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INTRODUCTIOI’I 

It is inevitable in a review of such a prolific area as copper coordination chemistry that 

something has either been missed or, for reasons of conciseness, omitted. To thase authors who fall 

into these categories, I extend my apologies. In an attempt to contain the review to a manageable 

size. the material covered has been restricted largely to English language publications which appear 

in the popular academic chemistry journals of 1990. Without such restrictions the task would have 

been unduly cumbersome: the first computer search of Chemical Abstracts yielded 37,478 

references with copper in the title or abstracu the field was subsequently restricted by intersecting 
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this field with other keyword fields such as complex, ligand. crystal etc. The space limitation permits 

only the most cursory treatment of any one publication, and so the review is intended for the reader’s 

perusal rather than the in-depth interest of a particular specialism. By and large, the review pays 

particular attention to structural information, with the intention that the reader will be able to use such 

information to identify material worthy of deeper investigation with respect to his/her interest. 

Throughout, commonly accepted ligand abbreviations am used without decoding; for example, bpy 

for bipyridine. 

Copper co-ordination chemistry has become a diverse field of interest which intersects with 

many other research domains. A dominant part of much of the current research is the study of the 

chemistry of complexes containing two or more coppers. In deference to this tmnd, this review deals 

first with the polynuclear complexes, then moves to mononuclear, followed by other key fields of 

general interest. In this connection, inclusion of organometallic references in this review has been 

kept to a bare minimum; references relating to copper-containing superconductors, a rapidly 

expanding and highly specialised atea, have also been largely excluded. 

4.1 HOiUOBINUCLEAR COMPLEXES 

The study of both home- and hetem-binuclear copper-containing complexes continues to be 

an area of intense activity in 1990. These studies largely centre on magneto-structural correlations 

between the metal centres, catalysis, and biomimicry; the latter are reserved for the section on 

Biological Copper. 

4.1.1 Binuclear copper(H) 

A wide range of binuclear complexes containing acyclic ligands is reported, the metal centres 

being held together by usually with the aid of one or more bridging ligands, the nature of which 

plays a role in the degree of communication between the copper atoms. 

Large antiferromagnetic coupling occurs in the complex p-hydroxoy-perchlorato- 

bis[(diethylenetriamine)perchloratocopper(II)l[1l. The X-ray ctystallographic study confirms the 

copper@) cennes as being tetragonally elongated octahedra comprising an N303 donor set with one 

single-atom bridging perchlorate and one bridging hydroxide. The Cu----Cu separation is 3.435(l) 

8, and a large antiferromagnetic coupling (J = -374 cm-t) is observed, the Cu( l)-O(H)-Cu(2) angle 

being 12&l(4)‘. 

In another structurally characterised single hydroxo-bridged complex [t&L@- 

OH)(MeCN)]2[Cudlu], where L- = 2,6-bis(N.N-dimethylaminoethylformimidoyl)-4-methyl- 

phenolato (1) [2]. antiferromagnetic coupling is also present (U = -478 cm-l); the influence of 

hydroxo group on the metal-metal interaction being emphasized by the drop in coupling observed 

when bromide is used as the bridging ligand (2J= -157 cm-t). One exogenous hydroxide and one 

endogenous alkoxide bridge have been reported for the complex of the phymuinone derivative of 

(2) to give [CqL(OH)][ClO4]2 [3]. While no magnetic data are reported, it is interesting to note 

that the ligand has been oxidised. 
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(1) (2) 

Both intramolecular antiferromagnetic and ferromagnetic coupling have been mported in 

doubly [4] and uiply [S] bridged complexes respectively. The fcnwna gnetic behaviour in the Latter 

is retained even when the nature of the bridging oxygen is changed from [Cu2(OAc)3(bpy)][ClO4] 

to [cU~(OH)(OH~)(OAc)(bpy)z][C1O~1~. The anionic hydrotris@yraxolyl)borate(1-) ligand 

induces dimer formation by virtue of the three-dimensional disposition of the pyraxolyl nitrogens, 

[6], which leaves vacant co-ordination sites on the metal; the dihydroxo-bridged complex 

[CuL]2(OH)2 exhibits strong anti-ferromagnetic coupling [6a], while the peroxo-bridged analogue 

has been examined as an oxygenation catalyst [6b]. 

(I 
H2N OH 

(3) 

Single [7] and double [8,9] exogenous alkoxo-bridged complexes have been observed. In 

[Cu2(NO)2(OEthl[81, the copper centres are strongly a&ferromagnetically coupled to each other 

whilst being ferromagnetically coupled to the nitrosyl ligands. Structurally characterised alkoxo 

bridges, in which the alkoxide is pendant to a chelating ligand such as 3-aminol-propanol(3), have 

also been mported [lo], again with strong antiferroma gnetic coupling. Other endogenous alkoxy 

bridges, pendant to the backbone of the main ligand, and holding together a dimeric structure are 

repaaed WI. 
Magnetostructural correlations in complexes containing the [Cu&J2- moiety, where X = 

Cl-and Br, have been examined 112, 131. Antif erromagnetic superexchange is reported for a 

planar tuomo derivative [ 121, with a much reduced exchange for the chlom analogues [ 12,131. The 

strength of the exchange in a chloro derivative are reinterpreted on the basis of the tetmmer formed 

by Wokied dimers [13]. 

Antifenomagnetic coupling 6om six S = l/2 spins in the binuclear chlcride-bridged complex 

[CuL2C12]2, where the ligand L the radical (4). is dominated by the copper-ligand interaction 

madiatadbytheni~~natomofthe~ering[14]. 



66 

(4) (5) (6) (7) 

A number of nitrogen-containing heterccycles, such as imidazolate (5) [ 15,161, pyrazolate 

(6) [17], and pyraxine (7) 1181 have been cited as bridging ligands, as have several mono- [5,19,20] 

and d&basic [2 1,221 carboxylic acids. Of the former, type, four methacrylato bridges between the 

two coppers bring the metals into a 2.655( 1) A contact [20]. Both bridging and mrminal azide- [23, 

241 and cyanate-containing 1251 binuclear centres are also reported. Where the coupling was found 

to be strong, such as in a room-temperature, es-silent axide complex [231. the main part of the 

contribution to exchange was found to be via an oxime portion of the ligand rather than the 

pseudohalide. The oxyanions NO3- [26] and CO32- [27] have been crystallographically 

characterised in a bridging role. The p-carbonam complex has been reported as the product of an 

interesting reaction between a di-p-hydroxo copper@) complex which fixes atmospheric CX& as 

carbonate [27]. 

HO 0 OH 

(8) (9) 

(10) (11) 

A number of less common bridging ligands such as the anionic forms of l,S-dihydroxy- 

9,10-anthracenedione (8) [28], phenylcyanamides [29], oximides and dithiooximides [30], 

acetazolamides 1311. oximes i32.331, as well as the Schiff-base product of salicylaldehyde and 2- 

hydroxynaphthylamine (9) WI are qarted. Of parbcular sawxural interest is the formation, in the 

presence of a polyhydroimidaxole l&and, of bhmclear metallacyclic smlcmmswithlarge interacdng 
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square pyramidal coppers [35]. The neutral bridging ligands 2’-deoxyadenosine (10) [36] and 

hypoxanthine (11)[37]h~ebe~~characmised. 

Br 

A 

I 

Et, I 
N 

H NnS 2 S /\MIz 

HzN_S 
LNH2 

(12) (13) 

When the ligands become larger and incorporate two distinct metal binding ‘ends’, it 

becomes mom practicable to classify the ligands as bimtcleating, despite the fact that they are still 

strictly bridging the metal centres. Non-cyclic ligands within this category often sham the structural 

features of: a) tripodal amine ‘ends’ linked by b) an organic backbone [38], which can contain 

additional heteroatoms [39] which, in turn, may act as endogenous bridges [40]. Manipulation of 

these structural features has been effected to furnish complexes with a range of metal-metal 

distances, magnetic, and redox properties. Other examples include the ligand (12) which contains 

two chemically distinct metal-binding sites, and forms binuclear copper@) complexes with a variety 

of exogenous bridges [41]; in contrast, the ligand (13) can hold weakly interacting copper atoms at 

a separation of 7.127 A [42]. 
Homobinuclear macrocyclic complexes of copper@) can be divided into structural types, 

depending on whether the macrocycle is either binucleating and encapsulates the copper atoms 

together with exogenous (14) and/or endogenous (15) bridges; or, is essentially mononucleating 

but capable of producing bridges to a second copper atom, (16) and (17). These types are 

mpresented diagrammatically with X mpresenting the bridging functionality. 

[Z] I-?-_] 

(14) (1% 
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o-@ 69 fi::: :: 1:: 1; :::cu 

(16) (17) 

The small ring sire of tridentate macrocycles precludes biiucleation within a common 

macrocyclic cavity 143,441. The structurally chamctekd complexes [C~~QA-OI-I)(IL-C~)][C~O~]~ 

WI, where L = 1,5,9-niaxacyclononane, illustrates this point Variation of the exogenous bridge in 

related complexes of the N-methylated derivative of this macmcycle allows tuning of the magnetic 

properties to furnish a range of homobinuclear complexes with no coupling, antiferromagnetic 

coupling (U = A60 cm-l), and ferromagnetic coupling (J = +22 cm-l), as well as Cu-----Cu 

separations in the range 3.6 to 7.6 A [45]. 

In general, expansion of the macrocyclic cavity allows the incorporation of two or more 

metals [461. Further, the steric constraints imposed by the macrocycle (18) around the bimetallic 

site has been shown to give rise to the first observation of a truly symmetrical, single-atom, nitrogen- 

only, btidging isothiocyanate between the copper atoms [47]. 

4% O I 
N c; I> N 

0 

V 

(18) 

The macmcycle (19) has been obtained and structurally character&d in its metal-free form; 

however, exposure of its dicopper(I) complex to dioxygen, results in the recovery a dicopper(II) 

derivative in which an exogenous OH-, and an endogenous phenolate bridge (from @ insertion), 

link the two copper centres 1481. An example of a macrocyclic binuclear copper@) complex 

containing two endogenous bridges is provided by the ligand (20) which forms complexes of the 

form [Cu2LX2].nH20, where X = axially bound halide and axide [49]. The strong antif- 

magnetic coupling (U = -750 to -855 cm-l) observed in these complexes is ascribed to the 

essentially flat binuclear structure with close metal-metal approach which is facilitated by the 

macrocyclic ligand constraint; this is illustrated by the crystal structure of the bromide derivative. 
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Similarly, extremely strong coupling (U = -860 cm-l) is exhibited by another co-planar binuclear 

copper cenne imposed by the macrocycle (21) which contains two endogenous alltoxo bridges [50]; 

the bridging groups play an imporknt synthetic role in maintaining the integrity of a binuclear 

transition-state fzomplex in which the Cu* moiety templates the macrocyclisationmaction. 

A number of binuclear copper(E) complexes of tetraaxa-macrocycles containing the 

chelating substituents 2 -aminoethyl [Xl. 2-pyridyhnethyl[52], and 2-benzimidaxoyhnethyl [53]. 

which are pendant to the macrocyclic nitrogen atoms, have been reported. In these cases the 

binuclesr structure has been achieved by the exocyclic co-ordination of the copper atoms to the 

llgands as represented by (22). 

OH 

(20) (21) 

N 

al’ 
N 

N 
-TX- I+ ’ 4 / 
N- I 

NIN 

(22) 

4.1.2 Binuclear copper(I) 

The large binucleating ligand, 2,5-bis[~,A%is(2’-pyridylethyl)aminomethyl]pyraxine (23). 

has been used to synthesise binuclear complexes of copper(I) [40] in addition to the copper0 

complexes aheady qorted. The crystal structure of [C&~[ClO4]2. where L = l$-naphthyridine 

(24) reveals a short Cu----Cu separation of 2.506(2) A; the complex reversibly binds x-acids such 

as CO, C2H2, and C$I4 [54]. Although metal-metal bonding is not claimed in this complex, it is 

interesting to note that the disilver(I) analogue exhibits a metal-metal distance which is significantly 

shorter than that found in the metallic form of the element. A number of other structurally 

character&d examples of binuclear copper(I) complexes of non-macrxxzyclic ligands containing 

nitrogen heterocycles appear [55-581. In view of the close metal contacts mentioned above, the 
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insertion of a ‘copper nitrene’ into a carbon-hydrogen bond of CuLC12, where L = l,lO- 

phenanthroline (25), is nqorted to give a complex in which a 2.600(2) A gap sepamtes the copper 

atoms, a distance approaching the 2.55 A measured for metallic copper 1571. Synthetic and 

structural studies of mixed-ligand systems involving nitrogen heterocycles along with ‘soft 

phosphorus- [58,59] and sulfur-containing [59,60] ligands are reported. The high stability of a 

dicopper(1) complex, containing two thiophenolato bridging ligands and a terminal q2- 

thiacycloheptyne ligand, is associated with a large reduction in the internal strain of the terminal 

ligand as a result of complexation [61]. 

