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

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

MS29-P4�4USVDUVSF�GBDUPS�GPS�HFOFSBMJ[FE
1FOSPTF�UJMJOH

.BDJFK�$IPEZO�
�1BXFM�,VD[FSB�
�
�+BOVT[�8PMOZ�

��� 'BDVMUZ� PG� 1IZTJDT� BOE� "QQMJFE� $PNQVUFS� 4DJFODF
� "()
6OJWFSTJUZ�PG�4DJFODF�BOE�5FDIOPMPHZ
�,SBLPX
�1PMBOE
���-BCPSBUPSZ�PG�$SZTUBMMPHSBQIZ
�&5)�;VSJDI
�;VSJDI
�4XJU[FSMBOE

FNBJM��NBDJFK�DIPEZO!HNBJM�DPN
5IF� (FOFSBMJ[FE� 1FOSPTF� 5JMJOH� 	(15
� <�
�>� DBO� CF

DPOTJEFSFE� B� QSPNJTJOH� BMUFSOBUJWF� GPS� 1FOSPTF� 5JMJOH
	15
� BT� B� NPEFM� GPS� EFDBHPOBM� RVBTJDSZTUBM� SFGJOFNFOU
QSPDFEVSF
� QBSUJDVMBSMZ� JO� UIF� TUBUJTUJDBM� BQQSPBDI� 	BMTP
DBMMFE� UIF� "WFSBHF� 6OJU� $FMM� 	"6$
� BQQSPBDI
� <�>�5IF
TUBUJTUJDBM�NFUIPE�VTJOH�15�IBT�CFFO�TVDDFTTGVMMZ�BQQMJFE
UP�UIF�TUSVDUVSF�PQUJNJ[BUJPO�PG�WBSJPVT�EFDBHPOBM�QIBTFT
<�>��5IF�BQQMJDBUJPO�PG�UIF�"6$�DPODFQU�UP�UIF�(15�XJMM
CF�QSFTFOUFE�
*O� UIF� IJHIFS� EJNFOTJPOBM� 	n%
� BQQSPBDI
� 15� JT

PCUBJOFE�CZ�QSPKFDUJOH�B��%�IZQFSDVCJD�MBUUJDF�UISPVHI�B
XJOEPX� DPOTJTUJOH� PG� GPVS� QFOUBHPOT
� DBMMFE� UIF� BUPNJD
TVSGBDFT� 	"4T

� JO� UIF� QFSQFOEJDVMBS� TQBDF�� 5IF� WFSUJDFT
PG� UIFTF� QFOUBHPOT� UPHFUIFS� XJUI� UXP� BEEJUJPOBM� QPJOUT
GPSN� B� SIPNCJD� JDPTBIFESPO�� 5IF� (15� JT� DSFBUFE� CZ
QSPKFDUJOH� UIF� �%� IZQFSDVCJD� MBUUJDF� UISPVHI� B� XJOEPX
DPOTJTUJOH�PG�GJWF�QPMZHPOT
�HFOFSBUFE�CZ�TIJGUJOH�UIF�"4T
BMPOH� UIF� CPEZ� EJBHPOBM� PG� UIF� SIPNCJD� JDPTBIFESPO�
5ISFF� PG� UIF� QSFWJPVTMZ� QFOUBHPOBM� "4T� XJMM� CFDPNF
EFDBHPO
� POF� XJMM� SFNBJO� QFOUBHPOBM� BOE� POF� NPSF
QFOUBHPO�XJMM�CF�DSFBUFE�	GPS�15�JU�JT�B�TJOHMF�QPJOU
��5IF
TUSVDUVSF� PG�(15�XJMM� EFQFOE� PO� UIF� TIJGU� QBSBNFUFS
� JUT
CVJMEJOH�VOJUT�BSF�TUJMM� UIJDL�BOE� UIJO� SIPNCVTFT
�CVU� UIF
NBUDIJOH�SVMFT�BOE�UIF�UJMJOH�DIBOHFT��%JGGSBDUJPO�QBUUFSO
PG�(15�IBWF�QFBLT� JO� UIF� TBNF�QPTJUJPOT�BT� SFHVMBS�15

