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Abstract 

T h e  a d v a n c e s  m a d e  d u r i n g  t h e  d e c a d e  f o l l o w i n g  1985 in the  c o o r d i n a t i o n  c h e m i s t r y  o f  
m o n o v a l e n t  g r o u p  11 m e t M s  w i t h  l i g a ~ d s  p o s s e s s i n g  d o n o r  a t o m s  f r o m  g r o u p s  15. i 6  a n d  17 
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is discussed in an abstract manner aiming at the presentatini~ of the main point of each 
discussed contribution. The classification of the ligands. ,,.here~er it was possible to achieve. 
has been performed with the synthetic inorganic chewL, t in mbad. advancing from d-~e simpler 
to ti?e more complex ones. placing particular emphasi~ on ~,he ligating a~oms rather ~han on 
{l*e overall ligand structure aI~_d constitution The discussio~ does not include the enormous 
variety of group t ! metal compounds aiQ., metal metal, bonds while only a fe~ compomtds 
with metM carbon have been introduced. ~' la97 Elsevier Science S.A. 

K<vword.~." Coinage metals: Halide: Pnictide: Ci~alct~genide: HomoIepdc complexes: 
Heterolepfic complexes 

Nomenclature 

acac ace@acetone anion 
bpy 2.2'-bipyridine 
CD Circular dichroism 
C P M A S  Cross polarization magic angle spinning 
COD 1,5-cyclooctadiene 
COT cyclooctatetraene 
Cp cydopentadieny[ ion 
Cy cyclohexyl group 
D M F  N , N - d i m e t h y l f o r m a m i d e  

DMSO dimethylsvdfoxide 
dpam t, 1-bis{dipheny|phosphino}amine 
dppb 1.2-bis(diphenylphosphinolbenzene 
dppe bistdiphenylphosphino}ethane 
dppm bis(diphenylphosphino)me~haae 
dppp bis(diphenyIphosphino)propane 
DSC Differential scanning calorimetry 
d!c dithiocarbamate ion 
hfac 1.1.1,5.5,5-hexafluoro-pentanedione-2A anion 
MNT maleontrile 
NQR Nuclear quadrupolc resonance 
phen 9,10-phenanthroline 
py pyridine 
pytH pyriditm-2-thione 
pymtH pyrimidine.2-thionc 
pz pyrazo)ate ion 
TG thermogra'~imeiric analysis 
T H F  tetrahydrofurm~ 
THT t_tra.~yurod~lophene 

In most cases, for clarity and brevity, in the compiex compounds discussed after 
the rnam ligand has been referred to, it is shv.pi:, represemed by L. Homobidema~e 
ligands are ,epresented correspondingiy as L - k  and in so~e  cases as N. N or P-P 
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to denote the specific donor atom. The widely accepted shortcuts MeOH, MeCN. 
EtOH, Me2CO are used for methanol, acetonitriie, ethanoi and acetone. Substituted 
)igands are abbreviated following the above parent iigand notation, i.e. 
2,9-dimethyl-9,i0-phcnanflaroline is noted as 2.9-Me_,phen and dimethyldithiocarba- 
mate as dMe,tc, tn cases where the substituent tocant is obvious none is inserted. 
like in 2,4,5-trfine~hylpyrazolate. which is simply referred to as M%pz. The symmetric 
he{eroatomic macrocyclic ligands are abbreviated accordingly, i.e. [9]aneS3 repre- 
sents 1,4,7-trithiacyclononane. Considering the bisphosphmo ligands, analogous to 
the above-lis~ed diphenyl substituted ones. is the notation used for the dimethyi 
counterparts, i.e. bis(dimethytphosphino)methane is dmpm. The well-known tech- 
niques of infrared, mass spectrometry, nuclear magnetic resonance, cyclic voltametry 
and ultraviolet visible are abbrevialed as IR. MS. NMR. CV m~,d UV Vis. 
respectively. 

1. Introduction 

The chemistry of copper(I),  silver(l) and gold(i)  is an ever-growing field since 
there appears to be taro)red a remarkable versatili{y of the metals regarding their 
local environments which range from linear two-coordinate to square pyramidal. 
whereas the overall structures of the complexes include monomeric and polymeric 
species. The ligands usually prescott in such complexes are bearing p.,aictide, chalco- 
genide or halogen donor atoms. In the foiiowing the chemistry of these metal ions 
with Iigands having as donors group i5. 16 and 17 atoms wilt be discussed. The 
discussion is very abstracl, dealing only with the main point of interest in every case 
and does ~ot attempt to compile or discuss spectroscopic information except when 
this was the only evidence in the original study, The cb;ssification followed may not 
be a typical one. but is consistent with the expectation of the synthetic inorganic 
chemist who needs information about the nitrogen or sulphur donors which coordi- 
nate to tow vaiem coinage metals and the investigations carried out on these 
complexes. Ligands with donor atoms from each one of the groups 15, 16 and 17 
of" the periodic table are discussed, followed by presentation of the compounds where 
mixed tigands are observed in tile chromophore, belonging to pairs of or all three 
groups investigated. Within each category, care has been taken to group analogous 
donor atoms, and the general point was to proceed from the more simple to the 
more complex ones. Unavoidably, in some cases, reference to analogous compounds 
had to be made l~or comparison, or in discussing tl~e reactivity of some complexes. 
therefore deviating somewhat from the above criterion of chromophore constitution. 
The time domain covered is the decade following 1985; for the previous period, an 
excellent a,~d extensive work has been published [l l, while recently an updated but 
abstract s~ammary of the elements' chemistry has been compiled [2]. tn such a vast 
number of citations that are related to the above topics during this period, a few 
may have been. inadvertently, omitted or overlooked but we hope that the major 
interesting points have not been missed. 
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2. Complexes  with single group donor atoms 

2. t. Comph,.vcs with group 15 dom;rs 

2.1. t. Nitro een &mors 

2.1.1.1. Copper cot;q~Je_ves. Copper(! ) acetate in the prese:~c,,: of formamictc and 
acetic anhydride forms, in relluxing MeCN, a ~eries of products with the general 
formula [Cu,,(CNb,(MeCNb] depending on the reactant ratio. The green 
[Cu31CN )4( MeCN )4] possesses tR spectrmn similar ~o that of the structuraIly deter- 
miped [Cu(NH3h][Cu{CN h] and therefore is fc~rmutated accordingly [3] 

Secondary ion mass spectrometo for both free [Cut MeCN h][PF,I and in a 
graphite matrix proved the existence of CuI_~ and CaLl  species, whereas for 
[Cu(NCRh] ~ (R = BuL C',,'), m~.ly fragments up to CuL~ were obtained [4]. 

The interaction of gaseous NO has been investigated towards several monc-,- or 
binuctear copper complexcs where copper is bound to three nitrogen atoms, either 
pyridinic or pyfidinic and amino in nature. The process leads to evolutions, of N:O 
and oxidation of the complexes to bridged oxo- or peroxo- species [5]. Reactions 
with nitrosonium ion in acetonitrffe afforded the corresponding divaRnt copper 
compiexes, with coordinated acetonitrile, while for the 1.3-bis{(pyridy!etl~ynyl}- 
ethyiamino)-2-hydroxybenzene, the final complex incorpon~tes a bridging NO u,nit 
[6]. The closely related t.3-bis/tpyridylethynyl )ethy!amino}benzene also produced 
a dicopper complex for which the kinetics of oxygen_ uptake ro.~zme~ '~ ' " an initial. 
reversible step leading to a dioxygen adduct before resulting in the final hydroxy~.ated 
product [7]• The reaction of [{Sbz(NCyIa'~_,Lia] with four equivalents of CuCI in 
toluene yielded [ISb_~( NCyh~ 2Cv.4] with a Cu~ core and linear C~N: environmen*, 
for each copper [8]. 

M(NBu')a(NHBu'h (M =Mo.  W} treated wilh methyllithiunl produced 
Li2M( Ngu')4 which, in toluene at - 78 C. reacted with [Cu~. b%CN ,~a][BFa] to give 
the cluster [M_,Cus(Ngu'h(,g-NBu*)~,(tl NHBu')_,][BFa] [9]• Oligomeric compRxes 
[Cu { N (SiMezPh)el ]a and ~CuaN (SiMePh2)21 .~ have ~zen formed by tt~e reaction of 
bulky NH(SiR02 wi{h CuBr in the presence of Butyilithiam [t0]. The reaction of 
copper(X) halides with iithiated amines in THF  produced the tetrameric 
[Cu( NRR'  )]4 ( N R R ' =  N Me,, MeN !CHz}_,NMe. NfCH2CHz)2) which appear to be 
inert to PPh~, whffe dppm and dppe gave rise to [Cus(dppm}3] and 
[Cu_.{!a PPhz(dppe)2] [ t t ] .  Treatment of bis(2-pyridytethyl}{4-,,inylbenzyt)amine 
with [Cu(MeCN hl[PF~,] in acetonitrite afforded naonomeric [C'u(L}][PF6]. ~vhich, 
upon treatmem with ethsRne g!ycol dimethylacrylate in aeetonitrile, produced a 

• .- d ~ bind reversibb'. The correspo~din~ macroporous polymer to which CO was ~o-n t ~ 
silver po!ymer did not revea! any such reactivity [ 12]. Two- ~hree- and ~bur-coordi- 
hated copper being present in compRxes [CulL)I- with tris[2-(3A~5- 
trimethylpyrazol?l ~ethvt ]amine. bis[2-( [-pyrazoly~ )ethyi]amine and ,.~.~- 
trimethylpyrazole, respectively, gave rise ~o clearly distinct ab.,;orption mad resonance 
Raman spectra which can be used as coordination environmem probes [t3]. 
Analogous studies were carried out for the complexes of [2- 
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1-methylimidazolyi)]methoxymethane and the emitting state was ide,atified as well 
as that of the corresponding [Cu(L)(CO)]* [ i4~. 

The relative Cu(i ) iol~ a~nities of 20 common ami,~o acids were determined in 
the gas phase based on the unimolecular dissociations of their copper-bound hetcro- 
dimers which l"Ml within 20 kcal too¿- t [I 5]. 

The lithium salt of [2-(6-methyl }pyridyt ]trimethyisilytamide reacted in Et20 with 
CuCt to give the dimeric Cu2(k)2 compound, which, upon reaction with two 
equivalents of CuC!, gave [Cn~,(L)4Ct21 [16l. Reaction of the dimer wi~h excess 
PM% gave the product [Cu( L)( PMe3)2]. Crystal structure determination and investi- 
gation of the ground state electronic energy in N.N'-di-F-tolylformamidato dicoDper 
by spectroscopic and theoretical means concluded that despite the short Cu-Cu 
distance [2.497 (2) A], there is no direct metal metal interaction [•7]. 

Digonal copper en,,ironment is observed in [Cu(cimetidinej]> an extremely stable 
complex oxidized at +0.47 V [18]. [Cu2(1.8-naphthyridine)2][CIOa]2 [t9]. 
[Cu(S-atkylthiophene-2-carbaldehydeimine)el[CFaS03}, where Cu S are extremely 
weak, form a pseudo tetrahedral environment [20]. The chelating 2-Uert-butyl }aceta- 
mido-6-(bis(pyridytethynyllethytamino)pterin reacted with monovalent copper to 
yield in CH2Ct2/hexane a mononudear perchlorate [21 !- 

The reaction of 2.6-dimethylphenyl isocyanide witl'~ red uced dopamine-fi-monoox- 
ygenase initially forms monoisocyanide complexes finally leading to a species con- 
taining multiple isocyanide tigands. Compound [Cu(2.6-Me,py)(L)][CIO4] is also 
described and whose crystal structure reveals identical isocyamde-binding in analogy 
with protein systems and its conversion to a trisisocyanide complex is demonstrated 
by IR and Raman spectroscopy [22]. 2,5-Dimethyl-2.5.-di-isocyanohexane and the 
corresponding t,2-ethane give with CuX2 the mixed valence [Cu2(L),~][Y].~ and 
[Cu(L)2][YI (Y=CF~SO> CIOa. BFa} [231. Ctl2(PhN~Pht2 excited states were 
studied by both experimental techniques and by semi-quantitative molecular orbital 
methods [24]. 

In MeCN/py [Cu(bpy)2]" activated HOOH and t-BuOOH l'or the selective ketoni- 
zation of methylenic carbons in Cy and PhCH2CH 3 groups [25]. Reaction of 
[Cu(MeCNIaJ[Y] with excess pyridine or 4-methylpyridine leads to ace'ionitrile 
substitution by the pyridine base. Cu NQR studies of several mononuclear aikylpyri- 
dine complexes of the type [Cu( L)3][Y] (Y = PF,,. C1Oa) have been reported [26], 
while analogous compmmds in acetonitrile reveal no interaction of 
[Cu(MeCN L,][BF4] with C~,t-1~, and NEt2Ph. and a oMy weak interaction with haio- 
aryJazo compounds [27]. Cationic complexes of the formula [Cu( L)]- are obtained 
with 4-methyl-4-[6-( I-(( 2dmidazol-4-yI ethyl )imino)ethyl )pyrid-2-y114,5.6.7- 
tetrahydro-llt-imidazo[4.5-c]pyridine and 2,6-bis [ l-( 2-imidazot-4-ytethyl )- 
imino)ethyl]pyridine with flattm~.ed tetrahedral and five-coordinate copper environ- 
ments respectivdy. The latter is readily oxidized by dioxygen with snbseque~t partial 
oxygen recovery [281. Several substituted pyridi,~.es or iigands with pyridine-like 
nitrogen atoms have produced Cu(l )  compounds. 2.6-Dimethyl and 
2,406-trimethytpyridine IR~rm two-coordinate cationic units with Cu(I).  The struc- 
tures and the Cu NQR spectra of several such compounds bearing BF4, PFe, 
CuCI~ and C ] O  4 a s  counteranions have been investigated [29]. Forms :~- and ;,,- of 
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the 2,4-'~imethytpyridin¢ perchlorate and d'~e 2.4,6-trimethyipyridine dichtorocuprate 
have cop!anar ligand rings, while in tb.e rest, comp!ex dihedral a~.~gles of appro.xi- 
mately 70 were observed. 2,6-bis( l-Phenyt(-I-(pyridin-2-yl )ethyI )pyridine in acelo- 
nitrite formed [Cu(L)(MeCN)][CuCI.q and [Cu~ L~I MeCN )]z[Cu,Xz] ( X = Br, i } 
[30]. In the~-ece.ompounds, the Cu-py distances are fairly standard ranging fiom 
2.07 to 2.08A while the Cu--NCMe ones are 2.00(2L 1.90(2) and ~.94(3),~o 
for × = C l ,  Br and 3, respectively. In a contbrmationat polymorph of 
[Cu(2,6-Mezpy)2][CIO4], fl,,e linear CuN2 environment is presenl wb':h pyridine pkmes 
at 56.2 [3I]. 2-Aminomethylpyridine and 2-hydrazinopyridine form monomeric 
compounds or the formula [Cu(L),]X where Cu-NH 2 are naturally longer than 
Cu-N~, and strong intennoiecular hydrogen bonds are formed [32}. 
Dimethylaminophenyl pyridines and phenanthrotines produced tetrahedra3 
[Cu( L)2J[PF~ ! complexes where the copper metal resists chemical and electrochemical 
oxidation [33]. The reactivity of [CulTris((2-pyridyl )methyl )amineffMeCN)[PF~,! 
with benzyl and al!y!halides led to copper oxidation with concomffam dibenzyi and 
diotefin products [34_i. Nitromethane and metallic copper react in pyridine to give 
[Cu(CN)(PY)21 and [Cu(NCO)(PY)2t2 wilh bridging NCO ligands and Cu-N 
distances of 1.97(2)--2.26(2)A for NCO and 2.03( ! )-2.09(2}.. -~. for pyridi~e [35~. 
The CuN2 environment is identified in [Cu{di(2-pyridyl )amine~ 2]- salts where the 
anion is either Ct or [Cu(L)X2] for X=C1, Br [36]. In th~ case of Cuk the finat 
product is of the formula [ C u 2 ( L ) z ( l t - I } 2 ] .  EXAFS studies revealed that in 
excess pyridine. Cu(py).~ is formed and nowater coordina{ion is evident 
[37]. 2,2':6',2":6",2"-Quarterpyridine fo...'~-ms double helical complexes of the 
fom~.ula [Cu_4L)2][PFe]2 with pseudo tetrahedral Ct~N~, environment [38]. 
73"ems-12-bis(2-pyridyl)ethytene tbrmed polymeric {Cu{LI(PF~3},~ v~itl~ Cu--N dis- 
tances ranging between 1.878(6I and t.890(61 A. Terminai pyridyt and quinoiyi 
!igands form [Cu(gl]" complexes which readily up~.ake dioxygcn to f-onr~ 
(CuL)zOe (tripyridyI. dipyridylquinotyl) or Cu(L)O~ (pyridyldiquinoiy~ }. while 

i 
! 

\ / ,  % , ~  

| 

triquinoiyl is unmacive [39]. The polypyridyl tigand I in EtCN fom!ed 
[Cu2( L}( EtCN hi-"" and oxidized ISster tharl the monomeric [Cu{ E~CN ){ U)-1 + { L '=  
Tris(2-pyfdyl)ethyl)amine) with the initial step being the t\~nnation of an - O : -  
bridge between the copper arums [40]. Elec~rochemica! reduetior~ of Cu(I3) corn- 
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plexes with di-2-pyridylamine appears to be more favorable ( -0 .36  V in DMSO, 
-0 .29 V in DMFI and -0.11 V in acetonitrile relative to Fe(Cp)2 than for the 
corresponding bipyridine and phenanthroline [41]. Absorption and emission studies 
at room temperature and at 77 K were carried out for [Cu(poiypyridyl)][C!O4], 
e.g. 1,2-bis(9-methylphenanthrotin-2-yI)ethane, 1,2-bis(6'-methylbipyrid-6-yl)ethane 
and 5,5",3',5"-tetramethyl-2,2':6',2":6",2'"-quartepyridine [42]. Ethyl bridged bipyri- 
dine and phenanthrotine give [Cu2(L)2] z ~ complexes with a double helical struc~,,~re 
assigned by IH NMR. The compounds are oxidized reversibly at higher voltage 
than the monomeric Cu(bpy)i  [43]. Reaction of 2,6-bis(2-pyridyiethynyl )pyridine 
with [Cu(MeCN )4j[PF6] in MeOH, yielded the trimer [Cu3(L)3][PF6] 3 and dime~ 
[Cuz(L)3][PFd2; the latter was found unstable in CDsNOz solution [44]. 
Mononuelear copper(I) complexes containing the N4-tripodal tetradentate 
tris[(2-pyridyI )-methyl ]amine and the corresponding ligands with one, two, or three 
2-quinolyt substituems were studied. Only the last iigand formed a 
[(L)Cu(MeCN)] ÷ complex unreactive to dioxygen. All three reacting complexes 
follow the same reaction mechanism, involving the initial reversible formation of 
t:t  Cu:Oz adducts which react reversibly with starting Cu(I)  species to form 
2:1 complexes, although considerable differences exist in detail, depending on the 
ligand [45]. The binuclear complexes [Cuz(L)(BF4)2(MeCN), d and 
[Cu2(L)(BF4)z(CH2CIz)o.s], which were readily prepared from 2.6~bis[N- 
(2-pyfidytethyl)tbrmimidoytl-l-methoxybenzene in the appropriate solvents, and 
the helical {Cu(L)(BF4)},, have been studied as models for monooxygenase reac~,,ity 
[46]. 2,6-bis(t-MethylimidazoI-2-yl)pyridine formed [Cu2(L)2][CIO4]z the bis-coor- 
dinated ligand forming the strands of a helix [47]. A variety of homometallic 
copper(l ) complexes of tigal,~ds comaining two (2,2'-bipyridin-6-yl)methyl moieties 
linked via t A.I0,!3-tetraoxa-7,16-diazacyclooctadecane. 1,4,10,i 34etrathia- 
7,16-diazacyclooctadecane, 4.4'-bipyridinediium, N.N'.N"-tritosytdiethylenetriamine 
and totuene-p-suifonamide spacer units have been isolated. FAB MS im~stigations 
suggest that most of the complexes are of the formula [Cuz(L)zl[PF6]_,. So!ution 
~H NMR spectra imply |he existence of additional complex components of ~:1 
L:copper(1) ratio [48]. The copper(II complex [CuJ L),] and its t:I adduct with 
CuX, [CudL)4X:] (X=C1, Br) have been prepared fi'om lithium reagents and the 
appropriate metal hMide and [2-(6-methyl)pyridy]ltrimethylsilylamide and have 
been characterized crystallogra~hicaIly, tn the dnner, the ligands span the two metal 
centers with Cu...Cu 2.420( t ) A, while in the clusters, they span three metal centers 
which are either two- or three-coordinate. The compound [Cuz(LI2] reacts with 
trimethylphosphine to form [Cu(L)(PMe3)2] [49]. The MLCT excitation at 465 nm 
of the complex [Cu(2~T-bis(6-(2,2'-bipyridyl )lbiphenyl )][C104].2MeCN was estab- 
lished and its qnasbrever~ible oxidation in various solvents associated with cootd: ~- 
tire changes upon oxidation [50]. 

The vic-dioxime 5,5'-bis[2-(4O-benzylideneamino-benzo-t 5-crown-5 It dithiogc;:dme 
Nves [Cu(L)2][PFd probably with tetrahedral GUN. ;  environment [5t~. Sodium 
sulfite treatment of aqueous solutions of CuXz and l-cyanoguanidine res~d~ed in the 
formation of Cu2X~L (X = Ct, Br), CuBrL- H20 and [Cue([,)4] 2 ~ [ 5 2 ] .  In particular, 
the chloride yielded, upon treatment with 0.5 or 1.5 equivalents of sodium sulfite, 
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[Cuj  g-C1 )2~ L)2][SO4] and [Cu2( l t-Ct )z( L}2][ $:O~]- respectively [53]. 
2-Cyanoguanidine in THF in the presence of pyridazine formed [{Cu(LI} 
?.( [t,-pyridazine}3][ B F412 and [ { Cu ( L } } 2( I~-- PY rid azine)31[ BF412 [ 54 ] witll trigonai and 
tetrahedrat copper atoms, respectively. Pyridazine reacted urith 
[Cu(MeCN )4][PF~,]2 in acetone under argon to give [Cu,(L)3( MeCN ),]{PF~], while 
in-situ reduction of Cu(ClOa)2 in acetone under ethylene or CO gave 
[Cu4( L~I[CIO,,]~ [551. 

Pyrazine and tetramethytpyrazine form. in acetone, in~ni~e two-dimensional sheets 
of {[Cu(L)3:2(MeCN)PF~,'I;2Me2CO~ where Cuo units are observed and 
[Cu2(L}][CIO4} with a zigzag polymeric form respectively [56}. 6,6'-dimethyl-2.2'- 
bipyrazine. 2,2'-dimethyt-6.6adiphenyl-4.4'-bipyrimidi~ie fo.qn CuL~ complexes 
while catemt-poty-[(2.25dimethyt-4,4'-bipyrimidh~e-N.N',N"}{MeCN)eCuz} have 
been characterized structurally [57]. 2.3-Dimethylpyrazine produced an interesting 
product of autoreduction of the perciflorate Cut tI ) co~,nplex, [IC~;(L)~:(Z,--L}]'-" 
[58]. 2-MethyI and 2,3-dimethytpyrazine form. in aater.  [Cu2{L}3][C!Oa]z i59]. 
Tetranuctear Cu complex has been obtained with 3.6-bist2-pyridyl )pyridazine pos- 
sessing a planar Cu4 core of tetrahedrally coordinated metal atoms [60]. 

The crystal strtmtures of the polymeric pyrazolates x-[Cu{ L~]~, and the 1:1 mixed 
metal phase. [(Cu.Ag){ L)],,. have been determined by X-~'ay powder diffraction data 
and compared with that of fi-[Cu(L)],~. Aia. complexes consist of infinite chai.~s of 
linearly coordinated metal atoms, bridged by bidentate pyrazoiato anions. The 
x-[Cu( L)},, and fi-[Cul L)i~ phases differ mainly in the interchain Cu.--Cu eomacts 
[61]. Finally. ab initio, all electron Hartree-Fock catct~lations have bee~,, milized *.o 
investigate the reactivity of pyrazote and pyrazo~ate anion towards Cu- and 
Cu(NH3U [62]. Several substituted polypyrazo!es afford [Ct~(L)]* wi*h metal-t~ 
tigand-charge-transfer { MLCT) bands in ihe UV region and emission resutling f~-om 
3d-+~r*. Their phenolate counterparts show ~ower absorptio,.~ and emission trans- 
itions. The reaction of the complexes with CO prod~ces nea compounds with higher 
absorption and lower emission energies {63}. No =-back dona*irm was observed in 
Cu3(~ P_,)3 contrary to their Au counterparts [64}. The structtwe of the 
3,5-dimethy.lpyrazolate compotmd reveals a symmetric trimerie unit ,:,.ith very weak 
Cu-.-Cu interactions [65]. The analogous structure of the product with 
3.4,5-trimethylpyrazole is reported a}ong with tha{ of ti~e mixed valence prodtmt 
[Cu(3-CO2dimethylpyrazo!e)( M%pz~]eCu [66]. !R and DSC studies are reported 
for a series of trimerie pyrazo~ate complexes of the formula [Cu(4-Y.3,5-Me2pz~te. 
where Y = IL C1. Br, ! and CH3 [67!. The tetrameric duster [C~( 3.5-Ph~pz)!~ acts 
as catalyst with t00% selectivity in the oxidative coupling of amines to azobenzenes 
and uptakes CyNC to form dimeric [Cn( L)(CyCN )]~ [68]. The hindered 3.5-diphenyl 
and 34erg-butyt Tris(pyr~,zo~,y!)[;orates >ieid complexes of the ~\wmulas [Cu(L)!2 
and [Ca(L){ MeCN )]. which generail? dissociate in solution due to the !abilit 2, of 
the pyrazolate liga~ds. For t1~e dipheny!-substituted i~gand. "*. comp!ex invob:ing 
both its neutral and deprotonated f~)rms has been obtained [69]. 

The first well-characterized mo~enue|ear copper m{rosyl complexes are of the 
ibrmu|a [Cu( LI(NO)]. ( L = tris( 3-R.5..R'-pyr*,tzo'~yt )hydroborate, R = Bu '. R '=  H; 
R = R ' =  Ph). NO bhading was ~Z~und to be weak. reversible and temperature deport- 
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dent. Irreversible displacement of the nitrosyi ligand was effeeted by addition of 
excess acetonitriie or CO to yield the respective Cu(l ) addncts [70]. 

Photoelectron spectroscopy of imidazole bound to Cu(!)  sites at single crystal 
surfaces has been used as model of the blue copper protein bonding and correlated 
to SCF-Xa calculations [7t]. The reaction of t,2-dimethylimidazole with 
[Cu(MeCN)4][PF6] fo.q'aed the two-coordinate complex [Cu(L)z][PF6] and the 
T-shaped three-coordinate [Cu(L)3][PF6} the structures of which have been studied 
by X-ray absorption spectroscopy. The latter is reactive toward dioxygen contrary 
to the former which is um'eactive toward 02 and CO [72]. N-methyl- 
3-ethylimidazolate--CuCl melts show oxygen uptake to a variable degree with the 
best results ,(80 O per Cu atom) being obser,,ed for Cu3(L)2, while imidazolate 
itself is not at all reactive [73]. ~\\N.N',N'-Tetrakis,(2-benzimidazolylmethyt)- 
t,2-ethanediamine formed, in EtOH/Kt20. [Cu2(L)][C104] z from which the n-etai 
was extracted by KCN in DMSO leaving the ligand intact as its ability to recoordi- 
hate revealed [741. The compound was also found to reversibly oxidize in DMSO, 
the oxidation proceeding through an initial Cu--O--Cu step as surface-enhanced 
Raman scattering showed [75]. The ligand 1.3-bis(1-methytbenzimidazoI- 
2-yi)benzene reacts with copper( I ) to give [Cu,(L)~][CiO4L,. the crystal structure of 
which shows a dinuclear nonhelical structure with each copper linearly coordinated 
to a benzimidazote group of each tigand. The structure is retained in polar aprotic 
solvents [76]. The reaction of the polydentate ligand 1,4-bis[N,N-bis- 
(2-benzimidazolylmethyt)amino] butane with [Cu(MeCN )4][BF4] in MeCN/MeOH 
at 3 :C produced [C~t(L)I[BF~]. which takes up O_, to produce the corresponding 
Cu(II ) complex after 24 h [77]. Complexes of the trideatate tris( l-ethyl-4-R-imida- 
zolyt)phosphine (R=Me,  Pr;) of the formula [Cn(L)I[Y] (Y=PF~,  ClO 4, 
CF3SO3), were prepared. The adducts [Cu( L)( MeCN )][ Y ] were obtained by crystal- 
tization from acetonitrile. Oxygen reacts with these species giving peroxo- 
dicopper(iI) complexes providing useful models for the spectroscopic~ magnetic, 
structural and functiona! properties of the dicopper site in hemocyanin [78]. The 
analogous reaction of bis(bis(2-pyridyl)ethyl)ami~o)m-xylene in DMF yielded, 
besides the formation of the corresponding phenoxy-bridged cupric dimer, the 
hydrolyzed DMF [791. The dinacleating bis-bidentate ligand bis[5-(l-methyl- 
2-(6-methyl-2'-pyridy!ibertzimidazolyl)] methane and its mononuclear analog 
6-methyl-2-( l-methylbenzimidazo i-2-yl ) pyridine form [C~2(t~- L)21[CiO412 • HaO and 
[Cu(L)z][CtO~] respectiveIy with pseudotetrahedrally coordinated Cu. Conductivity 
measurements and UV--Vis spectra show that the dinuclear structure is maintained 
in solution ip, polar aprotic solvents, and ~H N MP, measurements unambiguously 
establish a doubie-helical structure for this complex [80]. 

The reaction of 6-diphenytphosphino-2,T-bipyridyt with [Cu(MeCN)4]* and 
[Cu(bpy)( MeCN )_~l ~ gives dimeric compounds of the formula 
[Cu,( #-L)z(MeCN ),]-~ + and [Cuz(/~-Ll~(bpy)] a" with head-to-tail and head-to-head 
coordination of the Iigands. respectively [81]. Linking two bipyridine up, its with a 
1,3-phenytene spacer iias provided a novel class of ligand which promotes the 
spontaneous self-assembly of doubte heiicates upon reaclion with transition-metal 
ions. Interaction with copper(l ) resulted in dinuclear doubte-hefical complexes with 
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the metal ions occupying pseudo-tetrai~edrai coordination sites [82]. The reaction 
kinetics of [Ct1(phen)2]-, [CufS-NO2phen)2] ~ and [Ca(bpy)2]- With O~, O_~ and 
H_,O2 in the presence of thymus DNA have been eva!uated and the corresponding 
oxidation mechanisms proposed [83]. 

Substituted phenanthroJines react with [Cu(MeCN 14][BFa~ in CH2CI2 MeCN to 
produce the bis-complexes which are oxidized to the corresponding Cn(Ii t species 
in the region of -1.64 to - t . 7 6  V [84]. A general discussion of the energies, 
intensifies a,~d li~'limes of the !uminescellt staIes of several Cu(2,9-Rzphen~ ~ con> 
plexes has been published [85], but specific studies are missing, especially with 
respect to their absorption and emission properties. The photochemical oxMation 
]n CH2CJ 2 of Cul2,9-Meephent2 was attributed to outer sphere electron transfer 
fi-om solvated CH,CI a [86]. Resonance Raman studies of the excited states revea~Ied 
that for R =Me and Ph. the 360 nm band is an MLCT one and the 540 nm band is 

-+r~* [871. Laser-excited resonance Raman of the ground and first MLCT excited 
state of the 2.9-dimethylphermmhroline compound is in co,~tradiction to the predic- 
tion of the state to be [LCuH( L- - ~]- [88 t. Hydrostatic pressure affects the emission 
from the MLCT excited state via an associative mechanism [89]. The MLCT excited 
states for Cul2.9-Me_~phen); and Cu(2.9-Me2-4.7-Ph2phen)2 produced b 3. flash 
photolysis in C[qzCt: are quenched by MeCN. Me,CO and F-dioxane [90] through 
exciplex formation, while the corresponding complexes with 2.9-dimethyl- and 
2.9-diphenylphenanthrotine quenching is achieved by Cr(acac)3 and Cr{hfac),~ as 
well as by Lewis bases, e.g. DMF. DMSO, THF and MeCOOEt, again through 
exciplex formation [91 ] or by anthracene [92]. The activation volume for the energy 
transfer quenching of the M LC] excited state of the diphenytphemmthroline complex 
has also been determined [93]. Several Cu{2,9-R2phen)~ quench uran',,i phos- 
phate and arsenate photolmninescence. A product with the stoichiometry 
[NBu4]o.~,[Cu(2.9-R2phen){]o.4 UO~EtOa-2H~O is reversibly oxidized a~d reduced 
by Br_, and Nell4 vapors [941. A study of Cu(2,9-Ph2phen) ~ and the related copper 
catenate of 11 indicate that they possess !ow symmetry, which is retained in solutio,~ 
[95]. Cu (phen}S Cut 2,9-Me,phen)~ and Cul 2.9-Me:-4.7-Ph2phen}_; react with nat- 
ural DNA fragments and synthetic otigonucleotides revealing hypsochromic absorp- 
tions. The bast reveals luminescence even at room temperature [96 l. The electron 
transfer rate from [Cu{ 2,9-Me2phen)]a[Y] was studied by ~H NMR in water( X = 
C1 ) and acetonitrile and acetone { X = CF3SO0. The finn! Cu( It } species we~ shown 
~o contain coordinated solvent molecules [97]. The i'o~nation constant and oxidation 
potential for Cu(2.9-Me,phenL; were calculated from dectrochemical measure- 
merits. It is predicted that this compound is the primary O, relt~ctan in solutions 
where it is adsorbed on electrodes [98}. 2,9-Dianisy!phenanthroline fmms the ionic 
compound [Cu(L)2I[BF4] in which copper is tetrahedrally coordim~.ted. The corre- 
sponding Cu( tI ) compound was also studied by ESR while dopped into the above 
complex: the study showed that divalent copper compound adopts a five-coordinate 
conformation [99]° M~altip!y substituted 2,9-R-&7-R~-phenanthroline complexes 
reveal charge transfer absorptions in tlae visible region in MeOH/EtOH at 90 K and 
eraission at room temperature in the region 7t0 770 nm, wl-file unsubsli~uted phen 
complexes do not [100]. The equilibrium between C~(Raphen)Ct and 
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[Cu(R2phen),][CuC12] has been confirmed by IH NMR studies in solution [101]. 
Copper complexes with several substituted phenamhrolines react with 
Cu(PPh3)z(BH4) to form Cu(L)(BH4) for 4,7-, 5,6- and 3,4-dimethyl-3,4.7,8- 
tetramethylphenanthroline with a unique CuNeH2 environment while for 2-, 4- and 
5-methylphenanthroline mixed-ligand products, Cu(L)(PPh3)(BH4) are oblained 
[102]. Z9-Me2phen in MeOH in the presence of excess COD forms the Y- 
shaped complex [Cu( 2,9-Me2phen)( MeCN )] X (X = CIO4, PF(,) [103]. 
2,9-bis((2'Alkylphenyl) aminomethyl) phenanthrolines form mononuclear 
[Cu(L)] + with distorted tetrahedral environments and were characterized by IR 
(Vc=N) and UV spectra [104]. 2-(2-Alkylphe~.yl) substituted phenanthrolines and 
2,9-dimethyI. 2,9-dimethoxy and 2.9 diethoxyphenanthroline form [Cu(L)2][BF4], 
which are oxidized electrociaemicatly in the region -1 .64 to -1 .76  V [84]. An 

gous compound ~xith 2,9-bis(p-carboxy;~henyl)phenanthroline has been 
studied with respect to its action in photoelectrcchemieat cells [i05]. Reaction of 
:~,9-bis(N-pyrazolylmethyl)-l,10-phenanthroline with Cu + produced stable com- 
pounds in solution, provided the molar ratio was 2:t, whereas for I:1 mixtures, the 
solutions oxidized within 1 h [106]. The quenchi,":g of emission from the MLCT 
state of the complex Cu(2,9-i-~'hzphen)z by Tris(/]-dionato)Cr(III) complexes and 
several organic substrates has been investigated in CHzC12 as a function of 
hydrostatic pressure and the results are interpreted in terms of the McMillin proposal 
of competitive energy and electron transfer quenching for these complexes [107]. 
The synthesis of [Cu(L)z[BF4], where L = 2,9-disubstituted phenanthrolines bearing 
one or two acylaminopyridine binding sites, has been carried out. Their complexation 
to dicarboxylic acids is analyzed by NMR and UV-Vis. The chromogenic effect is 
explained by a confonnational change in the receptors resulting from hydrogen 
bond formation with the substrate [108]. Inert atmosphere conditions in the 
CHzCtJMeCN solution were needed lbr 1,4,5,8,9,12-hexa-azatriphenylene and its 
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2,3-dipheny! 2,3,7-trimethyi, Z3.7-triphenyl and 2.3,6.7,10.11-hexaphenyi analo~s to 
form complexes with the formula [Cu(L)_q [BF, d [109]. 

In an interesting sequence of reactions, [Cu( phen)( PPh~}( BH~)] in aqueous metha- 
nol yielded [Cu(phenl(PPh3)(HOCO2)l which, upon treatment with an additional 
equivalent of phenanthroline or two equivalents of eyclohe×ylnitrile, formed the 
ionic compounds [Cu(phen),][HCO3] and [Cu(phen)lCyCN )~][ HCOG respectively 
[1101. Treatment of [Cu(phen)(PPh3)(HCO3)] with pyrazole in acetone produced 
a red solution and deposition of polymeric copper pyrazoiate. Treatment of 
the mixture with CO2 ied to pyrazolate carboxylation and formation of 
[Cu(pllen)(PPh3)(COa-pz)(H20) ], which was reversed under nitrogen, whige treat- 
ment with excess CO_, recovered the initial pyrazoie [ 111 ]. 

The addition of two equivalents of the Schiff base derived fi'om 1.2-diaminoetilane 
2-(phenylethylthioIbenzaldehyde to copper(It  perehiorate resulted in formation of 

(N N~, 
L N ~a -J 

Il l  

[Cu~ LL,][C!O4I within a tetrahedral CuN.~ environment [I t2]. The Schiff base | l l  
formed [Cu2(L}][BF41 > which is oxidized in MEOH dwough a peroxo-intermediate 
to give the hydroxylated Iigand [l t3]. Macrocyclic ligands derived from thio- 
phene- or pyridine-dicarbatdehyde react in refiuxing MeOHMeCN to give 
[Cu2( L)( MeCN )2][C10.~]2 or in the presence of NaX [Cu2( L~Y ][CTO4] ( Y = NCS, 
N3. NC5e, C1, Br, I1. A study of their UV Vis spectra indicated that they 
retain their solid-state structure (determined for SCN ) in soiution as well [ 1 t4]. The 
furan-based analogous macrocycie 23.24~dioxa-3,7.14. I 8-tetraazatricyclo- 
[ ! 8.2.1.1 ,~.~2] tetracosa- i ( 22 ).2.7.9.11,13,18.20-octaene and its 5.5,16.16-:e~ramethyl 
derivative gave [Cue( L)(MeCN )2][CTO412 which, in DMF. experienced partial oxida- 
tion to the mixed valence [Cu4(L):(OH )e][CIO.~]3 [i 15]. The crystal structure of 
[Cu2(L)(MeCN )2] -'+ with the above macrocycies as well as the 23.2&di*hia- analog 
were studied [I t6]. Molecular mechanics calculatio1~s on the above ligands have 
been carried out as we!l as on their dicopper complexes and metal parameters 
elucidated [1t7]. The reaction of ~Cu,IL)(MeCN):I -~" (L is the above dioxa 
unsubstituted macrocyde) with pyridazine substitutes the MeCN molecules 
withpyridazine and catalyses hydrazobenzene dehydrogenation with a specificity 
for mms-azobenzene, but at a slower rate than simple Cu( ! ) salts 
[I 181. Tetraethyteneglycol bis(-2,2'-bipyridin--6'-yl)methyl ether and its 
4A'bis(4-methoxyphenyi)-substituted analog, as well as the corresponding tri- and 
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pentaethyteneglycok e,lcapsulate both C u  ~ and alkali metal ions in a sort of 
poiycrown-ether, thus affording attosteric regulation of alkali me~al recogni[ion by 
heterotropic coope~'ativity [119]. The reaction of [Cu( MeCN L][Y] ( Y = C ] O  4, 

PF~. ,--FaS 3~ wittl 1,4°8,11-tetrakis(2'-t~yridylemethvl)-l,4,811-tetraaza-cyclo- 
letradecane in aceto,fitrile at 60 C produced [Cue(L)][Y]e, which reacted with 02 
in a quasi-reversible mat:her [120]. if the reaction is carried under CO, then poly- 
me,'ic {[Cu(Lt(COI(MeCN)][BF4}I,, is obtained with Cu N ranging between 
2.057(3) and 2.083(4) ,&, Cu-NCMe equal to 1.075(41 ,& and Cu C of 1.835(4) 
[ I21 i- The electrochemical reduction of the CU( | i  ) complexes with the hydrophobic 
ligands 2,5.8,11 -tetramethyl-2.5.8,11 -tetraazadodecane. 2,5,9,12-tetramethyl- 
2,5,9,12-tetraazatridecan and 2,6,9,13-tetramethyt-2.6,9,13-tetraazatetradecane in 
deaerated aqueous solutions yields the corresponding thermodynamically stable 
copper(l)  complexes. The bascicity constams of the tigands were deter- 
mined potentiometrically [t22]. The macrocyclic bis(l,10-phenanthroline)- 
[2,!.10,9-bcdef:2'.t',t0',9' ijklm[l,8]di~h.ia[3.6,I0.t3]tetraazacyclotetradecine with 
its two phe~lantbroline sites binds Cu(I} to form Cu{L) which~ in turn, binds to 
DNA by at~ ;~tercalative mode. UV Vis and CD measurements support a con- 
strained distorted sqare ptalmr geometry for the complex [t23]. The bipyridine- 

/ - - - N  

iv 

based hexa-aza macrocycle IV produced helicates with Cu( t )  and Ag([)  in 
MeOH/CHaCI:. The structure of the copper complex revealed a distorted tetra- 
hedral coordination [124]. 3 , 6 , 9 A 6 .  t 9 , 2 2 - h e x a a z a ~ r i c y c t o [ 2 2 . 2 . 1 . 1 1 2 1 4 ] a z a o c t a c o s a -  

I (26) 12~9.11,13,15,22,24-octaene in MeCN MeOH forms [Cu,( L)![CIO4h, which 
oxidized to lCu~(fl OMe)(t~ OL)][CIO4]_, reversibly until Nil oxidation occurs, 
after which it does not reduce back [t25]. The macrocyc[ic ligand 
1,4,8~ l l-tet;akis( 2'-pyridyhnethyl )- 1,4,8, ! 1 -tetraazacyclo-tetradecane coordinated 
in hot acetonitrile to give the dimeric [Cu2(L)lXe (X=CIO4,  PF,~, C F 3 S O 3 )  which 
is quasi-reversibly oxidized to the cupric compound [120]. A distorted tetrahedrat 
core is observed in [Cu4L)(pyridazine)~[CiO,] e formed by pyridazine and 
[Cu,(Ll(HaO)2][CtO4], (L, the Schiff base derived from the condensation of 
2,5-diformylfuran and 3-oxapentatne-t,8-diamine) in acetonitrile, as well as in 
[Cu_,(LI(MeCN)z][BPh4]2, which is more stable than the former with respect 
to electro-oxidation [126]. The step oxidation of [Cu3(1,3-bis[bis(2- 
pyridinemetbyl )amino] benzene)]-' + is strongl? : otvent dependent [ 127]. The tripodal 
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ligands (bis ((2-pyridyl) methyl )( 1-methylimidazol-2-y[ )me{hyI )amine and 
tbis((t-methylimidazol-2-y! )methyl )((2-pyridy[ )methyl }ami:?e in acetonitriie 
form solvated [Cu2(L)2]-'+~which electro-oxidize at approximately -0 .6  V and 
uptakc O2 to form {Cu(L)hO a [!2g]. Potydentate (tris(bis(2- 
(2-pyridyl)ethy~)O_hytamino)amine formed, with [Cu{MeCN )4][PG,~ and PPha in 
CHaCt2 [Cu3( L)( PPh3)2][PF~]3 • 2MeCN where both CuNa and Ct~.NsP environments 
are observed [129], while the macrocyclic tetra-~;chiff base derived ~'rom ~.he 2:2 
condensation of isophthalaidehyde with diethyIenetriamine gave [Cue(L)] [ClOd 
which, upon oxygen uptake, yielded the hydroxytated-pro [ 130]. Analogous hydrox- 

, y  x, Y= py, pz, imz 
5( 

v 

ylation occurs with the tripodal figand V [ i3t]  and the Schiff-based to3-bis(N- 
(2-( l-methyl-2-imidazolyl )ethyl )formimidoyl ibenzene [ 132] and polydentate m- 
xylene(bis( 2-(2-pyridyl )ethyl )amino)diamine and its 5-ethylpyridyl derivative., but 
not with the 6-methyl substituted one [ 133]. Tripodal ligands wilh eemrat nitrogen 
atoms react with cuprous salts to form mononuciear cationic complexes. Such 
ligands are N(CH,CHeN CBPh).~ which utilizes a trigonat pyramidal copper envi- 
ronment in [Cu(L)][BPh4] with Cu-N~p=2.232 and Cu-N~p ranging between 
2.004 and 2.019A [I34]. I,.~ the analogous complex of the closely related 
N (CH2CH2N--CH(thIophene-2-yi ))_~, the closest Cu S distance is 3.344 A. {oo tong 

vt 

to suggest any C u  S interaction [!35]. The tripodal Schiff base 1t,7 derived from 
Tris(ethylaminoIamine and [3.4!crown-benzaldehyde atso presents a four coordi- 
nate CuN4 center [136~. while a CuN~ center is observed in the cationic complexes 
with the Schiff bases derived from 2.6-diacetylpyridine and phenyIalanine methyl 
and tyrosine ethylesters, respectively [!37]. In general. 2 . G d i a c e t y l p y r i d i n e  Schiff 
bases ~brm either [Cu( L)]* or [Cue(g)_q :~ complexes-, which reacl reversibly with 
CO and irreversibly with dioxygen, the latter reaction being more easy in 
MeCN -MeOH [ 138]. i .2,4.5-tetramethyls uilbnyl- 1.4-ber, zoquinonediimine- t.2- 
diamine reacted in pyridine with cupric acetate to produce a dimeric compound 
with Ioeal tetrahedral C u N  4 environment. The complex has the fc.rmuta 
[Cu2(~l--L)(py)4] and readily substitutes pyridine with PPh~ to give 
[Cua(I~-L)(pY)a(PPh3):] ~1391. Aa ~',nalogous CuN 4 environmenl was observed in 
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the complex [Cu2(2,7-diphenyi-azo-l,g-naphthyridine)3][BF4]e [140] as weit as in 

: -o / - - ,o . . : . ,  
0 ~ 
<..o o¢--...5----o o:-'o A 

o 3 # j ' > . . ~ o . . . . . Z j  

VII 

bipyrid/ne-based catenands of the formula VII lor which dipotassimn and tetraso- 
dium hexafluorophosphates have been isolated [141 ]. Trigonat CuN3 was observed 
in the complexation of the ripodal Tris[4,4-dimethyl-2-(4,5-dihydro-oxazotyl )]meth- 
ylamine in the dimeric [Cu( L)]2[ BF4] 2 [ 142] and CuN~ in 
[Cu2{ 1,4-di(2'-pyrldy'~thio)-phthalazine} 2][CiO412 " 2MeCN [143]. 2,5-Bis[N,N- 
bis(2'-pyridylethyl)aminoethyl]pyrazine produces [Cu2(L)CIz][CIOa]2 which is 
reduced in two steps at 0.04 and -0 .0 7  V to the corresponding Cu( 1 ) compound. 
The final product is atso obtained by in-situ reductiot~ of cupric perchlorate in 
reftuxing acetonitrile [ I44]. 

VIII 

The new eHdo VIII with its three phenanthroline sites reacts with three equivalents 
of [CtI( MeCN )4][BFa] in the presence of three equivalents of phen in DM F  produc- 
ing a trinuclear complex which reveals UV excitation and emission almost identical 
to those of [Cu(phen)2] + [t45]. The macrocyclic compound IX , in its knotted 
structure, coordinates to copper, binding it with the two intramole phenanthroline- 
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IX 

bearing arms as welt to give an overall tetrahedrai coordination [ t46]. The crystal 
structure and solution NMR studies of a dicopper [3]-catenate composed of two 
peripheral 30-membered rings interlocked with a centra! 44-membered one has been 
reported [147]. The absorption, emission and excitation spectra, and the lumines- 
cence quantum yields m!d Iifetimes of the emitting excited states of the [3]-catenand 
X and some of its metal complexes have been investigated. In [Cue(L)] 2-, the 
ligand-centered luminescence bands are completely quenched and as in the 
[Cu(L)]*, due to the presence of a catenate-type moiety. In [Aga(Lt]2+~ a strong 
phosphorescence is present at 77 K. In [(Cu.Agl(L)] s ' .  only the copper MLCT 
emission is present [148]. The luminescence of" the catenand X! its mono- and 
bis- copper catenates have been reported both in CHzCI2 and in an 
MeOH/EtOH/CH2Cla rigid matrix at 77 K [t49 I. Five new dicopper(I) "knots" 
ranging from 80- to 90-membered rings have been synthesized, their yields depending 
on methylene I?agments linking the two chelating units and the length of the unit 
used in the cyclization reaction. The face-to--face isomers were in the major products. 
In CH2C! 2 solution, both isomers exhibit MLCT absorption bands in the visible 
ar, d emission bands in the red spectral region. The prolTIe of the absorption spectra 
and the luminescence properties depend on the length of the connectors [ 1501. 

A set of rotaxanes has been constructed consisting of a 30-member macrocyclic 
ring, incorporating two threaded 2,9-dipheny!phenanthroline residues, coordinated 
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to Cu( t ) with gold-(IIi ) and zinc( II ) porphyrins as terminaI stoppers. The rates of 
the various electron transfer processes markedly depend on the molecular geometry 
which is affected by the coordinated metal [151], 

The interactions of Cu(L), (L = the deprotonated form of meso-tetrakis(4-(N- 
methylpyridiniumyl))porphyrin) to different types of DNA samples have been 
studied by electronic absorption and CD as well as luminescence spectroscopy at 
pH 7.8. The nucleotide type and the nucleotide-to-copper ratio affects the type of 
the interaction and the site to which it occvrs [[52]. 

2.1 .1 .2 .  S i h ' e r c o m p h ' x e s .  Secondary ion MS for both free [Ag(RCN)4][Y] ( R=  
Me. Bu', Cy: Y=C104, PF~) and in a graphite matrix proved the existence of 
fragments up to AgL~-~ the gas phase stability of AgL] being large with respect to 
AgL3- [4]. Reaction of AgAsF,, or AgSbFr~ with cyanogen halides in fiquid SO, 
produced the first complexes of the formula [Ag(NCX)2]* and the sm~cture c,f 
the chloro compound with hexafluoroantimonate was solved [153]. 
Dicyanopolysu]fanes S,,(CN)2 0~=Z3) react with Ag~,sF~ in liquid SO2 to form 
lAg{ Sn(CN )_,~ z]~ [AsF(,]_, with bridging ligands and each silver coordinated to four 
nitrogen atoms l¥om four different ligands [1541. 