(23) (24) (25) 

(26) 

Macrocyclic ligand control of the Cu----Cu separations has been demonstrated in the 

synthetic and structural studies of binuclear tetrahedral copper(I) complexes of a range of thioether 

crowns of the type [18]-ane-S6 (26) [62], [24]-ane-S8 (27) and [28]-ane-Sg (28) [63]. The 

intermetallic distances of 4.428(2), 5.172. and 6.454(3) A respectively, are in accord with the 

increasing size of the macrocyclic cavity. Electrochemical and ESR spectroscopic studies of the 

oxidation prodUcti of the Sg %%‘ieS are also repaaed. 

P=Sl 
S S 

sGSjJJ 

> 

(27) 
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(28) 

When three moles each of ais(3-aminopropyl)amine and 1.3~benzenedicarboxaldehyde are 

condensed in the presence of silver(I), and the product traasmetallated with copper(I), a binuclear 

complex of a (3+3) hex&mine cryptand (29) is produced [f%]. The structure of the complex is 

rem while the template route to this macmcycle complements the metal-fnze route reported for 

the closely-related system based on t&(2-aminoethyl)amine by Nelson et al in 1988 (30) [65]. 

(29) 
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The exocyclic di-copper(I) complex of the macrocycle (31) has been structurally 

characterised and the quasireversible binding of dioxygen reported [66& Tbe low co-ordination 

number requirement of the copper(I) ion is expressed in the use of only six of the potential eight 

nitrogen donors of the &and, each copper adopting a trigonal geometry. Evidence for copper- 

mediated 02 incorporation is by way of isolation of the copper@), CuLz, where HL is pyridine-2- 

csrboxylic acid derived from the ~p~y~~yl pendant substituent of the macmcycle. 

4.1.3 HeterobW&ar complexes 

Hetembinuclear complexes containing copper0 together with the ions tltanium(III) [67], 

~~~u~ [68], ~g~e~~ 1691, iron@) [70], cobah [7@73], cobah TJ4], nickel(II) 

[16,33,70-73,75,76l, zinc(lI) [la, 71-733, platlnum(IV) [771 and gadolinium(II1) 1781. Studies 

involve X-ray crystallographic [67,74,76,77], magnetic [68-71,73,76-781, electmchemical[73], 

thermodynamic 1751, and kinetic 1721 examination. 

Examples of he~b~~l~ copper(I) together with iron (as a ferrocenophaue tetrathia- 

macrocycle) [79], zinc(II) (in scuflofding-like materials) [80], ruthenium(II) (as an exodentate 

chelate to an endodentate copper(I)-macrocycle complex [Sl], and platinum(II) (in [CuPt(cN)41’-) 

[SZ]. Physicochemical measumments of the copper-iron complexes [79]. show that, although the 

complexes are formed by reaction of the appropriate ligand with C!u(BF4h, the copper is present as 

copper(I) while the iron is present in the ligand backtxme as ferrocenium- 

42.1 Trinuclear Complexes 

Homotrinuclear complexes can be either linear or cyclic with mspexx to the metal core. The 

COtlljdeXeS [Ct&4X2].H& where X = Cl- or Br and HL = bis(2-pyridyl)amine (32), is an 

example of the fit of these structtnal types [83]. Bach of the four ligands co-ordinates in a 

unindentate manner to each copper atom, forming a four-column cylinder within which the Cug- 

&romophore is situated. The central copper atom thus involves a co-planar ChN4 ctiphare, 

while the terminal copper(E) atoms co-ordinate an additional halide to adopt a square pyramidal 

geometry. Little me&on is made in the abstract of the very close metal-metal distances of 247 l( 1) 

and 2.468(l) A in these strongly antiferromagnetically coupled, ESR-silent, complexes. 

Semiconductor activity has been found in stacked ~~~)-~~h~ato trimers with large 

exchange interactions existing within the toima 1841. 
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(32) 

!Seved other linear Cu3-com have been either structurally character&d or proposed on the 

basis of magnetic and spectroscopic information. Thus, bridging bis(oximato) ligands give rise to a 

planar terminal CuN4chromophore with a central, flattened tetrahedral CuO4 chromophore [85]. 

Triply bridged coppers, from six p2-niazole ligands, again produces the linear Cu3 core, this time 

with an octahedral CuNe-unit as the central chromophore, while tetragonal pyramidal CuN303 

(oxygen is ikom water) chromophores terminate the trinuclear chain [8q. An almost linear trimer 

(Cu-Cu-Cu = 175&l(2)‘) with copper-copper distances of 2.9515(5) A and 3.0106(5) A, and with 

two of the copper atoms having a distorted square pyramidal geometry while the central copper is 

found in an octahedral environment, was realised with 3-aminolkopanol. H3NCH3CIQCH20H 

[87]. The crystal structure of [Cu3L#H2CCoz)s(, where HL = Et2NC!H3fQH, shows 

mrminal square-planar CuNO3 and central 0104 chromophores [ 881. Bridging glyoximate ligands 

have also affoided complexes in this category [89]. The magnetic non-equivalence of two types of 

copper atom in this structural category permits straightforward structural inferences to be made on 

the basis of spectroscopic and magnetic data [90,91]. A trinuclear copper(I) complex of formula 

Cu3C13(R2Te)2(H30) has been mported [921, but structural detail is limited. Detailed magneto 

structural correlations within copper trlmer stacks of type [CtqX&, where X = Cl or Br, have been 

published [93]. 

Examples of cyclic Cu3 include the metal in both the +l and +2 oxidation states. The 

trinuclear iodocuprate complex [Cu3(AsPh3)3I4] consists of an apical iodide triply bridging to three 

equivalent pseudotetrahedral coppers, each of which are further doubly bridged by iodide and 

terminally coordinated by a single AsEh3 ligand [94]. Three l&pyrazolate ligands form a large 

nine-membered cyclic arrangement, incorporating the metals, which is co-planar to within 0.07 A 
[95]. Oxidation of [ {Cu(HL)2Cl)2], where I-IL = pyrazole, yields the trinuclear complex 

[Cu3(OH)(L)3(HL)$ld in which the hydroxo group bridges to all three copper@) ions, while 

three of the pyrazolato ligands bridge between two metals, closing a circle around the central 

hydroxide [96l. 

42.12 Heteromkdear Complexes 

Linear complexes of the M2Cu(II) type, with copper at the centre are: [LFe(p- 

(dmg)3Cu}FeL]2+, where L = 1.4,7-aimethyl-1,4,7-triazacyclononane (33). and H2dmg = 

dimethylglyoxime [97]; [(NH3)~CoQ.t-im)CuL(p-im)Co(NH3)5]4+, where H2L = 

H02CCH2NHCH2C03H and imH = imidazole, contains such an arrangement [74]. and 
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[L(HzO)Ni( (p-pba)pCu)Ni(HzO)L]2+, where L = bis(3-aminopropyl)amine (34) and H2pba = 

1,3-propylenebis(oxime) (35) [98]. 

MeN NMe 

H Nri2, 2 

n I I 
HO’ 

N N 
‘OH 

(33) (34) (35) 

The alternative linear trinuclear unit, MCu(IIh. is found for a series of complexes in which 

M = Mg, Mn, Co, or Ni, the zinc member of the series serving as structural reference [91]. The 

macrocyclic ligands (36) have two metal binding sites: the &-unit of the macmcyclic cavity and the 

exocyclic glyoxime-fused unit. In accordance with these features, heterouinuclear complexes of the 

type (37). where M = nickel(I1) and cobalt(H) have been proposed [99]. The complex 

[ (Cu(bpy)]$r(ox)3]+ shows distinct f erromagnetism with an increase in magnetic moment to 8.78 

uB at 5 K from 4.82 l.tB at 300 K 1681. 

The imidazole-containing ligand, formed by the sequential Schiff-base condensation of 5- 

chlom-2_hydroxybenxophenone, 1,2diaminobenxene and imidazole-4carboxaldehyde (38), has 

been used to form the iron(III)dicopper(II) complex (39) in which the central iron is complexed to 

tetraphenylporphyrin. This compound exhibits a low-temperatum ferromagnetic interaction between 

the heterometals (J = 22.2 cm-l in the range 2 - 300 K) [ lOO]. Mention has already been made of 

the heterobinuclear structure obtained with a tetrathia- macrocyclic fermcenophane ligand [79]; 2: 1 

complexation affording the heterotrinuclear complex has also been achieved by using the smaller 

cavity of the trithia-analogues. Similarly, the use of other ferrocenyl-derived ligands to form 2: 1 

complexes (40), this time with copper@), have given rise to tetrahedrally distorted copper@) centre 

in Fe&-complexes [ 1011. 

A structurally characterised example of cyclic M2Cu(I) in an incomplete (Mo2CuS4) 

cubane-like core was found [ 1021. A copper-magnesium complex [ 1031 merits special mention in 

that the X-ray crystal structure reveals unprecedented magnesium-sulfur(thiophenolato) bonds, two 

of which bridge to the copper. 

HON NOH 

W 
S 

(S > s s 

U 
(36) (37) 



(38) 

cl 

(39) 

e 
Fe 

Fe 

e 
(40) 
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42.2 Tewanucleor CompfpJces 

Linear, tem, ring, and cuw smlctures have all been realised. 

Within this subdivision mixed-valence and copper(I) chemistry is commonplace. A 

compartmental ligand of the ~(~e~~te) type is capable of compking two biiuclear copper(R) 

units to form a tetranuclear complex {104]. The binuclear units are far apart (6.9 A) and them is 

strong interaction within the binuclear units to the extent that the complex is ESR-silent at room 

temperature. Dimerisation of the binuclear unit (41) gives a linear tetracoppe@I) compound with 

intradimer bridging between the external catechols. The related complex derived from 2- 

aminomethylpyridine (42) gives rise to a cubane structure based on a 0~404 core [lOS]. 

Electrochemical studies of these polynuclear complexes are also repot’@ showhrg that both the 

metal and the l&and are elecrmacdve. A coplanar arrangement of four copper0 atoms occurs the 

complex anion of some polyoxotungstate salts [ 1061; each copper forming a C!uOa octahedron. A 
planar oxocuprate@) array of type Cu403(OCHMe3)3 has been charaeterised in a he~~~lic 

a&oxide complex Cu4Zr403(OCHMe3)13 [ 1071; the unit shows antiferromagnetic coupling, with 

&ff = 1 pg per copper between 100 and 3OO K. A tetrahedral cluster of copper(R) ions orientated 

about a cenuoidal0 atom has been found in a copper-chloridenicodne complex [ 1081; each copper 

atom is tigonal bipymmidal with brid&g chlorides to all neighbouring copper atoms, and terminal 

N-bonded nicotine. 

(41) (42) 

A distorted tetmhekal tetmq&%r(i) core is present in [~~(P~3)3Cl(PM~3}3] and related 

complexes [109]. The core comprises a six-membered C&P3 base which is bridged by a CuCl unit 

via two PPh2 groups. This gives rise to two electron-deficient PCu3 fragments in the stru~ctllte 

which, by way of compensation, possess short Cu----Cu eontaets (2.51(2) A) in the metal-metal 

bond range. An example of tetrahedral opt is found in [C~C~(O)4] .O.2!%I2O where 

the structure is maintained by a centrally coordinated tetrahedral 0x0 species, bridging Cl-, and 
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ten&al ligand L = l&dimethyhmidazole (43) [ 1101. The reaction of copper powder with sulfur in 

pyridine gives rise to Cu&o(py)4 amongst other species [ 1111. This product can exchange the 

pyridine ligand to give a range of structurally related complexes based on a teaahedml tefracop~ 

cC8e. 

NMe 

CA 
N Me 

(43) 

Rig structures containing four copper atoms bridged by ligands are now well known for 

copper(I) [112-1141, copper@) [115,116] and mixed-valence copper [117]. Cubane geometries 

havealsobeenreportedforcopper(I)[118],copperO[119],andmixed-valencecoppez[120]. In 

most cases, structural data are available [112-l 191. One sm~chue is the fii example of a square 

planar Cu4S4 ring [ 1131; magnetic data [115,119], ESR speciml; data [117,120], electrochemistry 

[ 117,120], and elccaonic spectra [ 12O] have been studied. An adamantane-type suucture is adopted 

by the [Cu&G)& species [1211. 

X = MeOH 

Y=H20 

(44) 

4.2 2 2 Heterotetranuclear Con@exes 

The he&rotetranuclear complexes also show a variety of topologies for the metal-copper 

cluster, from linear Zn-Cu-Cu-Zn (zinc(Il)/qqWo) [ 1221, to planar MoCu3 (molybdenum(N)) 
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[ 1231. The cubane M$u#+ arrangement has been demonstrated for M = MO and W [K&l], while 

a coplanar unit occurs in (R~N)2[MCu3S4L3].DMFF, where M = MO and W, and HL = 

piperidinocarbodithioic acid [125]. A stepped M(II&Cu(II)2 conformation, with exchange 

coupling between the copper and the lanthanides gadolinium and dysprosium, has been structurally 
characterised and magnetic studies discussed in relation to their potential as high-T, 

superconductors [126]. In all cases the integrity of the metal cluster core is maintained by the 

ligands. The fitting of magnetic behaviour of M(II)Cu(II)3, where M = Cd, Ni, and Mn, to the 

cluster topology has also been attempted [ 1271. 

42.3 Pentanuclear and higher nuclear&y complexes 

Bow-tie and linear forms of [Lh[Cu5C4] (L = 1,4-dimethylpyridinium) are mpurted [128] 

along with magnetic behaviour which is difficult to rationalise due the complicated structures 

involved. Cubaue-derived topologies, involving I- and S-brklging groups, have been chamcterised in 

ReCuq complexes [129]; very short metal Re-Cu contacts (2.638(4) -2.712(4) A) are remarked 

upon and formal oxidation states of Re(V) and Cu(I) are assigned. 

Six copper(R) centres am bound in a cyclohexane-type boat arrangement within a single 

macrocyclic ligand cavity (44) with two bridging hydroxide groups at the centre of the cavity help 

maintain the cluster [ 1301. 

(45) 

An octahedral h(I)&core comprising trigonal copper atoms in [Cu6Le] has been 

character&d 11311. The singly depmtonated ligand L = l-H-pyridine-2-thione (45), is bonded to 

each uigonal face of the octahedron. 

Organometallic Pt2Ctq [132], and Ru4Cu2 [I331 clusters have appeared. The synthesis of 

M2Cu5 clusters involving dithiccarbamate ligands. where M = MO or W, together with solution 

characterisation in both cases and X-ray structural characterisation for M = MO is reported [ 1341. 

The electrochemical synthesis of copper derivatives of alkanedithiols [ 1351 has lead to the 

isolation of octanuclear copper complexes. Reaction of the polymeric copper(I) complex of 3.5 

dimethylpyraxolate, (46), with oxygen gives rise to CugLg(OH)8; this is the first example of a 

copper complex containing a planar ring of eight metal atoms [ 1361. It would seem that the 

planarity of the metal-bridging N-N-group of pyraxolate restricts the cluster formation to two 

dimensions since the same ligand has previously been reported [95] to give rise to planar Cu3-rings. 

A complex of formula [CugBr2L] Z- is reported as containing two distinct copper sites, a 5- 



79 

coordinate atom and a 6-coordinate atom with the ligand (2Gcarboxypentanoate) binding in a 

heptadentate manner to three copper atoms [ 1371. 

(46) 

A number of papers concerning polymeric complexes have been published and are included 

here. It is best to consider these examples as polymerised mononuclear complexes. The bridging 

agent is commonly halide [ 1381, often organic ligands [ 1391, and sometimes both ligand and halide 

or pseudohalide [la]. A theoretical tmatment for the prediction of new stacking patterns of quasi- 

planar Cu&& oligomers (X = halide) is reported [ 14 11. 

4.3 MONONUCLEAR COMPLEXES 

4.3.1 Mononuclear copper(H) 

The vast number of structural studies on mononuclear copper complexes is reflected in 

the extent of the entries in Table 1 at the end of the section. There is only space here to describe but 

a few of the more esoteric compounds. The table is designed for quick reference giving the donor 

chromophore, an indication of the geometry of the coordination sphere, and an indication of the 

nature of the ligands involved. 

The structure of the copper0 complex of a g-membered N$-macmc ycle, containing two 

pyddylmethyl arms pendant to the nitrogen donors [ 1421. is described as square pyramidal with an 

axially positioned sulfur atom. The Cu-S bond is somewhat short and the Nq-basal plane is 

napexoidally distorted; a strained conformation imposed by co-o&nation m@rements. 

The square planar complex produced by the acyclic ligand (47). gives rise to unusual 

electrochemical behavlour which is attributed to extensive delocalisation of metal electron density 

into the ligand x-system [ 1431. 

PseudotetrahedraI complexes are produced by the geometrical constraints of the bidentate 

ligand 2,2’-bis(2Gmidaxolyl)biphenyl (48) [ 1441. The ligand offers an N4-chromophore to the 

copper atom, and in doing so exerts an “unprecedented” degree of geometric control over the co 

ordination sphere. of not only copper but a range of other first-row late-transition metals. ‘Ihe 

dihedml angle of 87.2(2)’ is close. to ideal for a tetrahedmn. Electrochemical and NMR techniques 

were used to examine electron exchange rates for the copper(I)/copper(lI) pair, the slow value of 

which is ascribed to ineffective interaction of the unpaired electron with ligand orbitals. 
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(49) 

The co-ordination behaviour of the thioether function of the ligand (49) is reported as 

unusual in that in neither of the two forms of the complex [CuLQj (the red form is rrans square 

planar, the green fotm is tetrahedral) axe the sulfur atoms involved in co-o&i&on, despite the fact 

that molecular mechanics calculations show no steric inhibition in this respect; the copper co- 

ordination sphere consists of two pyrazole nitrogens and two chlorides. The copper(I) analogues, 

on the other hand, do incorporate the thioethers within the co-ordination sphere [ 1451. 

Pseudo-macrocyclic ring formation, facilitated by hydrogen-bonding within a square planar 

complex, has been observed in an anionic species containing fluorinated akoxide ligands [146$ 

The copper@ complex of a Seqdonor coronand Q is reported as unstable in solution and 

spontaneously undergoes electron transfer to give coppa( L+. and r2+ [ 1471; crystallographic and 

redox Stlldi~ are mporkd. 

(50) 
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The reaction of l,l’dichalcogenohUe complexes Cu(xxCNEt~ (x = s, x’ = s, Se), with 

(BuqNh[CuLg], (I&L = l,Sdithiole-2-thione-4,5dithiol, SO), in acetone yields [CuL@X’CNEtg)] 

via a ligand exchange reaction [ 1481; BSR w reveals that the dmembered chelate ring, 

rather than the 5-membered ring, gains considerable electron density. In a related study, 

delocalisation of the unpaired electron was contim& by the hyperllne splitting in a single-crystal 

and powder ESR spectroscopic study of a 6% enriched complex [ 1491. 

43.1.1 Copper in synthf3i.s 

The involvement of copper(n) in ligand synthesis is usually in the form of a templating 

agent. Such reactions are a comma n feature of the coordination chemistry of macrocyclic ligands. 

New porphyrin-type macrocycles have been reporkd as being the result of a copper(B)-promoted 

cyclisation of acyclic tetrapyrroles [lJO]. The ring-closed product is extremely stable even in 

concentrated acid. The stabilising influence of the ion is emphasised by the ring expansion 

observed when the metal is removed. The condensation of glyoxal with @‘JV’-bis(aminopropyl)- 

1,4,7-triaxacyclononane)copper(II) results in the formation of the macrobicyclic product with 

evidence for coordination-stabilised imidate and enamine intermediates (51) [151]. Mannich-type 

reactions may also be copper-directed, such as the reaction of (4.7-diaxadecane-l,lO- 

diamine)cqpe@) with formaldehyde and a variety of nitm-containing carboxylic acids to give new 

pendant-arm macrocycles (52) [ 1521. 

The Mannich [153] and S&i&base [154] condensations are the most commonly found 

copper(II)-promoted ligand synthesis reactions. Where the template route is not available for 

complex ligands, prior synthesis followed by incorporation of copper@) is necessary; this is 

illustrated in the recovery of the copper complexes of a range of pendant-arm macmcyc les. Pendant 

N-heterocycles [155, 1561, nitriles[l57] and amines [158], as well as carboxyl[159], alcohol and 

ether groups [16@161]. Most frequently, the pendant group is attached to one of the precursor 

ligand N-donors [142,155.157-159.1611. 

n 
“r”, 13 

U 

n 
c-1 

NHHN 

(52) 
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The electrochemical generation of complexes using a sacrificial copper anode is a useful 

addition to the synthetic repertoire when neutral complexes of anionic ligands are required [ 1621. 

CL2 (53). for example, has been produced in this way [ 1631. 

(53) 

cu*+ 
I-m + 

H2O 

(54) 

Several papers on copper@)-assisted ligand hydrolysis reactions have appeared. The 

hydrolysis of a triaxine ligand (54) has been studied [164]. Other work has shown that amide 

hydrolysis is facilitated by co-ordination of the amide carbonyl to the copper, with at least five 

substrates being acted upon by each copper [165]. The complex (55) is active in catalysing the 

hydrolysis of amides at neutral pH, in contrast to Cu(OH&j2+ [166]. 

-c I OH2 N. 1 
70H2 

HN N 

_ ‘0 
I 

2+ 
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43.12 Miscellaneous copper(H) studies 

There has been some interest in the thermodynamics of the complexation of capper@). 

Macrocycles feature prominently in these studies largely because of their relatively straightfonvard 

speck&on in solution and their classical perception as sixe-based discriminators in the complexation 

of metal ions. In these studies, copper is usually only one of a sea-k of metal ions examined. Sixe- 

based selectivity has been examined as a dependant of chelate ring sire, rather than macrocyclic ring 

size, and found to be dominant in a carefully chosen series of structurally related ligands [167]; 

while a similar conclusion emerges from conformationally restricted open-chain amines [168]. 

Thus, for copper specificity, many interdependent variables need to be considered, with the result 

that molecular mechanics studies are a useful aid for the rationalisation of results [169]. A 

considerable macrocyclic effect is observed in the interaction of copper with a series of N3@- 

donor macrocyclic and related acyclic ligands [ 1701. A number of these macrocycles show a strong 

specificity for copper(H), with negligible complex formation with other late tirst-tow transition-metal 

ions. 

In selective transport studies, bis-benzimidaxole ligands have been used as carriers to effect 

potentially useful discrimk tions between silver(I)/copperO and copperO/xinc(II) [171]. Other 

studies have examined the solution thermodynamic [ 172,173,174] and kinetic [ 173,174] properties 

of copper( 

An electrochemical examina tion of the copper(Il)/copper(I) redox couple in DMSO finds 

that the formal potentials am approximately 0.15 V less positive relative to their aqueous analogues 

and concludes that this effect is due to solvation and complexation; reduced diffkion coefficients 

are attributed to tbe higher viscosity of the DMSO solutions [ 1751. 

In a continuing sequence of papers, the complexation of copper, within a y- 

Zr(HPO&2HzO matrix, is achieved with the intercalated ligands 2,2’-bipyridine and l,lO- 

phenanthtoline, but when the ligand is the more bulky 29-dimethyLl,l@phenanthtoline, the copper 

atom is still included but is not complexed to the heterocyclic ligand [176]. Nevertheless, the 

importance of matrix-ligand interactions is emphasised by the unexpected order of copper uptake: 

1,lO -phenantlnoline > ZQ-dimethyl-l,l@phenanthmline > 2,2’-bipyridine. 

The plasticity of the copper co-o&nation sphere for the CuN&+romophore has been 

modelled using molecular mechanics calculations 1177, 1781. Using the models, it has proved 

possible to reptoduce the enantioselectivity effect of bis(~-NJv-dimethylvalinato)copper(II) [178]. 

Theoretical treatment of the weak magnetic exchange in one-dimensional halo-bridged copper@) 

complexes has been examined [ 1791. 
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4.3.2 luorwnuclw copper(I) 

Numerous papers have appeared involving the coppa ion, and many of these have alnady 

been cited above. However, this section liits its remit only to mononuclear complexes and 

eqecially to cases where the complexes have been structurally chamcuzised. 

The synthesis of entwined ligands, or interlocked macmcycles (catenands), continued to be a 

productive area in 1990 [249]. The coPpa ion is implicated in tbe templated organisation of such 

ligand arrangements. It is the copper(I)-enforced tetrahedral pre-organisation of the reacting 

functionalities of the precursor ligands that directs the reaction to produce the mechanicalIy 

interlocked catenands (56). Studies of the chelating open-chain ‘fragments’ of the catenands 

suggest that interaction between the ligands within the copper(I) coordination sphere, such as 

mesomeric phenyl interactions, are also factors determining the stability of precursor pre- 

organisation [250]. 

Tripodal Schiff-base ligands, derived from tris(aminoalkyl)amines, give rise to trigonal 

pyramidal complexes with long bonds to the apical bridgehead nitrogen compamd to the distances 

for the equatorial pendant nitrogens [2X]. 

(56) 

M@i PMes 
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A most interesting structure for bis(bis(trimethylphosphine)-tetrahydrobo is 

reporkd as the tetrahedral ligation of copper(I) by means of two vicinal hydrogen atoms on each 

ligand (57) [252]. 

Ligands involving softer donors have also been examined. Tenahedml complexes result with 

an N&-donor macrocycle [253]; while distorted tetrahedral complexes are characterised for 

[Cu(PMe3)]4+ [254], and [CuL(PPh$d, where I-L = 3-hydroxyflavone (58) [255]. Lower co- 

ordination numbers of three [256], and two [257] are also qorted. 

WV 

Anumberofremainin g structurally character&d complexes are summan ‘sed in Table 2. 

Table 2 Some slructudy darachsed coppexO complexes. 

imidamline-2-thione 

li3yerS 

ucu@Jcw Bent 262 

a Tet. = tetrahti, expression in parenthesis indicates -on sphere 
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43.3 Mononuclear copper(IIi) 

The oxidative addition of dibenxoyl peroxide to copper(I) chloride gives an isolable 

copper(W) product, [CuCl(Bz0)2(4r)2], which is shown by X-ray crystallography to have 

tetragonal pyramidal geometry 12631. Another structurally chamcterised copper(m) complex in the 

solid state, is that of the anion ~s(cis-1,2-~cyanoe~ylenedithiohto)cuprate( (59) [264]. 

(59) 

Other reports concerning copper(III) relate to solution studies, usually of short-lived species, 

and commonly involve the use of macrocyclic ligands. Thus, in a study of the spectral pmperties of 

copper(II) and copper0 complexes of amide-containing macrocyclic ligands. it has been shown 

that, of the two states, the +3 ion is more sensitive to changes in ligand structure such as ring size 

and the nature of substituents [265]. A chlorine-bridged inner-sphere mechanism is proposed for 

the production of copper@@ species by oxidation of copper tetraaza-macrocyclic coruplexes 

using photo-generated oxidants such as Cl- and OCl- [266]; axial coordination of chloride is said 

to stabilise the copper(III) state. In this connection, a kinetic study of diimine macrocyclic 

complexes also purports a similar stabilisation from axial halide co-ordination [267]. In a pulse- 

radiolysis study, the oxidation of copper to copper@0 using methyl free-radicals in aqueous 

solution demonstrates the feasibility of the use of aliphatic free-radicals to generate very short-lived 

copper0 species, and suggests that they may be implicated in the mported radiosensitisation effect 

of copper compounds 12683. Finally, a photochemical study of copper macrocyclic complex, 

bound to poly(acrylic acid), shows the generation of a short-lived copper(Ill) intermediate 12691. 

4.4 BIOWGICAL. COPPER 

This section has been subdivided into thtee categories: model compounds; studies on natural 

systems; and, biologically related uses of copper compounds. Segregation of complexes classed as 

models for natural systems was problematic since many copper complexes are of relevance in this 

respect, but to varying degrees. Inclusion as a ‘model’ has been largely restricted to those 

compounds which have not already been described above, and which in addition, are overtly 

classified as models in either the tide or the abstract of the paper. 
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4.4.1 Model complexes 

4.4.1 .l Type I copper 

Interest in this area remains steady, with the complex which will satisfactorily model several 

ofthekeytypeIfeahuesstill remaining elusive. The topic was the subject of a 103~xefenznce review 

[2701 covering aspects of both the synthetic chemistry and the physical data of the compounds. 

RS 

L SR 

(60) 

In a study of tetrahedral copper(IQ complexes of hindered tris@yrazolyl)-borate ligands, a 

thiolato derivative of the form [Cu(SBut)L] has been isolated at low temperature [271]. The visible 

aud ESR spectra of the compound m pmmising for a model, while the X-ray structure of the more 

stable analogue, [Cu(Cl)L], establishes the co-ordination environment as tetmhedml. A series of 

ligands with N&donor sets, derived from the condensation of (lR)-3-hydroxymethyleneborane- 

2-thione and 2-aminothia-alkyl-1-methyl-benzimidazoles, gives rise to tetrahedral copper 

complexes on the basis of visible and ESR spectral evidence [272]; electrochemiad work shows that 

the copper(I) derivatives of these compounds are readily accessed. The nearly tetrahedral copper(I) 

complexes. [CuL], of (60) have been structurally characterised in the solid state, showing normal 

Cu-N distances while the Cu-S distances are long in comparison to related complexes, and short in 

comparison to the reduced form of plastocycanin 12731. In contrast, the copper analogues form 

[C&l complexes, indicative of a switch to Nq-coordination. A stabilisiug effeq of insulin on the 

copper0 thiolate bond in intensely blue complexes of pentanuomthiophenol has been noted [274]. 

The kinetics of the reduction of copper(U) to copper(I) by hydroquinone in the presence of 

polydentate I-memaptoquinolyl phenols has also been examined with a view to model activity [275]. 
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4.4.12 Type II and type(ItI) copper 

The binuclear copper(I) complexes of (31) have already been described above as having 

exccyclic copper, as in (22). This complex comes close to achieving two very impornmt criteria in 

the modelling of type III copper: (i) the stabilisation of the Cu-02-Cu intermediate and, (ii) the 

moderation of the copper(II)/copper(I) potential to achieve reversible binding of dioxygen [I%]. 

Thus, the macrocyclic ‘platform’, together with the bulk of N-pendant pyridyl groups, provides 

sufficient restriction of access to the coppers, as to severely limit the degree of dimer formation, and 

hence prevents full and irreversible 4-electron reduction of the dioxygen. Further, the pendant 

nature of the pyridyl ligands provides a low-energy pathway for geometrical changes that 

accompany redox processes, while the electronic pmperties of the group lend a considerable positive 

shift of potential relative to pendant amine groups. The uptake of dioxygen is quasi-reversible and 

corresponds to 0.75 of a molecule per dicopper site; this is attributed to a mixture of the 1:l adduct 

which reversibly binds 02, and a mixed-valence Q&idged dimer which is irreversible with respect 

to binding. 

n 
11 II 

( N\ /“-O\ /x 
X 
a0 N/ti\N 

-1s 

> 

(61) (62) 

A series of model complexes are mported of the form Cu&2K2 (61) with a strictly planar 6- 

membered Cu(ON)2Cu core [276]. Extensive n-delocalisation within this core facilitates strong 

antiferromagnetic coupling between the metal centtes to the extent that the complexes are rendered 

diamagnetic at all measurable temperatures up to 400 K. The strong coupling, together with other 

spectroscopic data, is compared with that of biological type III copper in oxidases. In addition, a 

further series of complexes based on the structure (62) is reported in the same paper. These 

complexes are models for the active site of ascorbate oxidase, now known to contain both type lII 

andtypeIIcoPper. 
The remaining type III models are structurally very similar, being based on bmucleating 

ligands with pendant bridging hydroxide groups; 1,3-diaminopropan-2-01 is a popular synthetic 

platform for the generation of such ligands by reaction at the primary amines. Thus, the importance 

of the plasticity of the co-ordination sphere of copper(I). in model studies using N-pendant 

imidaxolyl ligands of this genre, emphasises that the superior ligand constraints imposed by the 

protein in the natural systems is improtant for the maintence of irregular geometries around 
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copper(I) [2771. The closely related ligand derived from the Schiff-base condensation with 

acctylacetone yields a caper@)-azido complex which is a model for metaxidohaemocyanin [278]. 

Other model compounds examine the role of the endogenous bridge in oxyhaemocysnin [279], and 

the kinetics, and mechanism of&and substitution [280]. 

4.4.13 h4isceUaneous 

Models for the metalloenxymes superoxide dismutase [281], cytochrome-c-oxidase [282, 

2831, the phenolase and catecholase activity of tymsinase [%I, and monooxygenases [284] appear. 

In particular, a coppe@@induced C-terminal oxidative Ndealkylation reaction of peptide 

derived ligands has been proposed as a model for the copper enzyme peptidyl a-amidating 

monooxygenase [285]. The reaction of a trinuclear copper(I) complex, Cu3L.(PF6)3, with dioxygen, 

with complete Qelectron reduction, together with formation of a hexanuclear copper cluster, 

{ [Cu3L(OH)]2(lr-OHh)(PFg)6. emphasises the importance of a 3-electron uinuclear copper@) 

source for dioxygen reduction in model compounds of cytochrome-c-oxidase [283]. Other studies 

include models for metal ion-assisted molecular recognition using copper(D/L-histidine 

complexes [286]; the biomimetic binding of axide and thiocyanate to copper [287], and the 

biomimetic reduction of copper [288]. The deoxyrybonucleohelicates are double-stranded, 

double-helical (with the bases on the ‘outside’ of the helix) complexes which self-assemble under the 

directive influence of tetrahedral coordination to copper(I) [289]. These topologically interesting 

compounds are cited as useful structural and models for the formation of double helices. and also 

for the study of the selectivity of binding of complementary entities to the external bases. 

The reaction of the mixed-valence compound. [C!u&]PF6 in which I-& = 2,6_bis(bis(2- 

pyridylethyl)aminomethyl)phenol (63), with [No]PF6 to give [C~~L(CL-NO)](PF~)~.~CH~C~~ 

serves as a model for the. ion-mediated nitrite reduction in enzymes [290]. 

(63) 

4.4.2 Protein studies 

The results of a comparative kinetic study of cyanide binding to haemocyanin and 

tyrosinase, indicate that the active site in the latter is much more accessible than that of the former 
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[291]. The effects of pH on the structure and reactivity of the blue-copper proteins, axurin and 

amicyanin, have been examined [292]. Intercalative binding to DNA by copper@) complexes of 

porphyrinic ligands enhances unwinding relative to the metal-free porphyrin [293]. The hydrolytic 

cleavage of RNA oligomers by potentially redox-active copper(R) complexes of pyridinederived 

ligands showed no significant difference from non-redox-active metal complexes [294]. pH- 

Dependant redox titrations of cytochrome-c oxidase ligated with cyanide are interpreted on the basis 

of an interaction between the haeme group and at least two other copper components [295]. The 

charactetisation of a 0.5: 1 carbon monoxide:copper(I) adduct of reduced dopamine j3-hydroxylase 

provides “the first evidence” for structural non-equivalence in the copper0 cenaes of the enzyme 

[2961. The uptake of copper0 by brain tissue was found to be facilitated by complexation using 

histidine in a study of the uptake of complexed copper-67 by brain hypothalamic tissue [297]. A 

mechanism for the cellular uptake of copper from ceruloplasmin proposes that the protein never 

enters the cells, dissociation of the copper being necessary prior to uptake by the cell [298]. 

Formation of a copper0 derivative of thiomdoxin (fmm Escherichia coli) allowed crystallisation of 

the protein, and the resolution of a crystal structure at 1.68 A with a crystallographic R-factor of 

0.165 [299]. The strucmre, which gives important information about the active-site disultlde bridge, 

showed a distorted octahedral copper environment which facilitates essential packing interactions in 

the crystal. 

4.4.3 Biologically relevant 1iganr.h 

The stability of copper0 complexation by ATP and AMP has been examined in a range of 

1,4dioxane-water mixtures in order to mimic the behaviour of resultant species in proteins [300]. 

The results suggest the extent of macrochelate formation is both variable and unpredictable, and 

indicates that at the protein-water interface, changes in polarity may cause structural changes in the 

complexes. 

Schiff-base complexes, derived from the condensation of sulfophenylglycine with the 

vitamin-&j co-enzymes pyridoxal S-phosphate and S-deoxypyridoxal, have been shown to react 

with 02 to produce the corresponding oximes as O+nsertion products 13011. 

The interaction of copper with amino acids has been examined in a number of respects, 

ranging from structural: L-threonato [302], glycinato [303], cytosine [304]; to electronic: L- 

histidinato and L-asparaginato [305]. histamine and adenosine [306]; to electrochemical: cysteine 

[307]; to ESR: histamine [306]. 

The interaction of copper with a range of other biologically relevant ligands of industrial and 

medicinal significance are mentioned. Saccharin, as saccharinate, with copper has been examined 

both structurally 13083, and electronically [309]. The antiinflammatory drugs to&tin, ibuprofen and 

naproxen deprotonate to ligate copper(R) as the monomeric and dimeric complexes C&&y)2 and 

Cu&@MSO)2 [3 lo]; while the antiflammatory drug piroxicam binds copper through amide 

and pyridyl nitrogens to form CuL2@MF)2 [31 I]. Tbe reaction of streptomycin with CuC12 in 

aqueous solution afforded the copper(R) complex of the hydrolysed product stretidine [312]. A 

Wun.r-square planar complex of formula CuL&y)2, where L = the antidiabetic drug acetobexamide. 
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has also been reported [313]. Reports appear on the interaction of copper(R) with the herbicide 

acifluorfen [314], and the mutagenic agent 5-bromouracil[3153. 

4.4.4 Biologically Applied Studies 

Kinetically stable complexes of tetraaxamacroc ycle-monoclonal antibody conjugates, 

containing both copper-64 and copper-67. have been developed and studied with a view towards 

their potential as ttmrour targetting agents [316]. The serum stability of copper-67 complexes of 

bifunctional chelating agents and macrocyclic ligands has been reported [317]. Computer 

simulations of the blood plasma distribution of a number of metal complexes of diethylenetriamine 

pentaacetic acid, including copper(R), which are potential contrast agents in NMR imaging have 

been undertaken [318]. The antifungal properties of copper(R) complexes of thiosemicarbaxones 

derived from 2-acetylpyridine have been examined along with other first-row transition metals [319]. 

4.5 SUPRAMOLECULAR CHEMISTRY 

The incorporation of metal chelates, including copper, into bilayer membranes, either as a 

component of the bilayer, or as a guest molecule, has been the subject of a short review [320]. A 30- 

reference review discusses the interlacing of molecular threads, with particular emphasis on the 

exploitation of copper coordination chemistry [321]. Studies on the formation of molecular 

vesicles, by the liquid surfactant dihexadecyl[I(1-imidaxolyl)-3-oxapentyl]methylammonium 

chloride, have shown that copper0 initiates vesicle formation through co-ordination within the 

bilayers [322]. Hydrolytic metallomicelles, made up of ligand (64) (with R = “Clfi33) and 

copper(R), show catalytic properties in the cleavage of the p-nitrophenyl ester of picolinic acid 

[323]. The importance of the supramolecular assembly is demonstrated through the lack of activity 

for the analogous complex with R = Me. 

(64) 

Inclusion complexes of alcoholic guests in vaulted macrocyclic copper complexes (65) are 

reported to be regiospecific and driven by hydrophobic interactions in aqueous media [324]; 

crystallographic and NMR spectroscopic results are reported. 
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