IPXFWFS�UIFJS�JOUFOTJUJFT�BSF�EJGGFSFOU�
#JOBSZ� EFDBHPOBM� RVBTJDSZTUBM� TUSVDUVSF� XJUI� BSCJUSBSZ

EFDPSBUJPO� GPS� B� HJWFO� TIJGU� WBMVF� XBT� TJNVMBUFE�� *UT
EJGGSBDUJPO� QBUUFSO� XBT� DBMDVMBUFE� VTJOH� "6$� NFUIPE
<�
�>�� (FOFSBUFE� EJGGSBDUJPO� QBUUFSO� XFSF� VTFE� BT
�FYQFSJNFOUBM�EBUB�TFU��JO�TUSVDUVSF�SFGJOFNFOU�BMHPSJUIN
NBEF�UP�UFTU�UIF�SFGJOJOH�PG�TIJGU�QBSBNFUFS�
-JUFSBUVSF
<�>�,��/�� *TIJIBSB
�"��:BNBNPUP
�"DUB�$SZTU�� 	����



"��
��������
<�>� "�� 1BWMPWJUDI
� .�� ,MFNBO
� +� 1IZT� B�.BUI� (FO�

	����

���
��������
<�>�+��8PMOZ
�1IJM��.BH��	����

���
��������
<�>� 1�� ,VD[FSB
� +�� 8PMOZ
� 8�� 4UFVSFS
� "DUB� $SZTU�

	����

�#��
����v���
<�>�#��,P[BLPXTLJ
�+��8PMOZ
�"DUB�$SZTU��	����

�"��


�������
<�>� .�� $IPEZO
� 1�� ,VD[FSB
� +�� 8PMOZ
� "DUB� $SZTU�

	����

�"��
����v���
,FZXPSET�� RVBTJDSZTUBMT
� TUSVDUVSF� GBDUPS
� (FOFSBMJ[FE� 1FOSPTF
5JMJOH

.4����4USVDUVSF�BOE�GVODUJPO
JO�DPPSEJOBUJPO�DPNQPVOET

$IBJST��.BSJKBOB�®BLPWJ�
�+BOVT[�-JQLPXTLJ

MS30-P1�4ZOUIFTJT�BOE�TUSVDUVSBM�TUVEJFT�PG
EJPYPNPMZCEFOVN	7*
�DPNQMFYFT�XJUI

JTPOJB[JE�SFMBUFE�IZESB[POFT
#JTFSLB�1SVHPWF�LJ�
�7J�OKB�7SEPMKBL�
�.BSJOB�$JOESJ��
�*WBOB

1VMJ��
�%VCSBWLB�.BULPWJ���BMPHPWJ��

��� %JWJTJPO� PG� (FOFSBM� BOE� *OPSHBOJD� $IFNJTUSZ
� %FQBSUNFOU� PG
$IFNJTUSZ
�'BDVMUZ�PG�4DJFODF
�6OJWFSTJUZ�PG�;BHSFC
�$SPBUJB

FNBJM��CJTFSLB!DIFN�QNG�IS
5IF� DIFNJTUSZ� PG� IZESB[POFT� JT� DPOUJOVJOH� UP� CF� BO

JOUFSFTUJOH� BSFB� PG� SFTFBSDI� CFDBVTF� PG� UIFJS�NPEVMBSJUZ

FBTJOFTT� PG� TZOUIFTJT� BOE� TUBCJMJUZ� UPXBSET
IZESPMZTJT�<���>�4ZOUIFTJT�PG� UIF�EJPYPNPMZCEFOVN	7*

DPNQMFYFT� <.P0�	)-3
	.F0)
>$M� 	���

� XBT� DBSSJFE
PVU�VTJOH�.P0�$M��BOE�UIF�DPSSFTQPOEJOH�BSPZMIZESB[POFMJHBOE� )�-3� 	TBMJDZMBMEFIZEF� JTPOJDPUJOPZMIZESB[POF
	)�-4*)

� ��IZESPYZ�OBQIUIBMEFIZEF
JTPOJDPUJOPZMIZESB[POF� 	)�-/*)

� PS
p�	N
N��EJFUIZMBNJOPTBMJDZMBMEFIZEF
JTPOJDPUJOPZMIZESB[POF� 	)�-&U�/4*)
� JO� NFUIBOPM�
$PNQPVOET� <.P0�	)-3
	)�0
>$M� 	�B��B
� PCUBJOFE
VQPO� FYQPTVSF� PG� UIF� DPSFTQPOEJOH� NPOPOVDMFBS
DPNQMFYFT� ���� UP� NPJTUVSF� XFSF� BMTP� JOWFTUJHBUFE�
%FQSPUPOBUJPO� PG� UIF� NPOPOVDMFBS� DPNQMFYFT
<.P0�	)-3
	.F0)
>$M� 	���

� XBT� QFSGPSNFE� VTJOH
&U�/� BT� B� CBTF� 	CZ� DPOWFOUJPOBM� TPMVUJPO� CBTFE�NFUIPE
BOE� NFDIBOPDIFNJDBM� BQSPBDI
� BT� XFMM� BT� CZ� 67�MJHIU
BTTJTUFE�SFBDUJPOT�ZJFMEJOH�<.P0�	-4*)
	.F0)
>�	�
�<�>

<.P0�	-/*)
	.F0)
>� 	�
� BOE� <.P0�	-&U�/4*)
>

n
� 	�



SFTQFDUJWFMZ�� $SZTUBM� BOE� NPMFDVMBS� TUSVDUVSFT� PG� BMM
DPNQMFYFT� XFSF� TPMWFE� CZ� UIF� TJOHMF�DSZTUBM� 9�SBZ
EJGGSBDUJPO� NFUIPE�� *O� BMM� DPNQMFYFT� UIF� MJHBOE
DPPSEJOBUFT� UIF� NFUBM� DFOUSF� PG� UIF� cis�.P0�

��� DPSF
USJEFOUBUFMZ via� QIFOPMJD�PYZHFO
� B[PNFUIJOF�OJUSPHFO
BOE�LFUPIZESB[POF�PYZHFO�GPSNJOH�GJWF�BOE�TJY�NFNCFS
DIFMBUF�SJOHT��5IF�SFNBJOJOH�TJYUI�DPPSEJOBUJPO�TJUF�PG�UIF
EJTUPSUFE� PDUBIFESPO� JT� PDDVQJFE� CZ� UIF� PYZHFO� BUPN�PG
UIF� TPMWFOU� NPMFDVMF� 	NFUIBOPM� JO� ���� BOE� �
� XBUFS� JO
�B��B
� PS� OJUSPHFO� BUPN� PG� UIF� CSJEHJOH� J[POJDPUJOZM
NPJFUZ� PG� UIF� OFJHICPSJOH� DPNQMFY� 	JO� �
�� 8F� XFSF
JOUFSFTUFE� UP� JOWFTUJHBUF� JNQPSUBODF� PG� OPOCPOEJOH
JOUFSBDUJPOT� JO� UIF� TUSVDUVSFT
� FTQFDJBMMZ� UIF� BCJMJUZ� PG
UIFTF� DPNQMFYFT� UP� GPSN� EJGGFSFOU� IZESPHFO� CPOEJOH
NPUJGT� EFQFOEJOH� PO� UIF� QSPUPOBUJPO� TUBUF� PG� UIF
DPNQMFYFT�
<�>�4��#BOFSKFF
�"��3BZ
�4��4FO
�4��.JUSB
�%��-��)VHIFT


3��+��#VUDIFS
�4��3��#BUUFO�BOE�%��3��5VSOFS
�Inorg. Chim.
Acta.,�����
����
������
<�>� +�� (�� 7PT� BOE� .�� 5�� 1SZDF
� Coord. Chem. Rev.


����
����
������



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

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

<�>� "�� ,PCBZBTIJ
� %�� :BNBNPUP
� )�� )PSJLJ
� ,�
4BXBHVDIJ
� 5�� .BUTVNPUP
� ,�� /BLBKJNB
� )��$�� $IBOH
BOE�.��,BUP
�Inorg. Chem.
�����
� 
������
<�>� 4�� (BP
� -��)�� )VP
� )�� ;IBP� BOE� 4��8�� /H
� Acta

Cryst.�����
� 
�N�����

� -BZFST� PG� DPNQMFY� JPOT� JO� �B�� )ZESPHFO� CPOET� BSF
TIPXO� CZ� CMVF� EPUUFE� MJOFT� BOE� �¹¹¹�� JOUFSBDUJPOT� CZ� HSFFO
EBTIFE�MJOFT��5IF�EJTUBODF�CFUXFFO�DFOUSPJET�JT�HJWFO�JO�f�

� EJPYPNPMZCEFOVN	7*
� DPNQMFYFT
� EFQSPUPOBUJPO

TUSVDUVSBM�TUVEJFT
�IJESB[POFT

MS30-P2�0YP�CSJEHFE�EJOVDMFBS$S***�5B7
DPNQMFY��TUSVDUVSBM�BOE�TQFDUSPTDPQJD

DIBSBDUFSJ[BUJPO
-JEJKB�"OESP��%VCSBKB�
�.BSJKBOB�+VSJ��

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

$SPBUJB

FNBJM��-JEJKB�"OESPT!JSC�IS
5IF� PYP�CSJEHFE� NFUBM� VOJUT� BSF� JOUFSFTUJOH

JOUSBNPMFDVMBS� NPUJGT� BQQFBSJOH� JO� TFWFSBM� CJPJOPSHBOJD
NPMFDVMFT�TVDI�BT�NFUBMMPQSPUFJOT�	'Fv0v'F�DPSF
�BOE�JO
WBSJPVT� JOPSHBOJD� TZTUFNT
� FTQFDJBMMZ� BT
QPMZPYPNFUBMMBUFT
�NBUFSJBMT�XJUI� PVUTUBOEJOH� QSPQFSUJFT
BOE� GVODUJPOT�<�
�>� 3FDFOUMZ
� VOVTVBM� CFIBWJPVS� UIBU
DBVTFT� UIF� DIBOHFT� JO� NBUFSJBM� DPMPS� BOE� NBHOFUJD
QSPQFSUJFT�IBT�CFFO�PCTFSWFE�JO�TUSVDUVSFT�XJUI�$Sv0v$S
CSJEHFT
� SFGFSSFE� BT� NFUBM�UP�NFUBM�DIBSHF� USBOTGFS
	..$5
�<�>� &WFO� UIPVHI� UIFSF� BSF� TFWFSBM� SFQPSUT� PG
MJHIU�� BOE� IFBU�JOEVDFE� ..$5
� UIF� PDDVSSFODF� PG� UIJT
JOUSJHVJOH� QIFOPNFOB� JT� IBSE� UP� QSFEJDU� BOE� UIF
SFMBUJPOTIJQ� CFUXFFO� FMFDUSPO� USBOTGFS� BOE� NPMFDVMBS
TUSVDUVSF�JT�OPU�KFU�VOEFSTUPPE�<�>
*O�UIF�SFDFOU�ZFBST�PVS�SFTFBSDI�HSPVQ�IBT�CFFO�JOWPMWFE

JO�JOUFOTJWF�TUVEJFT�SFMBUFE�UP�USJT	PYBMBUP
PYPUBOUBMBUF	7

BOJPO
� XJUI� UIF� BJN� PG� PCUBJOJOH� OFX� NFUBM�PSHBOJD
DPPSEJOBUJPO� TZTUFNT� XJUI� TQFDJGJD� 	FMFDUSJDBM
� PQUJDBM

DBUBMZUJD� BOE�PS� NBHOFUJD
� QSPQFSUJFT�� *U� XBT� GPVOE� UIBU
UIJT� UZQF� PG� BOJPO� JT� QSPOF� UP� GPSN� IFUFSPNFUBMMJD
DPNQMFYFT� XJUI� EJGGFSFOU� UPQPMPHJFT� BOE� OVDMFBSJUJFT�<�>
%FQFOEJOH� PO� SFBDUJPO� DPOEJUJPOT� BOE� SFBHFOUT
� UIF� PYP
HSPVQ� JO� <5B0	$�0�
�>�v� DBO� CF� QSPUPOBUFE� PS� SFQMBDFEXJUI� PUIFS� MJHBOE� JO� UIF� DPPSEJOBUJPO� TQIFSF� PG
UBOUBMVN�<�>� 3FBDUJPO� PG� XBUFS� TPMVUJPOT� PG� DPNQMFY
<$S	CQZ
�	0)�
>��� DBUJPOT� BOE� <5B0	$�0�
�>�v� BOJPOT
ZJFMEFE� DPNQPVOE� XJUI� OFX� CPOEJOH� UPQPMPHZ� PG� UIJT
BOJPO� v� EJOVDMFBS� PYP�CSJEHFE� DPNQMFY
<$S	CQZ
�	0)�
	��0
5B	$�0�
�>���)�0� 	 
� 	CQZ� �
�
�´�CJQZSJEJOF
�� $PNQPVOE� � XBT� DIBSBDUFSJ[FE� CZ
TJOHMF�DSZTUBM� 9�SBZ� EJGGSBDUJPO
� *3� BOE� 67�7JT
TQFDUSPTDPQZ�� 'JHVSF� �� TIPXT� EJOVDMFBS
<$S	CQZ
�	0)�
	��0
5B	$�0�
�>� VOJU
� XJUI� DISPNJVN� JO
PDUBIFESBM�HFPNFUSZ�BOE�UBOUBMVN�JO�EJTUPSUFE�QFOUBHPOBM
CJQZSBNJEBM� HFPNFUSZ�� 4JOHMF� DSZTUBM� NFBTVSFNFOUT� BU
SPPN� UFNQFSBUVSF� BOE� BU� ���� ,� IBWF� TIPXO� TPNF
EJGGFSFODFT� JO� UIF� VOJU� DFMM� QBSBNFUFST
� BT�XFMM� BT� JO� UIF
.v	0
�/
�CPOE�MFOHUIT
�XIJDI�NZ�JOEJDBUF�UIF�DIBOHF�PG
PYJEBUJPO� TUBUF� PG� NFUBM� DFOUSFT�� 'VSUIFS� NBHOFUJD� BOE
..$5�TUVEJFT�PG� �BSF�JO�QSPHSFTT�
<�>� +�� #�� 7JODFOU� et al.
� Chem. Rev.
� ����
� 


����v������<�>�%��-��-POH�et al.
�Angew. Chem. Int. Ed.

����
� 
� ����v������ <�>� 5�� +�� .PSTJOH et al.
 Inorg.
Chem.
�����
� 
������������<�>�&��4��,PVNPVTJ et al.

J. Am. Chem. Soc.
� ����
� 
� ������������� <�>� B
� -�
"OESP��et al.
� Inorg. Chem.
� ����
� 
� �����v�������C

-�� "OESP�� %VCSBKB� et al.
� CrystEngComm
� ����
� 

����v������ <�>�-��"OESP��et al.
 CrystEngComm
� ����



����v����


