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Review

COPPER(I) COORDINATION COMPOUNDS:
CLASSIFICATION AND ANALYSIS OF
CRYSTALLOGRAPHIC AND STRUCTURAL
DATA III. DIMERIC COMPOUNDS*

MILAN MELNIK !, MARIA KABESOVA#, MARIAN KOMAN®,
L'UBOV MACASKOVA? JAN GARAJ®, CLIVE E. HOLLOWAY ©
and ALADAR VALENT¢

2 Department of Inorganic Chemistry; ® Department of Analytic Chemistry,
Slovak Technical University, SL-81237 Bratislava, Slovak Republic,
¢ Department of Chemistry, York University, 4700 Keele Str., North York,
M3J 1P3, Ontario, Canada; ¢ Department of Chemical Theory of Drugs,
Faculty of Pharmacy SL-832 32 Bratislava, Slovak Republic

( Received 16 June 1997; Revised 18 September 1997 In final form 17 December 1997)

This review summarizes the data for over nine hundred dimerie Cu(ll} coordination compounds.
There are several types of the bridges, from which doubly bridges by far prevail. The most com-
mon ligands are O- and N- donors. From the stereochemical point of view, a square-pyramidal
arrangement with different degrees of distortion about Cu(ll), is the most common. Several rela-
tionships were found between the Cu-Cu distances and the Cu—-L—Cu bridge angle and the type
of bridging, between the intra-ligand L-Cu-L ring angles and coordination numbers.
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2. Dimeric Cu(Il) Compounds
2.1 Cu(II) Acetate Type
2.2 Doubly Bridged Cu(II) Dimers:

221
222
223
224

225
2.2.6
227
228

By two single atom bridges

By one single atom plus two-atom bridges
By one single atom plus three-atom bridges
By one single atom plus four-, five-, seven-
or eight-atom bridges

By two-atom or three-atom bridges

By carbonate group bridges

Oxalate type

Multi-atom bridges

2.3 Triply Bridged

2.4 Quadruply Bridged

2.5 By Single Atom Bridges

2.6 By Single Multi-Atom Bridges
3. Conclusions
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0. ABBREVIATIONS

aamt
aanp

aapen

ac
acacha
acachfacac
acacP(O)
acgly
acm

acr

ad

ae

aett

ahm
[B-ala

4-amino-3,5-bis(aminomethyl)-1,2,4-triazole

167
167
243
243
261
262

262
263
278 -
281
291
301
314
320
320
338
339
340

ligand involving two deprotonated amide, two izomethine

nitrogen and two phenoxide donors

tetraanionic ligand derived from the condensation of
1,2-diaminoethane with o-acetoacetylphenol
acetate

acetylacetone-mono-(o-hydroxyanile)
acetylacetonate hexafluoro acetylacetonate
o-(diphenylphosphino)benzoyl)pinacolone
N-acetylglycinate
5-acetamido-1,3,4-thiadiazole-2-sulfonamide
acridine

adenine
7-amino-4-methyl-5-aza-3-heptene-2-one
3,4-bis(2-aminoethylthio)toluene
N,N'-bis(5-amino-3-hydroxypentyl)malonamide
[B-alanine
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amazph

ambt
2-amepy
ammph
amoc

amp

5’'-amp
6-ampur
2-ampy
3-ampy
3-ampyH
4-ampyH
amsbph
amzh
[12]-aneS,
[20]-aneN,4
[24]-31‘16N206
[24]-aneN,S,
[24]-aneNg
[24]-aneNgO,
{30]-aneN g
apcs

apha
aples
apns

arg
asp
2-ath
athal
baa
baaep

2-bae
bba

COPPER(1l) COORDINATION COMPOUNDS

2,6-bis(5’-amino-1'-methyl-2’'-azapent-1’-enyl)-
4methylphenolate

a-aminoisobutyrate

2-aminomethylpyridine
ammonoimethyl(methyl)phosphine
8-amino-5-aza-4-methyl-3-octene-2-onate
2-aminopyrimidine

5’-monophosphate of adenosine

6-aminopurine

2-aminopyridine

3-aminopyridine

3-aminopyridinium

4-aminopyridinium
2,6-bis(4-amino-2-thiabutyl)-4-methylphenolate
7-amino-4-methyl-5-azahept-3-en-2-onate
5,8-dithiadodecane

20-membered N4 binucleating macrocycles ligand
polyaza-polyoxamacrocyclic ligand
1,3-diaza-4,10,16,22-tetrathiacyclotetracosane
1,5,9,13,17,21-hexaazacyclotetradecane

cryptate macrocyclic ligand
1,4,7,10,13,16,19,22,25,28-decaazacyclotriacontane
Shiff base ligand derived from the condensation of
3-aminopropano] with 5-chlorosalicylaldehyde
6-amino-1-(2'-hydroxyphenyl)-3-methyi-4-
azahept-2-en-1-one

Schiff base ligand derived from the condensation of
3-aminopropanol with 5,6-benzosalicylaldehyde
Schiff base ligand derived from the condensation of
3-aminopropanol with 3-nitrosalicylaldehyde
L-arginine

aspirinate

2-aminothiazole
N-(2-aminoethyl)thiophen-2-aldimine
1-phenyl-1,3,5-hexanetrione

Schiff base derived from 2,3-butanedione-2-oxime and
2-(2-aminoethyl)pyridine
2-dibutylaminoethanolate
N-n-butyl(5-chloro-a-phenyl-
2-hydroxybenzylidene)aminate
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2-bbenz
bbi

bbo

bdd
bdhe
bdo
bddo
bdta
bedao
bi-dptmd

bilm
bim
bimp

bimpr
bistren

biu
bmmp

bmpc
bmpi
boaep

botb

bpap
bpca
bpden
bpep
bpim
bpip
bpm
bpmab
bpmb

M. MELNIK et al.

2-benzoylbenzoate

5-tert-butyl-m-xylene bis(acetylacetone imine)(3,3'-[5-(1,1-
dimethylethyl)-1,3-phenylene bis(methylene)]) bis (4-ami-
no-3-penten-2-one)
3,3’~(trimethylenedinitrilo}bis(butan-2-one-oximate)
2,3-butanedione dioximate
bis(2-(diethylamino)ethyl)-2-hydroxyethylamine

N,N di (n-butyl)diaminoalcohole
1,8-bis-(3,5-dimethyl-1-pyrazolyl)-3,6-dithiaoctane
1,4-butanediaminetetraacetate
N,N’-bis(6-ethyl-3,6-diazaoctyl)oxamidate
4,16,20,32-tetraethyl-5,15,21,31-tetramethyl-
8,12,24,28,33,34,35,36-octaazapentacyclo
[28.2.1.13¢'*17|"* %) hexatriconta-
1,3,5,7,12,14(35),15,17,19,21,23,28,30(33),31 -tetradecane
2,2'biimidazolate

benzimidazole
2,6-bis[(bis((1-ethylimidazol-2-yl)methyl)amino)methyl]-4-
methylphenol

