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

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

MS30-P25�4USVDUVSF�BOE�BDUJWJUZ�TUVEZ�PG
HPME	*
�DBUBMZTUT�JO�UIF�QSFTFODF�PG�UIJPMT

BOE�BNJOFT``
(FPSHJOB�.��3PTBJS��"J�-BO�-FF��1BVM�$��:PVOH��4BNBOUIB�-�

(SFFO�

��� *OTUJUVUF� PG� $IFNJDBM� 4DJFODFT� )FSJPU�8BUU� 6OJWFSTJUZ
&EJOCVSHI�&)����"4�6OJUFE�,JOHEPN

FNBJM��H�N�SPTBJS!IX�BD�VL
)PNPHFOPVT�(PME�DBUBMZTJT�IBT� FWPMWFE� GSPN� UIF� SBSF

BOE�VOVTVBM� UP�B�SBQJEMZ�FWPMWJOH�BSFB�PG�SFTFBSDI��(PME
DBUBMZTUT�BDU�BT���-FXJT�BDJET�GPS�BDUJWBUJOH�$�$��`CPOET
CVU� JU� JT� UIFJS� DBQBDJUZ� GPS� GJOF� UVOJOH� UP� DPOUSPM� UIF
TFMFDUJWJUZ�BOE�BDUJWJUZ�PG�SFBDUJPOT�BT�XFMM�BT�UIFJS�SFBEZ
BWBJMBCJMJUZ� BOE� SPCVTUOFTT� UP� PYZHFO� UIBU� NBLFT� HPME
DBUBMZTUT�TIJOF��
5IJT�XPSL� EFTDSJCFT� UIF� RVFTU� UP� GJOE� UIF� JEFOUJUZ� BOE

BDUJWJUZ�PG�HPME�TQFDJFT�QSFTFOU�JO�HPME�DBUBMZTFE�SFBDUJPOT
XJUI� DZDMPQSPQFOFT� BMMFOFT� `BOE� BMMZMJD� BMDPIPMT�`� "
SBOHF� PG� `DPNNPO� OVDMFPQIJMFT� OBNFMZ� BMDPIPMT� UIJPMT
BOE�BNJOFT`�IBWF�CFFO�FNQMPZFE�JO�UIFTF�SFBDUJPOT�`�:FU
UIF� QSFTFODF� PG� UIFTF� OVDMFPQIJMFT� DPVME� ESBNBUJDBMMZ
BMUFS� CPUI� TFMFDUJWJUZ� BOE� SFBDUJWJUZ� PG� UIF� HPME� DBUBMZTU�
5IFSFGPSF�XF�OFFEFE�UP�JEFOUJGZ�UIF�HPME�TQFDJFT�QSFTFOU
JO�UIFTF�SFBDUJPOT�UP�VOEFSTUBOE�XIBU�XBT�IBQQFOJOH��
"`� QBUUFSO� FNFSHFE� PG� OVDMFPQIJMJDJUZ� BOE� HPME� DFOUSF

OVDMFBSJUZ� JO� UIF� EFHSFF� PG� BDUJWJUZ� BOE� JEFOUJUZ� PG� UIF
HPME�TQFDJFT�JO�UIFTF�HPME�DBUBMZTFE�SFBDUJPOT�
��.�� +JB� BOE� .�� #BOEJOJ`ACS Catal�� ����� �

���������
��1��$��:PVOH�4�-�+��(SFFO�(�.�3PTBJS�BOE�"�-��-FF

Dalton Trans.�������������`

'JHVSF� ��� (PME� DPNQMFY� JO� UIF� QSFTFODF� PG� UIJPMT�� $PVOUFSJPO
PNJUUFE�GPS�DMBSJUZ

,FZXPSET��HPME�DBUBMZTJT�BDUJWJUZ�OVDMFPQIJMF

MS30-P26�"�IFUFSPNFUBMMJD�PYBMBUF
DPNQPVOE�XJUI�TRVBSF�\$S�/C�	��0
�^DPSF�BT�QSFDVSTPS�GPS�NJYFE�PYJEF
.BSJKBOB�+VSJ���-JEJKB�"OESP��%VCSBKB��+BTNJOLB�1PQPWJ��

��� 3V¼FS� #P�LPWJ�� *OTUJUVUF� #JKFOJ�LB� DFTUB� ��� ������ ;BHSFC
$SPBUJB

FNBJM��.BSJKBOB�+VSJD!JSC�IS
3FDFOU� SFTFBSDI� SFMBUFE� UP� UIF� NVMUJDPNQPOFOU

/C�DPOUBJOJOH� PYJEF� NBUFSJBMT� SFWFBMFE� UIFJS� WFSZ
BQQFBMJOH� TUSVDUVSBM� BOE� QIZTJDBM� QSPQFSUJFT� MFBEJOH� UP
UIFJS� EFWFMPQNFOU� GPS� B� XJEF� SBOHF� PG� UFDIOPMPHJDBM
BQQMJDBUJPOT� TVDI� BT� GFSSPFMFDUSJD� BOE� QJF[PFMFDUSJD
NBUFSJBMT�JPO�DPOEVDUPST�BOE�BMTP�BT�QSPNJTJOH�DBUBMZTUT
JO� TFWFSBM� IJHIMZ� DIBMMFOHJOH� QSPDFTTFT�<�>� -BUFMZ
NFUBM�PSHBOJD� DPPSEJOBUJPO� TZTUFNT� IBWF� CFFO� VTFE� BT
TJOHMF�TPVSDF� QSFDVSTPST� GPS� UIF� QSFQBSBUJPO� PG
NJYFE�NFUBM�PYJEFT�UISPVHI�UIFSNBM�EFDPNQPTJUJPO��5IJT
NFUIPE� DPNQBSFE� XJUI� DPOWFOUJPOBM� NFUIPET� IBT
TFWFSBM� BEWBOUBHFT�� 	i
� UIF� PCUBJOFE� NBUFSJBM� JT� NPSF
IPNPHFOFPVT� CFDBVTF� UIF� NFUBMT� BSF� NJYFE� BU� UIF
NPMFDVMBS�MFWFM��	ii
�UIF�SFTVMUJOH�NBUFSJBMT�IBWF�SFMBUJWFMZ
IJHI�TQFDJGJD�TVSGBDF�BSFBT�CFDBVTF�UIF�PYJEFT�BSF�GPSNFE
VOEFS� TJHOJGJDBOUMZ�NJMEFS� DPOEJUJPOT�� 	iii
� UIFSF� JT�NVDI
HSFBUFS� DPOUSPM� PG� UIF� NFUBM� TUPJDIJPNFUSZ� JO� UIF� GJOBM
QSPEVDUT�� BOE� 	iv
� UIFSF� BSF� OP� MPOH�UFSN� BOE� SFQFBUFE
HSJOEJOH� QSPDFEVSFT�� 5IF� PYBMBUF� BOJPO� $�0�

��� FBTJMZ
EFDPNQPTFT�UP�UIF�WBQPS�QIBTFT�$0��BOE�$0�UISPVHI�UIF
MPX�UFNQFSBUVSF� SPVUFT� BOE� IFODF� UIF� IFUFSPNFUBMMJD
PYBMBUF�CBTFE� DPNQPVOET� BSF� TVJUBCMF� GPS� UIF� VTF� BT
NPMFDVMBS�QSFDVSTPST�GPS�NJYFE�PYJEFT��<�v�>
)FODF� EVF� UP� UIF� HSPXJOH� OFFE� GPS� /C�CBTFE� PYJEFT

GVSUIFS� JOWFTUJHBUJPO�PG� UIF�/C�DPOUBJOJOH�IFUFSPNFUBMMJD
PYBMBUF� DPNQPVOET� UIBU� DPVME� TFSWF� BT� TJOHMF�TPVSDF
QSFDVSTPST� JT� PG� HSFBU� JNQPSUBODF�� "T� B� DPOUJOVBUJPO� PG
PVS� TUVEJFT<�v�>� OPWFM� DPNQPVOE
<$S	CQZ
�	��0
�/C	$�0�
�>���)�0� 	�
� 	CQZ� �
��m�CJQZSJEJOF
� XBT� TZOUIFTJ[FE� BOE� DIBSBDUFSJ[FE� CZ
TJOHMF�DSZTUBM� 9�SBZ� EJGGSBDUJPO� *3� BOE� 67�7JT
TQFDUSPTDPQZ� BOE� UIFSNBM� BOBMZTJT�� 5IF� NPMFDVMBS
TUSVDUVSF� PG� �� FYIJCJUT� B� TRVBSF� TIBQFE� \$S�/C�	��0
�^DPSF� JO�XIJDI� PYP�CSJEHFE�$S��� BOE�/C��� JPOT� SFTJEF� JO
BMUFSOBUF� DPSOFST� 	'JHVSF��
��#PUI�NFUBM� JPOT�EJTQMBZ� UIF
PDUBIFESBM�DPPSEJOBUJPO�HFPNFUSZ��5IFSNBM�USFBUNFOU�PG��
BU� ����� �$� MFBET� UP� molecular precursor-to-material
conversion� UIBU� ZJFMET� UIF� NJYFE�NFUBM� $S/C0�� PYJEFFYQMPSFE�CZ�QPXEFS�9�SBZ�EJGGSBDUJPO�
<�>� .�� +VSJDq� +�� 1PQPWJDq� "�� ¸BOUJDq� ,�� .PM�BOPW� /�

#SOJ�FWJ�� 1�� 1MBOJOJDq� Inorg. Chem.� ����� ��
����������� <�>� -�� "OESP�� .�� +VSJ�� +�� 1PQPWJ�� "�
¸BOUJ��1��-B[J��.��#FO�JOB�.��7BMBOU�/��#SOJ�FWJ��1�
1MBOJOJ�� Inorg.� $hem.� ����� ��� �����v������� <�>� +�
)BCKBOJ�� .�� +VSJDq� +�� 1PQPWJDq� ,��.PM�BOPW� %�� 1BKJDq
Inorg. Chem.�������������������



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

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

�"�WJFX�PG�UIF�UFUSBOVDMFBS�<$S�	CQZ
�	��0
�/C�	$�0�
�>NPMFDVMF� JO� ��� %JTQMBDFNFOU� FMMJQTPJET� BSF� ESBXO� BU� UIF� ���
QSPCBCJMJUZ� MFWFM�� )ZESPHFO� BUPNT� PO� UIF� BSPNBUJD� SJOHT� BSF
PNJUUFE�GPS�DMBSJUZ��`

� IFUFSPNFUBMMJD� DPNQMFY� PYBMBUF� MJHBOE� PYP� CSJEHFT
NPMFDVMBS�QSFDVSTPS�UP�NBUFSJBM�DPOWFSTJPO�DISPNJVN�OJPCBUF

MS30-P27�*TPRVJOPMJOF�CBTFE�8FSOFS
DMBUISBUFT�XJUI�YZMFOF�JTPNFST��"SPNBUJD

JOUFSBDUJPOT�WT��NPMFDVMBS�GMFYJCJMJUZ
.FSSJMM�.��8JDIU��/JLPMFUUB�#��#BUIPSJ��-VJHJ�3��/BTTJNCFOJ�

��� %FQBSUNFOU� PG� $IFNJTUSZ� $BQF� 1FOJOTVMB� 6OJWFSTJUZ� PG
5FDIOPMPHZ�1�0�#PY�����$BQF�5PXO��������4PVUI�"GSJDB
��� %FQBSUNFOU� PG� $IFNJTUSZ� 6OJWFSTJUZ� PG� $BQF� 5PXO
3POEFCPTDI�$BQF�5PXO��������4PVUI�"GSJDB

FNBJM��XJDIUN!DQVU�BD�[B
8FSOFS� DMBUISBUFT� BSF� JODMVTJPO� DPNQPVOET� PG� HFOFSBM

GPSNVMB�.9�-��O(�XIFSF�.� JT� B� EJWBMFOU�NFUBM� DBUJPO
	UZQJDBMMZ�/J	**
�$P	**
�'F	**
�$V	**
� BOE�.O	**

�9� JT
BO�BOJPOJD�MJHBOE�	/$4��/$0��$/��/0�

��PS�IBMJEF
�-�JT
B� TVCTUJUVUFE� QZSJEJOF� PS� h�BSZMBMLZMBNJOF� BOE� (� JT� B
(VFTU� VTVBMMZ� BO� PSHBOJD� BSPNBUJD� DPNQPVOE�� 5IF
TFQBSBUJPO�PG�JTPNFST�XJUI�TJNJMBS�CPJMJOH�QPJOUT�NFMUJOH
QPJOUT� BOE� PUIFS� QIZTJDBM� QSPQFSUJFT� JT� EJGGJDVMU� UP
BDDPNQMJTI�CZ�DMBTTJDBM�TFQBSBUJPO�NFUIPET��*O�QVSTVJU�PG
B�8FSOFS�DMBUISBUF�XIJDI�XPVME�QSPWJEF�B�CFUUFS� TZTUFN
PG� BSPNBUJD� JOUFSBDUJPO� CFUXFFO� UIF� IPTU� BOE� UIF� HVFTU
CVU� TJNVMUBOFPVTMZ� CF� TFMFDUJWF� GPS� YZMFOF� JTPNFST�� BO
JTPRVJOPMJOF�CBTFE�DMBUISBUF�XBT�NBEF�
5IF� DSZTUBM� TUSVDUVSFT� PG� UIF� 8FSOFS� DMBUISBUFT

/J	/$4
�	JTPRVJOPMJOF
�� 	 
� XJUI� para-YZMFOF� 	 

meta-YZMFOF� 	 
� BOE� ortho-YZMFOF� 	 
� IBWF� CFFO
FMVDJEBUFE��5IF�LJOFUJDT�PG� UIFSNBM�EFDPNQPTJUJPO�PG� UIF
UISFF�JODMVTJPO�DPNQPVOET�XFSF�QFSGPSNFE��4FMFDUJWJUZ�PG
� GPS� UIF� YZMFOF� JTPNFST�XBT� EFUFSNJOFE� CZ� IFBETQBDF

HBT�DISPNBUPHSBQIZ�GPS�CPUI�UIF�MJRVJE�BOE�WBQPVS�QIBTF
CJOBSZ� NJYUVSFT� PG� UIF� YZMFOFT��� )JSTIGFME� TVSGBDFT� BOE
GJOHFSQSJOU�QMPUT�PG� XJUI�UIF�UISFF�HVFTUT�XFSF�QSPKFDUFE
UP� JMMVTUSBUF� UIF� JOUFSBDUJPOT� CFUXFFO� UIF� IPTU� BOE� HVFTU�
5IF� DIPTFO� MJHBOE� IBT� UXP� GVTFE� SJOHT� XIJDI� HJWF� JU� B
MBSHFS� BSPNBUJD� TZTUFN� UP� JNQSPWF� UIF� QPTTJCMF� �
JOUFSBDUJPOT� CFUXFFO� � BOE� UIF� TFMFDUFE� HVFTUT�� 5IF
SJHJEJUZ� PG� UIF� JTPRVJOPMJOF� MJHBOE� IPXFWFS� DBVTFT� JUT
MBDL�PG�TFMFDUJWJUZ�DPNQBSFE�UP�B�SFMBUFE�8FSOFS�DPNQMFY
DPOUBJOJOH� UPSTJPOBM� GMFYJCJMJUZ� PG� UIF� QIFOZM�NPJFUJFT� JO
UIF���QIFOZMQZSJEJOF�MJHBOET��
��` `� -JQLPXTLJ� +�� FU� BM�� 8FSOFS� $MBUISBUFT� JO

Comprehensive Supramolecular Chemistry.� ������ 	����

�������
��` `�8JDIU�.�.��#eUIPSJ�/�#��BOE�/BTTJNCFOJ�-�3�

�����Dalton Trans.�%0*���������DTEU����
��` `�-VTJ�.�� BOE�#BSCPVS�-�+��Angew.Chem.Int.Ed.� ��

	����
����


