������������������������������������

4DIFNF�7**����1SPQPTFE�NFDIBOJTN�GPS�UIF�SFBDUJPO�PG��.F�XJUI�1I.H#S�UP�PCUBJO�UIF�$0�

JOTFSUFE�$�$�DPVQMJOH�QSPEVDU�.F-$01I������������������������������������������������������������������������������������������������������

4DIFNF� 7**���� B
� 3FBDUJPO� PG� �.F� XJUI� 1I.H#S� JO� UIF� QSFTFODF� PG� 67�MJHIU� 	���� ON
�

QIPUPJSSBEJBUJPO�JO�PSEFS�UP�BWPJE�UIF�JOTFSUJPO�PG�$0�JOUP�UIF�DPVQMJOH�QSPEVDU
�BOE�C
�SFBDUJPO�

PG��p$M��XJUI�1I.H#S�JO�UIF�QSFTFODF�PG�B�$0�BUNPTQIFSF�UP�GBWPVS�UIF�$0�JOTFSUJPO�JOUP�UIF�

PSHBOJD�DPVQMJOH�QSPEVDU��������������������������������������������������������������������������������������������������������������������������������

4DIFNF�7**���� B
�5IF�$VSUJVT� SFBSSBOHFNFOU� USBOTGPSNBUJPO�NFDIBOJTN
�BOE�C
�4ZOUIFTJT�

BOE�DIBSBDUFSJ[BUJPO�PG�.F-�$0)������������������������������������������������������������������������������������������������������������������

4DIFNF� 7**���� B
� 5IFSNBM� SFBDUJPO� PG� U#V-#S� XJUI� 'F	$0
�� UP� GPSN� DPNQMFY� �U#V
� BOE� C
�

5IFSNBM�SFBDUJPO�PG�)-#S�XJUI�'F	$0
��UP�GPSN�)-�$0)����������������������������������������������������������������������

4DIFNF�7**���� 3FEVDUJWF� FMJNJOBUJPO� TUFQ� 	UPQ
� BOE� ϩ�IZESJEF� FMJNJOBUJPO� TUFQ� 	CPUUPN
��

*OTFU��UIF�DZDMPOFPQIZM�MJHBOE�TUSVDUVSF�XIJDI�IBNQFST�CPUI�QSPDFTTFT�������������������������������������������

4DIFNF�7**����5IFSNBM�USFBUNFOU�PG�DPNQMFY���GPS�UIF�GPSNBUJPO�PG�$�$�DPVQMJOH�QSPEVDUT��

5IF�DPSSFTQPOEJOH�SFEVDUJWF�FMJNJOBUJPO�$�$�QSPEVDU�	"
�XBT�OPU�EFUFDUFE�CZ�($�.4
�XIJMF�

UIF�QSPUPEFNFUBMMBUJPO�QSPEVDU�	#
�XBT�EFUFDUFE�JO�B�������ZJFME����������������������������������������������������

4DIFNF�7**����3FBDUJWJUZ�PG���UPXBSET�UXP�FMFDUSPO
�PYZHFO�USBOTGFS�PYJEBOUT�GPS�UIF�GPSNBUJPO�

PG�$�$�BOE�$�0�DPVQMJOH�QSPEVDUT��5BCMF��SFTVMUT�PCUBJOFE�GPS�UIF�EJGGFSFOU�PYJEBOUT�BGUFS�($�

.4�BOBMZTJT�VTJOH��
�
��USJNFUIPYZCFO[FOF�BT�JOUFSOBM�TUBOEBSE��������������������������������������������������������

�

�

�



���
�

6800$5<�
/PXBEBZT
�POF�PG�UIF�NBJO�HPBMT�JO�PSHBOJD�DIFNJTUSZ�BOE�GJOF�JOEVTUSZ�JT�UIF�EFWFMPQNFOU�PG�

OFX� TZOUIFUJD� NFUIPEPMPHJFT� GPS� UIF� QSFQBSBUJPO� PG� MJGF�SFMFWBOU� QSPEVDUT� JO� B� TVTUBJOBCMF�

NBOOFS��5IF�VTF�PG�GJSTU�SPX�USBOTJUJPO�NFUBMT�UP�NFEJBUF�UIFTF�USBOTGPSNBUJPOT�IBT�ESBTUJDBMMZ�

SFWPMVUJPOJ[FE�UIF�GJFME��*O�PSEFS�UP�EFWFMPQ�FGGJDJFOU�QSPUPDPMT
�NFDIBOJTUJD�VOEFSTUBOEJOH�PG�

UIF�TUFQT�UIBU�PDDVS�JO�FBDI�USBOTGPSNBUJPO�JT�SFRVJSFE��'PS�GJSTU�SPX�USBOTJUJPO�NFUBM�NFEJBUFE�

USBOTGPSNBUJPOT
�UIJT�GVOEBNFOUBM�LOPXMFEHF�JT�VTVBMMZ�TDBSDF�EVF�UP�UIF�FMVTJWF�DIBSBDUFS�PG�UIF�

JOUFSNFEJBUF� TQFDJFT� GPSNFE� JO� TJUV� BOE� UP� UIF� EJGGFSFOU� SFBDUJPO� QBUIXBZT� UIBU� DBO� PDDVS�

EFQFOEJOH� PO� UIF� SFBDUJPO� DPOEJUJPOT� BQQMJFE�� 5IJT� EPDUPSBM� EJTTFSUBUJPO� JT� GPDVTFE� PO� UIF�

NFDIBOJTUJD�VOEFSTUBOEJOH�PG�EJGGFSFOU�SFBDUJPOT�NFEJBUFE�CZ�GJSTU�SPX�USBOTJUJPO�NFUBMT�VTJOH�

TQFDJBMMZ�EFTJHOFE�MJHBOET�UP�TUBCJMJ[F�UIF�PUIFSXJTF�WFSZ�SFBDUJWF�JOUFSNFEJBUF�TQFDJFT��

�5IF� GJSTU� QBSU� PG� UIJT� UIFTJT� EFBMT� XJUI� SFBDUJWJUZ� PG� UXP� DPQQFS� TZTUFNT� CFBSJOH� CJPJOTQJSFE�

MJHBOET�GPS�UIF�BDUJWBUJPO�PG�NPMFDVMBS�PYZHFO��'JSTU
�XF�EFWFMPQFE�B�DPQQFS�DPNQMFY�CFBSJOH�B�

NBDSPDZDMJD�MJHBOE�UP�NJNJD�UIF�BDUJWJUZ�PG�UIF�UZSPTJOBTF�FO[ZNF
�XIJDI�DPOTJTUT�JO�UIF�PSUIP�

IZESPYZMBUJPO� PG� QIFOPMJD� TVCTUSBUFT��8F� XFSF� BCMF� UP� EFUFDU� B� TJEF�PO� QFSPYPEJDPQQFS	**
�

TQFDJFT
�ZFU�OP�PYJEBUJWF�SFBDUJWJUZ�XBT�PCTFSWFE�CFDBVTF�JU�XBT�DPPSEJOBUJWFMZ�DPOHFTUFE��5IFO
�

XF�TUVEJFE�UIF�EFUBJMFE�NFDIBOJTN�PG�BOPUIFS�DPQQFS�TZTUFN�GPS�PYZHFO�BDUJWBUJPO�QSFWJPVTMZ�

EFWFMPQFE� CZ� 4UBDL� BOE� DP�XPSLFST
� XIJDI� JT� BCMF� UP� QFSGPSN� UIF� PSUIP�EFGMVPSJOBUJPO�

IZESPYZMBUJPO�PG���GMVPSPQIFOPM�EFSJWBUJWFT��

*O�UIF�TFDPOE�QBSU�PG�UIJT�UIFTJT�XF�UVSOFE�PVS�BUUFOUJPO�UP�$�$�BOE�$�0�CPOE�GPSNJOH�SFBDUJPOT�

NFEJBUFE�CZ�PSHBOPNFUBMMJD� JSPO�BOE�OJDLFM� DPNQMFYFT��8F�FYQMPSFE� UIF� SFBDUJWJUZ�PG� B�XFMM�

EFGJOFE� BSZM�JSPO	**
� DPNQMFY� CFBSJOH� B� NBDSPDZDMJD� NPEFM� TVCTUSBUF� XJUI� QIFOZM� (SJHOBSE�

SFBHFOU
�PCUBJOJOH�UIF�QIFOZMDBSCPOZMBUJPO�$�$�QSPEVDU�TUFNNJOH� GSPN�UIF�JOTFSUJPO�PG�POF�

$0�MJHBOE�UP�UIF�QIFOZM�HSPVQ�QSJPS�UP�UIF�SFEVDUJWF�FMJNJOBUJPO�TUFQ�UP�SFMFBTF�UIF�GJOBM�PSHBOJD�

DPVQMJOH� QSPEVDU��.PSFPWFS
� VQPO� BQQMZJOH� EJGGFSFOU� SFBDUJPO� DPOEJUJPOT� BO� VOQSFDFEFOUFE�

UFSUJBSZ�BNJOF�UP�BNJEF�DPOWFSTJPO�PG�B�DZDMJD�TVCTUSBUF�JT�PCTFSWFE��4VCTFRVFOUMZ
�UIF�TZOUIFTJT�

BOE� SFEPY� SFBDUJWJUZ� PG� XFMM�EFGJOFE� PSHBOPNFUBMMJD� OJDLFM	**

� OJDLFM	***
� BOE� OJDLFM	*7
�

DPNQMFYFT�JT�FYQMPSFE�UPXBSET�UIF�GPSNBUJPO�PG�OFX�$�$�PS�$�0�CPOET�CZ�VTJOH�PYZHFO�USBOTGFS�

PYJEBOUT�� �



���
�

5(680�
"DUVBMNFOU
� VO� EFMT� PCKFDUJVT� QSJODJQBMT� FO� RVÎNJDB� PSHÆOJDB� J� MB� JOEÙTUSJB� ÊT� FM�

EFTFOWPMVQBNFOU�EF�OPWFT�TÎOUFTJT�QFS�MB�QSFQBSBDJÓ�EF�QSPEVDUFT�CJPMÖHJDBNFOU�SFMMFWBOUT�EF�

GPSNB� TPTUFOJCMF�� -�ÙT� EF� NFUBMMT� EF� MB� QSJNFSB� TÍSJF� EF� USBOTJDJÓ� QFS� FGFDUVBS� BRVFTUFT�

USBOTGPSNBDJPOT� IB� SFWPMVDJPOBU� ESÆTUJDBNFOU� FM� DBNQ�� 1FS� UBM� EF� EFTFOWPMVQBS� QSPUPDPMT�

FGJDJFOUT�DBM�FOUFOESF�B�UBSWÊT�EF�RVJO�NFDBOJTNF�UÊ�MMPD�QFS�DBEB�USBOTGPSNBDJÓ��&O�MFT�SFBDDJPOT�

DBUBMJU[BEFT�QFS�NFUBMMT�EF�MB�QSJNFB�TÍSJF�EF�USBOTJDJÓ�BRVFTUT�DPOFJYFNFOUT�GPOBNFOUBMT�TPWJOU�

TÓO�FTDBTTPT�EFHVU�B�RVF�FMT�JOUFSNFEJT�GPSNBUT�JO�TJUV�TÓO�FTRVJVT�J�B�M�FYJTUÍODJB�EF�EJGFSFOUT�

WJFT� EF� SFBDDJÓ� RVF� FT�EPOFO� FO� GVODJÓ�EF� MFT� DPOEJDJPOT� BQMJDBEFT��"RVFTUB� UFTJ� EPDUPSBM� TF�

DFOUSB�FO�FOUFOESF�FM�NFDBOJTNF�EF�EJGFSFOUT�SFBDDJPOT�FGFDUVBEFT�QFS�NFUBMMT�EF�MB�QSJNFSB�TÍSJF�

EF�USBOTJDJÓ�NJUKBOÉBOU�M�ÙT�EF�MMJHBOET�FTQFDJBMNFOU�EJTTFOZBUT�QFS�FTUBCJMJU[BS�FMT�JOUFSNFEJT�EF�

SFBDDJÓ
�RVF�E�BMUSB�NBOFSB�TÓO�BMUBNFOU�SFBDUJVT��

-B�QSJNFSB�QBSU�EF�MB�UFTJ�FTUVEJB�MB�SFBDUJWJUBU�EF�EPT�TJTUFNFT�EF�DPVSF�BNC�MMJHBOET�CJPJOTQJSBUT�

QFS�M�BDUJWBDJÓ�E�PYJHFO��&O�QSJNFS�MMPD�WBN�EFTFOWPMVQBS�VO�DPNQMFY�EF�DPVSF�BNC�VO�MMJHBOE�

NBDSPDÎDMJD�QFS�NJNFUJU[BS�MB�SFBDUJWJUBU�EF�M�FO[JN�UJSPTJOBTB
�MB�RVBM�DPOTJTUFJY�FO�MB�IJESPYJMBDJÓ�

EF�TVCTUSBUT�GFOÖMJDT��5PU�J�RVF�WBN�QPEFS�EFUFDUBS�VO�JOUFSNFEJ�iTJEF�PO�QFSPYPEJDPVSF	**
u
�

BRVFTU�OP�WB�EFTFOWPMVQBS�DBQ�UJQVT�E�PYJEBDJÓ� KB�RVF�OP�UÊ�QPTJDJPOT�EF�DPPSEJOBDJÓ� MMJVSFT��

"MFTIPSFT
�WBN�FTUVEJBS�EFUBMMBEBNFOU�FM�NFDBOJTNF�E�VO�BMUSF�TJTUFNB�EF�DPVSF
�QSÍWJBNFOU�

EFTDSJU�QFM�HSVQ�EF�4UBDL
�RVF�ÊT�DBQBÉ�E�FGFDUVBS�M�PSUP�IJESPYJMBDJÓ�E�FOMMBÉPT�$�'�FO�DPNQPTUPT�

EFSJWBUT�EFM���GMVPSPGFOPM��

&O� MB� TFHPOB�QBSU�E�BRVFTUB� UFTJT�WBN�FOGPDBS�FM�OPTUSF�FTUVEJ�DBQ�B� MFT� SFBDDJPOT�QFS� GPSNBS�

FOMMBÉPT�$�$�J�$�0�NJUKBOÉBOU�DPNQMFYPT�PSHBOPNFUÆMpMJDT�CFO�EFGJOJUT�EF�GFSSP�J�OÎRVFM��7BN�

FYQMPSBS�MB�SFBDUJWJUBU�E�VO�DPNQMFY�BSJM�GFSSP	**
�DPPSEJOBU�B�VO�TVCTUSBU�NPEFM�NBDSPDÎDMJD�BNC�

SFBDUJV�GFOJM�(SJHOBSE
�PCUFOJOU�FM�QSPEVDUF�EF�GFOJMDBSCPOJMBDJÓ�$�$�QSPWJOFOU�EF� MB� JOTFSDJÓ�

E�VO�MMJHBOE�$0�BM�HSVQ�GFOJM�KVTU�BCBOT�EFM�QBT�E�FMJNJOBDJÓ�SFEVDUJWB�RVF�BMMJCFSB�FM�QSPEVDUF�

GJOBM��"�NÊT
�B�M�BQMJDBS�EJGFSFOUT�DPOEJDJPOT�EF�SFBDDJÓ�FT�WB�PCTFSWBS�VOB�DPOWFSTJÓ�E�BNJOB�B�

BNJEB� UFSDJÆSJB� TFOTF� QSFDFEFOUT� FO� TVCTUSBUT� DÎDMJDT�� 'JOBMNFOU
� FT� WB� FTUVEJBS� MB� TÎOUFTJ� J�

SFBDUJWJUBU�SFEPY�E�VOT�DPNQMFYPT�PSHBOPNFUÆMpMJDT�EF�OÎRVFM	**

�OÎRVFM	***
�J�OÎRVFM	*7
�QFS�MB�

GPSNBDJÓ�EF�OPVT�FOMMBÉPT�$�$�P�$�0�BNC�PYJEBOUT�BNC�USBOTGFSÍODJB�E�PYJHFO��



���
�

5(680(1�
"DUVBMNFOUF
�VOP�EF�MPT�PCKFUJWPT�QSJODJQBMFT�FO�RVÎNJDB�PSHÃOJDB�Z�MB�JOEVTUSJB�FT�FM�EFTBSSPMMP�

EF� OVFWBT� TÎOUFTJT� QBSB� MB� QSFQBSBDJÓO� EF� QSPEVDUPT� CJPMÓHJDBNFOUF� SFMFWBOUFT� EF� GPSNB�

TPTUFOJCMF�� &M� VTP� EF� NFUBMFT� EF� MB� QSJNFSB� TFSJF� EF� USBOTJDJÓO� QBSB� FGFDUVBS� FTUBT�

USBOTGPSNBDJPOFT� IB� SFWPMVDJPOBEP� ESÃTUJDBNFOUF� FM� DBNQP�� 1BSB� EFTBSSPMMBS� QSPUPDPMPT�

FGJDJFOUFT� FT� OFDFTBSJP� FOUFOEFS� FM� NFDBOJTNP� PQFSBUJWP� QBSB� DBEB� USBOTGPSNBDJÓO�� &O� MBT�

SFBDDJPOFT�DBUBMJ[BEBT�QPS�NFUBMFT�EF�MB�QSJNFSB�TFSJF�EF�USBOTJDJÓO�FTUPT�DPOPDJNJFOUPT�CÃTJDPT�

B�NFOVEP�TPO�FTDBTPT�EFCJEP�B�RVF�MPT�JOUFSNFEJPT�GPSNBEPT�JO�TJUV�TPO�FTRVJWPT
�BTÎ�DPNP�B�MBT�

EJGFSFOUFT� WÎBT�EF� SFBDDJÓO�RVF� TF�EBO� TFHÙO� MBT�DPOEJDJPOFT� BQMJDBEBT��&TUB� UFTJT�EPDUPSBM� TF�

GPDBMJ[B�FO�FOUFOEFS�FM�NFDBOJTNP�EF�EJGFSFOUFT�SFBDDJPOFT�FGFDUVBEBT�QPS�NFUBMFT�EF�MB�QSJNFSB�

TFSJF� EF� USBOTJDJÓO�NFEJBOUF� FM� VTP� EF� MJHBOEPT� FTQFDJBMNFOUF� EJTFÒBEPT� QBSB� FTUBCJMJ[BS� MBT�

FTQFDJFT�JOUFSNFEJBT�BMUBNFOUF�SFBDUJWBT��

-B� QSJNFSB� QBSUF� EF� MB� UFTJT� FTUVEJB� MB� SFBDUJWJEBE� EF� EPT� TJTUFNBT� EF� DPCSF� DPO� MJHBOEPT�

CJPJOTQJSBEPT�DBQBDFT�EF�SFBMJ[BS�MB�BDUJWBDJÓO�EF�PYÎHFOP��1SJNFSP
�EFTBSSPMMBNPT�VO�DPNQMFKP�

EF�DPCSF�DPO�VO�MJHBOEP�NBDSPDÎDMJDP�QBSB�NJNFUJ[BS�MB�SFBDUJWJEBE�EF�MB�FO[JNB�UJSPTJOBTB
�RVF�

DPOTJTUF� FO� MB� IJESPYJMBDJÓO� EF� TVTUSBUPT� GFOÓMJDPT�� "VORVF� QVEJNPT�EFUFDUBS� VO� JOUFSNFEJP�

iTJEF�PO� QFSPYPEJDPCSF	**
u
� ÊTUF� OP� EFTBSSPMMÓ� OJOHÙO� UJQP� EF� PYJEBDJÓO� QVFTUP� RVF� FTUÃ�

DPPSEJOBUJWBNFOUF�TBUVSBEP��"�DPOUJOVBDJÓO
�FTUVEJBNPT�EFUBMMBEBNFOUF�FM�NFDBOJTNP�EF�PUSP�

TJTUFNB�EF�DPCSF
�QSFWJBNFOUF�EFTDSJUP�QPS�FM�HSVQP�EF�4UBDL
�RVF�FT�DBQB[�EF�SFBMJ[BS�MB�PSUP�

IJESPYJMBDJÓO�EF�FOMBDFT�$�'�FO�DPNQVFTUPT�EFSJWBEPT�EFM���GMVPSPGFOPM��

&O�MB�TFHVOEB�QBSUF�EF�FTUB�UFTJT�DBNCJBNPT�OVFTUSP�FTUVEJP�IBDJB�MBT�SFBDDJPOFT�QBSB�GPSNBS�

FOMBDFT�$�$� Z�$�0�NFEJBOUF� DPNQMFKPT� PSHBOPNFUÃMJDPT� CJFO� EFGJOJEPT� EF� IJFSSP� Z� OÎRVFM��

&YQMPSBNPT�MB�SFBDUJWJEBE�EF�VO�DPNQMFKP�BSJMP�'F	**
�KVOUP�B�VO�TVTUSBUP�NPEFMP�NBDSPDÎDMJDP�

DPO�SFBDUJWP�GFOJMP�(SJHOBSE
�PCUFOJFOEP�FM�QSPEVDUP�EF�GFOJMDBSCPOJMBDJÓO�$�$�QSPWFOJFOUF�EF�

MB�JOTFSDJÓO�EF�VO�MJHBOEP�$0�FO�FM�HSVQP�GFOJMP�KVTUP�BOUFT�EFM�QBTP�EF�FMJNJOBDJÓO�SFEVDUJWB�

RVF�MJCFSB�FM�QSPEVDUP�GJOBM��"EFNÃT
�BM�BQMJDBS�EJGFSFOUFT�DPOEJDJPOFT�EF�SFBDDJÓO�TF�PCTFSWÓ�

VOB�DPOWFSTJÓO�EF�BNJOB�B�BNJEB�UFSDJBSJB�TJO�QSFDFEFOUFT�FO�TVTUSBUPT�DÎDMJDPT��1PS�ÙMUJNP
�TF�

FTUVEJÓ�MB�TÎOUFTJT�Z�SFBDUJWJEBE�SFEPY�EF�VOPT�DPNQMFKPT�PSHBOPNFUÃMJDPT�EF�/J	**

�/J	***
�Z�

/J	*7
�QBSB�MB�GPSNBDJÓO�EF�FOMBDFT�$�$�0�DPO�PYJEBOUFT�DPO�USBOTGFSFODJB�EF�PYÎHFOP�
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5IF�EJTDPWFSZ�BOE�EFWFMPQNFOU�PG�OFX�TZOUIFUJD�NFUIPEPMPHJFT�UP�FOIBODF�FGGJDJFODZ
�BUPN�

BOE� TUFQ� FDPOPNZ� JO� DVSSFOU� PSHBOJD� USBOTGPSNBUJPOT� JT� POF� PG� UIF�NBJO� HPBMT� GPS� TZOUIFUJD�

DIFNJTUT� UP� CVJME� VQ� DIFNJDBM� DPNQMFYJUZ� JO� NPMFDVMFT�� -JGF�SFMFWBOU� QSPEVDUT� TVDI� BT�

QIBSNBDFVUJDBMT
�BHSPDIFNJDBMT
�QPMZNFST
�BOE�OBUVSBM�QSPEVDUT�DBO�CF�PCUBJOFE�GSPN�SFMBUJWFMZ�

TJNQMF� PSHBOJD� TDBGGPMET��� 5IFTF� DPNQPVOET� IBWF� B� IJHI� QFSDFOUBHF� PG� $�$
� $�)� BOE� $�

)FUFSPBUPN�CPOET
� BOE� UIFSFGPSF� UIF�BDUJWBUJPO�BOE�PS� GVODUJPOBMJ[BUJPO�PG� UIFTF�CPOET�IBT�

HBJOFE�TJHOJGJDBOU�BUUFOUJPO�PWFS� UIF� MBTU�EFDBEFT� JO�PSEFS� UP�CVJME�VQ�NPMFDVMBS� DPNQMFYJUZ��

$VSSFOU� JOEVTUSJBM� QSPDFTTFT� JOWPMWF� SFBHFOUT� TVDI� BT� PSHBOPNFUBMMJD� DPNQPVOET
� TVQFSBDJE�

FMFDUSPQIJMFT
� TUPJDIJPNFUSJD� PYJEBOUT
� DBSCPDBUJPOT� PS� GSFF� SBEJDBMT��� )PXFWFS
� UIF�

GVODUJPOBMJ[BUJPO�PG�UIFTF�VCJRVJUPVT�CPOET�JT�GBS�GSPN�USJWJBM�BOE�PGUFO�SFRVJSFT�IBSTI�SFBDUJPO�

DPOEJUJPOT�	IJHI�UFNQFSBUVSFT
�UPYJD�SFBHFOUT
�FUD�

�XIJDI�SFTVMU�JO�FYQFOTJWF�NFUIPEPMPHJFT�

XJUI�VOEFTJSBCMF�XBTUF�HFOFSBUJPO
�JO�BEEJUJPO�UP�UIF�QSPEVDUJPO�PG�VOXBOUFE�TJEF�QSPEVDUT��

4PNF�PG�UIF�QSPCMFNT�NFOUJPOFE�BCPWF�DBO�CF�TPMWFE�XJUI�UIF�VTF�PG�USBOTJUJPO�NFUBM�CBTFE�

DBUBMZTUT��*OEFFE
�UIFJS�VTF�IBT�ESBTUJDBMMZ�SFWPMVUJPOJ[FE�PSHBOJD�TZOUIFTJT
�BOE�UIJT�JT�OPX�B�GJFME�

PG�QBSBNPVOU�JOUFSFTU��5IF�VTF�PG�DBUBMZTUT�FOBCMFT�USBOTGPSNBUJPOT�UIBU�XPVME�OPU�CF�FBTZ�PS�

OPU�FWFO�GFBTJCMF�CZ�USBEJUJPOBM�NFUIPEPMPHJFT�����5IFTF�TUSBUFHJFT�SBOHF�GSPN�PSHBOPDBUBMZTJT�UP�

TVQSBNPMFDVMBS�DIFNJTUSZ
�CFJOH�USBOTJUJPO�NFUBM�DBUBMZTUT�UIF�NPTU�XJEFMZ�VTFE��/POFUIFMFTT
�

JO�PSEFS�UP�EFWFMPQ�OPWFM
�FGGJDJFOU�BOE�FDPGSJFOEMZ�TZOUIFUJD�QSPDFEVSFT
�EFUBJMFE�TUVEJFT�PO�UIF�

NFDIBOJTN� PG� PQFSBUJPO� PG� UIFTF� USBOTGPSNBUJPOT� NVTU� CF� VOEFSUBLFO�� 5IFTF� NFDIBOJTUJD�

TUVEJFT�DBO�QSPDFFE�FJUIFS�WJB�EJSFDU�QSPCFT�CZ�JTPMBUJOH�BOE�DIBSBDUFSJ[JOH�JOUFSNFEJBUF�TQFDJFT�

VTJOH� EJGGFSFOU� TQFDUSPTDPQJD� PS� TQFDUSPNFUSJD� UFDIOJRVFT� 	TJOHMF� DSZTUBM� 9�SBZ� EJGGSBDUJPO
�

OVDMFBS� NBHOFUJD� SFTPOBODF
� NBTT� TQFDUSPNFUSZ
� &13
� WJCSBUJPOBM� TQFDUSPTDPQZ
� FUD

� PS�

BMUFSOBUJWFMZ�WJB�JOEJSFDU�QSPCFT�JOWPMWJOH�JTPUPQF�MBCFMMJOH�FYQFSJNFOUT
�LJOFUJD�TUVEJFT�PS�UIF�

VTF� PG� SBEJDBM� USBQT� BNPOH� PUIFST�� "�EFFQ�NFDIBOJTUJD� LOPXMFEHF�PG�NPTU� PG� UIFTF� DBUBMZUJD�

USBOTGPSNBUJPOT�SFNBJOT�B�DIBMMFOHJOH�GFBUVSF�BT�UIFZ�PGUFO�QSPDFFE�UISPVHI�WFSZ�VOTUBCMF�BOE�

IJHIMZ�SFBDUJWF�TQFDJFT
�XIJDI�BSF�QBSUJDVMBSMZ�EJGGJDVMU�UP�JTPMBUF�PS�FWFO�EFUFDU��

*O� UIJT� UIFTJT
� NFDIBOJTUJD� JOWFTUJHBUJPOT� IBWF� CFFO� QFSGPSNFE� PO� UISFF� EJGGFSFOU� GJSTU�SPX�

USBOTJUJPO�NFUBM�CBTFE� BQQSPBDIFT�XIJDI� DBO� CF� EJWJEFE� JO� UXP� CMPDLT�� 	J
� UIF� PYJEBUJPO� PS�



$)"15&3�*� �

���
�

PYZHFOBUJPO�PG�IZESPDBSCPOT�VTJOH�CJPJOTQJSFE�DPQQFS�TZTUFNT�JO�UBOEFN�XJUI�B�HSFFO�PYJEBOU�

TVDI�BT�NPMFDVMBS�PYZHFO�	4FDUJPO�*��

�BOE�	JJ
�UIF�DSPTT�DPVQMJOH�	BOE�$�)�BDUJWBUJPO
�SFBDUJPO�

NFEJBUFE�CZ�GJSTU�SPX�USBOTJUJPO�NFUBMT�MJLF�JSPO�BOE�OJDLFM�	4FDUJPO�*��
��

,���0(&+$1,67,&�678',(6��7+(�0$&52&<&/,&�$3352$&+�

"T� EFTDSJCFE� BCPWF
� HBJOJOH� LOPXMFEHF� PO� UIF� VOEFSMZJOH� QBUIXBZT� CFIJOE� NFUBM�CBTFE�

DBUBMZUJD�USBOTGPSNBUJPOT�XPVME�PQFO�OFX�EPPST�GPS�CPUI�JNQSPWFNFOU�PG�QSFWJPVTMZ�SFQPSUFE�

NFUIPEPMPHJFT�BOE�UIF�EFWFMPQNFOU�PG�OFX�QSPUPDPMT��8IFUIFS�EJSFDU�PS�JOEJSFDU�NFUIPET�BSF�

QFSGPSNFE�UP�FMVDJEBUF�BOE�DPNQSFIFOE�BU�B�NPMFDVMBS�MFWFM�UIF�OBUVSF�PG�UIF�SFBDUJWF�TQFDJFT�

JOWPMWFE�JO�SFBDUJPO�NFDIBOJTNT
�POF�TUSBUFHZ�DPNNPOMZ�VTFE�CZ�PVS�BOE�PUIFS�SFTFBSDI�HSPVQT�

BOE�JO�UIJT�QBSUJDVMBS�UIFTJT�JT�UIF�TP�DBMMFE�NBDSPDZDMJD�BQQSPBDI��5IJT�TUSBUFHZ�DPOTJTUT�JO�UIF�VTF�

PG�NPEFM�MJHBOET�BOE�PS�TVCTUSBUFT�XIJDI�DBO�CJOE�UP�UIF�NFUBM�DFOUFS�	NPEFM�TZTUFN
�JO�PSEFS�

UP�TUBCJMJ[F�UIFTF�PUIFSXJTF�FMVTJWF�JOUFSNFEJBUF�TQFDJFT��*O�QBSUJDVMBS
�NPEFM�TZTUFNT�VTFE�GPS�

UIF�TUVEZ�PG�PYJEBUJPO�PS�PYZHFOBUJPO�PG�IZESPDBSCPOT�BSF�VTVBMMZ�JOTQJSFE�CZ�UIF�POFT�GPVOE�JO�

OBUVSF�	CJPJOTQJSFE

�TVDI�BT�NFUBMMPFO[ZNFT�	UIJT�XJMM�CF�GVSUIFS�FYQMBJOFE�JO�4FDUJPO�*����
��

5IFTF� NPEFM� MJHBOET� BOE�PS� TVCTUSBUFT� BSF� VTVBMMZ� USJ�� PS� UFUSBEFOUBUF� OJUSPHFO�CBTFE�

NBDSPDZDMFT�PG�EJGGFSFOU�SJOH�TJ[FT
�TUSVDUVSF�BOE� GVODUJPOBMJUJFT�EFQFOEJOH�PO�UIF�NFUBM� UIFZ�

IPME�	'JHVSF�*��
��

�
'JHVSF�*���4DIFNBUJD�SFQSFTFOUBUJPO�PG�USJ��PS�UFUSBEFOUBUF�/�CBTFE�NBDSPDZDMJD�NPEFM�MJHBOET�PS�TVCTUSBUFT��

*OTFU��5ZQJDBM�PDUBIFESBM�BOE�TRVBSF�QMBOBS�DPPSEJOBUJPO�HFPNFUSJFT�GPS�UIFTF�NPEFM�MJHBOET��
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*O�PVS�HSPVQ�USJB[BDZDMPOPOBOF�UZQF�MJHBOET�IBWF�CFFO�VTFE�UP�TUBCJMJ[F�IJHI�WBMFOU�NBOHBOFTF�

PYP�
� JSPO�PYP����
� JSPO�OJUSJEP���BOE� JSPO�UPTZMJNJEP��� JOUFSNFEJBUF�TQFDJFT��5IFTF� MJHBOET�BSF�

B[B�DSPXO�FUIFST�XJUI�UIF�HFOFSBM�GPSNVMB�	$�)�/3
�
�XIJDI�DPOTJTU�PG�B�DZDMPOPOBOF�XIFSF�

UISFF� FRVJEJTUBOU� NFUIZMFOF� HSPVQT� IBWF� CFFO� SFQMBDFE� XJUI� /3� HSPVQT� 	3� �� )
� QZSJEJOF
�

NFUIZM
�FUD�
�	4DIFNF�*��B
��%FQFOEJOH�PO�UIF�BNJOF�TVCTUJUVFOUT�UIF�MJHBOE�DBO�CF�USJ��	J�F�
�3�

��)
�.F
�FUD

�UFUSB��	J�F�
�3����)�.F�BOE�QZ
�PS�QFOUBEFOUBUF�	J�F�
�3���)�.F�BOE��QZ
��"OPUIFS�

NBDSPDZDMJD�MJHBOE�QMBUGPSN
�1Z/.F�
�EFWFMPQFE�JO�PVS�HSPVQ�IBT�CFFO�TVDDFTTGVMMZ�FNQMPZFE�

UP� TUBCJMJ[F� IJHI�WBMFOU� JSPO	*7
�JSPO	7
�PYP��
� ��� TQFDJFT� BOE� DPCBMU�QFSPYP��� TQFDJFT�� 5IJT�

UFUSBEFOUBUF�/�CBTFE�NBDSPDZDMJD�MJHBOE�CJOET�UISPVHI�POF�QZSJEJOF�BOE�UISFF�BMJQIBUJD�BNJOFT
�

XIJDI�VQPO�DPPSEJOBUJPO�UP�UIF�NFUBM�DFOUFS�MFBWFT�UXP�DJT�MBCJMF�QPTJUJPOT�BWBJMBCMF�UP�JOUFSBDU�

XJUI� FYPHFOPVT� MJHBOET� 	4DIFNF� *��C
�� 5IVT
� BMM� UIFTF� GFBUVSFT�NBLF� JU� B� TVJUBCMF� MJHBOE� UP�

TUBCJMJ[F�IJHI�WBMFOU�DPNQMFYFT�TVDI�BT�NFUBM�PYZHFO�JOUFSNFEJBUF�TQFDJFT��

�
4DIFNF�*���)JHI�WBMFOU�DPNQMFYFT�TUBCJMJ[FE�BOE�EFUFDUFE�XJUI�B
�3UBDO�MJHBOE�BOE�C
�1Z/.F��MJHBOE��

"MTP�JO�PVS�HSPVQ
�3JCBT�BOE�DP�XPSLFST�EFWFMPQFE�B�TFSJFT�PG�NBDSPDZDMJD�TDBGGPMET�JO�PSEFS�UP�

USBQ� PSHBOPNFUBMMJD� JOUFSNFEJBUFT
� PUIFSXJTF� OPO�EFUFDUBCMF
� SFMFWBOU� GPS� DSPTT�DPVQMJOH�

USBOTGPSNBUJPOT��5IFTF�NPEFM�TVCTUSBUFT�BSF� USJB[BNBDSPDZDMJD�UZQF� MJHBOET� UIBU�DPOUBJO�BSZM�

IBMJEF�PS�BSFOF�NPJFUJFT��0OF�PG�UIFTF�MJHBOET
�UIBU�DPOTJTUT�PG�BO�BSZM�)�IBMJEF�NPJFUZ�BOE�UISFF�

BMJQIBUJD�BNJOFT
�XBT�EFNPOTUSBUFE�UP�TUBCJMJ[F�B�TFSJFT�PG�BSZM�NFUBM�DPNQMFYFT�	$V	***
�����
�

"H	***
��� BOE� /J	**
��
� ��
� 	'JHVSF� *��B
�� "OPUIFS� WFSTJPO� PG� UIFTF� NPEFM� TVCTUSBUFT
� XIJDI�

DPOTJTUT�PG�BO�BSFOF�NPJFUZ�XJUI� UXP�BMJQIBUJD�BNJOFT�BOE�B�QZSJEJOF
�XBT�VTFGVM� UP� USBQ�BSZM�

DPCBMU	***
�BOE�BSZM�SIPEJVN	***
�DPNQMFYFT���BOE�B�NBTLFE�DBSCFOF�BSZM�DPCBMU	***
�DPNQMFY���

	'JHVSF�*��C
��
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�
'JHVSF�*���0SHBOPNFUBMMJD�DPNQMFYFT�JTPMBUFE�XJUI�B
�3-�9�NPEFM�TVCTUSBUF�BOE�C
�3-�)�NPEFM�TVCTUSBUF��

,�����%LRPLPHWLF�PRGHO�V\VWHPV�

.FUBMMPFO[ZNFT�BSF�WFSZ�FGGJDJFOU�DBUBMZTUT�BOE�TP�VOEFSTUBOEJOH�UIFJS�NFDIBOJTN�PG�PQFSBUJPO�

JT�PG�HSFBU�JOUFSFTU�UP�CVJME�VQ�OFX�DBUBMZTUT��)PXFWFS
�XPSLJOH�XJUI�UIF�FOUJSF�QSPUFJO�JT�B�UPVHI�

UBTL�EVF�UP�UIF�DPNQMFYJUZ�PG�UIFTF�TUSVDUVSFT�BOE�UIF�EJGGJDVMUZ�UP�QVSJGZ�BOE�PCUBJO�QSPUFJOT�JO�

MBSHF�RVBOUJUJFT��5P�TJNQMJGZ�UIF�TUVEZ�PG�UIFTF�TZTUFNT
�DIFNJTUT�GPDVT�UIFJS�BUUFOUJPO�PO�UIF�

BDUJWF� TJUF
� XIFSF� UIF� NFUBM� DFOUFS� JT� GPVOE� BOE� NPTU� DIFNJDBM� SFBDUJPOT� PDDVS�� 1FS� TF
�

CJPNJNFUJDT�JT�UIF�TUVEZ�BOE�EFWFMPQNFOU�PG�TZOUIFUJD�TZTUFNT�XIJDI�QVSQPTF�JT�UP�JNJUBUF�UIF�

GPSNBUJPO
� GVODUJPO
� PS� TUSVDUVSF� PG� CJPMPHJDBM� TVCTUBODFT� BOE� NBUFSJBMT
� BOE� CJPMPHJDBM�

NFDIBOJTNT�BOE�QSPDFTTFT��4P
�GSPN�UIJT�EFGJOJUJPO�JU�DBO�CF�TBJE�UIBU�UXP�NBJO�PCKFDUJWFT�DBO�
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CF�ESBXO� GSPN�UIJT�BQQSPBDI�� J
� JNJUBUJOH� UIF� GVODUJPO�PG� BO� FO[ZNF� JOWPMWFE� JO� B� DIFNJDBM�

USBOTGPSNBUJPO�BOE�TP�CFJOH�BCMF�UP�SFQSPEVDF�JUT�SFBDUJWJUZ��JJ
�HBJOJOH�JOTJHIU�JOUP�UIF�CJPMPHJDBM�

TZTUFN�CZ�BGGPSEJOH�NFDIBOJTUJD
�TUSVDUVSBM�BOE�TQFDUSPTDPQJD�JOGPSNBUJPO��*O�UIJT�SFHBSE
�UIF�

CJPJOPSHBOJD� TUSBUFHZ� GPS� TUVEZJOH� BDUJWF� TJUFT� DPOTJTUT� JO� EFWFMPQJOH� MPX� NPMFDVMBS� XFJHIU�

USBOTJUJPO�NFUBM�DPNQMFYFT
�JO�XIJDI�UIF�NFUBM�JT�CPVOE�JO�B�TJNJMBS�FOWJSPONFOU�UP�UIBU�GPVOE�
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5SBOTJUJPO�NFUBMT�BSF�QSJNF�DBOEJEBUFT�GPS�DBUBMZTJT�BT� UIFJS�BCJMJUZ� UP�HJWF�BOE�UBLF�FMFDUSPOT�

USBOTMBUFT� JOUP� B�XJEF� WBSJFUZ� PG� PYJEBUJPO� TUBUFT
�XIJDI� HJWF� UIFN� UIFJS� DIFNJDBM� QSPQFSUJFT��

.PSFPWFS
�GSPN�UIF�QFSTQFDUJWF�PG�HSFFO�DIFNJTUSZ
�GJSTU�SPX�USBOTJUJPO�NFUBMT�	.O
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�BSF�FBSUI�BCVOEBOU�BOE�MFTT�UPYJD�JO�DPNQBSJTPO�UP�UIFJS�TFDPOE�BOE�UIJSE�SPX�USBOTJUJPO�

NFUBM�DPVOUFSQBSUT��0WFSBMM
�UIF�EFWFMPQNFOU�PG�NPEFM�TZTUFNT�PGGFST�B�DIBODF�UP�VOEFSTUBOE
�

SFQSPEVDF� UIF� DIFNJTUSZ� QFSGPSNFE� CZ� UIF� PSJHJOBM� FO[ZNFT� BOE� EFWFMPQ� OFX� TZOUIFUJD�
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� UIF� GVODUJPOBMJ[BUJPO�PG� JOBDUJWBUFE�$�)�CPOET� JT�B�WFSZ�QPXFSGVM�

SFBDUJPO�BT�IZESPDBSCPOT�BSF�B�NBKPS�TPVSDF�PG� GFFETUPDLT��5IF�TFMFDUJWF� GVODUJPOBMJ[BUJPO�PG�

UIFTF�VCJRVJUPVT�CPOET�DPVME�BMMPX�GPS�GVSUIFS�EFSJWBUJ[BUJPOT��)PXFWFS
�UIFTF�USBOTGPSNBUJPOT�
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QSPDFTTFT�TVDI�BT�DFMMVMBS�SFTQJSBUJPO
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VTFE� UISPVHI� UIF�NFUBCPMJTN���� "OPUIFS� GVODUJPO� PG�NPMFDVMBS� PYZHFO� JO� BFSPCJD� CJPMPHJDBM�
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�UIJT�SFBDUJPO�JT�FYPUIFSNJD
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� UIF� SFBDUJPO�
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%FTQJUF� UIFTF� UIFSNPEZOBNJD� MJNJUBUJPOT
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CJPJOPSHBOJD� QPJOU� PG� WJFX
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UZSPTJOBTF�QSFTFOUT�B�EJOVDMFBS�DPQQFS�DFOUFS�JO�JUT�BDUJWF�TJUF�SFTQPOTJCMF�GPS�UIF�0��SFEVDUJPO�

DPVQMFE� XJUI� UIF� PSUIP�IZESPYZMBUJPO� PG� QIFOPMT� UP� DBUFDIPMT� XIJDI� BSF� UIF� QSFDVSTPST� PG�

NFMBOJO�	4DIFNF�*��
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�����
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TZTUFNT�� *U� DBO� CF� GPVOE� JO� NFUBMMPFO[ZNFT� XJUI� NPOPOVDMFBS� PS� DPVQMFE� NVMUJOVDMFBS�

DPOGJHVSBUJPOT�JOWPMWFE�JO�JOUSJDBUF�SFEPY�QSPDFTTFT���
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BDDPNNPEBUF� UIF� TUSVDUVSBM� DIBOHFT� JU� TVGGFST�XIFO� UIF� DPQQFS�DFOUFS�DIBOHFT� JUT�PYJEBUJPO�

TUBUF��5IVT
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4QFDJBMMZ�GPS�UIJT�UIFTJT
�BUUFOUJPO�XJMM�CF�EFWPUFE�PO�UXP�PG�UIF�NPTU�TUVEJFE�FYBNQMFT�PG�DPQQFS�

DPOUBJOJOH�QSPUFJOT
�XIJDI�BSF�UZSPTJOBTF�BOE�IFNPDZBOJO��#PUI�QSPUFJOT�IBWF�BMNPTU�JEFOUJDBM�

BDUJWF�TJUFT��UIF�SFEVDFE�GPSN�JT�DPOTUJUVUFE�CZ�UXP�DPQQFS	*
�BUPNT
�FBDI�POF�DPPSEJOBUFE�UP�

UISFF� IJTUJEJOF� SFTJEVFT�� .PSFPWFS
� JO� UIF� PYZHFOBUFE� GPSN� EJPYZHFO� JT� SFEVDFE� UP� GPSN� B�

QFSPYJEF� TQFDJFT�XIJDI�CJOET�CFUXFFO� UXP�DPQQFS	**
� DFOUFST� JO� B� TJEF�PO� DPOGJHVSBUJPO	41
�

0�
��
�	5BCMF�*��
��"MUIPVHI�CPUI�QSPUFJOT�IBWF�WFSZ�TJNJMBS�BDUJWF�TJUFT
�UIFJS�CJPMPHJDBM�GVODUJPOT�

BSF�WFSZ�EJGGFSFOU�EVF�UP�UIF�QPMZQFQUJEJD�DIBJO�UIBU�TVSSPVOET�UIF�BDUJWF�TJUF���
����)FNPDZBOJO�

TFSWFT� BT� B� SFWFSTJCMF� EJPYZHFO� DBSSJFS� JO� TPNF� BSUISPQPET� BOE� NPMMVTLT� 	BOBMPHPVT� UP� UIF�

IFNPHMPCJO�JO�WFSUFCSBUFT
�CFDBVTF�UIF�JOUFSBDUJPO�PG�FYUFSOBM�TVCTUSBUFT�XJUI�UIF�BDUJWF�TJUF�JT�

JOIJCJUFE�CZ�UIF�TUFSJD�IJOESBODF�JNQPTFE�CZ�UIF�QSPUFJO�EPNBJO�	4DIFNF�*��C
��JO�DPOUSBTU
�UIF�

BDUJWF�TJUF�JO�UZSPTJOBTF�JT�DMPTFS�UP�UIF�NPMFDVMBS�TVSGBDF�UIVT�GBDJMJUBUJOH�UIF�JOUFSBDUJPO�XJUI�BO�

FYPHFOPVT�TVCTUSBUF��(JWFO�UIJT�DMPTF�JOUFSBDUJPO
�UZSPTJOBTF�BDUT�BT�B�NPOPPYZHFOBTF�FO[ZNF�

QFSGPSNJOH� UIF� PSUIP�IZESPYZMBUJPO� PG� QIFOPMT� UP� HJWF� DBUFDIPMT� BOE� GVSUIFS� PYJEBUJPO� UP�

RVJOPOFT
�XIJDI�BSF�UIF�QSFDVSTPST�PG�NFMBOJO�	4DIFNF�*��B
����

�
4DIFNF�*���B
�1SPQPTFE�NFDIBOJTN�GPS�UIF�IZESPYZMBUJPO�PG�QIFOPMT�CZ�UZSPTJOBTF
�BOE�C
�EFPYZ�BOE�PYZ�GPSN�PG�

IFNPDZBOJO�VQPO�EJPYZHFO�CJOEJOH��
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"T�NFOUJPOFE�BCPWF
�NPEFM�TZTUFNT�IBWF�CFFO�DSVDJBM�UP�DIBSBDUFSJ[F�DPQQFS�EJPYZHFO�$V�0��

����JOUFSNFEJBUF�TQFDJFT����5IFTF�NPEFM�TZTUFNT�IBWF�CFFO�PCUBJOFE�XJUI�EJGGFSFOU�BQQSPBDIFT��

0OF�PG�UIF�NFUIPEPMPHJFT�DPOTJTUT�JO�UIF�TZOUIFTJT�PG�B�MJHBOE�XJUI�UXP�CJOEJOH�TJUFT�JO�PSEFS�UP�

IPME�UXP�NFUBM�DFOUFST��"O�BMUFSOBUJWF�TUSBUFHZ
�XIJDI�JT�UIF�POF�VTFE�JO�UIJT�UIFTJT
�SFMJFT�PO�UIF�

QSFQBSBUJPO�PG�B�NPOPOVDMFBS�NFUBM�DPNQMFY�	-.
�-���MJHBOE�XJUI�POF�CJOEJOH�TJUF�GPS�B�TJOHMF�

NFUBM
�UIBU�SFBDUT�XJUI�0��UP�PCUBJO�B�NFUBM�EJPYZHFO�BEEVDU�	-.�0�
�UIBU�GVSUIFS�SFBDUT�XJUI�

BOPUIFS�NPOPOVDMFBS�NFUBM�DPNQMFY�	-�.�
�UP�ZJFME�B�EJOVDMFBS�NFUBM�EJPYZHFO�BEEVDU�	-.�

0��-�.�
���
���
����3FHBSEMFTT�PG�UIF�TUSBUFHZ�VTFE�UP�TZOUIFUJ[F�UIFTF�NPEFM�TZTUFNT
�UIF�GJOBM�HPBM�

JT� UP�DIBSBDUFSJ[F�BOE
� JG�QPTTJCMF
� JTPMBUF� UIJT�$V�0������ TQFDJFT� JO�PSEFS� UP�HBJO�NFDIBOJTUJD�

JOTJHIU��)PXFWFS
�UIFTF�USBOTJFOU�TQFDJFT�BSF�UIFSNBMMZ�VOTUBCMF�BOE�UIF�VTF�PG�MPX�UFNQFSBUVSFT�

UP�TQFDUSPTDPQJDBMMZ�DIBSBDUFSJ[F�UIFTF�DPQQFS�PYZHFO�BEEVDUT�JT�PGUFO�SFRVJSFE���
����

5IJT� UIFTJT� XJMM� GPDVT� PO�NPEFMT� UIBU�NJNJD� UIF� FO[ZNFT� UZSPTJOBTF� BOE� IFNPDZBOJO�� &WFO�

UIPVHI�UIF�TUSVDUVSFT�PG�UIFTF�FO[ZNFT�BSF�OPXBEBZT�XFMM�FTUBCMJTIFE�CZ�9�SBZ�EJGGSBDUJPO
�TPNF�

LFZ�BTQFDUT�PG�UIFJS�NFDIBOJTNT�PG�BDUJPO�BSF�TUJMM�VODMFBS��*O�UIJT�TFOTF
�BT�TIPXO�JO�UIF�QSFWJPVT�

TFDUJPO
�UIF�VTF�PG�NPEFMT�IBT�QSPWFO�TVDDFTTGVM�UP�TIFE�MJHIU�JO�UIJT�UZQF�PG�DIFNJTUSZ�BOE�UP�

QFSGPSN� TFMFDUJWF� PYJEBUJPO� PG� PSHBOJD� TVCTUSBUFT�� "T� UZSPTJOBTF� BOE� IFNPDZBOJO� IBWF� B�

IJTUJEJOF�SJDI�FOWJSPONFOU
� SFQSPEVDUJPO�PG� UIF� TUSVDUVSF�BOE� GVODUJPOBMJUZ�PG� UIFTF�FO[ZNFT�

SFRVJSFT�DPQQFS�BUPNT�CFJOH�TVSSPVOEFE�CZ�MJHBOET�DPOUBJOJOH�OJUSPHFO�BUPNT�	TFDPOEBSZ�BOE�

UFSUJBSZ�BNJOFT
�QZSJEJOFT
�JNJEB[PMFTw
���
���
���
����

5IF�GJSTU�TZOUIFUJDBMMZ�QSFQBSFE�$V�0��TQFDJFT�DBQBCMF�PG�NJNJDLJOH�UIF�SFBDUJWJUZ�PG�UZSPTJOBTF�

XBT� SFQPSUFE� CZ� UIF� HSPVQ� PG� $BTFMMB���� *U� DPOTJTUFE� JO� B� EJDPQQFS� DPNQMFY� CFBSJOH� UIF�

EJOVDMFBUJOH� MJHBOE� -��� UIBU� CJOET� UP� UIF� NFUBM� UISPVHI� BO� BMJQIBUJD� BNJOF� BOE� UXP�

CFO[JNJEB[PMF�VOJUT��3FBDUJPO�PG� <$V*
�	-��
>���XJUI�0�� BU� MPX� UFNQFSBUVSF� 	���� ϓ$
�HBWF�B�

TQFDJFT� XIPTF� TQFDUSPTDPQJD� DIBSBDUFSJ[BUJPO� XBT� GVMMZ� DPOTJTUFOU� XJUI� B� 41� DPNQPVOE��

4VCTFRVFOU� SFBDUJPO� PG� UIJT� USBOTJFOU� $V�0�� BEEVDU� XJUI� Q�DBSCPNFUIPYZQIFOPMBUF� BU� MPX�

UFNQFSBUVSF�SFTVMUFE�JO�UIF�DPSSFTQPOEJOH�DBUFDIPM�QSPEVDU�	4DIFNF�*��
��
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�
4DIFNF�*���3FQPSUFE�TZOUIFUJD�41�TQFDJFT�VTJOH�UIF�EJOVDMFBUJOH�3-���MJHBOE�UIBU�QFSGPSNT�UIF�PSUIP�

IZESPYZMBUJPO�PG�QIFOPMBUFT��

3FNBSLBCMZ
�4UBDL�BOE�DP�XPSLFST�SFQPSUFE�UIBU�$V��CJT	ȝ�PYP
�TQFDJFT�	0
�DPVME�BMTP�QFSGPSN�

UIF�PSUIP�IZESPYZMBUJPO�PG�QIFOPMT
� UIVT�NJNJDLJOH�UZSPTJOBTF�MJLF�SFBDUJWJUZ������� *O� UIJT�XPSL�

UIFZ� VTFE� B� CJEFOUBUF� /�CBTFE� NPOPOVDMFBUJOH� MJHBOE
� /
/��EJUFSUCVUZMFUIZMFOFEJBNJOF�

	%#&%

�UP�GPSN�UIF�DPSSFTQPOEJOH�NPOPOVDMFBS�DPQQFS	*
�DPNQMFY
�<$V*	%#&#
>���*O�UIJT�

DBTF
�SFBDUJPO�XJUI�NPMFDVMBS�PYZHFO�BU�����ϓ$�ZJFMET�UIF�DPSSFTQPOEJOH�41�TQFDJFT
�DIBSBDUFSJ[FE�

CZ�67�WJT�BOE�S3BNBO�TQFDUSPTDPQZ��)PXFWFS
�XIFO�UIF�SFBDUJPO�PG�UIJT�$V�0��BEEVDU�XJUI�

�
��EJ�UFSU�CVUZMQIFOPMBUF� XBT� NPOJUPSFE� CZ� 67�WJT� TQFDUSPTDPQZ� BU� FYUSFNFMZ� MPX�

UFNQFSBUVSFT�	������$

�UIF�GPSNBUJPO�PG�B�OFX�USBOTJFOU�TQFDJFT�XBT�PCTFSWFE�BOE�BTTJHOFE�UP�

B�CJT	ȝ�PYP
�DPSF�	0
�XJUI�B�DPPSEJOBUFE�QIFOPMJD�TVCTUSBUF�	4DIFNF�*��
��*OEFFE
�UIJT�SFTVMU�

IBT�DBVTFE�JOUFOTF�EJTDVTTJPO�CFDBVTF�UIF�FYJTUFODF�PG�B�SBQJE�FRVJMJCSJVN�CFUXFFO�B�41�BOE�0�

TQFDJFT� IBNQFST� UIF� BTTJHONFOU� PG� UIF� USVF� IZESPYZMBUJOH� TQFDJFT� JO� OBUVSBM� BOE� TZOUIFUJD�

TZTUFNT��
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�
4DIFNF�*���4DIFNBUJD�SFQSFTFOUBUJPO�PG�UIF�SFBDUJPO�PG�<$V*	%#&%
>��VTJOH�EJPYZHFO�BOE�QIFOPMBUFT�UP�

HFOFSBUF�B�41�BOE�B�0�TQFDJFT
�SFTQFDUJWFMZ��

*O� B�XPSL�EPOF�CZ�PVS� HSPVQ
� UIF�LFZ� SPMF�QMBZFE�CZ� UIF� GMFYJCJMJUZ�PG� UIF� MJHBOE� UP�IPME� UIF�

DPOGPSNBUJPOBM�DIBOHFT�UIBU�UIF�DPQQFS�DFOUFS�TVGGFST�XIFO�DIBOHJOH�UIF�PYJEBUJPO�TUBUF�BNPOH�

EJPYZHFO�CJOEJOH�BOE�BDUJWBUJPO�JT�EFNPOTUSBUFE����"�EJOVDMFBUJOH�/�CBTFE�MJHBOE
�N�9:-.F"/
�

XBT�VTFE
�DPOTJTUJOH�PG�UXP�CJOEJOH�USJBNJOF�TJUFT�DPOOFDUFE�CZ�B�TJOHMF�NFUB�YZMZM�HSPVQ��5IF�

NFUBM� DFOUFST� JO� UIF� DPSSFTQPOEJOH� EJDPQQFS	*
� DPNQMFY
� <$V*
�	N�9:-.F"/
>��
� DPPSEJOBUF�

UISPVHI�UIF�UISFF�BMJQIBUJD�BNJOFT�QSFTFOUJOH�B�EJTUPSUFE�USJHPOBM�QMBOBS�HFPNFUSZ
�TJNJMBSMZ�UP�

UIF�DPPSEJOBUJPO�TQIFSF�GPVOE�JO�UZSPTJOBTF��<$V*
�	N�9:-.F"/
>���SFBEJMZ�SFBDUT�XJUI�0��BU�MPX�

UFNQFSBUVSF�BGGPSEJOH�B�CJT	ȝ�PYP
�DPSF�	0

� USBQQFE�BOE�TQFDUSPTDPQJDBMMZ�DIBSBDUFSJ[FE�CZ�

67�WJT�BOE�S3BNBO�TQFDUSPTDPQZ
�XIJDI�JT�UIF�TQFDJFT�SFTQPOTJCMF�GPS�UIF�PSUIP�IZESPYZMBUJPO�

PG�QBSB�TVCTUJUVUFE�QIFOPMBUFT�	4DIFNF�*��
�MFGU
��.PSFPWFS
�BOE�WFSZ�SFNBSLBCMZ
�BOPUIFS�XPSL�

QFSGPSNFE�JO�PVS�HSPVQ�CZ�$PNQBOZ
�$PTUBT�BOE�DP�XPSLFST�EFNPOTUSBUFE�UIF�BCJMJUZ�PG�UIJT�

TZTUFN� GPS� UIF� TFMFDUJWF� DMFBWBHF� PG� PSUIP�$�'� CPOET� JO� QIFOPMBUF� TVCTUSBUFT� 	4DIFNF� *��
�

SJHIU
����5IJT� JT�B�WFSZ� JNQPSUBOU�DPOUSJCVUJPO�GSPN�B�NFDIBOJTUJD�QFSTQFDUJWF�BT�UZSPTJOBTF� JT�

LOPXO� UP� PQFSBUF� UISPVHI� B� 41� TQFDJFT� GPS� UIF� PSUIP�IZESPYZMBUJPO� PG� QIFOPMT�� )PXFWFS
�
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UZSPTJOBTF� JT� OPU� DBQBCMF� PG� IZESPYZMBUJOH� ��GMVPSPQIFOPMT� BT� UIFTF� TVCTUSBUFT� JOIJCJU� JUT�

FO[ZNBUJD� BDUJWJUZ�� 5IF� FO[ZNFT� SFTQPOTJCMF� GPS� UIF� IZESPYZMBUJPO� PG� ��GMVPSPQIFOPMT� CZ�

DMFBWJOH�UIF�$�'�CPOE�BSF�'"%�EFQFOEFOU�QIFOPM�IZESPYZMBTFT��5IVT
�UIJT�SFBDUJWJUZ�PQFOT�OFX�

EPPST� UP� PYJEBUJWF� DMFBWBHF� PG� $�'� CPOET
� XIJDI� BSF� WFSZ� DIBMMFOHJOH� UP� CSFBL� EVF� UP� UIFJS�

JOFSUOFTT� BOE� BMTP� GPS� UIFJS� BQQMJDBUJPOT� JO� GMVPSJOBUFE� PSHBOJD� DPNQPVOE� EFHSBEBUJPO�

	QIBSNBDFVUJDBMT�BOE�BHSPDIFNJDBMT
�UP�MPXFS�UIFJS�CJPBDDVNVMBUJPO��

�
4DIFNF�*���3FDBDUJPO�PG�<$V*

�	N�9:-.F"/
>���UPXBSET�0��UP�HFOFSBUF�UIF�0�TQFDJFT�BOE�TVCTFRVFOU�SFBDUJPO�PG�
UIJT�XJUI�QIFOPMBUFT�	MFGU
�BOE���GMVPSPQIFOPMBUFT�	SJHIU
�UP�ZJFME�UIF�DPSSFTQPOEJOH�DBUFDIPMT��

� �
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$SPTT�DPVQMJOH� DIFNJTUSZ� DPOTJTUT� JO� UIF� BTTFNCMZ� PG� UXP� DPVQMJOH� QBSUOFST� BTTJTUFE� CZ� B�

USBOTJUJPO�NFUBM�QSPNPUFS� 	4DIFNF�*��B
��5IFTF� USBOTGPSNBUJPOT�IBWF�CFFO�LOPXO� GPS�NPSF�

UIBO�B�DFOUVSZ
�CVU�UIFZ�CFDBNF�WFSZ�QPQVMBS�JO�UIF�TFWFOUJFT�XIFO�UIF�GJSTU�SFBDUJPOT�DBUBMZ[FE�

CZ� QBMMBEJVN� XFSF� SFQPSUFE������� 5IFODFGPSXBSE
� DSPTT�DPVQMJOH� SFBDUJPOT� IBWF� CFDPNF� B�

SFWPMVUJPO�JO�UIF�BSFB�PG�PSHBOJD�TZOUIFTJT�BT�UIFZ�IBWF�QSPWJEFE�TZOUIFUJD�DIFNJTUT�XJUI�WBMVBCMF�

NFBOT� UP�CVJME�VQ�DPNQMFYJUZ� JO� SFMFWBOU�NPMFDVMFT� TVDI� BT�QIBSNBDFVUJDBMT
� BHSPDIFNJDBMT
�

QPMZNFST�BOE�PUIFS�DPNQPVOET�XJUI�FYUFOTJWF�JOEVTUSJBM�BQQMJDBUJPOT�������*O�GBDU
�UIF�JNQBDU�PG�

QBMMBEJVN�DBUBMZ[FE�$�$�DPVQMJOHT�XBT�SFDPHOJ[FE�JO������XJUI�UIF�/PCFM�1SJ[F�JO�$IFNJTUSZ�

BXBSEFE�UP�"LJSB�4V[VLJ
�&J�JDIJ�/FHJTIJ�BOE�3JDIBSE�'��)FDL����5IFTF�FBSMZ�QBMMBEJVN�CBTFE�

NFUIPEPMPHJFT� XFSF� SFTUSJDUFE� UP� UIF� DPVQMJOH� PG� BSZM� BOE� WJOZM� IBMJEFT� BT� UIF� FMFDUSPQIJMF�

DPVOUFSQBSUT
�XJUI�PSHBOPNFUBMMJD�SFBHFOUT�BT�UIF�OVDMFPQIJMJD�QBSUOFST��/POFUIFMFTT
�UIJT�XBT�B�

XBZ� UP� PCUBJO� JO� POF� TUFQ� TDBGGPMET� TVDI� BT� CJBSZMT
� BSZM�BMLFOZMT
� BSZM�BMLZOZMT
� DPOKVHBUFE�

BMLFOFT
� FUD�� XIJDI� VOUJM� UIFO� DPVME� POMZ� CF� QSFQBSFE� CZ�NVMUJTUFQ� SFBDUJPOT���� 5IF� HFOFSBM�

NFDIBOJTN� GPS� QBMMBEJVN�DBUBMZ[FE� DSPTT�DPVQMJOH� SFBDUJPOT� 	4DIFNF� *��C
� TUBSUT� XJUI� BO�

PYJEBUJWF�BEEJUJPO�PG�UIF�PSHBOJD�	QTFVEP
IBMJEF�	FMFDUSPQIJMJD�DPVQMJOH�QBSUOFS
�UP�UIF�NFUBM�

DBUBMZTU�� "GUFS� UIBU
� UIF� OVDMFPQIJMJD� DPVQMJOH� QBSUOFS� 	VTVBMMZ� BO� PSHBOPNFUBMMJD� SFBHFOU
�

VOEFSHPFT� USBOTNFUBMBUJPO� UP� UIF� NFUBM� DBUBMZTU�� 'SPN� IFSF
� UIF� PSHBOJD� NPJFUJFT� PG� CPUI�

DPVQMJOH� GSBHNFOUT� BSF� DPWBMFOUMZ� CPVOE� UP� UIF� TBNF� QBMMBEJVN� DFOUFS�� 5IF� MBTU� TUFQ� JT� UIF�

SFEVDUJWF�FMJNJOBUJPO�PG�UIF�PSHBOJD�NPJFUJFT�PG�UIF�UXP�DPVQMJOH�QBSUOFST�UP�BDIJFWF�UIF�OFX�

PSHBOJD�QSPEVDU�WJB�B�OFX�$�$�CPOE�GPSNBUJPO�BOE�UIF�SFDPWFSZ�BOE�SFHFOFSBUJPO�PG�UIF�NFUBM�

DBUBMZTU�UP�SFTUBSU�UIF�DBUBMZUJD�DZDMF����
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4DIFNF�*���B
�4DIFNBUJD�BOE�HFOFSBM�SFQSFTFOUBUJPO�PG�B�DSPTT�DPVQMJOH�SFBDUJPO
�BOE�C
�HFOFSBM�NFDIBOJTN�GPS�

QBMMBEJVN�DSPTT�DPVQMJOH�SFBDUJPOT���

*U�XBT�OPU�VOUJM�UIF�FBSMZ�OJOFUJFT�UIBU�)BSUXJH�BOE�#VDIXBME�VQHSBEFE�UIF�GJFME�PG�QBMMBEJVN�

DBUBMZ[FE�DSPTT�DPVQMJOH�SFBDUJPOT�CZ�EFWFMPQJOH�QSPUPDPMT�GPS�UIF�GPSNBUJPO�PG�OFX�$�/�CPOET
�

TQFDJGJDBMMZ�GPS�UIF�BSZMBUJPO�PG�BNJOFT
�BOE�TP�CSPBEFOJOH�UIF�BSDIJUFDUVSFT�BDDFTTJCMF�CZ�DSPTT�

DPVQMJOH� UP� BO� BNQMF� DIPJDF� PG� BSPNBUJD� BNJOFT� 	4DIFNF� *��
���
� ��� 0WFS� UIF� ZFBST
� UIF�

EFWFMPQNFOU�PG�OFX�TZTUFNT� GPS�$�IFUFSPBUPN�DSPTT�DPVQMJOH� USBOTGPSNBUJPOT� JT�PO�UIF�SJTF
�

BMMPXJOH� UP� FYQBOE� UIF� TDPQF� PG� DPVQMJOH� QBSUOFST� UP� BNJOF�
� TVMGJEF�� BOE� PYZHFO�CBTFE�

OVDMFPQIJMFT�BOE�BSZM�IBMJEFT���
�����
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4DIFNF�*���4FMFDUFE�FYBNQMFT�PG�UIF�NPTU�SFMFWBOU�$m$�BOE�$�)FUFSPBUPN�CPOE�GPSNJOH�DSPTT�DPVQMJOH�BOE�

)FDL�SFBDUJPOT��

*O�TVNNBSZ
�DSPTT�DPVQMJOH�SFBDUJPOT�DPOTUJUVUF�POF�PG�UIF�NPTU�TVDDFTTGVM�XBZT�UP�CVJME�OFX�

$�$� CPOET� BT� XFMM� BT� $�)FUFSPBUPN� CPOET���� *NQSPWFNFOU� PG� USBEJUJPOBM� DSPTT�DPVQMJOH�

QSPDFEVSFT�XPVME�SFRVJSF�BWPJEJOH�UIF�QSFGVODUJPOBMJ[BUJPO�TUFQ�PG�UIF�TVCTUSBUF
�BT�EJSFDU�DSPTT�

DPVQMJOH�SFBDUJPOT�PG�$�)�CPOET�XPVME�BGGPSE�HSFFOFS�BOE�NPSF�TVTUBJOBCMF�BQQSPBDIFT
�BT�JT�

EFTDSJCFE�CFMPX�����
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,�����&�+�DFWLYDWLRQ��WKH�VWUDWHJ\�WRZDUGV�VXVWDLQDELOLW\�

5IF�OFFE�PG�GVODUJPOBMJ[FE�DPVQMJOH�QBSUOFST�JO�DSPTT�DPVQMJOH�SFBDUJPOT�JNQPTFT�BO�JNQPSUBOU�

ESBXCBDL� GPS� UIFTF� USBOTGPSNBUJPOT�� 5IBU� JT
� NPTU� PG� UIF� GVFMT
� DIFNJDBMT� BOE�NBUFSJBMT� BSF�

PCUBJOFE� GSPN� QFUSPMFVN� GFFETUPDLT
� XIJDI� NBJOMZ� DPOTJTU� PG� TBUVSBUFE� BOE� VOTBUVSBUFE�

IZESPDBSCPOT
�BOE� UIFSFGPSF�EFSJWBUJ[BUJPO�PG� UIFTF�QSFDVSTPST� JT�OFFEFE�CFGPSF� UIF�DPVQMJOH�

SFBDUJPO��5IFSFGPSF
�UIF�EJSFDU�VTF�PG�IZESPDBSCPOT�JO�DPVQMJOH�SFBDUJPOT�JT�IJHIMZ�EFTJSBCMF
�BT�

JU�XPVME�TJNQMJGZ�SFBDUJPO�TDIFNFT�BOE�JNQSPWF�BUPN�FDPOPNZ��)PXFWFS
�UIF�FYQMPJUBUJPO�PG�

TVDI�SFTPVSDFT�JT�JNQFEFE�CZ�UIF�MBDL�PG�SFBDUJWJUZ�PG�DBSCPO�IZESPHFO�CPOET
�BT�TIPXO�CZ�UIFJS�

CPOE�EJTTPDJBUJPO�FOFSHJFT�PG�����LDBM�NPM�JO�BMLBOFT�BOE�����LDBM�NPM�JO�BSFOFT�BOE�PMFGJOT����

$POTFRVFOUMZ
�IBSTI�DPOEJUJPOT�BOE�SFBHFOUT�IBWF�USBEJUJPOBMMZ�CFFO�FNQMPZFE�UP�BDIJFWF�UIF�

GVODUJPOBMJ[BUJPO� PG�$�)� CPOET� JO� JOEVTUSZ���5IF� VTF� PG� UIFTF� DPOEJUJPOT� CFDBNF� FTQFDJBMMZ�

USPVCMFTPNF�NPSF�UIBO�UXFOUZ�ZFBST�BHP
�XIFO�UIF�FTUBCMJTINFOU�PG�UIF����1SJODJQMFT�PG�(SFFO�

$IFNJTUSZ� USJHHFSFE�DIFNJTUT�UPXBSET�UIF�QVSTVJU�PG�OFX�TZOUIFUJD�SPVUFT�BOE�NBUFSJBMT�XIJMF�

QSFTFSWJOH�OBUVSBM�SFTPVSDFT����5IJT�TJUVBUJPO�JNQSPWFE�XJUI�UIF�JOUSPEVDUJPO�PG�USBOTJUJPO�NFUBM�

DBUBMZTJT
�XIJDI
�BT�NFOUJPOFE� JO� UIF�QSFWJPVT�TFDUJPO
�PQFOFE�OFX�QFSTQFDUJWFT� JO� UIJT�BSFB���

4QFDJGJDBMMZ
�UIF�QPTTJCJMJUZ�PG�EJSFDUMZ�JOUSPEVDJOH�B�OFX�GVODUJPOBMJUZ�UISPVHI�B�TFMFDUJWF�NFUBM�

NFEJBUFE� $�)� CPOE� DMFBWBHF� 	$�)� CPOE� BDUJWBUJPO
� JT� B� IJHIMZ� BQQFBMJOH� TUSBUFHZ� BT
� JO�

DPNQBSJTPO�XJUI�DSPTT�DPVQMJOH�SFBDUJPOT
� JU�BWPJET�UIF�SFRVJSFNFOU�GPS�QSFGVODUJPOBMJ[BUJPO�PG�

CPUI�QBSUOFST�	4DIFNF�*��
�����

�
4DIFNF�*���"EWBOUBHFT�PG�$�)�BDUJWBUJPO�BOE�GVODUJPOBMJ[BUJPO�SFBDUJPOT�JO�DPNQBSJTPO�XJUI�DSPTT�DPVQMJOH�

SFBDUJPOT��
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(PJOH� EFFQFS� JOUP� UIF� HFOFSBM�NFDIBOJTN� PG� i$�)� BDUJWBUJPOu
� GPSNBMMZ� UIF� UFSN�BDUJWBUJPO�

JOWPMWFT�UIF�DMFBWBHF�PG�UIF�$�)�CPOE�CZ�NFBOT�PG�B�NFUBM�DFOUFS�BOE�TP�UIF�GPSNBUJPO�PG�BO�

PSHBOPNFUBMMJD� TQFDJFT� 	NFUBM�$� CPOE

� XIJDI� DBO� CF� GVSUIFS� GVODUJPOBMJ[FE� CZ� BOPUIFS�

DPVQMJOH�QBSUOFS�SFBHFOU�UP�SFMFBTF�UIF�GJOBM�PSHBOJD�QSPEVDU��*O�PUIFS�XPSET
�UIF�DPODFQU�PG�$�

)�"DUJWBUJPO�JNQMJFT�UIF�JOUFSBDUJPO�PG�UIF�TVCTUSBUF�T�$�)�CPOE�EJSFDUMZ�XJUI�UIF�NFUBM�SFBHFOU�

PS�DBUBMZTU����*O�UIJT�PSHBOPNFUBMMJD�BQQSPBDI
�UIF�NFUBM�DBSCPO�JOUFSNFEJBUF�JT�GPSNFE
�BGUFS�UIF�

$�)�CPOE�DMFBWBHF
� UISPVHI�BO� JOOFS�TQIFSF�NFDIBOJTN��0O� UIF� DPOUSBSZ
� UIF�PVUFS�TQIFSF�

NFDIBOJTN� PS� DPPSEJOBUJPO� DIFNJTUSZ� BQQSPBDI� DPOTJTUT� JO� IJHI�WBMFOU� NFUBMT� XJUI� BDUJWBUFE�

MJHBOET�	9���PYP
�DBSCFOF
�OJUSFOF
�JNJEPw

�BOE�UIFTF�BDUJWBUFE�MJHBOET�BSF�UIF�POFT�XIJDI�XJMM�

JOUFSBDU�XJUI�UIF�$�)�CPOE�FJUIFS�WJB�SBEJDBMT�QBUIXBZT�	IZESPHFO�BUPN�BCTUSBDUJPO
�PS�EJSFDU�

JOTFSUJPO�	4DIFNF�*���
��������

�

4DIFNF�*����*OOFS�TQIFSF�NFDIBOJTN�	UPQ
�BOE�PVUFS�TQIFSF�NFDIBOJTN�	CPUUPN
�GPS�$�)�GVODUJPOBMJ[BUJPO�
USBOTGPSNBUJPOT��

0WFS� UIF� QBTU� EFDBEFT
� JNQPSUBOU� CSFBLUISPVHIT� IBWF� CFFO� BDDPNQMJTIFE� JO� UIF� GJFME� BOE�

OPXBEBZT�EJGGFSFOU�$�)�BDUJWBUJPO�QSPUPDPMT�IBWF�CFFO�QVU�GPSXBSE��)PXFWFS
�TJNJMBSMZ�UP�UIF�

DSPTT�DPVQMJOH�SFBDUJPO
�UIFTF�XFSF�NPTUMZ�CBTFE�PO�TDBSDF�QSFDJPVT�NFUBMT��
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�

,�����'UDZEDFNV�DQG�DOWHUQDWLYHV�

*O�TQJUF�PG�UIF�FYUSBPSEJOBSZ�SFTVMUT�PCUBJOFE�XJUI�QBMMBEJVN�TZTUFNT�BOE�PUIFS�QSFDJPVT�NFUBMT�

GPS�CPUI�$�)�BDUJWBUJPO�BOE�DSPTT�DPVQMJOH�SFBDUJPOT
�TFWFSBM�EJTBEWBOUBHFT�CFHBO�UP�BSJTF
�TVDI�

BT� UIF� IJHI� DPTUT� BOE� UPYJDJUZ� SFMBUFE� UP� UIF� FNQMPZNFOU� BOE� SFNPWBM� PG� UIFTF� TFDPOE�SPX�

USBOTJUJPO�NFUBM�CBTFE�DBUBMZTUT��'SPN�UIJT�OFFE
�TFWFSBM�OFX�QSPDFEVSFT�IBWF�FWPMWFE�GPS�UIF�

TVCTUJUVUJPO�PG�QBMMBEJVN�CBTFE�TZTUFNT�CZ�PUIFS�NPSF�TVTUBJOBCMF�BOE�MFTT�FYQFOTJWF�GJSTU�SPX�

USBOTJUJPO�NFUBMT
�XIJDI�IBWF�QSPWFE�FGGJDJFOUMZ�TVDDFTTGVM�GPS�UIFTF�UZQFT�PG�USBOTGPSNBUJPOT��
����

���'PS�JOTUBODF
�UIF�OBUVSBM�BCVOEBODF�PG�GJSTU�SPX�USBOTJUJPO�NFUBMT�JT�BQQSPYJNBUFMZ�����GPS�'F
�

������GPS�$P
������GPS�/J�BOE�������GPS�$V���$POTFRVFOUMZ
�UIF�PSHBOJD�DIFNJTUT��DPNNVOJUZ�

TIJGUFE� JUT�BUUFOUJPO� UP� UIF�VTF�PG�FBSUI�BCVOEBOU� GJSTU�SPX� USBOTJUJPO�NFUBMT� TVDI�BT� UIF�POFT�

NFOUJPOFE�BCPWF
�BT�UIFZ�IBWF�MPXFS�UPYJDJUZ�BOE�BSF�MFTT�FYQFOTJWF����

*O� UIJT� UIFTJT
� XF� GPDVT� PVS� BUUFOUJPO� PO� DBUBMZTUT� CBTFE� PO� JSPO� BOE� OJDLFM
� XIJDI� XJMM� CF�

FYQMBJOFE�JO�NPSF�EFUBJM�JO�TFDUJPOT�*�����BOE�*����
�SFTQFDUJWFMZ��

,�����,URQ�PHGLDWHG�FURVV�FRXSOLQJ�DQG�&�+�DFWLYDWLRQ�
UHDFWLRQV�

*SPO�JT�DPOTJEFSFE�POF�PG�UIF�NPTU�SFMFWBOU�NFUBMT�JO�OBUVSF�BT�JU�JT�UIF�NPTU�BCVOEBOU�USBOTJUJPO�

NFUBM�JO�UIF�FBSUI�T�DSVTU
�JU�JT�DIFBQ�BOE�OPO�UPYJD��.PSFPWFS
�JSPO�JT�UJHIUMZ�SFMBUFE�UP�UIF�MJGF�PG�

NBOZ�MJWJOH�TZTUFNT�BOE�JUT�WFSTBUJMJUZ�JT�VOJRVF�BT�EFNPOTUSBUFE�CZ�UIF�QSFTFODF�PG�UIJT�NFUBM�JO�

UIF�BDUJWF�DFOUFS�PG�B�XJEF�WBSJFUZ�PG�NFUBMMPFO[ZNFT��*O� UIJT� MJOF
� JSPO�DPNQMFYFT�IBWF�IVHF�

QPUFOUJBM� GPS� UIFJS� BQQMJDBUJPO� JO� IPNPHFOFPVT� PSHBOJD� USBOTGPSNBUJPOT� EVF� UP� JUT� WBSJPVT�

SFBDIBCMF�PYJEBUJPO�TUBUFT�BOE�IJHI�BWBJMBCJMJUZ����

5IF� TUVEZ� PG� JSPO� JT� POF� PG� UIF� PMEFTU� GJFMET� JO� DIFNJTUSZ
� BOE� UIF� EFWFMPQNFOU� PG� PSHBOJD�

DIFNJTUSZ�NFEJBUFE�CZ�JSPO�IBT�OFWFS�CFFO�DFBTFE�EVF�UP�JUT�BEWBODFT�BOE�SFMFWBODF��5XP�GJFMET�

JO�XIJDI�UIF�EFWFMPQNFOU�PG�JSPO�DBUBMZTJT�JT�OPX�GVOEBNFOUBM�BSF�DSPTT�DPVQMJOH�SFBDUJPOT�BOE�

$�)�BDUJWBUJPO�SFBDUJPOT�����
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,�������,URQ�PHGLDWHG�FURVV�FRXSOLQJ�FKHPLVWU\�

1SPG�� +BZ� ,PDIJ
� DPOTJEFSFE� POF� PG� UIF� QJPOFFST� JO� UIF� GJFME� PG� JSPO�CBTFE� DSPTT�DPVQMJOH�

USBOTGPSNBUJPOT
�QSPWFE�JO�UIF�TFWFOUJFT�UIBU�OBLFE�GFSSJD�TBMUT�DPVME�DBUBMZ[F�UIF�GPSNBUJPO�PG�

$�$�CPOET�CFUXFFO�BMLFOZM�IBMJEFT�BOE�(SJHOBSE�SFBHFOUT�JO�B�TUFSFPTFMFDUJWF�NBOOFS�	4DIFNF�

*���
�������"MUIPVHI�UIFTF�QJPOFFS�XPSLT�EFNPOTUSBUFE�IVHF�QPUFOUJBM�GPS�GVSUIFS�EFWFMPQNFOU
�

JSPO�DBUBMZTJT�XBT�LFQU�JO�UIF�TIBEPX�PG�MBUF�USBOTJUJPO�NFUBMT�DSPTT�DPVQMJOH�GPS�EFDBEFT
�BT�UIF�

MBUUFS�XFSF�FBTJFS�UP�IBOEMF�	CFODI�TUBCMF�DBUBMZTJT
���

�
4DIFNF�*����4FMFDUFE�FYBNQMFT�PG�JSPO�DBUBMZTFE�DSPTT�DPVQMJOH�SFBDUJPOT�VTJOH�OBLFE�JSPO�TBMUT
�BEEJUJWFT
�/)$�

PS�QIPTQIJOF�MJHBOET��

5IFSF�BSF�NBOZ�NFUIPEPMPHJDBM�TUVEJFT�PO�JSPO�DBUBMZ[FE�DSPTT�DPVQMJOH�SFBDUJPOT��5IF�NFUBM�

DFOUFS�DBO�DPOTJTU�PG�JSPO�OBLFE�TBMUT������UP�NFUBM�DPNQMFYFT�JO�XIJDI�FMBCPSBUFE�MJHBOET�	TVDI�
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���
�

BT�CJTBNJOF
������/�IFUFSPDZDMJD�DBSCFOF������BOE�CJTQIPTQIJOF�������MJHBOET
�BOE�BEEJUJWFT����XFSF�

VTFE� 	4DIFNF� *���
�� )PXFWFS
� UIFSF� JT� B� MBDL� PG� NFDIBOJTUJD� TUVEJFT� BOE� NPTU� SFQPSUFE�

NFDIBOJTNT� SFMZ� PO� IZQPUIFTJT� CBTFE� PO� USBOTJFOU� EBUB
� TVDI� BT� TQFDUSPTDPQZ
� XIJMF�

DIBSBDUFSJ[BUJPO�PG�JOUFSNFEJBUFT�IBT�CFFO�SBUIFS�TDBSDF����
������

,�������,URQ�PHGLDWHG�&�+�DFWLYDWLRQ�

"U�QSFTFOU
�UIF�GJFME�PG�JSPO�NFEJBUFE�$�)�BDUJWBUJPO�JT�WFSZ�FYUFOTJWF
�BOE�UIFSF�JT�B�QMFUIPSB�PG�

NFUIPEPMPHJDBM� TUVEJFT�� "� GVMM� SFWJFX� PG� UIF� GJFME� JT� CFZPOE� UIF� TDPQF� PG� UIF� QSFTFOU� UIFTJT�

JOUSPEVDUJPO
� BOE� UIFSFGPSF� UIJT� TFDUJPO�XJMM� CF� GPDVTFE� POMZ� JO� UIF� BSZMBUJPO� PG� BSFOFT� XJUI�

PSHBOPNFUBMMJD�SFBHFOUT
�BT�UIJT�JT�UIF�SFBDUJPO�UIBU�JT�DPWFSFE�JO�$IBQUFS�7�PG�UIJT�UIFTJT��

5IF�GJFME�PG�$�)�BDUJWBUJPO�IBT�TFFO�JNQPSUBOU�BEWBODFT�XJUI�UIF�VTF�PG�JSPO�DBUBMZTUT��*O�����
�

/BLBNVSB�BOE�DP�XPSLFST�SFQPSUFE�UIF�GJSTU�JSPO�DBUBMZTFE�$�)�BDUJWBUJPO��*O�UIJT�TFNJOBM�XPSL
�

UIF� BVUIPST� BDIJFWFE� UIF� PSUIP�BSZMBUJPO� PG� Ϩ�CFO[PRVJOPMJOF� VTJOH� QIFOZM[JOD� SFBHFOUT�

HFOFSBUFE� JO�TJUV� GSPN�QIFOZM�(SJHOBSE�SFBHFOUT�UPHFUIFS�XJUI�;O$M��JO�UIF�QSFTFODF�PG��
���

QIFOBOUSPMJOF� BT� MJHBOE� BOE� �
��EJDIMPSPJTPCVUBOF� 	%$*#
� BT� UIF� PQUJNBM� PYJEBOU� 	4DIFNF�

*���
��*O�UIF�GPMMPXJOH�ZFBST�UIF�TDPQF�PG�UIF�SFBDUJPO�XBT�FYQBOEFE�CZ�VTJOH�EJGGFSFOU�BSZM�[JOD�

SFBHFOUT�BOE�EJGGFSFOU�TVCTUSBUFT����
�����"GUFSXBSET
�UIF�NFUIPEPMPHZ�XBT�JNQSPWFE�JO�UFSNT�PG�

TVTUBJOBCJMJUZ
� CZ� TVCTUJUVUJPO� PG� UIF� FYQFOTJWF� PSHBOPEJDIMPSJEF�UZQF� PYJEBOU
� CZ� B� NPTU�

EFTJSBCMF�PYJEBOU�TVDI�BT�NPMFDVMBS�PYZHFO�����/PXBEBZT�B�XJEF�SBOHF�PG�QSPUPDPMT�IBWF�CFFO�

SFQPSUFE�JOWPMWJOH�EJGGFSFOU�TVCTUSBUFT�BOE�PSHBOPNFUBMMJD�DPVQMJOH�QBSUOFST����������

�
4DIFNF�*����*SPO�DBUBMZTFE�BSZMBUJPO�PG�Ϩ�CFO[PRVJOPMJOF�XJUI�QIFOZM�(SJHOBSE�SFBHFOU�BOE�%$*#�BT�PYJEBOU�

SFQPSUFE�CZ�/BLBNVSB�BOE�DP�XPSLFST�JO�������
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3FNBSLBCMZ
�GSPN�UIF�QFSTQFDUJWF�PG�NFDIBOJTUJD�QSPQPTBMT
�JO�����
�B�OFX�NFUIPEPMPHZ�XBT�

EFTDSJCFE�CZ�/BLBNVSB�T�HSPVQ�UIBU�BMMPXFE�UIF�VTF�PG�(SJHOBSE�SFBHFOUT�EJSFDUMZ�BT�DPVQMJOH�

QBSUOFST�	TMPXMZ�BEEFE�BOE�BU�MPX�UFNQFSBUVSF

�XJUIPVU�UIF�OFFE�GPS�UIF�JO�TJUV�HFOFSBUJPO�PG�

UIF� PSHBOP[JOD� SFBHFOU����� *O� PSEFS� UP� HFU� EFFQFS� JOTJHIU� JOUP� UIF� NFDIBOJTN� PG� UIJT� JSPO�

DBUBMZ[FE� $�)� BDUJWBUJPO� BOE� GVODUJPOBMJ[BUJPO
� UIF� BVUIPST� PG� UIJT� XPSL� DPOEVDUFE� TFWFSBM�

NFDIBOJTUJD�TUVEJFT�XIJDI�BMMPXFE�UIFN�UP�QSPQPTF�B�GPVS�TUFQ�DBUBMZUJD�DZDMF��	J
�SFWFSTJCMF�/�

DPPSEJOBUJPO�PG�UIF�QZSJEZM�NPJFUZ�	TVCTUSBUF
�UP�UIF�QSFWJPVTMZ�HFOFSBUFE�BSZMJSPO�TQFDJFT��	JJ
�

JSSFWFSTJCMF�GFSSBDZDMF�GPSNBUJPO�CZ�PSUIP�$�)�CPOE�DMFBWBHF�UPHFUIFS�XJUI�BSFOF�FMJNJOBUJPO��

	JJJ
�PYJEBUJPO�PG�UIF�GFSSBDZDMF�XJUI�%$*#�UP�USJHHFS�UIF�SFEVDUJWF�FMJNJOBUJPO�TUFQ�BOE�SFMFBTF�

PG� UIF� GJOBM� DPVQMJOH� QSPEVDU�� BOE� 	JW
� SFHFOFSBUJPO� PG� UIF� BDUJWF� DBUBMZUJD� TQFDJFT� WJB�

USBOTNFUBMMBUJPO�PG�UIF�QSFWJPVTMZ�GPSNFE�EJDIMPSPJSPO�TQFDJFT�XJUI�BSZM�(SJHOBSE�SFBHFOU��5P�

GVSUIFS� TVQQPSU� UIF� FYQFSJNFOUBM�NFDIBOJTUJD� TUVEJFT� BOE� FMVDJEBUF� UIF� SFBDUJPO�NFDIBOJTN
�

$IFO�BOE�DP�XPSLFST�QFSGPSNFE�UIFPSFUJDBM�DBMDVMBUJPOT
�XIJDI�VODPWFSFE�B�UXP�TUBUF�SFBDUJWJUZ�

	543
� WFSZ� CSJFGMZ� FYQMBJOFE� JO� TFDUJPO� *������
� PG� UIF� PSHBOPJSPO� TQFDJFT� UP� DMFBWF� UIF�$�)�

CPOE������
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�
4DIFNF�*����4DIFNBUJD�SFQSFTFOUBUJPO�PG�UIF�QSPQPTFE�NFDIBOJTN�WJB�'F	**
�'F	***
�'F	*
�GPS�$�)�

BDUJWBUJPO�$�$�DSPTT�DPVQMJOH�SFBDUJPOT��

5IFTF�SFTVMUT�MFE�UP�UIF�DPODMVTJPO�UIBU�PSHBOPJSPO�DBO�FGGFDUJWFMZ�QFSGPSN�$�)�BDUJWBUJPO�WJB�

EFQSPUPOBUJPO�JG�UIF�NFUBM�JT�JO����PS����PYJEBUJPO�TUBUF��)PXFWFS
�XIFO�UIF�PSHBOPJSPO�JT�JO���

PS� ��� PYJEBUJPO� TUBUF� JU� JT� MFTT� MJLFMZ� UP� QSPNPUF� UIF� DMFBWBHF� PG� UIF� $�)� CPOE� UISPVHI� BO�

PYJEBUJWF� BEEJUJPO� BT� UIFZ� SFBDU� SFWFSTJCMZ�XJUI� BSFOF�$�)� CPOET� BOE�XJUI� EJIZESPHFO���������

#BTFE�PO�UIBU
�HFOFSBMMZ�UIF�NFDIBOJTN�DBO�QSPDFFE�FJUIFS�WJB�'F	**
�'F	***
�'F	*
�	4DIFNF�

*���
�PS�'F	***
�'F	*
�	4DIFNF�*���
�DBUBMZUJD�DZDMFT��

�
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�
4DIFNF�*����4DIFNBUJD�SFQSFTFOUBUJPO�PG�UIF�QSPQPTFE�NFDIBOJTN�WJB�'F	***
�'F	*
�GPS�$�)�BDUJWBUJPO���$�$�

DSPTT�DPVQMJOH�SFBDUJPOT��

*OUFSFTUJOHMZ�JO�UFSNT�PG�TVTUBJOBCJMJUZ
�JO������UIF�HSPVQ�PG�"DLFSNBOO�EFTDSJCFE�B�iHSFFOFSu�

BQQSPBDI�VOEFS�NJME�DPOEJUJPOT�BOE�B�%$*#�GSFF�QSPDFEVSF�JO�XIJDI�UIF�SFEVDUJWF�FMJNJOBUJPO�

TUFQ�XBT�FMFDUSPDIFNJDBMMZ�JOEVDFE�	4DIFNF�*���
�����5IVT
�UIJT�XPSL�TUBUFT�GPS�UIF�GJSTU�FYBNQMF�

PG�FOWJSPONFOUBMMZ�GSJFOEMZ�FMFDUSPDIFNJDBM�JSPO�DBUBMZ[FE�$�)�BDUJWBUJPO��

�
4DIFNF�*����'JSTU�FYBNQMF�PG�JSPO�FMFDUSP�DBUBMZTFE�$�)�BSZMBUJPO�VOEFS�NJME�DPOEJUJPOT��
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,�������0HFKDQLVWLF�XQGHUVWDQGLQJ�

"T� EFTDSJCFE� BCPWF
� JSPO�CBTFE� DSPTT�DPVQMJOH� SFBDUJPOT� BOE� $�)� BDUJWBUJPO� IBWF� BUUSBDUFE�

DPOTJEFSBCMF� SFTFBSDI� JOUFSFTU� EVF� UP� UIF�NBKPS� BEWBOUBHFT� JO� DPNQBSJTPO�XJUI� OPCMF�NFUBM�

DSPTT�DPVQMJOH� USBOTGPSNBUJPOT�� &WFO� UIPVHI� UIFTF� NFUIPEPMPHJD� TUVEJFT� IBWF� QSPWFO�

TVDDFTTGVM�JO�UFSNT�PG�FGGJDJFODZ�GPS�UIFTF�USBOTGPSNBUJPOT
�UIF�VOEFSMZJOH�NFDIBOJTNT�BOE�UIF�

TUSVDUVSFT�PG�UIF�LFZ�BDUJWF�TQFDJFT�IBWF�SFNBJOFE�FMVTJWF�BOE�TDBSDFMZ�EFTDSJCFE�����

5IF� BCTFODF�PG� TVDI� JOTJHIU� JT� BTDSJCFE� UP� UIF� TUSVHHMFT� GPVOE�XIFO� TUVEZJOH� JSPO�NFEJBUFE�

SFBDUJPOT��"QQMJDBUJPO� PG� DPOWFOUJPOBM� DIBSBDUFSJ[BUJPO� UFDIOJRVFT� TVDI� BT� OVDMFBS�NBHOFUJD�

SFTPOBODF� 	/.3
� TQFDUSPTDPQZ� JT� OPU� QMBVTJCMF� EVF� UP� UIF� MBSHF� OVNCFS� PG� QBSBNBHOFUJD�

TQFDJFT� UIBU� BSF� GPSNFE� JO� TJUV����� *OEJSFDU� QIZTJDBM�PSHBOJD� QSPCFT
� JODMVEJOH� LJOFUJD� TUVEJFT
�

SBEJDBM�DMPDL� USJBMT� BOE� EFVUFSJVN� MBCFMJOH� FYQFSJNFOUT� DPOTUJUVUF� UIF� NBJO� TPVSDF� PG�

JOGPSNBUJPO�UP�HFU�B�EFFQFS�VOEFSTUBOEJOH�PG�UIF� GVOEBNFOUBM�NFDIBOJTNT�PG�NBOZ�PG�UIFTF�

USBOTGPSNBUJPOT����:FU
�BO�JO�EFQUI�LOPXMFEHF�PG�UIF�TZTUFNT�JT�SFTUSJDUFE�EVF�UP�UIF�MBDL�PG�EJSFDU�

FWJEFODF�PG�JO�TJUV�HFOFSBUFE�JSPO�TQFDJFT����
������

*O� PSEFS� UP� BEESFTT� UIFTF� MJNJUBUJPOT
� EJGGFSFOU� TUSBUFHJFT� BSF� SFRVJSFE� DPNQBSFE� UP� UIPTF�

FNQMPZFE�UP�JOWFTUJHBUF�UIF�NFDIBOJTNT�BOE�TQFDJBUJPO�PG�$�)�BDUJWBUJPO�BOE�DSPTT�DPVQMJOH�

USBOTGPSNBUJPOT�DBUBMZ[FE�CZ�OPCMF�NFUBMT��'PS�FYBNQMF
�JO�DPNQBSJTPO�XJUI�QBMMBEJVN�CBTFE�

DSPTT�DPVQMJOHT
�JSPO�NFEJBUFE�DSPTT�DPVQMJOHT�DBO�PDDVS�XJUIJO�B�XJEFS�SBOHF�PG�SFEPY�DPVQMFT�

	J�F�
� 'F	*
�'F	***

��� 'F	�
�'F	**

��� 'F	�**
�'F	�

���� BOE� 'F	**
�'F	***
���
� 	4DIFNF�

*���
����
������
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�
4DIFNF�*����(FOFSBM�TDIFNF�GPS�JSPO�NFEJBUFE�DSPTT�DPVQMJOH�DBUBMZUJD�DZDMFT�CBTFE�PO�UIF�SFEPY�DPVQMFT�

JOWPMWFE���'F	*
�'F	***

�'F	�
�'F	**

�'F	�**
�'F	�

�BOE�'F	**
�'F	***
��

%VF�UP�UIF�OVNFSPVT�PYJEBUJPO�BOE�TQJO�TUBUFT�UIBU�JSPO�DBO�BEPQU�JO�UIFTF�USBOTGPSNBUJPOT
�B�

HFOFSBMJ[FE�NFDIBOJTN� IBT� OPU� DFSUBJOMZ� CFFO� QSPQPTFE��.PSFPWFS
� JO� UIF� DBTF� PG� JSPO� JU� JT�

LOPXO� UIBU� EJGGFSFOU� TQJO� TUBUFT� PG� B� HJWFO� JOUFSNFEJBUF� DBO� DPFYJTU� BOE� VOEFSHP� EJGGFSFOU�

SFBDUJWJUZ��5IFTF�TQJO�TUBUF�DIBOHFT�PO�UIF�JSPO�JOUFSNFEJBUFT�DBO�IBQQFO�EVF�DPOGPSNBUJPOBM�

BMUFSBUJPOT�	HFPNFUSZ
�MJHBOET
�PYJEBUJPO�TUBUFw
�EVSJOH�UIF�SFBDUJPO�DPVSTF�BOE�BSF�LOPXO�BT�

UIF�5XP�4UBUF� 3FBDUJWJUZ� 	543
��7FSZ� CSJFGMZ
� UIF�543� JT� DPOTJEFSFE�XIFO� B� HJWFO� TQJO� TUBUF�

DIBOHF�PO�B�HJWFO�USBOTJUJPO�TUBUF�MPXFST�UIF�FOFSHZ�CBSSJFS�GSPN�POF�JOUFSNFEJBUF�UP�UIF�OFYU�

POF�	'JHVSF�*��
���������
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�
'JHVSF�*���%JGGFSFOU�TQJO�TUBUF�TDFOBSJPT�QPTTJCMF�GPS�UIF�SFBDUJPO�DPPSEJOBUFT�HJWFO�CZ�UIF�543�BGGPSEJOH�TNBMMFS�
BDUJWBUJPO�CBSSJFST��5IF�QVSQMF�BOE�PSBOHF�DVSWFT�SFQSFTFOU�EJGGFSFOU�TQJO�TUBUFT
�BOE�UIF�SFE�EPUT�SFQSFTFOU�TQJO�

JOWFSTJPOT��

"T� NFOUJPOFE� BCPWF
� UIF� HFOFSBUJPO� PG� QBSBNBHOFUJD� JSPO� TQFDJFT� OPU� POMZ� DIBMMFOHFT� UIF�

SFBDUJPO�NPOJUPSJOH� CZ�/.3�TQFDUSPTDPQZ
�CVU� JU� BMTP�QSFDMVEFT� B�QSFDJTF�RVBOUJGJDBUJPO�� *O�

BEEJUJPO
�NPTU�DPNNPOMZ�UIFTF�SFBDUJWF�PSHBOPJSPO�TQFDJFT�BSF�WFSZ�TFOTJUJWF�UP�BJS
�NPJTUVSF�

BOE�UFNQFSBUVSF
�TP�UIBU�UIFZ�BSF�EJGGJDVMU�UP�IBOEMF
�BOE�TUSJDU�DPOUSPM�PG�SFBDUJPO�DPOEJUJPOT�BOE�

QBSBNFUFST�JT�SFRVJSFE��

*O�PSEFS�UP�BEESFTT�BMM�UIFTF�DPNQMJDBUJPOT
�QIZTJDBM�JOPSHBOJD�TQFDUSPTDPQJD�NFUIPET
�TVDI�BT�

��'F�.ÕTTCBVFS�TQFDUSPTDPQZ
�FMFDUSPO�QBSBNBHOFUJD�SFTPOBODF�	&13
�BOE�NBHOFUJD�DJSDVMBS�

EJDISPJTN�	.$%
�TQFDUSPTDPQZ
�JO�DPNCJOBUJPO�XJUI�9�SBZ�BCTPSQUJPO�TQFDUSPTDPQZ�	9"4

�

IBWF� CFFO� TVDDFTTGVMMZ� VUJMJ[FE���
� �������� .PSFPWFS
� BEEJUJPOBM� UFDIOJRVFT� TVDI� BT� UIFPSFUJDBM�

DBMDVMBUJPOT� UPHFUIFS� XJUI� 9�SBZ� EJGGSBDUJPO� 	93%
� IBWF� BMMPXFE� UP� GVSUIFS� FMVDJEBUF� UIF�

DPPSEJOBUJPO� FOWJSPONFOU� PG� UIF� JSPO� BDUJWF� TQFDJFT� BOE� UP� HFU� NFDIBOJTUJD� JOTJHIUT� PG� UIF�

DPSSFTQPOEJOH�USBOTGPSNBUJPO�	'JHVSF�*��
���������
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�
'JHVSF�*���3FQSFTFOUBUJPO�PG�UIF�JSPO�NFDIBOJTUJD�UPPMCPY�VTJOH�B�DPNCJOBUJPO�PG�QIZTJDBM�JOPSHBOJD�

TQFDUSPTDPQJFT
�DPODVSSFOU�JSPO�TQFDJBUJPO�SFBDUJWJUZ�TUVEJFT�BOE�MPX�UFNQFSBUVSF�TZOUIFTJT�PG�PSHBOPNFUBMMJD�JSPO�
DPNQMFYFT��

*O�UIF�QBTU�EFDBEF
�SFMFWBOU�BEWBODFT�JO�HBJOJOH�JOTJHIU�JOUP�UIF�NFDIBOJTN�PG�UIFTF�SFBDUJPOT�

XFSF� BDIJFWFE� CZ� USBQQJOH� LFZ� BMLZM� PS� BSZM� PSHBOPJSPO� TQFDJFT�� "� NZSJBE� PG� PSHBOPJSPO�

DPNQMFYFT� IBWF� CFFO� SFQPSUFE� JO� UIF� MJUFSBUVSF� TJODF� UIF� ����T� 	TFF� UIF� VQDPNJOH� TFDUJPOT�

*���������BOE�*��������

�JODMVEJOH�UIPTF�DPNJOH�GSPN�UIF�BDUJWBUJPO�PG�$�)�CPOET
�BOE�GSPN�UIF�

BDUJWBUJPO�PG�$�	QTFVEP
IBMJEF�CPOET��4UJMM
�JO�UIF�TQFDJGJD�DBTF�PG�BSZM�JSPO�DPNQMFYFT�CFBSJOH�

EJSFDUJOH�HSPVQT�BUUBDIFE� UP� UIF� TVCTUSBUF
�EFUFDUJPO�PG� TVDI� GFSSBDZDMF� TQFDJFT�IBT� SFNBJOFE�

FMVTJWF�GPS�B�MPOH�UJNF�BOE�POMZ�MJNJUFE�TQFDUSPTDPQJD�DIBSBDUFSJ[BUJPO�IBT�CFFO�EFTDSJCFE���

,���������2UJDQRLURQ�FRPSOH[HV�YLD�&�;�DFWLYDWLRQ�

"MM�DSPTT�DPVQMJOH�SFBDUJPOT�TUBSU�XJUI�B�$�IBMPHFO�CPOE�BDUJWBUJPO
�BOE�UIVT�HBJOJOH�LOPXMFEHF�

PO�IPX�JSPO�NFEJBUFE�$�9�CPOE�BDUJWBUJPO�XPSLT�JT�PG�WJUBM�JNQPSUBODF�JO�PSEFS�UP�EFWFMPQ�OFX�

JSPO� DBUBMZTUT�� $POTJEFSBCMF� FGGPSUT� IBWF� CFFO� EFWPUFE� UP� UIF� DIBSBDUFSJ[BUJPO� PG� SFBDUJPO�

JOUFSNFEJBUFT�� )PXFWFS
� UIF� QSPDFTT� UPXBSET� UIF� FMVDJEBUJPO� PG� UIF� VOEFSMZJOH� NFDIBOJTN�

CFIJOE� JSPO�DBUBMZ[FE� DSPTT�DPVQMJOH� SFBDUJPOT� IBT� FWPMWFE� NVDI� TMPXFS� UIBO� UIPTF� PG�

BOBMPHPVT�QBMMBEJVN�DBUBMZ[FE�SFBDUJPOT��*OEFFE
�XIJMF�JO�UIF�MBUUFS�DBTF�UIF�SFBDUJPOT�BSF�LOPXO�
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UP� QSPDFFE� WJB� OFU� UXP�FMFDUSPO� TUFQT� 	PYJEBUJWF�BEEJUJPO� �� USBOTNFUBMBUJPO� �� SFEVDUJWF�

FMJNJOBUJPO

����JSPO�DBUBMZ[FE�SFBDUJPOT�DBO�BMTP�QSPDFFE�WJB�QPMBS�BOE�SBEJDBM�QBUIXBZT����
�����

'PSNBUJPO�PG� SBEJDBM� TQFDJFT� SFQSFTFOUT� B� GVOEBNFOUBM� QSPCMFN� JO� FYQFSJNFOUBM�NFDIBOJTUJD�

JOWFTUJHBUJPOT
� BT� UIFTF� TQFDJFT� BSF� QSPNQU� UP� EFDPNQPTJUJPO� BOE� UIFJS� TQFDUSPTDPQJD�

DIBSBDUFSJ[BUJPO�JT�TJHOJGJDBOUMZ�NPSF�DPNQMFY�UIBO�GPS�DMPTFE�TIFMM�DPNQPVOET��'VSUIFSNPSF
�

JO�TPNF�DBTFT�JO�XIJDI�JSPO�JT�JO�UIF����PS����PYJEBUJPO�TUBUF
�QSF�BDUJWBUJPO�PG�UIF�DBUBMZTU�JT�

SFRVJSFE� CZ� USBOTNFUBMMBUJPO� XJUI� BO� PSHBOPNFUBMMJD� SFBHFOU� BOE� TVCTFRVFOU� SFEVDUJWF�

FMJNJOBUJPO�	IPNPDPVQMJOH
�UP�HFOFSBUF�UIF�BDUJWF�JSPO	�
�PS�JSPO	*
�TQFDJFT�XIJDI�DBO�UIFO�

VOEFSHP�$�9�CPOE�BDUJWBUJPO���
����������

*O�UIF�DBTF�PG�JSPO
�BEEJUJPO�PG�BSZM��PS�BMLZM�IBMJEFT�UP�SFEVDFE�JSPO�DPNQMFYFT�VTVBMMZ�QSPDFFET�

WJB�B�SBEJDBM�IBMPHFO�BUPN�BCTUSBDUJPO�XIJDI�SFTVMUT�JO�UIF�POF�FMFDUSPO�PYJEJ[FE�JSPO�DPNQMFY�

BOE�UIF�PSHBOJD�SBEJDBM�GSBHNFOU
�UIVT�QPTJOH�EJGGJDVMUJFT�GPS�B�QSPQFS�DIBSBDUFSJ[BUJPO�PG�UIF�JSPO�

TQFDJFT���
� ��
� ���
� ���
� �������� 5IFSFGPSF
� NPEJGJDBUJPO� PG� UIF� SFBDUJPO� DPOEJUJPOT� UP� GBWPS� QPMBS�

NFDIBOJTNT�IBT�CFFO�BO�FOEVSJOH�DIBMMFOHF� JO� UIF� GJFME
�BOE� UIF�TZOUIFTJT�PG� MPX�WBMFOU�BOE�

SFEVDFE� JSPO� DPNQMFYFT�XIJDI� FOBCMF� OFU� UXP�FMFDUSPO�PYJEBUJWF� BEEJUJPO�PG� BSZM�� BOE� BMLZM�

IBMJEFT�IBT�CFDPNF�GVOEBNFOUBM�GPS�FOIBODJOH�NFDIBOJTUJD�JOTJHIUT����
����
������

"O� BQQSPBDI� UIBU� IBT� QSPWFO� FTQFDJBMMZ� TVDDFTTGVM� JT� UIF� VTF� PG� TUSPOH�GJFME� MJHBOET� MJLF�$0
�

XIJDI�BMMPXT�GPS�UIF�OFU�UXP�FMFDUSPO�PYJEBUJWF�BEEJUJPO�PG�PSHBOJD�IBMJEFT�UP�JSPO���������*O������

;BOB[[J�BOE�DP�XPSLFST�DPVME�JTPMBUF�B�TFSJFT�PG�BMLZM�BOE�PS�Ϯ��BDZM�JSPO	**
�JPEJEF�DPNQMFYFT�

CFBSJOH�$0�BOE�QIPTQIJOF�MJHBOET�VQPO�SFBDUJPO�PG�UIF�DPSSFTQPOEJOH�JSPO	�
�QSFDVSTPST�BOE�

BMLZM�JPEJEFT�	4DIFNF�*���
�����*OUFSFTUJOHMZ
�UIF�TUBCJMJUZ�PG�UIFTF�TQFDJFT�XBT�BUUSJCVUFE�OPU�POMZ�

UP�UIF�VTF�PG�TUSPOH�GJFME�MJHBOET
�CVU�BMTP�UP�UIF�TUFSJD�IJOESBODF�PG�UIF�QIPTQIJOF�TVCTUJUVFOUT���
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�
4DIFNF�*����4ZOUIFTJT�PG�B
�BMLZM�'F	**

�C
�JPOJD�BMLZM�'F	**

�BOE�D
�Ϯ��BDZM�'F	**
�CFBSJOH�TUSPOH�GJFME�MJHBOET�
TVDI�BT�DBSCPO�NPOPYJEF�BOE�QIPTQIJOFT�WJB�PYJEBUJWF�BEEJUJPO��-BSHFS�DPOF�BOHMFT�	ଊ
�PG�UIF�QIPTQIJOF�MJHBOET�

GBWPVST�UIF�JPOJD��BOE�BDZM�UZQF�DPNQMFYFT�EVF�UP�TUFSJD�FGGFDUT��

"OPUIFS�TUSBUFHZ�UIBU�QSPWFE�TVDDFTTGVM�XBT�UIF�VTF�PG�TQFDJBMMZ�EFTJHOFE�MJHBOET�XJUI�IBMPBSZM�

NPJFUJFT�XJUI�EJSFDUJOH�HSPVQT� 	'JHVSF� *��B
�� *O�����
�4VO�BOE� DP�XPSLFST� SFQPSUFE� UIF� GJSTU�

TUSVDUVSFT�PG�BSZM�JSPO	**
�DIMPSJEF�DPNQMFYFT�GPSNFE�WJB�PYJEBUJWF�BEEJUJPO�����*O�UIJT�DBTF
�UIF�

BVUIPST�VTFE�PSUIP�EJSFDUJOH�HSPVQT�UP�TUBCJMJ[F�UIF�JOUFSNFEJBUFT�	'JHVSF�*��C
��-BUFS�JO�����
�

/JTIJZBNB� BOE� DP�XPSLFST� EFTDSJCFE� B� TJNJMBS� FYBNQMF� PG� BSZM�'F	**
� DPNQMFY� WJB� PYJEBUJWF�

BEEJUJPO�VTJOH�BO�PSUIP�EJSFDUJOH�TVCTUSBUF�BOE�TUSPOH�GJFME�MJHBOET�	'JHVSF�*��D
�����
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�
'JHVSF�*���B
�(FOFSBM�TDIFNF�PG�UIF�EJSFDUJOH�HSPVQ�BQQSPBDI�GPS�UIF�BDUJWBUJPO�PG�PSUIP�
�NFUB��BOE�QBSB��

QPTJUJPOT�PG�BSZM�9�HSPVQT��&YBNQMF�PG�BO�PSUIP�EJSFDUJOH�HSPVQ�TUSBUFHZ��C
�*TPMBUFE�BOE�93%�DIBSBDUFSJ[FE�BSZM�
'F	**
�DPNQMFYFT�PCUBJOFE�WJB�QPMBS�PYJEBUJWF�BEEJUJPO�VTJOH�B�QIFOZMJNJOF�TVCTUSBUF�GPS�UIF�PSUIP�EJSFDUJOH�
HSPVQ�TUSBUFHZ�UPHFUIFS�XJUI�TUSPOH�GJFME�MJHBOET�TVDI�BT�USJNFUIZM�QIPTQIJOF�BOE�DBSCPO�NPOPYJEF
�BOE�D
�

*TPMBUFE�BOE�93%�DIBSBDUFSJ[FE�BSZM�'F	**
�DPNQMFYFT�PCUBJOFE�WJB�QPMBS�PYJEBUJWF�BEEJUJPO�VTJOH�B�
	PYB[PMJOZM
QIFOZM�TVCTUSBUF�GPS�UIF�PSUIP�EJSFDUJOH�HSPVQ�TUSBUFHZ�UPHFUIFS�XJUI�DBSCPO�NPOPYJEF�BT��TUSPOH�GJFME�

MJHBOE��
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5IF�NPTU� SFDFOU�CSFBLUISPVHI�PDDVSSFE�WFSZ� SFDFOUMZ� JO�����
�XIFO�$IJSJL� BOE� DP�XPSLFST�

QSFQBSFE� BO� JSPO	�
� DPNQMFY� CFBSJOH� BO� 	BSZMJNJEB[PMF���ZMJEFOF
QZSJEJOF� BOE� EJOJUSPHFO�

MJHBOET�DBQBCMF�PG�VOEFSHPJOH� GPSNBM� UXP�FMFDUSPO�PYJEBUJWF�BEEJUJPO�PG�CPUI�BSZM��BOE�BMLZM�

IBMJEFT�	'JHVSF�*��
�����5IF�SFTVMUJOH�PSHBOPNFUBMMJD�JSPO	**
�IBMJEF�DPNQMFYFT�XFSF�TVDDFTTGVMMZ�

JTPMBUFE��.FDIBOJTUJD�JOWFTUJHBUJPOT�DPNCJOJOH�DPNQFUJUJPO�FYQFSJNFOUT
�SBEJDBM�DMPDL�USJBMT�BOE�

TUFSFPDIFNJDBM� QSPCFT� XFSF� BMTP� QFSGPSNFE�� 5IF� QFSGPSNBODF� PG� B� OFU� UXP�FMFDUSPO�

USBOTGPSNBUJPO�XBT�BUUSJCVUFE�UP�UIF�TUSPOH�MJHBOE�GJFME�BSPVOE�UIF�JSPO�DFOUFS�QSPWJEFE�CZ�UIF�

FMFDUSPEPOBUJOH� DBSCFOF� QJODFS� MJHBOE�� /FWFSUIFMFTT
� FYQFSJNFOUT� XJUI� SBEJDBM� DMPDLT� BOE�

EFVUFSJVN�MBCFMJOH�QSPCFT�TVHHFTUFE�B�SBEJDBM�QBUIXBZ�JO�UIF�DBTF�PG�BMLZM�IBMJEFT
�FWFO�UIPVHI�

UIF� SFTVMUJOH� JSPO� DPNQMFYFT� BSF� WFSZ� TJNJMBS� UP� UIPTF� PCUBJOFE� WJB� UXP�FMFDUSPO� PYJEBUJWF�

BEEJUJPO�QSPDFTTFT���

�
'JHVSF�*���*TPMBUFE�BOE�93%�DIBSBDUFSJ[FE�BSZM��BOE�BMLZM�'F	**
�DPNQMFYFT�PCUBJOFE�WJB�PYJEBUJWF�BEEJUJPO�PG�UIF�

QIFOZM�BOE�NFUIZM�JPEJEF
�SFTQFDUJWFMZ
�UPXBSET�UIF�DPSSFTQPOEJOH�JSPO	�
�QSFDVSTPS�VTJOH�B�DBSCFOF�QJODFS�
MJHBOE�UIBU�QSPWJEFT�B�TUSPOH�GJFME�MJHBOE�FOWJSPONFOU�UP�TUBCJMJ[F�UIF�SFTVMUJOH�PSHBOPNFUBMMJD�JSPO	**
�DPNQMFYFT�

	$IJSJL�����
��

%FTQJUF�UIF�SFDFOU�BDIJFWFNFOUT
�TZOUIFTJT�PG�JSPO�DPNQPVOET�BCMF�UP�VOEFSHP�QPMBS�SFBDUJWJUZ�

TUJMM� QPTFT� B� CJH� DIBMMFOHF�� 4ZOUIFTJT� PG� TVDI� DPNQPVOET� XPVME� OPU� POMZ� CSJOH� CFUUFS�

VOEFSTUBOEJOH�PG�UIF�NFDIBOJTN�CVU�XPVME�BMTP�BMMPX�GPS�UIF�EFWFMPQNFOU�PG�MFTT�FYQFOTJWF�BOE�

NPSF�TVTUBJOBCMF�JSPO�DBUBMZ[FE�DSPTT�DPVQMJOH�USBOTGPSNBUJPOT��
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,���������$U\O�LURQ�LQWHUPHGLDWHV�YLD�&�+�DFWLYDWLRQ�

(FOFSBUJPO�PG�MPX�WBMFOU�BSZM�'F�TQFDJFT�GSPN�B�$�)�BDUJWBUJPO�DBO�PDDVS�UISPVHI�UXP�EJGGFSFOU�

QSPDFTTFT�EFQFOEJOH�PO�UIF�PYJEBUJPO�TUBUF�PG�UIF�TUBSUJOH�JSPO�DPNQMFY��	�
�PYJEBUJWF�BEEJUJPO�

BU�BO�JSPO	�
�DFOUFS�UP�ZJFME�UIF�DPSSFTQPOEJOH�BSZM�'F�IZESJEF
�PS�	�
�WJB�USBOTNFUBMBUJPO�BU�BO�

JSPO	**�***
�DFOUFS�XIFSF�UIF�3�HSPVQ�JT�UIF�SFTQPOTJCMF�GPS�SFNPWJOH�UIF�IZESPHFO�BUPN�BT�B�

QSPUPO� 	Ӑ�CPOE� NFUBUIFTJT� PS� EFQSPUPOBUJWF� NFUBMBUJPO
� UIF� PSHBOJD� NPJFUZ� PG� UIF�

PSHBOPNFUBMMJD� SFBHFOU� BDUT� BT� B� CBTF
����� *O� TPNF�DBTFT� DPODFSUFE�NFUBMBUJPO�EFQSPUPOBUJPO�

	$.%
�CZ�BO�JSPO	**
�DFOUFS�IBT�CFFO�BMTP�QSPQPTFE�	4DIFNF�*���
�����

�
4DIFNF�*����%FTDSJCFE�$�)�BDUJWBUJPO�NFDIBOJTNT�NFEJBUFE�CZ�JSPO��PYJEBUJWF�BEEJUJPO�UP�B�MPX�WBMFOU�JSPO�

DPNQMFY�UP�HFOFSBUF�UIF�DPSSFTQPOEJOH�PSHBOPJSPO�IZESJEF�DPNQMFY
�Ͻ�CPOE�NFUBUIFTJT�XIFSF�UIF�PSHBOJD�HSPVQ�
	3
�PG�UIF�JOJUJBM�JSPO�DPNQMFY�BDUT�BT�BO�JOUFSOBM�CBTF�UP�SFNPWF�UIF�QSPUPO
�BOE�DPODFSUFE�NFUBMBUJPO�

EFQSPUPOBUJPO�XJUI�BO�JOUFSOBM�PS�BO�FYUFSOBM�CBTF�UP�SFNPWF�UIF�QSPUPO��

"O�FBSMZ�FYBNQMF�PG�BO�PSHBOPJSPO�DPNQMFY�PCUBJOFE�WJB�$�)�BDUJWBUJPO�XBT�SFQPSUFE�CZ�)BUB�

FU� BM�� JO� ��������� 67� MJHIU� JSSBEJBUJPO� PG� BO� FUIZMFOF�JSPO	�
� DPNQMFY� CFBSJOH� �
��

CJT	EJQIFOZMQIPTQIJOP
FUIBOF�	EQQF
�MJHBOET
�<'F	EQQF
�p$�)�>
�SFTVMUT�JO�UIF�HFOFSBUJPO�PG�

B�IZESJEF�GFSSBDZDMF�DPNQMFY
�XJUI�UIF�JSPO�DFOUFS�JO�UIF����PYJEBUJPO�TUBUF
�BOE�MPTT�PG�FUIZMFOF�

HBT��5IJT�USBOTGPSNBUJPO�QSPDFFET�WJB�BO�PYJEBUJWF�BEEJUJPO�PG�POF�PG�UIF�QIFOZM�IZESPHFO�BUPNT�

JO�PSUIP� GSPN� UIF�EQQF� MJHBOE� UP� UIF� JSPO	�
�DFOUFS�	4DIFNF�*���
��4JODF� UIFO
�PUIFS� TJNJMBS�

FYBNQMFT� PG� PSHBOPJSPO� DPNQMFYFT� CFBSJOH� QIPTQIJOF�QIPTQIJUF�CBTFE� MJHBOET���
� �������� PS�

DBSCPOZM�MJHBOET��������PCUBJOFE�WJB�PYJEBUJWF�BEEJUJPO�IBWF�CFFO�SFQPSUFE�JO�MJUFSBUVSF��
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�
4DIFNF�*����3FBDUJPO�PG�<'F	EQQF
�p$�)�>�VOEFS�67�MJHIU�UP�HFOFSBUF�UIF�DPSSFTQPOEJOH�GFSSBDZDMF�IZESJEF�

DPNQMFY�CZ�PYJEBUJWF�BEEJUJPO�PG�POF�PG�UIF�PSUIP�$�)�JO�UIF�QIFOZM�HSPVQT�GSPN�UIF�EQQF�MJHBOE��

*O� �����$BNBOEBMJ� BOE� DP�XPSLFST� EFTDSJCFE� B�XPSL� JO�XIJDI� B� EJNFUIZM�JSPO	**
� DPNQMFY�

CFBSJOH�USJNFUIZMQIPTQIJOF�MJHBOET
�'F.F�	1.F�
�
�SFBDUT�XJUI�CFO[PQIFOPOF�JNJOF�UP�GPSN�

BO� PSUIP�NFUIZMBUFE� JSPO	**
� IZESJEF� DPNQMFY����� *O� UIJT� DBTF
� UIF� NFDIBOJTN� PG� UIJT�

USBOTGPSNBUJPO� JOWPMWFT� UISFF� NBJO� TUFQT�� 0QFOJOH
� UIF� CFO[PQIFOPOF� JNJOF� TVCTUSBUF�

DPPSEJOBUFT� CZ� MJHBOE� FYDIBOHF� 	EFDPPSEJOBUJPO� PG� POF� USJNFUIZMQIPTQIJOF� MJHBOE
�� 5IFO
�

PSUIP�GFSSBUJPO� WJB� Ӑ�CPOE� NFUBUIFTJT
� JO� XIJDI� POF� PG� UIF� NFUIZM� MJHBOET� BDUT� BT� B� CBTF� UP�

EFQSPUPOBUF� UIF� QIFOZM�$�)�CPOE� BOE� TVCTFRVFOU� SFMFBTF� PG�NFUIBOF��"GUFS� UIBU
� SFEVDUJWF�

FMJNJOBUJPO�PDDVST�BOE� B�OFX�$�NFUIZM�CPOE� JT� GPSNFE�BOE�B� OFX� JSPO	�
�DPNQMFY�CFBSJOH�

USJNFUIZMQIPTQIJOF�MJHBOET
�'F	1.F�
���'JOBMMZ
�UIF�OFX�JSPO	�
�DPNQMFY�VOEFSHPFT�PYJEBUJWF�

BEEJUJPO�UP�BOPUIFS�BDDFTTJCMF�$�)�CPOE�GSPN�UIF�QSFWJPVTMZ� GPSNFE�QSPEVDU�SFTVMUJOH� JO�BO�

PSUIP�NFUIZMBUFE�IZESJEF�JSPO	**
�GFSSBDZDMF�	4DIFNF�*���
���

�

4DIFNF�*����4ZOUIFTJT�PG�BO�PSUIP�NFUIZMBUFE�'F	**
�IZESJEF�DPNQMFY�WJB�$�)�BDUJWBUJPO�JOWPMWJOH�GJSTU�B�Ͻ�CPOE�
NFUBUIFTJT�BOE�UIFO�BO�PYJEBUJWF�BEEJUJPO��
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�

5IF� BCPWF�NFOUJPOFE� FYBNQMFT� DPSSFTQPOE� UP� TUPJDIJPNFUSJD� $�)� BDUJWBUJPO� QSPDFTTFT� WJB�

PSHBOPJSPO�DPNQMFYFT��5IF�GJSTU�EJSFDU�FNQJSJDBM�FWJEFODF�PG�B�DBUBMZUJDBMMZ�SFMFWBOU�PSHBOPJSPO�

JOUFSNFEJBUF� JO�$�)�BDUJWBUJPO�XBT�OPU�SFQPSUFE�VOUJM� SFDFOUMZ�CZ�/FJEJH�BOE�"DLFSNBOO�����

5IFJS� JOWFTUJHBUJPOT� TIFE� MJHIU� JOUP� UIF�NFDIBOJTN�BOE� TUSVDUVSF�PG�LFZ�DZDMPNFUBMBUFE� JSPO�

TQFDJFT� BDUJWF� JO� USJB[PMF�BTTJTUFE� $�)� BDUJWBUJPO� BOE� $�BSZMBUJPO� USBOTGPSNBUJPOT
� B�

NFUIPEPMPHJDBM�XPSL�QSFWJPVTMZ�SFQPSUFE�CZ�"DLFSNBOO�JO����������5P�EP�TP
�UIFZ�QFSGPSNFE�

GSFF[F�USBQQFE���'F�.ÕTTCBVFS�TQFDUSPTDPQZ�BOE�TJOHMF�DSZTUBM�9�SBZ�DSZTUBMMPHSBQIZ�UPHFUIFS�

XJUI�SFBDUJWJUZ�TUVEJFT��5IFZ�XFSF�BCMF�UP�USBQ�UIF�PSHBOPJSPO�TQFDJFT�GPSNFE�SJHIU�BGUFS�UIF�$�

)�BDUJWBUJPO�TUFQ�XIJDI�XBT�JEFOUJGJFE�BT�B�MPX�TQJO�JSPO	**
�EJNFS��.PTU�SFNBSLBCMZ
�UIFZ�DPVME�

BMTP�JEFOUJGZ�UIF�PSHBOPNFUBMMJD�JSPO�DPNQPVOE�GPSNFE�VQPO�SFBUJPO�XJUI�B�QIFOZM�(SJHOBSE�

SFBHFOU�XIJDI�DPSSFTQPOET�UP�B�EJBNBHOFUJD�JSPO	**
�CJTBSZM�EJNFS�	'JHVSF�*��
��

�
'JHVSF�*���	�
�4ZOUIFTJT�PG�UIF�BSZM�'F	**
�EJNFS�GPSNFE�SJHIU�BGUFS�UIF�$�)�BDUJWBUJPO�TUFQ�VTJOH�POF�FRVJWBMFOU�
PG�(SJHOBSE�SFBHFOU
�BOE�	�
�GPSNBUJPO�PG�UIF�CJTBSZM�'F	**
�EJNFS�VTJOH�UISFF�FRVJWBMFOUT�PG�(SJHOBSE�SFBHFOU��
)ZESPHFO�BUPNT�BOE�TPNF�PG�UIF�DBSCPO�BUPNT�GSPN�UIF�EJQIPTQIJOF�MJHBOET�PG�UIF�9�SBZ�TUSVDUVSFT�IBWF�CFFO�

PNJUUFE�GPS�DMBSJUZ��

*O� ����
� "DLFSNBOO� BOE� DP�XPSLFST� SFQPSUFE� UIF� JTPMBUJPO� PG� BO� BSZM�JSPO	**
�IZESJEF� WJB�

PYJEBUJWF� BEEJUJPO�PG� UIF�QIFOPOF� TVCTUSBUF� UP� BO� JSPO	�
�QSFDVSTPS
�'F	1.F�
�
� VOEFS�NJME�

DPOEJUJPOT�	'JHVSF�*���
��*O�UIJT�DPOUSJCVUJPO�UIF�"DLFSNBOO�HSPVQ�TUVEJFE�UIF�IZESPBSZMBUJPO�
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PG� BMMFOFT� VTJOH� QIFOPOF� TVCTUSBUFT�� 5IJT� USBOTGPSNBUJPO� QSPDFFET� XJUI� FYDFMMFOU� PSUIP�

SFHJPTFMFDUJWJUZ�OFBS�UIF�DBSCPOZM�HSPVQ������

�
'JHVSF�*����4ZOUIFTJT�PG�BSZM�'F	**
�IZESJEF�DPNQMFY�WJB�PYJEBUJWF�BEEJUJPO�UP�BO�JSPO	�
�TPVSDF��"MM�IZESPHFO�

BUPNT�	FYDFQU�UIF�'F�)
�IBWF�CFFO�PNJUUFE�GPS�DMBSJUZ��

,�����1LFNHO�PHGLDWHG�FURVV�FRXSOLQJ�UHDFWLRQV�

5IF�VTF�PG�OJDLFM�JO�PSHBOPNFUBMMJD�DIFNJTUSZ�DPNFT�CFGPSF�NBOZ�PUIFS�NFUBMT�BT�JU�XBT�JTPMBUFE�

JO������ BOE�8JMLF�XBT�BCMF� UP� TIFE� MJHIU� JOUP� UIF� TUSVDUVSF� BOE� SFBDUJWJUZ�PG�EJGGFSFOU�OJDLFM�

DPNQMFYFT
� JODMVEJOH� UIBU� PG�/J	$0%
�� BOE� PMFGJO� PMJHPNFSJ[BUJPO
� JO� ��������� *O� ����� UIF�

TDJFOUJTU�1BVM�4BCBUJFS�XBT�BXBSEFE�XJUI�UIF�/PCFM�1SJ[F�JO�$IFNJTUSZ�GPS�IJT�HSPVOECSFBLJOH�

XPSL�PO�OJDLFM�NFEJBUFE�FUIZMFOF�IZESPHFOBUJPO��5IFO
�JO�UIF�TFWFOUJFT
�UIF�VTF�PG�OJDLFM�XBT�

FYQBOEFE�UP�DSPTT�DPVQMJOH�USBOTGPSNBUJPOT�BOE�SFBDUJPOT�PG�BMLFOFT�BOE�BMLZOFT�	OVDMFPQIJMJD�

BMMZMBUJPO
� PMJHPNFSJ[BUJPO
� DZDMPJTPNFSJ[BUJPO� BOE� SFEVDUJWF� DPVQMJOHT
�� )PXFWFS
� UIF�

EFWFMPQNFOU� PG� OJDLFM�CBTFE� QSPUPDPMT� XBT� MJNJUFE� CZ� UIF� FYUFOTJWF� VTF� PG� QBMMBEJVN�CBTFE�

DBUBMZTUT�GPS�NBOZ�ZFBST��*U�XBT�OPU�VOUJM�UIF�QBTU�EFDBEF
�UIBU�UIF�OFFE�GPS�UIF�TVCTUJUVUJPO�PG�

QBMMBEJVN�GPS�B� MFTT�FYQFOTJWF�BOE�NPSF�TVTUBJOBCMF�DBOEJEBUF�TVDI�BT�OJDLFM�PDDVSSFE��4JODF�

UIFO
� OJDLFM� DIFNJTUSZ� IBT� FYQFSJFODFE� B� QFSJPE� PG� TQFDJBM� JOUFSFTU� CPUI� BDBEFNJDBMMZ� BOE�

JOEVTUSJBMMZ��5IVT
�OJDLFM�IBT�CFDPNF�B�TZOUIFUJDBMMZ�JNQPSUBOU�NFUBM�UIBU�JT�BCMF�UP�DBUBMZ[F�B�

CSPBE�SBOHF�PG�DIBMMFOHJOH�USBOTGPSNBUJPOT�BOE�IVHF�JNQSPWFNFOUT�IBWF�CFFO�NBEF�JO�UIF�BSFB�

PG�OJDLFM�DBUBMZTJT�PWFS�UIF�MBTU�EFDBEF���������/FWFSUIFMFTT
�OJDLFM�DBUBMZTJT�IBT�OPU�NBEF�QSPGJU�

GSPN�UIF�TBNF�FYIBVTUJWF�NFDIBOJTUJD�PSHBOPNFUBMMJD�TUVEJFT�BT�QBMMBEJVN�����

"T� CFGPSF� TUBUFE
� UIF� QPQVMBSJUZ� PG� OJDLFM� DBUBMZTUT� JT� JO� QBSU� BUUSJCVUFE� UP� JUT� IJHI� OBUVSBM�

BCVOEBODF�JO�UIF�&BSUI�T�DSVTU�XIJDI�SFTVMUT�JO�JUT�MPX�DPTU�	SPVHIMZ������UJNFT�DIFBQFS�UIBO�

QBMMBEJVN
� BOE� IJHI� TVTUBJOBCJMJUZ����� *O� UFSNT� PG� DIFNJDBM� QSPQFSUJFT
� OJDLFM� JT� BO� BUUSBDUJWF�

NFUBM�BT� JO�NPTU�PG� UIF�DBTFT� JU�IBT�EFNPOTUSBUFE�DPNQMJNFOUBSZ�BOE�PS� JODSFBTFE�SFBDUJWJUZ�
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�

XIFO�DPNQBSFE�UP�JUT�HSPVQ����DPVOUFSQBSUT��5IJT�DBO�CF�EVF�UP�UIF�SFMBUJWF�FMFDUSPQPTJUJWJUZ�PG�

OJDLFM�XIJDI�NBLFT�UIF�PYJEBUJWF�BEEJUJPO�TUFQ�NPSF�GFBTJCMF�UIBO�GPS�1E�BOE�1U�CBTFE�TZTUFNT�����

0OF�FYBNQMF�XPVME�CF�DSPTT�DPVQMJOH�SFBDUJPOT� UIBU� JOWPMWF� UIF�DMFBWBHF�PG�$�'�CPOET
��������

UFSUJBSZ�BMLZM�IBMJEFT��������BOE�UFSUJBSZ�QIFOPM�EFSJWBUJWFT���
���������	4DIFNF�*���
��

�
4DIFNF�*����4FMFDUFE�FYBNQMFT�PG�/J�DBUBMZ[FE�DSPTT�DPVQMJOH�SFBDUJPOT�PG�B
�$�'�CPOE�BDUJWBUJPO
�C
�UFSUJBSZ�

BMLZM�IBMJEFT�BDUJWBUJPO
�BOE�D
�UFSUJBSZ�QIFOPM�EFSJWBUJWFT�BDUJWBUJPO��

�"OPUIFS�GFBUVSF�UIBU�FOSJDIFT�UIF�DIFNJTUSZ�QFSGPSNFE�CZ�OJDLFM�JT�UIBU�OPU�POMZ�JU�DBO�QFSGPSN�

UXP�FMFDUSPO�QSPDFTTFT�BT�1E�BOE�1U�	J�F�
�.	�

�.	**
�BOE�.	*7
�TQFDJFT

�CVU�BMTP�POF�FMFDUSPO�

FWFOUT
� NBLJOH� BMM� OJDLFM� PYJEBUJPO� TUBUFT� 	J�F�
� /J	�

� /J	*

� /J	**

� /J	***
� BOE� /J	*7

�

NFDIBOJTUJDBMMZ�BDDFTTJCMF�����)PXFWFS
� UIJT� GBDU�BMTP�DPNQMJDBUFT�OJDLFM�T�NFDIBOJTUJD�TUVEJFT�

EVF� UP� UIF� GPSNBUJPO� PG� QBSBNBHOFUJD� TQFDJFT� JO� DPNQBSJTPO� XJUI� UIF� XFMM�LOPXO� BOE�

FTUBCMJTIFE�QSPDFTTFT�IFME�CZ�QBMMBEJVN�CBTFE�DBUBMZTUT��'PS�UIJT�SFBTPO
�TQFDJGJD�LFZ�GBDUT�PG�JUT�

SFBDUJWJUZ
� QBSUJDVMBSMZ� JO� UIF� IJHIFS� PYJEBUJPO� TUBUFT
� SFNBJO� SBUIFS� PCTDVSF�� /FWFSUIFMFTT
�

EJGGFSFOU� NFDIBOJTUJD� DZDMFT� IBWF� CFFO� DPNNPOMZ� QSPQPTFE�� 	J
� /J	�
�/J	**

� 	JJ
�

/J	*
�/J	**
�/J	***
�PS�/J	*
�/J	***

�BOE�NPSF�SBSFMZ�	JJJ
�/J	**
�/J	*7
�	4DIFNF�*���
�����
�

�����
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�
4DIFNF�*����$PNNPOMZ�QSPQPTFE�/J	�
�/J	**

�/J	*
�/J	**
�/J	***
�BOE�/J	*
�/J	***
�DBUBMZUJD�DZDMFT�BOE�

SBSFMZ�JOWPLFE�/J	**
�/J	*7
�DBUBMZUJD�DZDMF
�BOE�DPNQBSJTPO�XJUI�1E�DIFNJTUSZ��

&WFO� UIPVHI� OJDLFM� DBUBMZTJT� IBT� HSPXO� TJHOJGJDBOUMZ� PWFS� UIF� QBTU� EFDBEF
� DIBMMFOHFT� GPS�

GPSFDBTUJOH� BOE� DPOUSPMMJOH� UIF� PQFSBUJWF� NFDIBOJTUJD� SPVUFT� QFSTJTU�� 5IFSFCZ
� DPOEVDUJOH�

TZTUFNBUJD� TUVEJFT�PO�PSHBOPOJDLFM� DPNQMFYFT�XJMM� FOBCMF�EFFQFS�NFDIBOJTUJD�VOEFSTUBOEJOH�

BOE�IFMQ�JO�UIF�JNQSPWFNFOU�PG�BMSFBEZ�FYJTUJOH�CPOE�GPSNJOH�SFBDUJPOT�BOE�EFWFMPQNFOU�PG�

NVDI�NPSF�EJGGJDVMU�OFX�USBOTGPSNBUJPOT��

,�������+LJK�YDOHQW�RUJDQRPHWDOOLF�QLFNHO�FKHPLVWU\�

*U�IBT�CFFO�NFDIBOJTUJDBMMZ�XFMM�TUBCMJTIFE�BOE�EFNPOTUSBUFE�UIBU�UIF�MPXFS�PYJEBUJPO�TUBUFT�PG�

OJDLFM�	/J	�

�/J	*
�BOE�/J	**

�BSF�DBUBMZUJD�JOUFSNFEJBUF�TQFDJFT�JO�NBOZ�UZQFT�PG�$�$�BOE�$�

)FUFSPBUPN� CPOE�GPSNJOH� USBOTGPSNBUJPOT��������� *OTUFBE
� OJDLFM	***
�������� BOE� OJDLFM	*7
�

TQFDJFT�������� IBWF� OPU� CFFO� QSPQPTFE� BT� DBUBMZUJD� JOUFSNFEJBUFT� JO� OJDLFM�NFEJBUFE� DSPTT�

DPVQMJOH� SFBDUJPOT� VOUJM�NPSF� SFDFOUMZ��5IFTF� IJHIFS� PYJEBUJPO� TUBUFT� PG� OJDLFM� DBO� VOEFSHP�

USBOTGPSNBUJPOT�UIBU�BSF�OPU�BDIJFWBCMF�CZ�MPX�WBMFOU�OJDLFM�TQFDJFT�PS�PUIFS�NFUBM�JPOT��'PS�UIJT�

SFBTPO
�MPUT�PG�FGGPSUT�BSF�CFJOH�EFWPUFE�JO�FMVDJEBUJOH�UIF�VOEFSMZJOH�SFBDUJWJUZ�PG�OJDLFM	***
�BOE�

OJDLFM	*7
�DPNQMFYFT�CZ�NFBOT�PG�CPUI�TUPJDIJPNFUSJD�BOE�DBUBMZUJD�TUVEJFT��

/JDLFM	***
�TQFDJFT�BSF�DPNNPOMZ�JOWPLFE�BT�DBUBMZUJDBMMZ�DPNQFUFOU� JOUFSNFEJBUFT� JO�OJDLFM�

NFEJBUFE� DSPTT�DPVQMJOH� USBOTGPSNBUJPOT
� ZFU� TUVEJFT� UIBU� TVQQPSU� UIFTF� IZQPUIFTFT� SFNBJO�

TDBSDF��*O�UIF�MBUF���T
�,PDIJ�SFQPSUFE�UIF�GJSTU�DPOUSJCVUJPO�UIBU�QSPWJEFE�JOEJSFDU�FWJEFODF�GPS�

UIF�JOWPMWFNFOU�PG�B�/J	***
�JOUFSNFEJBUF�TQFDJFT�CZ�TUPJDIJPNFUSJDBMMZ�TUVEZJOH�UIF�PYJEBUJWF�

$�$� CPOE� GPSNBUJPO� SFBDUJPO� TUBSUJOH� GSPN� BO� PSHBOPNFUBMMJD� /J	**
� DPNQMFY� 	4DIFNF�
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*���B
����� -BUFS� JO� ����
�)JMMIPVTF� BOE� DP�XPSLFST� DPOEVDUFE� B� TJNJMBS� TUVEZ� CVU� UIJT� UJNF�

UISPVHI�BOE�PYJEBUJWF�$�/�CPOE�GPSNJOH�USBOTGPSNBUJPO�	4DIFNF�*���C
�����/FWFSUIFMFTT
�UIF�

GJSTU�PSHBOPOJDLFM	***
�DPNQMFY�XBT�OPU�JTPMBUFE�VOUJM������CZ�7BO�,PUFO�BOE�DP�XPSLFST��5P�

EP�TP
�UIFZ�VTFE�B�QJODFS� MJHBOE�UP�TUBCJMJ[F�UIF�OJDLFM	***
�DFOUFS�	4DIFNF�*���D
�����-BUFS� JO�

����
�4BOGPSE�T�HSPVQ�QSPWFE�UIF�BCJMJUZ�PG�UIJT�TQFDJFT�UP�VOEFSHP�$�#S�SFEVDUJWF�FMJNJOBUJPO�

	4DIFNF�*���D
������

�
4DIFNF�*����B
�BOE�C
�TFMFDUFE�DPOUSJCVUJPOT�XJUI�SFBDUJWJUZ�PO�OJDLFM�NFEJBUFE�DSPTT�DPVQMJOH�SFBDUJPOT�WJB�
QSPQPTFE�PSHBOPOJDLFM	***
�JOUFSNFEJBUFT
�JO�XIJDI�B��FMFDUSPO�PYJEBOU�JT�BEEFE�UP�UIF�/J	**
�QSFDVSTPS�XIJDI�

SFTVMUT�JO�UIF�GPSNBUJPO�PG�UIF�PSHBOJD�DPVQMJOH�QSPEVDU
�UIVT�JOEJDBUJOH�UIF�QVUBUJWF�GPSNBUJPO�PG�B�/J	***
�
JOUFSNFEJBUF�TQFDJFT��D
�'JSTU�JTPMBUFE�PSHBOPOJDLFM	***
�DPNQMFY�BOE�SFBDUJWJUZ��TUVEJFT�UPXBSET�$�#S�CPOE�

GPSNJOH�SFBDUJPOT��

5IF�BCPWF�NFOUJPOFE�DPOUSJCVUJPOT�XFSF�B�TQSJOHCPBSE�GPS�UIF�VQDPNJOH�JOWFTUJHBUJPOT�JO�UIF�

BSFB� PG� PSHBOPNFUBMMJD� /J	***
� DPNQMFYFT� SFMFWBOU� GPS� DSPTT�DPVQMJOH� DBUBMZTJT�� *O� UIF� QBTU�

EFDBEF
�UIF�HSPVQ�PG�.JSJDB�IBT�CFFO�BCMF�UP�JTPMBUF�TFWFSBM�PSHBOPOJDLFM	***
�DPNQMFYFT��'PS�

UIJT� QVSQPTF
� UIFZ� FNQMPZFE� USJ�� BOE� UFUSBEFOUBUF� /�CBTFE� NBDSPDZDMJD� MJHBOET� UP� TUBCJMJ[F�
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OJDLFM	***
� DFOUFST� UPHFUIFS�XJUI� EJGGFSFOU� DBSCPO�EPOPS� MJHBOET� TVDI� BT� BSZM� HSPVQT
�NFUIZM�

HSPVQT�BOE�UIF�DZDMPOFPQIZM�MJHBOE�	B�TQFDJBM�DZDMJD�BMLZM�BSZM�DBSCPO�EPOPS�MJHBOE�XJUI�OP�ϩ�

IZESPHFOT� XIJDI� QSFWFOUT� GSPN� VOEFTJSFE� TJEF� SFBDUJPOT� TVDI� BT� ϩ�IZESJEF� FMJNJOBUJPO
� �

$)�$.F��P�$�)��
��*O�BEEJUJPO
�UIFZ�QFSGPSNFE�SFBDUJWJUZ�TUVEJFT�UIBU�EFNPOTUSBUFE�UIBU�UIFTF�

OJDLFM	***
� DPNQMFYFT� XFSF� BCMF� UP� QSPNPUF� $�$� BOE� $�)FUFSPBUPN� CPOE� GPSNBUJPO�

USBOTGPSNBUJPOT�VOEFS�NJME�DPOEJUJPOT�	'JHVSF�*���
����������

�
'JHVSF�*����&YBNQMFT�PG�SFDFOUMZ�JTPMBUFE�XFMM�EFGJOFE�PSHBOPOJDLFM	***
�DPNQMFYFT�SFMFWBOU�GPS�DSPTT�DPVQMJOH�

USBOTGPSNBUJPOT�CZ�UIF�.JSJDB�HSPVQ��

4BOGPSE� BOE� DP�XPSLFST� BMTP� QSPWJEFE� HSFBU� DPOUSJCVUJPO� JO� UIF� GJFME� CZ� JTPMBUJOH� TFWFSBM�

PSHBOPOJDLFM	***
�DPNQMFYFT�CFBSJOH�B� GBDJBM�USJEFOUBUF�USJT	QZSB[PMZM
CPSBUF� MJHBOE�	5Q
�BOE�

QFSGPSNJOH� SFEVDUJWF� FMJNJOBUJPO� TUVEJFT� SFMFWBOU� GPS� OJDLFM�DBUBMZ[FE� $�$� CPOE� GPSNJOH�

SFBDUJPOT�	4DIFNF�*���
�����*O�BMM�DBTFT
�UIF�PSHBOPOJDLFM	***
�DPNQMFYFT�UIFSNBMMZ�EFDPNQPTFE�

VOEFS�NJME� DPOEJUJPOT� UP� ZJFME� UIF� DPSSFTQPOEJOH�$�$� DPVQMJOH� QSPEVDU��.PSFPWFS
� BOE� CZ�

NFBOT� PG�NFDIBOJTUJD� TUVEJFT
� UIFZ� EFNPOTUSBUFE� UIBU� UIF� GJOBM� DPVQMJOH� QSPEVDUT� PDDVSSFE�

EJSFDUMZ�GSPN�UIF�OJDLFM	***
�TQFDJFT��
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�
4DIFNF�*����*TPMBUFE�PSHBOPOJDLFM	***
�DPNQMFYFT�CZ�4BOGPSE�BOE�DP�XPSLFST�BOE�TVCTFRVFOU�UIFSNPMZTJT�

TUVEJFT�ZJFMET�UP�$�$�CPOE�GPSNJOH�QSPEVDUT�CZ�SFEVDUJWF�FMJNJOBUJPO
�SFTQFDUJWFMZ��

&WFO�UIPVHI�BMM�UIFTF�TFNJOBM�XPSLT�IBWF�TVQQMJFE�FYDFMMFOU�FWJEFODFT�GPS�UIF�JOWPMWFNFOU�PG�

OJDLFM	***
�TQFDJFT�JO�OJDLFM�NFEJBUFE�DSPTT�DPVQMJOH�USBOTGPSNBUJPOT
�NVDI�NPSF�JT�ZFU�UP�CF�

LOPXO�BCPVU�UIJT�PYJEBUJPO�TUBUF��

0QQPTJUFMZ� UP� PSHBOPNFUBMMJD� OJDLFM	***
� TQFDJFT
� XIJDI� IBT� CFFO� VTVBMMZ� JOWPLFE� BT� B�

DBUBMZUJDBMMZ� BDUJWF� JOUFSNFEJBUF� GPS� DSPTT�DPVQMJOH� USBOTGPSNBUJPOT
� OJDLFM	*7
� JT� OPU� PGUFO�

QSPQPTFE� BOE�XBT� CFMJFWFE� UP�CF� JOBDDFTTJCMF� VOEFS�VTVBM� SFBDUJPO� DPOEJUJPOT��/POFUIFMFTT
�

TJODF� UIF� SFDFOU� EJTDPWFSZ� PG� UIF� SFBDUJWJUZ� QFSGPSNFE� CZ� 1E	*7
� BOE�1U	*7
� TQFDJFT� B� OFX�

XJOEPX� XBT� PQFOFE� UP� TUVEZ� UIF� SFMBUFE� DBQBCJMJUZ� PG� /J	*7
� UP� QSPNPUF� EJGGJDVMU�

USBOTGPSNBUJPOT���������5IF�GJSTU�FYBNQMF�PG�JTPMBUFE�PSHBOPOJDLFM	*7
�DPNQMFY�XBT�SFQPSUFE�JO�

�����CZ�,MFJO�BOE�DP�XPSLFST
�WJB�PYJEBUJPO�PG��UIF�DPSSFTQPOEJOH�/J	**
�QSFDVSTPS�XJUI�NFUIZM�

JPEJEF� 	4DIFNF� *���
����� &WFO� UIPVHI� OP� SFBDUJWJUZ� TUVEJFT� XFSF� QFSGPSNFE
� UIJT� XPSL�

EFNPOTUSBUFE� UIBU� PSHBOPOJDLFM	*7
� TQFDJFT� XFSF� BDDFTTJCMF� BOE� DPVME� CF� JOWFTUJHBUFE�

FNQMPZJOH� UIF� BQQSPQSJBUF� DPOEJUJPOT�� 'SPN� UIFO
� PUIFS� FYBNQMFT� PG� PSHBOPOJDLFM	*7
�

DPNQMFYFT�XFSF�JTPMBUFE�CZ�%JNJUSPW�BOE�/VDLPMMT
�VTJOH�WFSZ�TQFDJGJD�DBSCPO�EPOPS�MJHBOET�UP�

TUBCJMJ[F� UIF�NFUBM� DFOUFS� 	4DIFNF� *���
����
� ����/FWFSUIFMFTT
� UIFTF� MJHBOET� EJE� OPU� BMMPX� UIF�

JOWFTUJHBUJPO�PG�DBUBMZUJDBMMZ�JNQPSUBOU�DSPTT�DPVQMJOH�BOE�CPOE�GPSNJOH�USBOTGPSNBUJPOT��
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�
4DIFNF�*����'JSTU�JTPMBUFE�PSHBOPOJDLFM	*7
�DPNQMFYFT��

*U�IBT�OPU�CFFO�VOUJM�NPSF�SFDFOUMZ�UIBU�PSHBOPOJDLFM	*7
�DPNQMFYFT�SFMFWBOU�GPS�DSPTT�DPVQMJOH�

SFBDUJPOT� IBWF� CFFO� JTPMBUFE� CZ� VTJOH� TQFDJBMMZ� EFTJHOFE� MJHBOET� BOE� TFMFDUFE� SFBDUJPO�

DPOEJUJPOT��*O�����
�UIF�HSPVQ�PG�4BOGPSE�SFQPSUFE�UIF�JTPMBUJPO�PG�BO�PSHBOPOJDLFM	*7
�DPNQMFY�

CFBSJOH�B�GBDJBM�USJEFOUBUF�/�CBTFE�MJHBOE�	USJT	��QZSJEZM
NFUIBOF
�1Z�$)

�B�USJGMVPSPNFUIZM�

MJHBOE� BOE� B� DZDMPOFPQIZM� MJHBOE�����5P� TZOUIFTJ[F� UIJT� PSHBOPOJDLFM	*7
� UIF� DPSSFTQPOEJOH�

PSHBOPOJDLFM	**
�QSFDVSTPS�XBT�PYJEJ[FE�CZ�UXP�FMFDUSPOT�XJUI�B�i$'�
�u�TPVSDF��.PSFPWFS
�JUT�

SFBDUJWJUZ�XBT�UFTUFE�UPXBSET�FYPHFOPVT�BDFUBUF�UP�BGGPSE�UIF�$�0�DPVQMJOH�QSPEVDU
�BOE�BMTP�

VQPO�UIFSNPMZTJT�UP�ZJFME�UIF�SFEVDUJWF�FMJNJOBUJPO�$�$�CPOE�GPSNJOH�QSPEVDU�	'JHVSF�*���
��

5IJT� XPSL� XBT� B� TUFQQJOH� TUPOF� UP� HBUIFS� BMM� UIF� JOGPSNBUJPO� OFFEFE� UP� JTPMBUF� B� TFSJFT� PG�

PSHBOPOJDLFM	*7
� DPNQMFYFT� CZ� DIBOHJOH� TPNF� WBSJBCMFT� JO� B� XFMM�EFTJHOFE� BOE� DPOUSPMMFE�

NBOOFS��*O�NPTU�PG�UIF�DBTFT�UIFZ�VTFE�UIF�5Q�MJHBOE�UPHFUIFS�XJUI�EJGGFSFOU�TUBCJMJ[JOH�DBSCPO�

EPOPS� MJHBOET� 	CJQIFOZMFOF
� DZDMPOFPQIZM
� FUD�

� USJGMVPSPNFUIZM� HSPVQT� BOE� BSZM�

FMFDUSPQIJMFT��������� 5IFZ� BMTP� QFSGPSNFE� SFEVDUJWF� FMJNJOBUJPO� BT� XFMM� BT� DPVQMJOH� XJUI�

FYPHFOPVT�OVDMFPQIJMFT�BDIJFWJOH�DPVQMJOH�QSPEVDUT� JO�HPPE�ZJFMET��5IJT�TVQQPSUT� UIF� JOJUJBM�

IZQPUIFTFT� UIBU� PSHBOPOJDLFM	*7
� DPNQMFYFT� BSF� DBUBMZUJDBMMZ� DPNQFUFOU� GPS� DSPTT�DPVQMJOH�

USBOTGPSNBUJPOT��
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�
'JHVSF�*����4ZOUIFTJT
�9�SBZ�TUSVDUVSF�BOE�SFBDUJWJUZ�PG�UIF�PSHBOPOJDLFM	*7
�DPNQMFY�JTPMBUFE�CZ�4BOGPSE�BOE�DP�

XPSLFST��

'PMMPXJOH�UIJT�MJOF
�UIF�HSPVQ�PG�.JSJDB�BMTP�QSPWJEFE�TFNJOBM�DPOUSJCVUJPO�JO�JTPMBUJOH�B�XFMM�

EFGJOFE�PSHBOPOJDLFM	*7
�DPNQMFY�SFMFWBOU�GPS�DSPTT�DPVQMJOH�USBOTGPSNBUJPOT��*O�UIJT�DBTF�UIFZ�

VTFE�B�USJEFOUBUF�/�CBTFE�NBDSPDZDMJD�MJHBOE�	/
/
/�USJNFUIZM�USJB[BDZDMPOPOBOF
�.FUBDO
�UP�

QSPWJEF�B� TUBCMF�FOWJSPONFOU� UP� UIF�NFUBM� DFOUFS
� BOE� DZDMPOFPQIZM�BT� UIF�CJT�DBSCPO�EPOPS�

MJHBOE�����*O�BEEJUJPO
�UIFZ�QFSGPSNFE�SFBDUJWJUZ�TUVEJFT�SFHBSEJOH�SFEVDUJWF�FMJNJOBUJPO
�$�$
�$�

0�BOE�$�$M�CPOE�GPSNJOH�SFBDUJPOT�	'JHVSF�*���
��

�
'JHVSF�*����9�SBZ�TUSVDUVSF�PG�UIF�JTPMBUFE�PSHBOPOJDLFM	*7
�DPNQMFY�SFQPSUFE�CZ�.JSJDB�BOE�DP�XPSLFST�BOE�

SFEVDUJWF�FMJNJOBUJPO�SFBDUJWJUZ�TUVEJFT�VQPO�UIFSNPMZTJT�BOE�DIMPSJOBUJPO
�SFTQFDUJWFMZ��

,���������+LJK�YDOHQW�RUJDQRQLFNHO�FRPSOH[HV�YLD�&�+�DFWLYDWLRQ�

/JDLFM�NFEJBUFE�$�)�BDUJWBUJPO�GVODUJPOBMJ[BUJPO�SFBDUJPOT�IBWF�ESBXO�HSFBU�BUUFOUJPO�JO�UIF�

QBTU�EFDBEF�EVF�UP�UIF�MPX�DPTU�PG�/J�CBTFE�DBUBMZTUT�BOE�UP�UIF�NBOZ�BEWBOUBHFT�JO�UFSNT�PG�

HSFFO� DIFNJTUSZ� UIBU� QSPWJEFT� EJSFDU� $�)� GVODUJPOBMJ[BUJPO� PWFS� USBEJUJPOBM� DSPTT�DPVQMJOH�
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USBOTGPSNBUJPOT�� 'PS� UIFTF� SFBTPOT
� UIF� TDJFOUJGJD� DPNNVOJUZ� IBT� EFWPUFE� B� MPU� PG� FGGPSUT� JO�

EFWFMPQJOH� NFUIPEPMPHJFT� GPS� $TQ����)� BDUJWBUJPO� BOE� GVODUJPOBMJ[BUJPO� USBOTGPSNBUJPOT�

NFEJBUFE�CZ�OJDLFM	**
�DBUBMZTUT����
���������/FWFSUIFMFTT
�UIFSF�BSF�POMZ�TDBSDF�FYBNQMFT�PG�$TQ����

)� BDUJWBUJPO�GVODUJPOBMJ[BUJPO� USBOTGPSNBUJPOT� QFSGPSNFE� CZ� IJHI�WBMFOU� OJDLFM� DPNQMFYFT�

BOBMPHPVTMZ�UP�JUT�HSPVQ����IJHI�WBMFOU�DPVOUFSQBSUT��

*O�PSEFS�UP�HBJO�JOTJHIU�JOUP�UIF�GFBTJCJMJUZ�PG�UIJT�USBOTGPSNBUJPO�BOE�JOTQJSFE�CZ�UIF�FNFSHJOH�

TUVEJFT� PO� 1E	*7
�$�)� BDUJWBUJPO
� TPNF� GVOEBNFOUBM� TUVEJFT� IBWF� CFFO� QVCMJTIFE� PO�XFMM�

EFGJOFE�IJHI�PYJEBUJPO�TUBUF�PSHBOPOJDLFM�DPNQMFYFT�PCUBJOFE�WJB�$�)�BDUJWBUJPO��*O�����
�UIF�

HSPVQ�PG�.JSJDB�SFQPSUFE�UIF�DIBSBDUFSJ[BUJPO�PG�BO�PSHBOPOJDLFM	***
�DPNQMFY�PCUBJOFE�WJB�$�

)�BDUJWBUJPO�VOEFS�NJME�DPOEJUJPOT�����*O�PSEFS�UP�TUBCJMJ[F�UIF�IJHI�WBMFOU�JOUFSNFEJBUF�TQFDJFT
�

UIFZ�VTFE�B�NPEJGJFE�WFSTJPO�PG�UIFJS�QSFWJPVTMZ�VTFE�UFUSBEFOUBUF�/�CBTFE�QZSJEJOPQIBOF�MJHBOE�

CZ�SFQMBDJOH�POF�PG�UIF�QZSJEJOF�NPJFUJFT�GPS�BO�BSZM�HSPVQ�BT�B�DBSCPO�EPOPS�TPVSDF�XIFSF�UIF�

$�)�BDUJWBUJPO�XJMM�UBLF�QMBDF�GPMMPXJOH�B�EJSFDUJOH�HSPVQ�TUSBUFHZ��5IFZ�BMTP�SFQPSUFE�SFBDUJWJUZ�

TUVEJFT�UPXBSET�BSPNBUJD�DZBOPBMLZMBUJPO�PG�UIF�NPEFM�TVCTUSBUF�UISPVHI�EPVCMF�$�)�BDUJWBUJPO�

NFEJBUFE�CZ�UIF�PSHBOPOJDLFM	***
�DPNQMFY�	4DIFNF�*���B
��

�
4DIFNF�*����B
�*TPMBUFE�PSHBOPOJDLFM	***
�DPNQMFY�PCUBJOFE�WJB�$�)�BDUJWBUJPO�BOE�SFBDUJWJUZ�TUVEJFT�UPXBSET�
DZBOPBMLZMBUJPO�CZ�.JSJDB�BOE�DP�XPSLFST
�BOE�C
�JTPMBUFE�PSHBOPOJDLFM	*7
�DPNQMFY�WJB�$�)�BDUJWBUJPO�CZ�

4BOGPSE�BOE�DP�XPSLFST��

0OF� ZFBS� MBUFS
� 4BOGPSE� BOE� DP�XPSLFST� SFQPSUFE� B� XFMM�EFGJOFE� PSHBOPOJDLFM	*7
� DPNQMFY�

PCUBJOFE�CZ�$�)�BDUJWBUJPO�VOEFS�NJME�DPOEJUJPOT��*O�UIJT�DBTF
�UIFZ�NPEJGJFE�UIFJS�QSFWJPVTMZ�
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VTFE�1Z�$)�MJHBOE�CZ�SFQMBDJOH�POF�PG�UIF�QZSJEJOF�BSNT�CZ�BO�BSZM�NPJFUZ�JO�PSEFS�UP�QSPNPUF�

B�EJSFDUFE�$�)�BDUJWBUJPO
�BOE�USJGMVPSPNFUIZM�HSPVQT�BT�TVQQPSUJOH�MJHBOET�	4DIFNF�*���C
�����

:FU
� UIF� BVUIPST� OPUF� UIBU� XJUI� UIF� HBUIFSFE� JOGPSNBUJPO� BOE� FYQFSJNFOUBM� FWJEFODFT
� UIF�

JOWPMWFNFOU�PG�BO�VOEFUFDUFE�PSHBOPOJDLFM	***
�JOUFSNFEJBUF�JO�UIF�$�)�DMFBWBHF�TUFQ�DBOOPU�

CF�EJTDBSEFE�CBTFE�PO�QSFWJPVTMZ�SFQPSUFE�MJUFSBUVSF��

0WFSBMM
� UIF� LOPXMFEHF� BDRVJSFE� JO� BMM� UIFTF� JOWFTUJHBUJPOT� XJMM� TFSWF� BT� B� USBNQPMJOF� UP� UIF�

EJTDPWFSZ� PG� OFX� USBOTGPSNBUJPOT� JOWPMWJOH� IJHI�WBMFOU� OJDLFM� JOUFSNFEJBUF� TQFDJFT� JO� $�)�

BDUJWBUJPO� BOE� GVODUJPOBMJ[BUJPO� USBOTGPSNBUJPOT� TVDI� BT� UIF� POFT� SFQPSUFE� CZ� 4BOGPSE� JO�

��������
�����

� �



$)"15&3�*� �

���
�

,���5()(5(1&(6�

��� +��:BNBHVDIJ
�"��%��:BNBHVDIJ�BOE�,�� *UBNJ
�"OHFX��$IFN�� *OU��&E�
�����
���
������
������

��� +��4PNNFS�BOE�+��#VLBMB
�"DD��$IFN��3FT�
�����
���
����������
��� 3��)��$SBCUSFF
�5IF�0SHBOPNFUBMMJD�$IFNJTUSZ�PG�UIF�5SBOTJUJPO�.FUBMT
�8JMFZ
�/FX�:PSL
�

�UI�FEO�
�������
��� #��4V
�;��$��$BP�BOE�;��+��4IJ
�"DD��$IFN��3FT�
�����
���
����������
��� #��.��5SPTU�BOE�-��$��$[BCBOJVL
�"OHFX��$IFN��*OU��&E�
�����
���
������������
��� (��%ZLFS
�"OHFX��$IFN��*OU��&E�
�����
���
������������
��� *��(BSDJB�#PTDI
�"��$PNQBOZ
�$��8��$BEZ
�4��4UZSJOH
�8��3��#SPXOF
�9��3JCBT�BOE�.��

$PTUBT
�"OHFX��$IFN��*OU��&E�
�����
���
������������
��� *��1SBU
�+��4��.BUIJFTPO
�.��(ÛFMM
�9��3JCBT
�+��.��-VJT
�-��$SPOJO�BOE�.��$PTUBT
�/BUVSF�

$IFNJTUSZ
�����
��
����������
��� +��-��'JMMPM
�;��$PEPMÆ
�*��(BSDJB�#PTDI
�-��(ÓNF[
�+��+��1MB�BOE�.��$PTUBT
�/BU��$IFN�
�

����
��
����������
���� "��$PNQBOZ
�*��1SBU
�+��3��'SJTDI
�%��3��.BT�#BMMFTUÊ
�.��(ÛFMM
�(��+VIÃT[
�9��3JCBT
�%��&��

.ÛODL
�+��.��-VJT
�-��2VF�+S��BOE�.��$PTUBT
�$IFN��&VS��+�
�����
���
������������
���� ;��$PEPMÆ
�*��(BSDJB�#PTDI
�'��"DVÒB�1BSÊT
�*��1SBU
�+��.��-VJT
�.��$PTUBT�BOE�+��-MPSFU�

'JMMPM
�$IFN��&VS��+�
�����
���
������������
���� "��$PNQBOZ
�(��4BCFOZB
�.��(PO[ÃMF[�#ÊKBS
�-��(ÓNF[
�.��$MÊNBODFZ
�(��#MPOEJO
�"��

+��+BTOJFXTLJ
�.��1VSJ
�8��3��#SPXOF
�+��.��-BUPVS
�-��2VF
�.��$PTUBT
�+��1ÊSF[�1SJFUP�
BOE�+��-MPSFU�'JMMPM
�+��"N��$IFN��4PD�
�����
����
������������

���� &��"OESJT
�+��+BØÎL
�-��(ÓNF[
�.��$PTUBT�BOE�+��3PJUIPWÃ
�"OHFX��$IFN��*OU��&E�
�����
���
�
�����������

���� (��4BCFOZB
�-��-Ã[BSP
�*��(BNCB
�7��.BSUJO�%JBDPOFTDV
�&��"OESJT
�5��8FZIFSNÛMMFS
�'��
/FFTF
�+��3PJUIPWB
�&��#JMM
�+��-MPSFU�'JMMPM�BOE�.��$PTUBT
�+��"N��$IFN��4PD�
�����
����
�
�����������

���� (��4BCFOZB
�*��(BNCB
�-��(ÓNF[
�.��$MÊNBODFZ
�+��3��'SJTDI
�&��+��,MJOLFS
�(��#MPOEJO
�
4��5PSFMMJ
�-��2VF
�7��.BSUJO�%JBDPOFTDV
�+��.��-BUPVS
�+��-MPSFU�'JMMPM�BOE�.��$PTUBT
�
$IFN��4DJ�
�����
���
������������

���� +��4FSSBOP�1MBOB
�"��"HVJOBDP
�3��#FMEB
�&��(BSDÎB�&TQBÒB
�.��(��#BTBMMPUF
�"��$PNQBOZ�
BOE�.��$PTUBT
�"OHFX��$IFN��*OU��&E�
�����
���
������������

���� +�� 4FSSBOP�1MBOB
�8��/��0MPP
� -�� "DPTUB�3VFEB
� ,�� ,��.FJFS
� #�� 7FSEFKP
� &��(BSDÎB�
&TQBÒB
�.��(��#BTBMMPUF
�&��.ÛODL
�-��2VF
�"��$PNQBOZ�BOE�.��$PTUBT
�+��"N��$IFN��
4PD�
�����
����
��������������

���� #��4IJO
�,��%��4VUIFSMJO
�5��0IUB
�5��0HVSB
�&��*��4PMPNPO�BOE�+��$IP
�*OPSH��$IFN�
�����
�
��
��������������

���� 9��3JCBT
�%��"��+BDLTPO
�#��%POOBEJFV
�+��.BIÎB
�5��1BSFMMB
�3��9JGSB
�#��)FENBO
�,��0��
)PEHTPO
�"��-MPCFU�BOE�5��%��1��4UBDL
�"OHFX��$IFN��*OU��&E�
�����
���
������������

���� "��$BTJUBT
�"��&��,JOH
�5��1BSFMMB
�.��$PTUBT
�4��4��4UBIM�BOE�9��3JCBT
�$IFN��4DJ�
�����
��
�
���������

���� "��$BTJUBT
�.��$BOUB
�.��4PMÆ
�.��$PTUBT�BOE�9��3JCBT
�+��"N��$IFN��4PD�
�����
����
�
�������������



(FOFSBM�*OUSPEVDUJPO�

���
�

���� 5��$PSPOB
�-��3JCBT
�.��3PWJSB
�&��3��'BSRVIBS
�9��3JCBT
�,��3BZ�BOE�"��$PNQBOZ
�"OHFX��
$IFN��*OU��&E�
�����
���
��������������

���� .��'POU
�'��"DVÒB�1BSÊT
�5��1BSFMMB
�+��4FSSB
�+��.��-VJT
�+��-MPSFU�'JMMPM
�.��$PTUBT�BOE�9��
3JCBT
�/BU��$PNNVO�
�����
��
�������

���� 9�� 3JCBT
� $�� $BMMF
� "�� 1PBUFS
� "�� $BTJUBT
� -�� (ÓNF[
� 3�� 9JGSB
� 5�� 1BSFMMB
� +�� #FOFU�
#VDIIPM[
�"��4DIXFJHFS
�(��.JUSJLBT
�.��4PMÆ
�"��-MPCFU�BOE�5��%��1��4UBDL
�+��"N��$IFN��
4PD�
�����
����
��������������

���� .��3PWJSB
�4��3PMEÃO�(ÓNF[
�7��.BSUJO�%JBDPOFTDV
�$��+��8IJUFPBL
�"��$PNQBOZ
�+��.��
-VJT�BOE�9��3JCBT
�$IFN��&VS��+�
�����
���
��������������

���� 0��1MBOBT
�$��+��8IJUFPBL
�7��.BSUJO�%JBDPOFTDV
� *��(BNCB
� +��.��-VJT
�5��1BSFMMB
�"��
$PNQBOZ�BOE�9��3JCBT
�+��"N��$IFN��4PD�
�����
����
��������������

���� 0��1MBOBT
�4��3PMEÃO�(ÓNF[
�7��.BSUJO�%JBDPOFTDV
�5��1BSFMMB
�+��.��-VJT
�"��$PNQBOZ�
BOE�9��3JCBT
�+��"N��$IFN��4PD�
�����
����
��������������

���� #�� 1JHOBUBSP
� *EFBT� JO� $IFNJTUSZ� BOE� .PMFDVMBS� 4DJFODFT
� 8JMFZ� 7$)
� 8FJOIFJN
�
(FSNBOZ
�������

���� #��.FVOJFS
�#JPNJNFUJD�0YJEBUJPOT�$BUBMZ[FE�CZ�5SBOTJUJPO�.FUBM�$PNQMFYFT
� *NQFSJBM�
$PMMFHF�1SFTT
�-POEPO
�������

���� &�� 7�� "OTMZO� BOE� %�� "�� %PVHIFSUZ
� .PEFSO� 1IZTJDBM� 0SHBOJD� $IFNJTUSZ
� 6OJWFSTJUZ�
4DJFODF�#PPLT
�4BVTBMJUP
�$"
�������

���� 0��:��-ZBLJO
�3��7��0UUFOCBDIFS
�,��1��#SZMJBLPW�BOE�&��1��5BMTJ
�"$4�$BUBM�
�����
��
�
�����������

���� :��.PSJNPUP
�4��#VOOP
�/��'VKJFEB
�)��4VHJNPUP�BOE�4��*UPI
�+��"N��$IFN��4PD�
�����
�
���
������������

���� 4��1BMBWJDJOJ
�"��(SBOBUB
�&��.PO[BOJ�BOE�-��$BTFMMB
�+��"N��$IFN��4PD�
�����
����
�������
�������

���� +��&��#ÅDLWBMM
�.PEFSO�0YJEBUJPO�.FUIPET
�8JMFZ�7$)
�8FJOIFJN
�(FSNBOZ
�������
���� (��-��4FNFO[B
�4DJFODF
�����
����
��������
���� &��(��,PWBMFWB�BOE�+��%��-JQTDPNC
�/BU��$IFN��#JPM�
�����
��
����������
���� .��$PTUBT
�.��1��.FIO
�.��1��+FOTFO�BOE�-��2VF
�$IFN��3FW�
�����
����
����������
���� 8��#��5PMNBO
�"DUJWBUJPO�PG�4NBMM�.PMFDVMFT
�8JMFZ�7$)
�8FJOIFJN
�(FSNBOZ
�������
���� &��-��)FHH�BOE�-��2VF
�+S�
�&VS��+��#JPDIFN�
�����
����
����������
���� ,��%��,PFIOUPQ
�+��1��&NFSTPO�BOE�-��2VF
�+S�
�+��#JPM��*OPSH��$IFN�
�����
���
��������
���� 8��,BJN
�#��4DIXFEFSTLJ�BOE�"��,MFJO
�#JPJOPSHBOJD�$IFNJTUSZ��*OPSHBOJD�&MFNFOUT�JO�UIF�

$IFNJTUSZ�PG�-JGF
�+PIO�8JMFZ���4POT
�*OD
�$IJDIFTUFS
�������
���� -�� 2VF
� 1IZTJDBM� .FUIPET� JO� #JPJOPSHBOJD� $IFNJTUSZ�� 4QFDUSPTDPQZ� BOE� .BHOFUJTN
�

6OJWFSTJUZ�4DJFODF�#PPLT
�4BVTBMJUP
�$"
�������
���� ,��:PTIJ[BXB�BOE�:��4IJPUB
�+��"N��$IFN��4PD�
�����
����
������������
���� 4�� +�� -JQQBSE� BOE� +��.�� #FSH
�1SJODJQMFT� PG� #JPJOPSHBOJD� $IFNJTUSZ
� 6OJWFSTJUZ� 4DJFODF�

#PPLT
�.JMM�7BMMFZ
�$"
�������
���� 4��4DIJOEMFS
�&VS��+��*OPSH��$IFN�
�����
�����
������������
���� &��"��-FXJT�BOE�8��#��5PMNBO
�$IFN��3FW�
�����
����
������������
���� -��.��.JSJDB
�9��0UUFOXBFMEFS�BOE�5��%��1��4UBDL
�$IFN��3FW�
�����
����
������������
���� .��&��$VGG
�,��*��.JMMFS
�,��&��WBO�)PMEF�BOE�8��"��)FOESJDLTPO
�+��.PM��#JPM�
�����
����
�

���������
���� :��.BUPCB
�5��,VNBHBJ
�"��:BNBNPUP
�)��:PTIJUTV�BOE�.��4VHJZBNB
� +��#JPM��$IFN�
�

����
����
������������



$)"15&3�*� �

���
�

���� *��(BSDJB�#PTDI
�9��3JCBT�BOE�.��$PTUBT
�&VS��+��*OPSH��$IFN�
�����
�����
����������
���� +��4FSSBOP�1MBOB
�*��(BSDJB�#PTDI
�"��$PNQBOZ�BOE�.��$PTUBT
�"DD��$IFN��3FT�
�����
���
�

�����������
���� -��2��)BUDIFS�BOE�,��%��,BSMJO
�+��#JPM��*OPSH��$IFN�
�����
��
����������
���� -��4BOUBHPTUJOJ
�.��(VMMPUUJ
�&��.PO[BOJ
�-��$BTFMMB
�3��%JMMJOHFS�BOE�'��5VD[FL
�$IFN��

&VS��+�
�����
��
����������
���� -��.��.JSJDB
�%��+��3VEE
�.��"��7BODF
�&��*��4PMPNPO
�,��0��)PEHTPO
�#��)FENBO�BOE�

5��%��1��4UBDL
�+��"N��$IFN��4PD�
�����
����
������������
���� -��.��.JSJDB
�.��7BODF
�%��+��3VEE
�#��)FENBO
�,��0��)PEHTPO
�&��*��4PMPNPO�BOE�5��

%��1��4UBDL
�+��"N��$IFN��4PD�
�����
����
������������
���� -��.��.JSJDB
�.��7BODF
�%��+��3VEE
�#��)FENBO
�,��0��)PEHTPO
�&��*��4PMPNPO�BOE�5��

%��1��4UBDL
�4DJFODF
�����
����
�������
���� "�� $PNQBOZ
� %�� -BNBUB
� "�� 1PBUFS
� .�� 4PMÆ
� &�� 7�� 3ZCBL�"LJNPWB
� -�� 2VF
� 9��

'POUSPEPOB
�5��1BSFMMB
�"��-MPCFU�BOE�.��$PTUBT
�*OPSH��$IFN�
�����
���
������������
���� +��4FSSBOP�1MBOB
�*��(BSDJB�#PTDI
�3��.JZBLF
�.��$PTUBT�BOE�"��$PNQBOZ
�"OHFX��$IFN��

*OU��&E�
�����
���
������������
���� ,��.BTBOPSJ
�,��.BTBZVLJ�BOE�.��5PTIJIJLP
�$IFN��-FUU�
�����
���
����������
���� 4��-��#VDIXBME
�"DD��$IFN��3FT�
�����
���
������������
���� +��'��)BSUXJH
�/BUVSF
�����
����
����������
���� 4��-��#VDIXBME
�$��.BVHFS
�(��.JHOBOJ�BOE�6��4DIPM[
�"EW��4ZOUI��$BUBM�
�����
����
����

����
���� +��.BHBOP�BOE�+��3��%VOFU[
�$IFN��3FW�
�����
����
������������
���� #��4DIMVNNFS�BOE�6��4DIPM[
�"EW��4ZOUI��$BUBM�
�����
����
������������
���� $��$��$�� +PIBOTTPO�4FFDIVSO
�.��0��,JUDIJOH
�5�� +��$PMBDPU�BOE�7��4OJFDLVT
�"OHFX��

$IFN��*OU��&E�
�����
���
������������
���� +��1��$PSCFU�BOE�(��.JHOBOJ
�$IFN��3FW�
�����
����
������������
���� "��4��(VSBN�BOE�4��-��#VDIXBME
�+��"N��$IFN��4PD�
�����
����
������������
���� '��1BVM
�+��1BUU�BOE�+��'��)BSUXJH
�+��"N��$IFN��4PD�
�����
����
������������
���� +��'��)BSUXJH
�"DD��$IFN��3FT�
�����
���
����������
���� +��1��8PMGF
�4��8BHBX
�+��'��.BSDPVY�BOE�4��-��#VDIXBME
�"DD��$IFN��3FT�
�����
���
�����

�����
���� +��)BTTBO
�.��4ÊWJHOPO
�$��(P[[J
�&��4DIVM[�BOE�.��-FNBJSF
�$IFN��3FW�
�����
����
�

�����������
���� $��-��4VO
�#��+��-J�BOE�;��+��4IJ
�$IFN��3FW�
�����
����
������������
���� 5��%BMUPO
�5��'BCFS�BOE�'��(MPSJVT
�"$4�$FOU��4DJ�
�����
��
����������
���� ,��.PSJLBXB
�8��4��#FOFEJDU�BOE�)��4��5BZMPS
�+��"N��$IFN��4PD�
�����
���
������������
���� (��0MJWP
�0��$VTTÓ�BOE�.��$PTUBT
�$IFN��"TJBO�+�
�����
���
������������
���� &��1��5BMTJ�BOE�,��1��#SZMJBLPW
�$PPSE��$IFN��3FW�
�����
����
������������
���� .��#FMMFS�BOE�$��#PMN
�5SBOTJUJPO�.FSBMT�GPS�0SHBOJD�4ZOUIFTJT��#VJMEJOH�#MPDLT�BOE�'JOF�

$IFNJDBMT
�8JMFZ
�/FX�:PSL
��OE�FEO�
�������
���� +��.JBP�BOE�)��(F
�&VS��+��0SH��$IFN�
�����
�����
������������
���� *��1��#FMFUTLBZB�BOE�7��1��"OBOJLPW
�$IFN��3FW�
�����
����
������������
���� +��%��)BZMFS
�%��,��-FBIZ�BOE�&��.��4JNNPOT
�0SHBOPNFUBMMJDT
�����
���
��������
���� 5��-BJSE
�0SHBOJD�1SPDFTT�3FTFBSDI���%FWFMPQNFOU
�����
���
������
���� ,��4��&HPSPWB�BOE�7��1��"OBOJLPW
�"OHFX��$IFN��*OU��&E�
�����
���
��������������
���� +��%��4FBST
�1��(��/��/FBUF�BOE�.��-��/FJEJH
�+��"N��$IFN��4PD�
�����
����
��������������



(FOFSBM�*OUSPEVDUJPO�

���
�

���� 4��.��/FVNBOO�BOE�+��,��,PDIJ
�+��0SH��$IFN�
�����
���
����������
���� 3��4��4NJUI�BOE�+��,��,PDIJ
�+��0SH��$IFN�
�����
���
����������
���� .��5BNVSB�BOE�+��,��,PDIJ
�+��"N��$IFN��4PD�
�����
���
������������
���� 5��/BHBOP�BOE�5��)BZBTIJ
�0SH��-FUU�
�����
��
������������
���� .��/BLBNVSB
�,��.BUTVP
�4��*UP�BOE�&��/BLBNVSB
�+��"N��$IFN��4PD�
�����
����
������

������
���� (��$BIJF[
�$��%VQMBJT�BOE�"��.PZFVY
�0SH��-FUU�
�����
��
������������
���� "��(VÊSJOPU
�4��3FZNPOE�BOE�+��$PTTZ
�"OHFX��$IFN��*OU��&E�
�����
���
������������
���� 3��#��#FEGPSE
�.��#FUIBN
�%��8��#SVDF
�"��"��%BOPQPVMPT
�3��.��'SPTU�BOE�.��)JSE
�+��

0SH��$IFN�
�����
���
������������
���� 5��)BUBLFZBNB�BOE�.��/BLBNVSB
�+��"N��$IFN��4PD�
�����
����
������������
���� 5��)BUBLFZBNB
�4��)BTIJNPUP
�,��*TIJ[VLB�BOE�.��/BLBNVSB
�+��"N��$IFN��4PD�
�����
�

���
��������������
���� 4��,��(IPSBJ
�.��+JO
�5��)BUBLFZBNB�BOE�.��/BLBNVSB
�0SH��-FUU�
�����
���
������������
���� .��(VJTÃO�$FJOPT
�'��5BUP
�&��#VÒVFM
�1��$BMMF�BOE�%��+��$ÃSEFOBT
�$IFN��4DJ�
�����
��
�

�����������
���� 3��#��#FEGPSE
�.��)VXF�BOE�.��$��8JMLJOTPO
�$IFN��$PNNVO�
�����
����������
���� 5�� )BUBLFZBNB
� :�� ,POEP
� :��J�� 'VKJXBSB
� )�� 5BLBZB
� 4�� *UP
� &�� /BLBNVSB� BOE� .��

/BLBNVSB
�$IFN��$PNNVO�
�����
�%0*����������#������%
������������
���� 5��)BUBLFZBNB
�5��)BTIJNPUP
�:��,POEP
�:��'VKJXBSB
�)��4FJLF
�)��5BLBZB
�:��5BNBEB
�

5��0OP�BOE�.��/BLBNVSB
�+��"N��$IFN��4PD�
�����
����
��������������
���� 5��)BUBLFZBNB
�:��0LBEB
�:��:PTIJNPUP�BOE�.��/BLBNVSB
�"OHFX��$IFN��*OU��&E�
�����
�

��
��������������
����� )��5BLVKJ
� '�� :V�JDIJ
�0��:PTIJIJSP
� *��5BLVNB
�)��5PSV
�,�� 4IJOUBSP
�0��,B[VLJ
�5��

)JLBSV�BOE�/��.BTBIBSV
�$IFN��-FUU�
�����
���
������������
����� $�� +��"EBNT
�3��#��#FEGPSE
�&��$BSUFS
�/�� +��(PXFS
�.��'��)BEEPX
�+��/��)BSWFZ
�.��

)VXF
�.��¦��$BSUFT
�4��.��.BOTFMM
�$��.FOEP[B
�%��.��.VSQIZ
�&��$��/FFWF� BOE� +��
/VOO
�+��"N��$IFN��4PD�
�����
����
��������������

����� 3��#��#FEGPSE
�&��$BSUFS
�1��.��$PHTXFMM
�/��+��(PXFS
�.��'��)BEEPX
�+��/��)BSWFZ
�%��
.��.VSQIZ
�&��$��/FFWF�BOE�+��/VOO
�"OHFX��$IFN��*OU��&E�
�����
���
������������

����� (��$BIJF[�BOE�)��"WFEJTTJBO
�4ZOUIFTJT
�����
�����
������������
����� .��+JO
�-��"EBL�BOE�.��/BLBNVSB
�+��"N��$IFN��4PD�
�����
����
������������
����� )��.��0�#SJFO
�.��.BO[PUUJ
�3��%��"CSBNT
�%��&MPSSJBHB
�)��"��4QBSLFT
�4��"��%BWJT�BOE�

3��#��#FEGPSE
�/BU��$BUBM�
�����
��
����������
����� +��/PSJOEFS
�"��.BUTVNPUP
�/��:PTIJLBJ�BOE�&��/BLBNVSB
�+��"N��$IFN��4PD�
�����
����
�

�����������
����� /��:PTIJLBJ
�"��.BUTVNPUP
�+��/PSJOEFS�BOE�&��/BLBNVSB
�"OHFX��$IFN��*OU��&E�
�����
�

��
������������
����� /��:PTIJLBJ
�"��.BUTVNPUP
�+��/PSJOEFS�BOE�&��/BLBNVSB
�4ZOMFUU
�����
�����
����������
����� +��8FO
�4��2JO
�-��'��.B
�-��%POH
�+��;IBOH
�4��4��-JV
�:��4��%VBO
�4��:��$IFO
�$��8��)V�

BOE�9��2��:V
�0SH��-FUU�
�����
���
������������
����� +��8FO
�+��;IBOH
�4��:��$IFO
�+��-J�BOE�9��2��:V
�"OHFX��$IFN��*OU��&E�
�����
���
������

������
����� -��*MJFT
�&��,POOP
�2��$IFO�BOE�&��/BLBNVSB
�"TJBO�+��0SH��$IFN�
�����
��
����������
����� +��+��4JSPJT
�3��%BWJT�BOE�#��%F#PFG
�0SH��-FUU�
�����
���
����������



$)"15&3�*� �

���
�

����� 2��(V
�)��)��"M�.BNBSJ
�,��(SBD[ZL
�&��%JFST�BOE�-��"DLFSNBOO
�"OHFX��$IFN��*OU��&E�
�
����
���
������������

����� 3��4IBOH
�-��*MJFT
�4��"TBLP�BOE�&��/BLBNVSB
�+��"N��$IFN��4PD�
�����
����
��������������
����� ;��4IFO
�(��$FSB
�5��)BWFO�BOE�-��"DLFSNBOO
�0SH��-FUU�
�����
���
������������
����� /��:PTIJLBJ
�4��"TBLP
�5��:BNBLBXB
�-��*MJFT�BOE�&��/BLBNVSB
�$IFN��"TJBO�+�
�����
��
�

�����������
����� :��4VO
�)��5BOH
�,��$IFO
�-��)V
�+��:BP
�4��4IBJL�BOE�)��$IFO
�+��"N��$IFN��4PD�
�����
�

���
������������
����� $��"��5PMNBO
�4��%��*UUFM
�"��%��&OHMJTI�BOE�+��1��+FTTPO
�+��"N��$IFN��4PD�
�����
����
�

�����������
����� $��"��5PMNBO
�4��%��*UUFM
�"��%��&OHMJTI�BOE�+��1��+FTTPO
�+��"N��$IFN��4PD�
�����
����
�

�����������
����� .��7��#BLFS�BOE�-��%��'JFME
�+��"N��$IFN��4PD�
�����
����
������������
����� $��;IV
�.��4UBOHJFS
�+��$��"��0MJWFJSB
�-��.BTTJHOBO�BOE�-��"DLFSNBOO
�$IFN��&VS��+�
�

����
���
��������������
����� "��'ÛSTUOFS
�"$4�$FOU��4DJ�
�����
��
����������
����� '��"MPJT�BOE�.��3VCÊO
�$IFN��-FUU�
�����
���
����������
����� #��%��4IFSSZ�BOE�"��'ÛSTUOFS
�"DD��$IFN��3FT�
�����
���
������������
����� %��/PEB
�:��4VOBEB
�5��)BUBLFZBNB
�.��/BLBNVSB�BOE�)��/BHBTIJNB
�+��"N��$IFN��

4PD�
�����
����
������������
����� 5��-��.BLP�BOE�+��"��#ZFST
�*OPSH��$IFN��'SPOU�
�����
��
����������
����� %��4DISÕEFS
�4��4IBJL�BOE�)��4DIXBS[
�"DD��$IFN��3FT�
�����
���
����������
����� 8�� *��%[JL
�8��#ÕINFS� BOE�#�� EF�#SVJO
� JO�4QJO� 4UBUFT� JO�#JPDIFNJTUSZ� BOE� *OPSHBOJD�

$IFNJTUSZ
�����
�+PIO�8JMFZ���4POT
����������
����� 4��"��-VU[
�"��,��)JDLFZ
�:��(BP
�$��)��$IFO�BOE�+��.��4NJUI
�+��"N��$IFN��4PD�
�����
�

���
��������������
����� 4��-��%BJGVLV
�.��)��"M�"GZPVOJ
�#��&��3��4OZEFS
�+��-��,OFFCPOF�BOE�.��-��/FJEJH
�+��"N��

$IFN��4PD�
�����
����
������������
����� 4��-��%BJGVLV
�+��-��,OFFCPOF
�#��&��3��4OZEFS�BOE�.��-��/FJEJH
�+��"N��$IFN��4PD�
�����
�

���
��������������
����� 5��&��#PEEJF
�4��)��$BSQFOUFS
�5��.��#BLFS
�+��$��%F.VUI
�(��$FSB
�8��8��#SFOOFTTFM
�-��

"DLFSNBOO�BOE�.��-��/FJEJH
�+��"N��$IFN��4PD�
�����
����
��������������
����� .�� -��/FJEJH
� 4��)��$BSQFOUFS
�%�� +�� $VSSBO
� +�� $��%F.VUI
� 7�� &�� 'MFJTDIBVFS
� 5�� &��

*BOOV[[J
�1��(��/��/FBUF
�+��%��4FBST�BOE�/��+��8PMGPSE
�"DD��$IFN��3FT�
�����
���
�����
�����

����� 1��(��/��/FBUF
�.��%��(SFFOIBMHI
�8��8��#SFOOFTTFM
�4��1��5IPNBT�BOE�.��-��/FJEJH
�+��
"N��$IFN��4PD�
�����
����
��������������

����� ,��-��'JMMNBO
�+��"��1S[ZPKTLJ
�.��)��"M�"GZPVOJ
�;��+��5PO[FUJDI�BOE�.��-��/FJEJH
�$IFN��
4DJ�
�����
��
������������

����� +��-��,OFFCPOF
�7��&��'MFJTDIBVFS
�4��-��%BJGVLV
�"��"��4IBQT
�+��.��#BJMFZ
�5��&��*BOOV[[J�
BOE�.��-��/FJEJH
�*OPSH��$IFN�
�����
���
����������

����� +��.P
�5��.ÛMMFS
�+��$��"��0MJWFJSB
�4��%FNFTILP
�'��.FZFS�BOE�-��"DLFSNBOO
�"OHFX��
$IFN��*OU��&E�
�����
���
��������������

����� "��#JGGJT
�1��$FOUPNP
�"��%FM�;PUUP�BOE�.��;FDDB
�$IFN��3FW�
�����
����
������������
����� 3��#��#FEGPSE
�"DD��$IFN��3FT�
�����
���
������������
����� 3��"SFWBMP�BOE�1��+��$IJSJL
�+��"N��$IFN��4PD�
�����
����
������������



(FOFSBM�*OUSPEVDUJPO�

���
�

����� "��'ÛSTUOFS
�"��-FJUOFS
�.��.ÊOEF[�BOE�)��,SBVTF
�+��"N��$IFN��4PD�
�����
����
�������
�������

����� 3��.BSUJO�BOE�"��'ÛSTUOFS
�"OHFX��$IFN��*OU��&E�
�����
���
������������
����� #��4DIFJQFS
�.��#POOFLFTTFM
�)��,SBVTF�BOE�"��'ÛSTUOFS
�+��0SH��$IFN�
�����
���
������

������
����� "��'ÛSTUOFS
�3��.BSUJO
�)��,SBVTF
�(��4FJEFM
�3��(PEEBSE�BOE�$��8��-FINBOO
�+��"N��

$IFN��4PD�
�����
����
������������
����� (��-FGÍWSF�BOE�"��+VUBOE
�$IFN��&VS��+�
�����
���
������������
����� 4��#��.VÒP[
�4��-��%BJGVLV
�8��8��#SFOOFTTFM�BOE�.��-��/FJEJH
�+��"N��$IFN��4PD�
�����
�

���
������������
����� 4��#��.VÒP[�***
�4��-��%BJGVLV
�+��%��4FBST
�5��.��#BLFS
�4��)��$BSQFOUFS
�8��8��#SFOOFTTFM�

BOE�.��-��/FJEJH
�"OHFX��$IFN��*OU��&E�
�����
���
������������
����� )��-FINLVIM
�(��.FIMFS
�3��#FOO
�"��3VGJᑐTLB
�(��4DISPUI
�$��,SÛHFS�BOE�&��3BBCF
�

$IFN��#FS�
�����
����
������������
����� %��)��)JMM
�.��"��1BSWF[�BOE�"��4FO
�+��"N��$IFN��4PD�
�����
����
������������
����� :��:��$IVB�BOE�)��"��%VPOH
�$IFN��$PNNVO�
�����
���
������������
����� :��-JV
�+��9JBP
�-��8BOH
�:��4POH�BOE�-��%FOH
�0SHBOPNFUBMMJDT
�����
���
����������
����� +��"��1S[ZPKTLJ
�,��1��7FHHFCFSH
�)��%��"SNBO�BOE�;��+��5PO[FUJDI
�"$4�$BUBM�
�����
��
�

�����������
����� 1��-��#PDL
�%��+��#PTDIFUUP
�+��3��3BTNVTTFO
�+��1��%FNFST�BOE�(��.��8IJUFTJEFT
�+��"N��

$IFN��4PD�
�����
���
������������
����� +��1��$PMMNBO
�3��(��'JOLF
�+��/��$BXTF�BOE�+��*��#SBVNBO
�+��"N��$IFN��4PD�
�����
���
�

�����������
����� 3��#JSL
�)��#FSLF
�(��)VUUOFS�BOE�-��;TPMOBJ
�$IFN��#FS�
�����
����
������������
����� 4��$��8SJHIU�BOE�.��$��#BJSE
�+��"N��$IFN��4PD�
�����
����
������������
����� (��$BSEBDJ
�(��#FMMBDIJPNB�BOE�1��;BOB[[J
�0SHBOPNFUBMMJDT
�����
��
����������
����� :��4IJ
�.��-J
�2��)V
�9��-J�BOE�)��4VO
�0SHBOPNFUBMMJDT
�����
���
������������
����� 4��)PTPLBXB
�+��J��*UP�BOE�)��/JTIJZBNB
�0SHBOPNFUBMMJDT
�����
���
������������
����� 4��.��3VNNFMU
�1��0��1FUFSTPO
�)��;IPOH�BOE�1��+��$IJSJL
�+��"N��$IFN��4PD�
�����
����
�

�����������
����� 3��4IBOH
�-��*MJFT�BOE�&��/BLBNVSB
�$IFN��3FW�
�����
����
������������
����� 4��)��8VOEFSMJDI�BOE�1��,OPDIFM
�"OHFX��$IFN��*OU��&E�
�����
���
������������
����� (��)BUB
�)��,POEP�BOE�"��.JZBLF
�+��"N��$IFN��4PD�
�����
���
������������
����� (��$FSWFBV
�&��$PMPNFS�BOE�3��$PSSJV
�+��0SHBOPNFU��$IFN�
�����
����
����������
����� 4��%��*UUFM
�$��"��5PMNBO
�"��%��&OHMJTI�BOE�+��1��+FTTPO
�+��"N��$IFN��4PD�
�����
����
�

�����������
����� .��,��8IJUUMFTFZ
�3��+��.BXCZ
�3��0TNBO
�3��/��1FSVU[
�-��%��'JFME
�.��1��8JMLJOTPO�BOE�

.��8��(FPSHF
�+��"N��$IFN��4PD�
�����
����
������������
����� )��"[J[JBO�BOE�3��)��.PSSJT
�*OPSH��$IFN�
�����
���
������
����� 4��%��*UUFM
�$��"��5PMNBO
�1��+��,SVTJD
�"��%��&OHMJTI�BOE�+��1��+FTTPO
�*OPSH��$IFN�
�����
�

��
������������
����� #�� +�� +BDLTPO
�%��$��/BKFSB
�&��.��.BUTPO
�5�� +��8PPET
� +��"��#FSULF� BOE�"��3��'PVU
�

0SHBOPNFUBMMJDT
�����
���
������������
����� .��.��#BHHB
�1��-��1BVTPO
�'��+��1SFTUPO�BOE�3��*��3FFE
�$IFN��$PNNVO��	-POEPO

�����
�

���������
����� 1��&��#BJLJF�BOE�0��4��.JMMT
�$IFN��$PNNVO��	-POEPO

�����
����������



$)"15&3�*� �

���
�

����� 8��5��'MBOOJHBO
�(��3��,OPY�BOE�1��-��1BVTPO
�+��$IFN��4PD��$�0SH�
�����
������������
����� .��.��#BHHB
�8��5��'MBOOJHBO
�(��3��,OPY
�1��-��1BVTPO
�'��+��1SFTUPO�BOE�3��*��3FFE
�+��

$IFN��4PD��$�0SH�
�����
��������
����� .��.��#BHHB
�8��5��'MBOOJHBO
�(��3��,OPY�BOE�1��-��1BVTPO
�+��$IFN��4PD��$�0SH�
�����
�

%0*����������+�����������
������������
����� %��-�� 8BOH
� 8��4�� )XBOH
� -��$�� -JBOH
� -��*�� 8BOH
� -�� -FF� BOE� .�� :�� $IJBOH
�

0SHBOPNFUBMMJDT
�����
���
������������
����� 8��*NIPG
�0SHBOPNFUBMMJDT
�����
���
������������
����� 5��+JB
�$��;IBP
�3��)F
�)��$IFO�BOE�$��8BOH
�"OHFX��$IFN��*OU��&E�
�����
���
������

������
����� 4��$BNBEBOMJ
�3��#FDL
�6��'MÕSLF�BOE�)��'��,MFJO
�0SHBOPNFUBMMJDT
�����
���
������������
����� "��.��.FTTJOJT
�-��)��'JOHFS
�-��)V�BOE�-��"DLFSNBOO
�+��"N��$IFN��4PD�
�����
����
�

�������������
����� (��8JMLF
�"OHFX��$IFN��*OU��&E�
�����
���
����������
����� 7��1��"OBOJLPW
�"$4�$BUBM�
�����
��
������������
����� "��EF�.FJKFSF�BOE�'��%JFEFSJDI
�.FUBM�$BUBMZJ[FE�$SPTT�$PVQMJOH�3FBDUJPOT
�8JMFZ�7$)
�

8FJOIFJN
�������
����� #��.��3PTFO
�,��8��2VBTEPSG
�%��"��8JMTPO
�/��;IBOH
�"��.��3FTNFSJUB
�/��,��(BSH�BOE�

7��1FSDFD
�$IFN��3FW�
�����
����
������������
����� 4��;��5BTLFS
�&��"��4UBOEMFZ�BOE�5��'��+BNJTPO
�/BUVSF
�����
����
����������
����� .��5PCJTV
�5��9V
�5��4IJNBTBLJ�BOE�/��$IBUBOJ
�+��"N��$IFN��4PD�
�����
����
�������

�������
����� -��$BQEFWJMB
�5��)��.FZFS
�4��3PMEÃO�(ÓNF[
�+��.��-VJT
�-��"DLFSNBOO�BOE�9��3JCBT
�

"$4�$BUBM�
�����
��
��������������
����� 7��.ÛMMFS
�%��(IPSBJ
�-��$BQEFWJMB
�"��.��.FTTJOJT
�9��3JCBT�BOE�-��"DLFSNBOO
�0SH��

-FUU�
�����
���
������������
����� +��5FSBP
�)��5PEP
�)��8BUBCF
�"��*LVNJ
�:��4IJOPIBSB�BOE�/��,BNCF
�1VSF�"QQM��$IFN�
�

����
���
����������
����� 0��&JTFOTUFJO
�+��.JMBOJ�BOE�3��/��1FSVU[
�$IFN��3FW�
�����
����
������������
����� 4��-��;VMUBOTLJ�BOE�(��$��'V
�+��"N��$IFN��4PD�
�����
����
����������
����� &��4FSSBOP�BOE�3��.BSUJO
�"OHFX��$IFN��*OU��&E�
�����
���
��������������
����� $��,��$IV
�:��-JBOH�BOE�(��$��'V
�+��"N��$IFN��4PD�
�����
����
������������
����� 5��.FTHBOBX�BOE�/��,��(BSH
�0SHBOJD�1SPDFTT�3FTFBSDI���%FWFMPQNFOU
�����
���
��������
����� +��8��%BOLXBSEU
�"OHFX��$IFN��*OU��&E�
�����
���
������������
����� #��+��-J
�%��(��:V
�$��-��4VO�BOE�;��+��4IJ
�$IFN��&VS��+�
�����
���
������������
����� .��5PCJTV�BOE�/��$IBUBOJ
�5PQ��$VSS��$IFN�
�����
����
�����
����� 9��)V
�$IFN��4DJ�
�����
��
������������
����� 5��5��5TPV�BOE�+��,��,PDIJ
�+��"N��$IFN��4PD�
�����
����
������������
����� $��"��-BTLPXTLJ
�%��+��#VOHVN
�4��.��#BMEXJO
�4��"��%FM�$JFMMP
�7��.��*MVD�BOE�(��-��

)JMMIPVTF
�+��"N��$IFN��4PD�
�����
����
��������������
����� +��$PSOFMMB
�&��(ÓNF[�#FOHPB�BOE�3��.BSUJO
�+��"N��$IFN��4PD�
�����
����
������������
����� "��+PTIJ�1BOHV
�$��:��8BOH�BOE�.��3��#JTDPF
�+��"N��$IFN��4PD�
�����
����
������������
����� "��4��%VEOJL�BOE�(��$��'V
�+��"N��$IFN��4PD�
�����
����
��������������
����� /��%��4DIMFZ�BOE�(��$��'V
�+��"N��$IFN��4PD�
�����
����
��������������
����� +��$��5FMMJT
�%��/��1SJNFS�BOE�(��"��.PMBOEFS
�4DJFODF
�����
����
����������



(FOFSBM�*OUSPEVDUJPO�

���
�

����� ;��;VP
�%��5��"IOFNBO
�-��$IV
� +��"��5FSSFUU
�"��(��%PZMF�BOE�%��8��$��.BD.JMMBO
�
4DJFODF
�����
����
����������

����� +��$PSOFMMB
�+��5��&EXBSET
�5��2JO
�4��,BXBNVSB
�+��8BOH
�$��.��1BO
�3��(JBOBUBTTJP
�.��
4DINJEU
�.��%��&BTUHBUF�BOE�1��4��#BSBO
�+��"N��$IFN��4PD�
�����
����
������������

����� -��$��.��$BTUSP�BOE�/��$IBUBOJ
�$IFN��-FUU�
�����
���
����������
����� :��"JIBSB
�.��5PCJTV
�:��'VLVNPUP�BOE�/��$IBUBOJ
�+��"N��$IFN��4PD�
�����
����
�������

�������
����� 9��:BOH
�(��4IBO
�-��8BOH�BOE�:��3BP
�5FUSBIFESPO�-FUU�
�����
���
����������
����� ;��3VBO
�4��-BDLOFS�BOE�-��"DLFSNBOO
�"OHFX��$IFN��*OU��&E�
�����
���
������������
����� .��*ZBOBHB
�:��"JIBSB�BOE�/��$IBUBOJ
�+��0SH��$IFN�
�����
���
��������������
����� :��"JIBSB�BOE�/��$IBUBOJ
�+��"N��$IFN��4PD�
�����
����
������������
����� :��"JIBSB�BOE�/��$IBUBOJ
�+��"N��$IFN��4PD�
�����
����
����������
����� 4��:��:BO
�:��+��-JV
�#��-JV
�:��)��-JV
�;��;��;IBOH�BOE�#��'��4IJ
�$IFN��$PNNVO�
�����
�

��
������������
����� ,��,PP�BOE�(��-��)JMMIPVTF
�0SHBOPNFUBMMJDT
�����
���
������������
����� %��.��(SPWF
�(��7BO�,PUFO
�3��;PFU
�/��8��.VSSBMM�BOE�"��+��8FMDI
�+��"N��$IFN��4PD�
�

����
����
������������
����� "��5��)JHHT
�1��+��;JOO
�4��+��4JNNPOT�BOE�.��4��4BOGPSE
�0SHBOPNFUBMMJDT
�����
���
������

������
����� +��8��4DIVMU[
�,��'VDIJHBNJ
�#��;IFOH
�/��1��3BUI�BOE�-��.��.JSJDB
�+��"N��$IFN��4PD�
�

����
����
��������������
����� .��#��8BUTPO
�/��1��3BUI�BOE�-��.��.JSJDB
�+��"N��$IFN��4PD�
�����
����
��������
����� #��;IFOH
�'��5BOH
�+��-VP
�+��8��4DIVMU[
�/��1��3BUI�BOE�-��.��.JSJDB
�+��"N��$IFN��4PD�
�

����
����
������������
����� 8��;IPV
�+��8��4DIVMU[
�/��1��3BUI�BOE�-��.��.JSJDB
�+��"N��$IFN��4PD�
�����
����
������

������
����� +��3��#PVS
�/��.��$BNBTTP
�&��"��.FVDDJ
�+��8��,BNQG
�"��+��$BOUZ�BOE�.��4��4BOGPSE
�+��

"N��$IFN��4PD�
�����
����
��������������
����� "��+��)JDLNBO�BOE�.��4��4BOGPSE
�/BUVSF
�����
����
����������
����� 4��3��8IJUGJFME�BOE�.��4��4BOGPSE
�+��"N��$IFN��4PD�
�����
����
��������������
����� "��3��%JDL
�+��8��,BNQG�BOE�.��4��4BOGPSE
�+��"N��$IFN��4PD�
�����
����
��������������
����� :��:F
�/��%��#BMM
�+��8��,BNQG�BOE�.��4��4BOGPSE
�+��"N��$IFN��4PD�
�����
����
�������

�������
����� )��'��,MFJO
�"��#JDLFMIBVQU
�5��+VOH�BOE�(��$PSEJFS
�0SHBOPNFUBMMJDT
�����
���
������

������
����� 7��%JNJUSPW�BOE�"��-JOEFO
�"OHFX��$IFN��*OU��&E�
�����
���
������������
����� .��$BSOFT
�%��#VDDFMMB
�+��:��$��$IFO
�"��1��3BNJSF[
�/��+��5VSSP
�$��/VDLPMMT�BOE�.��

4UFJHFSXBME
�"OHFX��$IFN��*OU��&E�
�����
���
����������
����� /��.��$BNBTTP�BOE�.��4��4BOGPSE
�4DJFODF
�����
����
������������
����� +��3��#PVS
�/��.��$BNBTTP�BOE�.��4��4BOGPSE
�+��"N��$IFN��4PD�
�����
����
������������
����� /��.��$BNBTTP
�"��+��$BOUZ
�"��"SJBGBSE�BOE�.��4��4BOGPSE
�0SHBOPNFUBMMJDT
�����
���
�

�����������
����� &��"��.FVDDJ
�/��.��$BNBTTP�BOE�.��4��4BOGPSE
�0SHBOPNFUBMMJDT
�����
���
����������
����� &��"��.FVDDJ
�4��/��/HVZFO
�/��.��$BNBTTP
�&��$IPOH
�"��"SJBGBSE
�"��+��$BOUZ�BOE�.��

4��4BOGPSE
�+��"N��$IFN��4PD�
�����
����
��������������



$)"15&3�*� �

���
�

����� &��"��.FVDDJ
�"��"SJBGBSE
�"��+��$BOUZ
�+��8��,BNQG�BOE�.��4��4BOGPSE
�+��"N��$IFN��4PD�
�
����
����
��������������

����� +��3��#PVS
�%��.��'FSHVTPO
�&��+��.D$MBJO
�+��8��,BNQG�BOE�.��4��4BOGPSE
�+��"N��$IFN��
4PD�
�����
����
������������

����� +��:BNBHVDIJ
�,��.VUP�BOE�,��*UBNJ
�5PQ��$VSS��$IFN�
�����
����
�����
����� /��$IBUBOJ
�JO�$�)�#POE�"DUJWBUJPO�BOE�$BUBMZUJD�'VODUJPOBMJ[BUJPO�**
�4QSJOHFS
�������
����� 1��3PZ
�+��3��#PVS
�+��8��,BNQG�BOE�.��4��4BOGPSE
�+��"N��$IFN��4PD�
�����
����
�������

�������
����� 8��;IPV
�4��;IFOH
�+��8��4DIVMU[
�/��1��3BUI�BOE�-��.��.JSJDB
�+��"N��$IFN��4PD�
�����
�

���
������������
����� &��$IPOH
�+��8��,BNQG
�"��"SJBGBSE
�"��+��$BOUZ�BOE�.��4��4BOGPSE
�+��"N��$IFN��4PD�
�

����
����
������������
����� $��$��3PCFSUT
�&��$IPOH
�+��8��,BNQG
�"��+��$BOUZ
�"��"SJBGBSE�BOE�.��4��4BOGPSE
�+��"N��

$IFN��4PD�
�����
����
��������������

�

� �



�

���
�

&KDSWHU�,,��2EMHFWLYHV�
�

� �



�

�
�

�



0CKFDUJWFT�

���
�

*O�UIJT�UIFTJT
�XJUIJO�UIF�DPOUFYU�PG�UIF�EFWFMPQNFOU�PG�OFX�TZOUIFUJD�NFUIPEPMPHJFT�NFEJBUFE�

CZ� &BSUI�BCVOEBOU� GJSTU�SPX� USBOTJUJPO� NFUBMT
� NFDIBOJTUJD� JOWFTUJHBUJPOT� PG� JNQPSUBOU�

USBOTGPSNBUJPOT�IBWF�CFFO�QFSGPSNFE��	J
�UIF�PYJEBUJPO�PS�PYZHFOBUJPO�PG�$�)�BOE�$�'�CPOET�

VTJOH� CJPJOTQJSFE� DPQQFS� TZTUFNT� JO� UBOEFN�XJUI� B� HSFFO� PYJEBOU� TVDI� BT�NPMFDVMBS� PYZHFO�

	$IBQUFST�***�BOE�*7

�BOE�	JJ
�UIF�DSPTT�DPVQMJOH�	BOE�$�)�BDUJWBUJPO
�SFBDUJPO�NFEJBUFE�CZ�GJSTU�

SPX�USBOTJUJPO�NFUBMT�MJLF�JSPO�BOE�OJDLFM�	$IBQUFST�7�BOE�7*
���

5IF�GJSTU�QBSU�PG�UIJT�UIFTJT�XJMM�CF�BJNFE�UP�UIF�TUVEZ�PG�0��BDUJWBUJOH�DPQQFS�FO[ZNFT�TVDI�BT�

UZSPTJOBTF�	$IBQUFS�***
�BOE�'"%�DPOUBJOJOH�QIFOPM�IZESPYZMBTF�	$IBQUFS�*7
���

�
4DIFNF�**���4DIFNBUJD�SFQSFTFOUBUJPO�PG�UIF�PCKFDUJWFT�DPSSFTQPOEJOH�UP�UIF�GJSTU�QBSU�PG�UIJT�UIFTJT�	UPQ��$IBQUFS�

***
�BOE�CPUUPN��$IBQUFS�*7
��DPQQFS�DPNQMFYFT�GPS�0��BDUJWBUJPO�BOE�TVCTUSBUF�PYJEBUJPO�VTJOH�CJPJOTQJSFE�
NPEFM�MJHBOET��

5P� UIJT�FOE
� JO�$IBQUFS� ***�XF�XJMM�EFWFMPQ�B�OFX�CJPJOTQJSFE�DPQQFS	*
�DPNQMFY�DBQBCMF�PG�

NJNJDLJOH� UIF� SFBDUJWJUZ� PG� UZSPTJOBTF� VQPO� EJPYZHFO� FYQPTVSF��8F� FOWJTJPO� UIF� VTF� PG� UIF�

1Z/.F��MJHBOE�UP�NJNJD�UIF�OJUSPHFO�SJDI�FOWJSPONFOU�GPVOE�JO�UIF�BDUJWF�TJUF�PG�UZSPTJOBTF��

5IJT� UFUSBEFOUBUF� OJUSPHFO�CBTFE� ���NFNCFSFE� NBDSPDZDMJD� MJHBOE� XBT� QSFWJPVTMZ� VTFE� CZ�

$PNQBOZ
�$PTUBT�BOE�DPXPSLFST�UP�TUBCJMJ[F�IJHI�WBMFOU�JSPO�PYP�TQFDJFT��*G�UIF�DPSSFTQPOEJOH�

NPOPOVDMFBS�DPQQFS	*
�DPNQMFY�DBO�CF�PCUBJOFE
�JUT�SFBDUJWJUZ�UPXBSET�0��BU�MPX�UFNQFSBUVSF�

XJMM�CF�FYQMPSFE�XJUI�UIF�BJN�PG�USBQQJOH�BOE�DIBSBDUFSJ[JOH�BOZ�$V��0��BEEVDU�GPSNFE��'JOBMMZ
�



$)"15&3�**� �

���
�

UP�FOTVSF�UIBU�UIJT�TZTUFN�JT�B� GVODUJPOBM�NPEFM�PG�UZSPTJOBTF
�UIF�IZESPYZMBUJPO�PG�QIFOPMBUF�

EFSJWBUJWFT�CZ�UIF�JO�TJUV�HFOFSBUFE�DPQQFS�PYZHFO�BEEVDU�XJMM�BMTP�CF�TUVEJFE�	4DIFNF�**��
�UPQ
��

*O�$IBQUFS�*7�XF�XJMM�FYQMPSF�GVSUIFS�UIF�SFBDUJWJUZ�PG�B�$V��0��BEEVDU�SFQPSUFE�CZ�4UBDL�BOE�

DPXPSLFST�HFOFSBUFE�BM�MPX�UFNQFSBUVSF��5IJT�TZTUFN�JT�TVQQPSUFE�CZ�B�CJEFOUBUF�OJUSPHFO�CBTFE�

MJHBOE
� BOE� VQPO� FYQPTJOH� UIF� DPSSFTQPOEJOH� DPQQFS	*
� DPNQMFY� UP� EJPYZHFO� BU� MPX�

UFNQFSBUVSFT� UIF� 41� TQFDJFT� JT� PCTFSWFE� CZ�67�WJT� TQFDUSPTDPQZ��.PSFPWFS
� XIFO� BEEJOH� B�

QIFOPMBUF
�UIF�0�TQFDJFT�XJUI�UIF�QIFOPMBUF�DPPSEJOBUFE�JT�BMTP�CF�EFUFDUFE��(JWFO�UIF�GBDU�UIBU�

CPUI�UIF�41�BOE�UIF�0�TQFDJFT�BSF�PCTFSWBCMF�GPS�UIJT�TZTUFN
�UIF�NBJO�HPBM�JT�UP�FYQMPSF�JG�UIJT�

GVODUJPOBM� NPEFM� PG� UZSPTJOBTF� DBO� BMTP� QFSGPSN� UIF� DIBMMFOHJOH� PSUIP�EFGMVPSJOBUJPO�

IZESPYZMBUJPO� PG� ��GMVPSPQIFOPMT
� JO� DPOUSBTU� UP� UZSPTJOBTF� XIJDI� BDUJWJUZ� JT� JOIJCJUFE� JO� UIF�

QSFTFODF�PG�$�'�CPOET�	4DIFNF�**��
�CPUUPN
��

5IF�TFDPOE�QBSU�PG�UIJT�UIFTJT�XJMM�CF�GPDVTFE�PO�UIF�PSHBOPNFUBMMJD�DIFNJTUSZ�NFEJBUFE�CZ�JSPO�

	$IBQUFS�7
�BOE�OJDLFM�	$IBQUFS�7*
�XJUI�DBSFGVMMZ�EFTJHOFE�NPEFM�TVCTUSBUFT�UIBU�XJMM�QSPWJEF�

UIF�NFUBM�DFOUFS�XJUI�B�NPSF�TUBCMF�FOWJSPONFOU�GPS�JUT�JTPMBUJPO�BOE�DIBSBDUFSJ[BUJPO��

*O�$IBQUFS�7
�XF�XJMM�VTF����NFNCFSFE�NBDSPDZDMJD�NPEFM�TVCTUSBUF�UP�TUVEZ�UIF�JSPO�NFEJBUFE�

$�)�BDUJWBUJPO�QBUIXBZ�VTJOH�B�(SJHOBSE�SFBHFOU�BT�DPVQMJOH�QBSUOFS��5IJT�NPEFM�QMBUGPSN�XBT�

QSFWJPVTMZ� VTFE� UP� JTPMBUF� BOE� DIBSBDUFSJ[F� IJHI�WBMFOU� PSHBOPNFUBMMJD� QBMMBEJVN
� OJDLFM� BOE�

DPCBMU�DPNQMFYFT��(JWFO�UIJT�QSFDFEFOU
�BOE�EVF�UP�UIF�MBDL�PG�NFDIBOJTUJD�JOGPSNBUJPO�JO�UIF�

GJFME�PG�PSHBOPNFUBMMJD�JSPO�DIFNJTUSZ
�UIF�BJN�PG�UIJT�XPSL�JT�UP�CF�BCMF�UP�JTPMBUF�B�XFMM�EFGJOFE�

BSZM�JSPO	**
� DPNQMFY
� DIBSBDUFSJ[F� JU� BOE� TUVEZ� JUT� SFBDUJWJUZ� UPXBSET� (SJHOBSE� SFBHFOUT�� *G�

TVDDFTTGVMMZ�BDIJFWFE
�UIJT�OFX�GBNJMZ�PG�XFMM�EFGJOFE�BSZM�JSPO	**
�DPNQMFYFT�DPVME�TFSWF�BT�B�

TUFQQJOH� TUPOF� GPS� VOSBWFMJOH� UIF� VOEFSMZJOH� NFDIBOJTN� PG� PUIFS� JSPO�NFEJBUFE�

USBOTGPSNBUJPOT�JO�UIF�GJFME�PG�PSHBOPNFUBMMJD�DIFNJTUSZ�	4DIFNF�**��
�UPQ
��



0CKFDUJWFT�

���
�

�

4DIFNF�**���4DIFNBUJD�SFQSFTFOUBUJPO�PG�UIF�PCKFDUJWFT�DPSSFTQPOEJOH�UP�UIF�TFDPOE�QBSU�PG�UIJT�UIFTJT�	UPQ��
$IBQUFS�7
�BOE�CPUUPN��$IBQUFS�7*
��JTPMBUJPO�PG�PSHBOPNFUBMMJD�JSPO�BOE�OJDLFM�DPNQMFYFT�CFBSJOH�NPEFM�

TVCTUSBUFT�BOE�NPEFM�MJHBOET�SFMFWBOU�GPS�$�)�BDUJWBUJPO�BOE�DSPTT�DPVQMJOH�USBOTGPSNBUJPOT��

'JOBMMZ
� JO�$IBQUFS�7*�XF�FOWJTJPO�UIF�VTF�PG� UIF�1Z/.F�� MJHBOE�UPHFUIFS�XJUI�B�CJT�DBSCPO�

EPOPS� MJHBOE� TVDI� BT� DZDMPOFPQIZM� UP� JTPMBUF� BOE� DIBSBDUFSJ[F� BO� PSHBOPNFUBMMJD� MPX�WBMFOU�

OJDLFM	**
�DPNQMFY�BOE�JUT�DPSSFTQPOEJOH�IJHI�WBMFOU�OJDLFM	***
�BOE�OJDLFM	*7
�BOBMPHVFT�WJB�

TUFQXJTF� POF�FMFDUSPO� PYJEBUJPO�� /PUFXPSUIZ
� 1Z/.F�� IBT� OFWFS� CFFO� VTFE� UP� TUBCJMJ[F�

PSHBOPNFUBMMJD�DPNQMFYFT��5IJT�TZTUFN�JT� JOUFSFTUJOH�EVF�UP� UIF�OPO�TZNNFUSJD�BSSBOHFNFOU�

QSPWJEFE�CZ� UIF� UXP� MJHBOET�XIJDI�XJMM� BMMPX� GPS� UIF� TUVEZ�PG� UIF� USBOT�FGGFDU��.PSFPWFS
� UIF�

SFBDUJWJUZ�PG�UIF�EJGGFSFOU�TQFDJFT�JO�UIF�QSFTFODF�PG�PYJEBOUT�UPXBSET�UIF�GPSNBUJPO�PG�OFX�$�$�

PS� $�0� CPOET� XJMM� BMTP� CF� JOWFTUJHBUFE
� JO� PSEFS� UP� TIFE� NPSF� MJHIU� JOUP� UIF� QSFTVNFE�

JOWPMWFNFOU�PG�PSHBOPNFUBMMJD�OJDLFM	*7
�TQFDJFT�JO�OJDLFM�NFEJBUFE�DSPTT�DPVQMJOH�SFBDUJPOT�

	4DIFNF�**��
�CPUUPN
��

�

�



�

�
�

�

�

� �



�

���
�

&KDSWHU�,,,���3UHSDUDWLRQ�RI�D�&RRUGLQDWLYHO\�

6DWXUDWHG� Ǎ�ǈ��ǈ��3HUR[RGLFRSSHU�,,��

&RPSRXQG�
�

� �

�

�

�

�

5IJT�DIBQUFS�DPSSFTQPOET�UP�UIF�GPMMPXJOH�QVCMJDBUJPO��

3FQSJOUFE� GSPN� *OPSH��$IJN��"DUB
����
�$BSMB�.BHBMMÓO
� +PBO�4FSSBOP�1MBOB
� 4UFWFO�3PMEÃO�
(ÓNF[
�9BWJ�3JCBT
�.JRVFM�$PTUBT
�"OOB�$PNQBOZ�
�1SFQBSBUJPO�PG�B�$PPSEJOBUJWFMZ�4BUVSBUFE�
϶�Ϯ��Ϯ��1FSPYPEJDPQQFS	**
�$PNQPVOE
�����m����� �$PQZSJHIU�¥�����
�XJUI�QFSNJTTJPO�GSPN�
&MTFWJFS��
�
�
�



�

�
�

� �



Preparation of a coordinatively saturated l-g2:g2-peroxodicopper(II)
compound

Carla Magallón, Joan Serrano-Plana, Steven Roldán-Gómez, Xavi Ribas, Miquel Costas, Anna Company ⇑

Grup de Química Bioinspirada, Supramolecular i Catàlisi (QBIS-CAT), Institut de Química Computacional i Catàlisi (IQCC), Departament de Química, Universitat de Girona, C/ M
Aurèlia Capmany 69, E-17003 Girona, Catalonia, Spain

a r t i c l e i n f o

Article history:
Received 14 July 2017
Received in revised form 28 August 2017
Accepted 31 August 2017
Available online 6 September 2017

Keywords:
Copper
Dioxygen
Bioinorganic chemistry
Metastable species
Oxygenases

a b s t r a c t

The synthesis and solution characterization of the mononuclear copper(I) complex [CuI(PyNMe3)
(CH3CN)]+ (1) is described. This compound presents a Cs symmetric architecture as ascertained by
NMR spectroscopy and corroborated by DFT calculations. The reactivity of 1 towards O2 in a CH3CN:
THF 1:19 mixture at !100 !C was monitored by UV–vis spectroscopy, which evidenced the formation
of a new species (2) with a highly intense absorption at 353 nm (e > 17200 M!1 cm!1) that was not stable
even at this low temperature (t1/2 = 6 min at !100 !C). This spectroscopic signature is characteristic of l-
g2:g2-peroxodicopper(II) complexes, which typically exhibit one single intense absorption between 340
and 380 nm. Despite the fact that such species are involved in the catalytic cycle of tyrosinase, a copper-
based enzyme that ortho-hydroxylates phenols, attempts to hydroxylate phenolates by 2 turned out to be
unsuccessful. Most probably, the rigid macrocyclic tetradentate architecture of the PyNMe3 ligand hin-
ders simultaneous peroxide and phenolate coordination in the same copper center, a necessary step prior
to the ortho-hydroxylation of this substrate.

" 2017 Elsevier B.V. All rights reserved.

1. Introduction

Copper-containing proteins are one of the most relevant sub-
groups of O2-activating enzymes [1,2]. Their reaction mechanism
usually entails the reductive activation of O2 by a copper(I) center
to form copper-dioxygen adducts (Cun:O2) in which the oxidation
state of the metal center is +2 or +3 and the O2 moiety has been
reduced to superoxide, peroxide or oxide moieties. These Cun:O2

adducts are key intermediates in the catalytic cycle of the enzymes
and they are directly involved in the oxidation/oxygenation of
organic substrates [3,4]. However, their intrinsic reactivity turns
them into elusive species which are difficult to trap and character-
ize. In this context, a particularly valuable strategy to get informa-
tion about such compounds involves the synthesis,
characterization, and detailed evaluation of the reactivity of dis-
crete molecules that contain copper!oxygen moieties [5–7]. Such
small molecular bioinspired models serve as platforms to unravel
key aspects about the structure and electronic properties of these
biologically relevant Cun:O2 adducts.

These studies have enabled the characterization of a myriad of
copper-dioxygen adducts, ranging from mononuclear centers to

multinuclear or heterometallic configurations. In most cases, neu-
tral N-based ligands combining tertiary amines, imines or hetero-
cyclic amines (pyridines, pyrazoles, imidazoles) constitute the
coordination environment around the copper center. In the present
work, we use a tetradentate nitrogen-based marocyclic ligand
(PyNMe3), which coordinates the metal center through three ali-
phatic nitrogens and one pyridine (Fig. 1). We will study the ability
of PyNMe3 to coordinate to copper(I) and the binding and activa-
tion of O2 by the resulting copper(I) complex. Noteworthy, PyNMe3
has been previously used in our laboratory for the synthesis of
high-valent iron-oxygen species [8,9], and later Cho et al. reported
its use for the synthesis of mononuclear (hydro)peroxidocobalt(III)
species [10].

2. Experimental section

2.1. Materials and methods

Anhydrous solvents were purchased from Scharlau or Sigma-
Aldrich and used as received. Reagents were of commercially avail-
able reagent quality. Ligand PyNMe3 was synthesized following
previously reported procedures [8,9].

NMR spectra were recorded on Bruker Ultrashield Avance III400
and Ultrashield DPX300 spectrometers. Mass spectra were

http://dx.doi.org/10.1016/j.ica.2017.08.061
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performed by electrospray ionization in a high-resolution mass
spectrometer Bruker micrOTOF QII (Q-TOF) with a quadrupole ana-
lyzer with positive and negative ionization modes. UV–vis spec-
troscopy was performed on an Agilent 8453 UV–vis
spectrophotometer with 1 cm quartz cells and low temperature
control was achieved with a cryostat from Unisoku Scientific
Instruments (Japan).

2.2. Synthesis of [CuI(PyNMe3)(CH3CN)](OTf) (1OTf)

In the glovebox, PyNMe3 (4.6 mg, 0.02 mmols) was dissolved in
anhydrous CH3CN (1 mL) and [CuI(CH3CN)4](OTf) (OTf = trifluo-
romethanesulfonate) (7.0 mg, 0.02 mmols) was added directly as
a solid. The resulting yellow mixture was stirred for 5 min. Spec-
troscopic and mass spectrometry analyses of the resulting solution
indicated the formation of the title compound. CD3CN was used as
solvent for the NMR characterization of 1OTf. 1H-NMR (CD3CN,
400 MHz, 298 K) d, ppm: 7.76 (t, J = 7.8 Hz, 1H), 7.21 (d,
J = 7.8 Hz, 2H), 3.95 (d, J = 15.2 Hz, 2H), 3.59 (d, J = 15.2 Hz, 2H),
2.68 (s, 6H), 2.58 (m, 2H), 2.47 (s, 3H), 2.32 (m, 2H), 2.23 (m,
2H), 1.83 (m, 2H); 13C-NMR (CD3CN, 400 MHz, 298 K) d, ppm:
156.72, 137.81, 122.37, 63.34, 56.10, 53.93, 45.94, 44.28. HR-MS
(m/z): Calc. for [CuI(PyNMe3)]+ 311.1291, found 311.1319; calc.
for [CuI(PyNMe3)(CH3CN)]+ 352.1557, found 352.1535.

2.3. Reaction of [CuI(PyNMe3)(CH3CN)](OTf) (1OTf) with O2

Samples of 1OTf to monitor its reaction with O2 by UV–vis spec-
troscopy were prepared under an inert atmosphere in the glove-
box. A freshly prepared 20 mM solution of 1OTf in CH3CN (see
above) was diluted 10 times to afford a 2 mM stock solution of
the copper(I) complex in CH3CN. A UV–Vis cuvette with a cell path
length of 1 cm was charged with 100 mL of the 2 mM stock solution
of 1OTf and 1.9 mL of dry THF were added. Thus, the final concen-
tration of 1OTf in the sample was 0.1 mM in a CH3CN:THF 1:19
mixture. The UV–vis cuvette was capped with a septum, taken
out of the glovebox and placed in a Unisoku thermostated cell
holder designed for low-temperature experiments at 173 K. After
reaching thermal equilibrium a UV–vis spectrum of the starting
complex was recorded. Dioxygen was injected into the cell with
a balloon and a needle through the septum causing immediate
reaction.

2.4. DFT calculations

All calculations were performed with the Gaussian 09 package
[11]. The B3LYP level of theory [12–15] and the 6-311G(d) basis
set [16–20] were used to optimize the geometries and calculate
the frequencies of each structure. Empirical dispersion was
included with the Grimme’s GD3BJ model [21] and solvation
effects in acetonitrile were taken into account with the PCM-
SMD model [22]. Also, under the same conditions, Single Point
Energy (SPE) computations were performed with the cc-pVTZ basis
set [23,24], a more flexible basis set, to obtain more accurate
energy values. Additionally, a correcting factor in the Gibbs energy
was included to compensate the change from gas-phase standard
concentration of 1 atm to 1 M gas-phase standard concentration
(+1.89 kcal mol!1 for the species and +3.64 kcal mol!1 for the ace-
tonitrile, which is defined as the solvent).

3. Results and discussion

3.1. Synthesis and characterization of [CuI(PyNMe3)(CH3CN)](OTf)
(1OTf)

1OTf was synthesized by mixing equimolar amounts of [CuI(-
CH3CN)4](OTf) and PyNMe3 in the glovebox at room temperature.
THF, CH2Cl2, acetone and CH3CN were tested as solvents. Unfortu-
nately, the synthesis of 1OTf in THF, CH2Cl2 or acetone caused the
immediate disproportionation of copper(I) as evidenced by the for-
mation of copper mirror and a deep-blue colored solution attribu-
table to copper(II) species. Such disproportionation reactions are
not uncommon in the chemistry of copper(I) and they depend on
the stability of CuI relative to CuII, which is affected by both the sol-
vent and the ligand geometry [25–29]. In contrast, CH3CN pre-
vented the decomposition of copper(I), and an intense yellow
solution was obtained. ESI-MS analysis of this solution by high-res-
olution mass spectrometry afforded a clean spectrum dominated
by a peak at m/z 311.1319 with a mass value and isotopic pattern
fully consistent with the desired copper(I) ion [CuI(PyNMe3)]+

(Fig. S1). Attempts to crystallize or isolate this complex were
unsuccessful because disproportionation of the metal complex
occurred during the crystallization or isolation process even in
CH3CN.

Although an X-ray structure of this compound could not be
obtained, most likely PyNMe3 behaves as a tetradentate ligand as
previously observed for the corresponding iron(II) and cobalt(II)
compounds [9,10]. DFT calculations were performed in order to
get a picture of the possible structure of the copper(I) complex
(see SI). From all the calculated structures, the most stable geom-
etry corresponded to a Cs symmetric distorted square pyramidal
compound with the copper(I) center coordinated to the four nitro-
gens of the PyNMe3 ligand and to one CH3CN ligand (trans to the
pyridine ring), yielding [CuI(PyNMe3)(CH3CN)](OTf) as the general
formula for the copper(I) complex of the PyNMe3 ligand (1OTf,
Fig. 1). Optimization of the structures where the CH3CN ligand is
bound trans to the N-methyl group always led to the formation
of the isomer with the CH3CN trans to the pyridine. The optimized
geometry with no coordinated CH3CN was less stable by
9.3 kcal mol!1 (Gibbs free energy difference, DG!) and no structure
could be optimized with the copper(I) center ligated to two ace-
tonitrile molecules. The optimized geometry for [CuI(PyNMe3)
(CH3CN)]+ (1) is in agreement with the structures reported for cop-
per(I) complexes with other tetradentate ligands, in which a CH3-
CN molecule fullfills a square-pyramidal pentadentate
coordination environment [30,31]. Indeed, the high-resolution
ESI-MS spectrum of 1OTf (Fig. S1) also showed the presence of a
small peak corresponding to the coordination of one CH3CN mole-

Fig. 1. Synthesis of [CuI(PyNMe3)(CH3CN)](OTf) (1OTf) by reaction of PyNMe3 with
1 equiv [CuI(CH3CN)4](OTf) along with the DFT computed structure for 1.
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cule to the copper center ([CuI(PyNMe3)(CH3CN)]+, m/z 352.1535),
which further supports the proposed formulation.

NMR characterization of 1OTf could be achieved by performing
its synthesis in CD3CN and transferring the resulting solution in an
NMR tube inside the glovebox. To our delight the 1H NMR spec-
trum of 1OTf exhibited well resolved signals that could be assigned
with the help of 13C and two-dimensional NMR experiments (no
traces of unreacted PyNMe3 were detected). This observation is
quite remarkable because copper(I) complexes are intrinsically
labile compounds (d10 metal ions) that tend to give fluxional struc-
tures with broadened NMR signals [31,32] In this case, the PyNMe3
ligand confers certain rigidity to the metal center, so that well
resolved signals are observed.

According to the NMR data compound 1OTf presents a Cs sym-
metry, which is consistent with the computed structure (Fig. 1).
This is also in agreement with the Cs symmetry previously
observed for paramagnetic [FeII(PyNMe3)(CH3CN)2](OTf)2 and
[CoII(PyNMe3)(CH3CN)2](OTf)2 complexes [9,10], suggesting that a
similar folding and coordination of the PyNMe3 ligand may be tak-
ing place around the copper(I) system. Accordingly, the aromatic
region consists of a triplet at 7.76 ppm and a doublet at
7.21 ppm corresponding to the c proton and to the two equivalent
b protons of the pyridine ring, respectively. The four methylenic
protons next to the pyridine appear as two well defined doublets
at 3.95 and 3.60 ppm, indicating that the two protons on the same
carbon are diastereotopic, while two equivalent N-methyl groups
appear as a singlet at 2.68 ppm and the other N-methyl unit at
2.47 ppm (Fig. 2). Assignment of the methylenic protons between
the aliphatic nitrogens, which appear as four different multiplets

in the 2.6–1.8 ppm range, was more complicated. However, with
the help of a NOESY experiment the interactions of some of these
protons with one of the two singlets of the methyl groups could
be observed (Fig. 3a). These through-space correlations together
with an HSQC experiment (Figs. 3b and S3) allowed the allocation
of these protons on a particular carbon center of the PyNMe3 struc-
ture and their orientation with respect to the methyl groups could
be unequivocally established (see assignments in Fig. 2).

3.2. Reaction of [CuI(PyNMe3)(CH3CN)](OTf) (1OTf) with O2

As copper-dioxygen adducts are known to be intensely colored
compounds, the reaction of compound 1OTf towards O2 was mon-
itored by UV–vis spectroscopy at low temperature. Initial attempts
were performed at !40 !C and using CH3CN as solvent, but no
absorption band that could be attributed to the formation of a cop-
per-dioxygen adduct was observed. Instead, direct oxidation of
1OTf to copper(II) was observed. In an attempt to further lower
the temperature and trap a putative copper-dioxygen adduct, sol-
vents with lower melting points were used. As detailed above, the
use of THF, CH2Cl2 or acetone as solvents caused the immediate
decomposition of 1OTf, so that the presence of a certain proportion
of CH3CN was necessary in order to keep the nature of the starting
reagent. After optimization, we found that reaction of 1OTfwith O2

at !100 !C in a CH3CN:THF 1:19 solvent mixture caused an imme-
diate color change from yellow to deep brown, which was accom-
panied by the appearance of an intense absorption band at
kmax = 353 nm (e > 17200 M!1 cm!1 per Cu dimer) in the UV–vis
spectrum (Fig. 4). This new species (2) reached its maximum

Fig. 2. 1H-NMR (a) and 13C-NMR (b) spectra of [CuI(PyNMe3)(CH3CN)](OTf) (1OTf) in CD3CN at 298 K.
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absorbance after 120 s but it immediately decomposed
(t1/2 = 6 min at !100 !C). By analogy to previously reported Cun:
O2 systems, 2 may correspond to a l-g2:g2-peroxodicopper(II)
(SP) complex, which typically exhibit one single intense absorption
band between 340 and 380 nm [6]. This species would be formed
by reaction of two molecules of 1 with a single O2 molecule. MS
analysis of the reaction mixture after the self-decay of 2 indicated
the formation of copper(II) species coordinated to the unchanged
PyNMe3 ligand.

SP species are often considered the arene hydroxylating agent in
tyrosinase [33], which catalyzes the ortho-hydroxylation of phe-
nols to catechols and subsequent two-electron oxidation to
ortho-quinones using molecular O2 as oxidant. The biological rele-
vance of SP compounds has also been substantiated by model sys-
tems [34–41], although isomerization towards the bis(l-oxo)
dicopper(III) isomer has been also proposed to precede arene
hydroxylation [42–46]. In order to check if 2 behaved as a func-
tional model of tyrosinase, its reaction with sodium para-
chlorophenolate was monitored by UV–vis spectroscopy. Upon
maximum formation of 2, a THF solution containing 10 equiv of
sodium para-chlorophenolate was added into the cuvette. This
caused the fast decay of the characteristic band of 2 at 353 nm.
Unfortunately, analysis of the crude did not show the presence of

any catechol product, indicating that compound 2 fails in eliciting
tyrosinase-like reactivity. Most probably, the rigid tetradentate
PyNMe3 ligand strongly coordinates to the copper center, affording
a coordinatively saturated SP unit. This prevents simultaneous
binding of peroxide and the phenolic substrate to the same copper
center, a mandatory requirement necessary for the attack of the
peroxide unit over the aromatic ring. A similar situation has been
observed in SP species derived from 1,4,7-tri-tert-butyl-1,4,7-tri-
azacyclononane ring, in which the steric hindrance imposed by
the ligand makes the copper center inaccessible to phenolates,
and thus tyrosinase-like reactivity is not detected [47]. In the case
of 2, the interaction of the phenolic substrate causes the unproduc-
tive decomposition of the SP unit without substrate hydroxylation.
As a matter of fact, SP species usually bear tridentate or bidentate
nitrogen-based ligands that leave room for interaction with the
substrate [7,34]. In the same line, the typical electrophilic sulfide
oxidation carried out by SP compounds was not observed for 2
and the addition of 4-methoxythioanisole to 2 only afforded 2%
of the corresponding sulfoxide oxidation product.

4. Conclusions

In this work we have described the synthesis and characteriza-
tion of the copper(I) complex [CuI(PyNMe3)(CH3CN)](OTf) (1OTf).
Despite the fact that no crystal structure has been obtained for this
compound, comprehensive NMR analyses together with DFT calcu-
lations have allowed to unequivocally establish the structure of
this compound in solution. Remarkably, 1OTf is highly reactive
with O2 at low temperature and this reaction leads to the forma-
tion of a l-g2:g2-peroxodicopper(II) (2) as ascertained by UV–vis
spectroscopy. Despite the fact that such species are known to be
key intermediates in the mechanism of reaction of the copper
enzyme tyrosinase, in the current system no phenol ortho-hydrox-
ylation analogous to that observed for the enzyme has been
detected. We speculate that the rigid tetradentate structure of
the PyNMe3 ligand affords a coordinatively saturated SP species
with no capacity to coordinate any exogenous substrate, which
contrasts with the lower coordination numbers of tyrosinase func-
tional models. Compound 2 constitutes the first example of a SP
species with a tetradentate N-based ligand and adds to the grow-
ing family of bioinspired copper(I) complexes capable of stabilizing
Cu2:O2 adducts, which are biologically relevant.

Fig. 3. a) Expanded view of the HSQC spectrum of [CuI(PyNMe3)(CH3CN)](OTf) (1OTf) in CD3CN at 298 K. b) Expanded view of the NOESY spectrum of [CuI(PyNMe3)(CH3CN)]
(OTf) (1OTf) in CD3CN at 298 K. Remarkable NOESY cross-peaks are circled.

Fig. 4. UV–vis spectra corresponding to the reaction of [CuI(PyNMe3)(CH3CN)](OTf)
(1OTf, 0.1 mM) with O2 in a CH3CN:THF 1:19 solvent mixture at !100 !C. Inset:
time trace of the band at kmax = 353 nm.

C. Magallón et al. / Inorganica Chimica Acta 481 (2018) 166–170 169



Acknowledgements

We acknowledge financial support from the European Research
Council for the Starting Grant Project ERC-2011-StG-277801 to X.R.
and from MINECO of Spain for project CTQ2016-77989-P to A.C.
and X.R., and project CTQ2015-70795-P to M.C. We also thank Gen-
eralitat de Catalunya for project 2014SGR862. X.R. and M.C. thank
Generalitat de Catalunya for ICREA Academia awards.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ica.2017.08.061.

References

[1] E.I. Solomon, D.E. Heppner, E.M. Johnston, J.W. Ginsbach, J. Cirera, M. Qayyum,
M.T. Kieber-Emmons, C.H. Kjaergaard, R.G. Hadt, L. Tian, Chem. Rev. 114 (2014)
3659–3853.

[2] I. Bento, M.A. Carrondo, P.F. Lindley, J. Biol. Inorg. Chem. 11 (2006) 539–547.
[3] J.P. Klinman, Chem. Rev. 96 (1996) 2541–2562.
[4] E.I. Solomon, U.M. Sundaram, T.E. Machonkin, Chem. Rev. 96 (1996) 2563–

2606.
[5] E.A. Lewis, W.B. Tolman, Chem. Rev. 104 (2004) 1047–1076.
[6] L.M. Mirica, X. Ottenwaelder, T.D.P. Stack, Chem. Rev. 104 (2004) 1013–1046.
[7] C.E. Elwell, N.L. Gagnon, B.D. Neisen, D. Dhar, A.D. Spaeth, G.M. Yee, W.B.

Tolman, Chem. Rev. 117 (2017) 2059–2107.
[8] J. Serrano-Plana, A. Aguinaco, R. Belda, E. García-España, M.G. Basallote, A.

Company, M. Costas, Angew. Chem. Int. Ed. 55 (2016) 6310–6314.
[9] J. Serrano-Plana, W.N. Oloo, L. Acosta-Rueda, K.K. Meier, B. Verdejo, E. García-

España, M.G. Basallote, E. Münck, L. Que, A. Company, M. Costas, J. Am. Chem.
Soc. 137 (2015) 15833–15842.

[10] B. Shin, K.D. Sutherlin, T. Ohta, T. Ogura, E.I. Solomon, J. Cho, Inorg. Chem. 55
(2016) 12391–12399.

[11] M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb, J.R. Cheeseman,
G. Scalmani, V. Barone, B. Mennucci, G.A. Petersson, H. Nakatsuji, M. Caricato,
X. Li, H.P. Hratchian, A.F. Izmaylov, J. Bloino, G. Zheng, J.L. Sonnenberg, M.
Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y.
Honda, O. Kitao, H. Nakai, T. Vreven, J.J.A. Montgomery, J.E. Peralta, F. Ogliaro,
M. Bearpark, J.J. Heyd, E. Brothers, K.N. Kudin, V.N. Staroverov, R. Kobayashi, F.
Normand, K. Raghavachari, A. Rendell, J.C. Burant, S.S. Iyengar, J. Tomasi, M.
Cossi, N. Rega, J.M. Millam, M. Klene, J.E. Knox, J.B. Cross, V. Bakken, C. Adamo,
J. Jaramillo, R. Gomperts, R.E. Stratmann, O. Yazyev, A.J. Austin, R. Cammi, C.
Pomelli, J.W. Ochterski, R.L. Martin, K. Morokuma, V.G. Zakrzewski, G.A. Voth,
P. Salvador, J.J. Dannenberg, S. Dapprich, A.D. Daniels, O. Farkas, J.B. Foresman,
J.V. Ortiz, J. Cioslowski, D.J. Fox, Gaussian Inc.: Wallingford CT, 2013.

[12] A.D. Becke, J. Chem. Phys. 98 (1993) 1372–1377.
[13] C. Lee, W. Yang, R.G. Parr, Phys. Rev. B 37 (1988) 785–789.
[14] S.H. Vosko, L. Wilk, M. Nusair, Can. J. Phys. 58 (1980) 1200–1211.

[15] P.J. Stephens, F.J. Devlin, C.F. Chabalowski, M.J. Frisch, J. Phys. Chem. 98 (1994)
11623–11627.

[16] A.D. McLean, G.S. Chandler, J. Chem. Phys. 72 (1980) 5639–5648.
[17] R. Krishnan, J.S. Binkley, R. Seeger, J.A. Pople, J. Chem. Phys. 72 (1980) 650–654.
[18] A.J.H. Wachters, J. Chem. Phys. 52 (1970) 1033–1036.
[19] P.J. Hay, J. Chem. Phys. 66 (1977) 4377–4384.
[20] K. Raghavachari, G.W. Trucks, J. Chem. Phys. 91 (1989) 1062–1065.
[21] S. Grimme, S. Ehrlich, L. Goerigk, J. Comput. Chem. 32 (2011) 1456–1465.
[22] A.V. Marenich, C.J. Cramer, D.G. Truhlar, J. Phys. Chem. B 113 (2009) 6378–

6396.
[23] R.A. Kendall, T.H. Dunning Jr., R. Harrison, J J. Chem. Phys. 96 (1992) 6796–

6806.
[24] E.R. Davidson, Chem. Phys. Lett. 260 (1996) 514–518.
[25] M. Becker, F.W. heinemann, S. Schindler, Chem. Eur. J. 5 (1999) 3124–3129.
[26] T. Osako, Y. Ueno, Y. Tachi, S. Itoh, Inorg. Chem. 42 (2003) 8087–8097.
[27] I. Persson, J.E. Penner-Hahn, K.O. Hodgson, Inorg. Chem. 32 (1993) 2497–2501.
[28] D. Petrovic, T. Bannenberg, S. Randoll, P.G. Jones, M. Tamm, Dalton Trans.

(2007) 2812–2822.
[29] F.A. Cotton, G. Wilkinson, C.A. Murillo, M. Bochmann, Advanced Inorganic

Chemistry, John Wiley & Sons Inc., New York, 1999. pp. 855–856.
[30] H. Börzel, P. Comba, K.S. Hagen, M. Kerscher, H. Pritzkow, M. Schatz, S.

Schindler, O. Walter, Inorg. Chem. 41 (2002) 5440–5452.
[31] Z. Tyeklar, R.R. Jacobson, N. Wei, N.N. Murthy, J. Zubieta, K.D. Karlin, J. Am.

Chem. Soc. 115 (1993) 2677–2689.
[32] H. Börzel, P. Comba, K.S. Hagen, C. Katsichtis, H. Pritzkow, Chem. Eur. J. 6

(2000) 914–919.
[33] Y. Matoba, T. Kumagai, A. Yamamoto, H. Yoshitsu, M. Sugiyama, J. Biol. Chem.

281 (2006) 8981–8990.
[34] W. Keown, J.B. Gary, T.D.P. Stack, J. Biol. Inorg. Chem. 22 (2017) 289–305.
[35] J. Serrano-Plana, I. Garcia-Bosch, A. Company, M. Costas, Acc. Chem. Res. 48

(2015) 2397–2406.
[36] A. Company, in: Ideas in Chemistry and Molecular Sciences, B. Pignataro (Ed.),

Wiley-VCH Verlag: Weinheim, 2010.
[37] M. Rolff, J. Schottenheim, H. Decker, F. Tuczek, Chem. Soc. Rev. 40 (2011)

4077–4098.
[38] C. Citek, C.T. Lyons, E.C. Wasinger, T.D.P. Stack, Nat. Chem. 4 (2012) 317–322.
[39] S. Itoh, H. Kumei, M. Taki, S. Nagatomo, T. Kitagawa, S. Fukuzumi, J. Am. Chem.

Soc. 123 (2001) 6708–6709.
[40] L. Santagostini, M. Gullotti, E. Monzani, L. Casella, R. Dillinger, F. Tuczek, Chem.

Eur. J. (2000) 519–522.
[41] M.S. Askari, K.V.N. Esguerra, J.-P. Lumb, X. Ottenwaelder, Inorg. Chem. 54

(2015) 8665–8672.
[42] A. Company, S. Palavicini, I. Garcia-Bosch, R. Mas-Ballesté, L. Que, E.V. Rybak-

Akimova, L. Casella, X. Ribas, M. Costas, Chem. Eur. J. 14 (2008) 3535–3538.
[43] S. Herres-Pawlis, P. Verma, R. Haase, P. Kang, C.T. Lyons, E.C. Wasinger, U.

Flörke, G. Henkel, T.D.P. Stack, J. Am. Chem. Soc. 131 (2009) 1154–1169.
[44] L. Chiang, W. Keown, C. Citek, E.C. Wasinger, T.D.P. Stack, Angew. Chem. Int. Ed.

55 (2016) 10453–10457.
[45] L.M. Mirica, M. Vance, D.J. Rudd, B. Hedman, K.O. Hodgson, E.I. Solomon, T.D.P.

Stack, Science 308 (2005) 1890–1892.
[46] J. Becker, P. Gupta, F. Angersbach, F. Tuczek, C. Näther, M.C. Holthausen, S.

Schindler, Chem. Eur. J. 21 (2015) 11735–11744.
[47] G.J. Karahalis, A. Thangavel, B. Chica, J. Bacsa, R.B. Dyer, C.C. Scarborough,

Inorg. Chem. 55 (2016) 1102–1107.

170 C. Magallón et al. / Inorganica Chimica Acta 481 (2018) 166–170

http://dx.doi.org/10.1016/j.ica.2017.08.061
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0005
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0005
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0005
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0010
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0015
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0020
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0020
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0025
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0030
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0035
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0035
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0040
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0040
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0045
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0045
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0045
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0050
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0050
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0060
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0065
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0070
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0075
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0075
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0080
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0085
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0090
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0095
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0100
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0105
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0110
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0110
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0115
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0115
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0120
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0125
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0130
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0135
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0140
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0140
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0145
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0145
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0145
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0150
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0150
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0155
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0155
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0160
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0160
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0165
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0165
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0170
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0175
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0175
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0185
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0185
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0190
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0195
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0195
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0200
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0200
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0205
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0205
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0210
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0210
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0215
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0215
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0220
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0220
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0225
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0225
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0230
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0230
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0235
http://refhub.elsevier.com/S0020-1693(17)31078-2/h0235


�

�
�

�

�

� �



�

���
�

&KDSWHU�,9���0HFKDQLVWLF� ,QVLJKWV� LQWR� WKH�

RUWKR�'HIOXRULQDWLRQ�+\GUR[\ODWLRQ� RI� ��

+DORSKHQRODWHV� 3URPRWHG� E\� D� %LV�Ǎ�

R[R�GLFRSSHU�,,,��&RPSOH[�
�

�

5IJT�DIBQUFS�DPSSFTQPOET�UP�UIF�GPMMPXJOH�QVCMJDBUJPO��

1BV�#FTBMÙ�4BMB
o�$BSMB�.BHBMMÓO
o�.JRVFM�$PTUBT
��"OOB�$PNQBOZ�
�+PTFQ�.��-VJT��	o�FRVBM�
DPOUSJCVUJPO
�� 3FQSJOUFE� XJUI� QFSNJTTJPO� GSPN� *OPSH�� $IFN�
�����
���
� ��
� ������ m� �������
$PQZSJHIU�¥������"NFSJDBO�$IFNJDBM�4PDJFUZ��
�

�
�

�

�

� �



�

�
�

� �
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ABSTRACT: C−F bonds are one of the most inert functionalities. Nevertheless, some
[Cu2O2]2+ species are able to defluorinate-hydroxylate ortho-fluorophenolates in a
chemoselective manner over other ortho-halophenolates. Albeit it is known that such
reactivity is promoted by an electrophilic attack of a [Cu2O2]2+ core over the arene ring, the
crucial details of the mechanism that explain the chemo- and regioselectivity of the reaction
remain unknown, and it has not being determined either if CuII2(η2:η2-O2) or CuIII2(μ-O)2
species are responsible for the initial attack on the arene. Herein, we present a combined
theoretical and experimental mechanistic study to unravel the origin of the chemoselectivity
of the ortho-defluorination-hydroxylation of 2-halophenolates by the [Cu2(O)2(DBED)2]

2+

complex (DBED = N,N′-di-tert-butylethylenediamine). Our results show that the equilibria
between (side-on)peroxo (P) and bis(μ-oxo) (O) isomers plays a key role in the
mechanism, with the latter being the reactive species. Furthermore, on the basis of quantum-
mechanical calculations, we were able to rationalize the chemoselective preference of the
[Cu2(O)2(DBED)2]2+ catalyst for the C−F activation over C−Cl and C−H activations.

■ INTRODUCTION
The high electronegativity of fluorine strongly polarizes and
shortens C−F bonds, reinforcing the ionic component of the
chemical bond. As a consequence, the C−F bond has the
largest C−X (X = F, Cl, Br, I) dissociation energy (up to 130
kcal·mol−1).1 Thus, C−F is considered the most inert organic
functionality, which confers a high thermal stability to the
fluorinated organic compounds. On the one hand, because of
the increment of the lipophilicity caused by the fluorination,
fluorinated drugs present larger in vivo residence times than
their nonfluorinated counterparts.2,3 Therefore, fluorinated
compounds are of great interest in medicinal chemistry and
agrochemistry.2 In addition, fluorinated compounds are also
currently in the spotlight, since their metabolization is very
difficult due to the aforementioned high stability, which
triggers their bioaccumulation and environmental persistence.
This scenario pops up a dilemma, since we are facing two sides
of the same coin. The particular properties of fluorinated
organic molecules make them interesting for medicinal
chemistry or agrochemistry. However, they are also responsible
for their bioaccumulation and biomagnification.4,5 Therefore,
finding strategies to promote the activation and subsequent
transformation of C−F bonds into more reactive function-
alities is the key to facilitate the degradation of the fluorinated
organic molecules.
In nature, aliphatic and aromatic fluorinated compounds can

be enzymatically functionalized. In particular, the defluorina-
tion of aromatics occurs in cytochrome P450, chloroperox-
idase, and flavin adenine dinucleotide (FAD)-containing
phenol hydroxylases, which can convert 2-fluorophenols into

the corresponding chatecols.6−8 On the contrary, tyrosinase,
which catalyzes the ortho-hydroxylation of phenols, cannot
ortho-defluorinate-hydroxylate 2-fluorophenols.9,10 Indeed, 2-
fluorophenols inhibit the catalytic activity of tyrosinase. The
active species of this enzyme consists of a (η2:η2-peroxo)-
dicopper(II) species (P), which is able to hydroxylate phenols
through an electrophilic aromatic substitution. Some of us have
shown that bioinspired systems such as [CuIII2(μ-O)2(m-
XYLMeAN)]2+ and [Cu2(μ−η2:η2-O2)(DBED)2]2+ (Figure 1)
elicit the hydroxylation-defluorination of 2-fluorophenolates to
give the corresponding catechols (XYL = meta-xylyl-
N,N,N′,N′,N′′-pentamethyldipropylenetriamine; DBED =
N,N′-di-tert-butylethylenediamine).11 In contrast, other
model systems such as [Cu2(μ−η2:η2-O2)(LPy2Bz)2]2+ are
unable to cleave the C−F bond. Although the peroxo (P)
species is the most stable isomer of both [Cu2(μ−η2:η2-
O2)(DBED)2]2+ and [Cu2(μ−η2:η2-O2)(LPy2Bz)2]2+, the for-
mer is in equilibrium with the bis(μ-oxo)dicopper(III) (O)
isomer. This led us to consider that the latter isomer is the
active species in the defluorination of 2-fluorophenols (Figure
1).12−14
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In the case of [CuIII2(μ-O)2(m-XYLMeAN)]2+ only the O
isomer is observed,15 further supporting the idea that this
isomer is the only one competent to perform the
defluorination reaction.11 Of relevance to these observations,
high-valent iron-oxo and iron-manganese species have also
shown analogous reactivity.16−20 In addition, de Visser and co-
workers showed that a μ-nitrido diiron phthalocyanine
complex is able to activate and hydroxylate the C−F bonds
of hexafluorobenzene derivatives.21

In this work, theory and experiments are combined to
determine the details of the mechanism of the selective ortho-
hydroxylation−defluorination of 2-fluorophenolates with
[Cu2O2(DBED)2]2+ (1), a compound first described by
Stack and co-workers.12,13 Specifically, our study was directed
to address the following questions; to unravel which is the
actual defluorination-oxygenation agent, either the P or O
species, (1P and 1°, Figure 2). Both isomers have been

experimentally detected for this system: The P isomer is
generated upon reaction of the copper(I) precursor with O2,
while the O compound is experimentally detected upon
coordination of a phenolic substrate to P. A second aspect to
clarify is the origin of the selective oxygenation at the ortho C−
F over the ortho C−H position in the reaction with 2-
fluorophenols, despite the former being devised as more
electron poor than the latter. Finally, the study aimed at
explaining the reason for C−Cl bonds, weaker than C−F
bonds, remaining unreactive.

■ COMPUTATIONAL DETAILS
The computationally aided modeling of [Cu2O2]2+-based
compounds for the defluorination-hydroxylation of fluorophe-
nols has been exploited in the past decade, yet it is not an easy
task.22−25 Because of the high number of electrons that must
be correlated, multireference methods have not been
extensively used to study [Cu2O2]2+ reactivity. Density
functional theory (DFT) arises as a powerful alternative to
study these compounds due to its good accuracy/cost
balance.26,27 However, some important considerations must
be taken into account. In particular, and of high interest for the
current manuscript, is that an unequivocal characterization of
[Cu2O2]2+ isomerization equilibria is certainly quite difficult to
achieve by DFT means.26,28,29 Whereas (end-on)peroxo/(side-
on)peroxo isomerization equilibria is usually well-described by
hybrid functionals, (side-on)peroxo/bis(μ-oxo) (P/O) equi-
libria presented by 1 is better described by pure functionals.30

Hybrid functionals tend to understabilize bis(μ-oxo) species,
the magnitude of the understabilization being proportional to
the amount of exact exchange introduced in the functional
definition. Therefore, we performed the DFT calculations
using a pure functional. Nevertheless, the DFT results of the
P/O equilibria, which have a key relevance in the present
manuscript, were improved with the domain-based local pair
natural orbital coupled cluster method (DLPNO-CCSD(T))
calculations, which produce more reliable predictions than
DFT.31−34

DFT electronic structure calculations were performed with
the Gaussian 09 software package35 using the spin-unrestricted
UM06-L36 density functional. For the geometric optimizations
the molecular orbitals were spanned into the Pople-type 6-
311G(d) basis set37,38 (Method A). Singlet (both open and
closed shell) and triplet spin symmetries were explored,
reporting always the most stable one. The nature of the
stationary points was determined by analytical frequency
calculations. To compute subsequent Gibbs free energy
corrections, the temperature was set up at 183.15 K to
simulate the experimental conditions. Furthermore, the
connection between the transition state (TS) and intermedi-
ates was unambiguously established by intrinsic reaction path
calculations (IRCs),39 using the local quadratic approximation
to determine the prediction step.40 All DFT energy values were
systematically improved by evaluating the electronic structures
of the optimized geometries using the Dunning’s correlation
consistent triple-ζ basis set cc-pVTZ, suppressing the functions
with higher angular momentum only for the Cu atoms (cc-
pVTZ-g)41,42 and introducing solvation (acetone) effects
through the universal solvation model (SMD) (Method B).43

Spin contamination was removed if necessary by using the
following expressions26,44,45

E
E aE

a1
S S

spin corr
( 1)=

−
−−

+
(1)

a
S S

S S
(S 1)

(S 1)
S

2

(S 1)
2= ⟨ ⟩ − · +

⟨ ⟩ − · ++ (2)

where ES and E(S+1) are the broken-symmetry DFT energies for
the S and S+1 spin states, respectively, obtained at UM06-L/
cc-pVTZ-g ∼ SMD level of theory. ⟨Ss2⟩ and ⟨S(s+1)2⟩ are the
expectation values of the square total spin momentum
obtained at the same level of theory for the S and S+1 spin
states, respectively. And Espin‑corr is the spin-corrected DFT

Figure 1. Three Cu2O2-based species. Green tick marks indicate that
defluorination-hydroxylation products are obtained, whereas the red
cross indicates the opposite.

Figure 2. Schematic representation of the two studied isomers of
[Cu2O2(DBED)2]2+ (1): the (η2:η2-peroxo)dicopper(II) species (1P,
left) and the bis(μ-oxo)dicopper(III) species (1°, right).
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electronic energy. In this manner, the a parameter takes into
account the amount of spin contamination on the S state due
to the S+1 state.
ORCA 4.1.0 software package46 was used for the domain-

local pair natural orbitals coupled cluster with singles, doubles,
and perturbative triples, DLPNO-CCSD(T), single-point
energy calculations, together with the cc-pVTZ basis set
(and cc-pVTZ as auxiliary basis) and SMD solvent corrections.
Tight PNO cutoffs were set for the transformation of the
orbitals into the DLPNOs. A tight self-consistent field (SCF)
criterion was set for the convergence of the SCF and the
coupled cluster (CC) iterations.
The values of T1 diagnostic of all DLPNO-CCSD

calculations were always lower than 0.024, indicating that
most of the correlation energy is captured by the DLPNO-
CCSD(T) method. Therefore, there is no evidence of
requiring multireferential calculations to obtain a good
description of the studied species.

■ RESULTS AND DISCUSSION
To address the questions described at the end of the
Introduction, we performed a detailed computational study

of the ortho-defluorination-hydroxylation mechanism of 2-
fluorophenolate and 2,6-difluorophenolate promoted by 1
(Figure 3).
Furthermore, we investigated the chemo-selectivity that 1

exhibits on the C−F bond activation over C−H or C−Cl bond
activations for 2-fluorophenolate and 2-chloro-6-fluoropheno-
late. Therefore, a total of five different possible reaction paths
were studied (Figure 5).
The proposed mechanism of ortho-defluorination-hydrox-

ylation of 2-fluorophenolate compounds performed by 1
presents two principal steps (Figure 3). The first main step
is the electrophilic attack of the [Cu2O2]2+ core to the aromatic
ring, which implies the pyramidalization of the attacked
carbon. This C−X activation can occur at each of the two
phenolate ortho positions, giving two possible reaction paths,
Path A or Path B, which will be indicated using either A or B
subscripts in the name of the intermediates and TSs. The
second main step is given by the rearomatization of the
substrate that leads to the catechol product either by the
transfer of the halogen to one of the metals (Path A, ortho-
defluorination-hydroxylation reaction) or through the proton
abstraction by the remaining oxygen atom of the core (Path B,
ortho-hydroxylation). Path A has some important differences

Figure 3. Schematic representation of the ortho-defluorination-hydroxylation reaction mechanism (Path A) and the competing ortho-hydroxylation
reaction mechanism (Path B). The proton source in the final steps is HClO4 (0.5 M). In Path A, the source of the electrons of the last step is given
by an external reducing agent (ascorbate or Zn powder)11 or, in its absence, by an intermolecular decomposition of a second Cu2O2 complex.

Figure 4. (A) Relative stability (kcal·mol−1) of 1P/1° and 2P/2° computed at the DLPNO-CCSD(T)/cc-pVTZ ∼ SMD//M06-L/6−331G(d)
level. (B) Reactive 2° conformers for 2-fluorophenolate and 2,6-difluorophenolate (apical coordination) and 6-chloro-2-fluorophenolate (basal
coordination).
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with respect to the mechanism of defluorination-hydroxylation
of hexafluorobenzene catalyzed by a μ-nitrido diiron
phthalocyanine complex. In the latter case a ketone
intermediate is formed after a 1,2-fluoride shift, and only one
transition metal is involved in the C−F activation.21 However,
in both defluorination-hydroxylation mechanisms the rear-
omatization of the ring plays a key role.
1 is formed in situ by the reaction of [CuI(DBED)-

(CH3CN)]1+ and atmospheric oxygen.11 Although the most
stable isomer is the species 1P, this compound may be in
equilibrium with its bis(μ-oxo)dicopper(III) isomer, 1°. The
first requirement to elucidate the reaction mechanism is to
determine which is the actual reactive species, 1P or 1°.
Spectroscopic monitoring of the reaction of 1P with
fluorophenolates (vide infra) reveals that it proceeds via an
initial phenolate binding to one of the copper atoms.
Consequently, using 2-fluorophenolate as a model substrate,
we computed the relative Gibbs energies of P and O isomers
either without (1P/1°) or with (2P/2°) 2-fluorophenolate
coordinated to the complex at the DLPNO-CCSD(T)/cc-
pVTZ ∼ SMD//M06-L/6−331G(d) level of theory. In the
absence of substrate, the 1P species is 4.1 kcal·mol−1 more
stable than 1°. However, upon substrate coordination, this
behavior is reversed, and 2° becomes 3.6 kcal·mol−1 more
stable than 2P (Figure 4A). These results are in line with those
previously described by Stack and co-workers, indicating that
conversion to the O isomer occurs when P coordinates to a
phenolic substrate.12

Thus, the DLPNO-CCSD(T) single-point calculations agree
with the experimental observation that, when the Cu2O2
species is generated by reaction of the copper(I) precursor
[CuI(DBED)(CH3CN)]+ with O2, the main isomer is 1P.
However, upon addition of the phenolic substrate in the
reaction mixture, the equilibrium is shifted toward 2°.
Therefore, we placed the focus of our study on the 2° species,
although both 2° and 2P isomers were considered as possible
active species of the reaction mechanism.
It is worth highlighting that, for all fluorophenolate

substrates studied, both apical and basal coordination motifs
(with respect to the N2CuO2 plane) were explored and that, in
all cases, the former was the most stable. However, for the
particular case of the attack over the position 6 of 6-chloro-2-
fluorophenolate (Figure 5), we were only able to find the

transition state corresponding to the electrophilic attack for the
isomer presenting basal coordination (Figure 4B). In this case,
the activation barrier corresponding to the C−F activation, the
reaction observed experimentally, is smaller than the barrier
associated with a hypothetical C−Cl cleavage, which therefore
is irrelevant.
The first step of the reaction corresponds to a noncovalent

attractive interaction between the reactive halogen (F or Cl)
with the less coordinatively saturated Cu, giving intermediate
3. Within crystal field theory, for a square-planar Cu(III)
center, all d orbitals are occupied but the dx2−y2, which does not

have the proper symmetry to form an apical bond. Therefore,
combination of the dz2 of the Cu(III) and one lone pair of the
halogen leads to a nonbonding covalent interaction. However,
there exists a noncovalent attractive interaction between the
halogen and the Cu(III), as it can be seen in attractive
interaction isosurfaces generated by the NCIPLOT47,48

program based on the real-space analysis of the reduced
density gradient (see Figure 6 and the Supporting
Information).
Along with the aforementioned Cu−X interaction, the C−X

bond is slightly elongated (from 1.35 to 1.38 Å). This key
attractive interaction does not exist for the attack at position 6
of 2-fluorophenolate, because the proton obviously does not
have a lone pair to interact with the Cu(III). Therefore, for the
competing C−H ortho-hydroxylation reaction intermediate 3H
does not exist.
For all substrates, the next step of the reaction is an

electrophilic attack of the [Cu2O2]2+ core to the aromatic ring.
This attack is ruled by the electrophilic character of the Cu,
and therefore it is particularly favored in the bis(μ-oxo)-
dicopper(III) 2° isomer compared to the (η2:η2-peroxo)-
dicopper(II) 2P species (see Supporting Information for
details). The highest occupied molecular orbital (HOMO) of
the intermediate 3 is mainly located over the arene, which
agrees with its nucleophilic character, while the lowest
unoccupied molecular orbital (LUMO) is an antibonding
orbital mainly placed on the [Cu2O2]2+ core, which agrees with
its electrophilic character (Figure 7). In the transition state of
this step, which corresponds to the rate-determining step (rds)
of the reaction, the C−X (TS1A) or C−H (TS1B) bond is
elongated, while the C−O distance is shortened, and the
attacked carbon of the aromatic ring is pyramidalized. The
apical attack of the [Cu2O2]2+ on the arene cannot be
explained only with the participation of the HOMO and
LUMO, and, for instance, the apical attack to the 2,6-
difluorophenolate requires the participation of the HOMO−2
and LUMO+2 orbitals (Figure 7).
To confirm the electrophilic nature of the attack of the

Cu2O2 over the aromatic ring, a Hammett plot was
experimentally determined (Figure 8). Compound 1P was
generated at −80 °C in Me-THF (THF = tetrahydrofuran)
upon reaction of the copper(I) precursor [Cu(DBED)-
(CH3CN)]+ with O2. This process was monitored by UV−
vis spectroscopy. Once 1P was fully formed, the temperature
was lowered to −110 °C, and the appropriate amount of
sodium 2-fluoro-4-Y-phenolate (Y = Cl, F, H, CH3) was added.
This resulted in the formation of the corresponding 2° species,
in which the bis(μ-oxo) core is bound to the phenolate. The
experimental characterization of 2° was solely done by
comparison of the UV−vis spectra with those of analogous
species previously generated for m-XYLMeAN systems11 and
taking into account that analogous species have been
experimentally detected for the DBED system with 2-tert-
butyl-4-Y-phenolates.12 Decay of the UV−vis spectroscopic
features of 2° showed a first-order kinetics and could be
adjusted to a single exponential function. The decay rate (k)
was dependent on the nature of the para-substituent Y. Thus,
plotting the logarithm of the decay rate (k) as a function of the
Hammett parameter of the para-substituent (σp) resulted in a
linear correlation with a negative slope (ρ = −3.5, Figure 8)
indicative of an electrophilic attack over the aromatic ring,
which agrees with the proposed mechanism based on

Figure 5. Five possible attacks studied in this manuscript over 2-
fluorophenolate, 2,6-difluorophenolate, and 6-chloro-2-fluoropheno-
late.
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theoretical calculations. The calculated free-energy profile of
the different mechanisms studied is shown in Figure 9.
The intermediates 4A (Figure 9) of Path A contain a

dearomatized ring presenting one nearly sp3 carbon bound to
both the reactive oxygen from the [Cu2O2]2+ core and the
halogen. This halogen (either Cl or F) is strongly interacting
with the closest Cu. For the attack at position 6 of 2-
fluorophenolate (Path B), the intermediate 4B is generated
(Figure 9). This intermediate presents also one nearly sp3

carbon, but in this case, it is bound to the reactive oxygen from
the [Cu2O2]2+ core and one proton. The main difference of 4B
with respect to 4A is that the proton cannot interact with the
Cu(III), ultimately determining the reactivity of 4B. Neither 4A
nor 4B are stable intermediates and quickly rearomatize and
evolve to the final product. For Path A, such a product (5A) is
obtained through a halogen transfer from the aromatic ring to
the metal. Because of the inclusion of the entropic and thermal
corrections, the Gibbs energy barriers of the halogen transfers
are close to zero or even negative, indicating that this step is a
barrierless process. Interestingly, for the attack at the chlorine
position of 2-chloro-6-fluorophenolate, the intermediate 4A
does not exist, and TS1A evolves directly to products in a

Figure 6. Two different views of the noncovalent attractive interaction isosurfaces generated by NCIPLOT for the 3FF intermediate.

Figure 7. Molecular orbital energy diagram of the six frontier orbitals
of 2F. Copper complex simplified for clarity.

Figure 8. Experimental Hammett plot.
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concerted asynchronous manner (confirmed by IRC calcu-
lations).
For the alternative ortho C−H oxygenation, the mechanism

homologous to Path A would lead to a Cu−H species, which
has not been experimentally detected. Computationally, for 2-
fluorophenolate, the formation of the copper hydride is
endergonic by 15 kcal·mol−1. Instead, the Path B mechanism
leads to a kinetically and thermodynamically favorable pathway
for the ortho-hydroxylation of the 2-halophenolates. This path
differs from Path A at intermediate 4B, which suffers a quasi-
barrierless proton transfer to the remaining oxygen of the

[Cu2O2]2+ core forming an OH group. In the transition state of
this step (TS2B) the substrate rearomatizes. To do so, the
nearly sp3 carbon formed in the previous step has to become
sp2 again, releasing the proton. This proton is very close in
space to the remaining O of the [Cu2O2]2+ core to which it
ultimately will be transferred (Figure 9, top). The formation of
the final product 5B is highly exergonic (i.e., ΔG = −60.9 kcal·
mol−1).
The computed energy barriers (ΔG‡) determined by TS1,

from lowest to highest, are 9.3 kcal·mol−1 for the C−F
activation of 2-chloro-6-fluorophenolate, 11.7 kcal·mol−1 for

Figure 9. Calculated free-energy profiles at the UM06-L/cc-pVTZ-g ∼ SMD//UM06-L/6-311G(d) level of theory for 2-fluorophenolate (top),
2,6-difluorophenolate, and 6-chloro-2-fluorophenolate (bottom) substrates. Gibbs free energies (G, in kcal·mol−1) are relative to 2°.
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the C−F activation of 2,6-difluorophenolate, 14.5 kcal·mol−1

for the C−F activation of 2-fluorophenolate, 15.5 kcal·mol−1

for the C−H activation of 2-fluorophenolate, and 15.6 kcal·
mol−1 for the C−Cl activation of 2-chloro-6-fluorophenolate.
These DFT barriers are in full agreement with observed
chemoselectivities. The attack on fluoride instead of chloride in
2-chloro-6-fluorophenolate is 6.3 kcal·mol−1 more favorable,
which is in concordance with the fact that experimentally only
the ortho-defluorination is observed.11 For case of 2-
fluorophenolate substrate, for which both Path A and Path B
are possible, the attack on C−F (Path A) is 1 kcal·mol−1 more
favored compared with the attack on C−H (Path B), again in
reasonable agreement with the fact that both products are
obtained, although the ortho-defluorination is the major
reaction (18:1 C−F vs C−H oxygenation, 38% total yield).
The precision of the computed reaction barriers was

checked by experimentally measuring the decay rate of 2°
formed in the reaction of 1P with sodium 2,6-difluorophenolate
at different temperatures via an Eyring plot analysis (see
Supporting Information for details). The experimentally
derived ΔG‡

exp is 11.8 ± 0.6 kcal·mol−1, which is in excellent
agreement with the aforementioned computed ΔG‡

calc = 11.7
kcal·mol−1. Indeed, the difference between the experimental
and theoretical ΔG‡ is far lower than the DFT or experimental
errors.
Once the reactivity for the bis(μ-oxo) catalyst was

understood, we computationally analyzed whether the η2:η2-
peroxospecies could present the same reactivity. We performed
linear transit calculations starting from 2P and explored the
electrophilic attacks from both oxygens to the aromatic ring at
UM06-L/6-311G(d) level.
The energy profiles presented in Figure 10 were obtained

performing relaxed potential energy surface (PES) scan

calculations with respect to Csp2−O distances. Both linear
transits were targeting a transition state equivalent to TS1A. At
this level of theory, species 2P is 7.0 kcal·mol−1 higher in
energy than 2°, preserving the DLPNO-CCSD(T) trends.
In the first linear transit calculation, the O1 approaches the

C of the C−F bond. At the beginning of the relaxed scan the
electronic energy increases ∼10 kcal·mol−1. However, at the
O1−C bond distance of 2.27 Å, there is a significant drop in
energy corresponding to the isomerization from distorted 2P to
2°. As discussed above, 2° may evolve until reaching the

targeted TS1A. Although O2 is not properly located to react
with the aromatic ring, we also performed a second linear
transit calculation, where the O2 approached the C of the C−F
bond.
However, in this relaxed scan the energy rises ∼40 kcal·

mol−1 without finding a structure similar to that of TS1A.
These two linear transit calculations further suggest that only
bis(μ-oxo) isomers are able to perform the C−F activation,
and then 2P should evolve to 2° in order to perform the
electrophilic attack.
Our results also give theoretical insight about why some

compounds such as [CuIII2(O)2(m-XYLMeAN)]2+ 49 and
[CuII2(O2)(DBED)2]2+ (1) are able to perform ortho-
defluorination-hydroxylations, whereas [CuII2(O2)(LPy2Bz)2]2+,
which has been previously reported by Itoh,14 does not show
this chemistry. Our computations suggest that ortho-defluori-
nation-hydroxylation reactions can only be performed by O
isomers, which is the most stable species of [CuIII2(O)2(m-
XYLMeAN)]2+ and 2. On the contrary, the P isomer, which is
the only populated stable isomer of [CuII2(O2)(LPy2Bz)2]2+, is
unable to activate the C−F bonds of the aromatic rings. These
computational results are in full concordance with the known
reactivity of tyrosinase; 2-fluorophenolates are known inhib-
itors of oxytyrosinase, which has been spectroscopically
characterized as a pure P species. The corresponding O
isomer has never been detected and is computed to be at least
23 kcal·mol−1 higher in energy.29

■ CONCLUSIONS
In this manuscript we have explored the reaction mechanism of
the ortho-dehalogenation-hydroxylation of 2-fluorophenolates
by combining computational methods and experiments. By
using high-level DLPNO-CCSD(T) calculations we have
reproduced the experimental description of [Cu2O2-
(DBED)2]2+ (1), for which there is an equilibrium between
P and O isomers, shifted toward O upon substrate
coordination. Our coupled cluster and DFT calculations
revealed that O is the real executor of the ortho-
defluorination-hydroxylation, as it was previously suggested.11

This fact explains why Cu2O2 complexes for which only the P
isomer is stable are unable to perform defluorination-
hydroxylation reactions, and it also suggests a plausible reason
why tyrosinase is inhibited by 2-fluorophenols.
The full reaction mechanism was determined for three

substrates (2-fluorophenolate, 2,6-difluorophenolate, and 2-
chloro-6-fluorophenolate) exploring attacks of the Cu2O2 core
at the 2 and 6 positions. Thus, we took into account also the
possibility of having a competing hydroxylation over a C−H
bond (Path B). In all cases, the attack of one oxygen of the
[Cu2O2]2+ core over the arene was the rate-determining step,
while the second step was barrierless or quasi-barrierless. This
result reproduces the experimental observation of the
phenolate-Cu2O2 adduct as the last spectroscopically detect-
able intermediate.
The electrophilic character of the rate-determining step was

elucidated by means of an experimental Hammett plot.
Analysis of the frontier molecular orbitals for the substrates
further confirm the electrophilic nature of the reaction.
An Eyring plot experiment for 2-fluorophenolate as substrate

showed full agreement with calculations (ΔG‡
exp = 11.8 kcal·

mol−1; ΔG‡
calc = 11.7 kcal·mol−1). The experimental chemo-

selectivity was rationalized on the basis of relative activation
energy differences between C−F, C−H, and C−Cl activations.

Figure 10. Schematic representation of linear transit calculations
starting from 2P using C−O1 (green) and C−O2 (red) distances as
reaction coordinate. DBED ligand omitted for clarity.
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In all cases, the ortho C−F bond is kinetically preferred over
the other possible ortho bond (either C−Cl or C−H)
explaining the observed chemoselectivity for the [Cu2(O)2-
(DBED)2]2+ catalyst.
The identification of the O isomer as the active species and

the rationalization of the chemoselectivity that [Cu2O2]2+

species present over specific substrates may facilitate the
design of more efficient systems, eventually catalytic, and may
also broaden their scope of applications.50−53 Because of the
bioinspired nature of such catalysts, they can be understood as
simplified (bio)models, and therefore their relatively easy study
and understanding is also helpful to acquire greater knowledge
on the behavior of bigger systems such as the ubiquitous
copper-based metalloproteins.
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ABSTRACT: Herein we explore the intrinsic organometallic
reactivity of iron embedded in a tetradentate N3C macrocyclic
ligand scaffold that allows the stabilization of aryl-Fe species, which
are key intermediates in Fe-catalyzed cross-coupling and C−H
functionalization processes. This study covers C−H activation
reactions using MeLH and FeCl2, biaryl C−C coupling product
formation through reaction with Grignard reagents, and cross-
coupling reactions using MeLBr or HLBr in combination with
Fe0(CO)5. Synthesis under light irradiation and moderate heating
(50 °C) affords the aryl-FeII complexes [FeII(Br)(MeL)(CO)]
(1Me) and [FeII(HL)(CO)2]Br (1H). Exhaustive spectroscopic
characterization of these rare low-spin diamagnetic species,
including their crystal structures, allowed the investigation of their intrinsic reactivity.

Organoiron species have been invoked for a long time in
cross-coupling transformations and C−H functionaliza-

tion reactions for the formation of C−C products. Early in the
1970s, Kochi reported that simple FeCl3 could catalyze the
methylation of haloalkenes with the use of alkyl Grignard
reagents.1,2 Since then, many reports using cheap and nontoxic
iron-based catalysts have appeared, highlighting the use of N-
methylpyrrolidine (NMP) as an additive.3−6 More recently,
the use of bisphosphine7−9 ligands or N-heterocyclic
carbene10−13 ligands to tune the reactivity of the in situ
formed organoiron species has allowed the development of a
variety of cross-coupling C−C bond forming transforma-
tions.14−22 Many iron-catalyzed C−H functionalization proto-
cols have also flourished in the past decade involving Csp

2−H
and Csp

3−H activation, C−C bond forming reactions being the
vast majority,23−25 although some examples of C−X bond
formation (X = N, B, Si, O, halides) have also been reported.26

In the past decade, important advances in understanding the
mechanism of these reactions relied on trapping relevant aryl
or alkyl organoiron intermediate species.18,27−31 However, in
the particular case of aryl-Fe species bearing directing groups
(DG) attached to the substrate, detection of the organo-
metallic species involved in cross-coupling or C−H activation
catalysis has been quite elusive for a long time, and only scarce
spectroscopic characterization has been reported. Either
oxidative addition32 at Fe0 or σ-bond metathesis at FeII has
been proposed to lead to the formation of aryl-FeII species
(Scheme 1a).32,33 Concerted metalation−deprotonation
(CMD) by FeII has also been proposed in some cases.34

Nakamura postulated a cyclometalated iron species as the
active intermediate in an arene-containing substrate using the

aminoquinoline (AQ) directing group, but actual spectroscopic
data on this compound were not reported.35,36 This lack of
mechanistic understanding stems from the metastable
character of organoiron species together with their multiple
geometries and oxidation and spin states. Recently Neidig
reported a series of insightful publications in which the
combination of advanced spectroscopic techniques such as
Mössbauer spectroscopy and X-ray crystallography proved to
be a successful strategy to identify catalytically relevant
organoiron species.37−39

Moreover, there are very few examples of key low-spin aryl-
FeII species stemming from C−H metalation in DG-bearing
substrates. One of them was recently trapped by Neidig at very
low temperatures using noncyclic substrates with an amide-
triazole bidentate directing group (Scheme 1b).40 Another
species was reported by Ackermann featuring a cyclometalated
low-spin aryl-FeII-hydride species ligated with a ketone DG and
three PMe3 ligands.41 With regard to well-defined systems
featuring aryl-halide oxidative addition processes, Nishiyama
reported a low-spin aryl-FeII complex using a bisoxazoline aryl-
Br pincer ligand and Fe02(CO)9.

42 Recently, Fout described
the synthesis of an aryl-FeII-hydride stabilized within a
bis(carbene) pincer CCC ligand, but no reactivity of the

Received: February 19, 2021
Published: March 9, 2021

Communicationpubs.acs.org/Organometallics

© 2021 American Chemical Society
1195

https://dx.doi.org/10.1021/acs.organomet.1c00100
Organometallics 2021, 40, 1195−1200

D
ow

nl
oa

de
d 

vi
a 

U
N

IV
ER

SI
TA

T 
D

E 
G

IR
O

N
A

 o
n 

D
ec

em
be

r 9
, 2

02
1 

at
 1

0:
12

:3
3 

(U
TC

).
Se

e 
ht

tp
s:

//p
ub

s.a
cs

.o
rg

/s
ha

rin
gg

ui
de

lin
es

 fo
r o

pt
io

ns
 o

n 
ho

w
 to

 le
gi

tim
at

el
y 

sh
ar

e 
pu

bl
is

he
d 

ar
tic

le
s.

https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.organomet.1c00100&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.1c00100?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.1c00100?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.1c00100?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.1c00100?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.1c00100?fig=tgr1&ref=pdf
https://pubs.acs.org/toc/orgnd7/40/9?ref=pdf
https://pubs.acs.org/toc/orgnd7/40/9?ref=pdf
https://pubs.acs.org/toc/orgnd7/40/9?ref=pdf
https://pubs.acs.org/toc/orgnd7/40/9?ref=pdf
pubs.acs.org/Organometallics?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://dx.doi.org/10.1021/acs.organomet.1c00100?ref=pdf
https://pubs.acs.org/Organometallics?ref=pdf
https://pubs.acs.org/Organometallics?ref=pdf


aryl-FeII was reported.43 An alternative strategy to get access to
well-defined aryl-FeII species consists of the use of macrocyclic
aryl-X and aryl-H model substrates capable of stabilizing
otherwise very reactive species. These size-tunable macrocyclic
model substrates have been used by our group and others to
stabilize square-planar aryl-CuIII,44 aryl-AgIII,45 and aryl-NiII,46

as well as octahedral aryl-CoIII 47 and aryl-MnIII species.48

Following this strategy, herein we report the reactivity of well-
defined octahedral aryl-FeII species and their C−C cross-
coupling reactivity with ArMgX reagents (Scheme 1c).
The model arene substrate MeLH was exposed to FeCl2 in

CH3CN to obtain the coordination complex [FeII(Cl)2(MeLH)]
(1·Cl2) in 86% yield, which was isolated as a yellowish
crystalline solid (Figure 1a). Paramagnetic 1H NMR spectros-
copy clearly indicated a high-spin FeII species, which was
confirmed by X-ray crystallography (Figure 1b). The FeII

center featured a pentacoordinated distorted-square-pyramidal
geometry (τ = 0.46)49 with long Fe−N distances (>2.1 Å).
Noticeably, the sixth coordination site was occupied by an
interaction with the inner aromatic C−H bond of MeLH, which
conformed to an incipient CAr-H···Fe interaction (Figure S59).
The analogous structure with bromides as counterions was also
obtained (1·Br2, τ = 0.46; Figure 1b and Figure S60).
These structures suggested that an octahedral geometry

featuring an organometallic aryl−Fe bond was feasible,
provided the CAr−H activation could be executed. At this
point we explored the reactivity of the complex 1·Cl2 with
PhMgBr Grignard reagent, seeking for a biaryl coupling
product. By performing the reaction in THF at low

temperature (−78 °C) for 1 h and warming up the mixture
to room temperature for an additional 2 h, we obtained a 66%
yield of the Csp

2−Csp
2 biaryl coupling product (MeLPh) after

workup under aerobic conditions (Figure 1a). The product
was fully characterized by NMR and HR-ESI-MS (see the
Supporting Information). Despite no organoiron species
derived from C−H activation could be isolated, the
intermediacy of an aryl-iron species is clearly inferred by the
obtained coupling product. Whether C−H activation proceeds
via σ-bond metathesis or concerted metalation−deprotonation
(CMD) at the iron(II) center is difficult to establish.32−34,50

This prompted us to attempt another synthetic strategy to
stabilize and isolate relevant aryl-iron species via aryl-halide
oxidative addition at Fe0. Thus, we prepared aryl-Br ligand
analogues (RLBr, R = H, Me, tBu; Figure 2a) and reacted them

Scheme 1. Relevant Examples of Iron-Mediated C−H
Activation: (a) σ-Bond Metathesis at FeII and Oxidative
Addition at Fe0, (b) Low-Spin Aryl-FeII Trapped at Low
Temperature, and (c) Reactivity of Well-Defined Aryl-FeII

Species formed via C−H Activation or Cross-Coupling to
Undergo C−C Coupling (This Work)

Figure 1. (a) Synthesis of the FeII complex 1·Cl2 and subsequent
reactivity with PhMgBr to obtain the biaryl C−C coupling product
(MeLPh). (b) Crystal structures of 1·Cl2 and 1·Br2 (ellipsoids set at
50% probability and H atoms removed for clarity, except for inner
Ar−H).

Figure 2. (a) Experimental conditions for the synthesis of 1tBu, 1Me,
and 1H via aryl-Br oxidative addition at Fe0. (b) Crystal structures of
1Me and 1H (monocation shown) (ellipsoids set at 50% probability
and H atoms removed for clarity). Selected bond distances (Å): for
1H, Fe−Caryl 1.925(2), Fe−Npy 1.928(2), Fe−N9 2.030(2), Fe−N18
2.034(2), Fe−C20 1.837(3), Fe−C22 1.759(3); for 1Me, Fe−Caryl
1.904(3), Fe−Npy 1.935(3), Fe−N12 2.095(3), Fe−N22 2.102(3),
Fe−Br 2.571(2), Fe−C3 1.785(4).
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with Fe0(CO)5. In the case of MeLBr, upon overnight
photoirradiation (254 nm) at 50 °C, the oxidative addition
aryl-FeII product was obtained. The compound [FeII(Br)-
(MeL)(CO)] (1Me, Figure 2a) was characterized as a low-spin
FeII species and displayed diamagnetic NMR spectra (Figures
S19−S23), which was directly related to the coordination of
the strong-field carbonyl ligand. The crystal structure of 1Me

confirmed a distorted-octahedral structure of the FeII center,
featuring a short Fe−aryl bond (1.904(3) Å) and a long Fe−Br
bond (2.571(2) Å) trans to the aryl moiety, with a CO ligand
completing the coordination sphere (Figure 2b). This trans
disposition indicated that the reaction must entail an aryl-Br
oxidative addition concomitant with a cis to trans rearrange-
ment.51,52 Indeed, the analogous [FeII(HL)(CO)2]Br complex
(1H) featured two CO ligands coordinated to the FeII center
and a noncoordinating Br− anion, clearly indicating that Br−

and CO ligands can easily exchange. Indeed, the trans effect of
the aryl moiety is visualized by a longer Fe−CO bond trans to
the aryl (1.837(3) Å) compared to the Fe−CO bond trans to
the pyridine (1.759(3) Å). To evaluate the electronic effects of
the tertiary amines, we also prepared the analogous complex
[FeII(tBuL)(CO)2]Br (1tBu) (Figure 2a), which was charac-
terized by NMR and HR-ESI-MS.
At this point, we centered our efforts on investigating the

intrinsic reactivity of [FeII(Br)(MeL)(CO)] (1Me) as a
reference compound for well-defined low-spin aryl-FeII species.
In order to determine whether this species could be involved in
the reaction of the complex 1·Cl2 with the Grignard reagent,
we reacted 1Me with PhMgBr under experimental conditions
and workup analogous to those described above for 1·Cl2,
obtaining a relevant 38% yield of the MeLCOPh product (Figure
3, top). NMR and HR-ESI-MS confirmed the nature of the

coupling product, which stemmed from a putative [FeII(MeL)-
(Ph)(CO)] (1Me-Ph) followed by a CO migratory insertion
and reductive elimination to form the aryl−COPh bond in
MeLCOPh.
It is worth noting here that the products MeLPh (derived

from 1·Cl2) and MeLCOPh (derived from 1Me) are obtained
presumably via exposure of [FeII(MeL)(Ph)] and [FeII(MeL)-
(Ph)(CO)] to O2 (or air) and a subsequent acid/base workup.
An evident change in color (UV−vis monitoring, Figures S1
and S2) from dark green to reddish brown was observed upon
contact with air, suggesting an oxidation to an FeIII species that
triggered the C−C reductive elimination, as reported in other

examples.26,53 Despite cryo-MS analysis at −40 °C of the
mixture immediately after exposure to O2, the decay was so fast
that only the final coupling product MeLPh was detected as a
single peak in the mass spectrum (Figure S2b). Moreover,
when the crude mixture containing [FeII(MeL)(Ph)] was
quenched with HCl prior to air exposure, MeLH was solely
obtained (85%) with no signs of biaryl coupling. Finally, since
1,2- dichloroisobutane (DCIB) is generally used as an oxidant
in Fe-catalyzed C−H activations,26 the addition of 2 equiv of
DCIB under N2 to the green species [FeII(MeL)(Ph)] afforded
MeLPh in 45% yield, a value slightly lower than that with O2
exposure (66%) (section 7.3 in the Supporting Information).
Interestingly, DCIB addition at the beginning of the reaction
only afforded a 9% yield of MeLPh, suggesting that oxidation to
FeIII at the initial stages is detrimental to the observed
chemistry. In line with the latter, catalytic attempts have been
unfruitful.
On the basis of all these experimental observations, feasible

mechanistic proposals are outlined in Figure 4a for the

synthesis of MeLPh and in Figure 4b for the synthesis of
MeLCOPh. The reaction of 1·Cl2 with PhMgBr (Figure 4a)
affords species A, which undergoes C−H activation, presum-
ably via σ-bond metathesis, to give species B. A second
equivalent of the Grignard reagent generates species C, which
undergoes oxidative reductive elimination via C+ upon
exposure to O2. With regard to the reactivity of 1Me with
PhMgBr (Figure 4b), first the Br− ligand is exchanged by Ph−

Figure 3. Synthesis of MeLCOPh from well-defined aryl-FeII (top) and
synthesis of MeL-COH from MeLBr via 2

Me(CO) in an unprecedented
amine-to-amide transformation (bottom). Figure 4. (a) Proposed mechanism for the synthesis of MeLPh via Fe

II-
mediated C−H activation. (b) Proposed mechanism for the synthesis
of MeLCOPh via the reaction of 1Me with PhMgBr (E-1 and E-2
quintuplet DFT optimized structures shown as insets; see the
Supporting Information).
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to afford D, and then a CO migratory insertion occurs to give
E-1 or E-2. Both species would form the final product MeLCOPh
via reductive elimination. To discern between the two
possibilities, the crude compound was treated with HCl(aq)
prior to air exposure, and MeLH was obtained as the product in
95% yield. This supports the idea that E-1 is the most plausible
intermediate, which is backed by DFT studies (Gibbs energies
with respect to D are 6.19 kcal/mol for E-1 and 9.72 kcal/mol
for E-2; Figure 4b and the Supporting Information).
While exploring the reactivity of MeLBr with Fe(CO)5, we

also performed the reaction under thermal conditions (100
°C) instead of via photoirradiation (Figure 3, bottom).
Strikingly, the nature of the low-spin FeII complex 2Me(CO)
obtained after 24 h was completely unexpected. A detailed
diamagnetic 1D/2D NMR and FT-IR characterization
concluded that a formal CO insertion occurred by amine to
amide conversion at a pyridine-benzylic position, still holding
the organoiron aryl-FeII moiety: i.e., [FeII(Br)(MeL-CO)-
(CO)2] (2Me(CO)) (Figure 3). 13C NMR integration of the
coordinated CO signal and the lack of a HR-ESI-MS peak
clearly points toward the coordination of two CO and one Br−

ligand to the FeII center, leaving the amide moiety
uncoordinated. The amide moiety was corroborated upon
protodemetalation, affording MeL-COH as the resulting macro-
cyclic compound (see the Supporting Information for
characterization). To our knowledge, carbonylation into the
ligand backbone to transform a tertiary amine to a tertiary
amide is unprecedented and is reminiscent of an unreported
inverse Curtius-like rearrangement.54 Although it is not the
same transformation, Cantat recently reported the iron-
catalyzed amine to amide transformation of an N,N-
dimethylaniline substrate by taking advantage of the acylation
of a tertiary amine followed by the extrusion of Me+ as MeI.55

Also, the participation of Fe in Curtius-like rearrangements has
only a few precedents, such as the work from Xia, forming
isocyanates from hydroxamates through an FeII-nitrenoid
complex.56

In order to gain insight into the mechanism of this
unprecedented reactivity, the well-defined 1Me complex was
heated under a CO atmosphere (1 bar). The reaction was
monitored by 1H NMR, and formation of 2Me(CO) was
observed (14%) just after 2 h, together with the starting 1Me

and protodemetalation byproduct (MeLH), thus suggesting that
aryl-Br oxidative addition at Fe0 takes place prior to the amine
to amide conversion. Also, the nature of the tertiary amine is
crucial, since a tBu-N-substituted ligand (tBuLBr) did not
undergo the amine to amide transformation, whereas HLBr
afforded HL-COH in a sluggish manner (section 8 in the
Supporting Information).
In conclusion, model macrocyclic aryl-FeII species have been

studied in detail by taking advantage of the stabilizing effect
imposed by the macrocyclic N3C-type ligands XLY (X = H, Me;
Y = H, Br). The system affords the C−C biaryl cross-coupling
products through C−H activation at a FeII complex using
ArMgX reagents and the phenylcarbonylation cross-coupling
products when well-defined aryl-FeII species are used, featuring
C−C coupling with Grignard reagents, concomitantly with CO
insertion. Furthermore, the overstabilized 1Me species under-
goes at high temperatures an unprecedented CO insertion−
carbonylation into the tertiary amine ligand backbone,
rendering a tertiary amide quantitatively. Such model aryl-
FeII complexes provide a neat mechanistic picture for C−H
arylation and cross-coupling reactions that should inspire

others in the design of improved Fe-catalyzed bond forming
transformations.
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"T�FYQMBJOFE�JO�TFDUJPO�*���	�

�$VO�0��BEEVDUT�BSF�JOUFSNFEJBUFT�XIJDI�QMBZ�B�LFZ�SPMF�JO�UIF�

DBUBMZUJD�DZDMF�PG�0��BDUJWBUJOH�DPQQFS�DPOUBJOJOH�FO[ZNFT�BT�UIFZ�BSF�EJSFDUMZ�JOWPMWFE�JO�UIF�

PYJEBUJPO�PYZHFOBUJPO� PG� IZESPDBSCPOT��
� �� )PXFWFS
� UIFTF� DPQQFS�PYZHFO� BEEVDUT� BSF� WFSZ�

SFBDUJWF�BOE�GPS�UIJT�SFBTPO�UIFTF�DPNQPVOET�BSF�EJGGJDVMU�UP�USBQ�BOE�DIBSBDUFSJ[F��*O�UIJT�SFHBSE
�

B�VTFGVM�TUSBUFHZ�UP�HBJO�JOTJHIU�JOUP�TVDI�FMVTJWF�TQFDJFT�JOWPMWFT�UIF�TZOUIFTJT
�DIBSBDUFSJ[BUJPO�

BOE� SFBDUJWJUZ� TUVEJFT� UPXBSET� EJPYZHFO� PG� EJTDSFUF� NPMFDVMBS� CJPJOTQJSFE� DPQQFS�CBTFE�

DPNQMFYFT����� *O� UIJT� DPOUFYU
� XF� FOWJTJPOFE� UIF� VTF� PG� UIF� 1Z/.F�� MJHBOE
� XIJDI� JT� B�

UFUSBEFOUBUF�OJUSPHFO�CBTFE�NBDSPDZDMJD� MJHBOE�UIBU�DBO�DPPSEJOBUF� UIF�NFUBM�DFOUFS� UISPVHI�

POF�QZSJEJOF�BOE�UISFF�BMJQIBUJD�OJUSPHFOT��1Z/.F��XBT�UIF�MJHBOE�PG�DIPJDF�BT�JU�XBT�QSFWJPVTMZ�

VTFE� JO�PVS� MBCPSBUPSZ� GPS� USBQQJOH�IJHI�WBMFOU� JSPO�PYP� TQFDJFT
���� BOE� MBUFS�CZ�$IP�BOE�DP�

XPSLFST� GPS� UIF� TZOUIFTJT� BOE� DIBSBDUFSJ[BUJPO�PG�B�NPOPOVDMFBS�	IZESP
QFSPYPEJDPCBMU	***
�

DPNQMFY���

5IF� TZOUIFTJT�PG� UIF�1Z/.F�� MJHBOE�BOE� JUT�DIBSBDUFSJ[BUJPO�XBT�QSFWJPVTMZ� SFQPSUFE�CZ�PVS�

HSPVQ��� 5IVT
� XF� GPDVTFE� PVS� BUUFOUJPO� UP� UIF� TZOUIFTJT� PG� UIF� DPSSFTQPOEJOH�NPOPOVDMFBS�

DPQQFS	*
� DPNQMFY
� <$V*	1Z/.F�
	$)�$/
>	05G
� 	�05G
�� 5IF� TZOUIFTJT� PG� �05G� XBT�

DBSSJFE�PVU�VOEFS�BOBFSPCJD�DPOEJUJPOT�JO�B�/��GJMMFE�HMPWFCPY��5IF�BEEJUJPO�PG���FRVJWBMFOU�PG�

<$V*	$)�$/
�>	05G
�UP�B�TPMVUJPO�PG�1Z/.F��JO�BDFUPOJUSJMF�BU�SPPN�UFNQFSBUVSF�BGGPSEFE�B�

ZFMMPX�TPMVUJPO
�JOEJDBUJOH�UIF�DPPSEJOBUJPO�PG�UIF�DPQQFS	*
�DFOUFS�UP�UIF�MJHBOE�	'JHVSF�7**��
��

"MM�UIF�BUUFNQUT�UP�DSZTUBMMJ[F�PS�JTPMBUF�UIJT�DPNQPVOE�XFSF�VOTVDDFTTGVM�EVF�UP�UIF�UFOEFODZ�

PG�DPQQFS	*
�UP�EJTQSPQPSUJPOBUF�EVSJOH�UIF�QSPDFTT��'PS�UIJT�SFBTPO
�FWFSZEBZ�GSFTIMZ�QSFQBSFE�

TPMVUJPOT�PG�DPNQMFY�XFSF�VTFE�CPUI�UP�DIBSBDUFSJ[F�UIF�DPNQMFY�BOE�UP�TUVEZ�JUT�SFBDUJWJUZ�XJUI�

NPMFDVMBS�PYZHFO��&WFO�UIPVHI�UIF�9�3BZ�TUSVDUVSF�PG�UIJT�DPNQMFY�DPVME�OPU�CF�PCUBJOFE
�%'5�

DBMDVMBUJPOT�TVHHFTUFE�B�$T�TZNNFUSJD�EJTUPSUFE�TRVBSF�QZSBNJEBM�HFPNFUSZ�XJUI�UIF�DPQQFS	*
�

DFOUFS� DPPSEJOBUFE� UP� UIF� GPVS� OJUSPHFOT� PG� UIF�1Z/.F�� MJHBOE� BOE� UP� POF� $)�$/� MJHBOE�

QPTJUJPOFE�JO�USBOT�UP�UIF�QZSJEJOF�NPJFUZ�	UIF�PQUJNJ[FE�HFPNFUSZ�XJUIPVU�UIF�DPPSEJOBUJPO�PG�

$)�$/� MJHBOE� XBT� � ���� LDBM�NPM��� MFTT� TUBCMF
� 	'JHVSF� 7**��
�� 5IF� PQUJNJ[FE� HFPNFUSZ� GPS�

<$V*	1Z/.F�
	$)�$/
>��	�
��JT�JO�BHSFFNFOU�XJUI�QSFWJPVTMZ�SFQPSUFE�DPQQFS	*
�DPNQMFYFT�
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CFBSJOH� UFUSBEFOUBUF� MJHBOET� BOE� POF� $)�$/� NPMFDVMF� UP� DPNQMFUF� UIF� TRVBSF�QZSBNJEBM�

QFOUBEFOUBUF�DPPSEJOBUJPO�FOWJSPONFOU���
����

�
'JHVSF�7**���4ZOUIFTJT�PG��05G�CZ�SFBDUJOH�FRVJNPMBS�BNPVOUT�PG�1Z/.F��MJHBOE�BOE�<$V*	$)�$/
�>	05G
�JO�

BDFUPOJUSJMF�BMPOHTJEF�XJUI�UIF�%'5�DPNQVUFE�TUSVDUVSF�GPS�DPNQPVOE����

�05G�XBT�DIBSBDUFSJ[FE�CZ�TFWFSBM�UFDIOJRVFT�TVDI�BT�IJHI�SFTPMVUJPO�NBTT�TQFDUSPNFUSZ�	)3�

.4
�BOE�/.3�TQFDUSPTDPQZ��3FHBSEJOH�UIF�)3�.4
�B�DMFBO�TQFDUSVN�XBT�PCUBJOFE�XJUI�B�WFSZ�

JOUFOTF�QFBL�BU�N�[����������XJUI�B�NBTT�WBMVF�BOE�BO�JTPUPQJD�QBUUFSO�GVMMZ�DPOTJTUFOU�XJUI�

<$V*	1Z/.F�
>���.PSFPWFS
� B� TNBMM� QFBL� DPSSFTQPOEJOH� UP� UIF� DPPSEJOBUJPO� PG� BO�$)�$/�

NPMFDVMF�UP�UIF�DPQQFS�DFOUFS�XBT�BMTP�PCTFSWFE�	<$V*	1Z/.F�
	$)�$/
>�
�N�[���������

�

UIVT�GVSUIFS�TVQQPSUJOH�UIF�GPSNVMBUJPO�QSPQPTFE�CZ�%'5�	'JHVSF�7**��
��

�
'JHVSF�7**���)3�&4*�.4�TQFDUSB�PG�<$V*	1Z/.F�
>	05G
�	�05G
��-FGU�JOTFU��UIF�FYQBOEFE�WJFX�PG�UIF�NBJO�

QFBL�BU�B�N�[������������DPSSFTQPOEJOH�UP�<$V*	1Z/.F�
>��BOE�UIF�FYQBOEFE�WJFX�PG�UIF�DPSSFTQPOEJOH�
DBMDVMBUFE�TQFDUSVN�GPS�UIJT�NPMFDVMBS�GPSNVMB��3JHIU�JOTFU��UIF�FYQBOEFE�WJFX�PG�UIF�TNBMM�QFBL�BU�B�N�[���

���������DPSSFTQPOEJOH�UP�<$V*	1Z/.F�
	$)�$/
>��BOE�UIF�FYQBOEFE�WJFX�PG�UIF�DPSSFTQPOEJOH�DBMDVMBUFE�
TQFDUSVN�GPS�UIJT�NPMFDVMBS�GPSNVMB���
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�05G�DPVME�BMTP�CF�DIBSBDUFSJ[FE�CZ�/.3�TQFDUSPTDPQZ�CZ�TZOUIFTJ[JOH�UIF�DPNQPVOE�EJSFDUMZ�

JO�$%�$/��-VDLJMZ
��)�/.3�PG�UIJT�EJBNBHOFUJD�DPNQMFY�FYIJCJUFE�XFMM�SFTPMWFE�TJHOBMT�EVF�

UP�UIF�SJHJEJUZ�QSPWJEFE�CZ�UIF�1Z/.F�� MJHBOE�XIJDI�FOBCMFE�JUT�BTTJHONFOU�XJUI�UIF�IFMQ�PG�

��$�/.3�BOE�CJEJNFOTJPOBM�FYQFSJNFOUT�	'JHVSF�7**��
���

��

'JHVSF�7**���B
��)�/.3�TQFDUSVN�PG��05G�JO�$%�$/�BU�SPPN�UFNQFSBUVSF��C
���$�/.3�TQFDUSVN�PG��05G�JO�
$%�$/�BU�SPPN�UFNQFSBUVSF��D
�FYQBOEFE�WJFX�PG�UIF�)42$�BMJQIBUJD�SFHJPO�TQFDUSVN�PG��05G�JO�$%�$/�BU�
SPPN�UFNQFSBUVSF
�BOE�E
�FYQBOEFE�WJFX�PG�UIF�/0&4:�BMJQIBUJD�SFHJPO�TQFDUSVN�PG��05G�JO�$%�$/�BU�SPPN�

UFNQFSBUVSF��
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"DDPSEJOH�UP�UIF�/.3�EBUB
��05G�QSFTFOUT�B�$T�TZNNFUSZ�BT�QSFEJDUFE�CZ�UIF�%'5�DBMDVMBUJPOT�

BOE� JO� BHSFFNFOU� XJUI� QSFWJPVTMZ� SFQPSUFE� QBSBNBHOFUJD� DPNQMFYFT� CFBSJOH� UIF� 1Z/.F��

MJHBOE����� .PTU� PG� UIF� QSPUPOT� XFSF� SFBEJMZ� JEFOUJGJFE� VTJOH� FJUIFS� UIF� DIFNJDBM� TIJGU
� UIF�

NVMUJQMJDJUZ�PG�UIF�TJHOBM�PS�JUT�JOUFHSBM��)FODF
�UIF�TJHOBMT�DPSSFTQPOEJOH�UP�UIF�QZSJEJOF�Ϫ�QSPUPO�

BOE�UIF�UXP�FRVJWBMFOU�ϩ�QSPUPOT�BSF�GPVOE�JO�UIF�BSPNBUJD�SFHJPO�BOE�DPOTJTU�PG�B�USJQMFU�BU������

QQN�BOE�B�EPVCMFU�BU������QQN
�SFTQFDUJWFMZ��5IF� GPVS�CFO[ZMJD�QSPUPOT�OFYU� UP� UIF�QZSJEJOF�

BQQFBS�BT�EJBTUFSFPUPQJD�QSPUPOT�BU������BOE������QQN�BT�UXP�TIBSQ�EPVCMFUT��*O�UIF�DBTF�PG�UIF�

/�NFUIZM�HSPVQT
�UIF�UXP�FRVJWBMFOU�NFUIZM�HSPVQT�BQQFBS�BT�B�TJOHMFU�BU�����
�XIJMF�UIF�PUIFS�

POF�BQQFBST�BU������QQN��)PXFWFS
�NFUIZMFOJD�QSPUPOT�CFUXFFO�UIF�BMJQIBUJD�BNJOFT�	)*�)+�

BOE�))�)(
�JO�UIF�����������SBOHF�DPVME�OPU�CF�EJGGFSFOUJBUFE�CZ�NPOPEJNFOTJPOBM�FYQFSJNFOUT�

BOE�/0&4:�XBT�OFDFTTBSZ��)*�)+�QSFTFOU�B�/0&4:�FYDIBOHF�QFBL�XJUI�)'�	$)��HSPVQ�UIBU�

JOUFHSBUFT��

�XIJMF�))�)(�QSFTFOU�B�/0&4:�FYDIBOHF�QFBL�XJUI�)&�	$)��HSPVQ�UIBU�JOUFHSBUFT�

�
��.PSFPWFS
�)42$�XBT�SFRVJSFE�XIJDI�TIPXFE�UIBU�)*�BOE�)+�BSF�BUUBDIFE�UP�UIF�TBNF�DBSCPO�

	$)

�XIJDI�JT�EJGGFSFOU�GSPN�UIBU�CPVOE�UP�))�BOE�)(�	$(
���

"U�UIJT�QPJOU�BOE�XJUI�BMM�UIF�DIBSBDUFSJ[BUJPO�EBUB�JO�IBOE
�XF�XBOUFE�UP�TUVEZ�UIF�SFBDUJWJUZ�PG�

DPNQMFY��05G�UPXBSET�NPMFDVMBS�PYZHFO��"T�XFMM�FTUBCMJTIFE�JO�MJUFSBUVSF
�UIF�NFUBM�EJPYZHFO�

TQFDJFT� GPSNFE� VQPO� SFBDUJPO� PG� DPQQFS	*
� DPNQMFYFT� BOE� EJPYZHFO� BU� MPX� UFNQFSBUVSFT�

OPSNBMMZ�IBWF�WFSZ�DIBSBDUFSJTUJD�DPMPST
� SBOHJOH� GSPN�QVSQMF
�EBSL�ZFMMPX�UP�CSPXO��'PS�UIJT�

SFBTPO
� UIF� SFBDUJPO� PG� �05G� UPXBSET� 0�� XBT� NPOJUPSFE� CZ� 67�WJT� TQFDUSPTDPQZ� BU� MPX�

UFNQFSBUVSF�� #VU� GJSTU
� UP� FWBMVBUF� UIF� SFBDUJWJUZ� PG� �05G� UPXBSET� PYZHFO
� XF� QFSGPSNFE�

RVBMJUBUJWF�FYQFSJNFOUT�UP�EFUFDU�JG�BOZ�DPMPS�DIBOHF�XBT�UBLJOH�QMBDF���

&BSMZ�BUUFNQUT�PG�WJTVBMMZ�NPOJUPSJOH�UIF�SFBDUJPO�PG��05G�XJUI�NPMFDVMBS�PYZHFO�JO�BDFUPOJUSJMF�

BU������$�EJE�OPU�TIPX�B�DMFBS�DPMPS�DIBOHF�UIBU�DPVME�CF�BUUSJCVUFE�UP�UIF�GPSNBUJPO�PG�B�USBOTJFOU�

$V�0��JOUFSNFEJBUF��5IVT
�XF�USJFE�UP�TZOUIFTJ[F�UIF�JOJUJBM�DPNQMFY�XJUI�PUIFS�TPMWFOUT�TVDI�BT�

BDFUPOF�PS�5)'�UIBU�XPVME�BMMPX�VT�UP�MPXFS�UIF�UFNQFSBUVSF�UP�����PS�������$��)PXFWFS
�BMM�

BUUFNQUT� GBJMFE� 	EJSFDU�PYJEBUJPO� GSPN�$V	*
� UP�$V	**
�PS�EJTQSPQPSUJPOBUJPO� UP�$V	**
� BOE�

GPSNBUJPO�PG�DPQQFS�NJSSPS�XBT�PCTFSWFE
��$POTFRVFOUMZ
�CBTFE�PO�QSFWJPVT�FYQFSJFODFT�JO�UIF�

HSPVQ
�UIF�QSFTFODF�PG�$)�$/�JT�SFRVJSFE�JO�PSEFS�UP�TUBCJMJ[F�UIF���PYJEBUJPO�TUBUF��'PS�UIJT�

SFBTPO
� XF� USJFE� TPMWFOU� NJYUVSFT� DPOUBJOJOH� $)�$/� BOE� BOPUIFS� TPMWFOU� TVDI� BT� 5)'� PS�

BDFUPOF��"�NJYUVSF�PG�$)�$/�5)'�	����
�XBT�GPVOE�UP�CF�PQUJNBM�GPS�UIF�GPSNBUJPO�PG�UIF�
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JOUFSNFEJBUF�TQFDJFT��"U�UIJT�QPJOU
�XIFO�B�0��BUNPTQIFSF�XBT�CVCCMFE�UP�UIF�DPNQMFY�TPMVUJPO�

JO�$)�$/�5)'������BU�������$
�UIF�DPMPS�PG�UIF�TPMVUJPO�DMFBSMZ�UVSOFE�GSPN�ZFMMPX�UP�EFFQ�

CSPXO��5IJT�DPMPS�DIBOHF�XBT� JOEJDBUJWF�PG� UIF� GPSNBUJPO�PG�DPQQFS�EJPYZHFO� JOUFSNFEJBUFT��

5IF�DPMPS�EJTBQQFBSFE�VQPO�XBSNJOH�VQ�UIF�SFBDUJPO�NJYUVSF�UP�SPPN�UFNQFSBUVSF��

*O�PSEFS�UP�GVSUIFS�TUVEZ�UIF�OBUVSF�PG�UIF�DPQQFS�EJPYZHFO�JOUFSNFEJBUF�TQFDJFT�GPSNFE
� UIF�

SFBDUJPO�XBT�NPOJUPSFE� CZ�NFBOT� PG� MPX�UFNQFSBUVSF�67�WJT� TQFDUSPTDPQZ�VTJOH� B�����N.�

TPMVUJPO�PG��05G�JO�$)�$/�5)'�	����
�BU�������$��%VSJOH�UIF�SFBDUJPO
�UIF�GPSNBUJPO�PG�BO�

JOUFOTF� BCTPSQUJPO�CBOE� BU�ONBY� �� ����ON� 	H� ��������.��DN��
�XBT� PCTFSWFE� JO� UIF�67�WJT�

TQFDUSB�	'JHVSF�7**��
��5IJT�OFX�TQFDJFT�	�
�SFBDIFE�JUT�NBYJNVN�BCTPSCBODF�BGUFS�����TFDPOET�

BOE� UIFO� JU� JNNFEJBUFMZ� EFDBZFE� 	U���� �� ��NJO� BU� ����� �$
� 	'JHVSF� 7**��
�� #Z� BOBMPHZ�XJUI�

QSFWJPVTMZ� SFQPSUFE�$VO�0�� TQFDJFT
� DPNQPVOE���NBZ� DPSSFTQPOE� UP� B�P�K��K��QFSPYP� 	41
�

TQFDJFT�XIJDI�UZQJDBMMZ�FYIJCJUT�67�WJT�TQFDUSB�XJUI�B�TJOHMF�IJHI�JOUFOTJUZ�CBOE�CFUXFFO�����

BOE�����ON���5IJT�TQFDJFT�XPVME�GPSN�CZ�SFBDUJPO�PG�UXP�NPMFDVMFT�PG���XJUI�POMZ�POF�NPMFDVMF�

PG�0���/FWFSUIFMFTT
� S3BNBO� FYQFSJNFOUT�XPVME� CF� OFDFTTBSZ� UP� VOFRVJWPDBMMZ� FTUBCMJTI� UIF�

DPPSEJOBUJPO�NPEF�PG� UIF�CPVOE�0�� JO� UIJT� USBOTJFOU�DPNQPVOE��)3�&4*�.4�BOBMZTJT�PG� UIF�

SFBDUJPO� NJYUVSF� BGUFS� UIF� TFMG�EFDBZ� PG� �� SFWFBMFE� UIF� GPSNBUJPO� PG� B� DPQQFS	**
� DPNQMFY�

DPPSEJOBUFE�UP�UIF�1Z/.F��MJHBOE��

�
'JHVSF�7**���67�WJT�TQFDUSB�DPSSFTQPOEJOH�UP�UIF�SFBDUJPO�PG��05G�	����N.
�XJUI�0��JO�$)�$/�5)'�	����
�BU�
������$�	ZFMMPX���05G��PSBOHF���
��*OTFU��UJNF�USBDF�PG�UIF�CBOE�BU�ϴNBY�������ON�DPSSFTQPOEJOH�UP�UIF�GPSNBUJPO�

BOE�TFMG�EFDBZ�PG�DPNQPVOE���BU�������$��
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"T� TUBUFE� JO� TFDUJPO� *����� 	�

� UZSPTJOBTF� DBSSJFT� PVU� UIF� PSUIP�IZESPYZMBUJPO� PG� QIFOPMT� UP�

DBUFDIPMT�BOE�TVDDFTTJWF�UXP�FMFDUSPO�PYJEBUJPO�UP�PSUIP�RVJOPOFT�VTJOH�NPMFDVMBS�PYZHFO�BT�

PYJEBOU��5IJT�SFBDUJPO�PDDVST�WJB�UIF�JOWPMWFNFOU�PG�B�41�JOUFSNFEJBUF�TQFDJFT����5IVT
�XJUI�UIF�

JEFB�PG�NJNJDLJOH�UIF�BDUJWJUZ�PG�UIF�FO[ZNF
�QSFMJNJOBSZ�TUVEJFT�PG�UIF�SFBDUJWJUZ�PG���UPXBSET�

QIFOPMBUFT�XFSF�QFSGPSNFE
�UP�UFTU�JG�UIJT�DPNQPVOE�CFIBWFT�BT�B�GVODUJPOBM�NPEFM�PG�UZSPTJOBTF��

5P�EP�TP
�UIF�SFBDUJPO�PG���XJUI�TPEJVN�QBSB�DIMPSPQIFOPMBUF�XBT�NPOJUPSFE�CZ�67�WJT�BU�MPX�

UFNQFSBUVSF��*O�B�UZQJDBM�FYQFSJNFOU
�BOE�VQPO�NBYJNVN�GPSNBUJPO�PG��
�B�TPMVUJPO�DPOUBJOJOH�

���FRVJWBMFOUT�PG�TPEJVN�QBSB�DIMPSPQIFOPMBUF�JO�5)'�XBT�BEEFE�JOUP�UIF�67�WJT�DFMM
�XIJDI�

DBVTFE�UIF�JNNFEJBUF�EFDBZ�PG�UIF�JOUFOTF�CBOE�BU�����ON�DIBSBDUFSJTUJD�PG����5IJT�SBQJE�EFDBZ�

PG� UIF�CBOE�NJHIU�CF� JOEJDBUJWF�PG� UIF�DPPSEJOBUJPO�PG� UIF�QIFOPMBUF� UP� UIF�DPQQFS�EJPYZHFO�

JOUFSNFEJBUF� TQFDJFT��4BEMZ
�OP�QSFTFODF�PG�OFJUIFS� DBUFDIPM�OPS�PSUIP�RVJOPOF�XBT�EFUFDUFE�

XIFO�BOBMZ[JOH�UIF�SFBDUJPO�DSVEF
� JOEJDBUJOH�UIBU�TQFDJFT���EPFT�OPU�TVDDFFE�JO�SFQSPEVDJOH�

UZSPTJOBTF� SFBDUJWJUZ�� 5IJT� SFTVMU� DPVME� GJOE� BO� FYQMBOBUJPO� JO� UIF� SJHJEJUZ� HJWFO� CZ� UIF�

UFUSBEFOUBUF� 1Z/.F�� MJHBOE� XIJDI� TUSPOHMZ� DPPSEJOBUFT� UIF� DPQQFS� DFOUFS� BOE� ZJFMET� B�

DPPSEJOBUJWFMZ�TBUVSBUFE�41�DPNQPVOE����5IJT�NJHIU�QSFDMVEF�UIF�QIFOPMBUF�GSPN�CJOEJOH�UP�

UIF�DPQQFS�DFOUFS�JO���BOE�TP�UIF�BUUBDL�PG�UIF�QFSPYJEF�NPJFUZ�UP�UIF�BSPNBUJD�SJOH�JT�IBNQFSFE�

	4DIFNF�7**��
����

�
4DIFNF�7**���0��BDUJWBUJPO�CZ��05G�BGGPSEJOH�UIF�41�TQFDJFT��
�XIJDI�JT�OPU�BCMF�UP�PYJEJ[F�QIFOPMBUFT��
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*O�WJFX�PG�UIFTF�SFTVMUT
�XF�EFDJEFE�UP�UFTU�PUIFS�TVCTUSBUFT�TVDI�BT�FMFDUSPQIJMJD�TVMGJEFT�BT�41�

TQFDJFT� BSF� LOPXO� UP� PYJEJ[F� UIFN�� 8F� USJFE� UIF� PYJEBUJPO� PG� ��NFUIPYZUIJPBOJTPMF� CZ�

DPNQPVOE��
�BMUIPVHI�POMZ�B����PG�UIF�DPSSFTQPOEJOH�TVMGPYJEF�PYJEBUJPO�QSPEVDU�XBT�PCUBJOFE�

	4DIFNF�7**��
��

�
4DIFNF�7**���4USVDUVSF�PG�DPNQPVOE����JUT�MBDL�PG�SFBDUJWJUZ�UPXBSET�QIFOPMBUFT�	MFGU

�BOE�JUT�TDBSDF�SFBDUJWJUZ�UP�

PYJEJ[F���NFUIPYZUIJBOJTPMF��

5P� TVNNBSJ[F
� XF� IBWF� CFFO� BCMF� UP� TZOUIFUJ[F� B� CJPJOTQJSFE� DPQQFS�CBTFE� NPEFM� TZTUFN�

DBQBCMF�PG�QFSGPSNJOH�0��CJOEJOH�BOE�BDUJWBUJPO�BU�MPX�UFNQFSBUVSFT��%FTQJUF�UIF�GPSNBUJPO�PG�

B� 41� TQFDJFT� VQPO� EJPYZHFO� FYQPTVSF� BU� MPX� UFNQFSBUVSF
� UIF� UFUSBEFOUBUF� OJUSPHFO�CBTFE�

FOWJSPONFOU�QSPWJEFE�CZ�UIF�1Z/.F��MJHBOE�EPFT�OPU�BMMPX�UIF�JOUFSBDUJPO�PG�UIF�DPQQFS�DFOUFS�

XJUI� UIF� TVCTUSBUF
� UIVT� QSFDMVEJOH� SFBDUJWJUZ� XJUI� FYPHFOPVT� TVCTUSBUFT�� *O� GBDU
� GVODUJPOBM�

NPEFMT� PG� UZSPTJOBTF� VTVBMMZ� CFBS� USJ�� PS� CJEFOUBUF� OJUSPHFO�CBTFE� MJHBOET� XIJDI� FOBCMF� UIF�

JOUFSBDUJPO�PG�UIF�DPQQFS�DFOUFS�XJUI�UIF�QIFOPMJD�TVCTUSBUF��
����

�

�

�

�

�

�



�

� �
�
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9,,���0(&+$1,67,&� ,16,*+76� ,172� 7+(� 257+2�
'()/825,1$,721�+<'52;</$7,21�2)���+$/23+(12/$7(6�
352027('�%<�$�%,6�Ǎ�2;2�',&233(5�,,,��&203/(;�

-PUT� PG� FGGPSUT� IBWF� CFFO� EFWPUFE� UPXBSET� UIF� CJPJOTQJSFE� PYJEBUJPO�IZESPYZMBUJPO� PG� $�)�

CPOET��/FWFSUIFMFTT
�NVDI�SFNBJOT�UP�CF�LOPXO�BOE�JOWFTUJHBUFE�UP�DPNQMFUFMZ�VOEFSTUBOE�BOE�

DPOUSPM�UIF�NFDIBOJTN�CZ�XIJDI�UIFTF�USBOTGPSNBUJPOT�PDDVS��*O�UIF�NFBOUJNF
�OFX�DIBMMFOHFT�

IBWF�BSJTFO�TVDI�BT�UIF�OFFE�GPS�DMFBWJOH�$�'�CPOET��

'MVPSJOBUFE�PSHBOJD�NPMFDVMFT�BSF�VTFE�JO�B�EBJMZ�CBTJT��'PS�FYBNQMF
�VQ�UP�����PG�BHSPDIFNJDBM�

QSPEVDUT� BOE� ���� PG� QIBSNBDFVUJDBM� DPNQPVOET� VTFE� JO� PVS� FWFSZEBZ� SPVUJOF� DPOUBJO�

GMVPSJOF���� 'MVPSJOBUFE� DPNQPVOET� BSF� JOUFSFTUJOH� JO�NFEJDJOBM� DIFNJTUSZ� BOE� BHSPDIFNJTUSZ�

CFDBVTF� UIFZ� JNQSPWF� UIF� MJQPQIJMJDJUZ� BOE� TP� QSFTFOU� MBSHFS� JO� WJWP� SFTJEFODF� UJNFT� JO�

DPNQBSJTPO�XJUI� UIFJS�OPOGMVPSJOBUFE�BOBMPHVFT���
����/FWFSUIFMFTT
� UIF� SFDFOU� JODSFBTF� JO� UIF�

MBSHF�TDBMF�QSPEVDUJPO�BOE�VTF�PG�TVDI�DPNQPVOET�IBT�MFE�UIFN�UP�EFCBUF�CFDBVTF�PG�UIFJS�IJHI�

UPYJDJUZ
� P[POF�EFQMFUJPO� BOE� HMPCBM�XBSNJOH�QPUFOUJBM
� CJPBDDVNVMBUJPO� BOE� FOWJSPONFOUBM�

FOEVSBODF���
����"MM�UIFTF�BEWBOUBHFT�BOE�ESBXCBDLT�BSJTF�GSPN�UIF�TBNF�GBDU��UIF�JOFSUOFTT�PG�$�

'�CPOET�	#%&�PG�����LDBM�NPM��
��5IFJS�IJHI�CPOE�EJTTPDJBUJPO�FOFSHZ� JT�HJWFO�CZ� GMVPSJOF�T�

FMFDUSPOFHBUJWJUZ�UIBU�TUSPOHMZ�QPMBSJ[FT�BOE�TIPSUFOT�$�'�CPOET
�JODSFBTJOH�UIF�JPOJD�DIBSBDUFS�

PG�UIF�DIFNJDBM�CPOE����'PS�UIJT�SFBTPO
�$�'�CPOET�BSF�DPOTJEFSFE�UIF�TUSPOHFTU�TJOHMF�CPOE�UP�

DBSCPO�BOE�TP�UIF�NPTU�JOFSU�GVODUJPOBMJUZ
�XIJDI�QSPWJEFT�GMVPSJOBUFE�PSHBOJD�NPMFDVMFT�XJUI�

IJHI� UIFSNBM� TUBCJMJUZ��)FODF
� UIF� OFFE� GPS� UIF� EFWFMPQNFOU� PG� OFX� TUSBUFHJFT� UP� DMFBWF�$�'�

CPOET� GPS� UIF� EFHSBEBUJPO� PG� GMVPSJOBUFE� PSHBOJD� DPNQPVOET� BOE� GVSUIFS� USBOTGPSNBUJPO� PG�

UIPTF�JOUP�NPSF�SFBDUJWF�GVODUJPOBMJUJFT�IBT�FNFSHFE��

"T�NFOUJPOFE�JO�TFDUJPO�*�����	�

�UZSPTJOBTF�JT�B�EJDPQQFS�FO[ZNF�SFTQPOTJCMF�GPS�DBUBMZ[JOH�UIF�

PSUIP�IZESPYZMBUJPO� PG� QIFOPMT� UP� DBUFDIPMT� BOE� UIFJS� GVSUIFS� PYJEBUJPO� UP� RVJOPOFT� VTJOH�

NPMFDVMBS�PYZHFO��
���
����5ZSPTJOBTF�JT�LOPXO�UP�PQFSBUF�UISPVHI�B�TJEF�PO�QFSPYP�EJDPQQFS	**
�

TQFDJFT�	41
�XIFSF�UIF�QIFOPMBUF�DPPSEJOBUFT�POF�PG�UIF�DPQQFS�DFOUFST�BOE�TVCTFRVFOU�BUUBDL�

PG�UIF�QFSPYP�NPJFUZ�PWFS�UIF�BSFOF�SJOH�BGGPSET�UIF�DPSSFTQPOEJOH�PYJEBUJPO�QSPEVDU��)PXFWFS
�

UIF�TVCTUSBUF�TDPQF�PG�UIJT�DPQQFS�FO[ZNF�JT�SFTUSJDUFE�UP�UIF�DMFBWBHF�PG�$�)�CPOET��*OEFFE
�

SFQMBDFNFOU�PG�UIF�PYJEJ[BCMF�$�)�CPOET�JO�UIF�TVCTUSBUF�CZ�$�'�CPOET�JT�LOPXO�UP�JOIJCJU�UIF�
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DBUBMZUJD� BDUJWJUZ� PG� UZSPTJOBTF���
� ��� /POFUIFMFTT
� PUIFS� OBUVSBM� FO[ZNFT
� TVDI� BT� DZUPDISPNF�

1���
� DIMPSPQFSPYJEBTF� BOE� GMBWJO� BEFOJOF� EJOVDMFPUJEF� 	'"%
�DPOUBJOJOH� QIFOPM�

IZESPYZMBTFT
� DBO� DBSSZ� PVU� UIF� EFGMVPSJOBUJPO� PG� BSPNBUJD� DPNQPVOET���
� ��� 'PS� JOTUBODF
� JO�

BOBMPHZ�XJUI� UZSPTJOBTF�T� SFBDUJWJUZ
� 	'"%
�DPOUBJOJOH�QIFOPM�IZESPYZMBTFT� DBO� USBOTGPSN���

GMVPSPQIFOPMT�UP�DBUFDIPMT�������

5IBOLT�UP�UIF�NBOZ�TUVEJFT�PO�NPEFM�DPNQPVOET
�JU�IBT�CFFO�EFNPOTUSBUFE�UIBU�VTVBMMZ�UIF�1�

TQFDJFT�BSF�JO�FRVJMJCSJVN�XJUI�IJHIMZ�FMFDUSPQIJMJD�CJT	϶�PYP
EJDPQQFS	***
�TQFDJFT�	0
����5IJT�

0�TQFDJFT�NBZ�VOSBWFM�OFX�PYJEBUJWF�USBOTGPSNBUJPOT�XIJDI�BSF�VOBUUBJOBCMF�CZ�UIF�1�JTPNFS��

"DUVBMMZ
� PVS� HSPVQ�EFNPOTUSBUFE� JO� ����� UIF� BCJMJUZ� PG� UIF�0� TQFDJFT� UP� DBUBMZ[F� UIF�PSUIP�

EFGMVPSJOBUJPO�IZESPYZMBUJPO�PG���GMVPSPQIFOPMBUFT�UP�ZJFME�UIF�DPSSFTQPOEJOH�DBUFDIPMT�BOE�TP�

TFMFDUJWFMZ�DPOWFSUJOH�$"S�'�CPOE�JOUP�B�$"S�0)�GVODUJPOBMJUZ�����5IJT�SFTVMU�TVHHFTUT�UIBU�UIF�0�

JTPNFS�JT�UIF�LFZ�BDUJWF�TQFDJFT�GPS�UIF�EFGMVPSJOBUJPO�IZESPYZMBUJPO�PG���GMVPSPQIFOPMT��(JWFO�

UIJT�QSFDFEFOU
�XF�EFDJEFE� UP�FYQMPSF�CPUI�FYQFSJNFOUBMMZ�BOE� DPNQVUBUJPOBMMZ� UIF� TFMFDUJWF�

EFGMVPSJOBUJPO�IZESPYZMBUJPO�PG���GMVPSPQIFOPMBUFT�XJUI�<$V�0�	%#&%
�>���	�

�B�DPNQPVOE�

GJSTU� EFTDSJCFE� CZ� 4UBDL� BOE� DP�XPSLFST� 	4DIFNF� 7**��
���
� ��� 5IJT� TZTUFN� JT� QBSUJDVMBSMZ�

JOUFSFTUJOH�CFDBVTF�JU�DPSSFTQPOET�UP�B�1�TQFDJFT
�UIBU�VQPO�BEEJUJPO�PG�B�QIFOPMBUF�USBOTGPSNT�

JOUP�B�0�DPNQPVOE�XIJDI�FWFOUVBMMZ�IZESPYZMBUFT�UIF�TVCTUSBUF��5IVT
�CPUI�1�BOE�0�JTPNFST�

BSF�PCTFSWFE�JO�UIF�TBNF�TZTUFN��.PSFPWFS
�QSFWJPVT�TUVEJFT�JO�PVS�HSPVQ�IBWF�TIPXO�UIBU���DBO�

BMTP� QFSGPSN� UIF� PSUIP�EFGMVPSJOBUJPO�IZESPYZMBUJPO� PG� ��GMVPSPQIFOPMBUFT
� FYIJCJUJOH�

TFMFDUJWJUZ�GPS�$�'�PWFS�$�)�PS�$�$M�CPOET����#Z�VTJOH�UIJT�DPNQMFY
�XF�XBOUFE�UP�HJWF�BOTXFS�

UP�UISFF�EJGGFSFOU�RVFTUJPOT��	J
�XIJDI�TQFDJFT�1�PS�0��JT�SFTQPOTJCMF�GPS�UIF�$�'�CPOE�DMFBWBHF�

BOE�TVCTFRVFOU�IZESPYZMBUJPO�PG�UIF���GMVPSPQIFOPMJD�TVCTUSBUF��	JJ
�UIF�PSJHJO�PG�UIF�TFMFDUJWF�

IZESPYZMBUJPO� BU� UIF� PSUIP�$�'� CPOE� PWFS� UIF� PSUIP�$�)� CPOE� VQPO� SFBDUJOH� XJUI� ��

GMVPSPQIFOPMT
� BOE� 	JJJ
� XIZ� $�$M� CPOET� SFNBJO� VOSFBDUJWF� EFTQJUF� CFJOH� XFBLFS� UIBO� $�'�

CPOET��5IF�PCUBJOFE�FYQFSJNFOUBM� SFTVMUT�XJMM�CF�FYQMBJOFE� JO�EFUBJM
�BOE� UIFZ�XJMM�CF�CSJFGMZ�

SFMBUFE�UP�UIF�DPNQVUBUJPOBM�SFTVMUT�QFSGPSNFE�JO�UIJT�DPMMBCPSBUJWF�XPSL�CZ�.S��1BV�#FTBMÙ�BOE�

%S��+PTFQ�.��-VÎT��
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�
4DIFNF�7**���4ZTUFN�EFTDSJCFE�CZ�4UBDL�BOE�DP�XPSLFST�GPS�UIF�PSUIP�IZESPYZMBUJPO�PG�QIFOPMBUFT���

4ZOUIFTJT�PG�UIF�DPQQFS	*
�QSFDVSTPS
�<$V*	%#&%
	$)�$/
>	1'�

�XBT�QFSGPSNFE�GPMMPXJOH�

B�TMJHIUMZ�NPEJGJFE�QSPDFEVSF�GSPN�UIF�QSFWJPVTMZ�SFQPSUFE�POF�JO�MJUFSBUVSF�CZ�.JSJDB�FU�BM���
����

6OEFS�B�/��BUNPTQIFSF
����N.�TPMVUJPOT�PG�UIF�%#&%�MJHBOE�BOE�<$V*�	$)�$/
�>	1'�
�JO�

BDFUPOJUSJMF�XFSF�QSFQBSFE��5IFO�FRVJNPMBS�BNPVOUT�PG�UIF�MJHBOE�BOE�UIF�DPQQFS	*
�TBMU�XFSF�

NJYFE�UP�HJWF�B����N.�ZFMMPX�TPMVUJPO�PG�<$V*	%#&%
	$)�$/
>	1'�
�BGUFS�TUJSSJOH�GPS���IPVS�

BU�SPPN�UFNQFSBUVSF��"T�UIJT�DPQQFS	*
�DPNQPVOE�JT�WFSZ�TFOTJUJWF�UP�PYZHFO�BOE�XBUFS
�BMM�UIF�

SFBDUJWJUZ�FYQFSJNFOUT�XFSF�QFSGPSNFE�VTJOH�GSFTIMZ�QSFQBSFE�<$V*	%#&%
	$)�$/
>	1'�
�

TPMVUJPOT�FWFSZEBZ��

4JODF� $V�0�� BEEVDUT� BSF� UIFSNBMMZ� VOTUBCMF� TQFDJFT
� MPX� UFNQFSBUVSF� 67�WJT�NPOJUPSJOH� JT�

SFRVJSFE� JO� PSEFS� UP� BWPJE� EFDPNQPTJUJPO�� "T� <$V*	%#&%
	$)�$/
>	1'�
� TFFNT� UP�

EFDPNQPTF�JO�UIF�BCTFODF�PG�BDFUPOJUSJMF�TPMWFOU
�TP�B�TPMWFOU�NJYUVSF�XBT�SFRVJSFE�JO�PSEFS�UP�

MPXFS�UIF�UFNQFSBUVSF�CFMPX������$��5IF�PQUJNBM�SBUJP�UP�BWPJE�EFDPNQPTJUJPO�PG�UIF�DPQQFS	*
�

DPNQMFY�XBT�GPVOE�UP�CF�$)�$/���.F5)'�JO�B������TPMWFOU�NJYUVSF��"U�UIJT�QPJOU�UIF�SFBDUJPO�

PG�B�����N.�TPMVUJPO�PG�<$V*	%#&%
	$)�$/
>	1'�
�JO�$)�$/���.F5)'������XJUI�0��BU��

��� �$� XBT� NPOJUPSFE� CZ� 67�WJT� TQFDUSPTDPQZ� HJWJOH� BO� JOUFOTF� CBOE� BU� ϴNBY� �� ���� ON�

DPSSFTQPOEJOH�UP�UIF�TJEF�PO�QFSPYPEJDPQQFS	**
�TQFDJFT
��1��5IJT�TQFDJFT��1�	Ϭ�������.��DN��
�

XBT�GVMMZ�GPSNFE�BGUFS�DB�����NJO�	'JHVSF�7**��
��&WFO�UIPVHI��1�JT�UIF�NPTU�TUBCMF�JTPNFS
�UIJT�

TQFDJFT�NBZ�CF�JO�FRVJMJCSJVN�XJUI�UIF��0�JTPNFS��*OEFFE
�UIF�SFMBUJWF�(JCCT�FOFSHJFT�PG�CPUI�

JTPNFST�XFSF�DPNQVUFE
�BOE�UIF�SFTVMU�JT�JO�BHSFFNFOU�XJUI�UIF�FYQFSJNFOUBM�GJOEJOH�XIFSF�UIF�

�1�JTPNFS�JT�DB������LDBMpNPM���MPXFS�JO�FOFSHZ�UIBO�UIF�DPSSFTQPOEJOH��0�JTPNFS�	'JHVSF�7**��
��
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'JHVSF�7**����5PQ��3FBDUJPO�PG�<$V*	%#&%
	$)�$/
>��XJUI�0��UP�GPSN��1�BOE��0�JTPNFST�BMPOH�XJUI�UIF�
DBMDVMBUFE�(JCCT�GSFF�FOFSHJFT�	PSBOHF
��#PUUPN��3FBDUJPO�PG�<$V*	%#&%
	$)�$/
>��	����N.
�XJUI�0��JO�
$)�$/���.F5)'������BU������$�NPOJUPSFE�CZ�67�WJT�TQFDUSPTDPQZ��*OTFU��LJOFUJD�USBDF�BU�ϴNBY�������ON��

*O�PSEFS�UP�HFOFSBUF�UIF�DPSSFTQPOEJOH�0�JTPNFS
�UIF�QSFWJPVTMZ��1�TQFDJFT�XBT�DPPMFE�EPXO�UP�

������$��8IFO�UIFSNBM�FRVJMJCSJVN�XBT�SFBDIFE
�B�OFX�67�WJT�TQFDUSVN�PG�UIF��1�TQFDJFT�XBT�

SFDPSEFE�� "U� UIJT� QPJOU
� �� FRVJWBMFOU� 	QFS� $V*� QSFDVSTPS
� PG� TPEJVN� �
��EJGMVPSPQIFOPMBUF�

EJTTPMWFE�JO����϶-�PG�BDFUPOF�XBT�BEEFE��5IJT�BEEJUJPO�USJHHFSFE�UIF�EFDBZ�PG�UIF�CBOE�BU�ϴ�������

ON�DIBSBDUFSJTUJD�PG��1
�BOE�UIF�JNNFEJBUF�HFOFSBUJPO�PG�UIF�CJT	P�PYP
�TQFDJFT�XJUI�UIF�CPVOE�

QIFOPMBUF�	�0pB
�XBT�PCTFSWFE�XJUI�DIBSBDUFSJTUJD�BCTPSQUJPO�CBOET�BU�ϴ�������ON�BOE�ϴ�������

ON�	'JHVSF�7**��
���0pB�XBT�OPU�TUBCMF�FWFO�BU�MPX�UFNQFSBUVSFT�BOE�EFDPNQPTFE�BT�TIPXO�JO�

UIF� LJOFUJD� USBDFT� 	'JHVSF�7**��
��5IJT� SFTVMU�XBT� GVSUIFS� TVQQPSUFE� CZ� BC� JOJUJP� DBMDVMBUJPOT
�

XIJDI�JOEJDBUF�UIBU�UIF�0�JTPNFS�	�0pB
�JT�����LDBMpNPM���NPSF�TUBCMF�UIBO�UIF�1�JTPNFS�	�1pB
�

VQPO�QIFOPMBUF� DPPSEJOBUJPO� 	'JHVSF�7**��
��0WFSBMM
� UIFTF� SFTVMUT� BSF� DPOTJTUFOU�XJUI� UIPTF�

QSFWJPVTMZ�SFQPSUFE�CZ�4UBDL�BOE�DP�XPSLFST
� JOEJDBUJOH� UIBU� UIF�DPOWFSTJPO�UP� UIF�0� JTPNFS�

PDDVST�VQPO�DPPSEJOBUJPO�PG�UIF�QIFOPMJD�TVCTUSBUF�UP�UIF�1�JTPNFS�����
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'JHVSF�7**���5PQ��3FBDUJPO�PG��1�XJUI��
��EJGMVPSPQIFOPMBUF�UP�GPSN�TQFDJFT��0pB�XJUI�UIF�DPSSFTQPOEJOH�

DBMDVMBUFE�(JCCT�GSFF�FOFSHJFT�	PSBOHF
�PG�UIF�UXP�QPTTJCMF�JTPNFST�GPSNFE��#PUUPN��3FBDUJPO�PG��1�	�����N.
�
XJUI���FRVJWBMFOUT��
��EJGMVPSPQIFOPMBUF�UP�GPSN�TQFDJFT��0pB�JO�$)�$/���.F5)'������BU�������$�NPOJUPSFE�

CZ�67�WJT�TQFDUSPTDPQZ��*OTFU��LJOFUJD�USBDFT�PG�ϴ	�0pB
�������ON
�BOE�ϴ	�0pB
�������ON��
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5BLJOH�JOUP�BDDPVOU�CPUI�UIF�FYQFSJNFOUBM�BOE�DPNQVUBUJPOBM�EBUB
�B�NFDIBOJTN�GPS�UIF�PSUIP�

EFGMVPSJOBUJPO�IZESPYZMBUJPO�PG���GMVPSPQIFOPMBUF�XBT�QSPQPTFE��5IJT�TVCTUSBUF�XBT�VTFE�JO�UIF�

%'5�DBMDVMBUJPOT�CFDBVTF� JU�CFBST�POF�PSUIP�$�'�CPOE�BOE�POF�PSUIP�$�)�CPOE
�TP� UIBU� UIF�

QSFGFSFODF�GPS�UIF�BUUBDL�PWFS�POF�CPOE�PS�UIF�PUIFS�DPVME�CF�FWBMVBUFE��"GUFS�DPPSEJOBUJPO�PG�

UIF�QIFOPMJD�TVCTUSBUF�UP�TQFDJFT��1�UP�GPSN�UIF�0�JTPNFS�	�0

�UIF�GJSTU�TUFQ�DPOTJTUT�JO�UIF�BUUBDL�

PWFS�UIF�PSUIP�$�9�CPOE�XIJDI�DBO�IBQQFO�BU�CPUI�PSUIP�QPTJUJPOT�HJWJOH�UXP�GFBTJCMF�SFBDUJPO�

QBUIT�	'JHVSF�7**��
��1BUI�"�XIFO�UIF�BUUBDL�PDDVST�BU�UIF�PSUIP�$�'�CPOE�ZJFMEJOH�UIF�NBKPS�

QSPEVDU
�BOE�1BUI�#�XIFO�JU�PDDVST�PO�UIF�PSUIP�$�)�CPOE�ZJFMEJOH�UIF�NJOPS�QSPEVDU��'PS�1BUI�

"�UIFSF�JT�BO�BUUSBDUJWF�OPODPWBMFOU�JOUFSBDUJPO�CFUXFFO�UIF�MPOF�QBJS�PG�UIF�GMVPSJOF�BUPN�BOE�

UIF� MFTT� DPPSEJOBUJWFMZ� TBUVSBUFE� DPQQFS	***
� DFOUFS
� HJWJOH� JOUFSNFEJBUF��� 	PCTFSWFE� PO� UIF�

/$*1-05
�$IBQUFS�***�'JHVSF��
��4VDI�BO�JOUFSBDUJPO�EPFT�OPU�PDDVS�JO�UIF�BDUJWBUJPO�PG�UIF�

PSUIP�$�)�CPOE�	1BUI�#
�CFDBVTF�UIF�IZESPHFO�BUPN�EPFT�OPU�IBWF�B�MPOF�QBJS�UP�JOUFSBDU�XJUI�

UIF�DPQQFS	***
�DFOUFS��5IF�0�NPJFUZ�FMFDUSPQIJMJDBMMZ�BUUBDLT�UIF�BSPNBUJD�SJOH
�XIJDI�JOWPMWFT�

UIF�QZSBNJEBMJ[BUJPO�PG�UIF�PSUIP�DBSCPO�HJWJOH�JOUFSNFEJBUFT��"�BOE��#
�GPS�1BUI�"�BOE�1BUI�#
�

SFTQFDUJWFMZ��5IJT�BUUBDL�JT�GPMMPXFE�CZ�UIF�SFBSPNBUJ[BUJPO�PG�UIF�TVCTUSBUF�UIBU�MFBET�UP�UIF�GJOBM�

DBUFDIPM�QSPEVDUT�FJUIFS�WJB�USBOTGFS�PG�UIF�GMVPSJOF�UP�UIF�MFTT�DPPSEJOBUFE�DPQQFS�DFOUFS�	1BUI�

"
�PSUIP�EFGMVPSJOBUJPO�IZESPYZMBUJPO�SFBDUJPO
� JOUFSNFEJBUF��"
�PS�CZ�UIF�QSPUPO�BCTUSBDUJPO�

UISPVHI�UIF�SFNBJOJOH�PYZHFO�BUPN�PG�UIF�0�DPSF�	1BUI�#
�PSUIP�IZESPYZMBUJPO
�JOUFSNFEJBUF�

�#
���

"T�DBO�CF�TFFO�JO�UIF�FOFSHZ�QSPGJMF�DBMDVMBUFE�GPS���GMVPSPQIFOPMBUF�	'JHVSF�7**��

�UIF�PSUIP�

EFGMVPSJOBUJPO�IZESPYZMBUJPO�	1BUI�"
�BOE�UIF�PSUIP�IZESPYZMBUJPO�	1BUI�#
�BSF�CPUI�QPTTJCMF��

)PXFWFS
�UIF�BUUBDL�PO�UIF�GMVPSJEF�JT���LDBMpNPM���NPSF�GBWPSFE�UIBO�UIF�BUUBDL�PO�UIF�IZESPHFO�

	ρ(	54�"
��������LDBMpNPM���WFSTVT�ρ(	54�#
��������LDBMpNPM��
��5IJT�UIFPSFUJDBM�SFTVMU�BHSFFT�

XFMM�XJUI�UIF�FYQFSJNFOUBM�EBUB��5IVT
�RVBOUJGJDBUJPO�PG�UIF�UXP�QPTTJCMF�DBUFDIPM�QSPEVDUT�GPS�

UIF� SFBDUJPO� PG� �1� XJUI� TPEJVN� ��GMVPSPQIFOPMBUF� XFSF� DBSSJFE� PVU�� *O� UIF� HMPWFCPY
� UIF�

DPQQFS	*
� QSFDVSTPS� XBT� QSFQBSFE� JO� B� 4DIMFOL� GMBTL� JO� B� $)�$/�BDFUPOF� 	����
� TPMWFOU�

NJYUVSF��5IF�TPMVUJPO�XBT�UBLFO�PVU�PG�UIF�HMPWFCPY�BOE�DPPMFE�EPXO�UP������$�JO�BO�BDFUPOF�/��

CBUI��0ODF� UIFSNBM� FRVJMJCSJVN�XBT� SFBDIFE
� BO�0�� BUNPTQIFSF�XBT� FTUBCMJTIFE
�XIJDI�XBT�

BDDPNQBOJFE� XJUI� BO� JNNFEJBUF� PCTFSWBCMF� DPMPS� DIBOHF� GSPN� QBMF� ZFMMPX� UP� EFFQ� QVSQMF�

DPSSFTQPOEJOH�UP�UIF�GPSNBUJPO�PG��1��5IF�NJYUVSF�XBT�MFGU�TUJSSJOH�BU������$�GPS�DB�����NJOVUFT�
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UP�FOTVSF�UIF�GVMM�GPSNBUJPO�PG��1��5IFO
�UIF�GMBTL�XBT�QVSHFE�WJB�WBDVVN�/��DZDMFT�UP�SFNPWF�

UIF�FYDFTT�PG�EJPYZHFO��"GUFS�UIBU
�����FRVJWBMFOUT�	QFS�$V	*
�QSFDVSTPS
�PG���GMVPSPQIFOPMBUF�

EJTTPMWFE�JO�����N-�PG�BDFUPOF�XFSF�BEEFE�UP�UIF�GMBTL�XIJDI�DBVTFE�BO�JNNFEJBUF�TVCTUBOUJBM�

DPMPS� DIBOHF� UP� B� EFFQ� CSPXO� DPMPS� DPSSFTQPOEJOH� UP� UIF� GPSNBUJPO� PG� UIF� CJT	϶�PYP
�

EJDPQQFS	***
� TQFDJFT�XJUI� UIF� CPVOE� QIFOPMBUF� 	�0pD
��5IF�NJYUVSF�XBT� MFGU� TUJSSJOH� GPS� ���

NJOVUFT�BU������$��"GUFSXBSET
�UIF�SFBDUJPO�XBT�RVFODIFE�XJUI�BO�BRVFPVT�TPMVUJPO�PG�)$M0��

BOE�JU�XBT�MFU�BUUBJO�SPPN�UFNQFSBUVSF��"U�UIJT�QPJOU
��
�
��USJNFUIPYZCFO[FOF�XBT�BEEFE�BT�BO�

JOUFSOBM�TUBOEBSE�BOE�BGUFS�XPSLJOH�VQ�UIF�SFBDUJPO�DSVEF
�UIF�TBNQMF�XBT�BOBMZ[FE�CZ�)1-$�

XIJDI�BGGPSEFE�B�����ZJFME�PG�DBUFDIPM�GPSNFE�WJB�$�'�BDUJWBUJPO�	1BUI�"
�BOE�B����ZJFME�PG���

GMVPSPDBUFDIPM�WJB�$�)�BDUJWBUJPO�	1BUI�#
�XJUI�SFTQFDU�UP�UIF�$V�0��DPSF��5IVT
�CPUI�$�'�BOE�

$�)� BDUJWBUJPO� QSPEVDUT� BSF� PCUBJOFE� BOE� UIF� PSUIP�EFGMVPSJOBUJPO� QSPEVDU� DPOTUJUVUFT� UIF�

NBKPS�POF�	�����$�'�WT�$�)�PYZHFOBUJPO

�XIJDI�JT�JO�SFBTPOBCMF�BHSFFNFOU�XJUI�UIF�UIFPSFUJDBM�

SFTVMUT�TIPXO�JO�'JHVSF�7**����5IFSFGPSF
�UIF�PSUIP�$�'�CPOE�JT�NPSF�SFBDUJWF�BHBJOTU�DPNQPVOE�

�0pD
�FWFO�JO�UIF�QSFTFODF�PG�B�QSFTVNBCMZ�XFBLFS�CPOE�TVDI�BT�UIF�PSUIP�$�)�CPOE��

"U�UIJT�QPJOU
�GVSUIFS�FYQFSJNFOUBM�NFDIBOJTUJD�TUVEJFT�XFSF�QFSGPSNFE�JO�PSEFS�UP�DPOGJSN�UIF�

FMFDUSPQIJMJD�BUUBDL�PG�UIF�$V�0��DPSF�UP�UIF�BSPNBUJD�SJOH�BT�QPJOUFE�PVU�CZ�%'5�DBMDVMBUJPOT��

*O�PSEFS�UP�EP�TP
�UIF�LJOFUJDT�PG�UIF�SFBDUJPO�PG��1�XJUI�B�TFSJFT�PG�QBSB�TVCTUJUVUFE�TPEJVN���

GMVPSPQIFOPMBUFT�XJUI�UVOFE�FMFDUSPOJD�QSPQFSUJFT�	TPEJVN���GMVPSP���:�QIFOPMBUF��:���$M
�'
�

)�BOE�$)�
�XFSF�NPOJUPSFE�CZ�67�WJT�TQFDUSPTDPQZ��*O�B�UZQJDBM�FYQFSJNFOU
�DPNQPVOE��1�XBT�

HFOFSBUFE�BU������$�CZ�SFBDUJPO�PG�UIF�DPQQFS	*
�QSFDVSTPS�<$V*	%#&%
	$)�$/
>	1'�
�BOE�

EJPYZHFO� JO� B� $)�$/���.F5)'� ����� TPMWFOU� NJYUVSF�� 0ODF� DPNQPVOE� �1� SFBDIFE� JUT�

NBYJNVN�BCTPSCBODF�	ϴNBY�������ON��Ϭ��������.��DN��

�UIF�UFNQFSBUVSF�XBT�MPXFSFE�UP������

�$�BOE�UIF�BQQSPQSJBUF�BNPVOU�PG�QBSB�TVCTUJUVUFE�TPEJVN���GMVPSPQIFOPMBUF�XBT�BEEFE��5IJT�

DBVTFE�UIF�DPOWFSTJPO�PG��1�	ONBY�������ON
�JOUP�UIF�DPSSFTQPOEJOH�QIFOPMBUF�CPVOE�0�JTPNFS�

XJUI�BCTPSQUJPO�CBOET�CFUXFFO�ϴ�������m�����ON�	�0pY
�	'JHVSF�7**��
��5IF�67�WJT�TQFDUSB�PG�

TQFDJFT��0pY�XFSF�DPOTJTUFOU�XJUI�UIF�BOBMPHVFT�QSFWJPVTMZ�SFQPSUFE�CZ�4UBDL�BOE�DP�XPSLFST���

BOE�JO�UIF�HSPVQ�VTJOH�UIF�N�9:-.F"/�MJHBOE�����

�
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5IF�TFMG�EFDBZT�PG�DPNQPVOET��0pY�XFSF�TMPX�FOPVHI�UP�CF�NPOJUPSFE�CZ�67�WJT�TQFDUSPTDPQZ�

BU�������$�BOE�UIFZ�TIPXFE�B�GJSTU�PSEFS�CFIBWJPS�UIBU�DPVME�CF�TBUJTGBDUPSJMZ�GJUUFE�UP�B�TJOHMF�

FYQPOFOUJBM�GVODUJPO�CZ�OPOMJOFBS�SFHSFTTJPO�NFUIPET��5IF�EFDBZ�SBUF�	L
�XBT�EFQFOEFOU�PO�

UIF�OBUVSF�PG�UIF�QBSB�TVCTUJUVFOU�:
�TP�UIF�MPHBSJUIN�PG�L�XBT�QMPUUFE�BHBJOTU�UIF�DPSSFTQPOEJOH�

)BNNFUU� QBSB�TVCTUJUVFOU� DPOTUBOU� 	ϽQ
� BGGPSEJOH� B� MJOFBS� DPSSFMBUJPO� 	3�� �� ����
� XJUI� B�

OFHBUJWF�TMPQF�	ϼ�������
�	'JHVSF�7**��
��"�OFHBUJWF�ϼ�WBMVF�JT�JOEJDBUJWF�PG�BO�FMFDUSPQIJMJD�BUUBDL�

PO�UIF�BSPNBUJD�SJOH�PG���GMVPSP���:�QIFOPMBUF
�TP�UIBU�UIF�TFMG�EFDBZ�JT�GBTUFS�GPS�NPSF�FMFDUSPO�

EPOBUJOH�:�QBSB�TVCTUJUVFOUT��5IJT�SFTVMU�BHSFFT�XJUI�UIF�QSPQPTFE�NFDIBOJTN�CBTFE�PO�%'5�

DBMDVMBUJPOT�QFSGPSNFE�PO�TJY�GSPOUJFS�PSCJUBMT�PG�DPNQPVOE��0pB�	$IBQUFS�***�'JHVSF��
��

�
'JHVSF�7**���&YQFSJNFOUBM�)BNNFUU�QMPU�GPS�UIF�TFMG�EFDBZ�PG��0pY�	Y���C�m�F
�BU�������$�JO�$)�$/���.F5)'�
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"O�&ZSJOH�QMPU�XBT�FYQFSJNFOUBMMZ�EFUFSNJOFE�JO�PSEFS�UP�DIFDL�UIF�QSFDJTJPO�PG�UIF�DPNQVUFE�

SFBDUJPO�CBSSJFST�GPS�UIF�SFBDUJPO�PG��1�XJUI��
��EJGMVPSPQIFOPMBUF��5IVT
�UIF�EFDBZ�SBUF�PG�TQFDJFT�

�0pB� GPSNFE� VQPO� SFBDUJPO� PG� �1� XJUI� �
��EJGMVPSPQIFOPMBUF� XBT� NFBTVSFE� BU� EJGGFSFOU�

UFNQFSBUVSFT��5P�EP�TP
�JO�B�UZQJDBM�FYQFSJNFOU
�DPNQPVOE��1�XBT�HFOFSBUFE�VQPO�SFBDUJPO�PG�

UIF� DPQQFS	*
� QSFDVSTPS� BOE� 0�� BU� ���� �$�� 0ODF� �1� SFBDIFE� JUT� NBYJNVN� BCTPSCBODF
� UIF�

UFNQFSBUVSF�XBT�DIBOHFE�BOE�TFU�GPS�FBDI�FYQFSJNFOU�	����
�����
����
����
�����BOE������$
��

8IFO�UIF�OFX�UIFSNBM�FRVJMJCSJVN�XBT�SFBDIFE
�B�67�WJT�TQFDUSVN�PG��1�XBT�SFDPSEFE�BOE�UIFO�

����FRVJWBMFOUT�PG�TPEJVN��
��EJGMVPSPQIFOPMBUF�XFSF�BEEFE�DBVTJOH�UIF�JNNFEJBUF�GPSNBUJPO�

PG�DPNQPVOE��0pB�	ϴ�������ON�BOE�ϴ�������ON
��5IF�LJOFUJD�USBDFT�NPOJUPSFE�BU�����ON�XFSF�

BOBMZ[FE�BU�UIF�EJGGFSFOU�UFNQFSBUVSFT�BOE�SFBDUJPO�SBUFT�	L
�DPVME�CF�FYUSBDUFE�CZ�BEKVTUJOH�UIF�
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EFDBZT�UP�TJOHMF�FYQPOFOUJBM�GVODUJPOT�UISPVHI�OPOMJOFBS�SFHSFTTJPO�NFUIPET��5IF�PCUBJOFE�L�

WBMVFT� EFQFOE� PO� UIF� UFNQFSBUVSF� BOE� UIF� &ZSJOH� QMPU� BOBMZTJT� SFWFBMT� B� SFMBUJWFMZ� TNBMM�

BDUJWBUJPO�FOUIBMQZ�	ρ)o�������������LDBMpNPM��
�BOE�B�OFHBUJWF�BDUJWBUJPO�FOUSPQZ�	ρ4o���������

��DBMp,��NPM��
�	'JHVSF�7**���
��5IF�FYQFSJNFOUBMMZ�PCUBJOFE�(JCCT�GSFF�FOFSHZ�	ρ(o
FYQ����������

����LDBMpNPM��
�OJDFMZ�BHSFFT�XJUI�UIF�DPNQVUFE�WBMVF�PCUBJOFE�GPS�UIJT�QBSBNFUFS�	ρ(o
DBMD��������

LDBMpNPM��
��

�
'JHVSF�7**����&YQFSJNFOUBM�&ZSJOH�QMPU�GPS�UIF�EFDBZ�PG��0pB�JO�$)�$/���.F5)'������BU�EJGGFSFOU�

UFNQFSBUVSFT��

5IF�OJDF�BHSFFNFOU�CFUXFFO�UIFPSZ�BOE�FYQFSJNFOUT�QSPNQUFE�VT�UP�BMTP�DBMDVMBUF�UIF�EJGGFSFOU�

SFBDUJPO�QBUIT�GPS�UIF�JOUFSBDUJPO�PG��1�XJUI���DIMPSP���GMVPSPQIFOPMBUF��5IVT
�CPUI�UIF�BUUBDL�

BU�UIF�PSUIP�$�'�BOE�PSUIP�$�$M�QPTJUJPOT�XFSF�DBMDVMBUFE��*O�UIJT�DBTF
�UIF�BDUJWBUJPO�PG�UIF�$�'�

CPOE�JT�QSFGFSSFE�PWFS�UIF�$�$M�CPOE�CZ�BO�FOFSHZ�CBSSJFS�EJGGFSFODF�PG�����LDBMpNPM��
�BOE�UIFTF�

%'5� CBSSJFST� BSF� GVMMZ� DPOTJTUFOU� XJUI� UIF� FYDMVTJWF� BDUJWBUJPO� PG� UIF� $�'� CPOE
� XIJDI� JT�

FYQFSJNFOUBMMZ�PCTFSWFE�GPS�UIJT�TVCTUSBUF����

*O� TVNNBSZ
� XF� IBWF� CFFO� BCMF� UP� UIFPSFUJDBMMZ� BOE� FYQFSJNFOUBMMZ� JOWFTUJHBUF� UIF� SFBDUJPO�

QBUIXBZ� PG� UIF� PSUIP�EFGMVPSJOBUJPO�IZESPYZMBUJPO� PG� ��GMVPSPQIFOPMBUFT� CZ� UIF�

<	%#&%
$V*	$)�$/
>��TZTUFN��5IJT�TUVEZ�SFWFBMT�UIF�0� JTPNFS�BT� UIF�SFTQPOTJCMF� GPS� UIF�

FMFDUSPQIJMJD�BUUBDL�PG�UIF�QIFOPMBUF�$V�0��DPSF�PWFS�UIF�PSUIP�$�'�QPTJUJPO�PG�UIF�BSFOF�SJOH�PG�

UIF�QIFOPMJD�TVCTUSBUF��.PSFPWFS
�UIF�DPNQVUFE�DIFNPTFMFDUJWJUZ�UPXBSET�UIF�BDUJWBUJPO�PG�UIF�

$�'�CPOE�PWFS�$�$M�PS�$�)�CPOET�XBT�BMTP�JO�BHSFFNFOU�XJUI�QSFWJPVT�FYQFSJNFOUBM�SFTVMUT���



�

�
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9,,���:(//�'(),1('�$5</�)H,,�&203/(;(6�,1�&5266�&283/,1*�
$1'�&�+�$&7,9$7,21�352&(66(6�

4JODF�UIF�EFWFMPQNFOU�PG�NBOZ�FGGJDJFOU�BOE�QPMZWBMFOU�JSPO�NFEJBUFE�DSPTT�DPVQMJOH�BOE�$�)�

BDUJWBUJPO�NFUIPEPMPHJFT�UP�BWPJE�UIF�VTF�PG�UPYJD�BOE�FYQFOTJWF�OPCMF�NFUBMT�TVDI�BT�QBMMBEJVN�

BOE�QMBUJOVN
�UIF�OFFE�GPS�HBJOJOH�EFFQFS�JOTJHIU�JOUP�UIF�NFDIBOJTUJD�GFBUVSFT�PG�JSPO�NFEJBUFE�

DSPTT�DPVQMJOH� BOE� $�)� BDUJWBUJPO� SFBDUJPOT� IBT� OBUVSBMMZ� FNFSHFE���
� ��� *OEFFE
� EFUBJMFE�

NFDIBOJTUJD� DPNQSFIFOTJPO� PG� TPNF� GVOEBNFOUBM� TUFQT� JT� LFZ� UP� EFWFMPQ� GSVJUGVM� TZOUIFUJD�

NFUIPEPMPHJFT��/FWFSUIFMFTT
�BOE�SFGFSSJOH�CBDL�UP�TFDUJPO�*�����	�

�EVF�UP�B
�UIF�TFOTJUJWJUZ�UP�

UFNQFSBUVSF
�BJS�BOE�NPJTUVSF�PG�UIF�DPNQMFYFT�JO�TJUV�GPSNFE�JO�JSPO�NFEJBUFE�USBOTGPSNBUJPOT
�

XIJDI�JO�NPTU�DBTFT�MFBE�UP�QBSBNBHOFUJD�TQFDJFT
�BOE�C
�UIF�BCJMJUZ�UP�VOEFSHP�POF�BOE�UXP�

FMFDUSPO� SFEPY� QSPDFTTFT
� BOE�PS� SBEJDBM� QBUIXBZT
� � POMZ� GFX� FYBNQMFT� PG� JTPMBUFE� BOE�

DIBSBDUFSJ[FE�PSHBOPJSPO�JOUFSNFEJBUFT�SFMFWBOU�GPS�DSPTT�DPVQMJOH�PS�$�)�BDUJWBUJPO�SFBDUJPOT�

IBWF� CFFO� EFTDSJCFE
� XIJDI� DPOUSBTUT� XJUI� UIF� BCVOEBOU� OVNCFS� PG� NFUIPEPMPHZ�UZQF�

QVCMJDBUJPOT�� *O� UIJT� MJOF
� PVS� SFTFBSDI� HSPVQ� JT� IJHIMZ� USBJOFE� JO� TVDDFTTGVMMZ� USBQQJOH� BOE�

DIBSBDUFSJ[JOH�JNQPSUBOU�PSHBOPNFUBMMJD�JOUFSNFEJBUFT�XJUI�NBDSPDZDMJD�NPEFM�TVCTUSBUFT�	TFF�

TFDUJPO�*���JO��
�������5P�UIJT�FOE
�XF�EFDJEFE�UP�DPNCJOF�UXP�TUSBUFHJFT�UP�JTPMBUF�BOE�DIBSBDUFSJ[F�

BSZM�JSPO	**
�DPNQMFYFT�SFMFWBOU�GPS�$�9�)�BDUJWBUJPO�BOE�GVODUJPOBMJ[BUJPO��0O�UIF�POF�IBOE
�

UIF�VTF�PG�B�NBDSPDZDMJD�NPEFM�TVCTUSBUF�UIBU�XPVME�BDU�BT�B�MJHBOE�JUTFMG��0O�UIF�PUIFS�IBOE
�UIF�

VTF� PG� TUSPOH� GJFME� MJHBOET� UP� FOIBODF� UIF� TUBCJMJ[BUJPO�PG� UIJT� PUIFSXJTF� FMVTJWF� BSZM�JSPO	**
�

DPNQMFY��"GUFS�JTPMBUJOH�BOE�DIBSBDUFSJ[JOH�UIF�XFMM�EFGJOFE�BSZM�JSPO	**
�DPNQMFY
�QSFMJNJOBSZ�

SFBDUJWJUZ�TUVEJFT�SFHBSEJOH�UIF�GPSNBUJPO�PG�OFX�$"S�$�CPOET�XJMM�CF�EFTDSJCFE
�UPHFUIFS�XJUI�

TPNF�VOFYQFDUFE�BOE�VOQSFDFEFOUFE�SFBDUJWJUZ�UPXBSET�UIF�GPSNBUJPO�PG�UFSUJBSZ�BNJEFT��

'PS� UIJT� QSPKFDU� B� ���NFNCFSFE� NBDSPDZDMJD� NPEFM� TVCTUSBUF� 	.F-)
� XBT� DIPTFO
� XIJDI� JT�

TQFDJBMMZ� EFTJHOFE� GPS� UIF� TUBCJMJ[BUJPO� PG� PDUBIFESBM� NFUBM� HFPNFUSJFT� EVF� UP� JUT� CFOU�

BSSBOHFNFOU�� .F-)� JT� B� OJUSPHFO�CBTFE� USJEFOUBUF� MJHBOE� DPOUBJOJOH� B� QZSJEJOF� HSPVQ� XIJDI�

DPOOFDUT�TZNNFUSJDBMMZ�UP�UXP�BMJQIBUJD�BNJOFT�CFBSJOH�NFUIZM�TVCTUJUVFOUT��5IFTF�BNJOFT�BSF�

DPOOFDUFE�UP�B�QIFOZM�NPJFUZ�JO�QPTJUJPOT���BOE��
�MFBWJOH�UIF�$�)�CPOE�JO�QPTJUJPO���SFBEZ�GPS�

BDUJWBUJPO� 	4DIFNF� 7**��
�� 5IJT� MJHBOE� QMBUGPSN� XBT� QSFWJPVTMZ� VTFE� JO� PVS� HSPVQ� BOE� IBT�

QSPWFO�UP�CF�BO�PVUTUBOEJOH�BSDIJUFDUVSF�UIBU�FOBCMFT�UIF�JTPMBUJPO�PG�LFZ�PSHBOPNFUBMMJD�BSZM�

DPCBMU	***
� DPNQMFYFT� GPS�$�)� BDUJWBUJPO� BOE� GVODUJPOBMJ[BUJPO� SFBDUJPOT���
� ���.PSFPWFS
� UIF�
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HSPVQ�PG�.JSJDB�VTFE�3-)� GPS�UIF�TZOUIFTJT�BOE�DIBSBDUFSJ[BUJPO�PG�IJHI�WBMFOU�PSHBOPNFUBMMJD�

QBMMBEJVN�BOE�OJDLFM�DPNQMFYFT�������

�

4DIFNF�7**���$IPJDF�BOE�EFTJHO�TDIFNF�PG�UIF�NPEFM�NBDSPDZDMJD�TVCTUSBUF�.F-)�GPS�UIF�GPSNBUJPO�PG�
PSHBOPNFUBMMJD�BSZM�JSPO	**
�DPNQMFYFT�WJB�$�)�BDUJWBUJPO�UISPVHI�BO�PSUIP�EJSFDUJOH�HSPVQ�TUSBUFHZ��

5IF�TZOUIFTJT�PG�.F-)�XBT�DBSSJFE�PVU�BDDPSEJOH�UP�QSFWJPVTMZ�SFQPSUFE�QSPDFEVSFT����5IVT
�UIF�

OFYU�HPBM�XBT�UIF�TZOUIFTJT�PG�UIF�DPSSFTQPOEJOH�JSPO	**
�DPNQMFYFT�UP�TUVEZ�UIF�JOUFSBDUJPO�PG�

UIF�JSPO�DFOUFS�XJUI�UIF�DPSSFTQPOEJOH�$"S�)�CPOE��8JUI�UIJT�BJN
�FRVJNPMBS�BNPVOUT�PG�.F-)�

BOE�'F$M��XFSF�NJYFE�JO�ESZ�BDFUPOJUSJMF�BU�SPPN�UFNQFSBUVSF�VOEFS�B�/��BUNPTQIFSF�BOE�UIF�

NJYUVSF�XBT�WJHPSPVTMZ�TUJSSFE�GPS����IPVST��$PNQPVOE�<	.F-)
'F**	$M
�>�	�p$M�
�XBT�PCUBJOFE�

JO�����BGUFS�SFDSZTUBMMJ[BUJPO�	'JHVSF�7**���B
��5IF�TUSVDUVSF�PG��p$M��XBT�GJSTU�DPOGJSNFE�CZ�)3�

&4*�.4
� �)�/.3� 	QBSBNBHOFUJD

� '5�*3
� FMFNFOUBM� BOBMZTJT� BOE� 93%� BOBMZTJT�� 5IF� MBUUFS�

TIPXFE�UIBU�UIF�JSPO�DFOUFS�XBT�DPPSEJOBUFE�UP�CPUI�UFSUJBSZ�BNJOFT
�UIF�QZSJEJOF�NPJFUZ�BOE�

UXP�DIMPSJEFT
�UISPVHI�B�EJTUPSUFE�TRVBSF�QZSBNJEBM�HFPNFUSZ�	Ͼ�������
����5IF�MPOH�'F�/�CPOE�

EJTUBODFT�	�����ª
�DPOGJSNFE�UIF�IJHI�TQJO�TUBUF�PG�UIF�JSPO	**
�DFOUFS�JO�BHSFFNFOU�XJUI�UIF�

PCTFSWBUJPO�PG�B�QBSBNBHOFUJD��)�/.3��&WFO�UIPVHI�UIF�JSPO	**
�DFOUFS�XBT�QFOUBDPPSEJOBUFE
�

B�TJYUI�DPPSEJOBUJPO�TJUF
� UIBU�XPVME�DPOTUJUVUF� UIF�PDUBIFESBM�HFPNFUSZ
�XBT�PDDVQJFE�CZ�BO�

JODJQJFOU�JOUFSBDUJPO�XJUI�UIF�UBSHFUFE�JOOFS�$"S�)�CPOE�GSPN�UIF�.F-)�MJHBOE
�CFJOH�UIJT�PVU�PG�

QMBOF� GSPN�UIF�QIFOZM�SJOH�QMBOF�	UPSTJPO�BOHMF�ϯ��������
�'JHVSF�7**���C
��"EEJUJPOBMMZ
� UIF�

FGGFDUJWF�NBHOFUJD�NPNFOU�PG�UIF�JSPO	**
�DPNQMFY�XBT�NFBTVSFE�CZ�UIF�&WBOT��NFUIPE�XJUI�B�

SFTVMU�PG�϶FGG��������P#
� DPOTJTUFOU�XJUI���VOQBJSFE� FMFDUSPOT� GPS�BO� JSPO	**
�IJHI�TQJO�DFOUFS��
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-JLFXJTF
� UIF�BOBMPHPVT�DPNQMFY�XJUI�CSPNJEFT�BT�DPVOUFSJPOT�	�p#S�
�XBT�BMTP�PCUBJOFE� JO�

����ZJFME�XJUI�TUSVDUVSBM�BOE�TQFDUSPTDPQJD�GFBUVSFT�TJNJMBS�UP��p$M��	'JHVSF�7**���D
��

�
'JHVSF�7**����B
�4ZOUIFTJT�PG�UIF�JSPO	**
�DPNQMFY�QSFDVSTPST��p9��	9���$M�BOE�#S

�BOE�FGGFDUJWF�NBHOFUJD�
NPNFOU�EFUFSNJOFE�CZ�UIF�&WBOT��NFUIPE�GPS�DPNQMFY��p$M��XIJDI�JT�DPOTJTUFOU�XJUI�B�IJHI�TQJO�JSPO	**
�
DPNQMFY��C
�BOE�D
�9�SBZ�TUSVDUVSFT�PG��p$M��BOE��p#S��EFUFSNJOFE��BU�����,�	$$%$���������BOE�$$%$�

�������
�BMPOH�XJUI�TFMFDUFE�TUSVDUVSBM�QBSBNFUFST��

5IF�9�SBZ�TUSVDUVSFT�PG��p$M��BOE��p#S��TVHHFTUFE�UIBU�BO�PDUBIFESBM�HFPNFUSZ�XBT�QPTTJCMF�BT�

MPOH�BT�UIF�$"S�)�CPOE�BDUJWBUJPO�PDDVSSFE
�BGGPSEJOH�BO�PSHBOPNFUBMMJD�BSZM�JSPO�DPNQMFY�XJUI�

B�$"S�'F�CPOE�PDDVQZJOH�UIF�TJYUI�DPPSEJOBUJPO�TJUF��8JUI�UIJT�BJN
�XF�EFDJEFE�UP�FYQMPSF�UIF�

SFBDUJWJUZ�PG��p$M��UPXBSET�B�QIFOZM�(SJHOBSE�SFBHFOU��'JSTU
�XF�TPVHIU�GPS�UIF�GPSNBUJPO�PG�UIF�

CJBSZM� DPVQMJOH� QSPEVDU� 	.F-1I
� CZ� QFSGPSNJOH� UIF� SFBDUJPO� PG� �p$M�� XJUI� �� FRVJWBMFOUT� PG�

1I.H#S�JO�5)'�BU������$�VOEFS�B�/��BUNPTQIFSF�GPS���IPVS��5IF�NJYUVSF�XBT�BMMPXFE�UP�BUUBJO�

SPPN�UFNQFSBUVSF�GPS���IPVST
�BOE�GJOBMMZ�BFSPCJD�XPSL�VQ�BOE�QVSJGJDBUJPO�PG�UIF�SFBDUJPO�DSVEF�

HBWF�UIF�EFTJSFE�$�$�CJBSZM�DPVQMJOH�QSPEVDU�.F-1I�JO�B�����ZJFME�	����ZJFME�DPSSFTQPOET�UP�UIF�

QSPUPEFNFUBMMBUJPO�QSPEVDU�PS�TUBSUJOH�MJHBOE
�.F-)
�	'JHVSF�7**���B
��5IF�GJOBM�$�$�DPVQMJOH�

QSPEVDU�XBT� GVMMZ� DIBSBDUFSJ[FE� CZ�)3�&4*�.4� TQFDUSPNFUSZ� 	DBMDE�� GPS�$��)��/�
� <.�)>��

����������FYQ���������
�BOE�/.3�TQFDUSPTDPQZ��5IF�DPNQPVOE�DPVME�CF�GVMMZ�BTTJHOFE�CZ�
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NFBOT�PG�CPUI��%��BOE��%�/.3�FYQFSJNFOUT��*OUFSFTUJOHMZ
�GSPN�UIF��)�/.3�TQFDUSVN�JU�DBO�

CF� TFFO� UIBU� UIF� SPUBUJPO� CFUXFFO�$"S�$1I� JT� JNQFEFE� BT� BMM� QSPUPOT� DPSSFTQPOEJOH� UP� CPUI�

QIFOZM�SJOHT�BSF�OPOFRVJWBMFOU��.PSFPWFS
�POF�PG�UIF�PSUIP�QSPUPOT�GSPN�UIF�QIFOZM�NPJFUZ�JT�

TUSPOHMZ�TIJGUFE�EPXO�GJFME�	ϫ	)G
��������QQN
�EVF�UP�UIF�TIJFMEJOH�DPOF�FGGFDU�JOEVDFE�CZ�JUT�

MPDBUJPO� CFUXFFO� CPUI� UIF� BSZM� BOE� UIF� QZSJEJOF� SJOHT� GSPN� UIF� MJHBOE
� BOE� TP� EVF� UP�

QFSQFOEJDVMBS�QPTJUJPOJOH�PG�UIF�QIFOZM�SJOH�XJUI�SFTQFDU�UP�UIF�QMBOFT�PG�UIF�BSZM�BOE�QZSJEJOF�

SJOHT�GSPN�UIF�MJHBOE�	'JHVSF�7**���C�BOE�D
��

�

'JHVSF�7**����B
�3FBDUJPO�PG��p$M��UPXBSET�1I.H#S�GPS�UIF�GPSNBUJPO�PG�CJBSZM�$�$�DPVQMJOH�QSPEVDU�	.F-1I
��C
�
3FQSFTFOUBUJPO�PG�UIF�TIJFMEJOH�DPOF�FGGFDU�PCTFSWFE�CZ��)�/.3�GPS�.F-1I
�BOE�D
��)�/.3�TQFDUSVN�PG�.F-1I�JO�

$%$M��BU�SPPN�UFNQFSBUVSF��

�
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5IF�GPSNBUJPO�PG�UIF�EFTJSFE�$�$�DPVQMJOH�QSPEVDU�JT�DMFBSMZ�TVHHFTUJOH�UIF�JOWPMWFNFOU�PG�BO�

BSZM�JSPO�JOUFSNFEJBUF�TQFDJFT��)FODF
�TFWFSBM�BUUFNQUT�UP�JTPMBUF�UIF�PSHBOPJSPO�TQFDJFT�EFSJWFE�

GSPN�UIF�$�)�BDUJWBUJPO�XFSF�DBSSJFE�PVU�CZ�QFSGPSNJOH�UIF�SFBDUJPO�VOEFS�TFWFSF�JOFSU�BOE�ESZ�

BUNPTQIFSF
�BU�MPX�UFNQFSBUVSF�BOE�VTJOH�POMZ�POF�FRVJWBMFOU�PG�UIF�QIFOZM�(SJHOBSE�SFBHFOU��

6OGPSUVOBUFMZ
� OPOF� PG� UIF� BUUFNQUT� UP� JTPMBUF� UIF� PSHBOPJSPO� TQFDJFT� XBT� TVDDFTTGVM�� *G� XF�

DPOTJEFS�UIF�$�)�BDUJWBUJPO�TUFQ�PDDVST�WJB�B�Ͻ�CPOE�NFUBUIFTJT
�BOE�JG�XF�BOBMZ[F�JO�NPSF�EFUBJM�

UIF�TUSVDUVSBM�BOE�FMFDUSPOJD�QSPQFSUJFT�UIBU�UIJT�QVUBUJWF�BSZM�JSPO�DPNQMFY�	#
�NBZ�IBWF
�UIF�

SFTVMUJOH�PSHBOPJSPO�XPVME�CF�B����FMFDUSPO�QFOUBDPPSEJOBUFE�DPNQMFY�	4DIFNF�7**��
��

�

4DIFNF�7**���'PSNBUJPO�PG�UIF�QVUBUJWF�VOTUBCMF�TQFDJFT�#�VQPO�$�)�BDUJWBUJPO�WJB�Ͻ�CPOE�NFUBUIFTJT���

"U�UIJT�QPJOU�XF�EFDJEFE�UP�DIBOHF�PVS�TZOUIFUJD�TUSBUFHZ�UP�TUBCJMJ[F�BOE�JTPMBUF�B�SFMFWBOU�BSZM�

JSPO�DPNQMFY�CZ�B�GPSNBM�UXP�FMFDUSPO�PYJEBUJWF�BEEJUJPO�UP�B�$�#S�CPOE�XBT�FOWJTJPOFE��5P�EP�

TP
�UIF�JOJUJBM�.F-)�XBT�NPEJGJFE
�BOE�UIF�QSFWJPVT�EJSFDUFE�PSUIP�$"S�)�CPOE�XBT�DIBOHFE�CZ�

UIF�OFX�UBSHFUFE�PSUIP�$"S�#S�CPOE�	.F-#S
�	4DIFNF�7**��
��

�

4DIFNF�7**���/FX�MJHBOE�EFTJHO�GSPN�$�)�BDUJWBUJPO�	.F-)
�UP�$�#S�BDUJWBUJPO�	.F-#S
��

5IF�TZOUIFTJT�PG�UIJT�OFX�NBDSPDZDMJD�NPEFM�TVCTUSBUF�XBT�BDIJFWFE�UISPVHI�TJY�SFBDUJPO�TUFQT�

JO�HPPE�ZJFMET�TUBSUJOH�GSPN�UIF�DPNNFSDJBMMZ�BWBJMBCMF��
��CJT	DIMPSPNFUIZM
QZSJEJOF�	4DIFNF�

7**��
��'JSTU
�UIF�DPSSFTQPOEJOH��
��CJT	B[JEPNFUIZM
QZSJEJOF�	J
�JT�GPSNFE�XJUI�TPEJVN�B[JEF�

SFGMVYFE�JO�EJNFUIZMGPSNBNJEF��5IFO
�J� JT�IZESPHFOBUFE�JO�B�)��BUNPTQIFSF�VTJOH�QBMMBEJVN�
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PWFS�DBSCPO�DBUBMZTU�JO�FUIBOPM�BU�SPPN�UFNQFSBUVSF� UP�PCUBJO��
��CJT	BNJOPNFUIZM
QZSJEJOF�

	JJ
�� "GUFS� UIBU
� UPTZMBUJPO� XJUI� UPTZM� DIMPSJEF� BOE� USJFUIZMBNJOF� ZJFMET� �
��

CJT	UPTZMNFUIZMBNJOF
QZSJEJOF�	JJJ
��/FYU
�BGUFS�EFQSPUPOBUJPO�PG�DPNQPVOE�JJJ�XJUI�FYDFTT�PG�

DFTJVN� DBSCPOBUF
� �� FRVJWBMFOU� PG� ��CSPNP��
��CJT	CSPNPNFUIZM
CFO[FOF� JT� TMPXMZ� BEEFE�

ESPQXJTF��0ODF�UIF�BEEJUJPO�JT�DPNQMFUF
�UIF�DSVEF�NJYUVSF�JT�SFGMVYFE�GPS����IPVST�UP�BGGPSE�UIF�

QSPUFDUFE�/�UPTZM�NBDSPDZDMJD�NPEFM�TVCTUSBUF�	5T-#S
��%FQSPUFDUJPO�PG� UIF� UPTZM�HSPVQT�XBT�

QFSGPSNFE� VTJOH� B� QIFOPM�BTTJTUFE� DMFBWBHF� PG� UIF� 4�/� CPOE� VOEFS� BDJEJD� DPOEJUJPOT�� 5IJT�

SFBDUJPO� SFTVMUFE� JO� UIF� GSFF�BNJOF� NBDSPDZDMJD� NPEFM� TVCTUSBUF� )-#S� XIJDI� JT� UIFO� GVSUIFS�

NFUIZMBUFE�XJUI�GPSNBMEFIZEF�BOE�GPSNJD�BDJE�UP�GVSOJTI�UIF�GJOBM�NBDSPDZDMJD�NPEFM�TVCTUSBUF�

.F-#S���

�

4DIFNF�7**���4ZOUIFUJD�SPVUF�GPS�UIF�TZOUIFTJT�PG�UIF�OFX�NPEFM�TVCTUSBUF�.F-#S��

5IF� OFX�NBDSPDZDMFT�.F-#S� BOE� )-#S� XFSF� VTFE� GPS� UIF� TZOUIFTJT� PG� UIF� DPSSFTQPOEJOH� BSZM�

JSPO	**
�DPNQMFYFT�WJB�GPSNBM�UXP�FMFDUSPO�PYJEBUJWF�BEEJUJPO�UP�BO�JSPO	�
�TPVSDF��XJUI�TUSPOH�

GJFME�MJHBOET�JO�PSEFS�UP�TUBCJMJ[F�UIF�SFTVMUJOH�PSHBOPJSPO�DPNQMFYFT��*O�UIJT�MJOF
�'F	$0
��XBT�

DIPTFO�BT�UIF�JSPO	�
�QSFDVSTPS��'PS�CPUI�MJHBOET�FRVJNPMBS�BNPVOUT�PG�UIF�MJHBOE�BOE�'F	$0
��



3FTVMUT�BOE�EJTDVTTJPO�

����
�

XFSF�NJYFE�JO�BOIZESPVT�5)'�BOE�QIPUPJSSBEJBUFE�XJUI�67�MJHIU�	����ON
�BU�����$�PWFSOJHIU�

UP� ZJFME� UIF� DPSSFTQPOEJOH� BSZM�JSPO	**
� DPNQMFYFT� <	.F-
'F**	$0
	#S
>� 	�.F
� ���
� BOE�

<	)-
'F**	$0
�>	#S
�	�)
����

�SFTQFDUJWFMZ�	4DIFNF�7**��
���

�

4DIFNF�7**���4ZOUIFTFT�PG�UIF�BSZM�JSPO	**
�DPNQMFYFT�	�.F�UPQ�BOE��)�CPUUPN
�WJB�QIPUPJOEVDFE�	����ON
�
PYJEBUJWF�BEEJUJPO�PG�UIF�$�#S�CPOE�GSPN�UIF�SFTQFDUJWF�NPEFM�TVCTUSBUFT�UP�UIF�JSPO	�
�QSFDVSTPS��

5P�PVS�EFMJHIU
�9�SBZ�RVBMJUZ�DSZTUBMT�XFSF�PCUBJOFE�GPS�CPUI�DPNQMFYFT��.F�BOE��)
�FYIJCJUJOH�

EJTUPSUFE� PDUBIFESBM� HFPNFUSJFT� BSPVOE� UIF� JSPO	**
� DFOUFS� 	'JHVSF� 7**���
��)PXFWFS
� CPUI�

TUSVDUVSFT� QSFTFOU� EJGGFSFOU� GFBUVSFT� UIBU� SFRVJSF� UP� JOEJWJEVBMMZ� BOBMZ[F� FBDI� BSZM�JSPO	**
�

DPNQMFY��4VSQSJTJOHMZ
�JO�UIF�DBTF�PG��.F�	'JHVSF�7**���B

�UIF�CSPNJEF�BUPN�SFTVMUJOH�GSPN�UIF�

$"S�#S�CPOE�BEEJUJPO� UP� UIF� JOJUJBM� JSPO	�
� TPVSDF� JT� MPDBUFE� USBOT� UP� UIF� BSZM�NPJFUZ
� BOE� TP�

QSFTFOUT�B�TIPSUFS�EJTUBODF�GPS�UIF�$"S�'F�CPOE�	������ª
�BOE�B�MPOHFS�EJTUBODF�GPS�UIF�'F�#S�

CPOE�	������ª
��5IJT�DJT�UP�USBOT�SFBSSBOHFNFOU�NBZ�UBLF�QMBDF�TJNVMUBOFPVTMZ�UP�UIF�PYJEBUJWF�

BEEJUJPO�EVF�UP�B�USBOT�FGGFDU�UIBU�FOIBODFT�UIF�TUBCJMJUZ�PG�UIF�SFTVMUJOH�DPNQMFY���
����5IF�TJYUI�

DPPSEJOBUJPO�QPTJUJPO�JT�PDDVQJFE�CZ�B�$0�MJHBOE���



$)"15&3�7**� �
�

����
�

�

'JHVSF�7**����9�SBZ�TUSVDUVSFT�PG�DPNQMFY�B
��.F�BOE�C
��)��4FMFDUFE�CPOE�EJTUBODFT�<ª>�GPS��.F��'F�$BSZM�
�����	�

�'F�/QZ������	�

�'F�/��������	�

�'F�/��������	�

�'F�#S������	�

�'F�$�������	�
��GPS��)��'F�$BSZM�
�����	�

�'F�/QZ������	�

�'F�/�������	�

�'F�/��������	�

�'F�$��������	�

�'F�$��������	�
��	FMMJQTPJET�

TFU�BU�����QSPCBCJMJUZ�BOE�)�BUPNT�SFNPWFE�GPS�DMBSJUZ
��

0O�UIF�PUIFS�IBOE
�UIF�9�SBZ�DSZTUBM�TUSVDUVSF�GPS��)�	'JHVSF�7**���C
�TIPXT�UIF�CSPNJEF�BOJPO�

PO�UIF�PVUFS�TQIFSF�PG�UIF�DPNQMFY�	OPO�DPPSEJOBUFE�UP�UIF�JSPO	**
�DFOUFS

�CVU�JOTUFBE�UXP�

$0�MJHBOET�XFSF�DPNQMFUJOH�UIF�DPPSEJOBUJPO�TQIFSF
�UIVT�DPOGJSNJOH�UIF�IZQPUIFTJT�UIBU�UIF�

CSPNJEF�BOJPO�BOE�$0�MJHBOET�DBO�FBTJMZ�FYDIBOHF��"DUVBMMZ
�JO�UIJT�DBTF�UIF�USBOT�FGGFDU�DBVTFE�

CZ� UIF� BSZM� NPJFUZ� JT� PCTFSWFE� CZ� UIF� MPOHFS� 'F�$0� CPOE� USBOT� UP� UIF� BSZM� 	������ ª
� JO�

DPNQBSJTPO�UP�UIF�TIPSUFS�'F�$0�CPOE�USBOT�UP�UIF�QZSJEJOF�NPJFUZ�	������ª
��

5IF�TUSVDUVSFT�PG�CPUI�DPNQMFYFT�XFSF�BMTP�DPOGJSNFE�CZ�)3�&4*�.4�BOE�/.3��*OUFSFTUJOHMZ
�

UIF� )3�&4*�.4� TQFDUSVN� PG� �.F� TIPXFE� B� NBJO� QFBL� BU� B� N�[� SBUJP� BOE� JTPUPQJD� QBUUFSO�

DPSSFTQPOEJOH�UP�UIF�DPNQMFY��.F�XJUI�UIF�BEEJUJPO�PG�POF�$0�MJHBOE�BOE�MPTT�PG�UIF�CSPNJEF�

DPVOUFSJPO�	DBMDE��GPS�$��)��/�0�'F�
�<.�$0�#S�>������������FYQ���������

�UPHFUIFS�XJUI�

BOPUIFS�QFBL�DPOTJTUFOU�XJUI�KVTU�UIF�MPTT�PG�UIF�CSPNJEF�BOJPO�	DBMDE��GPS�$��)��/�0'F�
�<.�

#S�>������������FYQ���������
��5IJT�TVQQPSUT�UIF�JEFB�PCTFSWFE�CZ�9�SBZ�EJGGSBDUJPO�UIBU�TPNF�

MJHBOE�FYDIBOHF�CFUXFFO�UIF�CSPNJEF�BOE�GSFF�$0�NPMFDVMFT�QSFTFOU�JO�UIF�NFEJB�UBLFT�QMBDF��

(SBUJGZJOHMZ
�CPUI��.F�BOE��)�DPNQMFYFT�FYIJCJU�EJBNBHOFUJD��)�/.3�TQFDUSB�XIJDI�FOBCMFE�

UIFJS� GVMM�DIBSBDUFSJ[BUJPO�UPHFUIFS�XJUI�CJEJNFOTJPOBM�/.3�FYQFSJNFOUT��5IF� GBDU� UIBU�CPUI�

DPNQMFYFT� BSF� DIBSBDUFSJ[FE� BT� MPX�TQJO� BSZM�JSPO	**
� DPNQMFYFT� JT� EJSFDUMZ� BUUSJCVUFE� UP� UIF�

DPPSEJOBUJPO�PG�TUSPOH�GJFME�DBSCPOZM�MJHBOET��



3FTVMUT�BOE�EJTDVTTJPO�

����
�

5IF�OVNCFS�PG�$0�MJHBOET�QSFTFOU�JO�CPUI�DPNQMFYFT
�XBT�GVSUIFS�DPOGJSNFE�CZ�'5�*3��	'JHVSF�

7**���

�BT�POMZ�POF�CBOE�DPSSFTQPOEJOH�UP�UIF�$0�TUSFUDIJOH�XBT�PCTFSWFE�GPS�DPNQMFY��.F�	Ը�

�������DN��

�XIJMF�UXP�CBOET�DPSSFTQPOEJOH�UP�UIF�UXP�JOFRVJWBMFOU�$0�MJHBOET�XFSF�EFUFDUFE�

GPS�DPNQMFY��)�	Ը��������DN���BOE�Ը��������DN��
��

�

'JHVSF�7**����"53�'5�*3�TQFDUSVN�PG�B
��.F�BOE�C
��)�BU�SPPN�UFNQFSBUVSF��4IBEFE�JO�QVSQMF
�UIF�CBOET�
DPSSFTQPOEJOH�UP�UIF�$0�TUSFUDIJOHT�POF�TJOHMF�CBOE�	�����DN��
�GPS�DPNQMFY��.F
�BOE�UXP�CBOET�	�����DN��BOE�

�����DN��
�GPS�UIF�UXP�JOFRVJWBMFOU�$0�MJHBOET�PG��)��



$)"15&3�7**� �
�

����
�

"GUFS�UIF�TZOUIFTJT�BOE�DIBSBDUFSJ[BUJPO�PG�UIFTF�XFMM�EFGJOFE�BSZM�JSPO	**
�DPNQMFYFT
�XF�UIFO�

GPDVTFE�PVS�BUUFOUJPO�PO�JOWFTUJHBUJOH�UIF�SFBDUJWJUZ�PG��.F��*O�PSEFS�UP�FTUBCMJTI�XIFUIFS�BO�BSZM�

JSPO	**
�TQFDJFT�DPVME�CF�QBSUJDJQBUJOH�JO�UIF�SFBDUJPO�PG��p$M��XJUI�B�QIFOZM�(SJHOBSE�SFBHFOU�

EFTDSJCFE� BCPWF
� � �.F� XBT� SFBDUFE� XJUI� 1I.H#S� VOEFS� UIF� TBNF� FYQFSJNFOUBM� DPOEJUJPOT�

GPMMPXFE�CZ�BO�BFSPCJD�XPSLVQ�BOBMPHPVT�UP�UIF�SFBDUJPO�PG��p$M���"T�B�SFTVMU
�B�TJHOJGJDBOU�����

ZJFME�PG� UIF�OFX�DPVQMJOH�QSPEVDU� UIBU�DPOUBJOFE�B�DBSCPOZM�HSPVQ�CFUXFFO� UIF�BSZM�BOE�UIF�

QIFOZM�NPJFUJFT�	.F-$01I
�XBT�PCUBJOFE��5IF�OBUVSF�PG�UIJT�OFX�DPVQMJOH�QSPEVDU�XBT�DPOGJSNFE�

CZ�)3�&4*�.4�TQFDUSPNFUSZ
�/.3�BOE�'5�*3�TQFDUSPTDPQZ��"MM�UFDIOJRVFT�DPOGJSNFE�UIBU�UIF�

OFX�$�$�DPVQMJOH�QSPEVDU�DBNF�GSPN�B�QVUBUJWF�<	.F-
'F**	1I
	$0
>�	�.F�1I
�GPMMPXFE�CZ�B�

$0�NJHSBUPSZ� JOTFSUJPO� BOE� SFEVDUJWF� FMJNJOBUJPO� UP� GPSN� UIF� BSZM�$01I� CPOE� JO� .F-$01I�

	4DIFNF�7**��
���

�

4DIFNF�7**���4ZOUIFTJT�PG�UIF�PSHBOJD�DPVQMJOH�QSPEVDU�.F-$01I�GSPN�UIF�SFBDUJPO�PG��.F�XJUI�1I.H#S
�BMPOH�
XJUI�B�QVUBUJWF�NFDIBOJTN�GPS�UIF�$0�JOTFSUJPO�TUFQ��

5IF�)3�&4*�.4�TQFDUSVN�PG�.F-$01I�TIPXFE�B�NBJO�QFBL�BU�B�N�[�SBUJP�PG����������	DBMDE��GPS�

$��)��/�0
�<.�)>������������
�XIJDI�TIJGUFE����VOJUT�IJHIFS�XJUI�SFTQFDU�UP�.F-1I
�GVSUIFS�

TVQQPSUJOH� UIF� JODPSQPSBUJPO� PG� B� DBSCPOZM� HSPVQ� UP� UIF� OFX� DPVQMJOH� QSPEVDU�� /.3�

FYQFSJNFOUT�OPU�POMZ�SFWFBMFE�UIF�UZQF�PG�DBSCPOZM�HSPVQ�CFJOH�UIJT�B�LFUPOF
�CVU�BMTP�IPX�JU�XBT�

DPOOFDUFE�UP�UIF�SFTU�PG�UIF�MJHBOE��.POP��BOE�CJEJNFOTJPOBM�/.3�FYQFSJNFOUT�DPOGJSNFE�UIBU�

UIF�DBSCPOZM�VOJU�XBT�MPDBUFE�CFUXFFO�UIF�BSZM�BOE�UIF�QIFOZM�NPJFUZ��.PSFPWFS
�UIF��)�/.3�



3FTVMUT�BOE�EJTDVTTJPO�

����
�

TQFDUSVN�TIPXFE�UIBU�UIF�QSFTFODF�PG�UIF�DBSCPOZM�VOJU�CFUXFFO�UIF�BSZM�BOE�UIF�QIFOZM�SJOH
�

FOBCMFE�UIF�GSFF�SPUBUJPO�PG�UIF�QIFOZM�SJOH�BT�POMZ���TJHOBMT�GPS�UIJT�NPJFUZ�XFSF�PCTFSWFE�BOE�

OP� TIJFMEJOH� DPOF� FGGFDU� XBT� QSFTFOU�� 5IJT� DPOUSBTUT� XJUI� UIF� BOBMPHPVT� OPO�DBSCPOZMBUFE�

DPVQMJOH� QSPEVDU� .F-1I� 	'JHVSF� 7**���
�� 'JOBMMZ
� UIF� '5�*3� TQFDUSVN� GVSUIFS� DPOGJSNFE� UIF�

LFUPOF�UZQF�DBSCPOZM�HSPVQ�XJUI�B�CBOE�BU������DN��
�CFJOH�UIJT�MFTT�FOFSHFUJD�UIBO�UIBU�FYQFDUFE�

GPS� BO� BMJQIBUJD� LFUPOF� 	Ը	$�0
TUS� ɔ� ����� DN��
� EVF� UP� UIF� DPOKVHBUJPO� HFOFSBUFE� CZ� CPUI�

BSPNBUJD�SJOH�TVCTUJUVFOUT��

�

'JHVSF�7**�����)�/.3�TQFDUSVN�PG�.F-$01I�XJUI�JUT�DPSSFTQPOEJOH�BTTJHONFOU��

8JUI�UIJT�QPTJUJWF�SFTVMU�JO�PVS�IBOET
�XF�EFDJEFE�UP�HBJO�NPSF�JOTJHIU�JOUP�UIF�NFDIBOJTN�PG�

UIJT� SFBDUJPO��'JSTU
� JU� JT�XPSUI�TUBUJOH� UIBU�CPUI�PSHBOJD�QSPEVDUT�.F-1I� BOE�.F-$01I
� SFTVMUJOH�

GSPN��p$M��BOE���.F�SFTQFDUJWFMZ
�BSF�PCUBJOFE�BGUFS�BO�PYJEBUJWF�XPSLVQ�XJUI�0��	PS�BJS
��4P�UIJT�

TVHHFTUT� UIBU� UIF� SFEVDUJWF� FMJNJOBUJPO� TUFQ� UIBU� MFBET� UP� UIF� GPSNBUJPO�PG�.F-1I� BOE�.F-$01I�

PDDVST� POMZ� BGUFS� UIF� PYJEBUJPO� PG� UIF� QVUBUJWF� <	.F-
'F**	1I
>� PS� <	.F-
'F**	$01I
>�

JOUFSNFEJBUF� TQFDJFT� UP� UIF� DPSSFTQPOEJOH� JSPO	***
� TQFDJFT���
� ��� 5IJT� IZQPUIFTJT� JT� BMTP�

TVQQPSUFE� CZ� UIF� PCTFSWFE� WJTVBM� DPMPS� DIBOHF� GSPN� EBSL� HSFFO� UP� SFEEJTI�CSPXO� VQPO�

QSPWJEJOH�BO�BJS�BUNPTQIFSF�XIFO�QFSGPSNJOH�UIF�SFBDUJPO�XJUI��p$M����



$)"15&3�7**� �
�

����
�

8JUI�UIJT�PCTFSWBUJPO
�67�WJT�NPOJUPSJOH�BU�MPX�UFNQFSBUVSF�XBT�EPOF�JO�UBOEFN�XJUI�DSZP�

.4��5P�EP�TP
�BGUFS�TPNF�PQUJNJ[BUJPO
�XF�QSFQBSFE�B�67�DFMM�XJUI�B�����N.�TPMVUJPO�PG��p$M��

JO�BOIZESPVT�5)'�VOEFS�B�/��BUNPTQIFSF�BOE�TFU�UIF�67�DFMM�IPMEFS�BU����$��0ODF�UIFSNBM�

FRVJMJCSJVN�XBT� SFBDIFE
� B� GJSTU� TQFDUSVN� PG� UIF� TUBSUJOH� DPNQMFY� XBT� SFDPSEFE� BOE� UIFO� ��

FRVJWBMFOUT�PG�1I.H#S�XFSF� BEEFE�WJB� TZSJOHF��5IJT� DBVTFE� UIF� SBQJE� GPSNBUJPO�PG� UXP�OFX�

CBOET�BU�ϴNBY�������ON�BOE�ϴNBY�������ON�XIJDI�BSF�BUUSJCVUFE�UP�UIF�GPSNBUJPO�PG�UIF�QSPQPTFE�

TQFDJFT�$� 	<	.F-
'F**	1I
>
��5IJT�OFX�TQFDJFT�XBT� GVMMZ� GPSNFE�BGUFS�DB�����NJOVUFT�	'JHVSF�

7**���
��'PMMPXJOH
�0��CVCCMJOH�JOUP�UIF�67�DFMM�UP�QSPNQU�UIF�PYJEBUJPO�PG�UIF�JSPO	**
�TQFDJFT�

$�UP�UIF�DPSSFTQPOEJOH�JSPO	***
�TQFDJFT�	$�
��&YQPTJOH�$�UP�EJPYZHFO�DBVTFE�JNNFEJBUF�EFDBZ�

PG�UIF�UXP�CBOET�BU�ϴNBY�������ON�BOE�ϴNBY�������ON��$POTFDVUJWF�GPSNBUJPO�PG�UIF�QVUBUJWF�

TIPSU�MJWFE� TQFDJFT�$�� XBT� PCTFSWFE� GPS� MFTT� UIBO� ��� TFDPOET� BOE� GBTU� FWPMVUJPO� UP� UIF� GJOBM�

SFBDUJPO�NJYUVSF�PDDVST�	'JHVSF�7**����B�BOE�C
��4BEMZ
�BMM�BUUFNQUT�UP�DIBSBDUFSJ[F�TQFDJFT�$��

XJUI� DSZP�.4� BGUFS� GPMMPXJOH� JUT� HFOFSBUJPO� WJB� MPX� UFNQFSBUVSF� 67�WJT� NPOJUPSJOH� XFSF�

VOTVDDFTTGVM�EVF�UP�UIF�FYUSFNF�SFBDUJWJUZ�PG�TVDI�TQFDJFT��/POFUIFMFTT
�B�DMFBO�NBTT�TQFDUSVN�

PG�UIF�GJOBM�DPVQMJOH�QSPEVDU�XBT�PCUBJOFE�.F-1I�	'JHVSF�7**���D
���

�
'JHVSF�7**����B
�3FBDUJPO�PG��p$M��XJUI�1I.H#S�BOE�C
�67�WJT�NPOJUPSJOH�PG�UIJT�SFBDUJPO�BU�����,�UP�GPSN�UIF�
JOUFSNFEJBUF�TQFDJFT�$�	HSFFO
�XJUI�DIBSBDUFSJTUJD�CBOET�BU�����BOE�����ON�	*OTFU��UJNF�USBDFT�PG�UIF�CBOET�BU�

����BOE�����ON
��
�



3FTVMUT�BOE�EJTDVTTJPO�

����
�

�

'JHVSF�7**����B
�3FBDUJPO�PG�$�UPXBSET�0��BGGPSEJOH�.F-1I��C
�67�WJT�NPOJUPSJOH�PG�UIF�SFBDUJPO�PG�$�	HSFFO
�
UPXBSET�EJPYZHFO�BU�����,�ZJFMEJOH�UIF�EFDBZ�PG�UIF�CBOET�BU�����BOE�����ON�UP�GPSN�VOTUBCMF�TQFDJFT�$��

	PSBOHF
�BOE�JNNFEJBUF�GPSNBUJPO�PG�UIF�OFX�CBOE�BU�����ON�	QVSQMF
�DPSSFTQPOEJOH�UP�UIF�GJOBM�NJYUVSF��*OTFU��
UJNF�USBDFT�BU����
�����BOE�����ON��D
�"UUFNQU�UP�EFUFDU�TQFDJFT�$��CZ�$SZP�)3�.4�BOBMZTJT��5IF�PCUBJOFE�

TQFDUSB�POMZ�TIPXFE�UIF�QSFTFODF�PG�.F-1I��*OTFU��FYQBOEFE�WJFX�PG�UIF�FYQFSJNFOUBM�QFBL�BU�B�N�[������������
DPSSFTQPOEJOH�UP�UIF�NPOPDIBSHFE�<$��)��/��)>���*OTFU��FYQBOEFE�WJFX�PG�UIJT�QFBL�BMPOH�XJUI�UIF�

DPSSFTQPOEJOH�DBMDVMBUFE�TQFDUSVN��

:FU
�SFHBSEJOH�UIF�JOGPSNBUJPO�UIBU�DBO�CF�ESBXO�GSPN�UIF�67�WJT�NPOJUPSJOH
�TQFDJFT�$�TFFNT�

UP� CF� B� CJU� NPSF� TUBCMF� UIBO� TQFDJFT� $�
� TP� GVSUIFS� BUUFNQUT� UP� JTPMBUF� BOE� DIBSBDUFSJ[F�

JOUFSNFEJBUF�$�XFSF� QFSGPSNFE��"HBJO
� UBLJOH� B� EFFQFS� MPPL� JOUP� UIF� FMFDUSPO� DPVOU� GPS� UIF�



$)"15&3�7**� �
�

����
�

QVUBUJWF�DPNQPVOE�$
�XF�BSF�PODF�NPSF�JO�GSPOU�PG�B�QFOUBDPPSEJOBUFE����FMFDUSPO�DPNQMFY
�

XIJDI� NBLFT� JU� IJHIMZ� VOTUBCMF�� *O� PSEFS� UP� FMFWBUF� UIF� DPPSEJOBUJPO� OVNCFS� UP� GPSN� BO�

PDUBIFESBM�DPNQMFY�XJUI����FMFDUSPOT
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��"GUFS�TPNF�PQUJNJ[BUJPO�PG�UIF�QSPDFTT�BOE�EJGGFSFOU�BUUFNQUT
�XF�DBNF�VQ�XJUI�UIF�

CFTU�SFTVMU�XJUI�UIF�GPMMPXJOH�NFUIPEPMPHZ��'JSTU
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CFHJOOJOH�PG�UIF�SFBDUJPO�JT�VOGBWPSBCMF�GPS�UIJT�TZTUFN�BOE�GPS�UIJT�SFBTPO�BMM�BUUFNQUT�UP�NBLF�
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QSPEVDU� WJB� QSPUPEFNFUBMMBUJPO� GSPN� UIF� JSPO� DPNQMFY�XJUI� BDJEJD� USFBUNFOU�XJUI�)$M��5IF�
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�

OJUSFOPJE�DPNQMFY����%FTQJUF�OPU�CFJOH�FYBDUMZ� UIF�TBNF�NFDIBOJTN
�$BOUBU�BOE�DP�XPSLFST
�

SFDFOUMZ�SFQPSUFE�UIF�JSPO�DBUBMZ[FE�UFSUJBSZ�BNJOF�BDZMBUJPO�UP�UFSUJBSZ�BNJEF�CZ�FYUSVTJPO�PG�

NFUIZM�JPEJEF����
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�5IF�$VSUJVT�SFBSSBOHFNFOU�USBOTGPSNBUJPO�NFDIBOJTN
�BOE�C
�4ZOUIFTJT�BOE�DIBSBDUFSJ[BUJPO�

PG�.F-�$0)��

'PMMPXJOH�UIJT�MJOF
�XJUI�UIF�BJN�UP�HFU�NPSF�JOTJHIU�JOUP�UIF�NFDIBOJTN�PG�UIJT�OPWFM�SFBDUJWJUZ
�

B�$0�BUNPTQIFSF�XBT�QSPWJEFE�UP�UIF�XFMM�EFGJOFE��.F�DPNQMFY�EJTTPMWFE�JO�EFVUFSBUFE�%.40�

BOE�UIFO�IFBUFE�VQ�UP������$��"GUFS�POMZ���IPVST�B��)�/.3�XBT�UBLFO�BOE�B�����PG�DPNQMFY�

�.F	$0
�XBT�GPSNFE�UPHFUIFS�XJUI�B�����PG�QSPUPEFNFUBMMBUJPO�PSHBOJD�QSPEVDU�	.F-)
�BOE�B�

����PG�TUBSUJOH�DPNQMFY�	�.F
�	'JHVSF�7**���
��5IJT�SFTVMU�TVHHFTUT�UIBU�UIF�PYJEBUJWF�BEEJUJPO�

GSPN�UIF�$�#S�CPOE�UP�UIF�JSPO	�
�UBLFT�QMBDF�CFGPSF�UIF�BNJOF�UP�BNJEF�USBOTGPSNBUJPO���
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�3FBDUJPO�PG�UIF�XFMM�EFGJOFE��.F�VOEFS�UIFSNBM�DPOEJUJPOT�GPS�UIF�TZOUIFTJT�PG��.F	$0

�BOE�C
�
�)�/.3�TQFDUSVN�PG�UIF�DSVEF�BGUFS���IPVST�PG�SFBDUJPO��

.PSFPWFS
� UP� FYQMPSF� UIF� TDPQF�PG� UIF� SFBDUJPO�CZ�VTJOH�EJGGFSFOU� BNJOF� TVCTUJUVFOUT� PO� UIF�

TUBSUJOH�MJHBOE
�UIF�TBNF�SFBDUJPO�VOEFS�UIFSNBM�DPOEJUJPOT�XBT�QFSGPSNFE�VTJOH�UIF�TFDPOEBSZ�

BNJOF�WFSTJPO�PG�UIF�MJHBOE�	)-#S
�BOE�UIF�UFSU�CVUZM�/�TVCTUJUVUFE�MJHBOE�	U#V-#S

�SFTQFDUJWFMZ��

6OEFS�B�/��BUNPTQIFSF�FRVJNPMBS�BNPVOUT�PG�UIF�MJHBOET�BOE�'F	$0
��XFSF�SFBDUFE�BU������$�

GPS����IPVST��*O�UIF�DBTF�PG�U#V-#S
�BGUFS�JOFSU�BUNPTQIFSF�XPSLVQ
�UIF�VTVBM�BSZM�JSPO	**
�DPNQMFY
�

XJUIPVU� UIF�$0� JOTFSUJPO� JOUP� UIF� MJHBOE� CBDLCPOF
�XBT� PCUBJOFE� 	�U#V
� ���� ZJFME
� 4DIFNF�

7**���B
��/FWFSUIFMFTT
�BMM�BUUFNQUT� UP�PCUBJO�B�DSZTUBM� TUSVDUVSF�TVJUBCMF� GPS�9�SBZ�EJGGSBDUJPO�

BOBMZTJT�XFSF�VOGSVJUGVM��0O� UIF�PUIFS�IBOE
�XIFO�VTJOH� UIF� TFDPOEBSZ� BNJOF� WFSTJPO�PG� UIF�

MJHBOE
�)-#S
� BOE� BGUFS� BO� BDJEJD� USFBUNFOU
� UIF�PVUDPNF�PG� UIF� SFBDUJPO�XBT� UPUBMMZ�EJGGFSFOU
�

PCUBJOJOH� B� ���� ZJFME� PG� UIF� BNJEF� QSPEVDU� 	)-�$0)
� UPHFUIFS� XJUI� B� ���� PG� UIF�

QSPUPEFNFUBMMBUJPO� QSPEVDU� 	)-)
� BOE� B� ���� PG� VOSFBDUFE� TUBSUJOH� MJHBOE� 	)-#S
� 	4DIFNF�

7**���C
��5IF�TDPQF�PG�UIF�SFBDUJPO�XBT�GVSUIFS�DPOGJSNFE�CZ�BOBMZ[JOH�UIF�DSVEF�CZ�)3�&4*�

.4���
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4DIFNF�7**����B
�5IFSNBM�SFBDUJPO�PG�U#V-#S�XJUI�'F	$0
��UP�GPSN�DPNQMFY��U#V
�BOE�C
�5IFSNBM�SFBDUJPO�PG�
)-#S�XJUI�'F	$0
��UP�GPSN�)-�$0)��

5P�TVN�VQ
�XF�IBWF�CFFO�BCMF� UP� JTPMBUF�XFMM�EFGJOFE�BSZM�JSPO	**
�DPNQMFYFT�WJB�$�#S�CPOE�

BDUJWBUJPO�UISPVHI�B�OFU�UXP�FMFDUSPO�PYJEBUJWF�BEEJUJPO�XIJDI�JT�B�DIBMMFOHJOH�USBOTGPSNBUJPO�

DPOTJEFSJOH� UIF� GBDJMJUZ� GPS� JSPO� UP� VOEFSHP� POF�FMFDUSPO� QSPDFTTFT���� 5IFTF� XFMM�EFGJOFE�

PSHBOPNFUBMMJD�JSPO�DPNQMFYFT�IBWF�TIFE�MJHIU�JOUP�UIF�NFDIBOJTN�PG�$�)�BDUJWBUJPO�BOE�$�$�

CPOE�GPSNJOH�DSPTT�DPVQMJOH�SFBDUJPOT
�BOE�DPOTUJUVUF�B�QPXFSGVM�QMBUGPSN�GPS�EFWFMPQJOH�OFX�

USBOTGPSNBUJPOT�JO�UIF�GJFME�PG�JSPO�PSHBOPNFUBMMJD�DIFNJTUSZ��'VSUIFSNPSF
�VQPO�TVCNJUUJOH�UIF�

TZTUFN�UP�UIFSNBM�DPOEJUJPOT�B�UFSUJBSZ�BNJOF�UP�UFSUJBSZ�BNJEF�DPOWFSTJPO�IBT�CFFO�PCTFSWFE�

PO�B�NBDSPDZDMJD�TVCTUSBUF�GPS�UIF�GJSTU�UJNF��
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"T� FYQMBJOFE� JO� UIF� JOUSPEVDUJPO
� UIF� GPSNBUJPO� PG� OFX� $�$� BOE� $�IFUFSPBUPN� CPOET� WJB�

USBOTJUJPO�NFUBM�NFEJBUFE�DSPTT�DPVQMJOH�USBOTGPSNBUJPOT
�BOE�UIF�SFQMBDFNFOU�PG�OPCMF�NFUBMT�

MJLF�QBMMBEJVN�CZ�GJSTU�SPX�USBOTJUJPO�NFUBMT�TVDI�BT�OJDLFM
�JT�OPXBEBZT�POF�PG�UIF�NPTU�QPUFOU�

TUSBUFHJFT�JO�PSHBOJD�DIFNJTUSZ��*O�PSEFS�UP�EFWFMPQ�NPSF�FGGJDJFOU�SFBDUJPOT
�NFDIBOJTUJD�TUVEJFT�

BSF� WFSZ� JNQPSUBOU� UP� HBJO� JOTJHIU� PO� IPX� UIFTF� SFBDUJPOT� XPSL� BOE� UIVT� UP� JNQSPWF� UIFN��

)PXFWFS
� GJSTU�SPX� USBOTJUJPO�NFUBMT� BSF� GBS� MFTT�NFDIBOJTUJDBMMZ� TUVEJFE� UIBO� UIFJS� QSFDJPVT�

NFUBMT� DPVOUFSQBSUT�� 'PS� JOTUBODF
� JU� JT�XFMM�LOPXO� UIBU� QBMMBEJVN�NFEJBUFE� USBOTGPSNBUJPOT�

PDDVS�WJB�1E��1E**�PS�1E**�1E*7�DBUBMZUJD�DZDMFT
� UIBU� JOWPMWF� JO�NPTU�PG� UIF�DBTFT�EJBNBHOFUJD�

TQFDJFT�XIJDI�BSF�FBTJFS� UP�DIBSBDUFSJ[F���
���� *O�DPOUSBTU
�OJDLFM�NFEJBUFE� USBOTGPSNBUJPOT�DBO�

VOEFSHP�CPUI�POF��BOE�UXP�FMFDUSPO�QSPDFTTFT�ZJFMEJOH�NPSF�DPNQMFY�NFDIBOJTUJD�DZDMFT
�BT�UIF�

�*�BOE��***�PYJEBUJPO�TUBUFT�BSF�BMTP�GFBTJCMF�������5IFTF�TQFDJFT�BSF�QBSBNBHOFUJD�BOE�UIVT
�UIFZ�

BSF� NPSF� EJGGJDVMU� UP� DIBSBDUFSJ[F
� XIJDI� NBLFT� UIFJS� NFDIBOJTUJD� VOEFSTUBOEJOH� NPSF�

DIBMMFOHJOH��.PSFPWFS
�IJHI�WBMFOU�OJDLFM	***
�BOE�OJDLFM	*7
�TQFDJFT�IBWF�POMZ�SFDFOUMZ�CFFO�

JOWPLFE� JO� DSPTT�DPVQMJOH� USBOTGPSNBUJPOT
� UIVT� USJHHFSJOH� BO� FNFSHJOH� OFFE� UP� HBJO� NPSF�

LOPXMFEHF� JOUP� UIF�OBUVSF�PG�IJHI�WBMFOU�PSHBOPOJDLFM�DPNQMFYFT�SFMFWBOU� GPS�DSPTT�DPVQMJOH�

SFBDUJPOT����

#BTFE�PO�UIBU
�XF�FOWJTJPOFE�UIF�VTF�PG�UIF�1Z/.F��MJHBOE
�XIJDI�XBT�QSFWJPVTMZ�FNQMPZFE�JO�

PVS�HSPVQ�UP�TUBCJMJ[F�IJHI�WBMFOU�JSPO�PYP����BOE�TJEF�PO�QFSPYPEJDPQQFS	**
���JOUFSNFEJBUFT
�

CVU�JU�IBE�OFWFS�CFFO�VTFE�UP�TUBCJMJ[F�PSHBOPNFUBMMJD�DPNQPVOET��5P�EP�UIJT
�B�DPMMBCPSBUJPO�

XJUI�.JSJDB�T�SFTFBSDI�HSPVQ�BU�6OJWFSTJUZ�PG�*MMJOPJT�BU�6SCBOB�$IBNQBJHO�XBT�FTUBCMJTIFE�UP�

QFSGPSN�B�EFUBJMFE�TUVEZ�PO�PSHBOPOJDLFM�DPNQMFYFT�CFBSJOH�UIF�1Z/.F��MJHBOE��.JSJDB�BOE�DP�

XPSLFST� BSF� FYQFSUT� JO� UIF� GJFME� PG� IJHI�WBMFOU� PSHBOPNFUBMMJD� OJDLFM� DPNQMFYFT
� CVU� BMM� UIF�

MJHBOET� UIFZ� IBWF� FNQMPZFE� GPS� UIF�NFDIBOJTUJD� TUVEJFT� PG� IJHI�WBMFOU� OJDLFM� DPNQMFYFT� BSF�

IJHIMZ� TZNNFUSJD�������5IVT
� UIF�1Z/.F�� MJHBOE�XPVME� BMMPX� GPS� B� EFFQFS� TUVEZ� JO� UFSNT� PG�

MJHBOET�EJTUSJCVUJPO�BSPVOE�UIF�OJDLFM�DFOUFS��

�
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5IF�GJSTU�BUUFNQU�UP�JTPMBUF�BO�PSHBOPOJDLFM�DPNQMFY�TVQQPSUFE�CZ�1Z/.F�� ��DPOTJTUFE�JO�UIF�

PYJEBUJWF�BEEJUJPO�PG�UIF�$�#S�CPOE�GSPN�UIF���CSPNP���GMVPSPCFO[FOF�TVCTUSBUF�BU�BO�JO�TJUV�

QSFQBSFE�/J��DPNQMFY��5P�EP�TP
�VOEFS�B�/��BUNPTQIFSF
�FRVJNPMBS�BNPVOUT�PG�1Z/.F��BOE�

/J	$0%
��XFSF�EJTTPMWFE�JO���CSPNP���GMVPSPCFO[FOF�BU�SPPN�UFNQFSBUVSF
�BOE�TUJSSFE�GPS���

IPVST��5IF�GPSNBUJPO�PG�B�HSFFO�QSFDJQJUBUF�XBT�PCTFSWFE�UPHFUIFS�XJUI�B�CMBDL�TPMJE��"GUFS�XPSL�

VQ� BOE� SFDSZTUBMMJ[BUJPO� DPNQMFY� <	1Z/.F�
/J**	#S
�>� 	��#S
XBT� PCUBJOFE� JOTUFBE� PG� UIF�

EFTJSFE� PSHBOPOJDLFM� DPNQPVOE
� <	1Z/.F�
/J**	1I'
	#S
>�� /FWFSUIFMFTT
� VQPO� ($�.4�

BOBMZTJT�PG�UIF�TVQFSOBUBOU�GSPN�UIF�DSZTUBMMJ[BUJPO�TFU�VQ
��
��EJGMVPSPCJQIFOZM�XBT�EFUFDUFE
�

XIJDI� DPSSFTQPOET� UP� UIF� IPNPDPVQMJOH� QSPEVDU� SFTVMUJOH� GSPN� B� $�$� CPOE� SFEVDUJWF�

FMJNJOBUJPO��5IJT�SFTVMU�TVHHFTUT�UIBU�UIF�EFTJSFE�<	1Z/.F�
/J**	1I'
	#S
>�DPNQMFY�GPSNFE�

VQPO�PYJEBUJWF�BEEJUJPO�PG�UIF�$�#S�CPOE�BU�UIF�OJDLFM	�
�DFOUFS�SBQJEMZ�USBOTNFUBMMBUFT�XJUI�

BOPUIFS�NPMFDVMF�PG� UIF�TBNF�DPNQMFY� UP�HFOFSBUF���#S� BOE� �<	1Z/.F�
/J**	1I'
�>�XIJDI�

FWFOUVBMMZ�VOEFSHPFT�SFEVDUJWF�FMJNJOBUJPO�UP�ZJFME�UIF�IPNPDPVQMJOH�CJQIFOZM�EFSJWBUJWF�BOE�

OJDLFM	�
�	CMBDL�TPMJE
�	'JHVSF�7**���
��

�

'JHVSF�7**����"UUFNQUFE�SFBDUJPO�UP�TZOUIFTJTF�UIF�EFTJSFE�DPNQMFY�<	1Z/.F�
/J**	1I'
	#S
>��0O�UIF�SJHIU
�
9�SBZ�TUSVDUVSF�GPS���#S�	IZESPHFO�BUPNT�IBWF�CFFO�PNJUUFE�GPS�DMBSJUZ
��

"GUFS� UIBU
� XF� EFTJHOFE� B� EJGGFSFOU� BUUFNQU� UP� JTPMBUF� B� EJNFUIZMOJDLFM	**
� DPNQMFY� WJB�

USBOTNFUBMMBUJPO�UP�B�OJDLFM	**
�QSFDVSTPS��5P�TZOUIFUJTF�UIF�OJDLFM	**
�QSFDVSTPS
�1Z/.F��BOE�

����FRVJWBMFOUT�PG�/J**	%.&
$M��XFSF�EJTTPMWFE�JO�5)'�BOE�TUJSSFE�BU�SPPN�UFNQFSBUVSF�GPS����

IPVST�JO�UIF�HMPWFCPY
�XIJDI�SFTVMUFE�JO�B�HSFFO�TVTQFOTJPO��"GUFS�XPSL�VQ�BOE�DSZTUBMMJ[BUJPO
�

9�SBZ� RVBMJUZ� DSZTUBMT� PG� <	1Z/.F�
/J**	$M
�>� 	��$M
� XFSF� PCUBJOFE� JO� ���� ZJFME� 	'JHVSF�

7**���B
��5IF�TUSVDUVSF�PG�DPNQMFY���$M�QSFTFOUFE�UIF�TBNF�GFBUVSFT�BT�JUT�BOBMPHVF�DPNQMFY�
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CFBSJOH� CSPNJEFT� 	��#S
�PCUBJOFE� JO� UIF� QSFWJPVT� SFBDUJPO��0ODF���$M�XBT� PCUBJOFE
� JU�XBT�

SFBDUFE� XJUI� �� FRVJWBMFOUT� PG� .F.H#S� JO� 5)'� BU� ���� ϓ$�� 6QPO� ESPQXJTF� BEEJUJPO� PG� UIF�

(SJHOBSE�SFBHFOU
�B�DPMPS�DIBOHF�GSPN�HSFFO�UP�PSBOHF�XBT�PCTFSWFE��5IF�SFBDUJPO�XPSL�VQ�XBT�

DBSFGVMMZ� EPOF� JO� UIF� HMPWFCPY� VOEFS� SJHPSPVT� MPX�UFNQFSBUVSF� DPOEJUJPOT� UP� BWPJE� UIF�

EFDPNQPTJUJPO� PG� UIF� QVUBUJWF� <	1Z/.F�
/J**	.F
�>� DPNQMFY� GPSNFE� 	'JHVSF� 7**���C
��

6OGPSUVOBUFMZ
�BMM� UIF�BUUFNQUT�UP�JTPMBUF�PS�DIBSBDUFSJ[F�UIJT�DPNQPVOE�GBJMFE�EVF�UP�JUT�IJHI�

JOTUBCJMJUZ��5IF�PCUBJOFE�PSBOHF�CMBDL�TPMJE��XBT�EJTTPMWFE�JO�EFVUFSBUFE�CFO[FOF�UP�UBLF�B��)�

/.3� BU� SPPN� UFNQFSBUVSF�� *OUFSFTUJOHMZ
� EFTQJUF� CFJOH� B� WFSZ� CSPBE� TQFDUSVN
� UXP� TJHOBMT�

CFMPX���QQN�DPVME�CF�EFUFDUFE�UIBU�DPVME�DPSSFTQPOE�UP�UIF�NFUIZM�HSPVQT�EJSFDUMZ�BUUBDIFE�UP�

UIF�OJDLFM	**
�DFOUFS�	'JHVSF�7**���D
����

�

'JHVSF�7**����B
�4ZOUIFTJT�PG���$M�BMPOH�XJUI�JUT�9�SBZ�TUSVDUVSF�	IZESPHFO�BUPNT�IBWF�CFFO�PNJUUFE�GPS�DMBSJUZ
��
C
�TZOUIFTJT�PG�DPNQMFY�<	1Z/.F�
/J**	.F
�>
�BOE�D
��)�/.3�TQFDUSVN�PG�DPNQMFY�<	1Z/.F�
/J**	.F
�>���
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"U�UIJT�QPJOU�XF�EFDJEFE�UP�TXJUDI�PVS�TUSBUFHZ�BOE�FOIBODF�UIF�TUBCJMJUZ�PG�UIF�PSHBOPNFUBMMJD�

OJDLFM�DPNQMFY�CZ�VTJOH�UIF�DZDMPOFPQIZM�MJHBOE�	DZDM
��$)�$.F�$�)��
�BT�UIF�DBSCPO�EPOPS�

MJHBOE��5IF�DZDMPOFPQIZM�MJHBOE�JT�B�CJEFOUBUF�MJHBOE�DPOUBJOJOH�BO�BMLZM�BOE�BO�BSZM�BODIPSJOH�

HSPVQT��.PSFPWFS
� UIJT� BMLZM�BSZM�EPOPS� MJHBOE� XBT� EFTJHOFE� UP� EFDSFBTF� UIF� QSPCBCJMJUZ� PG�

SFEVDUJWF�FMJNJOBUJPO�BOE�BWPJET�UIF�QPTTJCJMJUZ�PG�ϩ�IZESJEF�FMJNJOBUJPO�	4DIFNF�7**���
��������

�

4DIFNF�7**����3FEVDUJWF�FMJNJOBUJPO�TUFQ�	UPQ
�BOE�ϩ�IZESJEF�FMJNJOBUJPO�TUFQ�	CPUUPN
��*OTFU��UIF�
DZDMPOFPQIZM�MJHBOE�TUSVDUVSF�XIJDI�IBNQFST�CPUI�QSPDFTTFT��

'PS�BMM�UIFTF�SFBTPOT�XF�EFDJEFE�UP�TZOUIFTJ[F�B�OJDLFM	**
�DZDMPOFPQIZM�DPNQMFY�CFBSJOH�UIF�

1Z/.F�� MJHBOE�� 5P� EP� TP
� FRVJNPMBS� BNPVOUT� PG� 1Z/.F�� BOE� UIF� OJDLFM	**
�DZDMPOFPQZM�

QSFDVSTPS
�<	1Z
�/J**	DZDM
>
�XFSF�EJTTPMWFE�JO�B�UPMVFOF�QFOUBOF�	���
�TPMWFOU�NJYUVSF
�VOEFS�

BO�BOBFSPCJD�BUNPTQIFSF
�BOE�UIF�NJYUVSF�XBT�TUJSSFE�PWFSOJHIU�BU�SPPN�UFNQFSBUVSF
�SFTVMUJOH�

JO�BO�PSBOHF�TVTQFOTJPO��"GUFS�XPSL�VQ�BOE�DSZTUBMMJ[BUJPO
�9�SBZ�RVBMJUZ�DSZTUBMT�XFSF�PCUBJOFE�

JO�B�����ZJFME�DPSSFTQPOEJOH�UP�UIF�EFTJSFE�DPNQMFY�<	1Z/.F�
/J**	DZDM
>�	�
�'JHVSF�7**���B
��

$PNQMFY���XBT�GVMMZ�DIBSBDUFSJ[FE�CZ�/.3�XIJDI�TIPXFE�B�EJBNBHOFUJD� MPX�TQJO�OJDLFM	**
�

DPNQMFY��*OUFSFTUJOHMZ
�UIF��)�/.3�TQFDUSVN�FYIJCJUT�CSPBE�QFBLT
�FTQFDJBMMZ�UIF�POFT�BTTJHOFE�

UP�UIF�NFUIZMFOF�QSPUPOT�PO�1Z/.F�
�QSFTVNBCMZ�EVF�UP�UIF�GBTU�DPPSEJOBUJPO�FYDIBOHF�PG�UIF�

GPVS�UZQFT�PG�OJUSPHFO�EPOPST�GSPN�UIF�MJHBOE�	'JHVSF�7**���C
��5IF�9�SBZ�TUSVDUVSF�PG�DPNQMFY�

��QSFTFOUT�B�TRVBSF�QMBOBS�HFPNFUSZ�BSPVOE�UIF�OJDLFM	**
�DFOUFS
�UIVT�DPOGJSNJOH�UIF�MPX�TQJO�

OBUVSF�PG�UIF�OJDLFM	**
�DPNQMFY��"T�BCPWF�TUBUFE
�1Z/.F��FOBCMFT�UIF�PCTFSWBUJPO�PG�UIF�USBOT�

FGGFDU� PG� UIF� EJGGFSFOU� DIFMBUJOH� HSPVQT
�XIJDI� DPVME� OPU� CF� PCTFSWFE�XJUI� 3/�� PS� 3/�� UZQF�

MJHBOET�QSFWJPVTMZ�FNQMPZFE�CZ�.JSJDB�BOE�DP�XPSLFST�������*OUFSFTUJOHMZ
�1Z/.F��DPPSEJOBUFT�

UIF�OJDLFM	**
�DFOUFS� JO��� JO�B�CJEFOUBUF� GBTIJPO�UISPVHI�UIF�QZSJEJOF�NPUJG� USBOT�UP� UIF�BMLZM�

NPJFUZ�GSPN�UIF�DZDMPOFPQIZM
�BOE�POF�PG�UIF�BEKBDFOU�BNJOFT�USBOT�UP�UIF�QIFOZM�NPJFUZ�GSPN�

UIF� TBNF� DZDMPOFPQIZM� MJHBOE� 	'JHVSF� 7**���D
�� 'VSUIFSNPSF
� JO� PSEFS� UP� TUVEZ� UIF� SFEPY�
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DPVOUFSQBSUT� GPVOE� BU� _����� QQN��5IJT� USFOE�XBT� BMTP� PCTFSWFE� GPS� UIF� QSFWJPVTMZ� SFQPSUFE�

OJDLFM	*7
�DZDMPOFPQIZM�DPNQMFYFT�BOE�JU�JT�QSFTVNBCMZ�FYQMBJOFE�CZ�UIF�IJHIMZ�FMFDUSPQIJMJD�



3FTVMUT�BOE�EJTDVTTJPO�

����
�

DIBSBDUFS�PG�UIF�OJDLFM	*7
�DFOUFS�XIJDI�SFTVMUT�JO�B�XFBLFS�JOUFSBDUJPO�PG�UIF�NFUBM�DFOUFS�XJUI�

UIF�OFBSCZ�QSPUPOT��

�
'JHVSF�7**�����)�/.3�TQFDUSVN�PG�DPNQMFY���JO�$%�$/�BU�����ϓ$��*OTFU��DPNQMFY����)�/.3�BTTJHONFOU��

/FYU
�XF�EFDJEFE�UP�TUVEZ�UIF�SFBDUJWJUZ�PG�DPNQMFYFT���BOE���UPXBSET�UIF�GPSNBUJPO�PG�OFX�$�

$�BOE�$�0�CPOET��0O�B�GJSTU�FYQFSJNFOU
�DPNQMFY���XBT�FYQPTFE�UP�IJHI�UFNQFSBUVSF�	���ϓ$
�

GPS����IPVST�JO�BDFUPOJUSJMF��"GUFS�BDJEJD�USFBUNFOU�UP�FOTVSF�UIF�QSPUPEFNFUBMMBUJPO�BOE�CBTJD�

XPSLVQ� UP� SFNPWF� UIF�OJDLFM� DFOUFS
� UIF� PSHBOJD� MBZFS�XBT� BOBMZ[FE�CZ�($�.4��"T� B� SFTVMU
�

DPNQMFY���EFDPNQPTFE�JO�B�USPVCMFTPNF�NJYUVSF�BOE�POMZ�B�������ZJFME�DPSSFTQPOEJOH�UP�UIF�

QSPUPEFNFUBMMBUJPO�QSPEVDU�	UFSU�CVUZMCFO[FOF
�#
�XBT�EFUFDUFE�	4DIFNF�7**���
��

�

4DIFNF�7**����5IFSNBM�USFBUNFOU�PG�DPNQMFY���GPS�UIF�GPSNBUJPO�PG�$�$�DPVQMJOH�QSPEVDUT��5IF�DPSSFTQPOEJOH�
SFEVDUJWF�FMJNJOBUJPO�$�$�QSPEVDU�	"
�XBT�OPU�EFUFDUFE�CZ�($�.4
�XIJMF�UIF�QSPUPEFNFUBMMBUJPO�QSPEVDU�	#
�

XBT�EFUFDUFE�JO�B�������ZJFME��



$)"15&3�7**� �

����
�

"GUFS� UIBU
� BOE�VTJOH� B� TJNJMBS�QSPUPDPM
� UIF� SFBDUJWJUZ�PG� DPNQMFY���XBT� UFTUFE� UPXBSET� UXP�

FMFDUSPO�PYJEBOUT
�TVDI�BT�9F'�
�/'515�BOE�1I*	0"D
�
�UP�GPSN�JO�TJUV�DPNQMFY��
�CVU�XJUIPVU�

BOZ�QPTJUJWF�SFTVMUT��5IFO
�XF�TUVEJFE�UIF�SFBDUJWJUZ�PG�DPNQMFY���GPSNFE�JO�TJUV�CZ�UIF�PYJEBUJPO�

PG��
�CVU� UIJT� UJNF�CZ�VTJOH� UXP�FMFDUSPO�BOE�PYZHFO� USBOTGFS�PYJEBOUT�TVDI�BT�0�
�)�0��BOE�

U#V0�)��*O�PSEFS�UP�EP�TP
�DPNQMFY���XBT�EJTTPMWFE�JO���.F5)'�BOE�DPPMFE�EPXO�UP�����ϓ$��

5IFO�UIF�PYJEBOU�JT�BEEFE
�BOE�UIF�SFBDUJPO�DSVEF�JT�QSPHSFTTJWFMZ�IFBUFE�UP����ϓ$�GPS����IPVST��

'JOBMMZ
� UIF� DSVEF� JT� USFBUFE� XJUI� BDJE� UP� HVBSBOUFF� UIF� QSPUPEFNFUBMMBUJPO� PG� UIF� PSHBOJD�

GSBHNFOUT�BOE�TVCTFRVFOU�CBTJD�XPSL�VQ�JT�EPOF�UP�TFQBSBUF�UIF�NFUBM�GSPN�UIF�PSHBOJD�MBZFS
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I. Instrumentation 
All the spectroscopic and chromatographic analyses were carried out in Serveis Tècnics de 
Recerca UdG (STR-UdG) or in the laboratories of Grup de Química Bioinspirada 
Supramolecular i Catàlisi (QBIS-Cat Group) at the University of Girona. 

UV/Vis spectroscopy was performed with an Agilent 8453 UV/Vis spectrophotometer with 1 cm 
quartz cells. Low temperature control was achieved with a cryostat from Unisoku Scientific 
Instruments, Japan. HPLC analyses were performed on an Agilent Technologies LC 1200 series 
using an Eclipse XDB - C18 analytical column (4.6 x 150 mm, 5 µm Agilent Technologies). 
Spectrophotometric detection of the HPLC elution profile in the range 190-400 nm was performed 
with an Agilent 1200 Series G1315D diode array detector. Quantification of the catechol in the 
reaction mixtures was performed at 215 nm and using 1,3,5-trimethoxybenzene as internal 
standard. For HPLC-DAD analyses elution was carried out using 0.1% H3PO4 in milliQ water 
(solvent A) and methanol (solvent C), with a flow rate of 0.5 mL/min. Elution started with 40% 
solvent A for 2 minutes, the eluting solvent decreased to 30% A over 11 min, and to 0% A over 
3 min and stayed at 0% A for 2 additional min. Finally returned to 40% A over 4 min and remained 
stable for 8 min. 

II. Materials 
Reagents and solvents used were of commercially available reagent quality unless otherwise 
stated. Solvents were purchased from Scharlab, Acros or Sigma-Aldrich and used without further 
purification unless noted otherwise. 2-methyl-THF (2-MeTHF) was distilled from sodium 
/benzophenone. All solvents were stored under inert atmosphere Preparation and handling of air-
sensitive materials and Cu(I) complexes were carried out in a N2 drybox (Jacomex) with O2 and 
H2O concentrations <1.0 SSP��1�1ƍ-di-tert-Butyl-ethylenediamine (DBED) was purchased from 
TCI Chemicals and used without further purification. The synthesis of the complexes were 
performed by following a slightly modified procedure previously reported in the literature. [1,2] 
Dry sodium salts of 2-fluorophenols were prepared according to reported procedures. All phenols 
were synthesized following previously described procedures.[1]  

III. Synthesis of [CuI(DBED)](PF6) 

 

In the glovebox, DBED ligand (6.9 mg, 0.04 mmols) was dissolved in anhydrous CH3CN (2 mL) 
leading to a 20 mM solution of the ligand. After that, [CuI(CH3CN)4](PF6) (15.0 mg, 0.04 mmols)  
was dissolved also in anhydrous CH3CN (2 mL) leading to a 20 mM solution of the Cu(I) salt. 
Then, 0.5 mL of the 20 mM solution of the ligand and 0.5 mL of the 20 mM solution of de 
[CuI(CH3CN)4]+ complex were mixed to give a 20 mM yellow solution of [CuI(DBED)](PF6) 
after ca. 1 hour of stirring at room temperature. 



IV. Preparation and reactivity of Cu2O2 species for UV/Vis 

experiments 

Generation of [CuII
2(ȝ-Ș2:Ș2-O2)(DBED)2]2+ (1P) monitored by UV/Vis spectroscopy 

 

The preparation of the Cu(I) complex for the UV/Vis spectroscopy was performed under an inert 
atmosphere in the glovebox. All the UV/Vis experiments were performed in CH3CN/2-MeTHF 
(1:19) as a solvent mixture. A freshly prepared 20 mM solution of [CuI(DBED)](PF6) in CH3CN 
was diluted 10 times with CH3CN to give a 2 mM stock solution. For the preparation of a 0.5 mM 
VDPSOH��D�89�9LV�FHOO�ZDV�FKDUJHG�ZLWK�����ȝ/�RI�WKH���mM [CuI(DBED)](PF6) solution together 
with 2.2 mL of dry MeTHF (CH3CN/2-MeTHF 1:19). The quartz cell was capped with a septum, 
taken out of the glovebox and placed in a Unisoku thermostated cell holder designed for low-
temperature experiments at 193 K. Once the thermal equilibrium was reached, a UV/Vis spectrum 
of the starting complex was recorded. Dioxygen was injected into the cell with a balloon and a 
needle through the septum causing immediate formation of a band at Ȝmax = 356 nm corresponding 
to the generation of the side-on peroxo species (1P). Full formation of 1P �İ� �������0-1cm-1) was 
reached after ca. 15 minutes (Figure 1). 

 
Figure 1. Formation of 1P (1 mM, MeCN/2MeTHF 1:19) monitored by UV/Vis spectroscopy at 193 K (yellow: 

[CuI(DBED)](PF6); blue: 1P���,QVHW��WLPH�WUDFH�RI�Ȝmax = 356 nm. 
 



Generation of [CuIII
2(ȝ-O)2(DBED)2]2+ (2O) and reactivity with 2-fluorophenolates 

monitored by UV/Vis spectroscopy 

 

A solution of the pre-formed 1P species (see section above) was cooled down to 163 K. Again, 
when thermal equilibrium was reached, a UV/Vis spectrum of the 1P was recorded. Then, 1 
equivalent of the desired VRGLXP�SKHQRODWH�������PPRO�����ȝ/�LQ�DFHWRQH��ZDV�DGGHG�YLD�V\ULQJH 
causing immediate disappearance of the characteristic band of 1P at Ȝ�  � ���� QP, and it was 
accompanied by the formation of the new bis-oxo species (2O·x) with absorption bands between 
400 and 600 nm depending on the added phenolate.  

 

Figure 2. Generation of 2O·a (0.5 mM, MeCN/2MeTHF 1:19) monitored by UV/Vis spectroscopy at 163 K (blue: 1P; 
red: 2O·a) using o,o-difluorophenolate��,QVHW��WLPH�WUDFH�RI�Ȝ(1P) = 356 nm; Ȝ(2O·a) = 445 nm; Ȝ(2O·a) = 560 nm. 

 

These new intermediate species were not stable even at low temperatures and decomposed as 
shown by the kinetic traces (Figure 3). 

 



Hammett plot 

In a typical experiment, 1 mL of a 10 mM solution of the starting Cu(I) complex 
[CuI(DBED)](PF6) in MeCN was  prepared in situ inside the glovebox  and diluted in 2-MeTHF. 
From this 2.3 mL of a 0.5 mM solution of the starting [CuI(DBED)](PF6) in MeCN/2-MeTHF 
(1:19) was placed in a UV/Vis cuvette which was sealed with a septum, taken out of the glovebox 
and cooled down to 193 K in a Unisoku thermostated cell holder designed for low-temperature 
experiments. Once the thermal equilibrium was reached, a UV/Vis spectrum of the starting 
complex was recorded. Dioxygen was injected into the cell with a balloon and a needle through 
the septum causing immediate formation of a band at Ȝmax = 356 nm corresponding to the 
generation of the side-on peroxo species (1P). Upon maximum formation of the side-on peroxo 
species (after ca. 15 minutes, see section above), the temperature was lowered to 163 K. Again, 
when thermal equilibrium was reached, a UV/Vis spectrum of the 1P was recorded. Then, 1 
equivalent (for Cu(I) complex) of the desired para-substituted sodium SKHQRODWH�LQ����ȝ/�DFHWRQH�
was added via syringe causing immediate disappearance of the characteristic band of 1P at Ȝ� �
356 nm, and it was accompanied by the formation of the new bis-oxo species (2O·x) with 
absorption bands between Ȝ� �450 ± 600 nm (Figure 3). 

 

Figure 3. Generation of 2O·b-e (0.5 mM, MeCN/2MeTHF 1:19) monitored by UV/Vis spectroscopy at 163 K using 
para-substituted o-difluorophenolates. Inset: time traces of 2O·b-e. 

 

Eyring plot 

In a typical experiment, 1 mL of a 10 mM solution of the starting Cu(I) complex 
[CuI(DBED)](PF6) in MeCN was  prepared in situ inside the glovebox by mixing equimolar 
amounts of  ligand (DBED) and copper(I) salt solutions From this 2.3 mL of a 0.5 mM solution 
of the starting Cu(I) in MeCN/2-MeTHF (1:19) was placed in a UV/Vis cuvette which was sealed 
with a septum, taken out of the glovebox and cooled down to 193 K in a Unisoku thermostated 
cell holder designed for low-temperature experiments. Once the thermal equilibrium was reached, 
a UV/Vis spectrum of the starting complex was recorded. Dioxygen was injected into the cell 
with a balloon and a needle through the septum causing immediate formation of a band at Ȝmax = 
356 nm corresponding to the generation of the side-on peroxo species (1P). Upon maximum 



formation of the side-on peroxo species (after ca. 15 minutes, see section above), the temperature 
was changed and set (163, 173, 178, 183, 188 and 193 K). Again, when thermal equilibrium was 
reached, a UV/Vis spectrum of the 1P was recorded. Then, 1 equivalent (for Cu(I) complex) of 
o,o-difluorophenolate in 50 ȝL acetone was added via syringe causing immediate disappearance 
of the characteristic band of 1P at Ȝ� �����QP, and it was accompanied by the formation of the 
new bis-oxo species (2O·a) with absorption bands at Ȝ� �445 nm and Ȝ� �558 nm. 

Analysis of the reaction rates of 2O·a as a function of the temperature via kinetic traces for the 
decay of Ȝ� �558 nm, show a pseudo-first order behavior and can be fitted to single exponentials. 
The corresponding k2 are dependent on the temperature (Figure 4) and an Eyring analysis reveals 
D� UHODWLYHO\� VPDOO� DFWLYDWLRQ� HQWKDOS\� �ǻ+Á = 9.58 ± 2.80×10-1 Kcal·mol-1) and a negative 
DFWLYDWLRQ�HQWURS\��ǻ6Á = -12.17 ± 1.56 cal·mol-1). 

 

Figure 4. Eyring plot for the thermal decay of 1P with sodium o,o-difluorophenolate in MeCN/2-MeTHF (1:19). 

Table 1. Second order rate constants (k2) for the reaction of 1P with sodium o,o-difluorophenolate in MeCN/2-MeTHF 
(1:19) at different temperatures. 

Entry T (K) k2 (M-1·s-1) 
1 193 1.47×10-1 
2 188 6.00×10-2 
3 183 2.81×10-2 
4 178 1.32×10-2 
5 173 6.07×10-3 
6 163 1.17×10-3 

 

V. Analysis and quantification of the final oxidized products for C-H 

vs C-F activation 
In the glovebox, a 50 mL schlenk flask was charged with 20 mL of an in-situ prepared 1 mM 
solution of the starting Cu(I) complex, [CuI(DBED)](PF6) ����ȝPROV�� in MeCN/acetone (1:19) 
by mixing equimolar amounts of  DBED ligand and copper(I) salt solution. This solution was 
taken out of the glovebox and cooled down to 183 K in an acetone/N2 bath. Then, an O2 
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atmosphere was provided by using a balloon filled with dioxygen, which caused an immediate 
color change from colorless to dark, leading to the formation of 1P. Upon maximum formation of 
the side-on peroxo species (after ca. 15 minutes, see section above), excess O2 was removed by 
several vacuum/N2 cycles and 1.5 equivalents (for Cu(I) complex) of 2-fluorophenolate (4.15 mg, 
���ȝPROV� in 500 ȝL acetone were added which caused a substantial color change to even darker 
corresponding to the formation of 2O·c. The mixture was stirred for 30 minutes at 183 K, quenched 
with 10 mL of HClO4 0.5 M in water and it was let attain room temperature. Then, 1,3,5-
trimethoxybenzene ������PJ�����ȝPROV��was added as an internal standard. Acetone was removed 
under reduced pressure and the resulting aqueous mixture was extracted using dichloromethane 
(3x15 mL). The organic layers were combined and dried over anhydrous MgSO4. The solvent 
was removed under reduced pressure to obtain the final sample which was analyzed by HPLC to 
quantify the amount and ratio (C-H vs C-F activation) of catechol formed. 

Quantification analysis of the products formed by HPLC evidenced that the reaction of 1P in 
MeCN/Acetone (1:19) at 183 K with sodium 2-fluorophenolate afforded 36% of catechol (attack 
at the C-F bond) and a 2% of 3-fluorocatechol (attack at the C-H bond) with respect to Cu2O2 
species. 1P proved to be highly selective in the defluorination of unsymmetric phenoates bearing 
a hydrogen in the ortho position. Thus, the ortho-Carene-F bond is more reactive against 2O·c even 
in the presence of presumably weaker bonds. 

VI. Non-covalent interaction plots 
The Cu-X interactions present in intermediates 3 had been characterized and visualized by means 
of non-covalent interactions (NCI) plots.[3] The output of this calculation, based on the electron 
density and its derivatives, localizes the NCIs in the real space. Focusing on the Cu2O2 core of 3 
species it is clear that on the basis of NCI analysis, noncovalent interaction exists between one of 
the coppers and the heteroatoms of 2-fluorophenolate, 2,6-fluorophenolate and 6-chloro-2-
fluorophenolate. Two figures for each interaction are displayed herein. 

 

Figure 5. Two perspectives for the NCIs of the intermediate 3 with 2-fluorophenolate as substrate. Blue/Dark green 
surfaces indicates strong non-covalent attractive interactions; light green surfaces indicate weak non-covalent 

attractive interactions.  



 

Figure 6. Two perspectives for the NCIs of the intermediate 3 with 2,6-difluorophenolate as substrate. Blue/Dark 
green surfaces indicates strong non-covalent attractive interactions; light green surfaces indicate weak non-covalent 

attractive interactions.  

 

 

Figure 7. Two perspectives for the NCIs of the intermediate 3 with 6-chloro-2-fluorophenolate as substrate. Cu-F 
interaction. Blue/Dark green surfaces indicates strong non-covalent attractive interactions; light green surfaces 

indicate weak non-covalent attractive interactions.  

 



 

Figure 8. Two perspectives for the NCIs of the intermediate 3 with 6-chloro-2-fluorophenolate as substrate. Cu-Cl 
interaction. Blue/Dark green surfaces indicates strong non-covalent attractive interactions; light green surfaces 

indicate weak non-covalent attractive interactions.  

 

 

VII. Cartesian coordinates of the DFT-optimized structures. 
Charge, multiplicity and cartesian coordinates for the most stable species necessary for the 
construction of the manuscript are the following: 

1O +2, singlet 

29       1.414053000      0.082562000     -0.531733000 
29      -1.414294000     -0.082921000     -0.532612000 
8        0.067457000     -1.124987000     -0.598890000 
8       -0.067653000      1.124675000     -0.597637000 
7        2.692046000      1.579480000     -0.440984000 
1        2.281005000      2.255742000     -1.084976000 
6        3.932756000      1.058811000     -1.075896000 
1        4.790049000      1.707500000     -0.868924000 
1        3.765995000      1.074907000     -2.157382000 
6        4.193155000     -0.354552000     -0.614182000 
1        5.023666000     -0.789946000     -1.178341000 
1        4.459316000     -0.388335000      0.441418000 
6        2.862072000      2.344654000      0.866672000 
6        3.471900000      3.701710000      0.531808000 
1        2.838415000      4.265227000     -0.162154000 
1        3.576659000      4.297957000      1.443102000 
1        4.467579000      3.608720000      0.087656000 
6        3.753883000      1.591967000      1.838055000 
1        3.357654000      0.600008000      2.073093000 
1        3.799751000      2.152262000      2.776252000 
1        4.781978000      1.487368000      1.479958000 
6        1.481640000      2.523060000      1.478038000 
1        1.035758000      1.555973000      1.732380000 
1        1.559649000      3.116071000      2.394309000 
1        0.792424000      3.029976000      0.797652000 
7        2.957929000     -1.159303000     -0.800057000 
1        2.896170000     -1.381501000     -1.796192000 
6        2.935373000     -2.484930000     -0.057085000 
6        4.315816000     -3.133495000     -0.073607000 
1        5.058443000     -2.576911000      0.504629000 
1        4.244922000     -4.132297000      0.367701000 
1        4.693629000     -3.253243000     -1.094598000 
6        1.950765000     -3.386419000     -0.788080000 

1        0.966156000     -2.916966000     -0.863854000 
1        1.842894000     -4.335328000     -0.254072000 
1        2.303875000     -3.614646000     -1.800510000 
6        2.481376000     -2.215826000      1.369287000 
1        1.492717000     -1.745492000      1.377332000 
1        2.412196000     -3.152396000      1.930882000 
1        3.184001000     -1.569002000      1.904595000 
7       -2.957973000      1.159338000     -0.800074000 
6       -2.934981000      2.484984000     -0.057151000 
6       -2.481252000      2.215790000      1.369282000 
1       -1.492961000      1.744704000      1.377518000 
1       -2.411407000      3.152427000      1.930687000 
1       -3.184408000      1.569621000      1.904680000 
6       -4.315216000      3.134024000     -0.073776000 
1       -4.692929000      3.253912000     -1.094788000 
1       -4.244003000      4.132796000      0.367550000 
1       -5.058059000      2.577689000      0.504419000 
6       -1.950047000      3.386127000     -0.788140000 
1       -2.302992000      3.614309000     -1.800638000 
1       -1.842013000      4.335079000     -0.254242000 
1       -0.965550000      2.916423000     -0.863749000 
6       -4.193322000      0.354883000     -0.613579000 
1       -5.023969000      0.790428000     -1.177419000 
1       -4.459029000      0.388860000      0.442135000 
6       -3.933562000     -1.058584000     -1.075260000 
1       -4.790919000     -1.706989000     -0.867658000 
1       -3.767486000     -1.074880000     -2.156846000 
1       -2.896675000      1.381548000     -1.796235000 
7       -2.692589000     -1.579540000     -0.441092000 
6       -2.862012000     -2.344526000      0.866761000 
6       -3.472464000     -3.701435000      0.532459000 
1       -2.839581000     -4.265304000     -0.161761000 
1       -3.576905000     -4.297493000      1.443915000 
1       -4.468371000     -3.608206000      0.088869000 
6       -3.752980000     -1.591465000      1.838654000 



1       -3.356426000     -0.599503000      2.073134000 
1       -3.798204000     -2.151530000      2.777021000 
1       -4.781339000     -1.486812000      1.481327000 
6       -1.481270000     -2.523247000      1.477325000 
1       -1.035066000     -1.556249000      1.731428000 
1       -1.558886000     -3.116254000      2.393632000 
1       -0.792538000     -3.030284000      0.796544000 
1       -2.282281000     -2.256028000     -1.085315000 
 

1P +2, singlet 

29       1.752780000      0.078134000     -0.591095000 
29      -1.752785000     -0.078143000     -0.591102000 
8        0.039225000     -0.740605000     -0.707567000 
8       -0.039229000      0.740591000     -0.707563000 
7        3.140069000      1.522781000     -0.511393000 
1        2.978253000      2.146816000     -1.300676000 
6        4.426217000      0.821141000     -0.767112000 
1        5.278028000      1.378531000     -0.364741000 
1        4.552746000      0.784864000     -1.853777000 
6        4.421535000     -0.592113000     -0.216478000 
1        5.331249000     -1.111053000     -0.538311000 
1        4.416428000     -0.594283000      0.875027000 
6        3.057371000      2.395585000      0.719545000 
6        4.082459000      3.520737000      0.639529000 
1        3.937271000      4.124851000     -0.262861000 
1        3.977418000      4.185493000      1.502378000 
1        5.112777000      3.154840000      0.641904000 
6        3.273508000      1.540550000      1.957438000 
1        2.635393000      0.648010000      1.932982000 
1        3.018492000      2.109643000      2.856152000 
1        4.313101000      1.215803000      2.064129000 
6        1.653179000      2.985385000      0.729096000 
1        0.892364000      2.218037000      0.889528000 
1        1.556736000      3.726065000      1.528499000 
1        1.427472000      3.488286000     -0.218459000 
7        3.207595000     -1.301852000     -0.681490000 
1        3.347096000     -1.518663000     -1.669987000 
6        2.908176000     -2.607751000      0.014702000 
6        4.173830000     -3.444912000      0.160634000 
1        4.894867000     -2.996560000      0.850316000 
1        3.920708000     -4.434272000      0.553876000 
1        4.669553000     -3.591104000     -0.805296000 
6        1.903997000     -3.345421000     -0.859524000 
1        1.017865000     -2.737430000     -1.060351000 
1        1.574333000     -4.265163000     -0.367483000 
1        2.346951000     -3.625147000     -1.822146000 
6        2.303341000     -2.301847000      1.377154000 
1        1.380697000     -1.720363000      1.272134000 
1        2.050690000     -3.230439000      1.898179000 
7       -3.207588000      1.301860000     -0.681486000 
6       -2.908147000      2.607760000      0.014694000 
6       -2.303362000      2.301859000      1.377169000 
1       -1.380746000      1.720325000      1.272188000 
1       -2.050678000      3.230451000      1.898177000 
1       -2.989175000      1.743215000      2.021791000 
6       -4.173778000      3.444965000      0.160577000 
1       -4.669467000      3.591161000     -0.805369000 
1       -3.920635000      4.434321000      0.553815000 
1       -4.894851000      2.996645000      0.850243000 
6       -1.903919000      3.345384000     -0.859515000 
1       -2.346836000      3.625103000     -1.822156000 
1       -1.574245000      4.265126000     -0.367482000 
1       -1.017798000      2.737364000     -1.060303000 
6       -4.421527000      0.592136000     -0.216451000 

1       -5.331242000      1.111086000     -0.538266000 
1       -4.416400000      0.594307000      0.875055000 
6       -4.426237000     -0.821118000     -0.767083000 
1       -5.278044000     -1.378498000     -0.364692000 
1       -4.552792000     -0.784842000     -1.853745000 
1       -3.347101000      1.518666000     -1.669983000 
7       -3.140091000     -1.522772000     -0.511390000 
6       -3.057391000     -2.395593000      0.719535000 
6       -4.082491000     -3.520733000      0.639509000 
1       -3.937311000     -4.124839000     -0.262887000 
1       -3.977457000     -4.185500000      1.502351000 
1       -5.112804000     -3.154823000      0.641889000 
6       -3.273515000     -1.540574000      1.957443000 
1       -2.635384000     -0.648046000      1.933006000 
1       -3.018512000     -2.109688000      2.856147000 
1       -4.313102000     -1.215810000      2.064136000 
6       -1.653205000     -2.985407000      0.729069000 
1       -0.892380000     -2.218072000      0.889517000 
1       -1.556768000     -3.726106000      1.528455000 
1       -1.427505000     -3.488289000     -0.218497000 
1       -2.978292000     -2.146799000     -1.300683000 
1        2.989108000     -1.743151000      2.021780000 
 
2P

F +1, singlet 
29       1.647406000      0.158226000     -0.286742000 
29      -1.831867000     -0.026392000     -0.070866000 
8       -0.147529000      0.822582000     -0.339972000 
8       -0.076484000     -0.633595000     -0.563354000 
7        3.148411000     -1.174192000     -0.124836000 
1        2.957721000     -1.618284000      0.775670000 
6        4.384363000     -0.363820000      0.038986000 
1        5.263928000     -0.887098000     -0.347219000 
1        4.542449000     -0.224124000      1.114357000 
6        4.247664000      0.986415000     -0.631071000 
1        5.136974000      1.594599000     -0.428708000 
1        4.162053000      0.874494000     -1.715433000 
6        3.202987000     -2.286461000     -1.139106000 
6        4.251668000     -3.314990000     -0.724804000 
1        4.027013000     -3.726578000      0.266319000 
1        4.266397000     -4.149129000     -1.433148000 
1        5.263509000     -2.900134000     -0.696553000 
6        3.512782000     -1.701297000     -2.507225000 
1        2.796010000     -0.912188000     -2.766901000 
1        3.443079000     -2.478737000     -3.273993000 
1        4.522150000     -1.280759000     -2.563610000 
6        1.829202000     -2.944093000     -1.144834000 
1        1.068242000     -2.296306000     -1.586609000 
1        1.853903000     -3.872477000     -1.723828000 
1        1.505483000     -3.196108000     -0.128102000 
7        3.017225000      1.634888000     -0.135190000 
1        3.162663000      1.839728000      0.854549000 
6        2.627149000      2.929109000     -0.798274000 
6        3.828040000      3.861206000     -0.914246000 
1        4.581292000      3.483402000     -1.612101000 
1        3.507772000      4.841347000     -1.281129000 
1        4.310404000      4.014368000      0.057684000 
6        1.563661000      3.551511000      0.094880000 
1        0.731971000      2.861756000      0.253080000 
1        1.165583000      4.466037000     -0.355210000 
1        1.972877000      3.814459000      1.077927000 
6        2.049107000      2.622266000     -2.173283000 
1        1.166422000      1.979096000     -2.093823000 
1        1.741745000      3.547887000     -2.669535000 
7       -3.178713000     -1.512540000     -0.007449000 
6       -2.928829000     -2.687763000     -0.905736000 
6       -2.597621000     -2.170122000     -2.299241000 



1       -1.693763000     -1.551158000     -2.285009000 
1       -2.418900000     -3.004207000     -2.984941000 
1       -3.413247000     -1.573817000     -2.721855000 
6       -4.139949000     -3.613585000     -0.952120000 
1       -4.454316000     -3.911608000      0.054247000 
1       -3.891847000     -4.526141000     -1.503445000 
1       -4.996739000     -3.154523000     -1.454915000 
6       -1.733427000     -3.420457000     -0.311595000 
1       -1.988792000     -3.873743000      0.653251000 
1       -1.393438000     -4.219892000     -0.977256000 
1       -0.898258000     -2.734187000     -0.148085000 
6       -4.482521000     -0.843020000     -0.136791000 
1       -5.309339000     -1.499027000      0.162799000 
1       -4.631188000     -0.588124000     -1.189567000 
6       -4.478655000      0.396061000      0.735480000 
1       -5.414306000      0.949012000      0.607666000 
1       -4.422871000      0.096769000      1.786725000 
1       -3.064180000     -1.815736000      0.962683000 
7       -3.294125000      1.254397000      0.465916000 
6       -3.505899000      2.448139000     -0.426109000 
6       -4.531231000      3.397349000      0.186134000 
1       -4.219918000      3.721955000      1.185425000 
1       -4.633102000      4.292797000     -0.434783000 
1       -5.526322000      2.951670000      0.269677000 
6       -3.949203000      1.965390000     -1.797188000 
1       -3.260546000      1.199597000     -2.176973000 
1       -3.952264000      2.796255000     -2.509345000 
1       -4.959859000      1.544829000     -1.785049000 
6       -2.160938000      3.156485000     -0.526918000 
1       -1.430181000      2.562911000     -1.081892000 
1       -2.272701000      4.117260000     -1.038807000 
1       -1.743697000      3.356705000      0.466912000 
1       -2.967579000      1.613706000      1.362113000 
1        2.774808000      2.130708000     -2.829467000 
6        2.482106000     -0.864316000      3.113420000 
6        1.708037000     -2.015687000      2.954839000 
6        1.862034000      0.380573000      2.938827000 
1        2.166805000     -2.996685000      3.084331000 
1        2.414394000      1.311651000      3.067823000 
6        0.356580000     -1.933288000      2.633940000 
6        0.519267000      0.441885000      2.630560000 
1       -0.232509000     -2.843110000      2.514585000 
6       -0.328241000     -0.694672000      2.451008000 
8       -1.569151000     -0.590894000      2.154709000 
1        3.536392000     -0.921620000      3.373308000 
9       -0.059543000      1.674422000      2.497715000 
 
 
2O

F +1, singlet 
 
29      -1.249334000      0.105818000     -0.341611000 
29       1.518541000     -0.113169000     -0.083212000 
8        0.073264000     -1.139312000     -0.450905000 
8        0.226667000      1.139662000     -0.374665000 
7       -2.502725000      1.661501000     -0.347644000 
1       -2.141269000      2.296458000      0.363552000 
6       -3.781355000      1.109098000      0.170027000 
1       -4.625079000      1.774492000     -0.025046000 
1       -3.669267000      1.042014000      1.255319000 
6       -4.020936000     -0.264676000     -0.394030000 
1       -4.908752000     -0.712277000      0.064499000 
1       -4.190392000     -0.232460000     -1.473473000 
6       -2.521561000      2.460389000     -1.654507000 
6       -3.835453000      3.214619000     -1.811489000 
1       -4.062248000      3.830943000     -0.935232000 
1       -3.757530000      3.886013000     -2.671814000 

1       -4.685810000      2.552054000     -1.998331000 
6       -2.302884000      1.532522000     -2.843884000 
1       -1.353295000      0.991711000     -2.752076000 
1       -2.260190000      2.116421000     -3.768023000 
1       -3.106761000      0.799986000     -2.958118000 
6       -1.368561000      3.452248000     -1.559873000 
1       -0.414285000      2.933102000     -1.444234000 
1       -1.325684000      4.061532000     -2.467351000 
1       -1.494213000      4.132908000     -0.709059000 
7       -2.820323000     -1.101034000     -0.132403000 
1       -2.810029000     -1.301816000      0.874624000 
6       -2.818682000     -2.437579000     -0.855407000 
6       -4.221190000     -3.038798000     -0.857889000 
1       -4.925535000     -2.476968000     -1.477823000 
1       -4.173284000     -4.054926000     -1.261274000 
1       -4.632262000     -3.107462000      0.155375000 
6       -1.879882000     -3.365450000     -0.097219000 
1       -0.895382000     -2.909669000      0.030429000 
1       -1.762626000     -4.305375000     -0.646171000 
1       -2.281501000     -3.608915000      0.892951000 
6       -2.331189000     -2.210132000     -2.278094000 
1       -1.310994000     -1.815422000     -2.281326000 
1       -2.330163000     -3.154882000     -2.830465000 
1       -2.976837000     -1.516734000     -2.826912000 
7        2.993242000      1.090132000      0.507156000 
6        3.152608000      2.452191000     -0.126690000 
6        2.996925000      2.294274000     -1.632655000 
1        1.997850000      1.925486000     -1.885342000 
1        3.138302000      3.257136000     -2.133827000 
1        3.736076000      1.599661000     -2.046352000 
6        4.516947000      3.051685000      0.205948000 
1        4.693621000      3.081499000      1.286459000 
1        4.552340000      4.082981000     -0.158836000 
1        5.346215000      2.515078000     -0.263832000 
6        2.060525000      3.344397000      0.447826000 
1        2.213631000      3.509469000      1.521119000 
1        2.072842000      4.322007000     -0.044725000 
1        1.076072000      2.892345000      0.308860000 
6        4.222704000      0.263371000      0.549614000 
1        4.957725000      0.695488000      1.236756000 
1        4.670694000      0.257198000     -0.447102000 
6        3.839204000     -1.120852000      0.999432000 
1        4.702990000     -1.789141000      1.029274000 
1        3.415483000     -1.070974000      2.005247000 
1        2.660966000      1.204900000      1.470982000 
7        2.752049000     -1.653319000      0.138338000 
6        3.116777000     -2.405386000     -1.135228000 
6        4.385858000     -3.226141000     -0.940297000 
1        4.322014000     -3.872858000     -0.058775000 
1        4.531404000     -3.872409000     -1.811300000 
1        5.281901000     -2.605390000     -0.848814000 
6        3.294909000     -1.427271000     -2.288070000 
1        2.392921000     -0.822853000     -2.444120000 
1        3.484040000     -1.975871000     -3.215997000 
1        4.137299000     -0.748150000     -2.136506000 
6        1.945794000     -3.335649000     -1.429502000 
1        1.018691000     -2.772767000     -1.565502000 
1        2.142978000     -3.907471000     -2.341028000 
1        1.791238000     -4.052647000     -0.614181000 
1        2.213705000     -2.300726000      0.713010000 
6       -2.722661000     -0.559665000      3.408120000 
6       -1.927647000     -1.687278000      3.192851000 
6       -2.143770000      0.702425000      3.229586000 
1       -2.353305000     -2.681723000      3.326900000 
1       -2.714707000      1.615882000      3.392338000 
6       -0.596578000     -1.562284000      2.811382000 



6       -0.822792000      0.806924000      2.849305000 
1        0.009485000     -2.452160000      2.636933000 
6        0.046599000     -0.302727000      2.623239000 
1       -3.762807000     -0.648776000      3.712273000 
8        1.273451000     -0.167629000      2.286006000 
9       -0.298699000      2.058113000      2.694373000 
 
2O

FF +1, singlet 
 
29      -1.523486000      0.257338000     -0.210280000 
29       1.257070000      0.770162000     -0.473694000 
8       -0.035552000     -0.389375000     -1.004665000 
8       -0.292580000      1.534642000      0.129639000 
7       -2.985428000      1.148985000      0.783565000 
1       -2.482548000      1.526529000      1.587668000 
6       -3.863013000      0.051977000      1.275256000 
1       -4.842480000      0.429667000      1.586159000 
1       -3.383333000     -0.369736000      2.162570000 
6       -4.006692000     -1.011691000      0.213671000 
1       -4.542762000     -1.878059000      0.615340000 
1       -4.571471000     -0.647531000     -0.645095000 
6       -3.687025000      2.343858000      0.155788000 
6       -4.369982000      3.129376000      1.270337000 
1       -3.643269000      3.480562000      2.010927000 
1       -4.871546000      4.008879000      0.855377000 
1       -5.129447000      2.538636000      1.791360000 
6       -4.702599000      1.895704000     -0.880768000 
1       -4.241851000      1.282634000     -1.662048000 
1       -5.125596000      2.778954000     -1.368151000 
1       -5.538880000      1.340958000     -0.445702000 
6       -2.627073000      3.206241000     -0.510988000 
1       -2.155633000      2.686929000     -1.351116000 
1       -3.088492000      4.121927000     -0.893909000 
1       -1.832192000      3.487657000      0.185107000 
7       -2.659129000     -1.405421000     -0.265826000 
1       -2.240106000     -1.989595000      0.461908000 
6       -2.653918000     -2.230228000     -1.540487000 
6       -3.839126000     -3.190490000     -1.569281000 
1       -4.801422000     -2.678036000     -1.654050000 
1       -3.745640000     -3.850271000     -2.437366000 
1       -3.864431000     -3.826113000     -0.677597000 
6       -1.359421000     -3.030994000     -1.544297000 
1       -0.495054000     -2.377061000     -1.421823000 
1       -1.252806000     -3.576544000     -2.487154000 
1       -1.349706000     -3.766465000     -0.730580000 
6       -2.714594000     -1.267608000     -2.716876000 
1       -1.844452000     -0.602855000     -2.722530000 
1       -2.724571000     -1.818274000     -3.662454000 
1       -3.620583000     -0.652413000     -2.689652000 
7        2.564553000      2.016759000      0.387091000 
6        2.214552000      3.484371000      0.486587000 
6        1.644859000      3.917813000     -0.856580000 
1        0.713412000      3.385895000     -1.072602000 
1        1.432033000      4.991349000     -0.857168000 
1        2.349852000      3.725404000     -1.673734000 
6        3.445277000      4.315109000      0.840387000 
1        3.931117000      3.948236000      1.750675000 
1        3.137374000      5.348526000      1.027897000 
1        4.189431000      4.339993000      0.039344000 
6        1.181377000      3.622424000      1.596454000 
1        1.621412000      3.386914000      2.572768000 
1        0.806024000      4.649759000      1.639777000 
1        0.337869000      2.946899000      1.427957000 
6        3.897891000      1.728225000     -0.185828000 
1        4.690835000      1.986008000      0.523503000 
1        4.031805000      2.354788000     -1.074215000 

6        3.964188000      0.273262000     -0.564873000 
1        4.925283000      0.050306000     -1.038512000 
1        3.836838000     -0.366732000      0.312354000 
1        2.534676000      1.600727000      1.321659000 
7        2.832040000      0.016770000     -1.484063000 
6        0.224491000     -3.982205000      2.735625000 
6        1.601253000     -3.818828000      2.563734000 
6       -0.607880000     -2.873636000      2.575888000 
1        2.292905000     -4.648886000      2.692789000 
1       -1.683930000     -2.942244000      2.730586000 
6        2.102603000     -2.575848000      2.236821000 
6       -0.053024000     -1.654425000      2.239785000 
6        1.326488000     -1.404842000      1.998265000 
1       -0.189397000     -4.951844000      2.996516000 
8        1.813865000     -0.291544000      1.611516000 
1        2.938999000      0.670271000     -2.264867000 
6        2.785981000     -1.359266000     -2.111697000 
6        2.383753000     -2.370282000     -1.052630000 
1        1.441113000     -2.083867000     -0.583933000 
1        2.259334000     -3.359512000     -1.505602000 
1        3.141884000     -2.458336000     -0.271040000 
6        1.765364000     -1.288460000     -3.240589000 
1        2.086574000     -0.582941000     -4.016618000 
1        1.657530000     -2.269710000     -3.712948000 
1        0.786350000     -0.974599000     -2.871684000 
6        4.151373000     -1.715152000     -2.696872000 
1        4.058850000     -2.626460000     -3.295847000 
1        4.529192000     -0.926268000     -3.357591000 
1        4.904740000     -1.911317000     -1.929169000 
9       -0.900035000     -0.575419000      2.123812000 
9        3.452423000     -2.443039000      2.073910000 
 
2O

FCl +1, singlet 
 
29       1.840777000      0.001257000     -0.047534000 
29      -0.726223000      0.840289000      0.820522000 
8        0.563287000     -0.390750000      1.170125000 
8        0.674902000      1.369954000     -0.217520000 
7        3.109042000      0.673152000     -1.413390000 
1        2.478591000      1.010739000     -2.141202000 
6        3.791922000     -0.538922000     -1.940711000 
1        4.697607000     -0.279676000     -2.498981000 
1        3.102591000     -1.013516000     -2.646505000 
6        4.106859000     -1.485337000     -0.808571000 
1        4.507878000     -2.426921000     -1.196872000 
1        4.852107000     -1.065151000     -0.133780000 
6        4.003771000      1.861493000     -1.088810000 
6        4.474870000      2.464612000     -2.408081000 
1        3.626835000      2.788411000     -3.021453000 
1        5.098915000      3.342714000     -2.216455000 
1        5.072868000      1.762761000     -2.997347000 
6        5.191699000      1.439395000     -0.241287000 
1        4.876511000      0.968470000      0.695628000 
1        5.770797000      2.329109000      0.022086000 
1        5.869893000      0.760633000     -0.766579000 
6        3.170377000      2.874408000     -0.320979000 
1        2.841919000      2.471577000      0.641790000 
1        3.767604000      3.771786000     -0.131391000 
1        2.273523000      3.169682000     -0.872118000 
7        2.869959000     -1.725186000     -0.024855000 
1        2.288855000     -2.356648000     -0.579561000 
6        3.078169000     -2.397683000      1.320243000 
6        4.212293000     -3.415717000      1.250294000 
1        5.193614000     -2.955181000      1.106555000 
1        4.251569000     -3.971133000      2.192613000 
1        4.053119000     -4.145675000      0.449496000 