1.3-bis(benzimidazol-2-yl)propane
7.19,30-trioxa-1,4,10,13,16,22,27,33-octaazabicyclo-
[11.11.11]pentriacontane

biuretate

2,6-bis{bis[2-(methylthio)ethyllaminomethyl}-
4-methylphenole
2,6-bis{((N-methylpiperazino)methyl-4-chlorophenol
1,3-bis(2-(4-methylpyridyl)imino)isoindoline

Schiff base derived from 2,3-butanedione-2-oxime and 2-
(2-aminoethyl)pyridine

1,4-bis[(1-0xa-4,10 dithia-7-azacyclododecane-7-yl)-
methyl]-benzene

1,4-bis[(2-pyridyl)amino]phthalazine
bis(2-pyridylcarbonyl)amide
N,N’-bis(3'-pyridazinecarboxamido)-1,2-ethane
2,5-bis[N,N-bis(2’-pyridylethyl)aminomethyl]pyrazine
4,5-bis[(2-(2-pyridyl)ethylaminomethyllimidazolate
2,2'bipiperidine

2,2'-bipyrimidine
1,3-bis[bis(2-pyridylmethyl)amino]benzene
1-[bis-(2-pyridylmethyl)amino]-3-
[(2-pyridylmethyl)amino]benzene
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bpmp

bpmpp
bpsp

bpy
bpyH
bpyo

bpt

bptp
Briac
2-Brbz
3-Brbz
4-Br-3-CO;mepz
4-Brdmpz
bsda

btim
Bu-nso
bu'py

bz

bzacac
bz-a-ala
bzcarb
bz-15-crown-5
bzd

bzmh
4-bzpipH
2-bzpy
bzsmph

bztz
c

ca
caf

cha

car
CH,Cl,
C(,H6
C,H,N,S
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2,6-bis[bis(2-pyridylmethyl)-aminomethyl]-
4-methylphenolate
2,5-bis[N,N-bis(2’-pyridylmethyl)aminomethyl]pyrazine
[(R)-1,1-bis(2-butoxy-5-tert-butylphenyl)-3-phenyl-
2-salicylideneamino-1-propanolate
2,2'-bipyridine

4.4’ -bipyridilium

2,2’-bipyridine-N,N'-dioxide
3,5-bis(pyridin-2-yl)-1,2,4-triazolate N’,N! N2 N
3,6-bis(2-pyridylthio)pyridazine

tribromoacetate

2-bromobenzoate

3-bromobenzoate
4-bromo-3-carboxylatomethylpyrazole
4-bromodimethylpyrazole
N,N’-bissalicylidene-1,5-diimino-3-azapentane
1,2,4,5-tetrakis(4,5-dihydroimidazol-2-yl).benzene
2-[2-(di n-butylamino)ethylthiolethanol
4-tert-butylpyridine

benzoate

benzoylacetonate

N-benzoyl-a-alaninate
N-benzimidazolyl-2-carbamin acid
benzo-15-crown-5
benzidine(4,4’-diaminobiphenyl)
benzoyltrimethylhydrazine

4-benzylpiperidinium

2-benzoylpyridine
2,6-bis[4-(2-benzimidazolyl)-2-thiabutyl]-
4-methylphenole

benzotriazolate

cubic

dianion of chloranile acid

caffeine (3,7-dihydro-1,3,7-trimethyl-1H-purine-
2,6-dione)

cyclohexylamine

[B-alanyl-L-histidine (carnosine)
monomethylenedichloride

benzene
2-pyridinecarbaldehyde-thiosemicarbazone
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CyH 3N,
C5H13NOC02
CgH sN5;0
CgH N30,
CsH4NO
C7H5N2
Ci1iH13NO;
C12HoNO
C12H4NO;
C12H14NO4
Ci2HysN>,O
Cy2H21N4O,

CsHoF;NCO,
Ci3H1N,S,

CisH33N3
Ci4H26Ng

Ci4sHN4O,
CisHoN2Oy4

CISH20N302

Ci17H20F 1:N205

C,7H:NO
Ci7H27N4O

Ci7H3oNg
CioH23N30,

CyH, NGO,

M. MELNIK er al.

N’-isopropyl-2-methyl-1,2-propanediamine
2,2,5,5-tetramethylpyrrolin-1-oxyl-3-carboxylate
2-(N,N-dimethyl-2-aminoethyl}imino-3-butanone
oximate
2-(N-(2-hydroxyethyl)-2-aminoethyl)imino-3-butanone
oximate

a-pyridone(2-hydroxypyridine)

7-azaindolate

2-hydroxy-N-3-hydroxypropyl-
a-methylbenzylideneaminate
N-methyl-2-hydroxy-1-naphthaldiminate
(4S)-4,5-dihydro-4-isopropyl-2-(2’-oxidophenyl)oxazole
N,N’-bis(1-methyl-3-0x0-2-butenyl)oxamidate
condensation product of 1,4-diazacycloheptane and
salicylaldehyde
2-oximino-11-oximinato-3,10-dimethyl-4,9-
diazadodeca-3,9-diene
N-3-trifluoromethylphenylanthranilate

ligand prepared from 5.5-bis(4-amino-2-thiabutyl)-3,7-
dithianonane-1,9-diamine and lithium dithionate
N,N-bis(diethylaminoethyl)-ethylamine
S,12-dimethyl-3,7,10,14,15,16-tetraazapentacyclo-
[7.5.12‘8,15"6,1 lz"5] octadecane

4,49 9-tetramethyl-5,8-diazadodecane-2,1 1-dione
dioxime

2-hydroxy-N-3-hydroxypropyl-
S-nitrobenzylideneaminate
bis(1-N’-(N-2-aminoethylmorpholine)-
l-phenylpropane-2-oxime

Schiff base prepared by condensation of 5,5.5-trifluoro-
4-hydroxy-4-(trifluoromethyl)-2-pentanone with
diamine
2,6-bis(N,N’-dimethylethylenamineformimidoyl)-
4-methylphenolate
2,6-bis(N,N’-dimethylethyleneamine formimidoyl)-
4-methylphenolate
3,5-bis[(2-diethylamino)ethylaminomethyl]pyrazole
Schiff base derived from 1,1’-(2,6-pyridyl)-bis-1,3-
butane-dione and 3-amino-l-propanole
2,6-bis[N-2-(2’-pyridylethyl)formimidoyl]-4-hydroxy-
l-phenolate
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C24H25N4Oy

C14H36N4O,

Co4H4gN4O,84
C3,HyNg
C14H14N4O;
C36HaoNe
C37H36N>05
C,4HggNg
Clac

Cl3ac
2-Clbz
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ligand derived by template condensation of 2,6-difor-
myl-4-R-phenol with 1,3-diamino-2-hydroxypropane
ligand derived by template condensation of 4-methyl-
2,6-diformylphenol with 1,3-diamino-

propane
1,7,13,19-tetraza-4,16-dioxa-10,22,32,-tetrathiatricyclo
[17.5.5.57'%] tetratriacontane

7,7'-ethylene bis[2,12-dimethyl-3,7,11,17-tetra-
azabicyclo[11.3.1]-heptadeca-1(17),2,11,13,15-pentaene
N,N’-bis(2-((o-hydroxybenzhydrylidene)-
amino)ethyl)piperazine

ligand synthesized by the reaction of bis(20(-pyridyl)-
ethyl)amine with a,a’-dibromo-p-xylene
2-hydroxypropane-1,3-diylbis(3’-t-buty!l-5'-methyl-sali-
cylideneiminate

porphyrine

chloroacetate

trichloroacetate

2-chlorobenzoate

CIC¢H4CH,0CO, 2-chlorophenoxyethanolate

2-Cl-5-NO,py
2,4-Clypac
2,4,5-Clspac
2,4,6-Cl3ph
2-Clpr
3-Clpr
4-Clpt
2-Clpy
3-Clpy
2,5-Clapy
3,5-Clypy
4,7-Cl,qu
cmp
3-CNbz
3-CNpy
4-CNpy
C40,4

cpea
15-crown-5
crot

CsS,

2-chloro-5-nitropyridine
2,4-dichlorophenoxyacetate
2,4,5-trichlorophenoxyacetate
2.4 6-trichlorophenolate
2-chloropropanoate
3-chloropropanoate
p-chlorophenylthio
2-chloropyridine
3-chloropyridine
2,5-dichloropyridine
3,5-dichloropyridine
4,7-dichloroquinoline
cytidine-5’-phosphate
3-cyanobenzoate
3-cyanopyridine
4-cyanopyridine

squaric acid
3-chlorophenylcyanamide
macrocyclic polyethers
crotonate
tetrathiooxalate
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csmp
cychol
cycol
dabco
dacado
dacpd

daea
dalthc
damet
damol
damp
dana
dapsc
dapo

dapp
dbta

dbz-18-crown-6
dbztsf

dbztsfH

dcp

dcpmta

dd

ddd

deamp

deapo
deha
dempz
den
denc
desc

dfpp

dhnq
dhph
dien

[14]-4,11-dieneN,

M. MELNIK er al.

2-(2-chlorophenylthio)-2-methylpropanoate
trans-1,2-cycloheptanediol

1,2-cyclohexanediol

1,4-diazabicyclo[2.2.2]octane

diacetylazine dioxime

20 membered Schiff base derived from 2,6-diacetylpyr-
idine and 1,3-diamino-2-hydroxyallane
di-(2-aminoethyl)amine

dialyldithiocarbamate

2-diethylaminoethanolate

diaminoalcohole

N(2-dimethylaminoethyl) 3-aminopropanolate
1,5-bis(p-methoxyphenyl)-1,3,5-pentanetrionate
2,6-diacetylpyridine disemicarbazone
1-(N,N-dimethyl-2-aminoethyl)-1-phenyl-
2-oximopropane

a-dithionaphthothionate hydroxyalkane
2,3-dioxybutan-1,4-diamin-N,N,N’ N’-tetraacetate
dibenzo-18-crown-6

dibenzotetrathiafulvalene
dibenzotetrathiafulvalenium
3,5-dicarboxypyrazolate
(2,4-dichloro-5-methyiphenylthio)acetate
5,5-bis(3,7-diazanonane-1,9-diamine
5,5'-bis(3,7-dehydro-3,7-diazanonane-4,6-dione-1,9-dia-
mine)
2,6-bis[N-(2-diethylaminoethyl)-N-ethyl-aminomethyl]-
4-methylphenol

3-diethylaminopropan-1-olate

disubstituted aminoalcohole
3,5-diethyl-4-methylpyrazole
di-(2-aminoethyl)amine

N,N-diethylnicotinamide

diethyldithiocarbamate

ligand derived from 2,6-diformyl-4-chlorophenol and
polyamine

dianion of 5,8-dihydroxy-1,4-naphthoquinone
1,4-dihydrazinophthalazine

diethylenetriamine
5,7,7,12,14,14-hexamethyl-1 4,8 11-
tetraazacyclotetradeca-4,11-diene
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dio
diimH

dma
dmaeoxd
dmaep
dmapr
dmb
dmda
dmdc
dmf
dmg
dmpa

dmtp
2.4-dnph
2,6-dnph
dp-7

dpa
dpae
dpba

dpce
dpepd

dpma

dpp
dppn
dpr
1,3-dpt
dptd
dpy
dpyam
dpye
dtbsq
dtic
dtma
dt(metome),
dzcyc
eaep

COPPER(II) COORDINATION COMPOUNDS

1,4-dioxane

Schiff base formed by the condensation of 2-aminoethanol

with 2,4-pentanedione

dimethylamine
N,N’-bis[2-(dimethylamino)ethylJoxamide
2-(2-dimethylaminoethyl)pyridine
1,3-bis(dimethylamino)-2-propanol
2,6-dimethoxybenzoate
N,N-dimethyldiaminoalcohole
3,4-dimethoxy-a-g-dihydrocinnamate
dimethylformamide

dimethylglyoxime

ligand prepared by the condensation of
1,3-diaminopropan-2-ol with methyl acetoacetate
5,7-dimethyl[1,2,4]}triazolo[1,5-a]pyrimidine
2.4-dinitrophenolate

2,6-dinitrophenolate

hexyldiporphyrin-7

2,2 -dipyridylamine

2-dipropylaminoethanolate

ligand prepared by the condensation of 1,3-diamino-
propane-2-ol with benzoylacetone

dipyridine crown ether

ligand prepared by the condensation of 1,3-diamino-
propan-2-ol with 3-ethoxymethylenepentane-2,4-dione
ligand prepared by the condensation of
1,3-diaminopropan-2-ol with methyl acetoacetate
3,6-di(2-pyridyDpyridazine-N,N' N " N "
N.,N'-dipicolinoyl-1,3-propanediamine
di(3-aminopropyl)amine

I,3-diphenyltriazene
2,5-di-(2'-methylpyridylthio)thiadiazole
di-2-pyridylmethane

2,2'-N,N’-bispyridylamine

1,1-di-2-pyridylethanol
3,5-di-tert-butyl-o-semiquinate

5-(3,3-dimethyl- 1-triazenyl)-imidazole-4-carboxamide
4-diethylenetriamineacetic acid

N,N’-(1,2-dithioxoethane-1,2-diyl)bis(methyl methionate)

1,4-diazacycloheptane
2-(2-ethylaminoethyl)pyridine
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eap
ebdta
ebs
edta
egta
ehmpr
enaoH
enbpa
epma

epthscarb
etap
etapds
Etbitp
Etbzi
Etsdien
Et,NCO,
Et,NH
cte
Etsen
Etsen
Et-nso
EtO
EtOH
2-Etpy
Fac
Fsac
Fjacac
Fiacpt
Fst
2-Fbzth
fbb

fbo
Fgclobzim

fdmen

fluf
fm

M. MELNIK et al.

N,N’-ethylene bis(2-hydroxyacetophenimine)
ethylene bis(oxyethylene)diamine-N,N,N’,N’-tetraacetate
N,N'’-ethylene bis(salicylideneiminate)
ethylenediaminetetraacetate

octadentate ligand
2-ethyl-2-hydroxymethyl-1,3-propanediol
2,2'-(1,2-diaminoethane)bis(2-methyl-3-butanone)oximate
N,N’-ethylene bis(pyrrol-2-ylmethyleneaminate)
N,N’-ethanediylidene bis(1-isopropyl-2-methyl-
propylamine)

ethyl pyruvate thiosemicarbazone
N-(2-ethylthioethyl)-3-aminopropanol
3-diethylamino-5-phenyl-1,2,4-dithiazolium
3,6-bis(N-ethyl-2-benzimidazolylthio)pyridazine
N-ethyl-2-hydroxybenzideniminate

N,N,N’,N” N "-pentaethyldiethylenetriamine
N,N-diethylcarbamate

diethylimine

2-(ethylthio)ethanol

N,N,N’-triethylenediamine
N,N,N’,N’-tetracthylenediamine
2-[2-(diethylamino)ethylthioJethanol

ethoxy

ethanol

2-ethylpyridine

fluoroacetate

trifluoroacetate
1,1,1-trifluoro-2,4-pentanedionate
2,5-bis(triflucroacetyl)cyclopentanone
pentafluorobenzoate

2-fluorobenzothiazole
difluoro{3,3’-(trimethylenedinitrilo)bis(butan-2-one
oximate)

perfluoro-tert-butoxy

1,1,1,5,5,5-hexafluoro-2,4-pentanedionato(N-ethyl-5-chloro-

2-hydroxybenzylideneiminate

ligand derived from the condensation of 2,6-diformyl-4-
methylphenol with 1,1-dimethylene diamine
flufenamate

formiate
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fmclaph

Fgmobzim

fmp

4-Fpac
fpb
Fspd
Fepdhb

Fspho
Fephobzim

fpts
fsaen

F3sbmobzim

fum

gegly
3’-gmp
glth

glu

glygly
glyhgly
guan

hadt
(H)-apenol

Hsatp
HB(3,5-1-Prypz)3
HB(pz)3
H,B(pz),

Hbz

hbzoct

hdN¢O
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Schiff base derived from the condensation of 2,6-
diformyl-4-chlorophenol

and ( + )l-aminoethanephosphonic acid
1,1,1,5,5,5-hexafluoro-2,4-pentanedionato-
(N-(2-methylethyl)-2-hydroxybenzylideneiminate
ligand formed by template condensation of
2,6-diformyl-4-methylphenol with
3,6-bis((aminoethyl)thio)pyridazine
4-fluorophenoxyacetate
2,6-diformyl-4-tert-butyl-phenyl di(benzoylhydrazone)
1,1,1,5,5,5-hexafluoropentane-2,4-dionate
1,1,1,5,5,5-hexafluoro-2,4-pentanedionate-
(N-(2,2-dimethylethyl)-2-hydroxybenzylideneiminate
(pentafluorophenyl)oxy
1.1,1,5,5,5-hexafluoro-2,4-pentanedionato(N-phenyl-
2-hydroxybenzylidene)iminate

deprotonated 2-formylpyridine thiosemicarbazone
3,3'-[1,2-ethanediyl-bis(nitrilomethylidyne)-
bis(2-hydroxybenzoate)

4,4, 4-trifluoro-1-(2-thienyl)-1,3-butanedionate-
(N-(2-methylethyl)-2-hydroxybenzylideneiminate
fumarate

glycylglycylglycine

guanosine monophosphate

glutathione

glutarate

glycylglycinate

glycyl-L-histidylglycine

guanine
1,4,7,13,16,19-hexaaza-10,22-dioxacyclotetracosane
2-((2-((o-hydroxy-a-methylbenzylidene)amino)ethyl)
amino)amino)ethanole

nucleoside polyphosphate
hydrotris(3,5-isopropyl-1-pyrazolyl)borate
hydrotris-(pyrazol-1-yl)borate
dihydrobis(1-pyrazolyl)borate

benzoic acid
3'-hydroxybenzo[1’,2’-b]-1,4-diazabicyclo[2.2.2]
octane

heptadentate macrocyclic ligand NgO
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hebd

heiob
hem
hemnim
hepk
hepra
hesc
hfc
Hfpts
him
hip
hmit
hmtam
hnimet
hphen
htr

hx

hxa

ia

ibpd
idaH
im
imiph

5'-imp

impyae

iprsph

ips
Kbz-15-crown-5
L-Et

LS

L2py
maepy
mal
maldpr
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N,N'-bis(2-hydroxy-3-carboxybenzilidene)-
1,2-diaminoethane
2-(2-hydroxyethyl)imino-3-oximobutanate
chemically modified hemocyanin derivatives
1-(2-hydroxyethyl)-2-methyl-S-nitroimidazole
N-(2-hydroxyethyl)-2-pyridinecarboxaldimine
di-(2-hydroxyethy!) n-propylamine
N,N-bis(2-hydroxyethyl)dithiocarbamate
9-hydroxy-9H-fluorene-9-carboxylate
2-formylpyridine thiosemicarbazone
hexaimidazole ligand

hippurate
1,3-bis(hydroxymethyl)-2-imidazolidinethione
hexamethylenetetramine
2-[[(2-hydroxy-1-naphtyl)methylimino]-ethanolate
2-(2-hydroxyphenyl)-1,10-phenanthroline
heptanetrionate

