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

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

MS30-P12�/PWFM�DPNQMFYFT�PG�DPQQFS	**

XJUI�<.O$M�>���BOJPO
+VSBK�,VDIeS�
�&SJLB�4BNPÄPWe�

���*OTUJUVUF�PG�$IFNJTUSZ
�%FQBSUNFOU�PG�*OPSHBOJD�$IFNJTUSZ
�1��+�
¸BGeSJL�6OJWFSTJUZ�JO�,P�JDF
�,P�JDF
�4MPWBLJB

FNBJM��KVSBK�LVDIBS!VQKT�TL
"U�QSFTFOU
�IZESPHFO�CPOEJOH�NFEJBUFE�NBHOFUJTN�JT�B

XFMM�EPDVNFOUFE� QIFOPNFOPO� <�>� BOE� UIF� SFTVMUT� PG
NBHOFUJD�TUVEJFT�IBWF�TIPXO�UIBU�UIF�FYDIBOHF�QBSBNFUFS
J� DBO� SFBDI� BT� IJHI� WBMVFT� BT� �����,� <�>�� 5IF� TUVEZ� PG
NBHOFUJD� BOE� UIFSNPEZOBNJD� QSPQFSUJFT� PG� TUSVDUVSBMMZ
�%�DPNQPVOE�$V	en
�/J	$/
�� 	en����
��EJBNJOPFUIBOF

JO� UIF� WFSZ� MPX� UFNQFSBUVSF� SFHJPO� 	CFMPX� ���� ,

DPSSPCPSBUFE� JUT�NBHOFUJDBMMZ��%�DIBSBDUFS��BT�BEEJUJPOBM
FYDIBOHF�QBUIT�UP�UIF�DPWBMFOU�CPOET�UIF�QSFTFOU�)#T�PG
UIF� /�)���/� UZQF� XFSF� TVHHFTUFE�� 5IF� DIBSBDUFS� PG� UIF
NBHOFUJD� FYDIBOHF� JOUFSBDUJPOT� JT� WFSZ� XFBL� BOE� JT� JO
MJOF� XJUI� MPOH� FYDIBOHF� QBUI� UISPVHI� UIF� EJBNBHOFUJD
�/$�.�$/�� GJWF�BUPNJD� CSJEHF�� *O� PSEFS� UP� TIPSUFO� UIJT
GJWF�BUPNJD�CSJEHF�XF�IBWF�VOEFSUBLFO�B�TUVEZ�PG�B�TFSJFT
DPQQFS	**
� DPNQPVOET� JO� XIJDI� <.	$/
�>�v� CSJEHJOH
TQFDJFT�XFSF�SFQMBDFE�CZ�<.O$M�>�v�BOJPO��5IF�VTF�PG�UIJTBOJPO� BT� B� CSJEHJOH� VOJU� FOIBODFT� UIF� BUUSBDUJWFOFTT� PG
UIFTF� $V	**
�.O	**
� CJNFUBMMJD� DIBJO� TZTUFNT� GSPN
NBHOFUJD� QSPQFSUJFT� QPJOU� PG� WJFX�� 5IF� VTF� PG
FUIZMFOFEJBNJOFmT� NFUIZM� EFSJWBUFT� MFBE� UP� TUSVDUVSBMMZ
TJNJMBS� �%� DPNQPVOET� BT� JU� XBT� JO� UIF� DBTF� PG
$V	en
�/J	$/
�� JO�XIJDI�DPQQFS	**
�BUPNT�BSF�MJOLFE�CZ
BOJPO� TQFDJFT�� 4VSQSJTJOHMZ� UIF� VTF� PG� UIF� NBDSPDZDMJD
MJHBOE� cyclam� 	cyclam� �
�
�
�
���UFUSBB[BDZDMPUFUSBEFDBOF
� MFE� UP� EJGGFSFOU
TUSVDUVSBM� BSSBOHFNFOU� BOE� UIF� DSZTUBM� TUSVDUVSF� BOBMZTJT
SFWFBM� �%� DIBSBDUFS� PG� UIF� TUSVDUVSF
� XIFSF� CFTJEFT� UIF
FYQFDUFE�DIBJOT�PG��$V�$M�.O�$M�$V��UZQF�BOPUIFS�DIBJO
PG� �.O�$M�.O�$M�.O�� UZQF� UIBU� DPOOFDUJOH� UIFN
BQQFBSFE��*O�PSEFS�UP�JOWFTUJHBUF�UIJT�QIFOPNFOB�XF�IBWF
QSFQBSFE� BOE� DIBSBDUFSJ[FE� TFWFSBM� OFX� EFSJWBUFT� PG� UIF
cyclam�BOE�VTFE�UIFN�GPS�QSFQBSBUJPO�PG�OFX�DPNQMFYFT�
5IF� SFTVMUT� PG� UIF� DSZTUBM� TUSVDUVSF� EFUFSNJOBUJPO� IBWF
TIPXO� GPSNBUJPO� PG� �%� DIBJOT�� UIF� IFYB�DPPSEJOBUFE
$V	**
�BUPNT�BSF�TVSSPVOEFE�CZ�POF�NPMFDVMF�PG�CMPDLJOH
MJHBOET�BOE� UXP�DIMPSJOF�BUPNT� JO� trans� QPTJUJPO� MJOLJOH
$V	**
� BUPNT� XJUI� .O	**
� BUPNT� BT� JU� XBT� JO� BCPWF
NFOUJPOFE� DPNQPVOET�� 'VSUIFS� EFUBJMT� PG� UIF� TZOUIFTJT

DIBSBDUFSJ[BUJPO� BOE� NPMFDVMBS� BOE� DSZTUBM� TUSVDUVSFT� PG
BMM�DPNQPVOET�XJMM�CF�HJWFO�
5IJT� XPSL� XBT� TVQQPSUFE� CZ� UIF� 4MPWBL� HSBOU� BHFODZ

"177�VOEFS�DPOUSBDU�/PT��"177���������BOE�CZ�HSBOU
BHFODZ�7&("�	HSBOU����������
�
<�>�$PTUB� +�4�
�#BOEFJSB�/�"�(�
�(VFOOJD�#�-�
�3PCFSU

7�
�(BNF[� 1�
�$IBTUBOFU�(�
�0SUJ[�'SBEF�-�
�(BTRVF�-�

*OPSH��$IFN�� ��� 	����
� ����v������ <�>�#BSBO� 1�
� #P�B
3�
�#SF[B�.�
�&MJBT�)�
� 'VFTT�)�
� +PSiL�7�
�,MFNFOU�3�

4WPCPEB�*�
�1PMZIFESPO
����	����
�����������

�IZESPHFO�CPOET
�DPQQFS�BOE�NBOHBOFTF�DPNQPVOET

MS30-P13�$SZTUBMMPHSBQIJD�BOBMZTJT�PG
JSJEJVN	*
�/�IFUFSPDZDMJD�DBSCFOF

DPNQMFYFT�PG�CFO[JNJEB[PM���ZMJEFOF
.FSWF�Ò[NJSMJ�
�"ZUBz�(��(nLzF�
�4kMFZNBO�(kMDFNBM�
�.VIJUUJO

"ZHkO�

��� %FQBSUNFOU� PG� 1IZTJDT
� %PLV[� &ZMVM� 6OJWFSTJUZ
� ������ #VDB

Ò[NJS
�5VSLFZ�
��� %FQBSUNFOU� PG� $IFNJTUSZ
� &HF� 6OJWFSTJUZ
� ������ #PSOPWB

Ò[NJS
�5VSLFZ

FNBJM��J[NJSMJNFSWF!ZBIPP�DPN
5IF� USBOTJUJPO� NFUBM� DPNQMFYFT� PG� /�IFUFSPDZDMJD

DBSCFOFT� 	/)$T
� CBTFE� PO� JNJEB[PM
� JNJEB[PMJO� BOE
CFO[JNJEB[PMF�GSBNFXPSL�IBWF�CFFO�UIF�GPDVT�PG�JOUFOTF
SFTFBSDI� JO� PSHBOPNFUBMMJD� DIFNJTUSZ� BOE� IPNPHFOFPVT
DBUBMZTJT�����5IF� DSZTUBM� BOE�NPMFDVMBS� TUSVDUVSFT�PG� *S	*

/)$�DPNQMFYFT�IBWF�CFFO�EFUFSNJOFE�CZ� TJOHMF� DSZTUBM
Y�SBZ� EJGGSBDUJPO� UFDIOJRVF�� *O� CPUI� DPNQMFYFT
� JSJEJVN
BUPNT� MJF� JO� B� TMJHIUMZ� EJTUPSUFE� TRVBSF�QMBOBS
DPPSEJOBUJPO�FOWJSPONFOUT�EFGJOFE�CZ�UIF�DPPSEJOBUJPO�PG
UIF�NFUBM�UP�UIF�UXP�PMFGJOJD�CPOET�PG�UIF�DZDMPPDUBEJFOF
MJHBOE
� UIF� DBSCPO� BUPN� PG� UIF� /)$� MJHBOE� BOE� UIF
DIMPSJOF�BUPN�	'JHVSF��
��5IF�JSJEJVN�/)$�CPOE�MFOHUIT
BHSFFE� 	$0%
� XFMM� XJUI� UIF� WBMVFT� GPVOE� JO� PUIFS
/)$�TVQQPSUFE�<*S	$0%
$M>�DPNQMFYFT��`

�� /�IFUFSPDZDMJD� DBSCFOFT�� 'SPN� MBCPSBUPSZ� DVSJPTJUJFT
UP� FGGJDJFOU� TZOUIFUJD� UPPMT
� FE�� 4�� %iF[�(PO[eMF[
� 34$
$BUBMZTJT� 4FSJFT� /P�� �
� 3PZBM� 4PDJFUZ� PG� $IFNJTUSZ

$BNCSJEHF
������

��'�&��)BIO�BOE�.�$��+BIOLF
�Angew. Chem., Int. Ed.,
����
���
������

�� 8�"�� )FSSNBOO
� Angew. Chem., Int. Ed.,� ����
� ��

�����

��,�+��$BWFMM�BOE�%�4��.D(VJOOFT
�Coord. Chem. Rev.,
����
����
�����



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

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

'JHVSF� ��� `5IF� NPMFDVMBS� TUSVDUVSF� PG� UIF� DPNQMFY� XJUI
EJTQMBDFNFOU� FMMJQTPJET� ESBXO� BU� UIF� ���� QSPCBCJMJUZ� MFWFM� BOE
IZESPHFO�BUPNT�IBWF�CFFO�PNJUUFE�GPS�DMBSJUZ�

,FZXPSET�� /�IFUFSPDZDMJD� DBSCFOF
� *S	*
� DPNQMFY

CFO[JNJEB[PM���ZMJEFOF
�DSZTUBM�TUSVDUVSF

MS30-P14�-JHBOE�UZQF�BOE�TZOUIFUJD
BQQSPBDI�JOEVDFE�WBSJBCJMJUZ�PG

TVQSBNPMFDVMBS�UPQPMPHJFT
PG`</J�-�	30)
�>`�"/%

</J�-�	30)
9	3�0)
:��9�:����>`
(PSEBOB�1BWMPWJ��
�.JSUB�3VC�J��
�7J�OKB�7SEPMKBL�
�.BSJOB

$JOESJ��

��� 6OJWFSTJUZ� PG� ;BHSFC
� 'BDVMUZ� PG� 5FYUJMF� 5FDIOPMPHZ

%FQBSUNFOU� PG� "QQMJFE� $IFNJTUSZ� 1SJMB[� CBSVOB� 'JMJQPWJ�B� ��B

)3�������;BHSFC
�$SPBUJB
��� 6OJWFSTJUZ� PG� ;BHSFC
� 'BDVMUZ� PG� 4DJFODF
� %FQBSUNFOU� PG
$IFNJTUSZ
�)PSWBUPWBD����B
)3�������;BHSFC
�$SPBUJB

FNBJM��HPSEBOB�QBWMPWJD!UUG�IS
5IF�TZOUIFTJT�PG�QPMZOVDMFBS�DMVTUFS�DPNQPVOET�PG� UIF

.O
� 'F
� /J
� 7� BOE� $P� PS� NJYFE� NFUBMT� SFQSFTFOUT� B
OVNCFS� PG� DIBMMFOHFT��0GUFO� JU� JT� EJGGJDVMU� UP� QSFEJDU� UIF
FYBDU� DMVTUFS� TUSVDUVSF� EVF� UP� QPUFOUJBMMZ� WBSJBCMF
PVUDPNFT� PG� TFMG�BTTFNCMZ� QSPDFTT�� 0XJOH� UP� B� XJEF
SBOHF�PG� UIFJS�QPUFOUJBM�BQQMJDBUJPOT
�e.g.� JO�EBUB�TUPSBHF

NFNPSZ� EFWJDFT
� TXJUDIFT� BOE� TFOTPST
� DPOTJEFSBCMF
BUUFOUJPO� IBT� CFFO� EFWPUFE� UP� UIF� UBSHFUFE� TZOUIFTJT� PG
TVDI� TZTUFNT�� 5IF� JNQBDU� PG� SFWFSTJCMF� SFMFBTF� BOE
SFBCTPSQUJPO� PG� CPUI� DPPSEJOBUFE� BOE� VODPPSEJOBUFE
TPMWFOU� NPMFDVMFT� PO� UIF� DMVTUFS� QSPQFSUJFT� JT� XFMM
EPDVNFOUFE� JO� UIF� MJUFSBUVSF��� 5IFTF� QSPDFTTFT� BSF
BDDPNQBOJFE� CZ� UIF� TUSVDUVSBM� DIBOHFT� SFMBUFE� UP� B
DMFBWBHF�GPSNBUJPO�PG�UIF�DPPSEJOBUJPO�CPOET��
�`�"NPOH
EJGGFSFOU� DMVTUFS� UZQFT� UIBU� DBO� FYIJCJU� UIPTF� GFBUVSFT

DVCBOF�MJLF� DMVTUFST� XJUI� </J�	»�v0
�>� DPSF� BSF`
FTQFDJBMMZ� XFMM� TUVEJFE� DMBTT�� 5IF� DVCBOF�MJLF� DPSF� PG
OFBSMZ� BMM� JOWFTUJHBUFE� UFUSBOVDMFBS� /J	**
� DPNQMFYFT
DPOTJTUT� PG� GPVS� JEFOUJDBM� »�v0� CSJEHFT� PSJHJOBUJOH� GSPN
v0)�PS�v03�NPJFUJFT��5IF�TZNNFUSZ�PG�</J�0�>�DPSF�BOEUIF� EJGGFSFODFT� JO� UIF� /Jv»�v0v/J� BOHMFT� PGUFO� IBWF� B
EFDJTJWF� SPMF� JO� FTUBCMJTIJOH� JOUSBNPMFDVMBS� NBHOFUJD
JOUFSBDUJPOT�� </J�-�	TPMW
�>� UZQF� PG� DPNQMFYFT� DBO
VOEFSHP� SFWFSTJCMF� FYDIBOHF� PG� UIF� DPPSEJOBUFE� TPMWFOU
NPMFDVMFT� 	.F0)� vs�� )�0
��� "MUIPVHI� UIF� TUSVDUVSBM
BMUFSBUJPOT�JOEVDFE�CZ�TVDI�TPMWFOU�FYDIBOHF�XFSF�TVCUMF

TVCTUBOUJBM� DIBOHFT� PG� UIF� QIZTJDBM� BOE� DIFNJDBM
QSPQFSUJFT� IBWF� CFFO� FTUBCMJTIFE�� 5IJT� TUVEZ� VOWFJMFE
OPWFM�TZOUIFUJD�BTQFDUT�BOE�JOUFSFTUJOH�TUSVDUVSBM�GFBUVSFT
PG� B� OFX� GBNJMZ� PG� /J	**
� DPNQPVOET� CBTFE� PO
DVCBOF�MJLF� DMVTUFST�� %FQFOEJOH� PO� SFBDUJPO� DPOEJUJPOT
EJGGFSFOU� DVCBOF�MJLF� DMVTUFST�PG� UIF� UZQF� </J�-�	30)
�>BOE�</J�-�	30)
�	3m0)
�>�	)�-���USJEFOUBUF�4DIJGG�CBTFMJHBOE

`Nv	�vIZESPYZv�vNFUIZMQIFOZM
TBMJDZMJEFOFJNJOF
� 3� �
�$)�
� �$�)�
� �$�)�
� �$�)�� J� v$�)��
� XFSF� JTPMBUFE
	'JH��
�� 5IF� WBSJPVT� TVQSBNPMFDVMBS� QIFOPNFOB� TVDI� BT
QPMZNPSQIJTN
� DPOGPSNBUJPOBM� JTPNPSQIJTN� BOE
TZONPSQIJTN�XFSF�FTUBCMJTIFE��5IFTF�QIFOPNFOB�XJMM�CF
EJTDVTTFE� JO� EFUBJM� PO� UIF� CBTJT� PG� TUSVDUVSF�QSPQFSUZ
SFMBUJPOTIJQT�� `� ��)�� ;IFOHv.JOH
�9�v.��;IBOH
�Dalton
Trans.� ����
� ��
� ����v������ �� &�v$�� :BOH
� FU�� BM�

`Polyhedron`� ����
� ��
� ����v������ �� .�
.PSBHVFTv$eOPWBT
� FU�� BM�
`�Eur. J. Inorg. Chem.� ����

����v������ �� "�� %BT
� FU�� BM�
� Inorg. Chem�� ����
� ��

����v�����
,FZXPSET�� DVCBOF�MJLF� DMVTUFST� </J�-�	TPMW
�>�� TPMW� �� 30)

USJEFOUBUF�4DIJGG�CBTF�MJHBOE
�TZOUIFTJT
�TVQSBNPMFDVMBS�UPQPMPHJFT