6        1.777724000     -3.118596000      1.649498000 
1        0.921969000     -2.448099000      1.553294000 
1        1.804369000     -3.506610000      2.672230000 
1        1.624627000     -3.969731000      0.974820000 
6        3.397520000     -1.310539000      2.336205000 
1        2.572412000     -0.595890000      2.416483000 
1        3.566909000     -1.748008000      3.324754000 
1        4.306432000     -0.761317000      2.064656000 
7       -2.025047000      2.272145000      0.292092000 
6       -1.508712000      3.668207000      0.039582000 
6       -0.529245000      4.016952000      1.152366000 
1        0.337803000      3.350857000      1.127675000 
1       -0.171706000      5.045851000      1.043392000 
1       -0.998574000      3.938511000      2.139910000 
6       -2.657711000      4.672723000      0.007280000 
1       -3.424309000      4.385686000     -0.720441000 
1       -2.269621000      5.650689000     -0.294479000 
1       -3.139227000      4.802419000      0.980687000 
6       -0.821888000      3.650775000     -1.319595000 
1       -1.547179000      3.470471000     -2.121875000 
1       -0.342345000      4.615404000     -1.514403000 
1       -0.061178000      2.865788000     -1.361275000 
6       -3.166701000      2.181849000      1.224542000 
1       -4.073605000      2.601807000      0.776088000 
1       -2.933216000      2.770842000      2.118708000 
6       -3.375969000      0.739678000      1.593321000 
1       -4.190671000      0.649255000      2.318015000 
1       -3.623796000      0.144572000      0.711330000 
1       -2.312828000      1.838997000     -0.592658000 
7       -2.101729000      0.231151000      2.148318000 
6       -4.164919000     -2.953099000     -2.958724000 
6       -4.730359000     -1.739652000     -2.552958000 
6       -2.805489000     -3.168970000     -2.750597000 
1       -5.787559000     -1.526808000     -2.699016000 
1       -2.339618000     -4.102354000     -3.058320000 
6       -3.930196000     -0.790376000     -1.959261000 
6       -2.035666000     -2.184690000     -2.144583000 
6       -2.532943000     -0.921878000     -1.701123000 
1       -4.776577000     -3.715688000     -3.432290000 
8       -1.845504000     -0.016388000     -1.134954000 
1       -1.903673000      0.788905000      2.983400000 
6       -2.125635000     -1.215982000      2.602753000 
6       -2.050259000     -2.116560000      1.379383000 
1       -1.199127000     -1.856542000      0.748107000 
1       -1.951194000     -3.161799000      1.691561000 
1       -2.957936000     -2.043311000      0.770641000 
6       -0.929728000     -1.398249000      3.529357000 
1       -1.050054000     -0.799290000      4.440255000 
1       -0.843388000     -2.445760000      3.833547000 
1        0.002747000     -1.103278000      3.043572000 
6       -3.403081000     -1.502468000      3.389182000 
1       -3.330582000     -2.499356000      3.835137000 
1       -3.546715000     -0.787301000      4.207032000 
1       -4.298705000     -1.494697000      2.762142000 
9       -4.493501000      0.393387000     -1.564826000 
17      -0.311559000     -2.481830000     -1.894738000 
 
3F +1, triplet 
29      -1.393697000      0.376918000     -0.206472000 
29       1.517132000      0.238256000     -0.176410000 
8       -0.074164000     -0.769023000     -0.634238000 
8        0.067182000      1.405068000      0.083947000 
7       -2.684661000      1.795103000      0.363317000 
1       -2.205485000      2.211744000      1.161114000 
6       -3.861318000      1.048423000      0.876890000 
1       -4.746742000      1.686714000      0.960488000 

1       -3.609079000      0.717525000      1.890577000 
6       -4.151634000     -0.155581000      0.009572000 
1       -4.947665000     -0.756113000      0.463076000 
1       -4.490665000      0.137444000     -0.984793000 
6       -2.972887000      2.949166000     -0.576344000 
6       -3.731071000      4.034037000      0.182810000 
1       -3.159937000      4.382552000      1.050315000 
1       -3.901254000      4.896616000     -0.468671000 
1       -4.711249000      3.698733000      0.533389000 
6       -3.776651000      2.467580000     -1.773251000 
1       -3.287715000      1.619480000     -2.266157000 
1       -3.854882000      3.274941000     -2.507373000 
1       -4.797147000      2.175900000     -1.508250000 
6       -1.637028000      3.502437000     -1.050866000 
1       -1.089430000      2.771363000     -1.651159000 
1       -1.808879000      4.393461000     -1.663146000 
1       -0.991404000      3.780022000     -0.212475000 
7       -2.911646000     -0.949621000     -0.149289000 
1       -2.746273000     -1.421310000      0.743070000 
6       -2.976041000     -2.038765000     -1.203148000 
6       -4.357396000     -2.686763000     -1.226990000 
1       -5.142527000     -2.001997000     -1.561096000 
1       -4.347332000     -3.533001000     -1.921133000 
1       -4.638836000     -3.075896000     -0.242140000 
6       -1.934119000     -3.086199000     -0.830059000 
1       -0.951934000     -2.623638000     -0.700795000 
1       -1.868395000     -3.847303000     -1.614565000 
1       -2.208969000     -3.597793000      0.100625000 
6       -2.659762000     -1.403681000     -2.547833000 
1       -1.661118000     -0.956148000     -2.528973000 
1       -2.684084000     -2.155654000     -3.342910000 
1       -3.388755000     -0.629196000     -2.812100000 
7        3.113116000      1.386468000      0.574671000 
6        2.977312000      2.882238000      0.612804000 
6        2.510574000      3.349282000     -0.759764000 
1        1.548137000      2.889966000     -1.006428000 
1        2.386688000      4.437093000     -0.777744000 
1        3.229159000      3.093192000     -1.546730000 
6        4.296191000      3.551175000      0.993453000 
1        4.684833000      3.161254000      1.941124000 
1        4.146297000      4.628358000      1.120045000 
1        5.070550000      3.421364000      0.231053000 
6        1.924057000      3.191652000      1.668723000 
1        2.265751000      2.887260000      2.665920000 
1        1.718015000      4.266439000      1.704276000 
1        0.991291000      2.664138000      1.441806000 
6        4.352093000      0.882059000     -0.050236000 
1        5.217694000      1.001210000      0.612046000 
1        4.552121000      1.477034000     -0.948495000 
6        4.184019000     -0.569658000     -0.440133000 
1        5.098183000     -0.922636000     -0.931524000 
1        4.006104000     -1.191357000      0.442856000 
1        3.104305000      1.053748000      1.538615000 
7        3.001919000     -0.671829000     -1.316604000 
6       -1.180971000     -3.272237000      3.147316000 
6        0.030242000     -3.827390000      2.723021000 
6       -1.370506000     -1.891708000      3.060596000 
1        0.188595000     -4.901068000      2.804748000 
1       -2.290291000     -1.422092000      3.404175000 
6        1.030123000     -3.025370000      2.200795000 
6       -0.358408000     -1.103994000      2.554954000 
1        1.973367000     -3.457672000      1.875721000 
6        0.889268000     -1.613101000      2.087865000 
1       -1.967820000     -3.902116000      3.554624000 
8        1.815040000     -0.845457000      1.631640000 
1        3.156160000     -0.013920000     -2.084207000 



6        2.756911000     -2.006324000     -1.966827000 
6        2.258366000     -2.974961000     -0.909670000 
1        1.374711000     -2.565470000     -0.413191000 
1        1.988130000     -3.933815000     -1.365361000 
1        3.020409000     -3.176600000     -0.150188000 
6        1.679631000     -1.774358000     -3.018790000 
1        2.024856000     -1.079960000     -3.795048000 
1        1.418809000     -2.716200000     -3.512589000 
1        0.778157000     -1.364767000     -2.552370000 
6        4.023791000     -2.533774000     -2.635796000 
1        3.788367000     -3.423030000     -3.229313000 
1        4.459020000     -1.792272000     -3.316101000 
1        4.793137000     -2.825202000     -1.914492000 
9       -0.536542000      0.234221000      2.518160000 
 
3FF +1, singlet 
 
29      -1.523486000      0.257338000     -0.210280000 
29       1.257070000      0.770162000     -0.473694000 
8       -0.035552000     -0.389375000     -1.004665000 
8       -0.292580000      1.534642000      0.129639000 
7       -2.985428000      1.148985000      0.783565000 
1       -2.482548000      1.526529000      1.587668000 
6       -3.863013000      0.051977000      1.275256000 
1       -4.842480000      0.429667000      1.586159000 
1       -3.383333000     -0.369736000      2.162570000 
6       -4.006692000     -1.011691000      0.213671000 
1       -4.542762000     -1.878059000      0.615340000 
1       -4.571471000     -0.647531000     -0.645095000 
6       -3.687025000      2.343858000      0.155788000 
6       -4.369982000      3.129376000      1.270337000 
1       -3.643269000      3.480562000      2.010927000 
1       -4.871546000      4.008879000      0.855377000 
1       -5.129447000      2.538636000      1.791360000 
6       -4.702599000      1.895704000     -0.880768000 
1       -4.241851000      1.282634000     -1.662048000 
1       -5.125596000      2.778954000     -1.368151000 
1       -5.538880000      1.340958000     -0.445702000 
6       -2.627073000      3.206241000     -0.510988000 
1       -2.155633000      2.686929000     -1.351116000 
1       -3.088492000      4.121927000     -0.893909000 
1       -1.832192000      3.487657000      0.185107000 
7       -2.659129000     -1.405421000     -0.265826000 
1       -2.240106000     -1.989595000      0.461908000 
6       -2.653918000     -2.230228000     -1.540487000 
6       -3.839126000     -3.190490000     -1.569281000 
1       -4.801422000     -2.678036000     -1.654050000 
1       -3.745640000     -3.850271000     -2.437366000 
1       -3.864431000     -3.826113000     -0.677597000 
6       -1.359421000     -3.030994000     -1.544297000 
1       -0.495054000     -2.377061000     -1.421823000 
1       -1.252806000     -3.576544000     -2.487154000 
1       -1.349706000     -3.766465000     -0.730580000 
6       -2.714594000     -1.267608000     -2.716876000 
1       -1.844452000     -0.602855000     -2.722530000 
1       -2.724571000     -1.818274000     -3.662454000 
1       -3.620583000     -0.652413000     -2.689652000 
7        2.564553000      2.016759000      0.387091000 
6        2.214552000      3.484371000      0.486587000 
6        1.644859000      3.917813000     -0.856580000 
1        0.713412000      3.385895000     -1.072602000 
1        1.432033000      4.991349000     -0.857168000 
1        2.349852000      3.725404000     -1.673734000 
6        3.445277000      4.315109000      0.840387000 
1        3.931117000      3.948236000      1.750675000 
1        3.137374000      5.348526000      1.027897000 

1        4.189431000      4.339993000      0.039344000 
6        1.181377000      3.622424000      1.596454000 
1        1.621412000      3.386914000      2.572768000 
1        0.806024000      4.649759000      1.639777000 
1        0.337869000      2.946899000      1.427957000 
6        3.897891000      1.728225000     -0.185828000 
1        4.690835000      1.986008000      0.523503000 
1        4.031805000      2.354788000     -1.074215000 
6        3.964188000      0.273262000     -0.564873000 
1        4.925283000      0.050306000     -1.038512000 
1        3.836838000     -0.366732000      0.312354000 
1        2.534676000      1.600727000      1.321659000 
7        2.832040000      0.016770000     -1.484063000 
6        0.224491000     -3.982205000      2.735625000 
6        1.601253000     -3.818828000      2.563734000 
6       -0.607880000     -2.873636000      2.575888000 
1        2.292905000     -4.648886000      2.692789000 
1       -1.683930000     -2.942244000      2.730586000 
6        2.102603000     -2.575848000      2.236821000 
6       -0.053024000     -1.654425000      2.239785000 
6        1.326488000     -1.404842000      1.998265000 
1       -0.189397000     -4.951844000      2.996516000 
8        1.813865000     -0.291544000      1.611516000 
1        2.938999000      0.670271000     -2.264867000 
6        2.785981000     -1.359266000     -2.111697000 
6        2.383753000     -2.370282000     -1.052630000 
1        1.441113000     -2.083867000     -0.583933000 
1        2.259334000     -3.359512000     -1.505602000 
1        3.141884000     -2.458336000     -0.271040000 
6        1.765364000     -1.288460000     -3.240589000 
1        2.086574000     -0.582941000     -4.016618000 
1        1.657530000     -2.269710000     -3.712948000 
1        0.786350000     -0.974599000     -2.871684000 
6        4.151373000     -1.715152000     -2.696872000 
1        4.058850000     -2.626460000     -3.295847000 
1        4.529192000     -0.926268000     -3.357591000 
1        4.904740000     -1.911317000     -1.929169000 
9       -0.900035000     -0.575419000      2.123812000 
9        3.452423000     -2.443039000      2.073910000 
 
3ClF +1, singlet 
 
29      -1.599996000     -0.054491000      0.253000000 
29       1.120770000     -0.483224000     -0.315466000 
8       -0.365404000     -1.383676000      0.325975000 
8       -0.073567000      0.852994000     -0.047820000 
7       -3.331270000     -1.036515000      0.477200000 
7       -2.682132000      1.548912000     -0.050640000 
7        1.904218000     -0.818108000      1.950927000 
7        2.350895000     -2.018502000     -0.704854000 
6       -4.393216000     -0.239302000     -0.223147000 
6       -3.831988000      1.037017000     -0.829884000 
6       -3.371490000     -2.526847000      0.183649000 
6       -2.814820000     -2.744517000     -1.213981000 
6       -2.515866000     -3.204975000      1.245290000 
6       -4.800408000     -3.055296000      0.297226000 
6       -2.948825000      2.474345000      1.118492000 
6       -1.659200000      2.526298000      1.922910000 
6       -4.091051000      1.958183000      1.976145000 
6       -3.288997000      3.851819000      0.560433000 
6        2.316988000     -2.212011000      1.790682000 
6        3.114219000     -2.412246000      0.509830000 
6        2.675920000      0.044263000      2.875162000 
6        4.125709000      0.115997000      2.412869000 
6        2.020734000      1.418966000      2.782865000 
6        2.614620000     -0.453889000      4.320142000 



6        1.779274000     -3.149587000     -1.531374000 
6        0.950081000     -2.500769000     -2.631588000 
6        0.907176000     -4.045408000     -0.666724000 
6        2.923298000     -3.943038000     -2.156365000 
1       -3.515094000     -0.953730000      1.477402000 
1       -5.203870000     -0.044244000      0.481764000 
1       -4.814671000     -0.838718000     -1.029718000 
1       -4.613967000      1.796954000     -0.945555000 
1       -3.440174000      0.822255000     -1.829198000 
1       -2.078018000      2.072809000     -0.685578000 
1       -3.421453000     -2.244256000     -1.977664000 
1       -1.791392000     -2.365807000     -1.275095000 
1       -2.800743000     -3.811239000     -1.458945000 
1       -1.502511000     -2.795944000      1.259497000 
1       -2.959284000     -3.080069000      2.240515000 
1       -2.452565000     -4.279115000      1.046019000 
1       -5.253349000     -2.786233000      1.257868000 
1       -5.458500000     -2.704260000     -0.502173000 
1       -4.783503000     -4.147874000      0.238514000 
1       -1.418226000      1.541255000      2.337819000 
1       -0.808758000      2.824267000      1.301408000 
1       -1.754416000      3.235303000      2.750838000 
1       -5.047665000      1.963805000      1.445741000 
1       -3.906728000      0.949610000      2.361019000 
1       -4.204108000      2.611868000      2.845584000 
1       -2.460982000      4.255071000     -0.033532000 
1       -4.182224000      3.828475000     -0.071860000 
1       -3.483561000      4.553687000      1.376897000 
1        0.932961000     -0.808507000      2.248992000 
1        1.412287000     -2.827730000      1.751280000 
1        2.915098000     -2.588869000      2.633238000 
1        3.442434000     -3.454325000      0.429280000 
1        4.017935000     -1.798761000      0.531825000 
1        3.002425000     -1.536558000     -1.324341000 
1        4.634409000     -0.849244000      2.516003000 
1        4.193101000      0.426536000      1.365835000 
1        4.685697000      0.838578000      3.016118000 
1        1.933690000      1.728807000      1.738649000 
1        1.007830000      1.398233000      3.202623000 
1        2.591733000      2.175961000      3.331141000 
1        1.576317000     -0.529002000      4.664769000 
1        3.078152000     -1.439060000      4.440084000 
1        3.137770000      0.230380000      4.998211000 
1        0.112831000     -1.938934000     -2.206029000 
1        1.551739000     -1.806359000     -3.229025000 
1        0.540488000     -3.257486000     -3.307778000 
1        1.484279000     -4.563398000      0.106587000 
1        0.114988000     -3.464882000     -0.187850000 
1        0.441506000     -4.814501000     -1.291802000 
1        3.566452000     -3.300863000     -2.768677000 
1        3.550743000     -4.435149000     -1.407098000 
1        2.523955000     -4.726965000     -2.807571000 
8        2.400920000      0.659787000     -1.145970000 
6        2.006585000      1.891207000     -1.319129000 
6        0.961481000      2.287509000     -2.196235000 
6        0.554695000      3.605140000     -2.348886000 
6        1.199728000      4.608185000     -1.631816000 
6        2.254546000      4.286932000     -0.779284000 
6        2.627915000      2.966449000     -0.644293000 
1        2.790388000      5.049666000     -0.220401000 
1       -0.256548000      3.843560000     -3.031448000 
1        0.888069000      5.642849000     -1.745716000 
9        3.659071000      2.665477000      0.174810000 
17       0.185926000      1.043335000     -3.148478000 
 
 

TS1F  +1, singlet 
 
29      -1.587192000      0.122910000      0.119463000 
29       1.272928000      0.557007000     -0.051315000 
8       -0.334706000      1.447942000      0.136378000 
8       -0.009453000     -0.820932000     -0.248716000 
7       -3.195572000      1.308921000      0.320419000 
1       -2.893569000      2.021416000      0.983939000 
6       -4.241683000      0.480379000      0.981099000 
1       -5.244377000      0.870945000      0.780373000 
1       -4.088599000      0.550482000      2.061227000 
6       -4.144439000     -0.957369000      0.521617000 
1       -4.858946000     -1.581143000      1.066686000 
1       -4.402693000     -1.039730000     -0.535567000 
6       -3.655982000      2.071706000     -0.910604000 
6       -4.653806000      3.144636000     -0.482057000 
1       -4.205191000      3.835756000      0.240154000 
1       -4.966453000      3.733258000     -1.349989000 
1       -5.560303000      2.727296000     -0.033707000 
6       -4.287970000      1.122548000     -1.915444000 
1       -3.608796000      0.306329000     -2.184015000 
1       -4.516642000      1.671829000     -2.833641000 
1       -5.228855000      0.691924000     -1.559729000 
6       -2.439190000      2.735645000     -1.534213000 
1       -1.718716000      1.999553000     -1.898004000 
1       -2.755474000      3.360456000     -2.375593000 
1       -1.914067000      3.370845000     -0.815288000 
7       -2.755547000     -1.457034000      0.643648000 
7        3.027802000     -0.502642000      0.191518000 
6        3.085948000     -1.493845000      1.334784000 
6        2.352944000     -0.898099000      2.526940000 
1        1.308011000     -0.687278000      2.275128000 
1        2.357515000     -1.598007000      3.368911000 
1        2.814611000      0.032002000      2.872576000 
6        4.527140000     -1.825513000      1.710506000 
1        5.098611000     -2.176178000      0.844246000 
1        4.532952000     -2.629996000      2.453001000 
1        5.058252000     -0.976055000      2.149896000 
6        2.385496000     -2.756657000      0.858025000 
1        3.000976000     -3.299029000      0.133754000 
1        2.190152000     -3.429312000      1.699329000 
1        1.433461000     -2.510339000      0.380877000 
6        4.089459000      0.531177000      0.208828000 
1        5.066604000      0.102809000     -0.041557000 
1        4.164175000      0.936062000      1.222236000 
6        3.716466000      1.605216000     -0.778681000 
1        4.492301000      2.372732000     -0.851254000 
1        3.595694000      1.156252000     -1.769682000 
1        3.155062000     -1.039183000     -0.668423000 
7        2.392885000      2.177549000     -0.433539000 
6        2.319235000      3.308002000      0.582581000 
6        3.591399000      4.144095000      0.589110000 
1        3.836513000      4.524451000     -0.408276000 
1        3.446807000      5.009904000      1.242812000 
1        4.458403000      3.595189000      0.970421000 
6        2.058926000      2.724414000      1.964314000 
1        1.138816000      2.130153000      1.958921000 
1        1.938192000      3.526480000      2.699854000 
1        2.881837000      2.092323000      2.306799000 
6        1.131504000      4.163224000      0.159658000 
1        0.233600000      3.540635000      0.093529000 
1        0.956764000      4.961560000      0.887316000 
1        1.306941000      4.633625000     -0.815377000 
1        1.999717000      2.543105000     -1.298982000 
6        0.561088000     -3.951274000     -2.054034000 
6        1.872952000     -3.572469000     -2.407662000 



6       -0.420254000     -2.988151000     -1.931607000 
1        2.631115000     -4.343425000     -2.536372000 
1       -1.459245000     -3.250049000     -1.741447000 
6        2.213483000     -2.247444000     -2.582474000 
6       -0.086728000     -1.630712000     -2.077412000 
1        3.227157000     -1.964374000     -2.867118000 
6        1.261542000     -1.187966000     -2.442662000 
1        0.313874000     -5.001123000     -1.915524000 
8        1.533514000      0.034578000     -2.570188000 
9       -1.109149000     -0.800436000     -2.432745000 
6       -2.303010000     -2.016925000      1.992084000 
6       -3.464864000     -2.602461000      2.781731000 
1       -3.074663000     -3.096956000      3.676710000 
1       -4.176231000     -1.842262000      3.119535000 
1       -4.014036000     -3.355201000      2.206198000 
6       -1.618039000     -0.915765000      2.795791000 
1       -2.289567000     -0.083566000      3.028318000 
1       -1.243102000     -1.311259000      3.745042000 
1       -0.761414000     -0.515367000      2.243897000 
6       -1.288338000     -3.104635000      1.670467000 
1       -1.755999000     -3.947321000      1.147242000 
1       -0.494876000     -2.699590000      1.039114000 
1       -0.837173000     -3.491090000      2.589916000 
1       -2.654606000     -2.214016000     -0.028235000 
 
TS1H +1, singlet 
 
29      -1.615152000     -0.029383000     -0.179557000 
29       1.217437000      0.635868000     -0.315236000 
8       -0.485023000      1.382655000     -0.329163000 
8        0.065506000     -0.846810000     -0.564593000 
7       -3.403836000      0.941795000      0.112491000 
1       -3.476916000      0.979150000      1.128210000 
6       -4.478245000      0.018208000     -0.362702000 
1       -5.039910000      0.495370000     -1.166221000 
1       -5.189063000     -0.161262000      0.448802000 
6       -3.897510000     -1.273097000     -0.904841000 
1       -4.661270000     -2.057435000     -0.951403000 
1       -3.546490000     -1.106259000     -1.929850000 
6       -3.549238000      2.377870000     -0.349649000 
6       -4.989981000      2.862373000     -0.184850000 
1       -5.356781000      2.691568000      0.833618000 
1       -5.030779000      3.940554000     -0.369088000 
1       -5.690835000      2.395346000     -0.882080000 
6       -3.110485000      2.445272000     -1.802676000 
1       -2.067763000      2.126527000     -1.893839000 
1       -3.196391000      3.467262000     -2.185599000 
1       -3.730608000      1.806799000     -2.442854000 
6       -2.648492000      3.215704000      0.547941000 
1       -1.626604000      2.827699000      0.527392000 
1       -2.638249000      4.257054000      0.210346000 
1       -3.014185000      3.209265000      1.582369000 
7       -2.700713000     -1.702742000     -0.153403000 
7        2.776065000     -0.202960000      0.868190000 
6        2.328992000     -0.927058000      2.112483000 
6        1.092695000     -0.214026000      2.649996000 
1        0.307956000     -0.180864000      1.884364000 
1        0.691854000     -0.728568000      3.529995000 
1        1.316390000      0.818251000      2.942753000 
6        3.426076000     -0.968496000      3.173614000 
1        4.346570000     -1.415480000      2.781690000 
1        3.099139000     -1.582641000      4.019011000 
1        3.671659000      0.021213000      3.570380000 
6        1.986430000     -2.347178000      1.690938000 
1        2.885329000     -2.887110000      1.371810000 
1        1.544494000     -2.902446000      2.524618000 

1        1.275949000     -2.339235000      0.861146000 
6        3.678124000      0.945125000      1.092157000 
1        4.684623000      0.620751000      1.384671000 
1        3.283873000      1.544748000      1.916571000 
6        3.744483000      1.751679000     -0.180516000 
1        4.465101000      2.569995000     -0.098149000 
1        4.077649000      1.102291000     -0.996433000 
1        3.288807000     -0.864898000      0.287013000 
7        2.396316000      2.239541000     -0.572667000 
6        1.922512000      3.575598000     -0.023427000 
6        3.060188000      4.588584000      0.031010000 
1        3.579776000      4.670332000     -0.930310000 
1        2.652139000      5.576510000      0.267027000 
1        3.800177000      4.356531000      0.802685000 
6        1.310722000      3.383450000      1.357847000 
1        0.557921000      2.590982000      1.327646000 
1        0.817578000      4.307198000      1.679616000 
1        2.058964000      3.140837000      2.117491000 
6        0.858457000      4.061034000     -1.002578000 
1        0.064007000      3.316812000     -1.106611000 
1        0.413925000      4.996457000     -0.648924000 
1        1.293235000      4.254730000     -1.990707000 
1        2.425229000      2.357909000     -1.584484000 
6        1.029871000     -4.224292000     -1.516447000 
6        2.394635000     -3.897278000     -1.338017000 
6        0.131735000     -3.258516000     -1.903763000 
1        3.116387000     -4.648091000     -1.024320000 
1       -0.904102000     -3.529292000     -2.104302000 
6        2.804258000     -2.608663000     -1.534278000 
6        0.538374000     -1.906225000     -2.082881000 
6        1.949882000     -1.545054000     -1.953545000 
1        0.708427000     -5.252589000     -1.368166000 
8        2.356220000     -0.357879000     -2.105016000 
6       -2.865564000     -2.376124000      1.192067000 
6       -3.919976000     -3.471463000      1.116462000 
1       -3.928392000     -4.045085000      2.048571000 
1       -4.929090000     -3.071917000      0.974824000 
1       -3.712395000     -4.172075000      0.299942000 
6       -3.215263000     -1.358767000      2.269899000 
1       -4.212342000     -0.925923000      2.153386000 
1       -3.198972000     -1.846547000      3.249240000 
1       -2.476448000     -0.548330000      2.301641000 
6       -1.496204000     -2.957959000      1.509526000 
1       -1.205719000     -3.736049000      0.793524000 
1       -0.739384000     -2.172518000      1.462298000 
1       -1.485370000     -3.398670000      2.510784000 
1       -2.215603000     -2.380187000     -0.739250000 
9        4.105731000     -2.278391000     -1.301905000 
1       -0.058631000     -1.268556000     -2.729420000 
 
TS1FF +1, singlet 
 
29      -1.579625000      0.076015000      0.014674000 
29       1.258024000      0.614521000     -0.165927000 
8       -0.396626000      1.446436000     -0.164523000 
8        0.043457000     -0.815668000     -0.347746000 
7       -3.349235000      1.093693000      0.163321000 
1       -3.421309000      1.316641000      1.155260000 
6       -4.436045000      0.109765000     -0.139708000 
1       -5.055628000      0.478997000     -0.957362000 
1       -5.089554000      0.018897000      0.732192000 
6       -3.863156000     -1.229663000     -0.551072000 
1       -4.627172000     -2.014297000     -0.512527000 
1       -3.512576000     -1.172217000     -1.588467000 
6       -3.462392000      2.423454000     -0.560413000 
6       -4.902154000      2.937413000     -0.548421000 



1       -5.327955000      2.917016000      0.461047000 
1       -4.913244000      3.978388000     -0.885746000 
1       -5.570952000      2.384047000     -1.212996000 
6       -2.966529000      2.222696000     -1.982053000 
1       -1.913440000      1.927320000     -1.979351000 
1       -3.065792000      3.147792000     -2.558585000 
1       -3.544802000      1.450859000     -2.504302000 
6       -2.592203000      3.408725000      0.208037000 
1       -1.580138000      3.013917000      0.331618000 
1       -2.533044000      4.360636000     -0.329324000 
1       -3.019522000      3.614874000      1.197114000 
7       -2.666311000     -1.570047000      0.242692000 
7        2.866072000     -0.356838000      0.771022000 
6        2.499429000     -1.103824000      2.032581000 
6        1.380014000     -0.332205000      2.725937000 
1        0.527952000     -0.202565000      2.048707000 
1        1.031040000     -0.865039000      3.616674000 
1        1.710314000      0.662797000      3.044096000 
6        3.697988000     -1.258361000      2.965779000 
1        4.540179000     -1.743130000      2.459973000 
1        3.421798000     -1.888603000      3.817192000 
1        4.047463000     -0.304286000      3.371056000 
6        2.021828000     -2.482447000      1.602791000 
1        2.845283000     -3.060933000      1.167856000 
1        1.641817000     -3.043731000      2.462369000 
1        1.226114000     -2.400075000      0.859960000 
6        3.862852000      0.721800000      0.942444000 
1        4.869463000      0.319434000      1.106710000 
1        3.597566000      1.300857000      1.831091000 
6        3.838493000      1.585381000     -0.292617000 
1        4.604974000      2.363831000     -0.254422000 
1        4.042415000      0.962788000     -1.168736000 
1        3.260626000     -1.024769000      0.109470000 
7        2.482655000      2.157456000     -0.505771000 
6        2.134391000      3.485381000      0.151531000 
6        3.347506000      4.403988000      0.230382000 
1        3.833993000      4.525277000     -0.743590000 
1        3.025017000      5.396353000      0.560951000 
1        4.096415000      4.054618000      0.947856000 
6        1.566880000      3.238696000      1.542355000 
1        0.703392000      2.569403000      1.488225000 
1        1.237336000      4.185418000      1.983814000 
1        2.309245000      2.809779000      2.221208000 
6        1.073182000      4.109256000     -0.747676000 
1        0.246632000      3.409954000     -0.902800000 
1        0.672991000      5.021802000     -0.294743000 
1        1.494305000      4.380000000     -1.723298000 
1        2.398942000      2.315934000     -1.509022000 
6        0.420456000     -4.086773000     -1.730754000 
6        1.817226000     -3.950443000     -1.593685000 
6       -0.364618000     -2.986222000     -1.999343000 
1        2.447503000     -4.808483000     -1.374036000 
1       -1.434194000     -3.077138000     -2.178542000 
6        2.386668000     -2.710302000     -1.724009000 
6        0.227248000     -1.708049000     -2.074000000 
6        1.673035000     -1.514943000     -2.032609000 
1       -0.030656000     -5.071362000     -1.643584000 
8        2.201649000     -0.378226000     -2.161773000 
9       -0.481375000     -0.755270000     -2.731051000 
6       -2.818482000     -2.063670000      1.668992000 
6       -3.965770000     -3.057638000      1.772586000 
1       -3.974312000     -3.508654000      2.769782000 
1       -4.941652000     -2.585242000      1.623412000 
1       -3.863022000     -3.868520000      1.043374000 
6       -3.022792000     -0.899034000      2.632462000 
1       -3.985667000     -0.396691000      2.505911000 

1       -2.995264000     -1.268989000      3.661830000 
1       -2.219908000     -0.155647000      2.533323000 
6       -1.488788000     -2.730621000      1.989328000 
1       -1.307660000     -3.604251000      1.351364000 
1       -0.671025000     -2.026792000      1.824198000 
1       -1.460371000     -3.061357000      3.031387000 
1       -2.185562000     -2.318865000     -0.252884000 
9        3.729416000     -2.569831000     -1.557609000 
 
TS1FCl +1, singlet 
 
29      -1.566044000      0.072265000      0.085571000 
29       1.268305000      0.628453000     -0.154535000 
8       -0.394324000      1.445797000     -0.133182000 
8        0.058022000     -0.814216000     -0.340622000 
7       -3.333723000      1.091885000      0.282206000 
1       -3.375719000      1.320245000      1.274722000 
6       -4.432678000      0.111586000      0.013724000 
1       -5.073725000      0.481832000     -0.786623000 
1       -5.062686000      0.027080000      0.903147000 
6       -3.879700000     -1.231071000     -0.412922000 
1       -4.645823000     -2.011789000     -0.347284000 
1       -3.567767000     -1.177841000     -1.462485000 
6       -3.464242000      2.418287000     -0.446475000 
6       -4.903934000      2.931752000     -0.407181000 
1       -5.311369000      2.912222000      0.609807000 
1       -4.921117000      3.972388000     -0.745243000 
1       -5.584902000      2.378374000     -1.059259000 
6       -2.998288000      2.211549000     -1.877621000 
1       -1.944024000      1.921969000     -1.895399000 
1       -3.116949000      3.132660000     -2.457190000 
1       -3.581850000      1.432220000     -2.383263000 
6       -2.578647000      3.408705000      0.297114000 
1       -1.563941000      3.015033000      0.399949000 
1       -2.531902000      4.357152000     -0.247507000 
1       -2.984417000      3.620688000      1.294027000 
7       -2.658359000     -1.575529000      0.340085000 
7        2.870374000     -0.292008000      0.867137000 
6        2.481635000     -1.009324000      2.138132000 
6        1.331002000     -0.239655000      2.780221000 
1        0.498718000     -0.130565000      2.074995000 
1        0.959316000     -0.759767000      3.669422000 
1        1.639078000      0.765179000      3.089730000 
6        3.654747000     -1.118590000      3.109512000 
1        4.518662000     -1.603829000      2.642079000 
1        3.363225000     -1.729433000      3.969953000 
1        3.977746000     -0.148475000      3.498428000 
6        2.042150000     -2.406751000      1.730045000 
1        2.889584000     -2.979788000      1.335770000 
1        1.643819000     -2.954478000      2.589981000 
1        1.270755000     -2.357453000      0.959170000 
6        3.845799000      0.806495000      1.034061000 
1        4.854430000      0.424790000      1.232472000 
1        3.552335000      1.404552000      1.900380000 
6        3.838438000      1.638177000     -0.222610000 
1        4.592331000      2.428867000     -0.185633000 
1        4.074032000      0.997925000     -1.078039000 
1        3.298261000     -0.972575000      0.239878000 
7        2.480825000      2.185492000     -0.482441000 
6        2.100082000      3.522243000      0.139236000 
6        3.294563000      4.466783000      0.200738000 
1        3.786066000      4.569937000     -0.772881000 
1        2.949940000      5.461638000      0.500104000 
1        4.044630000      4.153557000      0.933398000 
6        1.526372000      3.304030000      1.532773000 
1        0.688292000      2.602437000      1.493236000 



1        1.157398000      4.253493000      1.935235000 
1        2.274855000      2.927880000      2.235379000 
6        1.035409000      4.103024000     -0.784739000 
1        0.220207000      3.388112000     -0.926349000 
1        0.618614000      5.021894000     -0.360744000 
1        1.459569000      4.352762000     -1.764652000 
1        2.424329000      2.328123000     -1.490173000 
6        0.568883000     -4.136074000     -1.510471000 
6        1.961819000     -3.953612000     -1.379444000 
6       -0.245866000     -3.079357000     -1.843351000 
1        2.615748000     -4.780427000     -1.113753000 
1       -1.310649000     -3.225695000     -2.011307000 
6        2.492427000     -2.707168000     -1.568039000 
6        0.300861000     -1.780102000     -1.998059000 
6        1.748094000     -1.544736000     -1.933362000 
1        0.143689000     -5.125760000     -1.367451000 
8        2.262712000     -0.408570000     -2.086823000 
6       -2.771707000     -2.076761000      1.766842000 
6       -3.905942000     -3.082846000      1.895112000 
1       -3.881573000     -3.541082000      2.888717000 
1       -4.890656000     -2.620330000      1.777016000 
1       -3.815202000     -3.887557000      1.157465000 
6       -2.962488000     -0.918549000      2.740444000 
1       -3.930198000     -0.421102000      2.637544000 
1       -2.910351000     -1.294006000      3.766895000 
1       -2.166478000     -0.170352000      2.628244000 
6       -1.427962000     -2.730537000      2.050772000 
1       -1.260143000     -3.608988000      1.415927000 
1       -0.623848000     -2.020533000      1.851185000 
1       -1.361804000     -3.050082000      3.094706000 
1       -2.196445000     -2.323966000     -0.173748000 
9        3.826799000     -2.515007000     -1.392296000 
17      -0.619938000     -0.678873000     -3.039409000 
 
TS1ClF +1, singlet 
29      -1.566044000      0.072265000      0.085571000 
29       1.268305000      0.628453000     -0.154535000 
8       -0.394324000      1.445797000     -0.133182000 
8        0.058022000     -0.814216000     -0.340622000 
7       -3.333723000      1.091885000      0.282206000 
1       -3.375719000      1.320245000      1.274722000 
6       -4.432678000      0.111586000      0.013724000 
1       -5.073725000      0.481832000     -0.786623000 
1       -5.062686000      0.027080000      0.903147000 
6       -3.879700000     -1.231071000     -0.412922000 
1       -4.645823000     -2.011789000     -0.347284000 
1       -3.567767000     -1.177841000     -1.462485000 
6       -3.464242000      2.418287000     -0.446475000 
6       -4.903934000      2.931752000     -0.407181000 
1       -5.311369000      2.912222000      0.609807000 
1       -4.921117000      3.972388000     -0.745243000 
1       -5.584902000      2.378374000     -1.059259000 
6       -2.998288000      2.211549000     -1.877621000 
1       -1.944024000      1.921969000     -1.895399000 
1       -3.116949000      3.132660000     -2.457190000 
1       -3.581850000      1.432220000     -2.383263000 
6       -2.578647000      3.408705000      0.297114000 
1       -1.563941000      3.015033000      0.399949000 
1       -2.531902000      4.357152000     -0.247507000 
1       -2.984417000      3.620688000      1.294027000 
7       -2.658359000     -1.575529000      0.340085000 
7        2.870374000     -0.292008000      0.867137000 
6        2.481635000     -1.009324000      2.138132000 
6        1.331002000     -0.239655000      2.780221000 
1        0.498718000     -0.130565000      2.074995000 
1        0.959316000     -0.759767000      3.669422000 

1        1.639078000      0.765179000      3.089730000 
6        3.654747000     -1.118590000      3.109512000 
1        4.518662000     -1.603829000      2.642079000 
1        3.363225000     -1.729433000      3.969953000 
1        3.977746000     -0.148475000      3.498428000 
6        2.042150000     -2.406751000      1.730045000 
1        2.889584000     -2.979788000      1.335770000 
1        1.643819000     -2.954478000      2.589981000 
1        1.270755000     -2.357453000      0.959170000 
6        3.845799000      0.806495000      1.034061000 
1        4.854430000      0.424790000      1.232472000 
1        3.552335000      1.404552000      1.900380000 
6        3.838438000      1.638177000     -0.222610000 
1        4.592331000      2.428867000     -0.185633000 
1        4.074032000      0.997925000     -1.078039000 
1        3.298261000     -0.972575000      0.239878000 
7        2.480825000      2.185492000     -0.482441000 
6        2.100082000      3.522243000      0.139236000 
6        3.294563000      4.466783000      0.200738000 
1        3.786066000      4.569937000     -0.772881000 
1        2.949940000      5.461638000      0.500104000 
1        4.044630000      4.153557000      0.933398000 
6        1.526372000      3.304030000      1.532773000 
1        0.688292000      2.602437000      1.493236000 
1        1.157398000      4.253493000      1.935235000 
1        2.274855000      2.927880000      2.235379000 
6        1.035409000      4.103024000     -0.784739000 
1        0.220207000      3.388112000     -0.926349000 
1        0.618614000      5.021894000     -0.360744000 
1        1.459569000      4.352762000     -1.764652000 
1        2.424329000      2.328123000     -1.490173000 
6        0.568883000     -4.136074000     -1.510471000 
6        1.961819000     -3.953612000     -1.379444000 
6       -0.245866000     -3.079357000     -1.843351000 
1        2.615748000     -4.780427000     -1.113753000 
1       -1.310649000     -3.225695000     -2.011307000 
6        2.492427000     -2.707168000     -1.568039000 
6        0.300861000     -1.780102000     -1.998059000 
6        1.748094000     -1.544736000     -1.933362000 
1        0.143689000     -5.125760000     -1.367451000 
8        2.262712000     -0.408570000     -2.086823000 
6       -2.771707000     -2.076761000      1.766842000 
6       -3.905942000     -3.082846000      1.895112000 
1       -3.881573000     -3.541082000      2.888717000 
1       -4.890656000     -2.620330000      1.777016000 
1       -3.815202000     -3.887557000      1.157465000 
6       -2.962488000     -0.918549000      2.740444000 
1       -3.930198000     -0.421102000      2.637544000 
1       -2.910351000     -1.294006000      3.766895000 
1       -2.166478000     -0.170352000      2.628244000 
6       -1.427962000     -2.730537000      2.050772000 
1       -1.260143000     -3.608988000      1.415927000 
1       -0.623848000     -2.020533000      1.851185000 
1       -1.361804000     -3.050082000      3.094706000 
1       -2.196445000     -2.323966000     -0.173748000 
9        3.826799000     -2.515007000     -1.392296000 
17      -0.619938000     -0.678873000     -3.039409000 
 
4F +1, triplet 
29      -1.485544000      0.099022000     -0.098772000 
29       1.408628000      0.368904000     -0.127962000 
8       -0.146136000      1.350604000     -0.270153000 
8        0.066406000     -1.220624000     -0.500736000 
7       -3.144815000      1.447187000      0.211604000 
1       -3.014213000      1.769206000      1.168197000 
6       -4.379995000      0.622516000      0.185561000 



1       -5.119038000      1.050986000     -0.493284000 
1       -4.840459000      0.627482000      1.177889000 
6       -4.092421000     -0.792688000     -0.266983000 
1       -4.967587000     -1.433235000     -0.102366000 
1       -3.891640000     -0.796441000     -1.345678000 
6       -3.151336000      2.683318000     -0.654229000 
6       -4.496835000      3.410457000     -0.630242000 
1       -4.850000000      3.571011000      0.394939000 
1       -4.382363000      4.396366000     -1.092610000 
1       -5.286242000      2.895517000     -1.185175000 
6       -2.799454000      2.249618000     -2.069095000 
1       -1.800325000      1.801941000     -2.083461000 
1       -2.810385000      3.099832000     -2.759324000 
1       -3.516516000      1.510855000     -2.447988000 
6       -2.088817000      3.611230000     -0.078342000 
1       -1.144561000      3.071220000      0.033465000 
1       -1.931080000      4.470440000     -0.738768000 
1       -2.402548000      4.000065000      0.899037000 
7       -2.869141000     -1.328882000      0.356260000 
7        2.917464000     -0.736834000      0.785401000 
6        2.432141000     -1.520028000      1.984807000 
6        1.294105000     -0.725357000      2.618317000 
1        0.485351000     -0.550094000      1.898174000 
1        0.867066000     -1.254615000      3.476858000 
1        1.638683000      0.253478000      2.972009000 
6        3.543624000     -1.757840000      3.002276000 
1        4.403559000     -2.262764000      2.548779000 
1        3.173756000     -2.402825000      3.805798000 
1        3.898329000     -0.834224000      3.468751000 
6        1.939739000     -2.867133000      1.470400000 
1        2.767670000     -3.449615000      1.048199000 
1        1.508933000     -3.454334000      2.287792000 
1        1.176028000     -2.746396000      0.700338000 
6        3.975957000      0.254702000      1.062657000 
1        4.931804000     -0.226080000      1.304036000 
1        3.678237000      0.837521000      1.938463000 
6        4.136440000      1.152602000     -0.143512000 
1        4.972058000      1.844815000      0.002341000 
1        4.384427000      0.537173000     -1.015152000 
1        3.305468000     -1.405781000      0.120925000 
7        2.872614000      1.848561000     -0.465098000 
6        2.610137000      3.201991000      0.152314000 
6        3.879420000      4.036895000      0.275517000 
1        4.416721000      4.103215000     -0.677537000 
1        3.619099000      5.057415000      0.575022000 
1        4.572154000      3.650119000      1.029763000 
6        1.958422000      3.019997000      1.518733000 
1        1.071382000      2.385595000      1.425842000 
1        1.647619000      3.988704000      1.925468000 
1        2.642525000      2.571740000      2.245923000 
6        1.634986000      3.884991000     -0.800459000 
1        0.777315000      3.230906000     -0.983981000 
1        1.271909000      4.827832000     -0.378766000 
1        2.119081000      4.113795000     -1.758010000 
1        2.864308000      1.989150000     -1.472533000 
6        0.147799000     -4.123849000     -2.269311000 
6        1.551436000     -4.061102000     -2.603324000 
6       -0.529822000     -3.020712000     -1.904479000 
1        2.049589000     -4.983932000     -2.896389000 
1       -1.594343000     -3.059766000     -1.683375000 
6        2.257618000     -2.900793000     -2.572054000 
6        0.144557000     -1.700088000     -1.752748000 
6        1.617739000     -1.665841000     -2.205089000 
1       -0.355724000     -5.085895000     -2.329535000 
8        2.200139000     -0.577539000     -2.154589000 
9       -0.558513000     -0.792871000     -2.653262000 

6       -2.897914000     -1.746578000      1.811513000 
6       -4.208918000     -2.431310000      2.170531000 
1       -4.152599000     -2.833530000      3.187185000 
1       -5.060130000     -1.743125000      2.143439000 
1       -4.425679000     -3.267666000      1.496804000 
6       -2.657638000     -0.546302000      2.725553000 
1       -3.496168000      0.155391000      2.743188000 
1       -2.513708000     -0.889829000      3.755141000 
1       -1.753249000      0.006362000      2.438383000 
6       -1.729979000     -2.714996000      1.955268000 
1       -1.886549000     -3.625036000      1.363348000 
1       -0.809844000     -2.244169000      1.603723000 
1       -1.591418000     -3.012490000      2.999008000 
1       -2.644022000     -2.176182000     -0.158472000 
1        3.312434000     -2.866091000     -2.836018000 
 
4H +1, triplet 
29      -1.485751000     -0.146014000     -0.277911000 
29       1.208958000      0.693070000     -0.268421000 
8       -0.443122000      1.232933000     -0.948696000 
8        0.287221000     -1.144395000     -0.450577000 
7       -3.375939000      0.810173000      0.047114000 
1       -3.297830000      1.125868000      1.011798000 
6       -4.415619000     -0.252630000      0.019737000 
1       -5.178524000     -0.018315000     -0.725159000 
1       -4.930587000     -0.289663000      0.985560000 
6       -3.814308000     -1.599044000     -0.331656000 
1       -4.534112000     -2.403761000     -0.136558000 
1       -3.592051000     -1.622447000     -1.405930000 
6       -3.685869000      2.040436000     -0.765706000 
6       -5.124059000      2.515486000     -0.559989000 
1       -5.359583000      2.628460000      0.504725000 
1       -5.256859000      3.496288000     -1.028398000 
1       -5.871734000      1.851171000     -1.002804000 
6       -3.421367000      1.702813000     -2.224535000 
1       -2.376033000      1.399322000     -2.348594000 
1       -3.613028000      2.567497000     -2.868555000 
1       -4.068097000      0.888832000     -2.574238000 
6       -2.730910000      3.118770000     -0.274022000 
1       -1.704107000      2.750373000     -0.346282000 
1       -2.831175000      4.026565000     -0.878310000 
1       -2.949031000      3.390114000      0.767370000 
7       -2.523805000     -1.810980000      0.341574000 
7        2.856401000      0.097664000      0.892302000 
6        2.518450000     -0.710163000      2.119559000 
6        1.199174000     -0.173290000      2.663704000 
1        0.412655000     -0.229700000      1.900923000 
1        0.862846000     -0.742532000      3.536689000 
1        1.290479000      0.876091000      2.966905000 
6        3.606002000     -0.618626000      3.186480000 
1        4.581058000     -0.928605000      2.794724000 
1        3.362622000     -1.285880000      4.019743000 
1        3.710536000      0.388764000      3.600149000 
6        2.383568000     -2.161228000      1.674153000 
1        3.340936000     -2.543134000      1.298033000 
1        2.084164000     -2.795947000      2.514468000 
1        1.636047000     -2.260313000      0.884332000 
6        3.615862000      1.337280000      1.144705000 
1        4.637506000      1.128580000      1.484859000 
1        3.116255000      1.890858000      1.945456000 
6        3.642857000      2.146589000     -0.130131000 
1        4.268652000      3.037156000     -0.013772000 
1        4.095722000      1.544424000     -0.926006000 
1        3.440583000     -0.484523000      0.291521000 
7        2.272713000      2.467678000     -0.575135000 
6        1.600636000      3.711131000     -0.024197000 



6        2.601370000      4.810437000      0.308663000 
1        3.241143000      5.057062000     -0.545957000 
1        2.061405000      5.721822000      0.585555000 
1        3.246927000      4.551418000      1.154314000 
6        0.787321000      3.350294000      1.215860000 
1        0.095816000      2.535076000      0.980251000 
1        0.198779000      4.211790000      1.550766000 
1        1.421757000      3.047172000      2.053944000 
6        0.664631000      4.175749000     -1.133175000 
1        0.014297000      3.347439000     -1.430882000 
1        0.041093000      5.010045000     -0.795959000 
1        1.232677000      4.516720000     -2.007396000 
1        2.314352000      2.595506000     -1.583281000 
6        0.458217000     -4.060957000     -2.046193000 
6        1.899624000     -4.112542000     -1.953140000 
6       -0.200124000     -2.889383000     -1.990542000 
1        2.408601000     -5.074022000     -1.943552000 
1       -1.285953000     -2.857054000     -2.070129000 
6        2.626880000     -2.978399000     -1.876493000 
6        0.507910000     -1.593188000     -1.779371000 
6        2.026129000     -1.661309000     -1.910413000 
1       -0.075437000     -5.001451000     -2.161398000 
8        2.690175000     -0.625817000     -1.936991000 
6       -2.508950000     -2.132579000      1.817162000 
6       -3.665866000     -3.040938000      2.209251000 
1       -3.561962000     -3.345628000      3.255831000 
1       -4.637593000     -2.545861000      2.112863000 
1       -3.687126000     -3.952472000      1.601922000 
6       -2.535344000     -0.846004000      2.637536000 
1       -3.505258000     -0.341500000      2.606210000 
1       -2.329715000     -1.066946000      3.689897000 
1       -1.764096000     -0.146014000      2.291352000 
6       -1.176385000     -2.835513000      2.041360000 
1       -1.139687000     -3.798877000      1.518029000 
1       -0.365268000     -2.217761000      1.653741000 
1       -1.000428000     -3.022944000      3.104803000 
1       -2.088291000     -2.609677000     -0.115034000 
9        3.969724000     -3.016427000     -1.767085000 
1        0.147387000     -0.828819000     -2.493684000 
 
4FF +1, singlet 
29      -1.612729000     -0.069903000     -0.149575000 
29       1.224738000      0.695026000     -0.104313000 
8       -0.476763000      1.352606000     -0.369924000 
8        0.202124000     -1.086125000     -0.458802000 
7       -3.430313000      0.979153000      0.125111000 
1       -3.364699000      1.339437000      1.075036000 
6       -4.520309000     -0.034391000      0.107605000 
1       -5.324315000      0.276644000     -0.560617000 
1       -4.963582000     -0.104104000      1.104895000 
6       -4.016156000     -1.382038000     -0.356364000 
1       -4.777324000     -2.154396000     -0.193302000 
1       -3.821467000     -1.347273000     -1.435285000 
6       -3.627670000      2.182339000     -0.773046000 
6       -5.076189000      2.671651000     -0.778774000 
1       -5.470603000      2.779522000      0.237958000 
1       -5.117865000      3.658364000     -1.251167000 
1       -5.756566000      2.027224000     -1.342722000 
6       -3.188047000      1.780901000     -2.172890000 
1       -2.124999000      1.518942000     -2.165509000 
1       -3.341141000      2.598462000     -2.885059000 
1       -3.760345000      0.918396000     -2.535924000 
6       -2.742558000      3.284467000     -0.207258000 
1       -1.722341000      2.909602000     -0.081555000 
1       -2.725683000      4.145604000     -0.883537000 
1       -3.126521000      3.633471000      0.760051000 

7       -2.720717000     -1.722998000      0.262538000 
7        2.846676000     -0.094384000      0.947983000 
6        2.449116000     -0.920048000      2.149984000 
6        1.148698000     -0.337308000      2.695203000 
1        0.361989000     -0.338691000      1.931415000 
1        0.784479000     -0.912749000      3.552769000 
1        1.285646000      0.699499000      3.025786000 
6        3.525283000     -0.910518000      3.232491000 
1        4.490709000     -1.252636000      2.844057000 
1        3.239314000     -1.591057000      4.040894000 
1        3.668900000      0.077614000      3.679250000 
6        2.252429000     -2.351415000      1.667541000 
1        3.197925000     -2.773542000      1.305477000 
1        1.901209000     -2.986190000      2.487243000 
1        1.520570000     -2.405459000      0.860110000 
6        3.664031000      1.098798000      1.248610000 
1        4.674595000      0.829190000      1.577582000 
1        3.187746000      1.639622000      2.071308000 
6        3.731392000      1.956962000      0.007338000 
1        4.408113000      2.803901000      0.153437000 
1        4.142521000      1.360923000     -0.814892000 
1        3.408669000     -0.687594000      0.337590000 
7        2.379254000      2.383490000     -0.417674000 
6        1.827106000      3.687665000      0.123947000 
6        2.915119000      4.741093000      0.296195000 
1        3.505031000      4.872439000     -0.617846000 
1        2.452181000      5.705719000      0.528452000 
1        3.601580000      4.510967000      1.117136000 
6        1.121432000      3.433623000      1.450668000 
1        0.377486000      2.640366000      1.329328000 
1        0.604844000      4.340036000      1.785415000 
1        1.821675000      3.153319000      2.243509000 
6        0.821642000      4.152837000     -0.923001000 
1        0.100612000      3.355458000     -1.126466000 
1        0.278193000      5.036496000     -0.573678000 
1        1.327702000      4.423332000     -1.857994000 
1        2.414692000      2.496097000     -1.428750000 
6        0.823976000     -4.111817000     -1.752710000 
6        2.250383000     -3.917008000     -1.824807000 
6       -0.027962000     -3.070261000     -1.713785000 
1        2.915711000     -4.777161000     -1.834609000 
1       -1.105152000     -3.218913000     -1.690203000 
6        2.776175000     -2.672162000     -1.883128000 
6        0.463006000     -1.666126000     -1.648043000 
6        1.967585000     -1.481246000     -1.905429000 
1        0.452098000     -5.132991000     -1.737442000 
8        2.425855000     -0.342051000     -2.003853000 
9       -0.215527000     -0.938160000     -2.699891000 
6       -2.686649000     -2.164151000      1.712585000 
6       -3.873486000     -3.056275000      2.047144000 
1       -3.759698000     -3.462791000      3.057081000 
1       -4.824616000     -2.514712000      2.022959000 
1       -3.947712000     -3.904541000      1.357486000 
6       -2.641700000     -0.957813000      2.647103000 
1       -3.569946000     -0.380182000      2.650167000 
1       -2.475668000     -1.295479000      3.675183000 
1       -1.817038000     -0.280651000      2.391203000 
6       -1.380342000     -2.936303000      1.851719000 
1       -1.382417000     -3.848666000      1.243072000 
1       -0.544436000     -2.316766000      1.522131000 
1       -1.206610000     -3.227896000      2.891903000 
1       -2.360538000     -2.514662000     -0.264209000 
9        4.109633000     -2.483074000     -1.941757000 
 
 
 



4FCl +1, singlet 
29      -1.678610000     -0.201835000     -0.163234000 
29       1.031897000      0.862278000      0.005030000 
8       -0.700716000      1.325685000     -0.405900000 
8        0.225331000     -1.052290000     -0.326779000 
7       -3.639137000      0.612019000     -0.089269000 
1       -3.705305000      0.961113000      0.864867000 
6       -4.580343000     -0.534902000     -0.206299000 
1       -5.306221000     -0.351445000     -0.999706000 
1       -5.154560000     -0.630284000      0.720307000 
6       -3.848730000     -1.819131000     -0.528262000 
1       -4.515588000     -2.681945000     -0.411419000 
1       -3.526139000     -1.801462000     -1.576873000 
6       -3.921609000      1.793074000     -0.988238000 
6       -5.413647000      2.121474000     -1.051251000 
1       -5.849026000      2.203178000     -0.048780000 
1       -5.549157000      3.089154000     -1.544785000 
1       -6.000920000      1.394178000     -1.619113000 
6       -3.378060000      1.450939000     -2.365626000 
1       -2.298646000      1.274814000     -2.303006000 
1       -3.558473000      2.264750000     -3.075470000 
1       -3.855672000      0.550662000     -2.772038000 
6       -3.186440000      2.979903000     -0.379452000 
1       -2.135850000      2.721237000     -0.215539000 
1       -3.241854000      3.846256000     -1.046902000 
1       -3.643080000      3.270550000      0.575474000 
7       -2.607878000     -1.950557000      0.258480000 
7        2.637020000      0.296302000      1.208499000 
6        2.246785000     -0.515965000      2.422883000 
6        0.860442000     -0.054010000      2.861224000 
1        0.132506000     -0.164527000      2.047770000 
1        0.499811000     -0.637470000      3.714749000 
1        0.864606000      1.001044000      3.159372000 
6        3.245484000     -0.348143000      3.564364000 
1        4.262014000     -0.610833000      3.251285000 
1        2.975983000     -1.014556000      4.390033000 
1        3.264712000      0.669954000      3.963701000 
6        2.228434000     -1.977985000      1.994951000 
1        3.233173000     -2.314124000      1.710303000 
1        1.890826000     -2.614794000      2.818681000 
1        1.558830000     -2.135161000      1.147798000 
6        3.309903000      1.580383000      1.496115000 
1        4.309157000      1.429674000      1.921422000 
1        2.716440000      2.117709000      2.241573000 
6        3.404017000      2.368930000      0.210500000 
1        3.978053000      3.288141000      0.361087000 
1        3.948231000      1.773064000     -0.531277000 
1        3.298381000     -0.262241000      0.669012000 
7        2.062364000      2.628064000     -0.358259000 
6        1.348567000      3.906978000      0.024964000 
6        2.307339000      5.088367000      0.126440000 
1        2.922088000      5.190637000     -0.774972000 
1        1.733432000      6.014143000      0.237271000 
1        2.975854000      5.024610000      0.990602000 
6        0.615383000      3.699740000      1.344665000 
1       -0.006112000      2.800665000      1.283397000 
1       -0.035514000      4.553970000      1.560097000 
1        1.307187000      3.601750000      2.187155000 
6        0.347894000      4.157623000     -1.098026000 
1       -0.284520000      3.275590000     -1.238562000 
1       -0.290632000      5.014082000     -0.859711000 
1        0.863951000      4.381602000     -2.039936000 
1        2.175030000      2.664531000     -1.369116000 
6        1.182889000     -4.009984000     -1.593974000 
6        2.583831000     -3.685452000     -1.631871000 
6        0.239040000     -3.049931000     -1.575377000 

1        3.308556000     -4.496121000     -1.640700000 
1       -0.820064000     -3.297814000     -1.589836000 
6        3.013492000     -2.396522000     -1.670064000 
6        0.598471000     -1.609260000     -1.494552000 
6        2.093218000     -1.283476000     -1.694041000 
1        0.906482000     -5.060932000     -1.593394000 
8        2.425069000     -0.102011000     -1.766863000 
9       -0.091244000     -0.953874000     -2.585898000 
6       -2.694667000     -2.305063000      1.728821000 
6       -3.802218000     -3.314552000      1.990718000 
1       -3.765241000     -3.645602000      3.033416000 
1       -4.798244000     -2.892651000      1.821880000 
1       -3.696760000     -4.203652000      1.359459000 
6       -2.900587000     -1.050593000      2.573236000 
1       -3.894881000     -0.610626000      2.453022000 
1       -2.792133000     -1.297011000      3.634419000 
1       -2.150750000     -0.283136000      2.338714000 
6       -1.331910000     -2.900507000      2.058913000 
1       -1.156011000     -3.834121000      1.510354000 
1       -0.543246000     -2.198477000      1.782176000 
1       -1.244918000     -3.115542000      3.128054000 
1       -2.084353000     -2.711077000     -0.166599000 
17       4.716972000     -2.017818000     -1.733125000 
 
TS2F +1, triplet 
29       1.531342000      0.105340000     -0.043109000 
29      -1.332451000      0.463622000      0.410678000 
8        0.309303000      1.320371000      0.592820000 
8       -0.160671000     -1.190046000     -0.066045000 
7        3.205373000      1.324829000      0.119116000 
1        2.798991000      2.246476000     -0.028454000 
6        4.060686000      1.001601000     -1.044739000 
1        5.111111000      1.262049000     -0.868002000 
1        3.725807000      1.617017000     -1.885620000 
6        3.950159000     -0.469392000     -1.401087000 
1        4.550247000     -0.687138000     -2.290746000 
1        4.356481000     -1.081591000     -0.592477000 
6        3.884012000      1.384422000      1.461982000 
6        4.809251000      2.596737000      1.513697000 
1        4.252392000      3.525683000      1.345733000 
1        5.290971000      2.673850000      2.493838000 
1        5.606490000      2.542109000      0.765508000 
6        4.667254000      0.105338000      1.713461000 
1        4.022769000     -0.776445000      1.638796000 
1        5.083430000      0.124286000      2.725475000 
1        5.508442000     -0.016465000      1.023271000 
6        2.781311000      1.521938000      2.501399000 
1        2.125389000      0.647149000      2.489464000 
1        3.212030000      1.628613000      3.502436000 
1        2.150387000      2.393218000      2.300418000 
7        2.539383000     -0.886957000     -1.551381000 
7       -3.228051000     -0.403323000      0.043197000 
6       -3.462663000     -1.252281000     -1.189141000 
6       -2.759040000     -0.588006000     -2.363684000 
1       -1.698874000     -0.424821000     -2.140877000 
1       -2.818797000     -1.216077000     -3.258810000 
1       -3.205560000      0.379787000     -2.613356000 
6       -4.952604000     -1.417776000     -1.482115000 
1       -5.487253000     -1.844656000     -0.626035000 
1       -5.086567000     -2.103252000     -2.324826000 
1       -5.441054000     -0.477564000     -1.752310000 
6       -2.868366000     -2.631686000     -0.930658000 
1       -3.294957000     -3.090228000     -0.029841000 
1       -3.090382000     -3.297484000     -1.770153000 
1       -1.785636000     -2.594347000     -0.819589000 
6       -4.204142000      0.698489000      0.215550000 



1       -5.200164000      0.315163000      0.464716000 
1       -4.297901000      1.234429000     -0.733383000 
6       -3.724536000      1.621815000      1.310733000 
1       -4.462569000      2.408674000      1.502135000 
1       -3.622073000      1.052623000      2.242370000 
1       -3.371521000     -1.021105000      0.842770000 
7       -2.386714000      2.153839000      1.001259000 
6       -2.266915000      3.344588000      0.068772000 
6       -3.493765000      4.244411000      0.137561000 
1       -3.699891000      4.576264000      1.161048000 
1       -3.323862000      5.139687000     -0.469054000 
1       -4.395543000      3.759212000     -0.250962000 
6       -2.050459000      2.861425000     -1.361804000 
1       -1.174546000      2.205533000     -1.416324000 
1       -1.875390000      3.711862000     -2.029457000 
1       -2.912981000      2.316600000     -1.752255000 
6       -1.028260000      4.104298000      0.529286000 
1       -0.170436000      3.422397000      0.548666000 
1       -0.813679000      4.937178000     -0.147818000 
1       -1.168860000      4.520725000      1.534308000 
1       -1.960825000      2.433569000      1.881188000 
6        0.214631000     -4.511786000      1.129428000 
6       -0.508730000     -4.409489000      2.376479000 
6        0.496839000     -3.416628000      0.398793000 
1       -0.679367000     -5.322090000      2.945103000 
1        1.039253000     -3.473756000     -0.543256000 
6       -0.988977000     -3.230592000      2.847538000 
6        0.069645000     -2.079395000      0.843526000 
1       -1.560230000     -3.175522000      3.771383000 
6       -0.817128000     -2.014390000      2.089225000 
1        0.526474000     -5.496668000      0.790027000 
8       -1.352527000     -0.942203000      2.378894000 
9        1.501690000     -1.563911000      1.594027000 
6        1.847639000     -0.637119000     -2.887872000 
6        2.835330000     -0.528685000     -4.040884000 
1        2.284062000     -0.435269000     -4.981857000 
1        3.484119000      0.349610000     -3.961429000 
1        3.470179000     -1.417287000     -4.121518000 
6        1.009454000      0.636797000     -2.791071000 
1        1.616814000      1.524945000     -2.583963000 
1        0.466258000      0.815455000     -3.725579000 
1        0.266308000      0.554383000     -1.989728000 
6        0.919839000     -1.824892000     -3.118986000 
1        1.485720000     -2.757953000     -3.225894000 
1        0.219335000     -1.939464000     -2.287865000 
1        0.336893000     -1.683924000     -4.034617000 
1        2.523948000     -1.892283000     -1.401359000 
 
TS2H +1, singlet 
29      -1.610655000     -0.344209000      0.124702000 
29       1.496340000      0.012523000      0.219925000 
8       -0.173245000      0.510770000      0.815521000 
8        1.012520000      0.860000000     -1.414727000 
7       -3.634183000     -0.164689000      0.605176000 
1       -3.857554000     -0.842615000      1.330773000 
6       -4.423551000     -0.497376000     -0.603016000 
1       -5.231668000      0.224037000     -0.760285000 
1       -4.913995000     -1.465040000     -0.461127000 
6       -3.533979000     -0.520340000     -1.835975000 
1       -4.095000000     -0.892392000     -2.702531000 
1       -3.228156000      0.505350000     -2.074644000 
6       -3.872470000      1.198048000      1.213930000 
6       -5.324243000      1.353934000      1.653437000 
1       -5.603697000      0.595913000      2.393278000 
1       -5.480775000      2.330480000      2.119629000 
1       -6.030935000      1.286975000      0.821352000 

6       -3.481726000      2.246965000      0.183927000 
1       -2.460799000      2.067171000     -0.172164000 
1       -3.500873000      3.249767000      0.618105000 
1       -4.149409000      2.260488000     -0.684362000 
6       -2.948685000      1.287470000      2.422549000 
1       -1.895033000      1.266758000      2.129496000 
1       -3.127192000      2.213061000      2.976002000 
1       -3.121917000      0.458177000      3.119773000 
7       -2.281239000     -1.265816000     -1.603707000 
7        3.449388000     -0.328378000     -0.262645000 
6        3.824566000     -0.832182000     -1.643049000 
6        2.754630000     -1.825015000     -2.078211000 
1        1.774524000     -1.340920000     -2.130999000 
1        2.978571000     -2.229577000     -3.069705000 
1        2.689109000     -2.679817000     -1.395538000 
6        5.200445000     -1.492502000     -1.643791000 
1        5.980408000     -0.814591000     -1.282810000 
1        5.469918000     -1.767252000     -2.667201000 
1        5.242296000     -2.409744000     -1.048970000 
6        3.843721000      0.379929000     -2.566732000 
1        4.635288000      1.081463000     -2.280334000 
1        4.043659000      0.069681000     -3.595913000 
1        2.888443000      0.905050000     -2.540263000 
6        4.029601000     -1.050142000      0.886880000 
1        5.117900000     -0.928582000      0.942421000 
1        3.839276000     -2.121614000      0.759574000 
6        3.375030000     -0.528381000      2.147814000 
1        3.793228000     -0.997520000      3.043460000 
1        3.558082000      0.548754000      2.231308000 
1        3.738117000      0.650746000     -0.197884000 
7        1.905552000     -0.689802000      2.054932000 
6        1.270967000     -2.025613000      2.422660000 
6        2.152542000     -2.836225000      3.362568000 
1        2.378126000     -2.295944000      4.286964000 
1        1.633043000     -3.754687000      3.648156000 
1        3.098861000     -3.138903000      2.904031000 
6        0.998599000     -2.789975000      1.133770000 
1        0.317696000     -2.203059000      0.506828000 
1        0.514170000     -3.751136000      1.334565000 
1        1.904130000     -2.993777000      0.557524000 
6       -0.067155000     -1.714148000      3.086816000 
1       -0.710489000     -1.160287000      2.395194000 
1       -0.575312000     -2.641221000      3.367726000 
1        0.050739000     -1.115943000      3.996551000 
1        1.462112000      0.023587000      2.629229000 
6       -0.662017000      4.094384000     -1.663847000 
6        0.104336000      4.831861000     -0.722314000 
6       -0.426557000      2.763713000     -1.852356000 
1       -0.079109000      5.893465000     -0.574672000 
1       -0.970104000      2.180332000     -2.594396000 
6        1.091572000      4.236440000      0.011456000 
6        0.541215000      2.076684000     -1.029927000 
6        1.468228000      2.862463000     -0.166242000 
1       -1.413924000      4.612648000     -2.252283000 
8        2.392499000      2.285690000      0.445079000 
6       -2.316424000     -2.775785000     -1.578802000 
6       -3.354904000     -3.348356000     -2.534607000 
1       -3.280295000     -4.438970000     -2.564268000 
1       -4.380712000     -3.111351000     -2.235578000 
1       -3.210052000     -2.988093000     -3.558142000 
6       -2.586642000     -3.240484000     -0.149464000 
1       -3.585967000     -2.970002000      0.200794000 
1       -2.511084000     -4.329170000     -0.072065000 
1       -1.857523000     -2.812281000      0.548683000 
6       -0.916469000     -3.212174000     -1.996372000 
1       -0.714293000     -2.974537000     -3.046524000 



1       -0.158865000     -2.708449000     -1.389631000 
1       -0.781371000     -4.289637000     -1.871835000 
1       -1.645246000     -1.001365000     -2.353442000 
9        1.837679000      4.966011000      0.850207000 
1       -0.134923000      1.699325000     -0.019781000 
 
TS2FF +1, triplet 
29      -1.488494000      0.231045000      0.099210000 
29       1.471974000      0.290368000      0.126375000 
8       -0.040167000      1.332186000      0.000067000 
8        0.037409000     -1.304126000      0.081945000 
7       -3.071213000      1.692036000      0.002509000 
1       -3.076791000      2.091633000      0.938201000 
6       -4.336460000      0.931193000     -0.161716000 
1       -4.875074000      1.277839000     -1.045334000 
1       -4.992437000      1.126047000      0.692527000 
6       -4.078109000     -0.553736000     -0.332015000 
1       -5.008087000     -1.121019000     -0.204622000 
1       -3.724309000     -0.742367000     -1.351250000 
6       -2.845319000      2.841262000     -0.946689000 
6       -4.123185000      3.638206000     -1.209865000 
1       -4.617420000      3.926139000     -0.274919000 
1       -3.872177000      4.560625000     -1.743861000 
1       -4.850998000      3.105380000     -1.828737000 
6       -2.289628000      2.260676000     -2.237464000 
1       -1.346002000      1.745240000     -2.031273000 
1       -2.107421000      3.044519000     -2.980317000 
1       -2.986352000      1.539753000     -2.683217000 
6       -1.830120000      3.754402000     -0.270696000 
1       -0.944291000      3.182152000      0.018385000 
1       -1.526450000      4.558669000     -0.949083000 
1       -2.264796000      4.224238000      0.621029000 
7       -2.993463000     -1.045058000      0.539096000 
7        2.976833000     -0.805838000      1.010716000 
6        2.575932000     -1.399056000      2.347625000 
6        1.553792000     -0.458168000      2.977889000 
1        0.677901000     -0.344196000      2.326334000 
1        1.203346000     -0.840190000      3.942096000 
1        1.974188000      0.539655000      3.147917000 
6        3.776486000     -1.578662000      3.272238000 
1        4.552666000     -2.198710000      2.810553000 
1        3.458308000     -2.084602000      4.189268000 
1        4.231010000     -0.629667000      3.569503000 
6        1.954082000     -2.764373000      2.083362000 
1        1.078666000     -2.691494000      1.437758000 
1        2.677086000     -3.442653000      1.614567000 
1        1.640186000     -3.223124000      3.026354000 
6        4.114753000      0.137734000      1.063204000 
1        5.058065000     -0.377784000      1.278780000 
1        3.938639000      0.842534000      1.880546000 
6        4.212141000      0.869250000     -0.256875000 
1        5.093553000      1.517852000     -0.270223000 
1        4.351236000      0.137038000     -1.060693000 
1        3.260824000     -1.577569000      0.406659000 
7        2.964070000      1.600478000     -0.560662000 
6        2.832940000      3.043833000     -0.135060000 
6        4.154116000      3.797886000     -0.234175000 
1        4.613444000      3.686970000     -1.222957000 
1        3.979158000      4.866597000     -0.072787000 
1        4.882561000      3.477265000      0.517420000 
6        2.291385000      3.107288000      1.288562000 
1        1.345526000      2.560436000      1.357133000 
1        2.107976000      4.147163000      1.580631000 
1        2.995042000      2.690442000      2.016069000 
6        1.819611000      3.645606000     -1.103072000 
1        0.913388000      3.032781000     -1.116842000 

1        1.549867000      4.663245000     -0.803219000 
1        2.230170000      3.696983000     -2.119135000 
1        2.858649000      1.592464000     -1.572147000 
6       -0.389251000     -4.233823000     -1.887592000 
6        0.553703000     -3.978702000     -2.951793000 
6       -0.703389000     -3.296323000     -0.973738000 
1        0.756741000     -4.749728000     -3.691000000 
1       -1.387986000     -3.509772000     -0.155586000 
6        1.203375000     -2.798616000     -3.027020000 
6       -0.089123000     -1.958190000     -1.017943000 
6        1.025881000     -1.751879000     -2.044178000 
1       -0.832141000     -5.224884000     -1.834860000 
8        1.711316000     -0.733898000     -2.007026000 
9       -1.259283000     -1.087889000     -1.907817000 
6       -3.250771000     -1.245248000      2.014256000 
6       -4.597066000     -1.914282000      2.253790000 
1       -4.710952000     -2.160345000      3.314380000 
1       -5.437440000     -1.268017000      1.981306000 
1       -4.687893000     -2.847282000      1.686297000 
6       -3.172681000      0.086062000      2.756006000 
1       -3.999837000      0.759334000      2.513951000 
1       -3.213686000     -0.088735000      3.835576000 
1       -2.228511000      0.605539000      2.543211000 
6       -2.117651000     -2.139879000      2.505623000 
1       -2.134968000     -3.120796000      2.016362000 
1       -1.143543000     -1.684354000      2.305639000 
1       -2.201173000     -2.306292000      3.583703000 
1       -2.746181000     -1.960643000      0.171098000 
9        2.114071000     -2.559300000     -3.984477000 
TS2FCl +1, triplet 
29       1.711351000     -0.032197000      0.011926000 
29      -1.150893000     -0.753574000     -0.050735000 
8        0.545643000     -1.375934000     -0.448583000 
8       -0.097599000      0.987338000      0.519851000 
7        3.434748000     -0.988175000     -0.610736000 
1        3.186686000     -1.968652000     -0.492413000 
6        4.484312000     -0.648465000      0.376952000 
1        5.489562000     -0.732398000     -0.052840000 
1        4.429074000     -1.380807000      1.188555000 
6        4.275591000      0.752826000      0.920921000 
1        5.022005000      0.971742000      1.691264000 
1        4.421123000      1.487794000      0.126062000 
6        3.795432000     -0.823693000     -2.064665000 
6        4.826112000     -1.878185000     -2.456436000 
1        4.437589000     -2.890096000     -2.294524000 
1        5.083458000     -1.789475000     -3.516909000 
1        5.757268000     -1.778938000     -1.888982000 
6        4.339925000      0.573483000     -2.316406000 
1        3.624802000      1.341039000     -2.003324000 
1        4.518644000      0.707480000     -3.387738000 
1        5.292289000      0.753481000     -1.807052000 
6        2.513052000     -1.021836000     -2.859630000 
1        1.780357000     -0.247933000     -2.612601000 
1        2.720465000     -0.976766000     -3.933829000 
1        2.047866000     -1.986962000     -2.637285000 
7        2.890871000      0.949925000      1.402765000 
7       -3.022419000     -0.188907000      0.706596000 
6       -3.130383000      0.273412000      2.144098000 
6       -2.216349000     -0.600384000      2.990311000 
1       -1.181129000     -0.550327000      2.631778000 
1       -2.221942000     -0.271982000      4.034703000 
1       -2.527798000     -1.649667000      2.976392000 
6       -4.568013000      0.190645000      2.651810000 
1       -5.251414000      0.769194000      2.020253000 
1       -4.625019000      0.608165000      3.661855000 
1       -4.942102000     -0.835700000      2.706146000 



6       -2.679185000      1.727682000      2.202637000 
1       -3.278010000      2.357359000      1.532762000 
1       -2.806826000      2.118847000      3.216511000 
1       -1.629469000      1.841695000      1.933481000 
6       -3.922797000     -1.314580000      0.361314000 
1       -4.973102000     -1.003260000      0.368474000 
1       -3.812021000     -2.092014000      1.123164000 
6       -3.555916000     -1.840996000     -1.005993000 
1       -4.253228000     -2.625470000     -1.317620000 
1       -3.645617000     -1.030064000     -1.738173000 
1       -3.328908000      0.596532000      0.130582000 
7       -2.149269000     -2.282359000     -1.042917000 
6       -1.805076000     -3.680733000     -0.570098000 
6       -2.959010000     -4.654259000     -0.773231000 
1       -3.306960000     -4.663752000     -1.811798000 
1       -2.625744000     -5.668517000     -0.531194000 
1       -3.816649000     -4.436442000     -0.128327000 
6       -1.404584000     -3.634010000      0.901168000 
1       -0.552116000     -2.960406000      1.042249000 
1       -1.109065000     -4.629907000      1.248882000 
1       -2.223070000     -3.297710000      1.542979000 
6       -0.603125000     -4.111659000     -1.402020000 
1        0.196376000     -3.370972000     -1.297070000 
1       -0.233463000     -5.086600000     -1.068996000 
1       -0.866623000     -4.200470000     -2.463244000 
1       -1.838617000     -2.217407000     -2.009268000 
6       -0.489653000      4.432913000     -0.135034000 
6       -1.507838000      4.366432000     -1.148571000 
6        0.164414000      3.330812000      0.286028000 
1       -2.000068000      5.284894000     -1.458677000 
1        0.925081000      3.376105000      1.061626000 
6       -1.868590000      3.182644000     -1.712147000 
6       -0.155286000      2.011385000     -0.267921000 
6       -1.251485000      1.934820000     -1.326765000 
1       -0.267114000      5.405863000      0.295436000 
8       -1.572373000      0.830160000     -1.767613000 
9        1.191596000      1.787472000     -1.300382000 
6        2.537875000      0.476658000      2.809095000 
6        3.757144000      0.404441000      3.718028000 
1        3.438356000      0.143294000      4.731959000 
1        4.473733000     -0.360118000      3.400898000 
1        4.283175000      1.363048000      3.779267000 
6        1.865379000     -0.892086000      2.727087000 
1        2.517861000     -1.651211000      2.282484000 
1        1.582090000     -1.241275000      3.725740000 
1        0.953926000     -0.847100000      2.121499000 
6        1.538740000      1.484574000      3.364262000 
1        1.987234000      2.479742000      3.466672000 
1        0.665637000      1.565599000      2.711946000 
1        1.191102000      1.173078000      4.354288000 
1        2.724503000      1.952413000      1.386532000 
17      -3.139932000      3.095775000     -2.901273000 
 
5F +1, triplet 
29      -1.471309000     -0.284545000     -0.429707000 
29       1.276759000      0.466443000      0.437009000 
8       -0.547066000      0.863770000      0.639421000 
7       -2.414674000     -1.940732000      0.519982000 
1       -2.011881000     -2.734189000      0.025409000 
6       -3.820188000     -1.828588000      0.080719000 
1       -4.478312000     -2.500475000      0.643550000 
1       -3.835743000     -2.153234000     -0.962172000 
6       -4.348192000     -0.408033000      0.159985000 
1       -5.349739000     -0.382755000     -0.288912000 
1       -4.453682000     -0.071235000      1.191279000 
6       -2.150147000     -2.167209000      1.981093000 

6       -2.832196000     -3.447021000      2.461658000 
1       -2.521318000     -4.311523000      1.864467000 
1       -2.558440000     -3.648429000      3.502289000 
1       -3.923247000     -3.382696000      2.424622000 
6       -2.610200000     -0.968078000      2.797357000 
1       -2.248246000     -0.036525000      2.348092000 
1       -2.202783000     -1.032672000      3.811127000 
1       -3.697925000     -0.913663000      2.893145000 
6       -0.643685000     -2.317943000      2.116466000 
1       -0.135236000     -1.399883000      1.809025000 
1       -0.365955000     -2.532054000      3.153058000 
1       -0.266110000     -3.133027000      1.489147000 
7       -3.434672000      0.509698000     -0.539773000 
1       -3.517685000      0.303528000     -1.536568000 
6       -3.701558000      1.971029000     -0.363670000 
6       -5.143608000      2.296911000     -0.743398000 
1       -5.862610000      1.842681000     -0.054825000 
1       -5.306158000      3.379346000     -0.716539000 
1       -5.377787000      1.951214000     -1.756766000 
6       -2.735435000      2.673786000     -1.305425000 
1       -1.707961000      2.401378000     -1.056386000 
1       -2.829826000      3.761426000     -1.234356000 
1       -2.917105000      2.388817000     -2.348870000 
6       -3.421490000      2.374441000      1.077761000 
1       -2.415491000      2.068611000      1.376787000 
1       -3.490530000      3.462482000      1.179545000 
1       -4.140446000      1.941708000      1.780999000 
7        3.209209000     -0.159533000      0.756647000 
6        3.376773000     -1.223257000      1.812103000 
6        2.631065000     -0.775421000      3.062800000 
1        1.591004000     -0.516381000      2.828454000 
1        2.615693000     -1.577327000      3.807092000 
1        3.092832000      0.096672000      3.536630000 
6        4.852473000     -1.460097000      2.117821000 
1        5.412261000     -1.717070000      1.211539000 
1        4.958317000     -2.295868000      2.816727000 
1        5.331419000     -0.591170000      2.578474000 
6        2.762384000     -2.494863000      1.249400000 
1        3.291486000     -2.824655000      0.347051000 
1        2.815952000     -3.304987000      1.982522000 
1        1.715373000     -2.342772000      0.988865000 
6        4.025866000      1.054076000      0.991543000 
1        5.071197000      0.888825000      0.709988000 
1        4.010942000      1.272661000      2.063865000 
6        3.451611000      2.223359000      0.234874000 
1        4.047206000      3.119167000      0.441962000 
1        3.479341000      2.041975000     -0.843596000 
1        3.520176000     -0.560227000     -0.127851000 
7        2.041256000      2.402430000      0.636374000 
6        1.041782000     -3.424479000     -3.271968000 
6        1.993171000     -2.673683000     -4.023052000 
6        0.508973000     -2.926650000     -2.108227000 
1        2.388792000     -3.098556000     -4.943380000 
1       -0.228513000     -3.486714000     -1.536654000 
6        2.407353000     -1.440211000     -3.606517000 
6        0.902104000     -1.654032000     -1.636146000 
1        3.132954000     -0.860739000     -4.173779000 
6        1.900337000     -0.867195000     -2.389181000 
1        0.734883000     -4.402929000     -3.634760000 
8        2.277519000      0.239057000     -1.933394000 
9       -1.951204000     -1.067375000     -2.091521000 
1        2.036333000      2.641428000      1.629278000 
6        1.313252000      3.507818000     -0.092824000 
6        0.901671000      2.987961000     -1.462912000 
1        0.311928000      2.072189000     -1.365282000 
1        0.294561000      3.732779000     -1.987482000 



1        1.765377000      2.756544000     -2.091630000 
6        0.095331000      3.860347000      0.748487000 
1        0.394901000      4.264083000      1.723588000 
1       -0.507429000      4.623843000      0.246813000 
1       -0.524963000      2.977656000      0.913154000 
6        2.196550000      4.744217000     -0.244632000 
1        1.602458000      5.566776000     -0.655412000 
1        2.595283000      5.078172000      0.719838000 
1        3.037416000      4.582888000     -0.925224000 
8        0.431795000     -1.160316000     -0.538944000 
 
5H +1 singlet 
29      -1.633774000     -0.421134000      0.100484000 
29       1.494774000     -0.007192000      0.238890000 
8       -0.221841000      0.467673000      0.943808000 
8        0.989026000      0.856256000     -1.494911000 
7       -3.711835000     -0.250345000      0.625506000 
1       -3.947954000     -0.930611000      1.343885000 
6       -4.471171000     -0.576083000     -0.599543000 
1       -5.285430000      0.136730000     -0.768435000 
1       -4.955032000     -1.549981000     -0.478252000 
6       -3.568347000     -0.578683000     -1.825698000 
1       -4.122441000     -0.947594000     -2.698192000 
1       -3.269175000      0.450891000     -2.054303000 
6       -3.949488000      1.110594000      1.226010000 
6       -5.414454000      1.316420000      1.598039000 
1       -5.757114000      0.556976000      2.309055000 
1       -5.556628000      2.290382000      2.074827000 
1       -6.083152000      1.291423000      0.733036000 
6       -3.480947000      2.152797000      0.219578000 
1       -2.452506000      1.942792000     -0.099314000 
1       -3.494208000      3.157071000      0.651027000 
1       -4.107385000      2.182264000     -0.678686000 
6       -3.094110000      1.169794000      2.485310000 
1       -2.036628000      1.015254000      2.259896000 
1       -3.200488000      2.136577000      2.984081000 
1       -3.394036000      0.401060000      3.207991000 
7       -2.307367000     -1.316435000     -1.602681000 
7        3.441729000     -0.412756000     -0.260108000 
6        3.808906000     -0.911886000     -1.644315000 
6        2.725742000     -1.888746000     -2.082438000 
1        1.749298000     -1.395797000     -2.119637000 
1        2.936561000     -2.284300000     -3.080521000 
1        2.657443000     -2.749942000     -1.408552000 
6        5.177617000     -1.588628000     -1.657170000 
1        5.966617000     -0.922611000     -1.293393000 
1        5.440233000     -1.857962000     -2.683860000 
1        5.211973000     -2.510714000     -1.069964000 
6        3.848797000      0.301487000     -2.565916000 
1        4.640710000      0.997767000     -2.267610000 
1        4.064146000     -0.009520000     -3.591730000 
1        2.900048000      0.836347000     -2.562829000 
6        4.010182000     -1.173417000      0.871120000 
1        5.101826000     -1.079767000      0.918172000 
1        3.796572000     -2.236395000      0.715697000 
6        3.393885000     -0.682680000      2.166569000 
1        3.842104000     -1.193435000      3.026438000 
1        3.613231000      0.385065000      2.284464000 
1        3.773202000      0.551525000     -0.185118000 
7        1.925196000     -0.797416000      2.123582000 
6        1.260916000     -2.119008000      2.440025000 
6        2.109007000     -2.982263000      3.364820000 
1        2.341379000     -2.469689000      4.303574000 
1        1.568355000     -3.896891000      3.622845000 
1        3.053000000     -3.293068000      2.906551000 
6        0.977620000     -2.834928000      1.123823000 

1        0.315696000     -2.209413000      0.510294000 
1        0.465307000     -3.789190000      1.287140000 
1        1.879219000     -3.042282000      0.543863000 
6       -0.083420000     -1.805394000      3.094822000 
1       -0.730362000     -1.261719000      2.399091000 
1       -0.590465000     -2.731680000      3.380309000 
1        0.025195000     -1.199516000      4.000779000 
1        1.528247000     -0.100044000      2.746227000 
6       -0.727669000      4.033030000     -1.652219000 
6        0.041599000      4.782258000     -0.728613000 
6       -0.469864000      2.700308000     -1.888941000 
1       -0.180260000      5.828514000     -0.538035000 
1       -1.048106000      2.130927000     -2.615095000 
6        1.078206000      4.186523000     -0.062639000 
6        0.648438000      2.076587000     -1.286206000 
6        1.447022000      2.821420000     -0.281003000 
1       -1.535488000      4.532982000     -2.180662000 
8        2.317437000      2.208002000      0.393685000 
6       -2.338768000     -2.828682000     -1.579598000 
6       -3.377942000     -3.400420000     -2.535316000 
1       -3.300896000     -4.490759000     -2.567486000 
1       -4.403768000     -3.166350000     -2.234380000 
1       -3.235250000     -3.037933000     -3.558427000 
6       -2.605067000     -3.295335000     -0.150770000 
1       -3.604324000     -3.028842000      0.201818000 
1       -2.523785000     -4.383731000     -0.074535000 
1       -1.876247000     -2.862763000      0.545166000 
6       -0.939422000     -3.263293000     -2.000085000 
1       -0.735671000     -3.016907000     -3.048006000 
1       -0.182139000     -2.766716000     -1.387079000 
1       -0.806969000     -4.342123000     -1.885226000 
1       -1.684635000     -1.051702000     -2.363651000 
9        1.795958000      4.873183000      0.832344000 
1       -0.297388000      1.429661000      0.875540000 
 
5FF +1, triplet 
29      -1.506284000     -0.338706000     -0.437672000 
29       1.102372000      0.612894000      0.639298000 
8       -0.757840000      0.897353000      0.674404000 
7       -2.422118000     -2.015125000      0.505889000 
1       -1.925199000     -2.801770000      0.092197000 
6       -3.784677000     -2.020815000     -0.068723000 
1       -4.450579000     -2.708658000      0.465028000 
1       -3.677381000     -2.396415000     -1.089277000 
6       -4.408484000     -0.638950000     -0.120365000 
1       -5.354948000     -0.705496000     -0.672411000 
1       -4.646879000     -0.259469000      0.872745000 
6       -2.285455000     -2.155722000      1.995357000 
6       -2.923315000     -3.459801000      2.472330000 
1       -2.494159000     -4.324676000      1.954076000 
1       -2.743653000     -3.593367000      3.543892000 
1       -4.006587000     -3.477386000      2.324356000 
6       -2.908960000     -0.958773000      2.697551000 
1       -2.562973000     -0.024196000      2.241971000 
1       -2.611444000     -0.949799000      3.750525000 
1       -4.002060000     -0.979139000      2.674706000 
6       -0.793556000     -2.193033000      2.288223000 
1       -0.312258000     -1.257810000      1.988966000 
1       -0.615950000     -2.341194000      3.357837000 
1       -0.299204000     -3.007966000      1.748219000 
7       -3.488183000      0.305358000     -0.773624000 
1       -3.447773000      0.040921000     -1.759673000 
6       -3.867238000      1.751432000     -0.715962000 
6       -5.273629000      1.953294000     -1.275569000 
1       -6.041321000      1.497611000     -0.642548000 
1       -5.501823000      3.021873000     -1.344659000 



1       -5.366693000      1.528992000     -2.281758000 
6       -2.848052000      2.471788000     -1.585211000 
1       -1.843596000      2.305218000     -1.193504000 
1       -3.034155000      3.549768000     -1.606390000 
1       -2.872817000      2.105853000     -2.618865000 
6       -3.780199000      2.250118000      0.719978000 
1       -2.793277000      2.042019000      1.142466000 
1       -3.940849000      3.332886000      0.747599000 
1       -4.538233000      1.797151000      1.367370000 
7        3.046927000      0.124590000      1.074163000 
6        3.228042000     -0.896855000      2.172599000 
6        2.361157000     -0.485146000      3.354422000 
1        1.318739000     -0.356126000      3.039889000 
1        2.382841000     -1.253603000      4.132973000 
1        2.694205000      0.452035000      3.811209000 
6        4.693841000     -0.999549000      2.581578000 
1        5.334654000     -1.222381000      1.721235000 
1        4.820331000     -1.811342000      3.304680000 
1        5.063699000     -0.085126000      3.054367000 
6        2.760182000     -2.231626000      1.614446000 
1        3.348104000     -2.525419000      0.735900000 
1        2.870055000     -3.018837000      2.365890000 
1        1.710905000     -2.194211000      1.321180000 
6        3.764928000      1.398111000      1.313009000 
1        4.837706000      1.289166000      1.122650000 
1        3.648157000      1.664747000      2.368392000 
6        3.182030000      2.486143000      0.450382000 
1        3.708456000      3.427980000      0.640965000 
1        3.298941000      2.245650000     -0.610648000 
1        3.441737000     -0.279334000      0.225313000 
7        1.738595000      2.600367000      0.741954000 
6        1.497484000     -3.624181000     -2.654525000 
6        2.479834000     -2.909951000     -3.393891000 
6        0.793281000     -3.033585000     -1.632179000 
1        3.029524000     -3.391951000     -4.197787000 
1        0.041066000     -3.584970000     -1.072641000 
6        2.726898000     -1.607786000     -3.088154000 
6        1.035383000     -1.685726000     -1.292426000 
6        2.042543000     -0.904789000     -2.032422000 
1        1.310636000     -4.663249000     -2.913458000 
8        2.288491000      0.281493000     -1.722344000 
9       -1.770473000     -1.208957000     -2.108302000 
1        1.649486000      2.903359000      1.713402000 
6        0.996675000      3.602338000     -0.110919000 
6        0.733156000      2.968244000     -1.469725000 
1        0.208116000      2.015001000     -1.356010000 
1        0.115672000      3.628005000     -2.087239000 
1        1.658614000      2.768021000     -2.016166000 
6       -0.303534000      3.915303000      0.614400000 
1       -0.107883000      4.405872000      1.575729000 
1       -0.922551000      4.592284000      0.017742000 
1       -0.868083000      2.999593000      0.800592000 
6        1.804363000      4.887125000     -0.277688000 
1        1.192834000      5.637976000     -0.788011000 
1        2.098835000      5.307593000      0.690537000 
1        2.707178000      4.743834000     -0.878167000 
8        0.426820000     -1.102218000     -0.312632000 
9        3.646338000     -0.905040000     -3.772331000 
 
5FCl +1, triplet 
29       1.554583000     -0.419294000      0.479292000 
29      -0.971079000      0.608734000     -0.748916000 
8        0.851649000      0.955887000     -0.469604000 
7        2.693121000     -1.901433000     -0.531350000 
1        2.216951000     -2.762665000     -0.269731000 
6        3.984638000     -1.888495000      0.187333000 

1        4.756127000     -2.451090000     -0.351475000 
1        3.805536000     -2.401307000      1.134720000 
6        4.485480000     -0.484527000      0.473018000 
1        5.371803000     -0.556736000      1.116362000 
1        4.794476000      0.026573000     -0.437693000 
6        2.721074000     -1.857160000     -2.031827000 
6        3.477305000     -3.059960000     -2.592182000 
1        3.053313000     -4.001678000     -2.226489000 
1        3.409894000     -3.068827000     -3.684755000 
1        4.540360000     -3.043325000     -2.336647000 
6        3.344030000     -0.553048000     -2.506368000 
1        2.902958000      0.297207000     -1.973876000 
1        3.154103000     -0.417338000     -3.575470000 
1        4.428327000     -0.529762000     -2.366633000 
6        1.269929000     -1.914451000     -2.480757000 
1        0.715772000     -1.056179000     -2.090312000 
1        1.199191000     -1.902202000     -3.572494000 
1        0.773967000     -2.821752000     -2.119487000 
7        3.432574000      0.317736000      1.119096000 
1        3.319853000     -0.049186000      2.065320000 
6        3.708603000      1.784972000      1.241304000 
6        5.024276000      2.011162000      1.982721000 
1        5.887373000      1.656835000      1.410777000 
1        5.173046000      3.080021000      2.167609000 
1        5.027686000      1.502725000      2.953651000 
6        2.550392000      2.356675000      2.044702000 
1        1.607102000      2.158497000      1.532761000 
1        2.652633000      3.438810000      2.171299000 
1        2.496431000      1.906598000      3.043417000 
6        3.756606000      2.423104000     -0.140795000 
1        2.848520000      2.197991000     -0.705880000 
1        3.831238000      3.510849000     -0.041080000 
1        4.622479000      2.097019000     -0.725923000 
7       -2.811310000      0.051321000     -1.479101000 
6       -2.765763000     -0.843138000     -2.695530000 
6       -1.803715000     -0.219684000     -3.698367000 
1       -0.828826000     -0.022349000     -3.236459000 
1       -1.640866000     -0.895288000     -4.543590000 
1       -2.176535000      0.725131000     -4.106046000 
6       -4.156382000     -1.009286000     -3.301136000 
1       -4.869461000     -1.391328000     -2.562210000 
1       -4.118055000     -1.730880000     -4.123126000 
1       -4.555371000     -0.076213000     -3.708227000 
6       -2.252848000     -2.198117000     -2.235264000 
1       -2.923641000     -2.644784000     -1.491275000 
1       -2.190950000     -2.887718000     -3.082227000 
1       -1.261896000     -2.119500000     -1.790425000 
6       -3.601481000      1.290036000     -1.680515000 
1       -4.673277000      1.096796000     -1.568729000 
1       -3.441114000      1.633886000     -2.706857000 
6       -3.149971000      2.361273000     -0.723936000 
1       -3.716591000      3.279042000     -0.914731000 
1       -3.329343000      2.063736000      0.313043000 
1       -3.269832000     -0.475757000     -0.736249000 
7       -1.697739000      2.569190000     -0.900155000 
6       -1.572696000     -3.770349000      2.288068000 
6       -2.565444000     -3.048671000      3.003356000 
6       -0.816281000     -3.173055000      1.309794000 
1       -3.144175000     -3.549843000      3.774328000 
1       -0.047098000     -3.722367000      0.772118000 
6       -2.787567000     -1.729446000      2.724310000 
6       -1.017295000     -1.813499000      0.994701000 
6       -2.046568000     -1.025502000      1.704083000 
1       -1.418724000     -4.817798000      2.534816000 
8       -2.236902000      0.168870000      1.393042000 
9        1.719655000     -1.533787000      2.006682000 



1       -1.548682000      2.870698000     -1.865392000 
6       -1.100112000      3.628999000     -0.007160000 
6       -0.986241000      3.057684000      1.397514000 
1       -0.419548000      2.123379000      1.382334000 
1       -0.469746000      3.762898000      2.056428000 
1       -1.963435000      2.843266000      1.839399000 
6        0.273685000      3.956015000     -0.573785000 
1        0.192679000      4.383047000     -1.581083000 
1        0.781561000      4.692740000      0.056798000 
1        0.888908000      3.056348000     -0.626296000 
6       -1.958979000      4.891896000     -0.002857000 
1       -1.429713000      5.690434000      0.526253000 
1       -2.156268000      5.248308000     -1.020439000 
1       -2.918639000      4.752521000      0.502772000 
8       -0.340913000     -1.213515000      0.071807000 
17      -3.996133000     -0.822197000      3.590713000 
 
5ClF +1, singlet 
29       1.517805000      0.034580000     -0.152914000 
29      -1.454211000      0.428193000     -0.379539000 
8        0.148504000      1.236970000     -0.161614000 
7        2.841424000     -1.415576000     -0.503652000 
1        2.486944000     -2.240433000     -0.018556000 
6        4.096622000     -1.024919000      0.188679000 
1        4.962536000     -1.559877000     -0.216890000 
1        3.980281000     -1.329198000      1.232898000 
6        4.322609000      0.471596000      0.124689000 
1        5.151433000      0.736103000      0.792066000 
1        4.601839000      0.798667000     -0.877941000 
6        2.968293000     -1.805809000     -1.964515000 
6        3.658335000     -3.160837000     -2.060302000 
1        3.093121000     -3.933285000     -1.526580000 
1        3.739528000     -3.473965000     -3.105873000 
1        4.672079000     -3.138584000     -1.648983000 
6        3.750309000     -0.749106000     -2.726288000 
1        3.301084000      0.243408000     -2.608883000 
1        3.739151000     -0.991188000     -3.792848000 
1        4.798257000     -0.697608000     -2.417468000 
6        1.558901000     -1.895460000     -2.534795000 
1        1.043858000     -0.928677000     -2.489905000 
1        1.595161000     -2.206754000     -3.583137000 
1        0.950206000     -2.620952000     -1.988292000 
7        3.089512000      1.184069000      0.517042000 
1        2.953738000      1.028978000      1.520562000 
6        3.097943000      2.669343000      0.269992000 
6        4.463460000      3.270323000      0.597884000 
1        5.248657000      2.934078000     -0.085402000 
1        4.408780000      4.360548000      0.518755000 
1        4.772577000      3.030377000      1.620975000 
6        2.047247000      3.268721000      1.192193000 
1        1.081372000      2.784944000      1.035951000 
1        1.936427000      4.341139000      1.003940000 
1        2.329805000      3.142609000      2.244466000 
6        2.747490000      2.908564000     -1.190940000 
1        1.774734000      2.464586000     -1.428404000 

1        2.694701000      3.980637000     -1.406411000 
1        3.496985000      2.478569000     -1.864594000 
7       -3.160574000     -0.583472000     -0.891387000 
6       -3.131733000     -1.354403000     -2.198972000 
6       -2.485853000     -0.466309000     -3.252119000 
1       -1.456509000     -0.206133000     -2.975312000 
1       -2.443573000     -0.987735000     -4.213141000 
1       -3.038081000      0.465239000     -3.414410000 
6       -4.546185000     -1.759660000     -2.609630000 
1       -5.042531000     -2.331923000     -1.818477000 
1       -4.495860000     -2.400414000     -3.494879000 
1       -5.181618000     -0.908364000     -2.865494000 
6       -2.303855000     -2.615043000     -1.992567000 
1       -2.691842000     -3.218839000     -1.163436000 
1       -2.343298000     -3.232321000     -2.894494000 
1       -1.258107000     -2.387687000     -1.789509000 
6       -4.268671000      0.404229000     -0.808255000 
1       -5.194049000     -0.073761000     -0.474725000 
1       -4.449660000      0.803543000     -1.809900000 
6       -3.878428000      1.535580000      0.099066000 
1       -4.665533000      2.295363000      0.105185000 
1       -3.722034000      1.198245000      1.126670000 
1       -3.310709000     -1.263771000     -0.145867000 
7       -2.602298000      2.092548000     -0.411944000 
6       -0.143918000     -4.040989000      1.985123000 
6       -0.978836000     -3.614845000      3.045498000 
6        0.121386000     -3.231862000      0.899874000 
1       -1.169827000     -4.256534000      3.900976000 
1        0.758842000     -3.581888000      0.090590000 
6       -1.549356000     -2.380564000      2.982875000 
6       -0.469116000     -1.960576000      0.809222000 
6       -1.369608000     -1.484549000      1.871691000 
1        0.288313000     -5.037236000      2.031309000 
8       -1.933474000     -0.370216000      1.787617000 
1       -2.741396000      2.312858000     -1.401909000 
6       -2.139675000      3.371195000      0.256333000 
6       -1.644860000      3.041461000      1.655618000 
1       -0.876237000      2.267804000      1.622617000 
1       -1.218441000      3.936331000      2.120050000 
1       -2.457971000      2.695930000      2.302110000 
6       -1.043623000      3.953326000     -0.626718000 
1       -1.444702000      4.231930000     -1.609051000 
1       -0.635241000      4.860576000     -0.171415000 
1       -0.231423000      3.240337000     -0.769495000 
6       -3.293862000      4.372004000      0.325308000 
1       -2.899419000      5.345203000      0.633304000 
1       -3.773363000      4.507704000     -0.650749000 
1       -4.060273000      4.092368000      1.052687000 
8       -0.258732000     -1.166963000     -0.207308000 
17       1.641748000     -0.608284000      2.773155000 
9       -2.349957000     -1.946701000      3.967911000 
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1. General considerations 

Materials and methods 

All reagents and solvents were purchased from Sigma Aldrich, Fisher Scientific or Fluorochem and used 
without further purification. NMR data concerning product identity were collected with a Bruker 
Ultrashield AVANCE III400 and a Bruker Ultrashield ASCEND Nanobay 400MHz (Serveis Tècnics, 
Universitat de Girona) spectrometers (CDCl3, THF-d8, CD3CN and DMSO-d6) and calibrated relative 
the residual protons of the solvent. All NMR experiments (1H, 13C1, COSY, HSQC, HMBC, NOESY and 
TOCSY) were recorded and processed using standard parameters and no more details are given, unless 
otherwise stated. Quantification of reaction yields through integration of peaks was performed using an 
internal standard (1,3,5-trimethoxybenzene). Preparation and handling of air-sensitive materials were 
carried out in a N2 drybox with O2 and H2O concentrations < 1 ppm. High resolution mass spectra 
(HRMS) were recorded on a Bruker MicrOTOF-Q IITM instrument using ESI as ionization source or 
CMS (cryospray ionization, for low temperature experiments) at Serveis Tècnics University of Girona. 
IR Spectra (FTIR) were recorded on a FT-IR Alpha spectrometer from Bruker with a PLATINUM-ATR 
attachment using OPUS software to process the data. UV-vis spectroscopy was performed with an 
Agilent 8453 UV-vis spectrophotometer with 1 cm quartz cells. Low temperature control was achieved 
with a cryostat from Unisoku Scientific Instruments, Japan. Monocrystal X-Ray diffraction was 
performed with a Bruker D8 QUEST ECO diffractometer. Ligands MeLH 2 and tBuLBr 3-4 were synthesized 
following previously described procedures. For MeLBr ligand, the synthesis was carried out following a 
slightly modified previously reported procedure.2, 5-7  
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2. Synthesis of ligand MeLBr  

N

NaN3

DMF, 80 ºC,
overnight

Pd/C
H2

EtOH, r.t. 
3 h

96 %

TsCl, TEA
DCM, 0 oC to rt, 
24 h

70 %

Br Br

Br

TsN NTs
N

Cs2CO3
MeCN, 100 ºC, 
24 h

68 %72 %75 %

PhOH

HBr (30 % in AcOH)
100 oC, 24 h

HCOOH
HCHO

100 oC, 24 h

BrHN NH
N
BrN N

N
Br

97 %

(i) (ii)

(iii)

TsLBrHLBrMeLBr

Cl Cl
N

N3 N3 N
H2N NH2

N
TsHN NHTs

 
Scheme S1. Synthesis protocol for MeLBr macrocyclic ligand. 

2.1. Synthesis of 2,6-bis(azidomethyl)pyridine (i) 

 
Scheme S2.  Synthesis of 2,6-bis(azidomethyl)pyridine (i). 

Sodium azide (9.59 g, 146.0 mmol) and 2,6-bis(chloromethyl)pyridine (2.5 g, 14.0 mmol), were 
dissolved in DMF (130 ml) and refluxed overnight at 80 ºC. After that, the solvent was removed under 
reduced pressure, then the residue was extracted using water (4x60 ml) and EtOAc (100 ml). The 
organic layer was washed with brine (3x60 ml), dried over MgSO4, filtered and the solvent was removed 
under vacuum to yield a colorless oil corresponding to 2,6-bis(azidomethyl)pyridine (i) (2.56 g, 13.5 
mmol, 97 %). 

1H-NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 7.75 (t, J = 8 Hz, 1 Ha), 7.30 (d, J = 8 Hz, 2 Hb), 4.48 (s, 
4 Hc). 
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2.2.  Synthesis of 2,6-bis(aminomethyl)pyridine (ii) 

Pd/C
H2

EtOH, r.t. 
3 h

96 %
(i) (ii)

N
N3 N3 N

H2N NH2

 
Scheme S3. Synthesis of 2,6-bis(aminomethyl)pyridine (ii). 

Under N2, a 1 L round flask was charged with 2,6-bis(azidomethyl)pyridine (2.50 g, 13.2 mmol) and 
Pd/C (0.25 g, 10%) and then diluted in ethanol (280 ml). After that, the reaction was purged with H2 to 
remove N2. The reaction was left stirring at room temperature for 3 hours under a H2 atmosphere. The 
reaction solution was filtered using a celite® pad and rinsed with ethanol (the solid was discarded) and 
the filtrates were dried under reduced pressure to yield an orange oil corresponding to 2,6-
bis(aminomethyl)pyridine (ii) (1.75 g, 12.7 mmol, 96%). 

 1H-NMR (CD3OD, 400 MHz, 298 K) δ (ppm): 7.75 (t, J = 8 Hz, 1 Ha), 7.28 (d, J = 8 Hz, 2 Hb), 3.92 
(s, 4 Hc). 

2.3.  Synthesis of 2,6-bis(tosylaminomethyl)pyridine (iii) 

 
Scheme S4. Synthesis of 2,6-bis(tosylaminomethyl)pyridine (iii). 

Triethylamine (4.0 ml, 28.3 mmol) and 2,6-bis(aminomethyl)pyridine (1.85 g, 13.5 mmol) were 
dissolved in DCM (75 ml) and chilled to 0 °C. To this solution, TsCl (5.56 g, 28.6 mmol) diluted in 
DCM (100 ml) was added dropwise. During addition, the reaction mixture was vigorously stirred and 
maintained at 0 °C in an ice-bath. Upon completion of the addition, the reaction mixture was left stirring 
for an additional 24 hours allowing the solution to attain room temperature. The organic layer was 
washed with water and brine (2x175 ml each), dried with anhydrous MgSO4, and solvent was removed 
under reduced pressure to yield a brownish oil. The crude product was purified by silica gel column 
chromatography (DCM:EtOAc, 95:5) to obtain 2,6-bis(tosylmethylamine)pyridine (iii) as white 
powder (4.21 g, 9.4 mmol, 70 %).  

1H-NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 7.72 (d, J = 12 Hz, 4 Hd), 7.53 (t, J = 8 Hz, 1 Ha), 7.25 
(d, J = 12 Hz, 4 He), 7.06 (d, J = 8 Hz, 2 Hb), 5.50 (t, J = 6 Hz, 2 NH), 4.17 (d, J = 4 Hz, 4 Hc), 2.41 (s, 
6 Hf). 
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2.4.  Synthesis of TsLBr 

 
Scheme S5. Synthesis of TsLBr.	

Cs2CO3 (4.16 g, 12.6 mmol) and 2,6-bis(tosylaminomethyl)pyridine (2.60 g, 5.83 mmol) were dissolved 
in MeCN (150 ml) in a 500 ml 2-necked round-bottom flask. Once the mixture started refluxing, then a 
solution of 2-bromo-1,3-bis(bromomethyl)benzene (2.19 g, 6.25 mmol) in MeCN (100 ml) was slowly 
added dropwise. After heating at 100 ºC for 24 hours, the crude was cooled down to room temperature 
and filtered. The filtrates were evaporated under reduced pressure and the resulting pale-brown solid was 
purified by recrystallization in CHCl3:EtOH (1:3) in the freezer. TsLBr (2.5 g, 3.99 mmol, 68 % yield) was 
obtained.  

1H-NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 7.79 (d, J = 8 Hz, 4 Hd), 7.39 (d, J = 8 Hz, 4 He), 7.37 (t, 
J = 8 Hz, 1 Hi), 7.21 (d, J = 8 Hz, 2 Hh), 7.17 (d, J = 8 Hz, 2 Hb), 6.86 (t, J = 8 Hz, 1 Ha), 4.88 (d, J = 20 
Hz, 2 Hg), 4.83 (d, J = 20 Hz, 2 Hg), 4.49 (d, J = 16 Hz, 2 Hc), 3.92 (d, J = 16 Hz, 2 Hc), 2.48 (s, 6 Hf). 

2.5.  Synthesis of HLBr 

 
Scheme S6. Synthesis of HLBr. 

TsLBr (2.10 g, 3.35 mmol) and phenol (7.88 g, 82.9 mmol) were added as solid to a 250 ml round-bottom 
flask, then HBr (30 wt % in AcOH, 100 ml) was added, the resulting solution was stirred and heat up to 
100 ºC for 24 hours. The crude was concentrated as much as possible and then 40 ml of H2O were added. 
Extractions using CHCl3 (3 x 40 ml) were performed. The organic layer was discarded, and the aqueous 
layer was basified with 50 % NaOH (~40 ml) until pH 14. After that, extractions with CHCl3 (3 x 40 ml) 
were done again. The organic layer was then dried with MgSO4, filtered and the solvent removed under 
reduced pressure. HLBr (0.77 g, 2.42 mmol, 72 % yield) was obtained as a white solid. 

1H-NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 7.20 (t, J = 8 Hz, 1Hf), 6.62 – 6.54 (m, 5Ha,b,e), 4.60 (d, 
J = 16 Hz, 2Hd), 4.22 (d, J = 16 Hz, 2Hd), 3.81 (d, J = 16 Hz, 2Hc), 3.58 (d, J = 16 Hz, 2Hc), 1.66 (br.s, 
NH). 
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2.6.  Synthesis of MeLBr 

 
Scheme S7. Synthesis of MeLBr. 

HLBr (770 mg, 2.42 mmol), formaldehyde (58 ml, 774 mmol) and formic acid (10 ml, 242 mmol) were 
mixed in a 100 ml round-bottom flask and heat up to 100 °C for 24 hours. Then the crude mixture was 
cooled down to room temperature and the solvent was removed under reduced pressure. After that, 
NaOH(aq) 30% (50 ml) was added to the crude and the aqueous phase was extracted using DCM (3 x 
40 ml). The organic layer was washed with NaOH(aq) 30% (50 ml) and the solvent removed under 
reduced pressure. The brownish solid obtained was further purified by stirring overnight in hexane. The 
colorless solution was decanted and dried to obtain MeLBr (630 mg, 1.81 mmol, 75 % yield) as a white 
solid. 

1H-NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 7.15 (t, J = 8 Hz, 1Hg), 6.78 (d, J = 8 Hz, 2Hf), 6.69 (d, J 
= 8 Hz, 2Hb), 6.61 (t, J = 8 Hz, 1Ha), 4.26 (d, J = 12 Hz, 2He), 3.94 (d, J = 12 Hz, 2He), 3.65 (d, J = 12 
Hz, 2Hc), 3.53 (d, J = 12 Hz, 2Hc), 2.70 (s, 6Hd). 
HR-ESI-MS: calcd. for C17H20N3Br [M+H]+ 346.0913; exp 346.0914. 

3. Synthesis of Iron(II) complexes: 1·Cl2 and 1·Br2 

N N
N
H

N

N

N
X

X
FeII

FeX2

N2, MeCN, 
r.t., 24 h

H

1·Cl2 (86 %)
1·Br2 (82 %)

MeLH

X = Cl, Br

 
Scheme S8. Synthesis of 1·X2 (X = Cl, Br). 

In the glovebox, MeLH (75.3 mg, 0.28 mmol) and FeCl2 (36.1 mg, 0.28 mmol) were dissolved in dry 
MeCN (2.0 ml). The mixture was left stirring 24 hours at room temperature. After that, the mixture was 
filtered over celite®. Slow Et2O diffusion over a concentrated solution in MeCN/DCM at room 
temperature afforded yellow crystals corresponding to [(MeLH)FeII(Cl)2] (94.9 mg, 0.24 mmol, 86 % 
yield). 

1H-NMR (CD3CN, 400 MHz, 298 K) δ (ppm): 139.33, 90.10, 65.63, 41.64, 32.26, 18.29, -5.72, -7.82, -
39.45.  
Evans’ method: µeff = 4.81 MB (3.92 unpaired electrons). 
HR-ESI-MS: calcd. for C17H21N3FeCl+, [M-Cl-]+ 358.0768; exp 358.0787. 
EA: calcd. for C17H21N3FeCl2, C 51.10, N 10.66, H 5.37 %; exp. C 51.74, N 10.40, H 5.09 %. 
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FT-IR (ATR)	ῡ (cm-1) = 2877 (Csp3-H str), 1604 (Csp2-Csp2 str), 1446 (Csp3-H bend), 1001 (Csp3-N str), 

797 (Fe-Cl str). 

The analogous procedure using FeBr2 was followed for the synthesis of 1·Br2 (82% yield). HR-ESI-MS: 
calcd. for C17H21N3FeBr+, [M-Br-]+ 402.0264; exp 402.0267. 

4. Reactivity of 1·Cl2 towards PhMgBr reagent 

N N
N
Ph

N

N

N
Cl

Cl
FeII

1) PhMgBr (3 eq)
N2, THF, 

-78ºC to r.t., 3 h

2) air, 1h
H

1·Cl2 66 %
MeLPh

N N
N
H

33 %
MeLH

+

 
Scheme S9. Synthesis of MeLPh. 

In the Schlenk line, complex 1·Cl2 (31.10 mg, 0.1 mmol) was dissolved in anhydrous THF (1.5 ml). The 
yellow suspension was stirred below -78 ºC and 3 equivalents of PhMgBr (236 μl of a 1.0 M solution in 
THF) were dropwise added via syringe. The mixture was left stirring below 78 ºC for 30 min and then 
the temperature was increased to 0 ºC for 1 hour. After that, the reaction was let to attain room 
temperature for 1 more hour and finally it was stirred under air for an additional hour. Next, concentrated 
HCl was added (together with the internal standard) and solvent was removed under reduced pressure. 
Ammonium hydroxide was used until pH >14 was reached, and extractions were performed using DCM. 
The product was dried over a MgSO4 plug and the solvent was removed. The final organic product was 
purified by silica gel chromatography using DCM:MeOH:NH3 (95:5:1) as eluent. MeLPh was obtained in 
a 66 % yield (1H-NMR calculated using TMB as internal standard, 33% MeLH corresponding to the 
protodemetallation product).  

1H-NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 9.46 (d, J = 8 Hz, 1Hf), 7.63 (td, J = 8, 1.5 Hz, 1Hg), 
7.41 (tt, J = 7.4, 1.4 Hz, 1Hh), 7.32 (td, J = 7.4, 1.2 Hz, 1Hi), 7.22 (t, J = 7.7 Hz, 1Hp), 6.87 (d, J = 7.5 
Hz, 2Hb), 6.76 (t, J = 7.0 Hz, 3Hj,o), 6.66 (t, J = 7.5 Hz, 1Ha), 3.71 (d, J = 4 Hz, 4Hm), 3.45 (s, 4Hk), 
2.53 (d, 6Hl).  
13C-NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 158.90 (Cn), 144.53 (Cd), 140.47 (Ce), 135.76 (Cc), 
135.08 (Cp), 132.78 (Cf), 131.61 (Cj), 130.51 (Cb), 127.23 (Cg), 127.19 (Ci), 126.67 (Ch), 126.43 
(Ca), 120.63 (Co), 64.64 (Cm), 61.83 (Ck), 49.00 (Cl).  
HR-ESI-MS: calcd. for C23H25N3 [M+H]+ 344.2121; exp 344.2133. 
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5. Synthesis of Aryl-Iron(II) complexes 

5.1. Synthesis of 1Me 

 
Scheme S10. Synthesis of 1Me. 

In the glovebox, MeLBr (53.2 mg, 0.15 mmol) and Fe0(CO)5 (20.21 μl, 0.15 mmol) were dissolved in dry 
THF (1.5 ml). The mixture was left stirring overnight at 50 ºC under UV light (254 nm) in a 8-lamp 
photoreactor. After that, rapidly, vacuum was applied to remove any CO present in the atmosphere and 
to remove the solvent from the reaction mixture. The mixture was filtered over celite® and slow Et2O 
diffusion over a concentrated solution in THF at room temperature afforded green crystals 
corresponding to 1Me (44.3 mg, 0.10 mmol, 67 %). 

1H-NMR (THF-d8, 400 MHz, 298 K) δ (ppm): 7.57 (t, J = 8 Hz, 1Hj), 7.16 (d, J = 4 Hz, 2Hi), 6.47 (s 
br, 3Ha,b), 4.06 (d, J = 16 Hz, 2Hd), 3.60 (m, 4Hg,d), 3.50 (d, J = 16 Hz, 2Hg), 2.42 (s, 6He). 
13C-NMR (THF-d8, 400 MHz, 298 K) δ (ppm): 223.59 (Ck), 183.99 (Cf), 160.09 (Ch), 146.86 (Cc), 
136.67 (Cj), 120.89 (Ca), 118.76(Ci), 118.35(Cb), 76.46 (Cg), 72.30 (Cd), 54.89 (Ce).  
HR-ESI-MS: calcd. for C19H20N3O2Fe+ 378.0900; exp 378.0905. Calcd for C18H20N3OFe+ 350.0950; exp 
350.0888. 
EA: calcd. for C18H20N3OFeBr·0.25C17H21N3, C 53.77, N 10.57, H 5.12 %; exp. C 54.05, N 10.10, H 5.14 
%. 

FT-IR (ATR)	ῡ (cm-1)= 2846 (Csp3-H str), 1899 (Fe-CO str), 1447 (Csp3-H bend), 1015 (Csp3-N str), 
761 (Fe-Br str). 

5.2. Synthesis of 1H 

 
Scheme S11. Synthesis of 1H. 

In the glovebox, HLBr (53.0 mg, 0.17 mmol) and Fe0(CO)5 (22.00 μl, 0.17 mmol) were dissolved in dry 
THF (1.5 ml). The mixture was left stirring overnight at 50 ºC under UV light (254 nm). After that, a 
green solid was formed and vacuum was applied to remove any CO present in the atmosphere. The 
solvent was decanted-off and the solid residue was redissolved in MeCN. Slow pentane diffusion over a 
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concentrated solution in MeCN afforded pale green crystals corresponding to 1H (46.1 mg, 0.11 mmol, 
63 %). 

1H-NMR (DMSO-d6, 400 MHz, 298 K) δ (ppm): 7.76 (t, J = 8 Hz, 1Hi), 7.33 (d, J = 8 Hz, 2Hh), 6.94-
6.87 (m, 3Ha,b), 5.63 (br, 2NH), 4.32 (d, J = 16 Hz, 2Hf), 4.16 (m, 4Hf,d), 3.93 (d, J = 16 Hz, 2Hd). 
13C-NMR (DMSO-d6, 400 MHz, 298 K): 184.73 (Ce), 158.41 (Cg), 145.70 (Cc), 138.59 (Ci), 124.43 
(Ca), 121.09 (Cb), 120.23 (Ch), 67.34 (Cd), 64.47 (Cf).  
HR-ESI-MS: calcd. for C16H16N3OFe+ 322.0637; exp 322.0643. 
EA: calcd. for C17H16N3O2FeBr·1.5H2O, C 44.67, N 9.19, H 4.19 %; exp. C 44.52, N 9.32, H 3.29 %. 

FT-IR (ATR)	ῡ (cm-1)= 3072 (N-H str), 2883 (Csp3-H str), 2019 (Fe-CO str), 1963 (Fe-CO str), 1446 

(Csp3-H bend), 1234 (Csp3-N str). 

5.3. Synthesis of 1tBu 

 
Scheme S12. Synthesis of 1tBu. 

In the glovebox, tBuLBr (31.3 mg, 0.07 mmol) and Fe0(CO)5 (9.6 μl, 0.07 mmol) were dissolved in dry 
dioxane (1.0 ml). The mixture was left stirring for 24 hours at 100 ºC. After that, rapidly, vacuum was 
applied to remove any CO present in the atmosphere and to remove the solvent from the reaction 
mixture. 1tBu (20.9 mg, 0.04 mmol, 58 %) was obtained as a greenish foam. 

1H-NMR (DMSO-d6, 400 MHz, 298 K) δ (ppm): 8.02 (t, J = 8 Hz, 1Hg), 7.52 (d, J = 8 Hz, 2Hf), 7.08 
(s, 3Ha,b), 4.44 (d, J = 16 Hz, 2Hc), 4.31 (d, J = 16 Hz, 2Hc), 3.91 (d, J = 16 Hz, 2He), 3.63 (d, J = 16 
Hz, 2He), 1.23 (br, 18Hd).  
HR-ESI-MS: calcd. for C24H32N3OFe+ 434.1890; exp 434.1905. 

6. Reactivity of 1Me with phenyl Grignard (PhMgBr) 

N N
N

N

N

N
CO

Br
FeII

1) PhMgBr (3 eq)
N2, THF, 

-78 ºC to r.t., 3 h

2) air, 1h
O Ph

1Me 38 %
MeLPh  

Scheme S13. Synthesis of MeLCOPh. 

In the Schlenk line, complex 1Me (26.0 mg, 0.06 mmol) was dissolved in anhydrous THF (1.5 ml). The 
yellow suspension was stirred below -78 ºC and 3 equivalents of PhMgBr (181 μl of a 1.0 M solution 
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inTHF) were dropwise added via syringe. The mixture was left stirring below 78 ºC for 30 min and then 
the temperature was increased to 0 ºC for 1 hour. After that, the reaction was let to attain room 
temperature for 1 more hour and finally it was stirred under air for an additional hour. Next, concentrated 
HCl was added (together with the internal standard) and solvent was removed under reduced pressure. 
Ammonium hydroxide was used until pH >14 was reached, and extractions were performed using DCM. 
The product was dried over a MgSO4 plug and the solvent was removed. The final organic product was 
purified by silica gel chromatography using DCM:MeOH:NH3 (95:5:1) as eluent. MeLCOPh was obtained 
in a 38 % yield (1H-NMR calculated using TMB as internal standard, 7% MeLPh and 5% MeLH 
corresponding to the protodemetallation product).  

1H-NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 7.58 (d, J = 8 Hz, 2Hg), 7.47 (t, J = 8, Hz, 1Hi), 7.35 (t, J 
= 8 Hz, 2Hh), 7.14 (t, J = 8 Hz, 1Ho), 6.85 (br, 3Ha,b), 6.67 (d, J = 8 Hz, 2Hn), 4.26 (br, 2Hl), 3.68 (br, 
2Hj), 3.53 (br, 2Hl), 3.31 (br, 2Hj), 2.46 (s, 6Hk).  
13C-NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 195.00 (Ce), 158.12 (Cm), 140.49 (Cf), 139.00 (Cd), 
137.61 (Cc), 135.32 (Co), 132.04 (Ci), 130.46 (Cb), 129.05 (Cg), 128.75 (Ca), 128.22 (Ch), 121.58 
(Cn), 64.86 (Cl), 61.38 (Cj), 48.91 (Ck).  
 
HR-ESI-MS: calcd. for C24H25N3O, [M+H]+ 372.2071; exp 372.2070. 

FT-IR (ATR)	ῡ (cm-1)= 2922 (Csp3-H str), 1672 (Csp2-O str), 1447 (Csp3-H bend), 1122 (Csp3-N str). 

 

7. Mechanistic insights  

7.1. UV-vis monitoring of 1·Cl2 with PhMgBr 

N

N

N
Cl

Cl
FeII

H

1·Cl2

PhMgBr (6 eq)

N2, THF, 0 ºC

N

N

N
Ph

FeII

C  
Scheme S14. Reaction of 1·Cl2 towards PhMgBr monitored by UV-vis spectroscopy at 0 ºC. 

A. A UV-vis cell was charged with 2.2 ml of a 0.5 mM solution of 1·Cl2 in anhydrous THF prepared 

in the glovebox. The quartz cell was capped with a septum, taken out of the glovebox, and placed in a 

Unisoku thermostated cell holder designed for low-temperature experiments at 273 K. Once the thermal 

equilibrium was reached, a UV-vis spectrum of the starting complex was recorded. PhMgBr (10 equiv) 

was injected into the cell through the septum causing immediate formation of two bands at λmax = 520 nm 

and λmax = 635 nm corresponding to the generation of the green (C) species proposed (Figure S1). 

Maximum formation of such species is formed after ca. 13 min. 
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Figure S1. UV-vis spectra of the reaction of 1·Cl2 (yellow) towards PhMgBr at 0 ºC to form species C (green) 

with the corresponding bands at 520 and 635 nm. 

 

O2

THF, 0 ºC

N

N

N
Ph

FeII

C

N

N

N
Ph

FeIII

C+

+

+    FeIN N

MeLPh

N
Ph

 
Scheme S15. Reaction of C towards dioxygen monitored by UV-vis spectroscopy at room temperature. 

B. A first UV-vis spectrum of the new formed species C was recorded. Dioxygen was bubbled into 

the cell through the septum causing immediate decay of the two bands at λmax = 520 nm and λmax = 635 

assigned to green species (C). Subsequent formation of new species was rapidly observed (< 20 seconds, 

orange trace in Figure S2a) corresponding to the putative C+ species that rapidly evolves (< 10 seconds) 

to the final reaction mixture (purple trace in Figure S2a). 



S11 
 

 
Figure S2. a)UV-vis spectra of the reaction of species C (green) towards dioxygen at 0 ºC. Decay of the bands at 

520 and 635 nm to form unstable species C+ (orange) and immediate formation of the new band at 365 nm 
(purple) corresponding to the final mixture. b) Cryo-HR-MS spectra of MeLPh. Inset: expanded view of the 
experimental peak at a m/z = 344.2128 corresponding to the monocharged [C23H25N3+H]+ (top) and the 

expanded view of the corresponding calculated spectrum for this molecular formula (bottom). 

Attempts to characterize C+ by Cryospray ionization/HR-MS 

In order to perform HR-MS analysis, in a typical UV-vis experiment, the generation of species C was 
monitored at 0 ºC. Once it was fully formed the sample was cooled down to -45 ºC. On a separated vial 
containing DCM, previously cooled down and purged with dioxygen, an aliquot from the UV-vis cuvette 
was added and then it was immediately injected into the mass spectrometer equipped with cryospray 
ionization at -45 ºC. However, all attempts to gain information about the nature of species C+ were 
unfruitful due to its extremely high reactivity. Nevertheless, a clean mass spectrum of the final coupling 
biaryl product MeLPh was obtained (m/z = 344.2128 corresponding to [C23H25N3+H]+) as shown in 
Figure S2b. 
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7.2. Inert atmosphere work-up for 1·Cl2 and 1Me towards phenyl Grignard 

N N
N
Ph

N

N

N
Cl

Cl
FeII

H N N
N
H+

2 %
MeLPh

85 %
MeLH

1) PhMgBr (3 eq)
N2, THF, 

-78 ºC to r.t., 3 h

2) N2, HCl

 
Scheme S16. Reaction of 1·Cl2 towards PhMgBr in absence of oxidant. 

In the Schlenk line, complex 1·Cl2 (12.00 mg, 0.03 mmol) was dissolved in anhydrous THF (1.0 ml). 
The yellow suspension was stirred at -78 ºC and 3 equivalents of PhMgBr (120 μl of a 1.0 M solution in 
THF) were dropwise added via syringe. The mixture was left stirring at -78 ºC for 30 min and then the 
temperature was increased to 0 ºC for 1 hour. After that, the reaction was let to attain room temperature 
for 1 more hour. Next, concentrated HCl was added (together with the internal standard) under N2 
atmosphere and solvent was removed under vacuum. Ammonium hydroxide was used until pH >14 was 
reached, and extractions were performed using DCM. The product was dried over a MgSO4 plug, filtered 
and the solvent was removed. MeLPh was obtained in a 2% yield (1H-NMR calculated using TMB as 
internal standard, 85% MeLH corresponding to the protodemetallation product). 

N N
N

N

N

N
CO

Br
FeII

O Ph
N N

N
H+

traces
MeLCOPh

95 %
MeLH

1) PhMgBr (3 eq)
N2, THF, 

-78 ºC to r.t., 3 h

2) N2, HCl

 
Scheme S17. Reaction of 1Me towards PhMgBr in absence of oxidant. 

In the Schlenk line, complex 1Me (26.00 mg, 0.06 mmol) was dissolved in anhydrous THF (1.5 ml). The 
yellow suspension was stirred at -78 ºC and 3 equivalents of PhMgBr (181 μl of a 1.0 M solution in THF) 
were added dropwise. The mixture was left stirring at -78 ºC for 30 min and then the temperature was 
increased to 0 ºC for 1 hour. After that, the reaction was let to attain room temperature for 1 more hour. 
Next, concentrated HCl was added (together with the internal standard) under N2 atmosphere and 
solvent was removed under vacuum. Ammonium hydroxide was used until pH >14 was reached, and 
extractions were performed using DCM. The product was dried over a MgSO4 plug, filtered and the 
solvent was removed. MeLCOPh was obtained in a trace amounts (1H-NMR calculated using TMB as 
internal standard, 95% MeLH corresponding to the protodemetallation product).  
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7.3. Use of DCIB as oxidant for the reaction of 1·Cl2 with PhMgBr 

N N
N
Ph

N

N

N
Cl

Cl
FeII

H N N
N
H+

45 %
MeLPh

55 %
MeLH

1) PhMgBr (3 eq)
N2, THF, 

-78 ºC to 0 ºC, 2 h

2) N2, DCIB (2 eq),
0 ºC to r.t., 1 h

3) N2, HCl

 
Scheme S18. Reaction of 1·Cl2 towards PhMgBr in presence of DCIB as oxidant. 

In a typical experiment, in the Schlenk line, complex 1·Cl2 (32.90 mg, 0.08 mmol) was dissolved in 
anhydrous THF (1.6 ml). The yellow suspension was stirred below -78 ºC and 3 equivalents of PhMgBr 
(251 μl of a 1.0 M solution in THF) were added dropwise via syringe. The mixture was left stirring below 
78 ºC for 30 min and then the temperature was increased to 0 ºC for 1.5 hour. After that, 2 equivalents 
of DCIB, 1,2-dichloroisobutane (20.4 μl), were added the reaction was let to attain room temperature 
for 1 more hour. Next, concentrated HCl was added (together with the internal standard) under N2 
atmosphere and solvent was removed under vacuum. Ammonium hydroxide was used until pH >14 was 
reached, and extractions were performed using DCM. The product was dried over a MgSO4 plug, filtered 
and the solvent was removed. MeLPh was obtained in a 45% yield (1H-NMR calculated using TMB as 
internal standard, 55% MeLH corresponding to the protodemetallation product). 

Noteworthy, addition of DCIB with the rest of reagents at the beginning of the reaction only afforded 9% 
yield of MeLPh. Attempts to conduct a catalysis with DCIB under N2 using 20 mol% of FeCl2 were 
unfruitful, and only 4% yield of MeLPh was obtained. 

7.4. Use of CO atmosphere for the reaction of 1·Cl2 with PhMgBr 

N N
N
R

N

N

N
Cl

Cl
FeII

1) PhMgBr (3 eq)
CO atm , THF, 

-78ºC to r.t., 3 h

2) air, 1h
H

1·Cl2 MeLCOPh (R = COPh) < 3 %
MeLH (R = H) > 95 %
MeLPh (R = Ph) not observed  

Scheme S19. Reaction of 1·Cl2 towards PhMgBr in presence of CO atmosphere. 

In a typical experiment, in the Schlenk line, complex 1·Cl2 (38.90 mg, 0.10 mmol) was dissolved in 
anhydrous THF (1.5 ml). Once dissolved, a CO atm was provided. The yellow suspension was stirred 
below -78 ºC and 3 equivalents of PhMgBr (300 μl of a 1.0 M solution in THF) were added dropwise via 
syringe. The mixture was left stirring below 78 ºC for 30 min and then the temperature was increased to 
0 ºC for 1 hour. After that, the reaction was let to attain room temperature for 1 more hour and finally it 
was stirred under air for an additional hour. Next, concentrated HCl was added (together with the 
internal standard) and solvent was removed under reduced pressure. Ammonium hydroxide was used 
until pH >14 was reached, and extractions were performed using DCM. The product was dried over a 
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MgSO4 plug and the solvent was removed. MeLCOPh was obtained in less than a 3 % yield (1H-NMR 
calculated using TMB as internal standard, >95 % MeLH corresponding to the protodemetallation product 
and MeLPh was not observed).  

7.5. Reaction of 1Me with PhMgBr under photoirradiation (254 nm). 

N N
N
R

N

N

N
CO

Br
FeII

1) PhMgBr (3 eq) , THF, 
-78 ºC, 30'

2) 254 nm, r.t., 2h

3) air, 1h

1Me MeLCOPh (R = COPh) 10 %
MeLH (R = H) 52 %
MeLPh (R = Ph) 8 %  

Scheme S20. Reaction of 1Me towards PhMgBr in presence of CO atmosphere. 

In the Schlenk line, complex 1Me (31.9 mg, 0.07 mmol) was dissolved in anhydrous THF (1.5 ml). The 
solution was stirred at -78 ºC and 3 equivalents of PhMgBr (230 μl of a 1.0 M solution in THF) were 
added dropwise. The mixture was left stirring at -78 ºC for 30 min. After that, the mixture was irradiated 
with 254 nm lamps and then the temperature was increased to room temperature for 2 hours and opened 
to air for 1 more hour. Next, concentrated HCl was added (together with the internal standard) and 
solvent was removed under vacuum. Ammonium hydroxide was used until pH >14 was reached, and 
extractions were performed using DCM. The product was dried over a MgSO4 plug, filtered and the 
solvent was removed. MeLPh was obtained in an 8 % yield (1H-NMR calculated using TMB as internal 
standard, 52 % MeLH corresponding to the protodemetallation product and a 10 % corresponding to 
MeLCOPh).  

7.6. Attempts to isolate species C’ ([FeII(MeL)(Ph)(PPh3)])  

Attempt 1 

N

N

N
Cl

Cl
FeII

H

1·Cl2

PPh3 (1.5 eq)
PhMgBr (1.8 eq)

N2, THF, 2h,
-78 to -40 ºC

N

N

N
Ph

FeII

C'

PPh3

 
Scheme S21. Attempt to synthetize intermediate C’ with PPh3 at low temperature. 

Under a nitrogen atmosphere, 1·Cl2 (37.4 mg, 0.09mmol) and THF (2 mL) were added to a 25 mL round 
bottom flask stirring at -78 ºC. Once thermal equilibrium was reached, PhMgBr (170 µL, 1.8 eq) was 
added dropwise and stirred for 30 min. Then temperature was increased to -40 ºC generating a red-
colored solution. At this point 1.5 eq of PPh3 (37.7 mg in 0.5 mL THF) were added. After that, the 
solution was cannulated at -40 ºC to remove the precipitate salts. Crystallization by slow diffusion over 
hexane at -40 ºC did not afford crystalline material but decomposition of the complex. HR-ESI-MS of 
the crude shows the 344.21 peak corresponding to the MeLPh biaryl formation via C-C reductive 
elimination. 
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Attempt 2 
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Scheme S22. Attempt to synthetize intermediate C’ with PPh3 at 65 ºC. 

Under a nitrogen atmosphere, 1·Cl2 (35.4 mg, 0.09mmol), PPh3 (35.4 mg, 1.5 eq) and THF (3 mL) were 
added to a 25 mL round bottom flask stirring at RT for 1 hour. Temperature was lowered to -78ºC.  Once 
thermal equilibrium was reached, PhMgBr (150 µL, 1.8 eq) was added to the vial containing the 
iron/PPh3 solution dropwise generating a red-colored solution after heating at 65 ºC for 2 hours. After 
that, temperature was lowered to -40°C and the solution was cannulated to remove the precipitate salts. 
Crystallization by slow diffusion over hexane at -40 ºC. Compound C’ was neither detected, although 
PPh4

+ was detected by HR-ESI-MS, suggesting a P-C reductive elimination from C’.  

8. Amine-to-amide CO insertion reactivity 

8.1. Synthesis of 2Me(CO)H and MeL-COH  

Br NN
N

Fe(CO)5

MeLBr

N2, MeCN
100 ºC, 24 h

2Me(CO)

H NN
N

MeL-COH

NH3 Extractions
in Et2O

HCl, 100ºC, 3h

O

(i) (ii)

N

N

N
CO

Br
FeII
CO

80 % 99 %

O

 
Scheme S23. (i) Synthesis of 2Me(CO). (ii) Synthesis of MeL-COH 

(i) In the glovebox, MeLBr (31.8 mg, 0.09 mmol) and Fe0(CO)5 (12.13 μl, 0.09 mmol) were 
dissolved in dry MeCN (1 ml). The mixture was left stirring for 24 hours at 100 ºC. After that, rapidly, 
vacuum was applied to remove any CO present in the atmosphere and to remove the solvent from the 
reaction mixture. 2Me(CO) was obtained as a red-brown foam (33.7 mg, 0.07 mmol, 80 %). 

1H-NMR (DMSO-d6, 400 MHz, 298 K) δ (ppm): 7.50 (t, J = 8 Hz, 1Hk), 7.47 (d, J = 8 Hz, 1Hc), 7.40 
(t, J = 8 Hz, 1Hb), 7.29 (d, J = 8 Hz, 1Ha), 7.17 (d, J = 8 Hz, 1Hj), 6.95 (d, J = 8 Hz, 1Hl), 4.27 (s, 2Hq), 
4.00 (s, 2Hf), 3.50 (s, 2Hh), 2.90 (s, 3Hp), 2.28 (s, 2Hn), 2.01 (s, 3Hg). 
13C-NMR (DMSO-d6, 400 MHz, 298 K) δ (ppm): 210.78 (Cs), 168.23 (Co), 159.04 (Ci), 157.22 (Cm), 
142.41 (Cr), 137.82 (Cd), 137.19 (Ck), 131.11 (Cb), 129.88 (Ce), 128.37 (Cc), 121.96 (Ca), 121.64 
(Cl), 119.65 (Cj), 63.42 (Ch), 54.77 (Cf), 51.26 (Cq), 43.96 (Cg), 29.37 (Cp), 24.44 (Cn).  

FT-IR (ATR)	ῡ (cm-1)= 2837 (Csp3-H str), 1890 (Fe-CO str), 1677 (Csp2-O str), 1451 (Csp3-H bend), 

1024 (Csp3-N str). 
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(ii) To 2Me(CO)  HCl was added and the reaction was left stirring at 100 ºC for 3 additional hours. 
After that, NH4OH was added until pH 14. Then extractions were performed in Et2O. The organic layer 
was dried in MgSO4, filtered and solvent was removed under vacuum to obtain MeL-COH (99 %, NMR 
yield). 

1H-NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 7.68 (d, J = 8 Hz, 1Ha), 7.53 (t, J = 8 Hz, 1Hl), 7.47 (t, J 
= 8 Hz, 1Hb), 7.39 (s, 1He), 7.35 (d, J = 8 Hz, 1Hk), 7.28 (d, J = 8 Hz, 1Hc), 6.98 (d, J = 8 Hz, 1Hm), 
4.32 (s, 2Hf), 4.27 (s, 2Hq), 3.77 (s, 2Hi), 3.16 (s, 3Hg), 2.53 (s, 2Ho), 2.29 (s, 3Hp). 
13C-NMR (CDCl3, 400 MHz, 298 K) δ (ppm): 169.21 (Ch), 159.37 (Cj), 157.66 (Cn), 141.50 (Cd), 
138.88 (Cr), 136.72 (Cl), 130.94 (Cb), 130.17 (Cc), 128.88 (Ca), 121.44 (Cm), 121.06 (Ce), 119.93 
(Ck), 63.85 (Ci), 55.45 (Cq), 51.60 (Cf), 42.59 (Cp), 29.45 (Cg), 24.62 (Co). 
HR-ESI-MS: calcd. for C18H21N3O, [M+H]+ 296.1757; exp 296.1775. (See Figure S57). 

FT-IR (ATR)	ῡ (cm-1)= 2942 (Csp3-H str), 1679 (Csp2-O str), 1453 (Csp3-H bend), 1044 (Csp3-N str). 

 

8.2. Mechanistic insights 
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Scheme S24. Synthesis of 2Me(CO) starting from the well-defined 1Me. 

In the glovebox, 1Me (19.6 mg, 0.05 mmol) were dissolved in dry DMSO-d6 (1 ml). The mixture was left 
stirring for 2 hours at 100 ºC under a CO atmosphere. After that, rapidly, vacuum was applied to remove 
any CO present in the atmosphere and the reaction crude was checked by 1H-NMR. After only 2 hours 
of reaction a 14 % of 2Me(CO)  could be observed together with a 14 % of MeLH (protodemetallation by-
product) and 71 % of starting complex (1Me). 

8.3. Amine-to-amide CO insertion reactivity using HLBr 

Br NHHN
N

HLBr

H NHHN
N

MeL-COH

2) HCl,
100ºC, 3h

O

27 %

1) Fe(CO)5
N2, MeCN

100 ºC, 24 h
H NHHN
N

HLH

+

22 %

Br NHHN
N

HLBr

+

51 %

 
Scheme S25. Synthesis of HL-COH 
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In the glovebox, HLBr (32.6 mg, 0.10 mmol) and Fe0(CO)5 (13.48 μl, 0.10 mmol) were dissolved in dry 
MeCN (1 ml). The mixture was left stirring for 24 hours at 100 ºC. After that, HCl was added and the 
reaction was left stirring at 100 ºC for 3 additional hours. Then, NH4OH was added until pH 14 and 
extractions were performed in Et2O. The organic layer was dried in MgSO4, filtered and solvent was 
removed under vacuum to obtain HL-COH (27 %, 1H NMR yield). HR-ESI-MS: calcd. for C16H17N3O 
[M+H]+: 268.1450; exp: 268.1446 (See Figure S3). 

 
Figure S3. HR-ESI-MS of the reaction crude for the synthesis of HL-COH.  Three main peaks could be observed. 
The experimental peak at m/z = 268.1446 with a mass value and an isotopic pattern fully consistent with the 
monocharged [C16H18N3O]+. The experimental peak at m/z = 240.1503 with a mass value and an isotopic pattern 
fully consistent with the monocharged [C15H18N3]+. The experimental peak at m/z = 318.0596 with a mass value 
and an isotopic pattern fully consistent with the monocharged [C15H17N3Br]+. 
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9. Spectroscopic characterization 

 
Figure S4. 1H-NMR spectrum of (i) in CDCl3 at room temperature (400 MHz). 

 
Figure S5. 1H-NMR spectrum of (ii) in CD3OD at room temperature (400 MHz). 
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Figure S6. 1H-NMR spectrum of (iii) in CDCl3 at room temperature (400 MHz). 

 
Figure S7. 1H-NMR spectrum of TsLBr in CDCl3 at room temperature (400 MHz). 
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Figure S8. 1H-NMR spectrum of HLBr in CDCl3 at room temperature (400 MHz).  

 
Figure S9. 1H-NMR spectrum of MeLBr in CDCl3 at room temperature (400 MHz).  



S21 
 

 
Figure S10. Paramagnetic 1H-NMR spectrum of 1·Cl2 in CD3CN at room temperature (400 MHz).  

 
Figure S11. HR-ESI-MS of 1·Cl2. Inset: expanded view of the experimental peak at a m/z = 358.0787 with a mass 

value and an isotopic pattern fully consistent with the peak corresponding to the monocharged [M-Cl-]+ (top) 
and the expanded view of the corresponding calculated spectrum for this molecular formula (bottom). (M = 

C17H21N3FeCl2; L = C17H21N3). 
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Figure S12. ATR-FT-IR spectrum of 1·Cl2 at room temperature. 

 
Figure S13. 1H-NMR spectrum of MeLPh in CDCl3 at room temperature (400 MHz).  
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Figure S14. 13C-NMR spectrum of MeLPh in CDCl3 at room temperature (100 MHz). 

 
Figure S15. 1H-13C HSQC spectrum of MeLPh in CDCl3 at room temperature (400 MHz).  
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Figure S16. 1H-13C HMBC spectrum of MeLPh in CDCl3 at room temperature (400 MHz).  

 
Figure S17. 1H-1H COSY spectrum of MeLPh in CDCl3 at room temperature (400 MHz). 
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Figure S18. HR-ESI-MS of MeLPh. Inset: expanded view of the experimental peak at a m/z = 344.2133 with a mass 

value and an isotopic pattern fully consistent with the monocharged [M+H/Na]+ (top) and the corresponding 
calculated for these molecular formulas (middle [M+H]+, bottom [M+Na]+). (M = C23H25N3). 

 
Figure S19. 1H-NMR spectrum of 1Me in THF-d8 at room temperature (400 MHz). 
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Figure S20. 13C-NMR spectrum of 1Me in THF-d8 at room temperature (100 MHz). 

 
Figure S21. 1H-13C HSQC spectrum of 1Me in THF-d8 at room temperature (400 MHz). 



S27 
 

 
Figure S22. 1H-13C HMBC spectrum of 1Me in THF-d8 at room temperature (400 MHz). 

 
Figure S23. 1H-1H COSY spectrum of 1Me in THF-d8 at room temperature (400 MHz). 
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Figure S24. HR-ESI-MS of 1Me.  Expanded view of the experimental peaks with mass value and isotopic pattern 

fully consistent with the monocharged [C19H20N3O2Fe]+ = 378.0905  and [C20H23N4OFe]+ = 391.1221 (top) and 
the corresponding calculated for these molecular formulas (middle [C19H20N3O2Fe]+, bottom [C20H23N4OFe]+).  

 
Figure S25. ATR-FT-IR spectrum of 1 Me at room temperature. 
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Figure S26. 1H-NMR spectrum of 1H in DMSO-d6 at room temperature (400 MHz). 

 
Figure S27. 1H-13C HSQCed spectrum of 1H in DMSO-d6 at room temperature (400 MHz). 
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Figure S28. 1H-13C HMBC spectrum of 1H in DMSO-d6 at room temperature (400 MHz). 

 
Figure S29. 1H-1H COSY spectrum of 1H in DMSO-d6 at room temperature (400 MHz). 
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Figure S30. HR-ESI-MS of 1H.  Inset: expanded view of the experimental peak with mass value and isotopic 
pattern fully consistent with the monocharged [C16H16N3OFe]+ = 322.0643 (top) and the corresponding 

calculated for this molecular formula (bottom). 

 
Figure S31. ATR-FT-IR spectrum of 1H at room temperature. 
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Figure S32. 1H-NMR spectrum of 1tBu in DMSO-d6 at room temperature (400 MHz). 

 
Figure S33. Top left: HR-ESI-MS of 1tBu.  Top right: expanded view of the experimental peak at m/z = 406.1943 
with a mass value and an isotopic pattern fully consistent with the monocharged [C23H32N3Fe]+ (top) and the 
corresponding calculated for this molecular formula (bottom). Bottom left: expanded view of the experimental 
peak at m/z = 434.1905 with a mass value and an isotopic pattern fully consistent with the monocharged 
[C24H32N3OFe]+ (top) and the corresponding calculated for this molecular formula (bottom). Bottom right: 
expanded view of the experimental peak at m/z = 462.1843 with a mass value and an isotopic pattern fully consistent 
with the monocharged [C25H32N3O2Fe]+ (top) and the corresponding calculated for this molecular formula 
(bottom). 
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Figure S34. 1H-NMR spectrum of MeLCOPh in CDCl3 at room temperature (400 MHz).  

 
Figure S35. 13C-NMR spectrum of MeLCOPh in CDCl3 at room temperature (400 MHz). 
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Figure S36. 1H-13C HSQCed spectrum of MeLCOPh in CDCl3 at room temperature (400 MHz).  

 
Figure S37. 1H-13C HMBC spectrum of MeLCOPh in CDCl3 at room temperature (400 MHz).  
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Figure S38. A: 1H-13C HMBC spectrum of MeLCOPh in CDCl3 at room temperature (400 MHz), ampliation of the 
aromatic region for detection of the ketone CO. The presence of chemical exchange dynamics in combination with 
relaxation properties of carbonyl nuclei do not allow to detect CO with proper sensitivity. The presence of CO band 
in IR spectrum enforce us to optimize a HMBC spectra to improve the sensitivity provided by 13C NMR spectra 
and be able to assign the carbonyl nucleus using conventional HMBC without low-pass filter spectrum optimized 
with a interscan delay of 3.5s. B: 1H-13C HMBC spectrum of MeLCOPh in CDCl3 at room temperature (400 MHz), 
ampliation of the aromatic (1H) and aliphatic (13C) regions to assign the benzylic positions. C: 1H-1H NOESY 
spectrum of MeLCOPh in CDCl3 at room temperature (400 MHz), ampliation of the aliphatic (f1) region to assign 
and further confirm the benzylic positions. 

 
Figure S39. HR-ESI-MS of MeLCOPh. Inset: expanded view of the experimental peak at m/z = 372.2070 with a mass 

value and an isotopic pattern fully consistent with [M+H]+ (top) and the corresponding calculated for this 
molecular formula (bottom). (M = C24H25N3O). 

[M+H]+
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Figure S40. ATR-FT-IR spectrum of MeLCOPh at room temperature. 

 

 
Figure S41. 1H-NMR spectrum of 2Me(CO) in DMSO-d6 at room temperature (400 MHz). 
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Figure S42. 13C-NMR spectrum of 2Me(CO) in DMSO-d6 at room temperature (100 MHz). 

 
Figure S43. 1H-13C HSQC spectrum of 2Me(CO) in DMSO-d6 at room temperature (400 MHz).  
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Figure S44. 1H-13C HSQCed spectrum of 2Me(CO) in DMSO-d6 at room temperature (400 MHz). Ampliation of 

the aromatic regions. 

 
Figure S45. 1H-13C HMBC spectrum of 2Me(CO) in DMSO-d6 at room temperature (400 MHz). 
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Figure S46. 1H-13C HMBC spectrum of 2Me(CO) in DMSO-d6 at room temperature (400 MHz). Ampliation of 

the aromatic regions. 

 
Figure S47. 1H-13C HMBC spectrum of 2Me(CO) in DMSO-d6 at room temperature (400 MHz). Ampliation of 

the aromatic (1H) and aliphatic (13C) regions. 
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Figure S48. 1H-13C HMBC spectrum of 2Me(CO) in DMSO-d6 at room temperature (400 MHz). Ampliation of 

the aliphatic (1H) region vs full range (13C). 

 
Figure S49. 1H-1H COSY spectrum of 2Me(CO) in DMSO-d6 at room temperature (400 MHz). 
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Figure S50. 1H-1H COSY spectrum of 2Me(CO) in DMSO-d6 at room temperature (400 MHz). Ampliation of the 

aromatic region. 

 
Figure S51. ATR-FT-IR spectrum of 2Me(CO) at room temperature. 
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Figure S52. 1H-NMR spectrum of MeL-COH in CDCl3 at room temperature (400 MHz). 

 
Figure S53. 13C-NMR spectrum of MeL-COH in CDCl3 at room temperature (400 MHz).  
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Figure S54. 1H-13C HSQC spectrum of MeL-COH in CDCl3 at room temperature (400 MHz).  

 

 
Figure S55.1H-13C HMBC spectrum of MeL-COH in CDCl3 at room temperature (400 MHz). 
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Figure S56. 1H-1H COSY spectrum of MeL-COH in CDCl3 at room temperature (400 MHz). 
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Figure S57. HR-ESI-MS of MeL-COH. Expanded view of the experimental peaks at m/z = 296.1775 and 318.1586 

with a mass value and an isotopic pattern fully consistent with [M+H/Na]+ (top) and the corresponding 
calculated for these molecular formulas (middle[M+H]+; bottom[M+Na]+). (M = C18H21N3O). 

 
Figure S58. ATR-FT-IR spectrum of MeL-COH in DCM at room temperature. 
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10.  X-ray Diffraction Analysis 

 
Figure S59. Crystal structure of 1·Cl2 at 100 K (CCDC 2046155). 

Table S1. Crystallographic parameters for 1·Cl2. 

 1·Cl2 

Chemical formula C17H21Cl2FeN3 
Formula weight 394.12 g/mol 
Temperature 100(2) K 
Wavelength 0.71073 Å 
Crystal system orthorhombic 
Space group P b c a (61) 
Unit cell dimensions        a = 12.855(2) Å         a = 90° 

       b = 14.842(2) Å         b = 90° 
       c = 18.151(3) Å          g = 90° 

Volume    3463.2(9) Å3 
Z, Density (calculated) 8,  1.512 g/cm3 
Absorption coefficient 1.181 mm-1 
F(000) 1632 
Crystal size   0.180 x 0.220 x 0.250 mm 
Theta range for data collection 2.38 to 26.08 ° 
Index ranges -16<=h<=17 

-18<=k<=19 
-24<=l<=24 

Reflections collected / Independent 35615 / 4299 
[R(int) = 0.0458] 

Completeness to Theta 99.9% (Theta = 26.08º) 

Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4299 / 0 / 210 
Goodness-of-fit on F2    1.075 
Final R indices  3325 data     R1 = 0.0449, wR2 = 

I>2σ(I)                             0.0911 
 all data                              R1 = 0.0635, wR2 = 

                                            0.1006 
Largest diff. peak and hole 0.741 and -0.305 eÅ-3 

!
2.438 Å

"

FeII
CAr···Fe = 2.699 Å
H···Fe = 2.438 Å
! = 96.0o

q (torsion) = 14.4º

FeII
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Figure S60. Crystal structure of 1·Br2 at 100 K (CCDC 2046156). 

Table S2. Crystallographic parameters for 1·Br2. 

 1·Br2 

Chemical formula C17H21Br2FeN3 
Formula weight 483.04 g/mol 
Temperature 100(2) K 
Wavelength 0.71076 Å 
Crystal system orthorhombic 
Space group P b c a 
Unit cell dimensions        a = 12.927(8) Å         a = 90° 

       b = 15.209(9) Å         b = 90° 
       c = 18.193(12) Å        g = 90° 

Volume    3577(4) Å3 
Z, Density (calculated) 8,  1.794 g/cm3 
Absorption coefficient 5.313 mm-1 
F(000) 1920 
Crystal size   0.090 x 0.110 x 0.220 mm 
Theta range for data collection 3.05 to 30.08 ° 
Index ranges -18<=h<=18 

-21<=k<=12 
-25<=l<=25 

Reflections collected / Independent 83185 / 5245 
[R(int) = 0.0788] 

Completeness to Theta 99.9% (Theta = 30.08º) 

Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 5245 / 0 / 210 
Goodness-of-fit on F2    1.020 
Final R indices  4148 data;              R1 = 0.0282, wR2 = 

I>2σ(I)                   0.0495 
 all data                     R1 = 0.0471, wR2 = 

                                   0.0543 
Largest diff. peak and hole 0.518 and -0.465 eÅ-3 

FeII

CAr···Fe = 2.676 Å
H···Fe = 2.416 Å
! = 95.3o

q (torsion) = 12.6º

!
2.416 Å

"

FeII
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Figure S61. Crystal structure of 1Me at 100 K (CCDC 2046157). 

Table S3. Crystallographic parameters for 1Me. 

 1Me 

Chemical formula C18H20BrFeN3O 
Formula weight 430.13 g/mol 
Temperature 100(2) K 
Wavelength 0.71076 Å 
Crystal system monoclinic 
Space group P 1 21/c 1 
Unit cell dimensions        a = 14.751(14) Å       a = 90° 

       b = 9.565(8) Å           b = 105.17(3)° 
       c = 13.177(10) Å        g = 90° 

Volume    1794(3) Å3 
Z, Density (calculated) 4,  1.592 g/cm3 
Absorption coefficient 3.076 mm-1 
F(000) 872 
Crystal size   0.030 x 0.100 x 0.100 mm 
Theta range for data collection 2.56 to 27.51 ° 
Index ranges -19<=h<=19 

-12<=k<=12 
-17<=l<=17 

Reflections collected / Independent 48846 / 4109 
[R(int) = 0.0775] 

Completeness to Theta 99.6% (Theta = 27.51º) 

Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4109 / 0 / 219 
Goodness-of-fit on F2    1.062 
Final R indices  3288 data;                R1 = 0.0403, wR2 = 

I>2σ(I)                     0.0805 
 all data                     R1 = 0.0598, wR2 = 

                                 0.0872 
Largest diff. peak and hole 1.408 and -0.409 eÅ-3 
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Figure S62. Crystal structure of 1H at 100 K (CCDC 2046158). 

Table S4. Crystallographic parameters for 1H. 

 1H 

Chemical formula C17H16BrFeN3O2, CH3CN 
Formula weight 471.14 g/mol 
Temperature 100(2) K 
Wavelength 0.71076 Å 
Crystal system monoclinic 
Space group P 1 21/n 1 

Unit cell dimensions 
       a = 12.717(8) Å         a = 90° 
       b = 10.223(7) Å         b = 97.74(3)° 
       c = 15.008(9) Å          g = 90° 

Volume    1933(2) Å3 
Z, Density (calculated) 4,  1.619 g/cm3 
Absorption coefficient 2.868 mm-1 
F(000) 952 
Crystal size   0.020 x 0.080 x 0.270 mm 
Theta range for data collection 2.57 to 27.66 ° 

Index ranges 
-16<=h<=16 
-13<=k<=13 
-19<=l<=19 

Reflections collected / Independent 
41971 / 4504 
[R(int) = 0.0651] 

Completeness to Theta 99.6% (Theta = 27.66º) 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4504 / 0 / 253 
Goodness-of-fit on F2    1.020 

Final R indices  3668 data;                R1 = 0.0290, wR2 = 
I>2σ(I)                     0.0545 

 all data                     R1 = 0.0452, wR2 = 
                                 0.0591 

Largest diff. peak and hole 0.422 and -0.346 eÅ-3 
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11.  DFT Modelling 

11.1. Computational details 

All DFT calculations were performed with the Gaussian 16 Revision A.03 program.8 Geometry 
optimizations were carried out using the long-range corrected ωB97X-D functional,9 which includes 
empirical dispersion correction, along with the def2-SVP basis set.10 Solvation effects were included as a 
Polarizable Continuum using the SMD model.11 Subsequently, we performed frequency calculations to 
each of the optimized structures to ensure that all local minima have only real frequencies and compute 
the Gibbs energy (ΔG), i.e., to evaluate the entropic and enthalpic corrections, assuming temperature 
value of 298.15 K and a pressure of 1.0 atm. Finally, single point energy calculations on the equilibrium 
geometries, including solvent effects, were computed with the more flexible basis set def2-TZPV.10  
Therefore, the values of ΔG reported in the manuscript are calculated at ωB97X-
D/def2TZVP//ωB97X-D/def2SVP level, including solvent effects (SMD) and empirical dispersion 
corrections. 

11.2. Relative electronic and Gibbs energy values of D, E-1 and E-2 

Table S1. Relative Electronic (ΔE) and Gibbs energy (ΔG) values in kcal/mol of D, E-1 and E-2 compounds 
optimized at ωB97X-D/def2TZVP//ωB97X-D/def2SVP level for the spin states S = 0, 1 and 2. 

Compound DE DG 
D Singlet 0.00 1.01 
D triplet 2.18 0.00 

D quintuplet 22.44 14.13 
E-1 Singlet 18.17 17.56 
E-1 triplet 19.20 15.51 

E-1 quintuplet 11.69 6.19 
E-2 Singlet 36.89 34.01 
E-2 triplet 26.27 22.86 

E-2 quintuplet 15.47 9.72 

 

11.3. XYZ coordinates of DFT optimized structures 

All Cartesian coordinates for the optimized structures can be found in the supplementary file 
“Magallon_Organometallics_Cartesian_coordinates.xyz”. 
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