hexagonal

dihydroxamic acid

iodanilate

3,3’-imino bis(propanamidoxime)
iminodiacetate

imidazole
2,6-bis[((4-imidazolylethyl)imino)methyl]-
4-methylphenolate

inosine 5'monophosphate
1-(imidazol-4-y1)-2-[(2-pyridylmethylene)aminojethane
triisopropylphosphite
(N-isopropyl-2-hydroxybenzylidene)aminate
benzo-15-crown-5 complexed potassium
N,N,N’,N’-tetrakis(2-(1-ethylbenzimidazolyt))-
2-hydroxy-1,3-diaminopropane
2,6-bis(4'-cyclohexyl-4’-hydroxy-2’,3’-diazabuta-
1’,3’-dien-1'-yl)-4-methylthiophenolate
2-[2-(a-pyridyl)ethyl]imino-3-butanone oxime
2-(2-methylaminoethyl)pyridine

malonate

ligand prepared by condensation of 2-hydroxy-
5-methylisophthaldehyde with 1-amino-
3-N,N-dimethylaminopropane
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mapycarb

mapyNO
mbrsalpr
mdd
mddc

mdmsp

Mesac
Me3(9-aneN3)
Meg-22-aneNy
Me,bcen

2-Mebz
Me,CO
Mesdien
Meen
Mesen
Mesen
megtb

Me4hd
1-Me-im
2-Me-im
5-Me-imH
Menic
Me-nso
MeO
MeOH
4-MeOpyNO
4-Meox
mep

mepH
3-Mephpz
3,4-Me,phpz
4,5-Me,phpz
Meypip
Meypn

COPPER(1I) COORDINATION COMPOUNDS

bis(2-N,N-dimethylaminoethyl)pyridine-
2,6-dicarboxamide 1-oxide
2-methylaminopyridine 1-oxide

159

N-methyl-N’-(5-bromosalicylidene)-1,3-propanediamine

5,7,7-trimethyl-4,8-diazaundec-4-ene-1,11-diolate
2,9-bis(methoxymethyl)-2,9-dimethyl-
4,7-dioxadecanedionate
N-methyl-N’-(4,6-dimethoxysalicylidene)-
1,3-propanediamine

trimethylacetate

trimethyl 1,4,7-triazacyclononane

22 membered homoleque of curtis type
N,N’-bis(3-carbamoylethyl)-
N,N’-dimethylethylenediamine
2-methylbenzoate

acetone
1,1,4,7,7-pentamethyldiethylenetriamine
N-methylenediamine
N,N-dimethyleethylenediamine
N,N,N’,N’-tetramethylethylenediamine
1,8-bis[bis(1 -methylbenzimidazol-2’-ylmethylamino]-
3,6-dioxaoctane
2,2,6,6-tetramethylheptane-3,5-dionate
N-methylimidazole

2-methylimidazole

S-methylimidazole

methyl nicotinate
2-[2-(dimethylamino)-ethylthiojethanol
methoxo

methanol

4-methoxypyridine-1-oxide
4-methyloxazole

mepirizole (4-methoxy-2-(5-methoxy-
3-methyl-pyrazol-1-yl)-6-methylpyrimidine
2-amino-2-methyl-1-propanol
3-methyl-5-phenylpyrazole
3,4-dimethyl-5S-phenylpyrazole
4,5-dimethyl-3-phenylpyrazole

(1-oxy-2,2,6,6-tetramethylpiperidin-4-yl)-pivaloylacetate

N,N,N’,N’-tetramethyl-1,3-propanediamine
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2,2-Me,pr
2-Mepy
3-Mepy
4-Mepy
2,3-Me,py
2,5-Me,py
3,4-Me,py
3,5-Me,py
I-MepyH
1,2-Me,pyH
4-MepyNO

2,2,5,5-MespyNO

5-Mepz
3,5-Me,pz
3,4,5-Mespz
4-Mequ
7-Mequ
mesalpr

MeSbpy
Me,SO
Mesprp
4-Meth
mhbi
mhsalim
mip
mmfp

[30]-mNsOy4
[20]-mNg
mnsalpr

[28]-mNg
mnthc
mor

mpp
mprph

4-mpt
mpzdad
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2,2-dimethylpropanoate

2-methylpyridine

3-methylpyridine

4-methylpyridine

2,3-dimethylpyridine

2,5-dimethylpyridine

3,4-dimethylpyridine

3,5-dimethylpyridine

I-methylpyridinium

1,2-dimethylpyridinium

4-methylpyridine 1-oxide
2,2,5,5-tetramethylpyridine N-oxide
5-methylpyrazole

3,5-dimethylpyrazole

3,4,5-trimethylpyrazole

4-methylquinoline

7-methylquinoline
N-methyl-N’-(5-methoxysalicylidene)-
1,3-propanediamine
2-(3,3-dimethyl-2-thiabutyl)pyridine
dimethylsulphoxide
N-methyl-N-salicylidene-1,3-propanediaminate
4-methylthiazole
N-methyl-2-hydroxybenzylideneiminate
N-(1,1-dimethyl-2-hydroxyethyl)salicylaldimine
1,4-bis(1-methyl-2-imidazolyl)phthalazine
4-methyl-2,6-bis|[N-(2-methylthioethyl)-
formimidoyl|phenolate

30-membered ‘N¢O,4’ macrocyclic Schiff base ligand
20-membered macrocycle tetraimine ligand
N-methyl-N’-(5-nitrosalicylidene)-
1,3-propanediamine

28-membered ‘Ng’ macrocyclic Schiff base ligand
12-methyl-12-nitro-1,4,7,10-tetra-azacyclotridecane
morpholine
2-methyl-1,3-di-2-pyridyl-2-propanole
2,6-bis[3-(dimethylamino)propyliminomethyl]-
4-methylphenolate

p-methylphenylthio

1,1’-(4-methylpyrazole-3,5-diyl)diacetaldehyde dioxime
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msimp
mtbne

naa
a-nac
napr
nba

N3bZ
N-chsalim
N-Etsala
nmedtb

N-Mesala
2-NH,pm
nic

nipr
NMC4
[24])-NcO5»
2-NO;bz,
4-N02bZ
npsalim
NPry
nthy
Obim
2-Obza
2-0-6-Clpy
ocoxb

oct

N-oed

-odt

OHbim
3-OHbz
6-OHpur
8-OHqu
ophsalim
2-Opy
2-O-3-Etpy
or

ox

COPPER(I) COORDINATION COMPOUNDS

N-trimethylsilyl-iminotriphenylphosphoran
2-[7-(methoxymethyl)-1,3,5,7-tetraazabicyclo[3.3.1]-
nonan-3-yllethanolate

nicotinic acid amide

o-naphthylacetate

naproxen (6-methoxy-a-methyl-2-naphthaleneacetic acid
bis(G-diketone) ligand based on the larger
2,7-naphthalenediyl bis(methylene) bridge
benzotriazole

N-cyclohexylsalicylideneaminate
N-ethylsalicylaldimine
N,N,N’,N’-tetrakis[(1-methyl-2-benzimidazolyl)methyl]-
1,2-ethanediamine

N-methylsalicylaldimine

2-aminopyrimidine

nicotinamide

3-[1-(4-nitroimidazoyl)]propionate
tetramethylammonium
1,13-dioxa-4,7,10,16,19,22-hexaazacyclotetracosane
2-nitrobenzoate

4-nitrobenzoate

N-n-nitrophenylsalicylaldiminate
tetrapropylammonium

1,8-naphthyridine

deprotonated form of 2-a-hydroxybenzylbenzimidazole
o-hydroxybenzylamine

6-chloro-2-hydroxypyridine
cyclo-octahydrooxooctacosa-oxooctadecaborate
octanoate

1-(2-hydroxyethyl)-3,5-dimethylpyrazole
2-ox0-1,3-dithiole-4,5-dithiolate
2-a-hydroxybenzylbenzimidazole
3-hydroxobenzoic acid

6-hydroxypurinate

8-hydroxyquinolinate
N-(2-hydroxy-2-phenylethyl)salicylideneiminate
2-pyridonate

3-ethyl-2-pyridonate

orthorhombic

oxalate

161
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oxd
oxpn
oxtbz
pa
paaan
paaet
paapnan
paapr
pamph
pan

pap
papfs
paphy
pap4me
pap6bme
pap46Me
pbsalim

pca
pedp

pcib
pdcno
pdnm
pdta
pdtb

pea
penas
pfpac
Ph

phac
phba
phbi
PhCN
phed
phen
PhymdP
Phiymgly
PhOH
Ph,P
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oxamidate

N,N’-bis(3-aminopropyl)oxamide
2-oxyethylimino-2-oxy-1-benzaldehydate
tetradentate phthalazine
2,2-dimethyl-7-(phenylimino)-3,5,7-octanetrionate
2,2-dimethyl-7-(ethylimino)-3,5-octanedionate
2,2-dimethyl-7-(4-nitrophenyl(imino))-3,5,7-octanetrionate
2,2-dimethyl-7-(n-propylimino)-3,5-octanedionate
2,6-bis(bis(2’-pyridylethyl)aminomethyl)phenol
1-(2-pyridylazo)-2-naphtholate
1,4-di(2’-pyridyl)aminophthalazine
1,4-di-(4’,6-dimethylpyridin-2’-ylamino)-phthalazine
pyridine-2-carbaldehyde 2’-pyridylhydrazone
1,4-bis(2-pyridylamino)phthalazine
1,4-bis((6-methylpyrid-2-yl)amino)phthalazine
1,4-bis(4,6-dimethyl-2-pyridylamino)phthalazne
Schiff base prepared from salicylaldehyde and
m-phenylenediamine

phenylcyanamide

Schiff base derived from pyrrole-2-carboxaldehyde and
3-aminopropanole

p-chlorophenoxyisobutyrate
2,6-dicarboxylate-N-oxide
phenyldinitromethanate
m-phenylenediamine-N,N,N’ N’-tetra-acetic acid
N,N,N’,N’-tetrakis(benzimidazol-2-ylmethyl)-1,3-propane-
diamine

bis(2-(2-pyridyl)ethyl)amine

D-penicillamine disulfide
{pentafluorophenoxy)acetate

phenyl

phenylacetate
N-phenyl(2-hydroxybenzylidene)aminate
N-n-propyl-2-hydroxybenzylideneiminate
benzonitrile

diphenylethanedione dioxime

1,10-phenanthroline
tetraphenylmethylenediphosphine
N-triphenylmethylglycine

phenol

diphenylphosphine
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Ph;P
Ph;PO
4-phpyNO
pht
phtN(,
pia
p-Tan
piapr
pib
piol
pipcl
pipH
pkph
plamph
pmaH
pmp
pmk
1,3-pn
pNO
pnthpy
poapH

poh

por

ppd
ppdn
ppdme
pprz

pr
prahmft

pramcres
prl
Pr-nso
2-PrOH
proxyl
(prp).en
ptp

Py

pyaa
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triphenylphosphine

triphenylphosphine oxide

4-phenylpyridine-1-oxide

phthalate
1,4-dihydrazinophthalazine-bis(2-pyridine)acetaldimine
N(CH,);OH

p-iodoaniline

N-(picolinoyl)-3-amino-1-propoxide
phenoxyisobutyrate

2,3-dimethyl-2,3-butanediol (pinacol)

ligand derived from 2,6-dipiperazine and p-chlorophenol
piperidinium
di-2-pyridylketone[phenyl(semicarbazono)acetyllhydrazone
N-pyridoxylideneaminomethyl-phosphonic acid
analogue of bleomycin
2,6-bis(N-(2-pyridylmethyl)formidoyl)-4-methylphenol
trans-trans bis(2-pyridylmethyl)ketazine
1,3-diaminopropane

phenoxo bridged binucleating ligand
2,7-bis(2-pyridyl)-1,8-naphthyridine
4-(phosphonomethyl)-2-hydroxy-
2-ox0-1,4,2-oxazaphosphorinane
5-phosphopyridoxylidenehistaminate

disubstituted porphyrine

3,6-bis(1-pyrazolyl)pyridazine
N,N’-dipicolinoyl-1,3-propane)-bis(sulphate)
3,6-bis(3,5-dimethyl- 1-pyrazolyl)pyridazine
2,5-bis(2’-pyridyl)pyrazine

propionate

tetra Schiff base macrocycle formed by condensation of
propane-1,3-diamine with
2-hydroxy-5-methylisophthalaldehyde
2,6-bis[(bis[2-(1-pyrazolyl)ethyllamino]methyl-p-cresolate
pyrrolidone

2-[2-(di n-propylamino)ethylthio]ethanol

2-propanol

2,2,5,5-tetramethylpyrrolinyl-1-oxy

N,N’-ethylene bis(2-hydroxypropiophenoneiminate)
o-phospho-DL-thereonine-pyridoxal Schiff base
pyridine

