
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

COPPER(II) COORDINATION COMPOUNDS: CLASSIFICATION AND
ANALYSIS OF CRYSTALLOGRAPHIC AND STRUCTURAL DATA II.
MONONUCLEAR-, HEXA-, HEPTA-AND OCTACOORDINATE
COMPOUNDS
Milan Melníka; Mária Kabešováa; Ľubov Macáškováa; Clive E. Hollowayb

a Department of Inorganic Chemistry, Slovak Technical University, Bratislava, SL, Slovak Republik b

Department of Chemistry, York University, North York, Ontario, Canada

To cite this Article Melník, Milan , Kabešová, Mária , Macášková, Ľubov and Holloway, Clive E.(1998) 'COPPER(II)
COORDINATION COMPOUNDS: CLASSIFICATION AND ANALYSIS OF CRYSTALLOGRAPHIC AND
STRUCTURAL DATA II. MONONUCLEAR-, HEXA-, HEPTA-AND OCTACOORDINATE COMPOUNDS', Journal of
Coordination Chemistry, 45: 1, 31 — 145
To link to this Article: DOI: 10.1080/00958979808027143
URL: http://dx.doi.org/10.1080/00958979808027143

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958979808027143
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J .  Coord. Chem.. 1998, Vol. 45. pp. 31-145 
Reprints available directly from the publisher 
Photocopying permitted by license only 

Review 

8 1998 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in Malaysia. 

COPPER(I1) COORDINATION COMPOUNDS: 
CLASSIFICATION AND ANALYSIS OF 

CRYSTALLOGRAPHIC AND STRUCTURAL 

AND OCTACOORDINATE COMPOUNDS 
DATA 11. MONONUCLEAR-, HEXA-, HEPTA- 

MILAN M E L N ~ K ~ , * ,  MARIA KABESOVA”, 
L’UBOV MACASKOVA a and CLIVE E. HOLLOWAY 

a Department of Inorganic Chemistry, Slovak Technical University, SL-81237 

4700 Keele Str., North York, M3J IP3,  Ontario, Canada 
Bratisiava, Slovak Republik; Department of Chemistry, York Universitv, 

(Received 7 August 1996; In final form 3 March 1997) 

This review summarizes the data for over five hundred and fifty six-, seven- and eight-coordi- 
nate Cu(I1) coordination compounds. The six-coordinate derivatives are mostly distorted 
tetragonal (elongation along a single C, axis). The seven-coordinate derivatives are only penta- 
gonal-bipyramidal with different degrees of distortion and the eight-coordinate complexes are 
dodecahedral. The most common ligands are 0- and N-donors. There is a trend for the Cu-L 
distance to increase with covalent radius of the coordinated atom and also increasing coordi- 
nation number. In general, Cu(I1) compounds “prefer” a monoclinic class and are blue or 
green. Several relationships were found and discussed. The data are compared and discussed 
with those of four- and five-coordinate Cu(I1) compounds. 
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ABBREVIATIONS 

aad 
abpt 
abst 

ac-a-ala 
acatr 
acgl 
ac-DL-pglq 
acsal 

acth 
actr 
acts 
adip 
aenol 
aePY 
ahb 
ahmi 
ainc 
6-am 
amb 
amcyclani 

amdza 

ami 
amnur 
ainOac 

aC 

act-DL 

8-azaadenine 
3 $his( pyridin-2-yl)-4-amino- 1.2,4-triazole 
2-(aminobenzensulfonamide)-S-ethyl- 1,3,4-tiadiazole 
acetate 
N-acetyl-a-alaninate 
3-acetylamino- 1,2,4-triazole 
N-acet y lglycine 
N-acetyl-DL-phenylglycinlrte 
acetylsalicylate 
N-acetyl-DL-tryptophanate 
2-[( 5aniino4carboxamid inium) [ 1,2,3] triazole] 
5-amino-4-carboxaniide[ 1 --31 triazole 
5-acetamido- 1,3,4-thiadiazole-2-sulfonamide 
adipate 
2[(3-aminopropyI)amino]etlianoIat~ 
2-(2-aminoethyl)pyridine 
?-amino- 1 -heptybenzimidazole 
2-azohexamethyleneimine 
aniidoisonicotinate 
6-aminohexanoic acid 
2-amino- 1 -methylbenzimidazole 
3,1O-diammonio-3,1O-dimethyl- I ,4,S. I I -tetra- 
azacyclotetradecane 
1,3bis(2aminoethyl)5-anlrnonio 5-methyl 1,3-diazacyclo- 
hexane 
1 1 -aminoundecane 
6-amino- 1,3-dimethyl-5-nit rosouracil 
aminooxyaceta te 
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amp 
ampr 
amPY 
4-amsal 
9-aneNzS 
9-aneN2Sac 
10-aneNzS2 
9-aneN3 
1 2-aneN4 
12-aneN4ac 

12-ane04 
14-aneS4 
14-aneS2N2 
1 5-aneN4 
15-aneS4 
1 6-aneS4 
1 7-ane03N2 
1 7-ane03N2 

1 8-ane04N2 
1 8-aneN2S2 

1 8-aneS4N2 
aPY 
asp 
athal 
atr 
azcm 
bcmgly 
bet 
bheg 
bhdhx 
bim 
bimm 
bimpa 
bip 
bipyam 

DL-a-amino-P-methylaminopropionic acid 
2-amino-2-methyl- 1 -propanole 
2-aminoethylpyridine 
4-aminosalicylate 
1 -thia-4,7-diazacyclononane 
dimethyl 1-thia-4,7diaza-4,7-cyclononanediacetate 
1,7-bis( 5-methylimidazol-4-yl)-2,6-dithiaheptane 
1,4,7-triazacyclononane 
N,N'-dimethyl-2,1 l-diaza[3.3](2,6)pyridinophane 
12-membered tetraazamacrocycle-N,N',N ",N "'-tetra- 
acetic acid 
1,4,7,1O-tetraoxacyclododecane 
1,4,8,11 -tetrathiacyclotetradecane 
6-methyl-6-nitro- 1 , l l  -dithia-4,8-diazacyclotetradecane 
1,4,8,12-tetraazacyclopentadecane 
1,4,8,12-tetrathiacyclopentadecane 
1,5,9,13-tetrathiacyclohexadecane 
pyridynyl-derivat macrocycle 
3,22-dioxa- 1 1114,28-triazatetra- 
cyclo [22.3.1. o ~ ~ ~ o ' ~ , ~ ' ]  octacosa- 
1(28),4,6,8,16,18,20,24,26 nonaene 
1.7.10.16 tetraoxa-4.13-diaza-cyclotetradecane 
3,3,7,7,11,11,15,15-octamethyl-l,9-dithia-5,13-diazacyclo- 
hexadecane 
1,4,1O,l3-tetrathia-7,16-diazacyclooctadecane 
antipyrine 
L-asparaginate 
N-(2-aminoethyl)thiophen-2-aldimine 
atratone 
catena-p-(4-aminoimidazole-5-carboxamidoxime) 
N,N-bis(carboxymethy1)glycinate 
betaine 
N,N-bis(2-hydroxyethyl)glycinate 
1,6-bis(4( 5)-imidazolyl)-2,5dithiahexane 
benzimidazole 
benzimidazol-2-yl-methanol 
N ,N-bis(benzimidazol-2-yl-methyl)isopropylamine 
2,2 '-bipiperidine 
2,2'-N,N'-bispyridylamine 
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biu 
1,3-bn 
bpca 
bpdz 
bPm 
bPY 
bPYkh 
bPYO,O 
btac 
bz 
bzibza 
bzimox 
bzph 
bZPY 
bz-PYrPY 

Clzaqu 
2-Clbquam 
4-Clbzs 
2,4,6-C13ph 
4-ClphOac 

cnact 
Clqo 

biuret 
1,3-diaminobutane 
N-2-pyridinylcarbonyl-2-pyridinecarboximidate 
1,7-bis(2-pyridy1)-2,6-diazaheptane 
2,2 I-bipyrimidine 
2,2 '-bipyridine 
2,2'-N,N'-bipyridyl ketone hydrate 
2,2'-bipyridine-N,N1-dioxide 
(benzy1thio)acetate 
benzoate 
N,N-bis(2-benzimidazolylmethyl)benzylamine 
1,6-bis(benzimidazo1-2-y1)-2,5-dioxahexane 
2-aminobenzophenone 
2-benzo ylpyridine 
2,6-bis{ { (2S)-2- 
[(benzyloxy)methyl]pyrrolidin- y1)methyl) p yridine 
benzenesulphonate 
cubic 
D-camphor- 10-sulphonate 
calix[4]arene sulphonate 
1 -carbamoylquanidinate 
pentakis(methoxycarbony1)cyclopentadiene 
N,N '-bis(P-carbamoylethy1)trimethylenediamine 
1,2-ethanediol 
ethylenediamonium 
citrate 
N'-isopropyl-2-methyl- 1,2-~ropanediamine 
7-oxabicyclo [2.2.1] heptane-2,3-dicarboxylate 
2-methyl-oxy-4,5-di(oxymethyl)pyrioline 
N,N I-bis(P-carbamoylethy1)eth ylenediamine 
quinquedentate macrocyclic ligand 
3,6,12,15-tetramethyl-18([N(2,6)-pyridino,N-l.2.1] 2- 
coronand-6) 
8-amino-5,7-dichloroquinoline 
2-chlorobiquanide 
4-chlorobenzensulphonate 
2,4,6-trichlorophenolate 
4-chlorophenoxyaceta te 
4-chloro- 1 -benzoquinone 2-oximate 
chloronitroacetamidate 
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I -CNgud 
croc 
15-crown-5 
c-sar2 
cyclam 
cyclamac 
cyclox 
CYt 
dacac 
daco 
daes 
dafone 
dampr 
dapsc 
dcam 
debd 

degly 
dempz 
dhmp 
dien 
dim 
dmact 
dmco 
dmen 
dmf 
dmoc 
dmpr 
2,6-dnph 
dsco 

dtpa 
dtun 
dund 
dzco 

dPtP 

eac 
ebtb 

1 -cyanoguanidine 
croconate 
macrocyclic polyethers 
cyclosarcosylsacor sine 
1,4,8,11 -tetraazacyclotetradecane 
1,4,8,11-tetraazacyclotetradecane-N,N',N ",N "'-tetraacetate 
3-methyl-3-nitro- 1,5,9,13-tetraazacyclohexadecane 
cytosine 
1,4,10,13-tetraoxa-7,16-diazacyclooctadecane-7-acetate 
1,5-diazacyclooctane 
1,7-diaza-4-thiaheptane 
4,5-diazafluoren-9-one 
diamine-2,3-propionique(N20)acid 
2,6-diacetylpyridine bis semicarbazone 
dicyandiamide 
1,6-bis(3,5-dimethylpyrazol-l -yl)-2,5-dimethyl-2,5-diaza- 
hexane 
diethanolglycine 
3,5-diethyl-4-methylpyrazole 
2,3-di hydroxy-2-methylpropanoate 
diethylenetriamine 
diimidazole 
N,N-dimethyl-acetamide 
2,5-dimethyloxazolidine-4-carboxylate 
N,N-dimethyl- 1,2-ethanediamine 
dimethylformamide 
2,5-dimetyloxazolidine-4-carboxylate 
1,3-diamino-2-propanole 
2,6-dinitrophenolate 
3-hydroxy- 1,5-dithiacyclooctane 
1 -(3,5-dimethyl- 1 -pyrazolyl)-3-thiapentane 
trihydrogen diethylenetriaminepentaacetate 
1,11 -diamino-3,6,9-trithiaundecane 
6-hydroxy-4,8-diazaundecanediamine 
1,4,10,13-tetraoxa-7,16-diazacyclooctadecane-7, 16-N,N'- 
diacetate 
ethylenediamine-tetraacetate 
N,N,N ',N '-tetrakis(2'-benzimidazolylmethyl) 1,2-ethane 
diamine 
ethylenebis(N-methylcarbamylglycinate) 
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ecgm 

eiphim 

en 
enphgly 
esbim 
esop 
etam 
etapy 
5,5’-Et2barb 
Eten 
EtenOH 
Et2en 
ethc 

1 -Him 
EtMecyclam 

EtOac 
Etsac 
Et2SP 
evda 
F6acac 

fm 
fmpn 
4- FphOac 
fpsem 
F5SPh 
ghgly 
gglY 
glY 
hbbzim 
HB(3,5-Me2p& 
HB(PZ)3 
hd 
hdmpz 
heac 

N,N ’- 1 ,2-ethanediylbis[N-(carboxymethyl)glycy1-L- 
methioninelethylesterate 
3,3 ’-ethylenedi-iminobis(o-phenyleneimino- 
methylidene)bis[ pentane-2,dionate(2-)] 
ethylenediamine 
ethylenebis(0-hydroxypheny1)glycine 
2-(ethy1thiomethyl)benzimidazole 
2-(ethylthio)-4-oxopteridine 
ethanolamine 
2-(2-die thylammonioethyl)p yridine 
53’-diethylbarbiturate 
N-eth ylenediamine 
N-(2-hydroxyethyl)ethylenediamine 
N,N ‘-dieth ylenediamine 
ethyl- 1,5,9,13-tetraazabicyclo[ 1 1.2.2lhepta-decane-7- 
carboxylate 
1 -ethylimidazole 
5,7,12,14-tetraethyl-7,14-dimethyl-l,4,8,11 -tetra- 
azacyclotetradecane 
ethoxyacetate 
ethylthioacetate 
diethylthiophosphate 
D,L-ethylvalinate-N,N-diacetate 
1 , 1 ,1,6,6,6-hexafluor0-2,4-pentanedionate(hexa- 
fluoroacetylacetonate) 
formiate 
4-formyl-2-methox yphenolate 
4-fluorophenoxyacetate 
2-formylpyridine thiosemicarbazone 
pentafluorothiophenolate 
glycyl-L-hist id ylglycina te 
gl yc y Igl ycinate 
glycine 
2-a-hydroxybenzyl benzimidazole 
hydrotris(3,5-dimethyl- 1 -pyrazolyl)borate 
hydrotris-( pyrazol- 1 -yl)borate 
3,4-hexanedione dioximate 
1 -(2-hydroxyethyl)-3,5-dimethylpyrazole 
dihydrogen ethylenediaminetetraacetate 
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hemq 
himp 
hist 
hmnc 
hpca 
Hpth 
hip 
Hpydca 
ibpca 

idac 
3-Ihpur 
im 
imdth 
5 '-imp 
inc 
inco 

iprthacq 
ipm-l,2-pn 
iqu 
lac 
Ic 

m 
mact 
ma1 
mbPY 
mbPYm 

iPCP 

lYS 

mceam 
mcgly 
mdac 
9-Meade 
Mezamet 
4-Mebzcs 
2-Mebzim 
Mecyclam 

9- [(2-hydroxyethoxy)methyl]quanine 
2-h ydroxyethyliminop yruvate 
histidine 
N-(hydroxymethy1)nicotinamid 
N-(hydroxymethyl)-3-pyridinecarboxamide 
hydrogen o-phtalate 
hippurate 
hydrogen-pyridine-2,6-dicarboxylate 
N-(2-(4-imidazolyl)ethyl)-2-methyl-5-bromopyrimidine- 
4-carboxamide 
iminodiacetate 
3-iodohippurate 
imidazole 
1,6-bis( 5-methyl-4-imidazolyl)-2,5-dithiahexane 
inosine-5 '-monophosphate 
isonicotinamide 
isonicotinate N-oxide 
tetraisoprop ylmethylenediphosphonate 
isopropylthioacetate isoquinoline 
N1-isopropyl-2-methy1- 1,2-~ropanediamine 
isoquinoline 
lactate 
lignocaine 
L-lysin 
monoclinic 
N-methylacetamide 
malonate 
2,6-bis( 1 '-methylbenzimidazol-2'-yl)pyridine 
1,3-dimethy1-2,4-dioxo-6-hydroxy-5-nitroso- 1,2,3,4- 
tetrahydropyrimidine 
P-meth ylmercaptoethylamine 
N,N '-methylethylene bis(N-methylcarbamylglycinate) 
iminodiace tamide 
9-methyladenine 
2-dimethylaminoethanole 
4-methylbenzenecyanamidosulfonate 
2-meth ylbenzimidazole 
2,5,5,7,9,12,14-octamethyl-1,4,8,11-tetra- 
azacyclotetradecane 
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Me2C0 
4,4'5,5'-Me4dim 
9-Mehpx 
Meial 
Meim 
Meims 
Meimthb 
Meimthp 
MeN02 
meP 
Me2pam 
Me-picam 
9-Meop 
2Me- 1,2-pn 
Me2- 1,3-pn 
Me4psim 

