
��UI�&VSPQFBO�$SZTUBMMPHSBQIJD�.FFUJOH���SE���UI�"VHVTU������3PWJOK�$SPBUJB

T����``````````````````�``````````````````�``````````````````�``````````````````�```````````�Acta Cryst.�	����
��"���T���

MS41-O5�5IF�DSZTUBM�TUSVDUVSF�BOE
EFDPNQPTJUJPO�QSPQFSUJFT�PG`UIF�GJSTU

"M�CBTFE�BNJEPCPSBOF�GSPN`in situ`Y�SBZ
QPXEFS�EJGGSBDUJPO

*VSJJ�%PWHBMJVL��%BNJS�"��4BGJO��-BST�)��+FQTFO��;CJHOJFX
�PE[JBOB��7BEJN�%ZBELJO��5PSCFO�3��+FOTFO��.JDIFM

%FWJMMFST��:BSPTMBW�'JMJODIVL�

��� *OTUJUVUF� PG� $POEFOTFE� .BUUFS� BOE� /BOPTDJFODFT� 6OJWFSTJUw
DBUIPMJRVF�EF�-PVWBJO�1MBDF�-��1BTUFVS��������-PVWBJO�MB�/FVWF
#FMHJVN�&�NBJM��ZBSPTMBW�GJMJODIVL!VDMPVWBJO�CF
��� $FOUFS� GPS� .BUFSJBMT� $SZTUBMMPHSBQIZ� *OUFSEJTDJQMJOBSZ
/BOPTDJFODF� $FOUFS� BOE� %FQBSUNFOU� PG� $IFNJTUSZ� "BSIVT
6OJWFSTJUZ�-BOHFMBOETHBEF�����%,������"BSIVT�$�%FONBSL
��� %FQBSUNFOU� PG� 4USVDUVSBM� 3FTFBSDI� */1� 1PMJTI� "DBEFNZ� PG
4DJFODFT�VM��3BE[JLPXTLJFHP������������,SBLoX�1PMBOE
���4XJTT�/PSXFHJBO�#FBN�-JOFT�&VSPQFBO�4ZODISPUSPO�3BEJBUJPO
'BDJMJUZ�SVF�)PSPXJU[���������(SFOPCMF�'SBODF

FNBJM��JVSJJ�EPWHBMJVL!VDMPVWBJO�CF
$PNQMFY� IZESJEFT� TVDI� BT� /B"M)�� BSF� SFWFSTJCMFIZESPHFO�TUPSFT�PQFSBUJOH�POMZ�BU�FMFWBUFE� UFNQFSBUVSFT

FWFO�JO�UIF�QSFTFODF�PG�DBUBMZTUT��$IFNJDBM�IZESJEFT�TVDI
BT�/)�#)�� 	"#
� SFMFBTF�B�OVNCFS�PG�CZ�QSPEVDUT�VQPO
UIFSNPMZTJT� BOE� BSF� PGUFO� OPO�SFWFSTJCMF��)FSF�XF� TIPX
UIBU�CBMM�NJMMJOH�PG�/B"M)�v�"#�NJYUVSF�PS�IFBUJOH�JU�UP
_��� �$� QSPEVDFT� UIF� GJSTU� "M�CBTFE� BNJEPCPSBOF
/B<"M	/)�#)�
�>� BOE� ���� XU�� PG� QVSF� IZESPHFO�� 5IF
TUSVDUVSF� XBT� TPMWFE� GSPN� TZODISPUSPO� 9�SBZ� QPXEFS
EJGGSBDUJPO�BOE�DPOGJSNFE�UISPVHI�%'5�BOE�TQFDUSPTDPQJD
TUVEJFT� DPOUBJOT� QSFWJPVTMZ� VOLOPXO� UFUSBIFESBM
<"M	/)�#)�
�>�� BOJPOT� XIFSF� /)�#)�

�� MJHBOET� BSF
DPPSEJOBUFE� UP� "M� WJB� /� BUPNT�� 6QPO� IFBUJOH� UIJT
DPNQMFY� ZJFMET� JO� UXP� TUFQT� �� XU�� PG� IZESPHFO� XJUI
USBDFT�PG�BNNPOJB�/B#)��BOE�BNPSQIPVT�QSPEVDUT�
5IF�TUSVDUVSF�PG�/B<"M	/)�#)�
�>`�	TQBDF�HSPVQ�P���a�� ������	�
� b� �� ������	�
� c� �� ������	�
� f�� �� �

������	�
������������	�
�����������	�
��3'��������
�JT
UIF� TFDPOE� BNJEPCPSBOF� XJUI� B� USJDMJOJD� TUSVDUVSF� BGUFS
UIF� CJNFUBMMJD� /B<-J	/)�#)�
�>�<�>� 5IF� DFOUSBM� "M� BUPN
BEPQUT� UFUSBIFESBM� DPPSEJOBUJPO� FYDMVTJWFMZ� WJB� OJUSPHFO
BUPNT� GSPN� GPVS�/)�#)�

��NBLJOH� JU� B� OFX�NFNCFS� PG
"M� DPNQMFY�IZESJEFT�XJUI� UFUSBIFESBM� DPPSEJOBUJPO� BGUFS
BMBOBUFT� "M)�

�� DPNQMFY� BNJEFT� <"M	/)�
�>�� BOE
CPSPIZESJEFT� <"M	#)�
�>�� �� 5IF� TUSVDUVSF� DPOTJTUT� PG
<"M	/)�#)�
�>�� BOJPOT� BOE� /B�� DBUJPOT� UIF� MBUUFS� BSF
CFJOH�PDUBIFESBMMZ�DPPSEJOBUFE�CZ�TJY�#)��HSPVQT�TJNJMBS
UP� /B�� JO� /B�<.H	/)�#)�
�>�<�>� 5IF� /B	/)�#)�
�PDUBIFESB� BSF� MJOLFE� WJB� FEHFT� JOUP� JOGJOJUF� [JH�[BH
DIBJOT�`�5IF�EFIZESPHFOBUJPO�PG� UIF�DPNQMFY� JT�QBSUJBMMZ
SFWFSTJCMF�� _���� PG� UIF� SFMFBTFE� IZESPHFO� DBO� CF
SFBCTPSCFE�BU������$�BOE�����CBS�PG�IZESPHFO��)ZESPHFO
SFBCTPSQUJPO� EPFT� OPU� SFHFOFSBUF� /B"M)�� PS
/B<"M	/)�#)�
�>� CVU� PDDVST� CFUXFFO� BNPSQIPVT
QSPEVDUT� BOE� JOUFSNFEJBUFT� PG� UIF� EFIZESPHFOBUJPO�
'VSUIFS�TUVEZ�PG�UIF�"M�#�/�)�QSPEVDUT�NBZ�PQFO�B�XBZ
UP�B�OFX�GBNJMZ�PG�SFWFSTJCMF�IZESPHFO�TUPSBHF�NBUFSJBMT�
5IF� DPNCJOBUJPO� PG� DPNQMFY� BOE� DIFNJDBM� IZESJEFT� JT
NBEF�QPTTJCMF�UIBOLT�UP�UIF�MPXFS�TUBCJMJUZ�PG�"M�)�CPOET
DPNQBSFE� UP�#�)�BOE�EVF� UP� UIF�TUSPOH�-FXJT�BDJEJUZ�PG
UIF�DPNQMFY�GPSNJOH�"M����5IJT�TZTUFN�PQFOT�B�XBZ�UP�B
TFSJFT� PG� BMVNJOJVN� UFUSBBNJEPCPSBOFT� XJUI� JNQSPWFE
IZESPHFO� TUPSBHF� QSPQFSUJFT� TVDI� BT� IZESPHFO� TUPSBHF
EFOTJUZ�IZESPHFO�QVSJUZ�BOE�UIF�SFWFSTJCJMJUZ�
���,��+��'JKBMLPXTLJ�3��7��(FOPWB�:��'JMJODIVL�FU�BM�

Dalton Trans.������40�����������

��� )�� 8V� 8�� ;IPV� '�� &�� 1JOLFSUPO� FU� BM�� Chem.
Commun.������47�����������
,FZXPSET��9�SBZ�QPXEFS�EJGGSBDUJPO�DPNQMFY�IZESJEFT�IZESPHFO
TUPSBHF