N-(2-pyridinyl)-acetoacetamide
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pyames
3-pycac
pycaro
pydca
pydiox
pyeth
pyimcres
pyNO
pypep
pyqux
pyra
4-pyx

pz

pzc
pzdad
qu

qpy

rib

sal
sal-(-ala
salal
salapr
(salim),pr
salpa
salphala
salqu
sata

sb

sbm
SbN6O

sbzph

scsal
sd

sdap
sdb
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2-[(2-pyridylmethyl)amino]ethylsulphinate
3-pyridylcarbinol

N,N’-bis(2’-pyridinecarboxamide 1’-oxide)-1,2-ethane
pyridine-2,6-dicarboxylate
2,2-bis(2-pyridyl)-1,3-dioxolane
2-[2-(2-pyridyl)ethylthio]ethanol
2,6-bis[(2-pyridyl)methyliminomethyl]-p-cresolate
pyridine 1-oxide

ligand related to bleomycin

2-(2'-pyridyl)quinoxaline

pyrazine

4-pyridoxic acid

pyrazole

pyrazine-2-carboxylate

pyridazine-3,6-dicarbaldehyde dioximate

quinoline

quinquepyridine

riboflavin

salicylate

N-salicylidene-3-alaninate

salicylaldehydate

3-(salicylideneamino)-1-propanolate

N,N’-propylene bis(salicylideneiminate)
N-(2-hydroxypropyl)salicylaldimine
N-salicylidene-L-phenylalaninate
8-(salicylideneamino)quinoline
1,2,3,4-tetrakis(salicylideneamino)-2,3-dimethylbutane
Schiff base ligand derived from 1,3-diaminopropane-2-ol
and acetylacetone

dinucleating Schiff base macrocycle

ligand was prepared by a template rection from
2,6-diacetylpyridine and 1,3-diamino-2-hydroxypropane
Schiff-base ligand involving sulphides and benzimidazoles in
addition to phenoxide

semicarbazone of salicylaldehyde

ligand formed by the condensation of salicylaldehyde with
1,3-diamino-2-propanol
1,3-bis(salicylideneamino)propan-2-ol

Schiff base formed from the condensation of salicylaldehyde
and 1,4-diamino butane-2-ol
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sdps

shbr
smtp
spca
Satpp
Sstpp
suc
sugn
tabm
tacac
tach
taec

taet
taep
tart
tba
tbi
tbne
tbnp
tcb
fce
teng
tcoa
tempo
terpy
tetac
tetb
tfimd

tfmd’

tgly
thf
thp
tima
tmsfs
tmso
tmp
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ligand formed by the condensation of salicylaldehyde with
1,5-diamino-3-pentanol
N-salicylidene-2-hydroxy-5-bromobenzylamine
6-thio-9-methylpurine
N3-salicyloylpyridine-2-carboxamidrazone
2,5,9,12-tetrathial13)(2,5)thiophenophane
pentathia-thiophenophane

succinate

5-sulphonic-8-quinolinate
5,5-bis(4’-amino-2-azabutyl)-1,9-diamino-3,7-diazanonane
1,4,7-triazacyclononane-1-acetic acid
1,5,9,13-tetra-azacyclohexadecane

N,N',N“ N "-tetrakis(2-aminoethyl)-
1,4,8,11-tetra-azacyclotetradecane

NN’ N” N “-tetra(2-aminoethyl)-1,1,2,2-ethanetetraamide
1,4,8,12-tetra-azacyclopentadecane

dl-tartrate

thiobenzamide

thiobenzimide
2-(1,3,5,7-tetraazabicyclo[3.3.1lnonan-3-yl)ethanolate
3-(1,3,5,7-tetraazabicyclo[3.3.1]nona-3-yl)propanolate
tetracarboxylatobenzene

tetrachloro-o-catecholate
7,7,8.8-tetracyanoquinodimethane
1,5,8,12,15,22,26-octaazatricyclo[17.9.2.2>'%]dotriaconta
2,2,6,6-tetramethylpiperidinyl-1-oxy
2,2":6',2"-terpyridine
1,4,7-trimethyl-1,4,7-triazacyclononane
(n)-5,5,7,12,14-hexamethyl-1,4,8,1 1-tetraazacyclotetradecane
8,8,8-trifluoro-7-(trifluoromethyl)-
S-methyl-4-azaoct-4-ene-1,7-diolate
9.,9,9-trifluoro-8-(trifluoromethyl)-
6-methyl-5-azanon-5-ene-1,8-diolate

N-tosylglycinate

tetrahydrofuran

2(1H)-tetrahydropyrimidinone

di-p-tolylmethylamide

tetra(methylithio)tetrathiafulvalene

tetramethylene sulfoxide
2,4-diamino-5-(3',4',5’-trimethoxybenzyl)pyrimidine (trimetho-
prim)

165
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tmtacd
tol
tolm
topcb

tos
tp

tpe
tped

tpma
tpmc

tpmta

tpt
tpydax

tr

tren
trienMe6

trg

tris
tsval
ttc

ttch
ttha
5'-ump
upm

vip
xba
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2,4,4,9-tetramethyl-1,5,9-triazacyclododec-1-ene

toluene

tolmetin (1-methyl-5-(p-toluoyl)-1H-pyrrole-2-acetic acid)
ligand derived from 1,4,7,10-tetraoxa-13-azacyclopenta-
decane with 5’-chlorocarbonyl-2,2’-bipyridine
1,3-propanediyl ditosylate

binucleating ligand containing p-alkoxo backbones amido-
pyridyl “end” groups

1,1,2,2,-tetrakis(2-pyridyl)ethylene

N,N,N’ N’-tetrakis[2-(3,5-dimethyl-1-pyrazolyl)ethyl]-
1,2-ethylenediamine

tris[(2-pyridyl)methyl]amine

N N’ N” N "”-tetrakis(2-pyridylmethyl)-1,4,8,11-tetrakis
(2-pyridylmethyl)-1,4,8,11-tetraazacyclotetradecane
1,4,8,11-tetrakis(2-pyridylmethyl)-1,4,8,11-azacyclo-
tetradecane

teraphthalate
N,N,N,N’-tetrakis[2-(-pyridyl)ethyl]-c,’-diamino-m-xylene
triclinic

2,2',2 "-triaminoethylamine
N,N-bis(dimethylaminoethyl-N,N’-diethy})-
1,2-diaminoethane

trigonal

tris(hydroxymethyl)methylamine

N-tosylvalinate

cystamine-N,N,N’,N’-tetraacetate

tropocoronand ligand

triethylenetetra-aminehexa-acetate
uridine-5’-monophosphate

macrocyclic ligand derived by condensation of 4-methyl-2,6-
diformylphenol with 1,3-diaminopropane

valproate (2-propyl-ethanoic acid)

3,3/-[1,3-phenylene bis(methylene)] bis(2,4-pentanedione)

1. INTRODUCTION

Copper is a tough, soft and ductile reddish metal. The dipositive state is the
most important one for copper. Most Cu(l) compounds are fairly readily
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oxidized to Cu(Il) compounds, but further oxidation to Cu(IIl) is more dif-
ficult. The d° configuration makes Cu(I) subject to Jahn-Teller distortion
if placed in an environment of cubic symmetry, and this has a profound
effect on all its stereochemistry.”> The chemistry of copper compounds has
been extensively investigated, and the relationship between structure and
reactivity, ranging from industrial catalysis to biochemical activity, is of
major importance.