4-MepyNO 
Me-PYrPY 

4-Mepz 
8-Mesthp 
9-Mequa 
3,5-Me2guapz 
5,7-Me2tpym 
metri 
mic 
mimdth 
mmcyclam 

mntcp 
mnim 
mocpz 
monp 
mor 
mPo 
mtpo 

acetone 
4,4'5,5 '-tetramethyldiimidazole 
9-methylhypoxanthin 
1 0-methylisoalloxazine 
N-methylimidazole 
bis( 1 -methylimidazol-2-yl)sulfide 
4-(5-methyl-4-imidazolyl)- 1 -amino-3-thiabutane 
1,3-bis( 5-methyl-4-imidazolyl)-2-thiapropane 
nitromethane 
mepirizole 
3,3 '-(2,2-dimethylpropylene)diiminodipropionamide 
methyl-2-picolylamine 
9-methyl-6-oxypurine 
2-methyl- 1 ,Zpropanediamine 
2,2-dimethylpropane- 1,3-diamine 
2-(2-pyridyl)-4,4,5,5-tetramethyl-4,5-dihydro- 1 H-imida- 

4-methylpyridine 1 -oxide 
2,6-bis{ [(2S)-2-(methoxymethyl)pyrrolidin- 1 -yl] 
methy1)pyridine 
4-methyl- 1 H-pyrazole 
8-methylthiotheophyllinate 
9-methylquanine 
3S-dimethyl- 1 -guanylpyrazole 
5,7-dimethyl-[ 1,2,4] triazolo[ 1,5-a]pyrimidine 
methyltribenzo[b,f,j] [ 1,5,9] triazacycloduodecine 
miconazole 
1,6-bis( 5-methyl-4-imidazoly1)-2,5-dithiahexane 
C-meso-5,5,7,12,12,14-hexamethy1-1,4,8,1 l-tetra- 
azacyclotradecane or C-meso-5,5,7,12,12,14hexamethyl- 
1,4,8,11 -tetraazacyclotetradecane 
10-methyl- 10-nitro- 1.4,8,12-tetraazacyclopentadecane 
2-methyl-5-nitroimidazole 
3,5-dimethoxycarbonylpyrazole 
2-methoxy-4-nitrophenola te 
morpholine 
2-(methylaminomethy1)pyridine 1-oxide 
5-methyl[ 1,2,4]triazolo[ 1,5-a]pyrimidin-7-0late 

zolyl- 1 -0xy 
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mug 
nbta 
nc 
ndap 

nn 
6-N02cyclam 

4-NO2pyNO 
npac 
nPhYr 
nphyrO 
N(PY)3 
odac 
OPY 
OH-l,3-pn 
2-OH-2-Mepr 
OH-PYrpY 

ompa 
opai 

opca 

2-0PY 
or 
orn 
ottd 

PaPt 
PbPC 

ox 

pcam 
PCb 
PCP 
pdto 
peme 
Ph 

mugineic acid 
1 , 1 , 1 -trifluoro-4-(4’-nitrophenyl)-buta-2,4-dionate 
nicotinamide 
N,N’-bis(2-pyridylmethylene)- 1,3-diamin0-2-meth- 
yl-2-nitropropane 
1 -nitroso-2-naphtole 
6-(p-nitrobenzyl)- 1,4,8,1 I -tetraazacyclo-tetra- 
decane-l,4,8,ll-tetraacetate 
4-nitropyridine N-oxide 
ni trilodi(P-propionamide)monoacetate 
1,8-naphthyridine 
1,8-naphthyridine-N-monoxide 
2,2 ‘,2 ”-tripyridylamine 
oxydiacetate 
2,2 ’-( 1,3,4-oxadiazole-2,5-diyl)dipyridine 
2-hydroxy- 1,3-~ropanediamine 
2-hydroxy-2-methyl-propionate 
2,6-bis{ [(2S)-2-(hydroxymethyl)pyrrolidin-l-yl] 
methyl} pyridine 
octamethylpyrophosphoramide 
1 -oxa- 1,6,8,12,15-penta-aza- 
tricyclo[l3,3,1. 18.12]icosane 
N-oxymethylamide-pyridine-3-carbon acid 
(ni kodine) 
2-pyridone 
orthorhombic 
a-N-hydro-L-ornithinate 
1 -oxa-4,8,12-triazacyclotetradecane-4,12-diacetate 
oxalate 
1,4-di(2 ’-pyrid y1)aminopht halazine 
1 -oxo- 1,2-dipheny1-3,3,5-tricarbbutoxy- 1,2-2- 
diphosphacyclopentanone 
bis(2-pyridylcarbony1)amide 
I-pyrroline-2-carboxylate (L-ornithine) 
octamethylenediphosphonic diamine 
1,8-diamino-3,6-dithiaoctane 
1,l -di(2-pyridyl)ethylmethyl ether 
phenyl 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



40 M .  MELNIK et a1 

phen 
phenO 

Phnit 
PhePY 

Phimthp 
phOac 

pic1 
picNO 

2-pira 
pith 
pmca 
pmtrz 
1,2-pn 
1,3-pn 
poet 
PPPa 
Pr 
prcim 
P‘CPY 
prim 
pro1 
prometone 
prtac 
psac 
psalh 
pslh 
ptcbx 
PY 
PYact 
PYam 
PYbOX 
2-PYC 
PYdca 
pydcaH 
PYdOC 

Ph2P(O)CH?P(O)Ph? 

PiPC 

1,lO-phenanthroline 
1,l O-phenanthroline-N-monoxide 
2,6-bis [ I -( phenylimino)ethyl] pyridine 
2-phenyl-4,4,5,5-tetramethylimidazoline- 1 -0xyl-3- 
oxide 
1,3-bis( 5-phenyl-2-imidazolyl)-2-thiopropane 
phenoxyacetate 
tetraphenylmethylenediphosphonium dioxide 
4-amino-3,5,6-trichloropyridine-2-carboxylate 
picolin-N-oxide 
2-piperidinecarboxylate 
2-pyridylenaniline 
pyridyl, imine, thioether donor 
bis(2-pyrimidy1carbonyl)aminate 
2,4-bis(n-propylamino)-6-methoxy- 1,3,5-triazine 
1,2-propanediamine 
1,3-diaminopropane 
bis[(diphenylphosphinyl)methyl]ethyl phosphinate 
N-(2-pyridyl)-3-phenyl-2-propeneamide 
propionate 
4-(n-propylmercapt omethy1)imidazole 
2-(n-propylmercapt omethy1)pyridine 
2-pyrimidinone 
prolinate 
2,4- bis(isopropylamino)-6-methoxy- 1,3,5-triazine 
isopropyl thioacetate 
phenylsulphinylacetate 
N-picolinyilidene-N ’-salicylhydrazine 
N-picolin yilidene-N ‘-salicyloylhy drazinae 
pterin-6-carboxylate 
pyridine 
pyridine-2-acetamide 
pyrimidin-2-amine 
pyridine-2-carboxamide 
pyridine-2-carboxylate 
pyridine-2,6-dicarboxylate 
pyridine-2,6-dicarboxylic acid 
1 ,S-bis(2’-pyridyl)-3,6-diazaoctane 
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PYm 
PYf 
PYha 
PYNO 
PYOS 
PYPr 
PYtrz 
PurP 
PZ 
PZC 
pzdc 
(PZ);?(PY)CH 
5'-qmp 
qu 
qusp 
rh 
sach 
sal 
salen , 
sbh 
sbzh 

sim 
S03CF3 
SUC 

tach 
taci 
tcne 
tcnq 
tdac 
tdc 
tdpom 
terPY 
tfac 
tg 
tgly 
thc 
thP 

sc 

2-pyridylmethanol 
2-pyridylformamide 
7-(2 '-pyridyl)-3,6-diazaheptylamine 
pyridine 1-oxide 
1,9-bis(2-pyridy1)-5-oxa-2,8-dithianonane 
pyridinopropionate 
2,4,6-tris(2-pyridyl)- 1,3,5-triazine 
purpurate 
pyrazole 
p yrazinecarboxylate 
pyrazine-2,3-dicarboxamide 
bis(pyrazo1- 1 -yl)( pyridin-2-y1)methane 
guanosine 5'-monophosphate 
quinoline 
1,5-bis(quinoline-S'-yl)- 1,5-dithiapentane 
rhom bohedral 
saccharin, (0-sulphobenzoimide) 
salicylate 
N-salicylidene-N '-methylenediamine 
Schiff-base ligand 
thiobenzoylhydrazine 
semicarbazide 
simatone 
trifluoromet hanesulphonate 
succinate 
cis&- 1,3,5-triaminocyclohexane 
1,3,5-triamino- 1,3,5-trideoxy-cis-inositol 
0-tricyanoethyleneoate 
7,7',8,8 '-tetracyanoquinodimethane 
thiodiacetate 
1,2,3-triazole-4,5-dicarboxylate 
trisphen y lphosphitomethane 
2,2' : 6',2 "-terpyridine 
thenoyltrifluoroacetate 
tetragonal 
N- tosyl-glycinate 
L- 1,3-thiazolidine-4-carboxylate 
3,4,5,6-tetrahydropicolinate (L-lysine) 
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thr 
tim 

tmic 
tmpCN 
tmtc 

tnph 
tocop 

to1 
tols 
tPY 
tr 
trg 
trien 
trioc 
trt 
tsval 
ttbd 
ttbt 
ttcn 
tu 
1 -vim 
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threonine 
2,3,9,1O-tetramethyl-l,4,8,1 I-tetraaza-1,3,8,10-cyclo- 
tetradecatetraene 
2,2,5,5-tetramethyl-3-imidazoline- 1 -oxo-4-carboxylate 
3-cyano-2,2,5,5-tetramethylpyrrolinyl- 1 -oxy 
tetrakis(5-methylbenzo) 
[b,f,j,n] [ 1,5,9,13]tetraacyclohexadecine 
2,4,6-trinitrophenolate 
2,2'-( 1,4,10,13-tetraoxa-7,16-diaza-7,16-cyclooctadecylene)- 
dipropionate 
toluene 
toluene-4-sulphonate 
tetrapyridine 
triclinic 
trigonal 
triethylenetetramine 
1,3,6,9,11,14-hexaazatricyclo[12.2.1 .1639]octadecane 
D-tartrate 
N-tosylvalinate 
4,4,4-trifluoro- 1 -(2-thieny1)butanedione- 1,3 
1 -(2-thienyl)-4,4,4-trifluoro- 1,3-butanedionate 
1,4,7-trithiacycIononane 
thiourea 
1 -vinylimidazole 

INTRODUCTION 

The structural chemistry for over one thousand copper compounds has 
been reviewed recently.' Several relationships were found and discussed. 
The overwhelming majority of X-ray studies of transition metal com- 
pounds are of copper compounds. and of these Cu(1I) is the most common. 
Comprehensive data on mononuclear tetra- and pentacoordinate Cu(I1) 
compounds* as well as on mixed-valence Cu(1)-Cu(I1) compounds3 have 
also appeared. 

The systems discussed in this paper are mononuclear six-, seven- and 
eight-coordinate Cu(I1) compounds. Within each coordination number, the 
compounds are listed in order of increasing covalent radius of the principle 
coordinating ligand atom and increasing complexity of the coordination 
sphere. 
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HEXACOORDINATE Cu(I1) COMPOUNDS 

Structural data for mononuclear six-coordinate Cu(I1) compounds are 
summarized in Table I. There are five hundred and fifty examples. 

Because of its electronic configuration, the Cu(I1) atom is an ideal candi- 
date for deformation studies of its coordination polyhedron. First of all, it 
has only one outermost electron which simplifies theoretical considerations. 
Secondly, if the ligand atoms around the central Cu(I1) atom are identical, 
the coordination polyhedron is subject to the first-order Jahn-Teller effect. 

There are three principal forms of distortion of the octahedron. One is 
tetragonal, elongation or contraction along a single C4 axis; the resulting 
symmetry is only D4h. Another is rhombic; changes in the lengths of two of 
the C4 axes so that no two are equal; the symmetry is then only D2h. The 
third is a trigonal distortion, elongation or contraction along one of the C3 
axes so that the symmetry is reduced to D3d. All of the limiting geometries 
occur in the chemistry of Cu(I1) with various degrees of distortion. The tetrag- 
onal distortion is most common and involves an elongation of one C4 axis 
and, in the limit, two trans ligands are lost completely, leaving a square, 
four-coordinate complex. 

The explanation for the axial elongation in trans-CuX4Yz type polyhedra 
is still controversial. Because the highest possible site symmetry around the 
central Cu(11) atom would be D&, a first-order Jahn-Teller effect is ruled 
out. Assuming site symmetry of D4h, the second-order Jahn-Teller defor- 
mation takes place only in the CuX4 plane. On the other hand, it is well 
known that d-s mixing leads to effects of the same order of magnitude as 
the first-order ligand field energies. Indeed, this concept has been used to 
explain axial elongation in coordination polyhedra of the type CuX4Y2. 
Interestingly, d-s mixing predicts that the most stabilizing distortion in 
CuX4Y2 type coordination polyhedra can be produced by an asymmetric 
axial elongation. This means that one axial site is weakened more than its 
antipode. This ultimately leads to five-coordination. 

There are some  example^^'-^^ which contain a complex cation of compo- 
sition, [Cu(pyN0)6I2+, where six unidentate pyridine N-oxide molecules 
form an almost regular octahedron about the Cu(I1) atoms. 

Finally, there are several  example^^^-^^* which contain a complex cation 
of composition [CuLzX]+ (L = bipyridine or 1,lO-phenanthroline; and 
X = NO2, NO3 or RCOO) with a fluxional CuN4O2 structure, which was 
described as a pseudo, &distorted, octahedral Cu(1I) stereochemistry 
and consequently these structural variations can be related to the dynamic 
pseudo-Jahn -Teller effect. 
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122 M. MELNiK er al. 

The ligands used range from unidentate to hexadentate, accounting for 
the variations in distortion about the Cu(I1) atoms. The mean Cu-L,, 
bond distances for the unidentate ligands increases in the sequence: 
1.915A(F) < 1.99A(OL) < 2.02A(NL) < 2.31 A(C1) < 2.41 A(Br), which fol- 
lows the covalent radius of the coordinated atom. The mean Cu-Lax bond 
distances are somewhat longer than those of the Cu-L,, bond distances 
and increases in the order: 2.265 A(H) < 2.46 A(H20) < 2.47 &NL) < 
2.56 &OL) < 2.56 &F) < 2.73 &Br) < 2.85 A(C1) < 2.97 &SL). For biden- 
tate ligands, Cu-L,, vs. Cu-Lax bond distances are: 2.05 vs. 2.32A(N) < 
2.06 vs. 2.45&0). For tridentate ligands the values are: 2.00 vs. 
2.325A(O), 2.065 vs. 2.31 A(N) and 2.44 vs. 2.44A(S). The most common 
donor atoms are 0 and N. 

In Table IA are summarized Cu-L bond distances for the trigonal- 
bipyramidal, square-pyramidal and tetragonal-bipyramidal configuration 
about Cu(I1) atoms. In the series of trigonal-bipyramidal configuration, the 
Cu-L,, bond distances are somewhat longer than those of Cu-Lax bond 
distances; in the remaining two configurations (square-pyramidal and 
tetragonal-bipyramidal) the opposite is observed, Cu-L,, bond distances are 
somewhat shorter than those of Cu-Lax. The mean Cu-L,, bond distance 
increases in the sequence: square-pyramidal < tetragonal-bipyramidal < 
trigonal-bipyramidal and Cu- Lax: trigonal- bipyramidal < square-pyr- 
amidal < tetragonal-bipyramidal. 

Other than the ligand donor atoms of the same type, a wide range of 
hetero-donors also exist. There are bidentates: O+N; O+S; N+S and even 
O+C1; tridentates: 20+N; 20+S; 0+2N; 2N+S and 0+2S; tetradentates: 
30+N; 20+2N; 0+3N and 2N+2S; pentadentates: 30+2N; 20+3N; 
0+4N; 4N+S; 2N+3S; 20+2N+S; 0+2N+2S; and hexadentates: 40+2N; 
30+3N; 20+4N; 2N+4S and 20+2N+2S donor atoms. 

TABLE IA Summary of the mean Cu-L, vs. Cu-L,, bond distances 

Coord. Trigonal- 
atom Bipyramid 

(ref. 2) 

Square- 
Pyramid 
(ref. 2) 

Terragonal- 
Bipyramid 

0 2.13 vs. 1.96 
2.23 vs. 2.01 

N 2.04 vs. 2.00 
2.12 vs. 1.995 
2.06 vs. 2.01 

F 
c1 2.32 vs. 2.25 
Br 2.50 vs. 2.43 

1.97 vs. 2.33 
2.01 vs. 2.32 
1.91 vs. 2.26 
2.015 vs. 2.22 
2.005 vs. 2.25 
1.89 vs. 2.50 
2.285 vs. 2.51 
2.41 vs. 2.63 

1.99 vs. 2.51 
2.06 vs. 2.45" 
2.02 vs. 2.47 
2.05 vs. 2.32" 
2.065 vs. 2.3Ib 
1.915 vs. 2.565 
2.31 vs. 2.85 
2.41 vs. 2.13 

"Bidentate ligands. 'Tridentate ligands. 
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COPPER(l1) COMPLEXES, PART I1 123 

An interesting feature of the chelate rings is that the bite angle (the 
angles formed by two donor atoms and the central Cu(I1) atom) may vary 
widely. The effect of both electronic and steric hindrances of the ligands 
can be seen in the opening of the L-Cu-L angles of the respective metallo- 
cyclic rings. The metallocyclic intra-ligand 0-Cu-0 ring angle opens with 
increasing size of the ring, for example: 54.0(7.5; 3.5)" (four-membered) < 
77.5(6.0; 8.0)" (five-membered) < 89.8(4.8; 3.3)" (six-membered) < 90.5" 
(seven-membered). The first number in parenthesis is the mean minus 
the smallest value and the second is the largest value minus the mean. The 
N-Cu-N rings follow this trend: 78.0(5.0; 2.5)" (five-membered, unsatu- 
rated ligands) < 84.5(4.5; 5.5)" (five-membered, saturated ligands) < 
90.2(4.8; 6.3)" (six-membered) < 98.0" (seven-membered). The values for S- 
Cu-S rings are: 86.0(6.4; 3.9)" (five-membered) < 9 0 3  13.7; 13.0)" (six- 
membered) and for 0-Cu-N rings: 52.0(1.5)" (four-membered) < 76.0(8.8; 
3.5)" (five-membered, unsaturated ligands) < 84.0(4.0; 6.0)" (five-mem- 
bered, saturated ligands) < 90.0(6.0; 5.2)' (six-membered) < 99.6' (seven- 
membered) < 101.8' (eight-membered). 

Table IB summarizes L-Cu-L bond angles of the metallocyclic rings for 
tetra-, penta-, hexa- and hepta-coordinate Cu(I1) derivatives. It can be see 
that the L-Cu-L bond angles of the respective metallocyclic rings increase 

TABLE IB  Summary of the L-Cu-L angles["] of the metallocyclic rings" 

Mptulloc~clic 4-Coordinarion2 5-Coordinaiion2 6-Coordinarion 7-Coordinarion 
ring 

4-membered 
0 - c u - 0  64.3 57.6 54.0 51.0 
0-Cu-N - 56.9 52.1 
N-CU-N 67.4 62.0 - 

0-Cu-0  85.0 84.0 77.5 72.0 
0-CU-N 83.0 76.0 
N-Cu-N 7 9 9  80.0b 77 .9  69h 

85.5' 84.5' 84.0' 80C 

5 -inem bered 

~ 

s -cu - s  92.0 88.5 85.0 
s-Cu-0 - 82.5 80.0 
S-CU-N - 85.5 82.5 

0 - c u - 0  93.0 92.0 90.0 
0-CU-N - 92.0 90.0 
N-Cu-N 93.3 95.0 90.5 
N-Cu-S - 91.0 91.5 

N-CU-N 96.0 98.0 98.0 

6-membered 

7 -membered 

"The mean values are tabulated. hUnsaturated ligands. 'Saturated ligands. 
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I 24 M. MELNIK et al 

with increasing covalent radius of the donor atoms and consequently 
decreasing with coordination number about Cu(I1). In general, the mean 
Cu-L bond distance increases with coordination number, which means that, 
at greater Cu-L bond lengths, the angle must be smaller, and at shorter it 
must be larger. The data given in Table IA and IB follow this trend. 

Some hexa-coordinate Cu(I1) compounds were studied at two different 

[ C U ( ~ ~ ) ~ ] S O ~ , ' ~ ~ ~ ~  [ C ~ ( d i e n ) ~ ] ( N O ~ ) ~ ~ ~  and C ~ ( d e b t ) ( N C S ) ~ . l ~ ~  The mean 
Cu-L bond distances decrease with decreasing temperature. Notably, 
[ C ~ ( e n ) ~ ] S 0 ~  is hexagonal at 295KX5 but at 120K is triclinic.86 

There are several examples which contain two monomeric forms 
[C~(ahmi )~ ]  [Cu(ahmiCI3l2 with Cu06 and CuCl30 chromophores; 
[CU(H~O)~]  [ C U ( C & I ~ ~ ~ ) ~ ] ~ ~ ~ ~ ~  with CUO~;, [ C U ( C ~ ~ H ~ ~ N ~ ]  [CuCI4] ' with 
CuN6 and CuC14 chromophores, [ C ~ ( F ~ a c ) ~ ( p y ) ~ ]  [ C ~ ( p y ) ~ ] ( F ~ a c ) ~ ]  137,'50 

with Cu04N2 and CuN402 chromophores; [Cu(croc)(terpy(H20)]- 
[C~(croc)(terpy)].4H20~~~ with the Cu03N3 and CuN302 chromophores. 

Some hexacoordinate Cu(I1) compounds exist in two isomeric forms 
differing mostly by degree of distortion involving both Cu-L distances and 
L-Cu-L angles. For example, C ~ ( N o ~ ) ~ ( a p y ) ~  exists in monoclinicS1 and 
triclinicS2 crystal classes, with the ratios of (Cu-L,,)/(Cu-Lax) (degree of 
tetragonality) at 0.78 and 0.81, respectively. Two monoclinic forms of 
[ C ~ ( p h e n ) ~ ] ( C l O ~ ) ~ ~  differ by unit cell dimensions (Cu-N distances and 
N-Cu-N angles are not given). Another two monoclinic forms, a- and 
P - C ~ ( p i p c ) ~ ( H ~ 0 ) 2 ' ~ ~  differ mostly by unit cell dimensions and by the ratio 
of (Cu-L,,)/(Cu-Lax) with values of 0.835 and 0.76, respectively. The ratio 
in orthorombic216 and monoclinic forms of C~(Clac )~ (Me~en)  are equal to 
0.76. For the C ~ ( N o ~ ) ~ ( E t * e n )  complexes which also exist in m o n o c l i n i ~ ~ ~ ~  
and o r t h ~ r o m b i c ~ ~ '  forms, the ratio is 0.82 and 0.84, respectively. In another 
pair, m o n ~ c l i n i c ~ ~ ~  and orthorombic22x forrns of C ~ ( N o ~ ) ~ ( M e ~ e n ) ,  the ratio 
is 0.82 and 0.77, respectively. A somewhat higher degree of tetragonality 
(0.80) was found for the triclinic brown complex than for the monoclinic 
green complex (0.83) of [C~(papt)~(H~0)~](BF~)~.~~~ For the Cu( 1,3- 
bn)2(C104)2 complex,317 which exists in two monoclinic forms, red violet and 
blue violet, the degree of tetragonality is 0.76 and 0.79, respectively. 

Two crystallographically independent molecules differing by degree of 
distortion and coexisting in the same crystal have been found in several spe- 

In blue cies. 
[C~(en)~]CI~.O.75en'~ three such independent molecules are present. 

Almost all Cu(I1) complexes are blue or green. Exceptions are generally 
caused by strong ultraviolet charge-transfer bands tailing off into the blue 

temperatures, Rb2[CU(H20)6](S04)2,5 [CU(H20)6]SiF6,12 K2Pt[CU(N02)6],71 

15, I6,43,50,67.72.1 12. I4 I ,  187.20 1,208.2 16,220b.236,240,280,359,376.39 1,408,445,485 
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end of the visible spectrum and causing the substances to appear red or 
brown. There are examples, which are red~02,~73,222,249.261,266,277.30~.317,337, 

359,372,374,376,377,385,401,409 as well as brown.9 ~,112,113,187,213,22Oa,2S7,300.37 1,403, 

There are three e x a r n p l e ~ ’ ~ ’ ~ ~ @  which are colourless, and 

Mononuclear hexacoordinate Cu(I1) compounds “prefer” the monoclinic 

407,458.465.47 1,477,482 

even t ~ o ~ ~ , ~ ~ ~  which are black. 

crystal class, then triclinic and orthorombic. 

HEPTACOORDINATE Cu(I1) COMPOUNDS 

Crystallographic and structural data for mononuclear Cu(I1) compounds 
with coordination number seven are collected in Table 11. The structures 
are tabulated by the increasing number of different coordinated atoms 
(ligands). There are eleven  example^^*^-^^^ in ’ which Cu(I1) atoms are sur- 
rounded by seven donor atoms. There are only three types of donor atoms: 
0, N and CI, which form a pentagonal bipyramidal geometry about Cu(I1). 
There are no examples with unidentate ligands. The most prevalent struc- 
ture involves Cu(I1) surrounded by three ligands (one pentadentate and two 
unidentate) in the form of a distorted pentagonal bipyramid, the equatorial 
plane of which consists of a pentadentate ligand and apical positions are 
occupied by unidentate ligands.486,487,490~492,494,495 In [Cu(shb)l2+, the 
hepradentate N-donor ligand sbh creates a distorted pentagonal bipyramid 
about the Cu(I1) atom.488 In [ C U ( N O ~ ) ~ ] ~ - ,  the Cu(I1) is surrounded by 
four ligands (three bidentate and one unidentate) again in the form of a 
distorted pentagonal b i ~ y r a m i d . ~ ’ ~  Finally, in C ~ ( N 0 ~ ) ~ p y ~  a distorted 
pentagonal bipyramid is formed by two bidentate NO3 groups and three 
unidentate pyridine molecules.493 

Inspection of the data in Table I1 reveals that Cu-L,, bond distances 
except [Cu(dapsc)(H20)C1]+ (see Ref. 495) are shorter than the Cu-L,, 
bond distances, consistent with the two apical sites of a pentagonal bipyr- 
amid being less sterically hindered than the five equatorial sites. The mean 
Cu-La, vs. Cu-L,, bond distances are: 2.06 vs. 1.98A(NL); 2.40 vs. 
2.21 &bidentale 0 donors); 2.43 vs. 1.995 A(heptadentate N donors); 2.35 
vs. 2.40 A(C1). The mean Cu-OH2,,,, bond distance is 1.93 A and Cu-0,, 
bond distance (pentadentate) is 2.25 A. 

Another factor of interest is the sum of all interatomic distances around 
Cu(II), the observed values ranging from 14.96 to 15.97A with an average 
value 15.5 A. The sum increasing from 15.0A in Cu07, through 15.1 in 
CuOgN2 to lS.9A in CuOsC12, which corresponds well with the increasing 
size of the atoms of the coordinated ligands. 
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One of the important shape characteristics for describing a pentagonal 
bipyramidal geometry is the ratio of bond distances (M-Lax)/(M-L,,). The 
ratio ranges from 0.84 to 0.93 for the series in which the mean Cu-L,, 
bond distance is longer than that of Cu-Lax; but in [Cu(dapsc)(H20)C1]+ 
where Cu-L,, < Cu-Lax the ratios are 1.04 and 1.15. 

However, we also note that any distortions from ideal geometry will be 
reflected in the value of the bond angles: L,,-M-L,,; Lax-M-L,,; L,,- 
M-L,,. In the ideal pentagonal bipyramid, the values of these angles 
are: L,,-M-L,, 90", L,,-M-L,, 180" and L,,-M-L,, 72 and 144", 
respectively. 

Inspection of the data in Table I1 reveals that L,,-Cu-L,, angles in the 
pentagonal base differ from the ideal pentagonal angles of 72 and 144" 
respectively, by twenty degrees for the former and by ten degrees for the 
latter, the observed values ranging from 50.0 to 91.4" with an average value 
of 72.5", and from 134.2 to 152.9' with an average value of 143", respec- 
tively. Smaller L,,-Cu-L,, angles occur between the intraligand coordi- 
nated atoms while the larger ones involve interligand bonded atoms. The 
Lax-Cu-L,, bond angles ranging from 44 to 99" with an average value of 
86". The average value of 176" for L,,-Cu-L,, angles (range from 165 to 
1 SOo) is again smaller than in the ideal pentagonal bipyramid (1 80"). These 
smaller/larger angles reflect significant deviation from ideal pentagonal 
biyramidal geometry. 

The metallocyclic intraligand 0-Cu-0  ring angle opens with increasing 
size of the ring: 5l0(four-membered) < 72' (five-membered). For five-mem- 
bered metallocyclic rings, N-Cu-N angles are 69" (for unsaturated ligand) 
and 80" (for saturated). One would expect that at the greater size of the 
chelate ring, the M-L bond lengths would be somewhat shorter. The data 
presented in Table 11, show this trend. For example, the mean Cu-0  bond 
distance of 2.37 A for four-membered chelate rings is about 0.11 A longer 
than the mean Cu-0 bond distance (2.26 A) for a five-membered chelate 
ring. The mean values of L-Cu-L bond angles of the metallocyclic rings 
found for seven-coordinate Cu(I1) derivatives are smaller that those of six-, 
five- and four-coordinated (Table JB). 

It is well known, that coordination number seven is unusual for Cu(lI), 
but there is an example, [Cu(C10H~00s)(H20)](N03)2,487 which contains 
ten crystallographically independent molecules differing by degree of dis- 
tortion in the same crystal, a rarity in the complex chemistry of Cu(I1). 

There are two examples, which contain two non-equivalent forms, the 
[Cu( I~-C~OW~-~)(M~CN)~[CU~CI~]~~~ a monomeric cation with the CuOSNz 
chromophore and a trimeric complex [ C U ~ C I ~ ] ~ -  anion in which each 
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130 M. MELNIK er al 

Cu(I1) is a tetrahedral coordinated by four chlorine atoms and [Cu(15- 
crown-5)(MeCN)Cl]~[C~Cl~]~~~~~~~ consists of complex cation, where Cu(I1) 
is surrounded by seven donor atoms (Cu05NCl) and a dimeric complex 
[CuC13]- anion, with a pseudo-tetrahedrally coordinated Cu(I1) atom. 
Hepta-coordinate Cu(I1) compounds are mostly red (orange) and by far 
“prefer” a monoclinic crystal class (Table 11). 

OCTACOORDINATE Cu(I1) COMPOUNDS 

Coordination number eight is rare for transition elements and especially for 
Cu(I1). There are four e ~ a m p l e s ~ ~ “ ~ ’ ~  for which crystallographic and 
structural data are given in Table 11. There are two principal ways in which 
a cube may become distorted, square antiprism (symmetry Da) and dode- 
cahedron (symmetry &). The second distortion (all four examples belong 
to this class) can be best understood by recognizing that the cube is com- 
posed of two interpenetrating tetrahedra. The distortion occurs when the 
vertices of one of these tetrahedra are displaced so as to decrease the two 
vertical angles, that is, to elongate the tetrahedron, while the vertices of the 
other one are displaced to produce a flattened tetrahedron. It is important 
to note that its vertices (symmetry &), are not all equivalent but are divi- 
ded into two bisphenoidal sets, those within each set being equivalent; 
Table I1 shows this for Cu(I1) examples. All  example^^^"^^' contain biden- 
tate ligands in which the two coordinated atoms are very close together. In 
these, the close pairs of ligand atoms lie on the m edges of the dodecahe- 
dron; these edges are the very short. The mean values of the two sets of 
Cu-0 bond distances are 1.96 and 2.75 A, respectively. 

CONCLUSIONS 

This review has classified almost six hundred six-, seven- and eight-coordi- 
nate Cu(I1) coordination compounds which have been characterized by 
X-ray (neutron) diffraction. There are five hundred and fifty examples 
which are six-coordinate, and from the three principal forms of distortion 
of the octahedron, all occur in the chemistry of Cu(I1) in varying degrees. 
The tetragonal distortion most commonly involves an elongation of one C4 
axis. In the series of heptacoordinate Cu(I1) compounds only a pentagonal 
bipyramidal geometry around Cu(I1) is observed. For Cu(I1) octacoordi- 
nate complexes only a dodecahedra1 configuration is found. 
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The ligands in these complexes are homo- and hetero-donors. The for- 
mer are uni-, bi-, tri-, tetra-, penta-, hexa- and even heptadentate; the latter 
are bi-, tri-, tetra-, penta- and hexadentate. The 0- and N-donor ligands 
are most prevalent along with chloride. In general, the mean Cu-L,, bond 
distance is shorter than that for Cu-Lax in the series of six-coordinate com- 
plexes, but for seven-coordinate complexes and for some six-coordinate 
complexes the opposite is observed. In both series, there are some excep- 
tions, which were discussed in the respective sections, and will not be 
repeated here. 

We compared six-coordinate with five-coordinate Cu(I1) compounds2 
and found that the mean Cu-L,, bond distance increases as follows with con- 
figuration around Cu(I1): square-pyramidal < tetragonal-bipyramidal < 
trigonal-bipyramidal; and Cu-Lax bond distance: trigonal-bipyramidal < 
square-pyramidal < tetragonal-bipyramidal. In general, distortion around 
Cu(I1) increases in the order: trigonal-bipyramidal < pentagonal-bipyr- 
amidal; and square-pyramidal < tetragonal-bipyramidal. 

The effect of both electronic and steric hindrance of the ligands can be 
seen in the opening of the L-Cu-L angles of the respective metallocyclic 
rings. There is an impressive correlation between the Cu-L bond length 
and bite angle, at greater Cu-L bond lengths the angle is smaller and vice 
versa. The four- and five-membered rings are relatively rigid; however six- 
and higher-membered rings show more flexibility. In general, the mean 
values of the L-Cu-L bond angles of the respective metallocyclic rings, 
open with a decrease of coordination number about Cu(I1) and with an 
increase of covalent radius of the donor atom/ligand. 

which 
exist in two isomeric forms, differing mostly by degree of distortion. Two 
crystallographically independent molecules differing by degree of distor- 
tion and coexisting in the same crystal have been found in several 

In 
[ C ~ ( e n ) ~ ] C l ~  . 0.75enS6 three such molecules are present and in 
[CU(CIOH~~O~)(H~O)~](NO~)~~~~ ten exist. The coexistence of two or even 
more species differing only by degree of distortion within the same crystal 
is typical of distortion isomerism.500 

The influence of temperature on degree of distortion of structures has 
been reported for some There are exam- 
ples18.19330.1 11,'3731503422 which contain two non-equivalent monomeric spe- 
cies. In [Cu( 15-~rown-S)(MeCN)~] the monomeric complex 
cation contains about the Cu(I1) a pentagonal bipyramid (Cu05N2) and 
the trimeric complex anion has a tetrahedral (CuC14) arrangement. In 

There are several examples20.?1 ,5 I .52.90.I56,216,2 I7,224.225,227.228.300,3 17 

species. 15.16.43.50.67.72, I I2.14l,I87.20 I .208.216.220b,236.240,280,359,376,39 1,408,445,485 
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[Cu( 1 5-crown-S)(MeCN)Cl] [Cu2C16]490349' besides the monomeric complex 
cation (Cu05N2), there is also the dimeric complex anion (CuC14). 

Cu(I1) compounds are mostly blue or green; there are also examples of 
red and brown. The majority have a monoclinic crystal class, but triclinic 
and orthorhombic are also observed. 

Relationships between the various structural parameters have been dis- 
cussed within each section. 

This review, together with its precursor for four- and live-coordinate 
mononuclear Cu(I1) compounds,' represents the first overview of structural 
data for over one thousand eight hundred mononuclear Cu(I1) derivatives. 
In collecting and organizing the data it has become clear that despite the 
increasing availability of data retrieval systems, the tracing of relevant 
material is not always a straightforward task. One of the problems appears 
to be associated with the choice of keywords for indices, resulting in the 
effective invisibility of some material from a particular point of view. Some 
of the data is only available as supplementary material. and this can lead to 
overlooking of relevant structural features for comparative purposes. In 
view of the limitations inherent in information retrieval, we believe that 
such reviews will continue to serve a useful function by crystaHizing avail- 
able material, and delineating areas of both interest and weakness. Related 
reviews on the dimeric, as well as oligomeric and polymeric derivatives of 
Cu(I1) are currently in progress. 

Acknowledgement 

The authors wish to thank the Ministry of Education of the Slovak Repub- 
lic for financial support. 

References 

[I] C.E. Holloway and M. Melnik (1995). Rev. Inorg. Cliem., 1.5. 147. 
[2] M. Melnik, M. KabeSova, M. Dunaj-JurEo and C.E. Holloway (1996). J .  Coord. Clirm., 

[3] M. Dunaj-JurEo, G. OndrejoviE. M .  Melnik and J. Garaj (1988). Coord. Chem. Rev., 

[4] J. Whitnall, C.H.L. Kennard. J.K. Nimmo and F.H. Moore (1975). Crjsst. Struct. 

[5] G .  Smith, F.H. Moore and C.H.L. Kennard (1975). Cryst. Stritct. Cotnmitn., 4,407. 
[6] K.G. Shields, J .J .  van der Zee and C.H.L. Kennard (1972). Cryst. Struct. Commuti.. 1. 371. 
[7] D.J. Robinson and C.H.L. Kennard (1972). Cryst. Strirct. C'ommitn.. 1 ,  185. 
[S] K.G. Shields and C.H.L. Kennard (1972). Crvst. Struct. Cotiintun., 1, 189. 
[9] H. Montgomery and E.C. Lingafelter (1966). Acta Crytnllogr., 20, 659. 

in press. 

83, I .  

Cnmtnun., 4, 709. 

[lo] G.M. Brown and R. Chidambaram (1969). Actn Crystullogr., Sect. B, 2.5. 676. 
[ I  I] E. Dubler, P. Korber and H.R. Oswald (1973). Acta Crytullogr., Sect. B, 29. 1929. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



COPPER(I1) COMPLEXES, PART I1 133 

[12] B.Ya. Sucharevskij, F.A. Bojko, A.M. Bykov, V.E. Ganenko, E.O. Cybulskij and 
G.E. Shatalova (1981). Dokl. Akad. Nauk SSSR, 256, 1390. 

[I31 M.T. Averbuch-Pouchot and A. Durif (1989). Acta Crystallogr., Sect. C, 4546 .  
[I41 T. Glowiak and 1. Podgorska (1986). fnorg. Chim. Acta, 125, 83. 
[15] E. Benedetti, A. Bavoso, B. Di Blasio, V. Pavone and C. Pedone (1986). Inorg. Chim. 

[16] C. Couldwell, K. Prout, D. Robey, R. Taylor and F.J.C. Rossotti (1978). Acta Crystal- 

[I71 G. Bernadinelli, E.A.C. Lucken and M. Costines (1991). Z. Kristallogr., 197, 217. 
[18] C.H.L. Kennard and G. Smith (1989). 2. Kristallogr., 188,63. 
[19] W. Honghui, Z. Naijue, F. Heng, L. Roncchang and W. Kui (1988). Sc. Sin., Ser. B, 

[20] D. Taylor (1975). Aust. J .  Chem., 28, 2615. 
[21] D. Taylor (1978). Aust. J. Chem., 31, 713. 
[22] C.Y. OConnor, E. Sinn and R.L. Carlin (1977). Inorg. Chem., 16, 3314. 
1231 C.P. Keijzers, R.K. McMullan, J.S. Wood, G. van Kalkeren, R. Srinivasan and E. 

[24] Ch.J. O’Connor, E. Sinn, T.L. Fariss and B.S. Deaver Jr. (1982). J .  Phys. Chem., 

[25] R.O. Day and J.S. Wood (1981). Cryst. Struct. Commun., 10,255. 
[26] J.S. Wood, C.P. Keijzers and R.O. Day (1984). Acta Crystallogr., Sect. C ,  40,404. 
[27] J.S. Wood, R.O. Day, C.P. Keijzers, E. de Boer, A.E. Yildirim and A.A. Klaassen 

[28] P. Lemoine and P. Herpin (1980). Acta Crystallogr., Sect. B, 36, 2772. 
[29] L.P. Battaglia, A. Bonamortini Corradi, L. Menabue, M. Saladini and M. Sola (1987). 

[30] S.S. Kukalenko, Yu.T. Struchkov, C.I. Shestakova, A.G. Cybulevski, A.S. Bacanov and 

[31] F. Chdrbonnier, A. Faure and H. Loiseleur (1977). Actu Crystullogr., Secr. B, 33, 1845. 
[32] D.A. Langsand C.R. Hare(1967). J .  Chem. Soc., Chem. Commun., 853. 
[33] N.I. Kirillova, N.G. Iroshnikova, N.P. Zuikova, V.I. Stank0 and Yu.T. Struchkov 

[34] Y.P. Mascarenhas, 1. Vencato and L. Tosi (1987). J .  Cryst. Spectr. Res., 17, 633. 
[35] J.G. Fornest, C.K. Prout and F.J.C. Rossotti (1966). J .  Chem. Soc., Chem. Commun., 658. 
[36] P. Knuuttila (1982). Actu Chem. Scund, Ser. A ,  36, 767. 
[37] K. Prout, P.J. Grove, B.D. Harridine and J.C. Rossoti (1975). Acta Crystallogr., Sect. B, 

[38] Ch. Arnaud, R. Faure and H. Loiseleur (1986). Acta Cryslallogr., Sect. C, 42, 814. 
[39] G. Smith, E.J. O’Reilly, C.H.L. Kennard, K. Stadnicka and B. Oleksyn (1981). Inorg. 

[40] J.H. Miller, J.E. Powell, R.A. Jacobson and S. Kulprathipanja (1976). Inorg. Chim. 

[41] G. Marcotrigiano, G.C. Pellacani, L.P. Battaglia and A. Bonamartini Corradi (1976). 

[42] M.R. Udupa and 3. Krebs (1978). fnorg. Chirn. Acfa, 31, 251. 
[43] G.1. Dimitrova, A.V. Ablov, G.A. Kiosse, G.A. Popovich, T.1. Malinovskij and 

1.F. Burshtejn (1974). Dokl. Akad. Nauk SSSR, 216, 1055. 
[44] T.M. Polyanskaya, V.V. Bakakin and 1.1. Zviedre (1982). Zh. Strukt. Khim., 23, 117; 

Engl. Ed., p. 96. 
[45] C.K. Prout, J.R. Carruthers and F.J.C. Rossotti (1971). J .  Chem. Soc. A, 554. 
[46] E.J. O’Reilly, G. Smith and C.H.L. Kennard (1984). fnorg. Chim. Acta, 90, 63. 

Acta, 123, 155. 

logr., Sect. B, 34, 1491. 

31, 20. 

de Boer (1982). Inorg. Chem., 21,4275. 

86, 2369. 

(1981). Inorg. Chem., 20, 1982. 

J .  Chem. Soc., Dalton Trans., 1333. 

E.B. Nazarova (1983). Koord. Khim., 9, 306. 

(1975). Zh. Strukt. Khim., 16, 616; Engl. Ed., p. 573. 

31, 2047. 

Chim. Acta, 47, I I 1 .  

Actu, 18, 25. 

Crysf. Srruct. Commun., 5, 923. 

[47a] L.P. Battaglia, A. Bonamartini Corradi, G. Marcotrigiano, L. Menabue and G.C. Pellacani 

[47b] H.  Knuuttila and P. Knuuttila (1983). Actu Chem. Scand., Ser. A ,  37, 227. 
(1981). Inorg. Chem.,20,1075. 

[48] M.B. Cingi, C. Guastini, A. Musatti and M. Nardelli (1969). Acra Crystullogr.. Sect. B, 

[49] E. Kwiatkowski, B. Koscuiszko, A. Konic and U. Dettlaff-Weglikowska (1991). Z. 
25, 1833. 

Kri s tdogr . ,  194, 281. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



134 M.  M E L N ~ K  et a/. 

[SO] C.K. Prout, R.A. Armstrong. J.R. Carruthers. J.G. Forrest, P. Murray-Rust and F.J.C. 

1511 C. Brassy, J.P. Mornon, J .  Delettre and G. Lepicard (1974). Acta Crysrallogr.. Sect. B, 

[52] C.  Brassy, A. Renaud, A. Delettre and J.P. Mornon (1974). Acta Crystallogr., Sect. B, 

[53] V.H. Sabinov, A.S. Bacanov. Yu.T. Struchkov and M.A. Arizov (1983). Koord. Khim., 

I541 M.S. Hussain, M.D. Joesten and P.G. Lenhert (1970). Inorg. Chem., 9, 162. 
[55] M.I. Bruce, J.K. Walton, M.L. Williams, J.M. Patrick, B.W. Skelton and A.H. White 

[56] M. Herceg, P. Bronzan-Planinic, H.  Meider and B. Matkovic (1986). Polyhedron, 5 ,  

[57] M.B. Ferrari, G.F. Gasparri, C. Pelizzi and P. Tarasconi (1986). Actu Crystallogr., 

[58] Xiao-Ming Chen and T.C.W. Mak (1992). Pol~vhedron, 1 I ,  2567. 
[59] H.  Paulus, H.  Fuess. P. Baran and D .  Valigura ,(1992). 2. Krbtallogr.. 202, 140. 
[60] B.M. Antti. B.K.S. Lundberg and N.  Ingri (1972). Acta Cheni. Scund., 26. 3984. 
[61] M.D. Joesten, M.S. Hussain and P.G. Lenhert (1970). Inorg. Cheni., 9. 151. 
[62] P.T. Miller, P.G. Lenhert and M.D. Joesten (1973). Inorg. Chem., 2, 218. 
[63] D.E. Fenton. M.K. Truter and B.L. Vickery (1971). J .  Chem. Soc., Chem. Comniun., 93; 

M.R. Truter and B.L. Vickery (1972). J .  Cheni. Soc., Dalton Trans., 395. 
[64] P.T. Miller, P.G. Lenhert and M.D. Joesten (1972). Inorg. Chem., 11, 2221. 
[65] K.B. Yacimirskij, Yu.T. Struchkov. A.S. Bacanov and E.I. Sinyavskaya (1983). KOcJrd. 

[66] D. Gatteschi, J. Laugier. P. Rey and C. Zanchirii (1987). Inorg. Chem., 26, 938. 
1671 R.C. Bott, D.S. Sagatys, D.E. Lynch, G. Smith. C.H.L. Kennard and T.C.W. Mak 

[68] S.J. Shieh. Ch.M. Che and S.M. Peng (1992). Inovg. Chiin. Acra, 192, 151. 
[69] D.L. McFadden, A.T. McPhail. C.D.  Garner and F.E. Mabbs (1975). J .  Chenr. Soc.. 

[70] S. Takagi, P.G. Lenheri and M.D. Joesten (1974). J .  Ani. C'hcrn. SO(., 96, 6606. 
1711 M.D. Joesten, S. Takagi and P.G. Lenhert (197'7). Inorg. Chvni,. 16, 2680. 
[72] S. Takagi, M.D. Joesten and P.G. Lenhert (1975). J .  Am. Chrnz. Soe.. 97. 444; Acru 

[73] S. Takagi, M.D. Joesten and P.G. Lenhert (1976). Actn C'rystullogr., Scct. B. 32, 326. 
[74] S.  Takagi, M.D. Joesten and P.G. Lenhert (1975). Acru C'rj,stu(logr., Sect. B, 31. 596. 
[75] S. Takagi. M.D. Joesten and P.G. Lenhert (1976). Acra Cr~.c.tallogr.. Swt. B, 32, 2524. 
1761 N.V. Pervukhina, N.V. Podberezskaya, I.V. Davydova, N.V. Kislykh and Yu.A. Dyadin 

[77] V.N. Biyushkin, V.I. Gerasimov, V.A. Neverov, K.F. Belyaeva, V.N. Shafranskij and 

[78] M. KabeSovl and 2. KoziSkovi (1992). Collect. Czech. Chein. Coinnnm.. 57, 1269. 
1791 A. Sedov, M.  KabeSova, M. Dunaj-JurEo, J. Gaio and J. Garaj (1982). Koorci. Khim., 8, 

1062; A. Sedov. M. Dunaj-Juri-o. M. KabeSova, J .  Gaio and J. Garaj (1982). Inorg. 
Chinr. Actn, 64, L257. 

Rossotti (1968). J .  Clzenz. Soc. A,  2791. 

30, 2500. 

30, 2246. 

9, 1701. 

( I  983). J .  Cheni. SOC.. Dalton Trans., 8 15. 

2013. 

Sect. C,  42, 1148. 

Khini., 11, 826. 

(1991). .4usl. J .  Cl7em.. 44, 1495. 

Dalton Truns., 263. 

Cr?~sial/ngr.. Sw[.  B. 32, 1278. 

(1992). J .  Incli~de. Pheirom. Mol. Recog. Chem., 13, 9. 

I .A .  Popa (1991). Koovrl. Khim.. 17, 1 1  15. 

[80] D.L. Kozlowski and D.J. Hodgson (1975). J .  Cheni. Soc., Dalton Troru., 55. 
[Sl]  J. Korvenranta and A. Pajunen (1970). Szrom. Kemisrilehti B, 43, 119. 

[82a] A. Pajunen and I. Belinskij (1970). Suom. Kemistilelrti B. 43. 70. 
[82b] S. Ferrer, J.G. Haasnoot, R.A.G. de Graaff. J. Reedijk and J. Borras (1992). Inorg. 

1831 J.P. Cornelissen. J.H. van Diemen, L.R. Groeneveld, J.G. Haasnoot. A.L. Spek and 

1841 P.L. Dedert. J.S. Thompson, J.A. lbers and T.J. Marks (1982). hmrg. Chenr., 21, 969. 
[85] D.L. Cullen and E.C. Lingafelter (1970). Inorg. Chem.. 9, 1858. 
[86] 1. Bertini, P. Dapporto, D. Gatteschi and A. Scozzafava (1979). J .  Chenz. Soc., Dalron 

C/iiin. Acta, 192, 129. 

J .  Reedijk (1992). Inorg. Chenr., 31, 198. 

Trans., 1409. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



COPPER(I1) COMPLEXES, PART I1  135 

[87] T. Okamoto, K. Matsumoto and H. Kuroya (1970). Bull. Chem. SOC. Jpan., 43, 1915. 
[88] O.P. Anderson (1972). J .  Chem. Soc., Dalton Trans., 2597. 
[89] O.P. Anderson (1973). J .  Cheni. Soc., Dalton Trans., 1237. 
[90] M.T. Gerland and E. Spodine (1977). J .  Cryst. Mol. Strucf., 7, 207. 
[91] A. Bencini, S. Midollini and C. Zanchini (1989). Inorg. Cheni., 28, 1963. 
1921 L. Soto, J. Garcia, E. Escriva, and J.P. Legros (1992). Polyhedron, 11,647. 
[93] F.S. Stephens (1969). J .  Chem. Sor. A, 883. 
[94] A. Murphy, J. Mullane and B. Hathaway (1980). Inorg. Nucl. Chem. Letters, 16, 129. 
[95] M. Duggan, B.J. Hathaway and J. Mullane (1980). J .  Chem. SOC., Dalton Truns.. 690. 
1961 R. Allmann. W. Henke and D. Reinen (1978). Inorg. Cheni., 17, 378. 
(971 J.V. Folgado, W. Henke, R. Allmann, H. Stratemeier. D. Beltran-Porter, T. Rojo and 

[98] M.I. Arriortua, T. Rojo, J.M. Amigo, G. Germain and J.P. Declercq (1982). Aria 

[99] A.D. Beveridge, A.J. Lavery, M.D. Walkinshaw and M. Schroder (1987). J .  Chem. Soc.. 

[IOO] K. Hegetschweiler, V. Gramlich, M. Ghisletta and H. Samaras (1992). Inorg. Chem., 

[IOI] D. Marcos. R.  Martinez-Manez, J.V. Folgado. A. Beltran-Porter, D. Beltran-Porter and 

[I021 R.I. Sheldon, A.J. Jircitano, M.A. Beno, J.M. Williams and K.B. Mertes (1983). J .  Am. 

[I031 A. Murphy, B.J. Hathaway and T.J. King (1979). J .  Chem. Soc., Dalton Teans., 1646. 
[I041 N. Kitajima. Y. Moro-oka, A. Uchida, Y. Sasada and Y. Ohashi (1988). Acta 

[I051 J.H. Ammeter, H.B. Burge, E. Gamp, V. Meyer-Sandrin and W.P. Jensen (1979). Inorg. 

[lo61 A. Astley, A.J. Canty, M.A. Hitchman, G.L. Rowbottom, M.W. Skelton and A.H. 

[I071 H.P. Berends and D.W. Stephan (1984). Inorg. Chim. Acta, 93, 173. 
[I081 J .  Faus, M.  Julve, J.M. Amigo and T. Debaerdemaeker (1989). J .  Chem. Sac.. Dalton 

Trans., 1681. 
[lo91 F. Paap, W.L. Driessen, J. Reedijk, M. Dartmann and B. Krebs (1986). Inorg. Chim. 

Acta, 121, 185. 
[ I  101 P.J.M.W.L. Birker, S. Gorter, H.M.J. Hendriks and J. Reedijk (1980). Inorg. Chin?. 

Acta, 45, L63; P.J.M.W.L. Birker, H.M.J. Hendriks, J. Reedijk and G.C. Verschoor 
(1981). Inorg. Chem., 20, 2408. 

D. Reinen (1990). Inorg. Chem., 29, 2035. 

CrystalloGgr., Sect. B, 38, 1323. 

Dalton Trans., 373. 

31. 2341. 

A. Fuertes (1989). Inorg. Chin?. Acta, 159, 1 1. 

Chern. Soc., 105, 3028. 

Crystullogr., Sect. C, 44, 1876. 

Chem., 18, 733. 

White (1991). J .  Chem. Soc., Dalton Trans., 1981. 

[I  I I] G.R. Newkome, V.K. Majestic and F.R. Fronczek (1983). Inorg. Chim. Acta, 77, L47. 
[ I  121 W.N. Setzer. C.A. Ogle, G.S. Wilson and R.S. Glass (1983). Inorg. Chem.. 22, 266. 
ill31 R.S. Glass, L.K. Steffen, D.D. Swanson, G.S. Wilson, R. de Gelder. R.A.G. Graff and 

J. Reedijk (1993). Inorg. Chim. Acta, 207, 241. 
[I141 M.D. Poojary, N.S. Begum, H. Manohar and R. Bau (1985). J .  Chem. SOC., Cheni. 

Commun., 821; N.S. Begum, M.D. Poojary and H. Manohar (1989). J .  Cheni. Soc., 
Dalton Trans., 1507. 

[ I  151 E. Sletten and B. Thorstensen (1974). Acta Crystullogr., Sect. B, 30,2438. 
[ I  161 Yun-Ti Chen, Hen-Qian Liu, Jing-Jiang Liu. Xan-He Bu. Jin-Ling Wang, Li-Juan 

Zhang and Fang-Ming Miao (1992). J .  Coord. Chem.. 25,43. 
[ I  171 M.H. Dickman and R.J. Doedens (1983). Inorg. Chem., 22, 1591. 
[ I  181 J. Rodgers and R.A. Jacobson (1975). Inorg. Chim. Acta, 13, 163. 
[119] F.G. Kramarenko, T.N. Polynova, M.A. Poraj-Koshits, V.P. Chalyj, G.N. Kypriyanovd 

[I201 M.H. Dickmanand R.Y. Doedens (1983). Inorg. Chem., 22, 1591. 
[I211 M. Mikuriya, K. Kushida, H. Otawa and H. Qshio (1989). Inorg. Chim. Acta, 159, 149. 
[122] S. Bamidele Sanni. H.J. Behm, P.T. Beurskens, G.A. van Albada, J. Reedijk, A.T.H. 

Lenstra, A.W. Addison and M. Palaniandavar (1988). J .  Chem. Soc., Dalton Trans.. 
1429. 

[123] S.I. Troyanov, I.V. Morozov, Yu.M. Korenev and L.N. Holodkovskaja (1990). 
Zh. Neorg. Khim., 35, 3097. 

and L.I. Martynenko (1973). Zh. Strukt. Khim., 14,741. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



136 M. MELNIK e /  al 

[I241 S.I. Troyanov, I.V. Morozov and Yu.M. Korenev (1992). Zh. Neorg. Khim., 37. 380. 
[I251 E. Sletten and M. Ruud (1975). Acta Crystallogr., Seci. B, 31, 982. 
[ I  261 A.N. Shnulin, R.A. Kiguradze, G.V. Cinceadze, T.I. Civcivadze, N.Sh. Chigogidze and 

F.N. Mamedova (1991). Koord. Khirn., 17, 168. 
[I271 E.B. Shamuratov, A.S. Batsanov, Yu.T. Struchkov, A.N. Yunuskhodzhaev, 

A.F. Dusmatov and V.Kh. Sabirov (1990). Koord. Kltim., 16, 1526; Engl. Ed., p. 813. 
[I281 S.Z. Haider. K.M.A. Malik, K.J. Ahmed, H. Hess, H.  Riffel and M.B. Hursthouse 

(1983). Inorg. Chim. Acio, 72. 21; (1981). ibid., 56, L37. 
[I291 E.J. Dirks. J.G. Haasnoot, A.J. Kinneging and J .  Reedijk (1987). Inorg. Chem., 26, 1902. 
[I301 S. Mangoni and P. Qrioli (1987). J .  Chem. Soc., Dalton Trans., 2999. 
[I311 E. Sletten and K. Kaale (1977). Acia Crystallogr., Sect. B. 33, 158. 
[ I  321 W.S. Sheldrick and P. Bell (1987). Z .  Naiurfctrsch., 42b, 195. 
[I331 M.J. Begley. P. Hubberstey and Ch.H.M. Moore (1985). J .  Chem. Research ( S ) .  378- 

[ I  341 A.N. Shnulin. R.A. Kigurddze, G.V. Tsintsadze, T.I. Tsivtsivadze. N.Sh. Chigogidze and 

[I351 J.L. Atwood, G.W. Orr, F. Hamada. R.L. Vincent, S.G. Bott and K.D. Robinson 

[I361 M.J. Jedrzejas, R.L.R. Towns. R.J. Baker, S.A. Duraj and A.F. Hepp (1993). Acta 

[I371 J.A. Pretorius and J.C.A. Boeyens (1980). J .  Inorg. Nircl. Chem.. 40, 1745. 
[I381 L.P. Battaglia, A. Bonainartini Corradi. G. Marcotrigiano, L. Menabue and 

[I391 M.A. Bernard, M.M. Borel. F. Busnot and Leclaire (1979). Rev. CItim. Miner., 16, 124. 
[I401 H. Knuuttila and P. Knuuttila ( 1983). Acta C/iem. Scand., Ser. A .  37. 227. 
[I411 G.V. Tsintsadze, R.A. Kiguradze and A.N. Shnulin (1985). Zh. Strirct. Khim.. 26, 104: 

[I421 K.  Al Sarraj. J. Gouteron, S. Jeannin and Y. Jeannin (1987). Actu Crystallogr., Sect. C. 

[I431 G.V. Tsintsadze, R.A. Kiguradze, A.N. Shnulin and Kh.S. Mamedov (1986). Zh. Strukt. 

[I441 G.V. Tsintsadze. R.A. Kiguradze. A.N. Shnulin, KhS.  Mamedov, E.A. Cion and 

[I451 E. Dubler, G.  Hanggi and Schmalle (1992). Inorg. Chiw. ,  31. 3728. 
[146] A. Corradi Bonamartini. S. Bruiii, F. Cariati, A.P. Battaglia and G .  Pelosi (1993). Innrg. 

[I471 E. Sletten and G. Erevik (1977). Actti Crystalhgr.. Sect. B, 33, 1633. 
[I481 Chdn-Cheng Su, Hwei-Lien TSdi, Fu-Hsiang KO, Sue-Lein Wang and Chih-Y1 Cheng 

[I491 H. Nakai, S. Ooi and H.  Kuroya (1977). Bull. Chem. Soc. Jpn.,  50. 531. 
[I501 J.A. Pretorius and J.C.A. Boeyens (1978). J .  Inorg. N i r d .  Client., 40, 1745. 
[I511 M.M. Borel. L. Boniak, F. Busnot and A. Leclaire (1978). Rrv. Cl7im. Mincr., 15. 397. 
[I521 A. Tdkenaka, H. Utsumi. T. Yamamoto, A. Furusaki and I .  Nitta (1970). J .  Cheni. So(,.. 

[I531 G.T. Amirov, G.K. Abdullaev and K1i.S. Mamedov (1975). Zh. Strutit. Khim.. 16, 499; 

[I541 J.P. Aune, P. Maldonado, G. Larcheres and M. Pierrot (1970). J .  Chrni. Soc., C h i .  

(1551 R. Faure, H .  Loiseleur and G. Thomas-David (1973). A r t a  Cry.?/ollogr., Set/. B, 

[I561 H.M. Haendler (1985). Act0 Cry.?iu//ogr.. Sect. C', 41, 690. 
[I571 Ch.L. Klein, R.J. Majeste, L.M. Trefonas and Ch.J. O'Connor (1982). Inorg. Cheni., 

[I581 A. McL. Mathieson and H.K.  Welsh (1952). Acfa  CrjstaNogr., 5. 599. 
[I591 M.A.R. Molina. J.D.M. Ramos, J .  de D.L. Gonzalez and C.V. Calahorro (1983). 

Anrr. Quim., 79. 200. 

379. 

F.N. Mainedova (1991). Koord. Khim.. 17, 168; Engl. Ed., p. 83. 

(1992). J .  Incl. Phenoni., Mol. Rec.. 14. 37. 

Crystallogr., Sect.  C, 49, 538. 

G.C. Pellacani (1978). J .  A m .  Chenz. Soc., 102, 2663. 

Engl. Ed., p. 104. 

43. 1261. 

Khim., 27, 10 I ; Engl. Ed., 9 1 . 

Gverdciteli (1986). Z / I .  Strukt. Khim.. 27, 123. 

Chim. Acta. 205, 99. 

(1991). Inorg. Chim. Acta, 186. 171. 

Jpn. Purc Client., 91. 928. 

Engl. Ed., p. 471. 

Cotnmun., 135 I ;  G. Larcheres and M. Prierot (1'971). Acta Crj'stallogr., Sect. B, 27, 442. 

29, 1890. 

21. 1891. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



COPPER(I1) COMPLEXES, PART 11 137 

G.G. Aleksandrov, Yu.T. Struchkov, A.A. Kurganov, S.V. Rogozkin and V.A. 
Davankov (1974). Inorg. Nucl. Chem. Letters, 10, 959; G.G. Aleksandrov and Yu.T. 
Struchkov (1975). Zh. Strukt. Khim., 16, 228; Engl. Ed., p. 209. 
F. Bigoli, M. Lanfranchi, E. Leporati and M.A. Pellinghelli (1980). Cryst. Struct. 
Commuii., 9, 1255. 
N.V. Kozhemyak, N.V. Podberezskaya and V.V. Bakakin (1980). Zh. Struct. Khim., 21, 
124; Engl. Ed., p. 663. 
J.R. Olson, M. Yamauchi and W.M. Butler (1985). Inorg. Chim. Acta, 99, 121. 
K .  Iijima, I .  Oonishi. F. Muto, A. Nakahara and Y. Komiyama (1969). Bull. Chem. Soc. 
Jpn., 42, 1509. 
J. Sletten (1982). Aria Chem. Scand., Ser. A ,  36, 583. 
Y. Yorkovsky, M. Kapon and Z. Dori (1989). Inorg. Chem. Acta, 158, 115. 
Y. Yorkovsky. M. Kapon and Z .  Dori (1986). Inorg. Chim. Acta, 124, 149. 
D.H. Brown. D.R. MacSween, M.  Mercer and D.W.A. Sharp (1971). J. Chem. SOC. A ,  
1574. 
B. Evertsson (1969). Acta Crystallogr., Sect. B, 25,30. 
Wang Xin, Can  Xinmin, Tan Minyu, Yuan Jingli, Wang Guilan and Yuan Wanzkong 
(1990). Chem. J. Chin. Univ., 11, I 1  1. 
M.A.S. Goher, Ru-Ji Wang and T.C.W. Mak (1990). J .  Crystallogr. Spectr. Res., 
20.265. 

[I721 M: Biagini Cingi. A.M. Manotti Lanfredi, A. Tiripicchio, J.G. Haasnoot and J .  Reedijk 

[I731 Ch.J. Fritchie Jr. (1973). J. Biol. Chem., 248, 7516. 
[I741 G. De Munno, M. Julve, F. Nicolo, F. Lloret, J. Faus. R. Ruiz and E. Sinn (1993). 

[I751 E. Luukkonen (1973). Suomen. Kemistilehti. Ser. B, 46, 302. 
[I761 V.M. Agre, I.A. Krol and V.K. Trunov (1977). Dokl. Akad. Nauk SSSR, 235, 341. 
[I771 W.L. Driessen, S. Gorter, W.G. Hadnstra, L.J.J. Laarhoven, J. Reedijk, K .  Goubitz and 

[I781 C a n  Xinmin, Tang Ning, Wang Xin, Zhu Yin and Tan Minyu (1989). Polyhedron. 

[I791 D.L. Lewis and D.J. Hodgson (1973). Inorg. Chem., 12, 1682. 
[I801 M.B. Hursthouse, M. Motevalli, P. O’Brien and P.B. Nunn (1990). J .  Chern. Soc., 

(1989). Act0 Crystallogr., Sect. C, 45, 601. 

Angew. Chem., 32. 

F.R. Seljee (1993). Trav. Chim. Pays-Bas, 112, 309. 

8, 933. 

~. 
Dolton Trans., 1985. 

44. 1731. 
[ I S l ]  M. Sekizaki, F. Marurno, K. Yamasaki and Y. Saito (1971). Bull. Chem. Soc. Jpn., 

[I821 M.  Sekizaki (1981). Bull. Chern. Soc. Jpn., 54, 146. 
[ I  831 S.F. Pavkovic and J.N. Brown (1982). Acta Crystallogr., Sect. B. 38, 274. 
[IS41 A. Mosset, J.J. Bonnet and Y. Jeannin (1976). Acra Crystullogr., Sect. B, 32, 591. 
[I1151 B.T. Usubaliev. I .R.  Arniraslanov, G.N. Nadzhafov. E.M. Movsumov, F.N. Musaev 

[I861 Yu.A. Simonov, M.A. Yampol’skaya. G.S. Matuzenko, N.V. Gerbeleu. V.K. Bcl’skii 

[I871 M.F.C. Ladd and D.H.G. Perrins (1980). Acra Crystallogr., Sect. B, 36,2260. 
[I881 F.T. Greenaway, A. Pezeshk, A. Wallace Cordes, M.C. Noble and R.J. Sorenson (1984). 

Inorg. Chim. Acta. 93. 67. 
[I891 Wing Hong Chan, T.C.W. Mak, G. Smith, E.J. OReilly and C.H.L. Kennard (1985). 

Pol.vhedron. 4, 1443. 
[I901 O.W. Steward, M. Kato. Shih-Chi Chang, M. Sax, Chong-Hwan Chang, C.F. Jury, Y. 

Muto, T. Tokii, T. Taura, J.F. Pletcher and Chung So0 Yo0 (1991). Bull. Chem. SOC. 
Jpn.. 64, 3046. 

and H.S. Mamedov (1981). Koord. Khim., 7,440. 

and T.I. Malinovskii (1985). Zh. Slrukt. Khim.. 26, 160; Engl. Ed., p. 977. 

11911 J.1. Bullock, R.J. Hobson and S.C. Povey (1974). J .  Chem. Soc., Dalton Trans., 2037. 
[I921 J. Pradilk-Sorzdno and J.P. Fackler, Jr. (1973). Inorg. Chem., 12. 1174. 
[I931 C.K. Prout. M.J. Barrow and F.J.C. Rossotti (1971). J .  Chern. Soc. A ,  3326. 
[I941 G.  Davey and F.S. Stephens (1971). J .  Chem. Soc. A,  2577. 
[I951 G.  Davey and F.S. Stephens (1971). J .  Chem. Soc. A,  1971. 
[I961 M.M. Borel, F. Busnot and A. Leclaire (1976). Rev. Chim. Mincr.. 13. 614. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



138 M. M E L N ~ K  el U I .  

[I971 J.A. Pretorius and J.C.A. Boeyens (1978). J .  Inorg. Nucl. Chem., 40,407. 
[I981 M.M. Borel, A. Busnot, F. Busnot, A. Leclaire and M.A. Bernard (1981). Rev. Chim. 

[I991 M.M. Borel. A. Busnot, F. Busnot, A. Leclaire and M.A. Bernard (1981). Rev. Chim. 

(2001 A. Busnot. F. Busnot, A. Leclaire and M. Bernard (1983). Z. Anorg. Allg. Chem., 

[201] A S .  Ancyshkina, M.A. Poraj-Koshits. V.N. Ostrinkova. D.A. Garmovskij. A.1. 

[202] T.S. Schilperoort, F.J. Rietmeyer. R.A.G. de Graaff and J. Reedijk (1986). Acra 

(2031 H.A. Henriksson (1977). Acta Crystallogr.. Sect. E, 33, 1947. 
[204] L.P. Battaglia, A. Bonamartini Corradi. G.  Marcotrigiano, L. Menabue and G.C. 

[205] L.P. Battaglia, A. Bonamartini Corradi and C. Grasselli Palmieri (1973). Cryst. Struct. 

[206] N.N. Hoang, F. Vdlach, M. Dundj-Jurco and M. Melnik (1992). Acta Cryskdlogr., 

[207] N.N. Hoang, F. Valach and M.  Melnik ( I  993). Z. Kristollogr., 208. 27. 
[208] A. Bouayad. N. Bitit, E. Deydier. M.J. Menu, M. Dartiguenavc. Y. Dartiguenave, 

H. Durdn. L. Gorrichon, M. S h a r d  and A.L. Beauchamp (1993). Po/vhedron. 12,479. 
[209] A.F. Cameron. D.W. Taylor and R.H. Nuttall (1972). J .  Chern. Soc., Dalron Trans., 58. 
[210] T. Kogane, M. Ishii, K. Harada, R. Horota and M.  Nakahara (1990). BUN. Chem. Soc. 

[21 I ]  L. Antolini, L.P. Battaglia, A. Bonamartini Corradi, G .  Marcotrigiano, L. Menabue. 

[212] D.L. McFadden and A.T. McPhail (1993). J .  Cliem. Soc., Dalton Truru., 1975. 
[213] H. Saarinen and J. Korvenranta (1975). Acta Chem. Scund.. Ser. A ,  29, 409. 
[214] H.  Muhonen (1983). Acta Crystnllogr., Sect. C, 39, 536. 
[215] Yu Yun-peng, Zhu Duo-lin. Xu Zheng. Gou Shao-hua. You Xiao-zeng. Liu Shi-xiong 

and Lin Chi-chdng (1991). J .  Chiti. Univ., 12, 157. 
[216] M. Ahlgren. U. Turpeinen and R. Hamiiliitien (1980). Acta Chem. Scand., Ser. A ,  

34, 67. 
[217] M. Ahlgren (1979). Anti. Acad. Sc. Fenn., Ser. .4. Chernica, 187, I .  
(2181 H. Muhonen and R. Himalainen (1978). Acta Crystallogr., Sect. E .  34, 1842. 
[219] T.J. Greenhough and M.F.C. Ladd (1978). Acra Crvstallogr., Sect. E .  34. 2744. 

Miner., 18, 370. 

Miner., 18, 74. 

503, 207. 

Sadimenko and O.A. Osipov (1987). Koord. Kltini., 13, 1422. 

Crvstallogr.. Sect. C, 42. 1491. 

Pellacani (1983). Inorg. Chem., 22, 1902. 

Cornmen., 3. 523. 

Sect. C. 48,443. 

Jpn., 63, 1005. 

G.C. Pellacani and M. Saladini (1982). Inorg. Cheni.. 21. 1391. 

[22Oa] M.F.C. Ladd and D.C. Povey (1976). J .  Cryst. Mol. Struct., 6,205. 
[220b] I.E. Zanin, M.Yu. Simonov, M.A. Yampol’skaya, Yu.T. Struchkov (1991). 2. Neorg. 

Khim., 36, 10; Eng. Ed., p. 10. 
[221] T.J. Greenhough and M.F.C. Ladd (1978). Acra Crystallogr., Sect. B, 34. 2619. 
(222) D. Luneau, P. Rey, J. Laugier, P. Fries, A. Caneschi, D. Gatteschi and R. Sessoli 

[223] U. Turpeinen. R. Hamalainen and M. Ahlgren (1985). Acfa  Crvstullogr.. Sect. C, 

[224] A. Pajunen and E. Nasakkdll (1978). Crysr. Struct. Conimuri., 7 ,  299. 
[225] A. Pajunen and S. Pajunen (1977). Cryst. Struct. Commun., 6. 549. 
[226] E. Luukkonen (1973). Suoni. Keniistilehti. Ser. E ,  46, 302. 
[227] S.F. Pavkovic, D. Miller and J.N. Brown (1977). Acra Crysrallogr., Sect. E .  33. 2894. 
I2281 M. Nasakkala and A. Pajunen (1980). Crysr. S/ruct. Commun., 9, 897. 
(2291 P. Murray-Rust, J .  Murray-Rust and R. Clay (1980). Acta Crystullogr.. Sect. E. 36. 

[230] X. Solans. M. Font-Altaba, M. lzquierdo and J. Casabo (1985). Ac/a Crvstallogr., Secr. 

[231] G.Y. Hamilton, J.R. Ferraro and E. Sinn (1979). J .  Chem. Soc., Dalton Trans.. 515. 
[232] S.B. Teo, S.G. Teoh and M.R. Snow (1985). Inorg. Chim. Acra, 1W,21 I .  
[233] N.N. Ananjeva. N.I. Samyc, T.N. Polynova, M.A. Poraj-Koshits and N.D. Mitrofanova 

(1991). J. A m .  Chem. Soc., 113, 1245. 

41. 1728. 

452. 

C. 41, 46. 

(1975). Z. Strukt. Khim., 3,480. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



COPPER(I1) COMPLEXES, PART I1 139 

[234] Nguyen-Huy Dung, B. Viossat, J.M. Gonzalez Perez, S. Gonzalez Garcia and J. Niclos 

[235] K.D. Suyarov, L.M. Shkol'nikova, I.N. Polyakova, A.L. Poznyak and N.M. Dyatlova 

[236] M. Biagini Cingi, A. Chiesi Villa, C .  Guastini and M. Mardelli (1972). Gazz. Chini. /id.. 

[237] S.R. Hall, H.W. Skelton, A.H. White and A.C. Willis (1982). J. Cheni. Soc., Daltori 

[238] F.G. Kramarenko, T.N. Polynova, M.A. Poraj-Koshits, V.P. Chalyi and N.D. 

[239] A. Yu. Leontiev, M.D. Arion, I.M. Razdobreev, G.A. Kiosse, Yu.V. Yablokov, 

[240] Ch. Sarchet and H .  Loiseleur (1973). Acta CrystaNogr., Sect. B, 29, 1345. 
[241] M. Sekizaki (1974). Bull. Chem. Soc. Jpn., 47, 1447. 
[242] P. Sivy, B. Koren, F. Valach and I .  Lukes (1989). Acta Crystcillogr., Sect. C,  45,23. 
22431 R.P. Bononio, E. Rizzarelli, N. Bresciaiii Pohor and G.  Nardin (1981). Inorg. Chim. 

[244] Tsong-Jen Lee, Ching-You Hong, Si-Han Liu, Chung-Sun Chung and Tseng-Yuh Lcc 

[245] Tian-Huey Lu. Hung-Ying Kao, Ching-Hohn Len and Chung-Sun Chung (1989). Actu 

[246] Ching-You Hong, Tseng-Yuh Lee, Tsong-Jen Lee. Min-Shiun Chao and Chung-Sun 

[147] Tsong-Jen Lee, Tian Huey Lu, Si-Han Liu, Chung-Sun Chung and Tseng-Yuh Lee 

[248] F.S. Stephens (1969). J. Chein. S i c .  A,  1723. 
[249] P. Gluzinski, J.W. Krajewski, Z .  Urbanczyk-Lipkowska, J. Bleidelis and A. Mishnyov 

[250] J.W. Krajewski, P. Gluzinski. Z. Urbanczyk-Lipowska and M. Dobler (1984). Actu 

[251] Y .  Mino, T. Ishida, N. Ota, M. Inoue, K .  Nonioto, H .  Yoshioka, 1'. Takemoto, 

Gutierrez (1988). Inorg. Cheni., 27, 1227. 

(1990). Koord. Khim., 16, 63; Eng. Ed., p. 35. 

102, 1026. 

Trans., 639. 

Mitrofanova(1973). Zh. Strukt. Khim., 14, 1113; Eng. Ed., p. 1043. 

T.I. Malinovskii and G.A. Popovich (1988). Dokl. Akad Nauk SSSR, 300, 1129. 

Acra, 54, L17. 

(1984). Acta Crystallogr., Sect. C, 40, 1673. 

Cry.~tnlloxr.. Sect. C ,  45, 13. 

Chung (1987). Acta Crystallogr., Sect. C ,  43, 34. 

(1984). Acta Ci.ystaNog i... Sect. C,  40, 1131. 

(1982). Cry.$/. Struct. Cornrnim., 11, 1589. 

Crystnllogr.. Sect. C, 40, 1 135. 

Y .  Sueiura and H.  Tanaka (1981). Inorp. Ch~ni . .  20. 3440. ~ , "  
[252] T. Uechi, 1. Ueda. M. Tazaki, M. Takagi and K. Ueno (1982). Actu Cry,stallogr.. Sect. B. 

3 R  431 _l, 

[251] R.A. Buhnan, N. Jobanputra, R. Kurodn, A. McKinnon and P.J. Sadler (1987). Inorg. 

12543 C.K. Prout, D.S. Sanderson and M.C. Couldwell (1979). Cryst. Srruct. Conunun., 8, 181. 
[255]  P.E. Riley, V.L. Pecoraro. C.J. Carrano and K.N.  Raymond (1983). /)70rg. Chcwi., 

[256] M.A. Pomi-Koshits, N.V. Novozilova, T.N. Polynova, T.V. Filippova and L.I. 

12571 R.J. Williams, D.T. Crorner and W.H. Watson (1971). Acta Crvstullogr.. Sect. B, 

[258] H.C. Freeman and J.E.W. Smith (1966). Acta Crystullogr., 20, 153. 
[259] F.P. van Rcmoortere, F.P. Boer and E.C. Steiner (1975). Actn Crystnllogr.. Secr. B, 31, 

[260] T. Ogawa, M.  Shimoi and A. Ouchi (1982). Bull. Chem. Soc. Jopn., 55, 126. 
[261] W.G. Haanstra, W.L. Driessen and J. Reedijk (1992). Acta Crystallogr., Sect. C. 48, 14. 
[?62] H.  Yamaguchi, Y. Inomata and T.  Takeuchi (1991). hiorg. Chini. Acta, 31, 181. 
[263] A.S. Ancyshkina, M.A. Poraj-Koshits, V.D. Mahaev, A.P. Borisov, N.S. Kedrova and 

N.N. Mal'ceva (1992). Koord. Khirn., 18,474. 
[264] D.S. Brown, J.D. Lee, B.G.A. Melson, B.6J. Hathaway. I.M. Procter and A.A.G. 

Tomlinson (1967). J .  Chern. Soc.. Chem. Commun.. 369; D.S. Brown, J.D. Lee and 
B.G.A. Melsom (1968). Acta Crystallogr., Sect. B, 24, 730. 

Cliem., 26. 2483. 

22, 3096. 

Martynenko (1973). Kri .s tal lo~ru~~/i i~~~cr,  17, 89. 

27, 1619. 

1420. 

[265] K.G. Keraniidas and P.1. Rentzeperis (1992). Z .  Kristallogr., 201, 171. 
[266] J .  Chapman, G. Ferguson, J.F. Gallagher, M.C. Jennings and D. Parker (1992). J. Chem. 

Soc.. Dalton Trans., 345. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



140 M. M E L N ~ K  er U I .  

[267] K.G. Keramidas and P.J. Rentzeperis (1991). Z .  Kristullogr., 194, 273. 
[268] A.N. Cechlov, A.I. Yurtanov and I.V. Martynov (1987). Koord. Khim., 13, 1541. 
(2691 J. Pradilla, S.H.W. Chen, F.W. Koknat and J.P. Fackler J r .  (1979). Inorg. Chem., 

[270] J.S. Haynes, S.J. Rettig, J.R. Sams, J. Trotter and R.C. Thompson (1988). Inorg. Chem., 

[271] M. McCann, E. Murphy, Ch. Cardin and M. Convery (1992). Polyhedron. 11, 3101. 
[272] G.V. Fazakerley, P.W. Linder, L.R. Nassimbeni and A.L. Rodgers (1974). Inorg. Chim. 

[273] Shengzhi Hu, R.J. Barton, K.J. Johnson and B.E. Robertson (1983). Can. J .  Chem., 61, 

[274] W. Vreugdenhil, P.J.M.W.L. Birker, R.W.M. ten Hoedt, G.C. Verschoor and J. Reedijk 

[275] D.L. McFadden, A.T. McPhail, P.M. Gross, C.D. Garner and F.E. Mabbs (1976). 

[276] C.K. Prout, G.B. Allison and F.J.C. Rossotti (1971). J .  Chem. Soc., Sect. A ,  3331. 
[277] L. Antolini, L. Menabue, M. Saladini, L.P. Battaglia and A. Bonamartini Corradi 

[278] A.L. Abuhijeh and C. Woods (1992). Inorg. Chim. A d a ,  194, 9. 
(2791 T. Glowiak and I. Wnek (1985). Actn Crystcrllogr., Sect. C ,  41, 507. 
[280] W. Clegg, J.R. Nicholson, D. Collison and C.D. Garner (1988). Acta Crysta//ngr., Sect. 

[281] Chan-Cheng Su, Jan Hua Chen, Kuo-Yih Hwang, Shyh-Jiun Liu, Shion-Wen Wang, 

[282] M.N. Potenza, J.A. Potenza and H.J. Schugdr (1988). Acta Cry.rftr//ogr., Sect. C ,  

[283] T. Kogane, K. Harada, M. Urnehara, R. Hirota and M. Nakahara (1992). Bull. Chem. 

[284] T.L.F. Favre, J.G. Haasnoot and J. Reedijk (1986). Polyhedron, 5, 1405. 
[285] J. Ernsley, M. Arif, P.A. Bates and M.B. Hursthouse (1990). J .  Mol. Struc., 1, 220. 
(2861 C. Mahadevan, G.C. Rout, M. Seshdsayee and S. Sastry (1986). J .  Cryst. Spectr. Re.?., 

[287] V.H. Sabirov, M.A. Azizov, A.A. Shabilalov, Yu.T. Struchkov and G.G. Aleksandrov 

[288] R. Weber and G. Bergerhoff (1990). Z .  Kristallugr., 191, 156. 
[289] R. Hamalainen (1973). Suom. Kemistilehti B, 46, 237. 
[290] R. Hamalainen and A. Pajunen (1973). Suom. Kemistilehfi B, 46, 285. 
[289] E. Luukkonen, A. Pajunen and M. Lehtonen (1970). Sitom. Kemi.hlehti B, 43, 160. 
[290] R. Hamalainen. U. Turpeinen and M. Ahlgren (1979). Actu Crystallogr., Sect. B, 

[291] E. Luukkonen and A. Pajunen (1969). Suom. Kemistilehti B, 42,474. 
[292] A. Pajunen and E. Luukkonen (1969). Suom. Kemisfilehfi B,  42,348. 
[293] J. Emsley, M. Arif, P.A. Bates and M.B. Hursthouse (1988). Inorg. Chim. Acfa,  154, 17. 
(2941 P. Baran. D. Valigura, I. Svoboda and H. Fuess (1992). Z .  Kristallogr., 202, 137. 
[295] E.W. Ainscough, M.L. Brader, A.M. Brodie and G.J. Gainsford (1991). Inorg. Chim. 

[296] T.G. Traylon, K.W. Hill, Zong-Qiang Tian, A.L. Rheingold, J. Peisach and 

I2971 J.M. Salas, M.A. Rornero, M.P. Sanchez, M.N. Moreno, M. Quiros, J. Molina and 

[298] J.P. Wignacourt, S .  Sueur and M. Lagrenee (1990). Acfa  Cryslullog r . .  Sect. C, 46, 394. 
[299] D.A. Baldwin, J.C.A. Boeyens. R.G. Copperthwaite, J.H.N. Loubser and A.J. Markwell 

[300] J.C. Dewan and L.K. Thompson (1982). Can. J .  Chem., 60, 121. 
[301] A. Sugihara, T .  Ashida, Y .  Sasada and M. Kakudo (1968). Actu Crystallogr., Secf .  B, 

[302] N. Carnerman, J.K. Fawcett, T.P.A. Kruck, B. Sarkar and A. Camerman (1978). J .  Am. 

18, 3519. 

27, 1237. 

Acta, 9, 193. 

395. 

(1984). J .  Chem. Soc., Dalton Trans., 429. 

J .  Chem. Soc., Dalton Trans., 47. 

(1987). J .  Crystallogr. Spektr. Res., 17, 365. 

c, 44,453. 

Sue-Lein Wang and Sheng-Nan Liu (1992). Inorg. Chim. A ~ I u ,  196, 231. 

44,1201. 

Soc. Jupn., 65, 2638. 

16, 799. 

(1982). Koord. Khim., 8, 245. 

35, 2408. 

Acta, 180, 81. 

J. McCracfen (1988). J .  Am. Chem. Soc., 110,5571. 

R. Faure (1992). fo/jvhedron, 11, 2217. 

(1984). J .  Cryst. Spectr. Res., 14, 157. 

24,203. 

Chem. Soc., 100,2690. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



COPPER(I1) COMPLEXES, PART I1  141 

[303] F.A. Mautner, M.A.S. Goher and A.E.H. Abdou (1993). Pol.vhedron, 12,2815. 
[304] S. Ferrer, J.G. Haasnoot, J. Reedijk, E. Muller, M. Biagini-Cingi, A.M. Manotti- 

Lanfredi. F. Ugozzoli and C. Foglia (1992). J .  Chem. Soc., Dalton Trans., 3029. 
I3051 B. Piggott, M.B. Hursthouse and L. Short (1989). Po/yhedron, 8, 769. 
[306] S. Koner, A. Ghosh. N.R. Chaudhuri, A.K. Mukherjee, M. Mukherjee and R. Ikeda 

[307] R. Uggla, J. Visti. S. Lundell and M. Nasiikkala (1970). Suom. Kemisfifehti B, 43, 124. 
[308] R. Nasasen, M. Nasakkala and L. Jokisalo (1973). Sirom. Kernzsrilehti B, 46,48. 
[309] A. Pajunen (1969). Suom. Kew~istilehti B, 42, 15. 
(3101 L. Menabue. G.C.  Pellacani. L.P. Battaglia, A.  Bonamartini Corradi, F. Sandrolini. 

A. Motori, R.J.R.J. Pylkki and R.D. Willett (1984). J .  Cliem. Soc., Dalton Trans.. 2187. 
[31 I]  N.A. Bailey and S.J. Bowier (1971). J .  Chem. Soc. A ,  1763. 
[312] A. Podder. J.K. Dattagupta. N. Saha and A. Saha (1986). 2. Kristatlogr.. 175, 151. 

[313a] E. Luukkonen, A. Pajunen and M. Lehtonen (1970). Suom. Kemistileliti B, 43, 160. 
[313b] I .  Grenthe, P. Paoletti, M.  Sandotrom and S .  Glikberg (1979). Inorg. Chern., 18, 2687. 

( 1  993). Polyhedron, 12. 13 1 1. 

[314] Ch.J. O’Connor, E.E. Eduok. J.W. Owens. E.D. Stevens and L. Klein (1986). Inorg. 

[315] D.L. Lewis and D.J. Hodgson (1974). Inorg. Chem., 13. 143. 
[316] A. Pajunen and M. Lehtonen (1972). Suom. Kemistilehti B, 45, 43. 
[317] A. Pajunen. K. Smolander and I. Belinskij (1972). Strom. Kemi.rti/e/iti B. 45, 317. 
[318] L.P. Battaglia, A. Bonamartini Corradi, G. Marcotrigiano, L. Menabue and G.C. 

[319] P.G. Beckingsale. A.T. Morcom. C.E.F. Rickard and T.N. Waters (1977). J .  Chem. 

[320] D. Boys, C:. Escobar and W. Zamudio (1992). Acta Crystullogr.. Sect. C. 48, 11 18. 
[321] M.A. Bush, D.E. Fenton, R.S. Nyholm and M.R. Truter (1970). J .  Chem. Soc., Chem. 

[322] 0. Orama and A. Pajunen (1977). Finn. C h i .  Lett., 193. 
[323] R. Hamaliiinen and A. Pajunen (1974). Finti. Chim. Lett., 150. 
[324] R. Uggla. M. Klinga (1972). Suom. Kemistilehfi 3. 45, 10; M.R. Sundberg and 

[325] A. Pajunen and S. Pajunen (1982). Cryst. Struct. Commun., 11, 539. 
[326] M.  Klinga (1983). Finn. Chem. Lett., 86. 
[327] M. Klinga (1979). Finn. Cheni. Lett., 223. 
[328] M. Klinga (1977). Finn. Chem. Lett., 153. 
(3291 M. Klinga (1976). Finn. Ciiem. Lett.. 71. 
[330] M.  Klinga (1976). Finn. Cheni. Lett.. 179. 
I3311 0. Orama (1976). A m .  Acad. Sr. Fenn.. Sw. A ,  I .  
[332] 0. Ordma. G. Huttner, H. Lorenz. M. Marsili and A. Frank (1976). Finn. C/iem. 

[333] 0. Orama (1976). Finn. Chenr. Lett.. 151. 
[334] M.R. Sundberg and R. Sillanpal (1992). Acrrr Chem. Scand.. 46, 34. 
[335] 0. Orama(1976). Finn. Chem. Lett., 154. 
[336] 0. Orama and G. Huttner (1976). Finn. C/ienl. Lett., 140. 
[337] E. Colacio, J .  Suarez-Varela, J .M. Dominguez-Vera, J.C. Avila-Roson. M.A. Hidalgo 

[338] J. KoiiSek, H. Kohler and B. Freude (1992). Actn Crjwtullngr.. Sect. C. 48, 368. 
I3391 M. Angdroni, G.A.  Ardizzoia, G.  La Monica. E.M. Beccalli, N. Masciocchi and 

[340] M.R. Caira, G.V. Fazakerley, P.W. Linder and L.R. Nassimbeni (1973). Actu 

[341] E.J. O’Reilly, G.  Smith, C.H.L. Kennard and A.H. White(1983). Airst. J .  Chern.. 36. 183. 
[342] Ch.C. Fuller and R.A. Jacobson ( I  98 1 ). Inor3y. Chim. Acta, 48, 19 I .  
[343] B.A. Cartwright, C.D. Reynolds and A.C. Skapski (1977). Acta Crystallogr., Sect. B, 

[344] A. Walsh. B. Walsh, B. Murphy and B.J. Hathaway (1981). Acta Crj:dal/ngr.. Sect. 5, 

Chini. Actu. 117, 175. 

Pellacani (1981). J .  Chem. Soc., Dullon Trans., 8. 

Soc., Dulton Tram., 2135. 

Commun.. 1335. 

M. Klinga (1985). Inorg. Chini. Acta, 105, 115. 

Lett., 137. 

and D. Martin-Ramos (1992). Inorg. Chim. Acm, 202, 219. 

M. Moret (1992). J .  Chem. Soc., Dulton Truns., 2715. 

Cry.stal/ogr., Sect. B, 29, 2898. 

33, 1883. 

37, 1512. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



142 M. MELNIK et al. 

[345] E.G. Puebla and A.M. Bravo (1981). Ann. Chim., 77,212. 
[346] I.M. Procter and F.S. Stephens (1969). J.  Chem. Soc. A ,  1248. 
[347] Ch.J. Simmons, B.J. Hathaway, K. Amornjarusiri, B.D. Santarsiero and A. Clearfield 

[348] Ch. Simmons, A. Clearfield, W. Fitzgerald, S. Tyagi and B. Hathaway (1983). J .  Chem. 

[349] E.E. Bernarducci, P.K. Bharadway, R.A. Lalancette, K. Krogh-Jespersen, J.A. Potenza 

[350] R.J. Fereday, P. Hodgson, S.  Tyagi and B.J. Hathaway (1981). J .  Chem. Soc., Dalton 

[351] H. Nakai (1980). Bull. Chern. Soc. Jpn., 53, 1321. 
[352] W. Fitzgerald and B.J. Hathaway (1981). J .  Chem. Soc., Dalton Trans., 567. 
[353] C. Escobar and 0. Wittke (1983). Acta Crystallogr., Sect. C ,  39, 1643. 
[354] B.J. Hathaway, N. Ray, D. Kennedy, N. O’Brien and B. Murphy (1980). Acfa  

(355) Ch.J. Simmons, N.W. Alcock, K. Seff, W. Fitzgerald and B.J. Hathaway (1985). Acta 

[356] W. Fitzgerald and B.J. Hathaway (1984). Acta Crystallogr., Sect. C ,  40, 243. 
[357] Ch.J. Simmons, K. Seff, F. Clifford and B.J. Hathaway (1983). Acta Crystallogr., Sect. C, 

[358] W. Fitzgerald, B. Hathaway and J. Simmons (1985). J .  Chem. Soc., Dalton Trans., 141. 
[359] C.B. Castellani, G. Gatte and R. Millini (1984). Inorg. Chem.. 23.4004. 
[360] I. Perkinson. S. Brodie, Keum Yoon, K. Mosny, P.J. Carroll, F.V. Morgan and S.J. 

[361] K. Miki, S.  Kaida. M. Saeda, K. Yamatoya, N .  Kasai, M. Sato and J.I. Nakaya (1986). 

[362] A. Cantarero, J.W. Amigo. J .  Faus, M. Julvc and T. Debaerdemaeker (1988). J .  Chem. 

[363] A. Riesen, M. Zehndcr and T.A. Kadcn (1986). Heiv. (%im. Acta, 69, 2067. 
[364] Nguyen-Huy Dung. B. Viossat, A. Busnot, J.M. Perez. S. Garcia and J.N. Gutierrci! 

[365] Ch.R. Saha, D. Scn and S. Guha (1975). J .  Chew. Soc., Dulton Trunx, 1701. 
[366] Sue-k in  Wang, J.W. Richardson Jr.. S.J Briggs, R.A. Jacobson and W.P. Jensen 

(3671 K. Nieininen (1981). Finn. Chem. Lctt., 90. 
[368] R.V. Chastain Jr .  and T.L. Dominick (1973). Inorg. C’hcwi. ,  12, 2621. 
[369] P. Domiano. A. Musatti. M. Nardelli. C. Pelizzi and G. Predieri (1979). J .  Chem. Soc.. 

(3701 A. Pajunen, E. Nasakkali and S.  Pajunen (1978). Cryst. S / r w / .  Coninnm., 7. 63. 
[371] P.G. Jones (1992). Actu Crystullogr., Sect. C ,  48. 1314. 
[372] S.  Bhaduri, N.Y. Sapre and P.G. Jones (1991). J .  Chcvn. Soc.. Dolton Trims., 2539. 
[373] A. Pajunen (1982). Actu Crystullogr., Sect. B, 38, 928. 
[374] Tsong-Jen Lee, Tseng-Yuh Lee, Wen-Bii Juang and Chung-Sun Chung (1985). Actu 

13751 W. Henke, S. Kremer and D. Reinen (1982). 2. .4norg. Allg.  Chern., 491, 124. 
(3761 M. Cheon, M.P. Suh and W. Shin (1992). Bull. Korean. Chem. Soc.. 13, 363. 
[377] Tsong-Jen, Tseng-Yuh Lee, Wen-Bii Juang and Chung-Sun Chung (1985). Acta 

[378] P.A. Tasker and L. Sklar (1975). J .  Cryst. Mol.  Struct., 5,  327. 
[379] S. Tamburini, P.A. Vigato, U. Casellato and R. Graziani (1989). J .  Chem. Soc., Dalton 

[380] P. Comba, T.W. Hambley and A. Lawrance (1985). Helv. Chim. Acta, 68, 2332. 
[381] Ei.-lchiro Ochiai, S.J. Rettig and J. Trotter (1978). Cun. J .  Chem., 56, 267. 
[382] E.D. McKenzie and F.S. Stephens (1980). Inorg. Chim. Acta, 42, 1. 
[383] D.A. Wright and J.D. Quinn (1974). Actu Crystullogr., Sect. B, 30, 2132. 
[384] L. Fabbrizzi, C. Mealli and P. Paoletti (1979). J .  Cliern. Research IS ) ,  170. 
[385] R. Clay, J ,  Murray-Rust and P. Murray-Rust (1979). J .  Chem. Soc.. Dalton Trans., 1135. 

(1987). J .  Am. Chem. Soc., 109, 1947. 

Soc., Chem. Commun., 189; Inorg. Chem., 22, 2463 (1983). 

and H.J. Schugar (1983). Inorg. Chem., 22, 391 1 .  

Trans., 2070. 

Crystallogr., Sect. B, 137 I .  

Crystallogr., Sect. B, 41, 42. 

39, 1360. 

Nieter Burginayer (1991). Inorg. Chem.. 30, 719. 

Actu Crystallojy., Sect. C,  42, 1004. 

Soc.. Dulion Truns., 2033. 

(1988). Inorg. Chem., 27, 1227. 

( I  986). /norg. Chit?. Acfa.  1 I I ,  67. 

Dulton Truns., 1266. 

Crystullogr., S e c f .  C ,  41, 1596. 

Crystullogr., Sect. C,  41, 1745. 

Trans., 1993. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



COPPER(I1) COMPLEXES, PART I1 143 

[386] G.A. Lawrance, B.W. Skelton, A.H. White and E.N. Wilkes (1991). Ausf. J .  Chem., 

I3871 P. Comba, N.F. Curtis, G.A. Lawrance, A.M. Sargeson, B.W. Skelton and A.H. White 

[388] A.J. Jircitano, R.I. Sheldon and K. Bowman Mertes (1983). J .  Am. Chem. Soc., 

[389] P. Comba, N.F. Curtis, G.A. Lawrance, M.A. OLeary, B.W. Skelton and A.H. White 

[390] M.K. Moi, M. Yanuck, S.V. Deshpande, H. Hope, S.J. DeNardo and C.F. Meares 

[391] A. Riesen, M. Zehnder and T.A. Kaden (1988). Acta Crystallogr., Sect. C, 44, 1740. 
[392] R.D. Ball, D. Hall, C.E.F. Rickard and T.N. Waters (1967). J .  Chem. Soc. A ,  1435. 
[393] N.R.  Adam, D. Balduin. P.A. Duckworth, A.J. Leong, L.F. Linday, M. McParttin and 

[394] A.A. Kashaev, E.A. Zelbct, M.P. Deniidov, Yu.L. Frolov, N.N. Chipanina, E.S. 

[395] C.J. DeRanter, N.M. Blaton and O.M. Peeters (1978). C r y / .  Sfruct. Commim.. 7, 353. 
[396] E.L. Enwall and K. Emerson (1979). Actu Crysfulhgr., Sect. 5, 35, 2562. 
[397] A. Pajunen and R. Kivekas (1974). Finn. Chem. Lett., 39. 
[398] C. Balagopalakrishma, M.V. Rajasekharan, S. Bott, J.L. Atwood and B.L. Ramakrishna 

[399] A. Pajunen and M. Nasakkala (1972). Suom. Kemistilehfi 5, 45, 47. 
[400] F.R. Fronczek, A. Mamo and S. Pappdlardo (1989). Inorg. Chem., 28, 1419. 
[401] K. Smolander (1974). Finn. Chem. Lett., 199. 
[402] G.D. Andreetti, L. Cavdkd and P. Sgardbotto (1971). Gaze. Chim. I t d . ,  101, 483. 
[403] M. Koman, M. Mariassy and G. Ondrejovic (1990). Acta Crystallogr., Secf. C, 46,2041. 
[404] N.V. Pervuchina and N.V. Podberezskaja (1985). Zh. Struct. Khim., 26. 101. 
[405] A.C. VanStcenbergen, E. Bouwman, R.A.G. de Graaff, W.L. Driessen, J .  Reedijk and 

P. Zanello (1990). J .  Cheni. Soc,., Otrlton Truns., 3175. 
[406] P.D. Verweij, S. Sital, E. Bouwman, W.L. Driesssen. J. Reedijk and Wood (1991). 

Inorg. Chim. Actu, 182, 187. 
[407] H.J. Prochaska, W.F. Schwindinger, M. Schwartz, M.J. Burk, E. Bernarducci, R.A. 

Lalancette, J.A. Potensa and H.J. Schugar (1981). J .  Am. Chem. Soc., 103, 3446. 
[408] I.C.A. Boeyens, S.M. Dobson and R.D. Hancock (1985). Inorg. Chem., 24, 3073. 
[409] A.W. Addison and E. Sinn (1983). lnorg. Cliem.. 22. 1225. 
[410] R. Kivekas (1978). Finn. Chem. Letf.,  71. 
[4411] M.J. Begley, P. Hubberstey, S.P. Martindale, Ch.H.M. Moore and N.S. Price (1988). 

[412] W.R. Clayton and E.A. Meyers (1976). Cryst. Struct. Commun., 5 ,  61. 
[413] L.G. Purnell, J.C. Shepherd and D.J. Hoelgson (1975). J .  Am. Chem. Soc., 97,2376. 
[414] W.K. Musker, M.M. Olmstead and R.M. Kessler (1984). Inorg. Cheni., 23, 1764. 
[415] M.D. Click, D.P. Gavel, L.L. Diaddario and D.B. Rorabacher (1976). Inorg. Chem., 

[416] V.B. Pelt, L.L. Diaddario, E.R. Dockal, P.W. Corfeld, Ch. Ceccarelli, M.D. Glick, 

[417] N. Atkinson, A.J. Blake, M.G.B. Drew, G. Forsyth, R.O. Could, A.J. Lavery. G. Reid 

[418] W.R. Clayton and E.A. Meyers (1985). Cr.vsf. Srrucr. Commun., 5 ,  57. 

44,1511. 

(1986). Inorg. Chem.. 25,4260. 

105,3022. 

(1988). J .  c'hem. Soc., Dalton Tram., 2145. 

(1987). Inorg. Chem., 26, 3458. 

P.A. Tasker (1987). J .  Chem. Soc., Chem. Commun., 1124. 

Domnina and G.G. Skvorcova (1978). Koord. Khim., 4. 785. 

(1992). Inorg. Chern., 31,2843. 

J .  Chem. Research ( S ) ,  2. 

15, 1190. 

L.A. Ochrymowycz and D.B. Rorabacher (1983). Inorg. Chem., 22,3661. 

and M. Schroder (1992). J .  Chem. Soc., Daltoti Trans., 2993. 

[419a] Y. Sato, A. Ouchi. Y. Yukawd and T. Takeuchi (1982). Bull. Chem. Soc. Jpn.,  1495. 
[419b] E.I. Lerner and S.J. Lippard (1977). Inorg. Chem., 16, 1546. 
[420] E. Sletten, T. Marthinsen and J .  Sletten (1985). Inorg. Chim. Actrr, 106, 1. 
[421] J.V. Folgado, E. Escriva, A. Beltran-Porter, D. Beltran-Porter, A. Fuertes and 

[422] M. Aguilo, X. Solans, I. Castro, J.  Faus and M. Julve (1992). Acta Crystullogr., Secf .  

[423] I. Castro, J. Faus, M. Julve and A. Gleizes (1991). J .  Chem. Soc., Dalton Trans., 1937. 
[424] H.C. Freeman, J.M. Cuss, M.J. Healy. R.P. Martin and C.E. Nockolds (1969). J .  

C. Miravitlles (1987). Polyhedron, 6, 1533. 

C,  48, 802. 

Chem. Soc., Chem. Comniun., 225. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



144 M. MELNIK et al. 

[425] S.J. Brown, X. Tao, D.W. Stephan and P.K. Mascharak (1986). Inorg. Chem., 25,3377. 
[426] T. Ono, H. Shimanouchi, Y. Sasada. T. Sakurai, 0. Yamauchi and A. Nakahara (1979). 

[427] T. Kohzuma, H. Masuda and 0. Yamauchi (1989). J .  Am. Chem. Soc., 111,3431. 
[428] D.J. Szalda, L.G. Marzilli and T.J. Kistenmacher (1975). Inorg. Chem., 14, 2076. 
[429] R.J. Restivo and G. Ferguson (1976). J .  Chem. Soc., Dalton Trans., 518. 
[430] Y. Nishida and K. Takahashi (1988). J .  Chem. Sac., Dalton Trans., 691. 
[431] K. Takahashi, Y. Nishida and S. Kida (1984). Polyhedron, 3, 113. 
[432] M.C. Munoz, R. Ruiz, M. Mollar, F. Lloret, M. Julve and X. Solans (1992). Acta 

Crystallogr., Sect. C, 48. 21 1 1 .  
[433] L. Antolini, L.P. Battaglia, A. Bonamartini Corradi, G. Marcotrigiano, L. Menabue, 

G.C. Pellacani, M. Saladini and M. Sola (1986). Inorg. Chem., 25, 2901. 
[434] N.B. Pahor, G.  Nardin, R.P. Bonomo and E. Rizzarelli (1983). J .  Chem. Soc., Dalton 

Trans., 1797. 
[435] G.A. Lawrance, T.M. Manning, B.W. Skelton and A.H. White (1988). J .  Chem. Soc., 

Chem. Commun., 1344.  
[436] N.A. Bailey, A. Barrdss, D.E. Fenton, M.S.L. Gonsalez, R. Moody and C.O.R. de 

Barbarin (1 984). J .  Chem. Soc., Dalton Trans., 2741. 
[437] N.A. Bailey, D.E. Fenton, S.J. Kitchen, P.A. Tasher and M.G. Williams (1988). J .  Chem. 

Soc., Chem. Commun., 1575; N.A. Bailey, D.E. Fenton, S.J. Kitchen, T.H. Lilley, M.G. 
Williams, P.A. Tasker. A.J. Leong and L.F. Lindoy (1991). J .  Chem. Soc., Dalton Trans., 
627. 

[438] P. Gluzinski, J.W. Krajewski. St.P. Kasprzyk, G.D. Andreetti and G.  Bocelli (1988). 
J .  Cryst. Spectr. Res., 18, 25. 

[439] R.C. Seccombe, B. Lee and G.M. Henry (1975). Iriorg. Chem.. 14. 1147. 
[440] S. Chaves, R. Delgado. M.T. Duarte, J.A.L. Silva, V. Felix and M.A.A.F. de C.T. 

[MI] P. Gluzinski, J.W. Krdjewski, St. Kasprzyk, J .  Bleidelis, A. Mishnyov and A. Kemme 

[442] A.W. Addison, T.N. Rao and E. Sinn (1984). Inorg. Chem., 23, 1957. 
[443] E.W. Ainscough. A.M. Brodie, J.D. Ranford and J.M. Waters (1991). J .  Chem. Soc., 

[444] R.P. Bonomo, E. Rizzarelli, N.  Bresciani-Pahor and G.  Nardin (1982). J .  Chem. Soc.. 

[445] K. Bernauer, T .  Chuard and H. Stoeckli-Evans (1993). Helv. Chim. Acta, 76,2263. 
[446] J.F. Richardson and N.C. Payne (1978). Inorg. Chem., 17.21 1 1 .  
[447] E. Bouwman, R. Day, W.L. Driessen, W. Tremel, B. Krebs, J.S. Wood and J. Reedijk 

[448] M.G.R. Drew. D.A. Rice and K.M. Richards ( 1  980). J .  Chem. Soc., Daltoti Trons., 2503. 
[449] J. Emsley, N.M. Reza. H.M. Dawes and M.B. Hursthouse (1986). J .  Chem. Soc., Daliori 

[450] B.L. Kindberg, E.H. Griffith and E.L. Amma (1977). J .  Chem. Soc., Chem. Commun., 461, 
[451] 1.M:Vezzosi. F.A. Zanoli, L.P. Battaglia and A. Bonamartini Corradi (1985). Inorg. 

[452] A.H.J. Tullemans, E. Bouwman. R.A.G. de Graaff, W.L. Driessen and J. Reedijk 

[453] A. Chiesi, L. Coghi, A. Mangia, M. Nardelli and G. Pelizzi (1971). Acta Crystallogr., 

[454] E. Sletten (1974). Acia Crystallogr., Sect. B, 30, 1961. 

Bull. Chem. Soc. Jap., 52,2229. 

Carrondo (1992). J .  Chem. Soc., Dalton Trans., 2579. 

(1987). J .  Cryst. Specir. Ros., 17, 495. 

Dalton Trans., 2125. 

Dalton Trans.. 68 1. 

(1988). Inorg. Chem., 27.4614. 

Trans., 313. 

Chim. Acta, 105, 13. 

(1990). Red. Trav. Chim. PUJWBUS, 109, 70. 

Sect. B, 27. 192. 

[455] B Blazic. I Turel, N Bukovec.-P. Bukovec and F. Lazarmi (1993) J Inorg Biochem , 
51. 737. 

[456] N. Barba-Behrens. A.M. Mutio-Rico, P. Joseph-Nathan and R. Contreras (1991). 

[457] M. Sundaralingam and J.A. Carabine (1971). J .  Mol. Bid. ,  61. 287. 
[458] G. Reck, A. Kircheiss and R. Bauwe (1980). Z .  Anorg. Allg. Chern., 470, 209. 
[459] G. Reck, A. Kircheiss and R. Bauwe (1982). Crysi. Struct. Conunun., 11, 1997. 
[460] M.T.L.S. Duarte, M.A.A.F. de C.T. Carrondo, M.L.S.S. Goncalves, M.B. Hursthouse, 

Polyhedron, 10, 1333. 

N.P.C. Walker and H.M. Dawes (1985). Inorg. Chim. Acta, 108, 1 1 .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



COPPER(1I) COMPLEXES, PART 11 145 

[461] F.S. Stephens, R.S. Vagg and P.A. Williams (1977). Acta Crystallogr., Sect. B, 33, 438. 
(4621 S. Guha and N.N. Saha (1970). Acfa Crystallogr., Sect.  B, 26, 2073. 
[463] M. Nardelli, G.F. Gasparri, P. Boldrini and G.G. Battistini (1965). Acta Crystallogr., 

[464] J.R. Marengo-Rullan and R.D. Willett (1986). Acta Crystallogr., Sect. C ,  42, 1487. 
[465] R.Y. Wang, K.J. Palmer and Y .  Tomimatsu (1976). Acta Crystallogr., Sect. B, 32, 567. 
[466] M. Herceg and R. Weiss (1973). Acta Crystallogr., Sect. B, 29, 542. 
[467] A. Craig, D. Parker and G.  Ferguson (1989). Acta Crystallogr., Sect. C, 45, 1498. 
[468] E. Bouwman, C.E. Westheide, W.L. Driessen and 3.  Reedijk (1989). Znorg. Chim. Acta, 

[469] Chia Chih Ou, V.M. Miskowski, R.A. Lalancette, J.A. Potenza and H.J. Schugar (1976). 

[470] N. Aoi, G.  Matsubayashi, T.  Tanaka and Nakatsu (1984). Inorg. Chim. Acta, 85, 123. 
[471] N. Aoi, G.  Matsubayashi and T. Tanaka (1983). J .  Chem. Soc., Dalton Trans., 1059. 
[472] R. Gutkoska, P. Lyford and J. Zubieta (1982). Cryst. Strucf. Commun., 11, 1311. 
14731 E. Bouwman, J. Ch. Ten Hove, W.L. Driessen and J. Reedijk (1988). Polyhedron. 

[474] P. Comba, G.A. Lawrance, M. Rossignoli, B.W. Skelton and A.H. White (1988). Ausr. 

[475] E. Bermejo, R. Carballo, A. Castineiras. A. Lombao, W. Hiller and J. Strahle (1991). 

[476] S. Liu, C.R. Lucas, R.C. Hynes and J.P. Charland (1992). Can. J .  Chem., 70, 1773. 
[477] C. Kelurah, P.A. Tasker and J .  Trotter (1978). J .  Chem. Soc., Dalton Trans., 1057. 
[478] E. Papavinasam (1991). 2. Kry,rtallogr., 195, 141. 
[479] W. Clegg and J.C. Lockhart (1987). Polyhedron, 6, 1149. 
[480] M. Herceg and R. Weiss (1973). Rev. Chim. Miner., 10, 509. 
[481] Shi Juen, Le Xueyi, Chen Liaorong and Luo Baoshen (1988). Inorg. Chim. Acta. 153, 5. 
[482] J. van Ri.jn, W.L. Driessen, J. Reedjk and J.M. Lehn (1984). Inorg. Cl?em., 23, 3584. 
[483] E. Bouwman, A. Burik, J.C. Ten Hove. W. Driessen and Reedijk (1988). Znorg. Chin?. 

[484] M.F. Cabral, J. de  0. Cabral. E. Bouwman, W.L. Driessen, J. Reedijk, U. Turpeinen 

14851 R. McCrindle, G. Ferguson. A.J. McAlees. M. Parvez. B.L. Ruhl, D.K. Stephenson and 

[486] You Xiaozeng, Li Zhongde, Yang Xiigshui, Li Cun, Wang Dingneny and Huang 

[487] F. Dejehet, R. Debuyst, Yun Yi Wei. J.P. Declercq and B. Tinant (1987). J .  Chim. Phys., 

[488] M.G.B. Drew. J. Nelson and S.M. Nelson (1981). J .  Chem. Soc.. Dalton Trans., 1685. 
[489] A. Indira, A.M. Babu, S.B. Bellad, M.A. Sridhar, J. Shashidhara Prasad and C.K. Prout 

[490] V.K. Belsky, N.R. Streltsova, O.K. Kireeva, B.M. Bulychev and T.A. Sokolova (1991). 

[491] D. Fenske, H. Goesmann, T. Ernst and K. Dehnicke (1990). Z .  Naturforsch., 45b, 101. 
[492] T. Sakurdi, K. Kobayashi, S. Tsuboyama, Y .  Kohno, N.  Asuma and K.  Ishizu (1983). 

[493] A.T. Cameron. D.W. Taylor and R.H. Nuttall (1972). J .  Chern. Soc., Dalton Trans., 

[494] D. Wester and G.J. Palenik (1974). J .  Am. Cheni. Sac.. 96. 7565. 
14951 G.J. Palenik, A.E. Koziol, M. Gawron, R.C. Palenik and D.W. Wester (1988). Arta 

[496] T.J. King and A. Morris (1974). Znorg. Nucl. Chenz. Letters, 10. 237. 
[497] R. Osterberg, B. Sjoberg and R. Soderquist (1970). J .  Chem. Soc.. Chern. Commun., 

[498] Xiao-Ming Chen and T.C.W. Mak (1991). Polvliedron, 10, 273. 
[499] G. Reck. A. Kircheiss and R. Bauwe (1981). Cryst. Strurt. Cornmun., 10, 993. 
[SOO] M. Melnik (1982). Cooru'. Chem. Rev., 47 239. 

19, 491. 

166, 291. 

Inorg. Chem., 15, 3157. 

7, 259 1. 

J .  Cheni., 41,773. 

Poiyhedron, 10. 1579. 

Acta, 150, 125. 

and R .  Hantalainen (1992). Inorg. Chirn. Acra, 196, 137. 

T. Wieckowski (1986). J .  Clzeni. Soc., Dalton Trans., 2351. 

Jinshun (1985). Kexue Tongbao, 30,65. 

Phys. Chinz. Biol., 84, 975. 

(1993). Curr. Sc.. 64, 247. 

fnorg. Chim Acta. 183. 189. 

Acta Crj,stal/ogr.., Srct. C, 39, 206. 

1603. 

Crystallogr., Srct. C, 44, 85. 

1 408. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
1
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