Dimeric Cu(Il) compounds, especially Cu(ll) acetate type compounds
constitute a class of compounds with long history. The earliest quotation to
copper acetate is from the year 1594.°

In spite of this fact, attempts to specify the magnetic interaction in detail
of Cu(Il) acetate have been plagued by controversy and there are still differ-
ences of opinion.> ® In a recent, extensive review article only some ten
Cu(II) acetate type dimers were mentioned.”'°

Many structural studies of copper compounds have been carried out, and
have been sporadically summarized in annual reports.'!"!? There are com-
plete reviews of the crystallographic and structural data of mixed-valence,
Cu(I)-Cu(II),"® and Cu(I) compounds.'* To our knowledge, no complete
review of the crystallographic and structural data of Cu(ll) compounds
exists. A comprehensive overview of mononuclear Cu(Il) structural chem-
istry has also been reviewed recently by us.'>'® Complete review of the crys-
tallographic and structural data of dimeric Cu(I) compounds has not yet
appeared. This review includes nine hundred published dimeric Cu(Il)
structures which have been analyzed and classified in order to assist in
understanding the stereochemical interactions in the coordination sphere of
the Cu(II) species.

The structures have been classified according to the type of bridge
between two Cu(ll) atoms. The referencing is in the order of increasing
copper—copper separation. Under varying conditions Cu(II) has been
isolated with coordination number from four to six, with five being by far
the most common.

2. DIMERIC Cu(Il) COMPOUNDS

2.1 Cu(Il) Acetate Type

Crystallographic and structural data for two hundred Cu(Il) acetate type
dimers are gathered in Table 1. A survey of green (blue-green) Cu(Il) acet-
ate type dimeric complex units containing either a CuQOs (Table TA),
CuOyN (Table IB), CuO4P (Table IC), CuO4N, CuN,4CI, CuO;N,, CuNy, or
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CuO;N; (Table 1D} chromophores. In the complexes (Table TA-C) two
Cu(Il) atoms are bridged by four carboxylate groups in a syn—syn arrange-
ment (Figure 1). The apical position are occupied usually either by oxygen,
nitrogen or phosphorus containing ligands. Except,”! where the coordina-
tion polyhedron can be described as trigonal bipyramidal, all other
(Table IA-C) about each Cu(II) displays a distorted square pyramidal geo-
metry. There is usually a center of symmetry within a dimeric unit. How-
ever, there are twelve complex units, where there is only C; symmetry
element involved. Selected bond distances and angles for CuOs and CuO4N
chromophores are summarized in Table IF.

While the Cu-O(basal) bond distances were in the range of 1.943—
1.987 A (average 1.965A) and 1.955—1.985A (average 1.97 A) for the CuOs
and CuO4N chromophores, respectively, the remaining three distances,
Cu-L(apical), Cu—-Cu and out of O4 plane, show wide ranges. There are
strong correlations between the Cu—Cu distance and out of plane deviation,
the Cu(II) atoms to be pushed out from the basal O4 plane upon elongation
of the Cu—Cu distance. The correlations are 0.887 and 0.977 for the CuOs
and CuOy4N types, respectively.®®

There is also strong correlation of —0.929 between the average angle Cu-—
O-C and O-C-O for the CuOs type dimers. When the former opens the

FIGURE 1 A schematic structure of Cu(Il) acetate type dimer.
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TABLE IF Summary of selected bond distances and angles for CuO40 and CuO4N
chromophores type?

Cu040 CuO4N
Distances [A]
Cu-0 (basal) 1.943-1.987(1.965) 1.955-1.985(1.97)
Cu-L (apical) 2.074-2.238(2.15) 2.11-2.269(2.18)
Cu-Cu 2.563-3.256 2.576-3.261
Cu - out of Oy4 plane 0.13-0.24 0.184-0.322
Angles [°]
Cu-0-C 119.8-130.2(123.2) 121.5-125.0(123.5)
O0-C-0 111.6-132.0(125.0) 122.4-129.3(125.8)
b 0.719-15.852 0-12.733

*The mean values are given in parenthesis. ® Values for the apical deviation angle between Cu-L (apical) line
and the perpendicular to the basal O, plane.

latter closes. Surprisingly, the correlation is not so good for the CuO4N
type dimers. The structural parameter showing the greatest coefficient
of variation is the apical deviation angle for both type of chromophores
(Table IF). This indicates that the data depart significantly from a normal
distribution. Because the range values are wide, this may indicate a weak-
ness in the chemical bonding in the apical direction.

There are also some structures where the equatorial ligand is the same
whereas the apical ligand is changed. The apical ligand influence on the
Cu—O(basal) distances range is wider for the CuQs structure type. The sum
for the bond lengths in a coordination polyhedron is almost constant for
each chromophore type, 10.01 A for CuOs and 10.06 A for CuOyN. This
illustrates nicely the plasticity effect in Cu(II) compounds.'**

There are two green examples®''>* (Table IC) in which apical positions
are occupied by PPh; molecules. The mean Cu—P bond distance of
2.570(2) A is longer than those of Cu-N (apical) and Cu-O (apical) with
the values of 2.18 and 2.15 A, respectively, as expected.

In Table ID are examples, in which two Cu(Il) atoms are bridged by four
bidentate N-donor; ligands in a syn—syn configuration. In olive green
Cuy(dpt),'** pairs of very closely separated metal atoms (2.441(2) f\) are
bridged by four dpt groups in a syn-syn arrangement such that the envir-
onment of each Cu(Il) atom is almost square-planar with the mean Cu-N
bond distance of 2.020(6) A. The Cu-Cu distance of 2.441(2)/& is the short-
est found in the series of Cu(ll) acetate type structure.

In deep red Cuy(2-0-6-Clpy),'?** and dark Cuy(2-O-3-Etpy)s(dmf),'*¢ two
Cu(Il) atoms are held together by four bidentate -O,N-donor; anions in a
syn—syn arrangements. Each Cu(II) atom in the former is square-planar
with the mean Cu-O of 1.928A and Cu-N of 2.014A. The Cu—-Cu
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