The crystal structure determination of [Agz( t.8-napbthyridine)j[C104], revealed 
a digonal AgN, environment around the silver atoms [!9]. The thermochemical 
data associated with the complexation of several amines to silver in DMSO at 298 K 
have been studied and compared with those in water [~55]. The stability of silver 
complexes wilh !,2-diaminoethane, 1,3-diaminopropane and dietI~ylenetriamine in 
DMSO at 298 K was also studied potentiometrica[[y with the diaminopropane 
forming witht the monomeric and polymeric compIexes as well [ 156!. Potentiometric 
studies revealed that ethylenediamine and five of its N-methyl and two of its C-methyl 
derivatives coordinate to Ag + in 1M KNO~ w~_th the C-Me liga~ds showing a higher 
stability for the AgLa species [i57], 

Mixed nucleobase silver complexes with t-methyIcytosine or 9-methytadenine, and 
Z9odimethylguanine have been prepared and studied. Siiver appears in a distorted 
trigonal-planar environment with both nucieobases and a water molecule virtually 
coplanar. Intramolecu!ar hydrogen bonding is observed. An alternative model to 
existing hypotheses on Ag-DNA interactions was put Ibrward which cot~.siders ~he 
"insertion" of a metal-aqua entity into an existing base pair [ i 58[. Only when 9-ethyl 
guanine solution in ethanediol was solidified and layered with AgNO~/H20 did a 
dear reaction occur to affording lAg( Lh][NQ] where the iigand coordinates through 
its N-7 atom. The optimal reaction conditions tbr 1.9-dimethy] guanine are in 
aqueous medium at pH =~ [1591~ The structures of several N-((a!kylamino)carbo- 
nyl )-4-substituted benzenesulfonamide ,zomplexes with silver, of the general foi~mula 
K[Ag(L)2]. prepared in alkaline aqueous ethanol were proposed, on the basis of 
spectroscopic evidence, to be anaiogous to the corresponding Mg 2~ complexes, i.e. 
invoMng linear AgN2 coordination to fi~e urea nitrogen atoms [160]. Several imides 
form aniome AgLZ comp!excs, which oxidize irreversibly in acetonitrite to afford 
the parent Iigands (succinimide, ~etramethylsuccinimide, phthatilmide, p-CN-forma- 
nitide/or hydrazine derivatives through N-N coupting (formaniiide) [16t ]. Crystal 
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structure determination and investigation of the ground state electronic energy in 
N,N'-di-p-to|ylformamidato disilver by spectroscopic and theoretical means con- 
cluded that besides the short Ag-Ag distance [2.705 ( 1 ) ,~] there is no direct metal- 
metal interaction [ ! 7]. 

A flattened tetrahedral silver is obtained in bis(4A'.6.6'-tetramethyl-2,2'-bipyri- 
dine)silver tetrafluoroborate, which is isomorphous and isostructural to the corre- 
sponding copper percNorate [162]. Reflux of AgC104 with terpy in acetonitrile 
yielded a double sall of the formula [Ag3(terpy}.a][Ag(terpy)( MeCN )][CIO414 where 
a collinear Ag3 array with digonal central and tetrahedral terminal Ag atoms is 
realized in the polynuc!ear cation [163]. Several 2-arylazopyridines are ~ound tc 
chelate in [Ag(L)2][NO3] compounds [i 64]. while 2.6-diacetylpyridine, bis( 6-chloro- 
2-pyridyl)hydrazone are wrapped around the binuetear core of [Ag2(L),][PF~,]2 
giving rise to a short Ag...Ag contact of 3.141 ( 1 t / \  [t65]. Compounds lag( L)2]* 
are formed by several pyrido[1,2-):lpyrimidine derivatives with two coordinate 
silver [ 166 !. 

The tetrameric complex [Ag4(L)4] has been prepared from lithium reagents, 
~ilver(I) halides and [2-(6-methyl)pyridyl]tfimethytsi!ylamide. and has been charac- 
terized crystaltographically. The Iigands link f(mr silver atoms in a plane [49]. 
(4R,SR)- and (4S,5S)-4,5-bis(2-(2-pyridyl ~ethyl )-l.3-dioxolane react with silver in 
MeOH to afford {[AgL][CF3SO3]I ,. which, in the solid state, reveal a helical struc- 
ture0 while in solution their spectra are identical and indistinguishable from the 
spectra of [Aga(rac-Ll2][CF3SOd _, indicating that they do not retain their solid-state 
structure [I67]. 

Piperazine and pyrazine react with AgBF4 and AgPF,,. respectively, in a 2:[ ratio 
to yield two-dimensional polymeric chains of [Ag(L)2][Y] with four-coordinated 
silver atoms [ 168]. The polytopic Iigand 6.6'-bis[2-( 6-methylpyridyl ) t -3.3'-bipyridaz- 
ine formed [Agg(L)6] ~ where a 3 x 3 grid of tetrahedra~ AgN 4 units is observed in 
accordance with the mgAg NMR spectra [ 169]. The reactions of AgBF4 with pyrazine 
in EtOH have led to the isolation of four polymeric coordination products. Using 
a l:I molar ratio, the one-dimensional linear polymeric {[Ag(L)][BF4][,~ was 
obtained, while with a 1:2 ratio, two polymorphs of lag,(E)3](BF4), were obtained, 
an air stable two-dimensional and a decomposing-in-air three-dimensional polymer 
were obtained. With higher metal-toqigand ratios, the unstable or~e-dimensional 
zigzag polymer [Ag(E)a][BF4] was obtained [I 701. 

IR and UV data are reported for [Ag2(L)x][CrO4] and [Ag(E)~,(NO3)] where L = 
bpy, 4,7-Ph2phen, 4,4'-bpy and hexamethylenetetramine, supporting for the last two 
tigands, CrO~ coordination [1711. Linking two bipyridine units by a 1,3-phenylene 
spacer has provided a novel class of ligand which promotes tim spontaneous self- 
assembly of double helicates upon reaction with transition-metal ions. Interaction 
with silver(l) resulted in dinuclear double-helical complexes with the metal ions 
occupying pseudo-tetrahedral coordination sites [82]. 

The reaction of AgPF 6 with pyrazote in EtOH/CH2C]2 gave among others 
[Ag(L)2][Agz(L)s][PFd.a while AgSbF6 gave [Ag'IL)3][SbF~]. The former was 
obtained as stacks of two different two-dimensional layers with both square planar 
and square pyramidal silver atoms, whereas in the latter only octahedral coordination 
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was observed [i72]. AgNO3 m~d sodium 3,5-diphenylpyrazotate in TIlT give rise to 
trimeric Ag3{t~-L,N2V')~ with a nonplanar Ag3N6 core, while Ag(PhCOa) affords 
hexameric Ag~,(t~-L.N,N')~, with a two-bladed propeller shape [173]. The crystal 
structures of the polymeric pyrazolates [Ag(L)]~, and the trimeric [Ag(L)]3~ have 
been determined by X-ray powder diffraction darn. The polymeric complex consists 
of infinite chains of linearly coordii~_ated metal atoms, bridged by bidentate pyrazo- 
tato anions [61]. The stability constants of silver compRxes with 3-methylpyrazote 
3,5-dimethylpyrazole, 1,2,4-triazole, 4-amino-t °2.4-triazole~ thiazoIe~ 4- 
methylthiazole and 2-aminothiazole were determilaed potentiometricalty in water 
and the ligand ~-acceptor capacities derived [ 174]. Bis,( pymzolyl }atkanes ~ve l: t  
ionic compounds with NO3, CH~SO3 and 2:1 with CIO~ silver salts, the cwstal 
structure of the latter being reported. The co:mpounds are stable in acetone bm in 
DMSO the ligands are partially substituted by the sotvent [I75]. Two-, titree- 
and four-coordinated copper being present in complexes [Ag(L)t ~, where 
L is Tris[2-(3.4.5-Me3pz}ethyl]amine, bis[2-(t-pyrazolyl)ethyl]aminc and 
1,3,5-trimethylpyrazole, respectively, gives rise to dearly distinct absorption 
and resonance Raman spectra which can be used as coordination em'ironment 
probes [13]. Analogous studies were carried out for the complexes of 
[2-{ l-methylimidazotyi)]methoxymethane and the emitting state was identified as 
well as that of the corresponding lAg( L:~,CO)]- [ 14]. 

Silver imidazotate has been synthesized in water by addition of ammonia to a 
solution of AgNO3 and imidazole. X-ray powder difiYaction reveaIed polymeric 
chains, containing linearly coordinated st!vet atoms joined by imidazolate fragments 
and short interchain Ag...Ag contacts. The compound readily reacts with Lewis 
bases to form compounds of the %rmula ~Aga(L)z(baseG),, l tn=2, 3) [176]. 
t. I '-dimethyI-2.2'-bis ( 6-met hylpyrid-2-yl )- 5.5"- { pyiidine-Z6-diyibis[( 1 -methyi-] H- 
benzimidazol-2.5-diyl )-methylen@ bis [ 1 H-benzimidazot ] self assembles witi~, a mix- 
ture of bivalent iron and monovaRnt silver in acetoni~rile to afford [FeAg,,( L}2! 4- 
with silver pseudotetrahedrally coordinated to t~,o bidentate ligands [177]. 

Several 2-arylpyridine carboxa!dimines form [Ag{L)a][C104]o unstable in aceto- 
nitrile but stable in MeOH and CHC13, undergoing transmetaI1ation with 
MCl~ (M=Fe ,  Co, Ni) [178]. Silver complexes have been prepared 
with IA '-( 1A.I 0,i 3-telraoxa-7.16-diazacyc!ooctadecane-7,i6-dimethyi t fen-oem~e. 
N,N'-bis( ferrocenytme~hyl }diaz-M 8-crown-6. b i s [ N . N ~ - b i s ( c y d o p e n t a d i e n i d y l  - 

methyl )-4,13-diaza-18-crown-6]di-iron and with their amide precursors. Tl'~e solid- 
state structure of the former with AgCIO4 has been obtained and re~ealed an Fe-Ag 
interaction which was further confirmed by ~H NMR. UV-Vis spectroscopy, stability 
constant measurements in MeOH and acetonitrile, while a positive shift of the redox 
potential was also observed [t79]. The sy~lthesis and X-ray crystal swucture of a 
disilver complex [Ag:(L)][BFa]: of a bibraccbial tetraimine Schiff-base macroeyc!e 
derived from the sitver-templated cydo-condensation of 2.6-diacety!pyridix~e a~d 
TriM2-aminoethyi}amine are reported [I80]. The crystal structure of 
[Agz(L)][C104] 2 complexes is reported wi~h the bibracchia! tetraimine Sehiff- 
base macrocycles derived from the condensation of 2,6-diacetylpyridine 
with N,N-bis(2-aminoethyl)-2-(aminomethyl)pyridine, N,N-bis(3-aminopropyl)- 
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2-(aminomethy! )pyridine, N,N-bis(3-arninopropyl )-2-methoxyethy!amine and N,N- 
( 3-aminopropyt )-2-methoxytbenzylamine [ t 81 J. Reaction of Ag + in acetonitrile with 
1,4,7-triazacyclononane and the t,4,7-trimethyl analog and the addition o~" tetrabaty- 
lammonium salts affords the complexes [AgX(L)] ( X = C t ,  Br, 1, CN, SCN) while 
using a ratio of 2:t in EtOH yields [Ag(L)e] + and in py,'idine. 
[( L)Ag(,~--CN lAg( L)] PF~, has been obtained ~ 182]. 

Schiff bases derived from N.N-bis( 2-aminoalkyl-2-phenylethyl }amine fbrm either 
acyelie mononuclea~" (alkyl = Et) or maerocyclic dinuclear (alkyI =tl-PI) silver con> 
plexes with trigonat silver enviro~,nnents as IR and ~H NMR measurements reveal 
[i831. 

Several cryptands form [Ag,,(L}][Y] compounds, with n =  i or 2 and Y being 
noncoordinating anions; in all these silver is coordinated to three or more N atoms. 
For example, the triflate sak of the cryptate formed by a 2:3 condensation of 
tris(2-an:'noethyt)amine with p-diformylbenzene in MeOH [184] reveals tetra- 
coordinated silver, while in the analogous eryptand obtained from 
2,5-dimethoxy-t,3-phenyIenedialdehyde. the sliver is three-coordinated [I85] as in 
the product of template condensation of tris(3-aminopropyl)amine and 5-R- 
2-hydroxymethy!-l,3-phenylenediacetaldehyde ( R = O H ,  Me, Et. Br ) [ t86] .  Both 
AgN 3 and AgN3C environments are present in (l,15-dioxa-4.12,18,26- 
tetraaza-6; 10,20; 24-dinitriIo-octacosa-4.7,9, l 1,18,20,22 25-octenelcyanodisilve -( + ) 
[187] and AgN s in [Age(L)2I[BF4]2 where I represents the deprotonated form of 
1, t 1 -bis( T-hydroxyethyt ) 4:8, l 2:16.17:2 t -trinit rilo- 1.2. l 0, t l -tetraazacyclohenicosa- 
2A,6.9,12,14.18.20-octaene, owing to a short intradimer Ag---N contact [i 88]. 

2.1.1.3. Gohlcomplexes. The complexes [Au(NHzRI2]X ( R = H .  Me. Et or Bu~: 
X=Br ,  SbF~,, BF4) have been synthesized by bubbling gaseous NH2R through an 
acetonitrile solution of gold(I) ions [I89] and characterized by IR. NMR spectra 
and TG and DSC techniques: the single-crystal structural determination of 
[Au(NH3)2]Br confirmed the linear coordination about gold. The complex 
~LAUz{ L,,,2ILBF4j~n (L =diethyienetriamine) has been synthesized and characterized 
by IR and NMR ~pectroscopy. Its crystal structure revealed that the molecular 
cation has a ring configuration with local AuN 2 environments and a polymeric 
structure due to weak interdimer Au..-Au contacts [ 190]. 

Sodium 3,5-diphenylpyrazolate and Au(THT)C1 afforded, in THT, 
Tris(f~-L,N,N'ltrigold with a planar Au3N~ core, while reaction with AuCI(PPh 3) 
gave hexameric Aud It--L,N,N')~, wkh an 18-membered ring [ t73]. Metathesis reac- 
tion between AuC13py and sodium 3.5-diphenylpyrazolate in THF atR>rds the mixed 
valence trimeric compound [Au~Aum(l~-pz)3]Cj, which, upon reaction with aqua 
regia, transtbrms to the 4-chloropyrazolate complex. The XPS spectra of the product 
show only a broadening on the high-energy side of the Au( I ) band [ 191 ]. 

Tetraphenyiprophyrinato gold with [M(nmt),I anions (M = Ni~ Pt) reveals one- 
dimensional assemblies of gold atoms and no interaction with the anion, as indicated 
by the findings of magnetic measurements. EPR. Vis and conductance measure- 
ments [ 192]. 
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2.1.2. Phosphorous donors 

2.1.2.I. Copper complexes. Cwstallographic studies of the ionic compounds 
[Cu(PM%)4]X revealed distorted tetrahedra~ copper environments with mem~ Cu-P 
distances of 2.270, 2.271 and 2.278.A for X=CI,  Br, I. The trigonal pyramidal 
environment in [Cu(PPh3)a][PF6] presents an a×iat and a mean off-axia~ Cu-P !ength 
of 2.465(2) *. and for Cu-P of 2.566(2) ,~t [193]. Severa! complexes of the fornmia 
[Cu(L)at[BF4] (L=PMe> PM%Ph, PMePh> PPh,H, PPhH,)were studied by spec- 
troscopic methods I194]. Dissociation of Cu(triethylphosphitehCl in solution led to 
the formation of [Cu(triethylphosphite)4]CI and severn low-coordination Cu(I /  
compounds, the concentration of which depends upon the polarity of the soivent 
[t95]. High-resolution solid-state 3~p N MR spectra of Cu(! )-phospt~ine complexes 
show field-dependent, distorted quartets in which the line separations are not con- 
stant due to the combination of scalar dpc= coupling with incompleiety averaged 
dipolar and anisotropic d interactions. The quartet distortion is rdazed to structural 
data, 6SCu quadrupole coupling constants and anisotropy in the P-Cu scalar cou- 
pling constant. This information is discussed in light of a simple EFG analysis for 
the copper atom based on s-p hybridization schemes involving its vacant 4p orbitals 
[196]. Computational studies by LGTO-!ocat density functional ~heory are reported 
on the electronic structure of [Cu,P,,3 "~ dusters [197]. Neutron diffraction studies 
on H~Cu6{P(p-tolyl)3}6 verified the existence of an oe*ahedrai copper atom cluster 
and lace-capping hydrides in accordance with previous theoretical predictions [ 198_-t. 
Reaction of [CuCI(PPh3)}4 with [MCo3(CO)~,] {M=Fe,  Rul in toluene yielded 
[MCo3(COhz{t~3-Cu(PPh3)}] to which triphenylphosphine added to foNn the ionic 
[Cu( PPh3)3][MC03(CO)t2 ] [ I991. 

Ph~ Ph2 / e-Z......e 
(Me3P)2Cu ] Cu t 

~ jdu. . .  ;..*-cu(:~Me~:~ 
Ph 2 Ph2 

XII 

Phosphide complexes [Cut PPh2h!2 react with PM% ~o fbrm XtI complexes with 
eight-membered rings and ~'oth digona[ and tetrahedra{ copper atoms, The same 
reaction in the presei~.ce of CuC[ affords Cu¢PPh,D3C!tPMe~h ~ith trigo,'~ai a~_~d 
tetrahedral copper atoms [200]. 

Reaction of copper tetrafiuoroborate or perchiorate with dppm in ref!v.xing ace- 
tone produced the dimer [Cud/~--dppm)3} 2-. Analogous compounds were obtained 
with 2-(diphenylphosphino}pyridhae, while uT,on recwstNlization of [Cua(~--L)3] ~ 
from acetonitrile, a prodttct incorporating an MeCN mciecule as was produced as 
shown by 31p NMR -,.neasurements [201]. ETs-bis{dipheny!phosphino)ethyiene 
formed [Cu(Lh][PF~] which was suldied crystal!ographicaity a~d by solid-state 3~P 
NMR [202]. N,N'-bis[2{diphenytphosphino)ethene-L2-diamine and ~he correspoad- 
ing 1,3-propanediamine W e  complexes [CulL)][BFa] wi;.h distorted tetrahe,dra~ 
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copper environment [203]. The asymmetric diphosphine Ph2PCH2CH2PEt 2 pro- 
duced water-soluble air-stable complex of the formula [Cu(L)2]C1 on which 3Jp and 
63Cu NMR studies discussed the inversion process at the metal center which is in 
a CuP4 environment [204]. The synthesis and structura! and solid-s:,ate 3 ip CP/MAS 
NMR characterization of cis-bis(diphenylphosphino)ethylene and the complexes 
[Cu(L)2][PF6] have been carried out. Solution and solid-state 31p NMR chemical 
shift parameters are similar, supporting the hypothesis that the tetra- 
hedratbis(chetated ) cations are also stable in sotutio.~ [205]. 
1,2-bis[bis(2-diphenylphosphino)ethyl)amino]ethane produced a [Cu2(L)] complex 
where both crystal structure and 3,p NMR revealed equivalent phosphorus atoms 
[206]. ~d-bis[bis(2-diphenylphosphino)ethyl)amino]ethane, the corresponding 
diphenytarsino and the diphenytphosphino m-xylene finds coordination to two 
copper atoms forming Cu,L + and Cu2L *, which show quasi-reversible one-electron 
redox couples [207]. The highly symmetric compound [Cu2(dmpe)g(it-dmpeJ][BFa] 
shows r'SCu NMR signal and does not dissociate at the NMR time scale 
[208]. (R*.R*)-(__+) or (R*,S*)-l,2-phenylenebis(methylphenylphosphine) formed 
[M(L)_~] + compounds with the copper triad metals and appear to rea, range in 
solution by intermolecular ligard redistribution (rate Au < Cu <Ag) and inversion 
at the metal centers (rate Ag < Au < Cut [209]. A highly distorted tetrahedral environ- 
ment has been observed in the [Cu(dmpe)2][Cu{Co(CO)4}2] [210]. 

1.1 "-bis (diphenytphosphino)IZerrocene reacts with Cu + to give 
[[Cu(L)}a(ie-L)] 2+ perchlorate and tetrafluoroborate with a trigonal CuP 3 environ- 
ment [211 ]. The compound undergoes a single reversible step three-.electron oxidation 
in 1,2-dichtoroethane to give the corresponding [{Cu(L)}2([Iv--L)] s+ ion which dis- 
proportionates to [Cu(L)] e+, ferrocenyl radical and CuL" [212]. 

Complexes of the formula Cu( P-P)BH 4 were proved to photoisomerize c&-pipery- 
tene to ~ra~,,s: Estimatiox~ of the triplet excited states of these complexes with a 
peculiar CuP2H2 chromophore are at 60-6i and 66--67 keal tool - ~ above the ground 
state for dppe and dpppo respectively [213]. Analogous environments are present in 
the products of the reaction of [nido-7,8-C,_K, HmL]"- (L=H.  n=2;  L= 
4-pyridinemethylcarboxylate, n - - l )  with CuCI both in the presence and in the 
absence of PPh> Borom phosphorous and hydrogen atoms are p,'esent m the copper 
environment and 3~p NMR studie; show considerable flexibilily of the closo-com- 
pounds that are formed [214}~ 

Hydrogen was found to be present in ~he Cu coordination sphere in the Cull 
reaction products with PPh3 in THF. A pentameric and a hexameric compound 
have been obtained with Cu-P bond lengths ranNng between 2.16(1) and 2.21(I) 
and 2.200(5) and 2.246(3) A, respectively [215], 

ZL2.2. Si/rer comph,xes. MAS 3~p NMR spectra of 
[Ag( PPh0a][NO~], lAg( L)2][NO31 ( L = P(CHeCH2CN ).3 P(m-tolyl )3) are reported 
and correlated with the determined structures [216]. The stpacture of 
[Ag(PPha)4][PF(,] revealed an ahnost ideal tetrahedral silver with Ag-P = 2.666(3) 
[193]. Potentiometric and calorimetric measurements of the stability of several 
[Ag(ER3),,][CtO4] in pyridine established the complex stability as varying in the 
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sequence primary<secondary<tertiary phosphine. Among the phosphines ~tsed, 
PBu s proved to form three species in solution while for Pcyjq and Pey3 only two 
species v:ere obtained [2t7]. An ionic compound with the stoiehiometry 
[Ag(L)2]2[AgsIT] was obtained by refluxing i~ acetonitrile Agt and 
Tris(2,4,6-trimethoxylpl~enyl )phosphine [218]. Cyclopentytdiphenyl and dicyclopen- 
tylphenyi phosphines form mononuctear gold{ I) perchlorate and tetrafluoroborate 
complexes [2 i9]. The formation of complexes tAg( L)~][PF~] in CH_,C12 were followed 
by a~P NMR studies at 193 K. At least two species were determined in solution the 
exchange rate being greater for 5-phenyldibenzophosphole than for triphenylphos- 
phine [220]. 

The thermodynamics of complex formation between silver{ I) and PPh> dppm, 
dppe and dppp has been investigated in propylene carbonate at 298 K by potentio- 
metric and calorimetric techniques. PPha forms three successive mononuctear com- 
plexes, dppm only potynuclear species~ whereas mononucIear compiexes, in addition 
to potynuclear ones, are formed by dppe and dppp [22I 1. *°'~Ag{3~P} INEPT studies 
on [Ag(L)2I[NO3], L=dppe,  depe, eppe. dppp and 1,2-diphenylphosphinoethylene. 
are reported to yield values in the range !378-t468 ppm relative to 4 M AgNOs 
in D~O [222]. 3tp NMR studies confirm formation of dimerie cationic units 
for dp?;m, dppe, dppp. bis(2(diphenylphosphinolethyl)phenytphosphine and 
Tris(2-{diphenylphoshpino)ethyl) phosphine upon reaction with AgClOa. The tca- 
dency of dppm to fbnn polymeric compounds is also confirmed [2231. Eight- 
membered rings were observed in [Ag2(dmpm)2]Br, with bromiqe links between 
adjacent units. The solid-state IR and Raman spectra of [Ag_,(L)2][PFc,]z and 
[Ag2(dppm)2][PF~,], are aiso reported [224]. Drape and dppe react with AgAsF~, in 
MeNO a or acetone in a 3:2 ratio to afford [Age(L).~][AsF,~]:. "~,hen a mixture of the 
tigands is used, ~P N MR reveals the presence of mixed-tigand cations. The observed 
exchange is faster for dppe involving end-on exchange of a bridging ligand [225]. 
[Ag~(dmpe)2][BPh4]z prepared in acetonitrile possesses two bridging and two chelat- 
ing dmpe ligands [226], while bis[cis'-i.2-bis(dipbel~ylphosphino)ed@enelsi!ver 
nitrate is monomcric and capable of transferring the nitrate to organo~in(tV) 
compounds forming ionic species of the formula [AgLa][ Y ], 
(Y =SnPhz(NO3) 2. SnPh3(NO3)2 or SnPh,Ciz(NO0). sip NMR meast, rements 
reveal identical P e'~wironments in both the initial and the final compounds [227 !. 
Analogous is the reaction of bis(diphenylphospino)methane silver nitrate with 
SnPh2(NO3L, in MeCN-Me2CO resulting in formation of tAg( L):][SnPh2(NO3).~] 
studied by IR and -~P and *~-gSn NMR [228]. 

The reaction of HC(PPh2)s with Ag(CFsSO3) in CHIC12 atlbrded 
tAg3( L): CI] 2+ consisting of a central triangular memI core and UV~-Vis spectrum 
in acetonitrile virtually identical to that of the free !igand [2291 . 
1,8-bis(Diphenylphosphino)-3.6,-dithiaoctane and its 3,6-di(phenylphosphinol 
counterpart form [Ag(L)][BFa i Complexes in acetone and ~H, 3~p and ~°¢~Ag NMR 
studies predict AgS,P2 and AgP a environments, respectively [2301. The thioether 
moieties in Ph3PCH2SR ( R = M e ,  Phl and Ph~PCHeCH,SR ( R = M e .  Et, Ph), 
however, did not appear to coordinate to silver: neither do they alter significandy 
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the phosphino group's donor ability as studies in DMSO reveal. Thermodynamic 
studies establish the complex stability sequence as Ph < Me < Et [231 ]. 

Trans coordination by dppf in cationic AgL + complexes with C I O  4 and CF3SO3 
amons has been observed [232]. The dimetailic complex 
[Pt(CN)z(p-dppm)zAg][C104] undergoes electron transfer in photoreactions with 
hatocarbons. Its emission quenching by pyridinium acceptors was also studied [233]. 

2.1.2,3. GoMcomplexes. Electrospray MS of mixtures of" Au(PPh3)C1 and PR; 
(R,R'=phenyl,  p-CL and p-methyl phenyl) verifies the existence of mixed ligand 
cations of the general composition Au(PR3) ] and Au(PR3) [234]. The strong 
enthalpy stabilization of PPh 3 and PCy3 upon ligation to Au has been verified by 
potentiometric and calorimetric measurements in pyridine [235]. 

Electronic absorption and MCD spectra of [Au{ P( Bu')3}z][ClO4] in acetonitrile 
helped in the identification of the MLCT d-~p transition [236]. Au(PEt3)(CN) 
although normally linear in the solid state, disproportionates in solution to 
[Au(PEt3)2][Au(CN)2] like the corresponding triphenylphosphino complex which is 
in fast equilibrium even at 200 K [237]. Tlte ligand scrambling in Au(PR3)(CN) to 
yield [Au(PR3)a][Au(CN)2] (R=Me,  Et, i-Pr, Ph, Cy) is studied by 13C and 31p 
NMR. The Keq values vary as Cy > Me > i---Pr > Et > Ph. The PCy3 and P(i-Pr):~ are 
new complexes [238]. Reaction of Tris(2-cyanoethyl)phosphine with Au(THT)CI 
in CHzClz/MeCN afforded Au(L)CI and [Au(L)2]CI, the latter encapsulating 
gold within the cyano- arms. Its reaction with HzSO4/H20 at t20 'C results 
in the formation of Au{CH2CH2COOH)3}2C1 [239]. Luminescence studies are 
reported for AuCI(PPh3)2, [Au(PPh3)3][BPh4] and Au(THT)CI. Titration of 
[Au(THT)2][PF~] with PPh3 in acetonitrile reveals that the luminescence depends 
on the phosphine molar fraction, the emitting species being either AuP~ or AuP3 ~. 
For Trisalkylphosphines, emission was found to occur only for ratios P:Au > 3 [240]. 
Cyclohexyldiphenyl and dicyclohexylphenyl phosphines form mononuclear gold(1) 
perchlorate and tetrafluoroborate complexes [219]. 

The electrochemical reduction of [Aug( PPh3la] 3 + and 
[Augg(P(p-OMeC~H4)3}a] 3* in CH2Ct 2, Me,CO. MeCN and PhCN is studied by 
normal and differential pulse and CV revealing two distinct peaks almost solvent 
independent [241 ]. Reversible isomerization between the normal-pressure green "part 
of eicosahedron" [Au~(PPh3)s][PFo]3 and the high-pressure brown D4d centered- 
crown one is achieved in the range up to 80 kbar, with the most marked changes 
observed in tt:e range 45-60 kbar [242]. Magnetic circular diehroism measurements 
of Auo(PPh3) 3+ with NO3 and C 1 0  4 counterions are reported in acetonitrile [243]. 

Treatment of o-tolylphosphine with Tris(triphenylphosphineaurio)oxonium tetra° 
fluoroborate in THF afforded [(o-tolyl)PAu(PPh3)3l[BF4] with noninteracting Au 
centers. The compound further reacted with [AuPPh3][BF4] to afford 
[(o-tolyl )P(AuPPh3)4][BF,]z with a square pyramida! central phosphorous atom and 
the four Au ones on the basal plane, Analogous reactions are realized with the 
corresponding arsine [244]. Analogous reaction with p-phenylenediphosphine 
yielded [(AuPR3)3(g-L)(AuPR3)3][BF.d2 (R = Ph, Bu') while if the 1: l stoicheiome- 
try is applied and a further equivalent of Au(PR3)(BF4) is used, 
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[(AuPPh3h(II-L)(AuPPh3)4][BF4]4 is formed as IH aiid 31p NMR indicate [245]. 
The corresponding left-butyl oxonium salt upon reaction with P(SiMes}3 in T H F  

at - 7 8  C yielded [P{AuP( Bu')31a][BF4] 2 a tetrahedral gold cluster [246] white the 
extremely bulky (2,4,6-tris-tert-butyl)phenylphosphine formed [(AuPR3),~( L)][BIZ4~ 
( R =  Ph, t-Bu), and addition of [Au(L)}[BF4] yielded [L(AuPPhB)4][BF4]_, and 
[Au(PBff).~][BF41, respectively [247]. 

The synthesis, structural and solid-state ~3p NMR charaeteriza{ion of cts'-bis(di- 
phenylphosphino)ethylene and the complexes [Au(L)e][PF~,] has been carried out. 
Solution and solid-state 3``p NMR chemical shif~ parameters are simitar, supporting 
tile hypothesis that the tetrahedral bis(chetated) cations are aiso stable in solution 
[205]. A short Au--,Au interaction has been observed in [Au_,(f~ dmpml-][PF~,]2. 
Solid-state IR and Raman spectra are reported as we~! as for [An:(L),,][PF~,]~ In = 
2, 3) and [Au(L)e]C1 a [224]. 3,p NMR studies in solution veri~ ~ that 
[Au~([l,-dppe)2] e~ is converted to [Au(dppel,]" by fl-D*thiogtucose and reduced 
glutathione in aqueous methanol. The product is kinetieatly stable, producing 
[(Au(L)}a(dppe) ] [248]. Excited tris[bis(dicylcohexylphosphino)ethane]digold{ 2 + ) 
has proved capable of electron transfer to alky!pyridinium acceptors i~ acetopAtrile 
and the effective rates of this transfer are reported [249]. Intettse d~*-~p~ transitio``~ 
in absorption aP.d MCD spectra of Auz{dmpm)~ + in water and acetonitrile are 
reported [250]. The UV spectra of [Au(dmpm)]2X_, (X=Br.  C1Oa} and 
[Au(dmpe)]2X2 (X =CI. Br. I, CIO4t do not obey the Beer taw, there{k~re predicting 
X-association to yield [AueL2X]*. Bands attributed to Au~ d~+p~ transitions 
underline the importance of Au.-.Au interactions [251 ]. Luminescence at 593 nm in 
solution of [Au(dppm)]2[BF4], is attributed to 3Au(o*)(tT) emissive state and a 
Au~ a* HOMO on the basis of Xa studies [252]. The electrochemical behavior of 
several bis(diphenylphosphino) gold( 11 complexes was studied by cyclic voltametry 
[253]. Absorption and emission properties have been reported t\w the mixed metal 
complex [Ir(CO)C1Au(AuCI)2(tt-L)I[PFe,] prepared by tile: reaction of 
[Ir( L)2(CO)I [PE(,] with three equivalents of At',( Me2S }CI ( k = bis{diphenylphosphi- 
nomethyl )phenylphosphine) ~̀ s̀ well as of [Au~grtCN t~( f~ L}_q[PG,] which was the 
product of the treatnlent of the former with KSCN and Au(MeeS )CI[254]. 

The reaction of [Au(THT ),][CIO4] or  [Am acac){ PPh~}] with CH(PPh2).~ led to 
dinuclear complexes. [Au2{t* CHil~Ph2)3}2][C]O4]2 or [Au2( t~ C( PPh2/.,.}el, respec- 
tively, which react fl:rther with [Auta~.aci~PPhs}] and [Au(TEtT)( PPh0][CIO~] to 
afford the tetra~uclear complex [(Pb~P)AuPPh~CtPPh~AuPPh:I2CPPh_~Au- 
(PPh3)][CtO4I,. Trinuclear complexes were also realized and the compounds studied 
by NMR and X-ray dilfraction techniques [255]. 

The reaction of secondary phosphines with several goid compounds is shown to 
produce either ring- or chain-structured polymers of [Au(!~ PR~I], I R= Et. Ph. 
/)MeC(,I-t4, p-Bu'C6H4), probably through the intermediacy of [AuX( PHR~}] com- 
pounds, a few of which were also isolated and aimlyzed, tn nonpotar solvents 
complexes [Au(PHPha),]" were also realized [256]. 

Bis(diphenylarsino)methane reacted with either AutTHT ); or Au(C~Es)!THT) 
in CH.~CI2 to form [AuxfL)~] 2" or [AuL(C~,Fs)]*. respectively {257]. Reaction of 
K[AuCt4] with bis(dimethylphosphinomethyl)methylphosphine in MeOH yielded 
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[Aua(/t-L)2] 3+, the crystal structure of which has been determined. The nonlinear 
metal chain [An Au-Au angle t36.26(4)] experiences intramolecular Au--.Au con- 
tacts of 2.98t ( I ) and 2.962( 1 ) ~.  The complex revealed phosphorescence in aceto- 
nitrile solution [258]. Tris(2-(diphenylphosphino)ethyl)amine forms Au(L)Y, 
monomeric with three-coordinate gold for Y = PF{,, NO a and dimeric for Y = BPha 
[259]. The reaction of HC(PPh2)3 with K [AuCla] in the presence of 2,2'-thiodiethanol 
in MeOH yielded [Au3( L)zC1 ]2- consisting of a central triangular metal core [229]. 
The gold( I ) complex with t -diphenyphosphino-2-( 2-pyridyl )ethane exhibited a digo- 
nal structure with monodentate P-bound ligands. NMR studies revealed that the 
species, besides ligand exchange, rearranges in solution by inversion at the tetrahedral 
metal center [260]. Bis((diphenylphosphino)methy!}phenylarsine reacted with 
AuCN in toluene and upon recrystallization from CI-ICI~'EtaO yielded 
[Au( L)2][Au(CN )2] [261 ]. The complex cation [Au2(L)a] 2 + [L = 
2,6-bis(diphenylphosphino)pyridine] re~.e-:led an intramolecular Au...Au separation 
of 4.866 ]\ as determined by X-ray cl'ysta[lography and displayed photolumineseence 
at 520 nm in fluid solutions at room temperature [262]. 
Bis(diphenylphosphino)amine replaced THT from [Au(THT)2][C104] to form 
dimeric [Au2(!l-L)2][ClO4]2 which upon treatment with halogens forms the corre- 
sponding Au(ii} species [(AuX)2(,u-L)2][C104] 2 [263]. Emission and absorption 
spectra in acetonitri!e have been measured for [Au2( L)2][]PF~,]2, [Au2( L)3][PF~,]2 and 
[AuL2](PF~,) for L=t.2-bis(dicyclohexylphosphino)ethane [264]. The >VAu 
M0ssbauer spectrum of the bis(diphenylphosphino)amine complex [Au2(I~-L)2] 2 
has been obtained at liquid helitun temperature [265]. Reaction of 
[Au3( I. )2][C Oa].~. with an excess of the !igand bis(dimethylphosphinomethyl )methyl- 
phosphine in methanol yielded [AudL ~" " . . )s]tv_~Oaj, {ntensety phosphorescing in aceto- 
nitrile [266]. Tile cMoro-ylide gold complex [A~.,'TI(CH2PPh3)] reacted in acetone 
with dppm or bis(diphenyiphosphino)amine to afford derivatives 
[Au2(/t Ph2PYPPh2)2] (Y=CH,  N ), the latter also being produced by additkm of 
bis(diphenylphosphino)mnine to tile t).~rnler. The two complexes further react with 
silver or gold complexes giving *,etranuele~r ring systems [267]. 

M n 2 ( I t - H ) ( t t - - P C y H ) ( C O ) s  reacts with AuCI(PR 3) in THF (R=Cy,  Ph. 
p-FCc, H4, p-OMeC~,H4) to give mono- and diaurated polymetallic compounds 
~hich are characterized by IR, Vis, ~H and 3~p NMR [268]. Auration of prim- 
ary phospilines PRH2 by [{(PPh3)Aul30][BF4] in THF at RT afi'orded 
[RP { Au(PPh3)', 3][BF4], while P(SiMe3b yielded the hypercoordinated 
[P{Au(PPh3)}5][BFa] 2 [269]. The complexation of dendrimers with as many as 3072 
terminal phosphino groups to gold has been studied by ~i-I, ~3C and 3~p NMR 
measurements [270]. 

2.1.3. Arsenic. apltimony and his,  tuth "hmors 

Several complexes of the formula [Cu( L)4][BF4] were studied, where L is a tertiary 
ligand with group t5 donor atoms (E  Vie> EM%Ph,  E M e P h >  EPhzH,  EPhH2,  E = 
As, Sb) as well as [Cu(L-L)2][BF4] with the bidentate tigands R2E(CH2) ,ER2 ( R =  
Me, Ph; E =As, Sb and n=2,  3) or 1,2-bis(SbMex)CJ-I4 [194]. Tricyclopemyl arsine 
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formed [M(L)2] perch!orates and tetrafluoroborates, the former revealing weak 
anion coordination [219]. 

A series of [Cu( Lte][ Y ] and [Cu ( L),,][ Y ] (n = 3 or 4; Y = CIO4, BF4) were obtained 
where L=EPh3, EPh2Ar, EPhAr2, (E=P,  As, Sb, Ar=p-substituted phenyl) 
and the structure of [Cu{SbPh2(P-FC6H4)}4] ~ has been solved [271]. Several ionic 
stibine complexes have been studied. The spectral data of [Cu(SbR3)4][BF4] 
( R = Me, Et, Ph) and of [Cu( Me2SbCHzCH2SbMe2)2][ BF4] and 
[Cu( PhzSbCH2CHzCHzSbPh2)2][BF4] along with [Cu( PM%)4][BF4] and 
[Cu(AsMe3)4][BF4] have been reported. The high symmetw of the metal center 
allowed 63Cu NMR measurements to be carried out [272]. 

The dimesityl stibine lithium salt added to a cooled THF solution of CuCI 
and PMe 3 yielded the first Cu{I) antimonide [(iL-Mes2Sb)Cu(PMe3)]z with a 
central CuzSb2 core [273]. Both (R*,R*?(++_) and (R*,S*)-l,2-phenylenebis- 
(methylphenylarsine) form [ML2] + compounds with the copper triad metals and 
appear to rearrange in solution by intermoiecular Iigand redistribution (rate 
At: <Cu <Ag) and inversion at the metal centers (rate Ag<Au<Cu)  [209]. 

Bis(diphenylarsino) methane silver nitrates reacted wifll SnPhz(NO3)2 in 
MeCN-Me2CO resulting in the formation of [Ag(L)e][SnPh~( NO3}31 studied by IR 
and -~P and ~OSn NMR [228]. The strong enthalpy stalzitization of group t 5 donors 
upon ligation to Au has been verified by potentiometric and calorimetric measure- 
ments u~, several EEh3 iigands (E=As,  Sb) ip. pyridine [235]. 

2. 1.4. Mixed gIroup 15 d(mors 

2.1.4.1. Copper complexes. Several complexes have been isolated, wilh phosphine 
and MeCN molecuies attached to the metal atom. The effect of the phosphene 
ligands on the stabilization of [Cu( MeCN ),,( PR3}4 -,,] + (n = 0- 4 ) has been expressed 
in relation to their 3~p NMR chemical shifts and electrochemical data [274], 
[Cu( PPh3)2( MeCN )2][C104] reacled with terpy in CH,Ct2 to displace MeCN forming 
a five-coordinate copper center which was shown by spectroscopic measurements to 
retain it in solution [275]. The 6-diphenylphosphino substituted bipyridine forms 
[Cu(tI-L)2(MeCN '_,]- complex where a local CuPN~ environment is present, The 
complex reveals oxidation peaks at - !.35 and - 1.53 V in MeCN, while it reduces 
CO, to CO with co:lcomitant carbonate formation as solution |R studies predict 
[276]. [Cu(MeCN ), (o-(dimethyahnino)methyb diphenylphosphinobenzene,~][BFa] 
and [Cu(MeCN ),( PPh3h-,,][BF4] were studied as catalyst in tnms-stitbene cyctopro- 
panation with N,-CH(CO2Et)  where alkene intermediate presence was proposed 
to account for the activity of the latter in the case of n=2  [277]. 

Several N-heterocylccs reacted with Cu( NOde in the presence of triaryiphosphines 
to give compounds of the formula [Cu(PPh3)_,(L)z][NO3] (L=pyrazine, 
1,2A-triazole, 2-methylimidazoleL [Cu~ PAr3)( pyrazole)3]{ NOs] (Ar=m-, 

. , r ~ [ - p-CHiC, H4) or tCa,ONO2)(PPh3)L ] (3,4,5-trimethylpyrazole, 4-phenylimidazole, 
bis(pyrazol-t-yl)methane, bis(3,5,-dimelhylpyrazine)n~ethane, bis( t.2,4-triazole)- 
methanol the latter showing fluxionat behavior above 240K [278]. Several 
5,6-disubstituted 2,3-bis(2'-pyridyl)pyridazines react in CH,CI 2 with 
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[Cu(PPhs)2(MeCN)2][BF4] displacing MeCN to form [ { C u ( P P h 3 ) 2 } 2 ( t t - L ) ] [ B F 4 ] 2 ,  

the excitation spectra of which are interpreted in terms of the 7z* energies of the 
ligands. The complexes react with excess triphenylphosphine to yield 
[Cu(PPha)2(L)][BF4] [279]. Reaction of the potassium salts of tetrakis(lH- 
pyrazo!-yl )borate and dihydrobis( 1H-pyrazol- 1 -yI )borate with Cu (PAr3)2( NO 3) 
yielded compounds Cu(PAH)2(L) which were studied by 1H and 3Ip NMR studies 
[280]. The coordinated 4,5-dicyanoimidazole in Cut L)( PPh3h undergoes rapid atco- 
holysis in the presence of CO, being transformed to imino-methylester. The structure 
of the final product reveals a CuP,N2 environment, the N atoms being imino and 
an imidazolo, respectively [281 ]. The structures of [Cu( L),,(PPiL0z][BF4], with 2,2'-  

biimidazolate, bibenzimidazolate, tetramethylbiimidazolale (n= 1) and imidazole 
and pyrazole (n=2) have been elucidated utilizing ~H and 31p NMR [282]. 

Reaction of cyanoacetic acid and MeCu(PPha) in THF at - 78  C gave rise to 
(PPhs)2Cu(LH)(L) where a highly distorted tetrahedral CuN2P2 cnviromnent is 
observed and hydrogen bonding throv_gh the coordinated acid ligand forms loosely 
connected dimeric units [283]. Reaction of CuCI(PPh3)_,. with Na(CN)2BH2 in 
acetonitrile yielded (PPh.O2Cu(CN),BH2, a linear polymer with bridging dicyanodi- 
hydroborate ions [284] 

Electrospray MS revealed the existence of [Cu( PR3)2( phen)I [ BH4] ( phen = several 
substituted phenanthrolines) and all possible cationic units when two different phos- 
phines are present in solution, therefore confirming the rapid !igand exchange in 
solutior~ [285]. Bulky phosphines enhance tile reactMty of electron transfer fi'om 
[Co(EDTA)] to [Cu(phen)(phosphine)2] + [phosphine= PPh 3, PPh_,Cy. PCy 3, 
P(p-MeOC~,H.03 and anions CIO4, NO3] [286i. The reduction of methylviologen 
by a -'arioty, of [Cu(N-N)(PPh3)2] + complexes in aqueous ethanol has 
been s!udied and the efficiency was found to vary in the sequence 
2,9-Me2phen > 4,4'.6,6'-Mc4bpy > 4.4'-Me2bpy > phen > bpy > 4.7-Ph2phen, the last 
two being practically inactive [287]. Photoreduction of methylviologen was effected 
by the 2,9-Me,phen complex with PPh3, PPhzCy and P ( p - O M e C ¢ , H 4 ) 3  and the 
corresponding quatum yields discussed in terms of the excited state lifetimes [288] 
The emitting ability of the above complexes was studied in methanol, where the 
dimethyl-substituted phenanthrolines appear to be stronger emitters probably due 
to the absence of solvent-induced exciplex quenching. Correspondingly. in CH,CI_,. 
the emission increase with temperature indicates significant thermal populatioq of 
the excited singlet state [289]. The triphenylphosphine and the p-methyl and p- 
chloro- substituted ones ;i;'e complexes with dimethylphenanthrolines, which show 
emission in mixed methanotethanol enviromnent at 77 K [290]. Ab initio calculations 
on the model compound Cu(HN-=Ct4CH:=Ntt)(PH3)f are in support of a 
pseudotetrahedral ground state and planar MLCT excited state easy l\~r water co- 
ordination [29I]. Absorption and emission maxima of the [Cu(PPh3)e- 
(di-2-pyridylketone)][NOs] compound in CH:CIe were reported as well as its catalytic 
activity in the photochemical transformation of NBD to QDC with a quantum yield 
of 0.17 (irradiation al ).>320 nm for t2 h) [292]. The central pyridyt nitrogen of 
terpy and two phosphorus atoms define the equatorial plane. ~H and ~3C NMR 
spectra show that the five-coordinate nature of the compound is also retained in 
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solution [293]. Cu(PCy3):(FBF3) reacted with NaX in water to give the meta- 
thesis products Cu(PCy3J2Y(Y=SCN, N3). The crystal structure of the azido 
complex reveals a trigonal planar copper enviromnent [294]. Displacement of 
acetonit rile from [Cu (PPh3)2( MeCN )z[B F4] by N-(2-pyridinyl- 
methylene)pnenylamine apd N-(2-pyridinylmethylene)-2,3,5,6,8,9,11,12- 
octahydro- 1,4.7,10, t 3-benzopentaoxacyclodecm- 16-ytamine yielded complexes 
[Cu(L)(PPh3)2][BF4] which emit even in methano!ic solutio~s [295]. 

Reaction of copper tetrafluoroborate or perchtorate with dppm in CH,C!, at 
room temperature gave rise to [Cu2(i~-dppm)z(MeCN )21 z'- and 
[Cu,(tt-dppm)z(MeCN)4] z~ [296]. identified by their 3~.p NMR sh~rts. 
Photoluminescence of [Cu2(i~-dppm)2(MeCN )4]-" + and its reactivity towards ben- 
zylchioride, 1-bromopentane in catalytic anrounts is reported [297]. In CH~CI, 
substitution of acetonitrile with PPh3, pyridine and 4-substituted pyridines occurs, 
the products being studied by IR, UV and X-ray diffraction [298]. Reaction between 
[Cu2(ll-dppm)z(MeCN)4] 2* and substituted pyridines or triphenyiphosphine in 
CH2Clz gave products [Cuz(/I-dppm)z(L),]~ + which possess long-lived emissive 
electronic excited states in fluid solution at room temperature [299]. The bidentate 
ligands 6-methyipyridone, dimethylpyrazine, N(N(p-toly] ))z- MeCO~ dppm reacted 
with [Cu2( MeCN )z( ll-dppm)z][ BF4]z to give [Cuz( ll- dppm)z( f~- L)][ Bt::j for 1: i and 
[Cua(/l-dppm)(t~-L)2] for 2:t ratio [300]. Analogous complexes were obtained 
with 3,6-bis( 3,5-dimethylpyrazoly-1 -yl ) pyrazine and dppm, dppe or 
2-(diphenylphosphino)pyridme. The structure of the dppm compound was reported 
[30 t ]. Reaction of [Cu( MeCN )4] + with i.5 equivalent of dppe and sodium arenylcy- 
anam!d,~s in M%CO/EtOH afforded [Cu2(tl-dppe)~(dppe)(L)2] with one bridging 
and two cheiating dppe ligands. When the reaction was carried out in EtOH with 
Cu(PPh3)_~(NO3), the product was [Cu(PPh3),(L)]2 [302]. The reaction of 
Ni(CO)a(dppm)2 with [Cu(MeCN)4][CIO4] in acetoni*,rite under CO, followed by 
recrystailization of the solid product fiom dichloromethane, yielded 
[Ni(CO)z(tl-dppm)aCu(MeCN )z][CIO4] which readily exchanges the anion for 
PFe. or BF 4 and upon treatmm~t with NaBH3CN under CO afforded 
[Ni(CO)2(¢t dppm)2Cu(BH3CN)] [303]. 

1,2-bis(2-diphenylphosphinoethy! )amino)ethene and the corresponding m-xytene 
and the diphenylarsino analog leact in MeaCO;C~,He, with [Cu(PPh3)Ct],, to W e  
CuzL(PPh3),Clz and with [Cu( MeCN )4][C104] to give [Cuz(L)][CIO4] which readily 
exchanges anions with NaX to form Cu2(L)X-. with tetrahedral copper (X=N3,  
NCS. OH. BH4} [304]. With the m-xylene ligand Cu,_(L)CI2 has also been observed. 
The copper( I ) hexafluorophosphate with !-diphenyphosphino-2-(2-pyridyl )ethane 
has been prepared. The tetrahedra~ geometry around the metal atom was verified, 
while NMR studies show that the species, besides ligand exchange, rearranges in 
solution by inversion at the telrahedral metal center [260]. ~H and 3~p NMR studies 
in acetonitriIe verified that the complexes [Cu(I_.)] ~ produced in methanol by 
[Cu(MeCN)4] + and 1,10-bis(dimethylphosphino)-4,7-dimethyl-4,7-diazadecane and 
its dicyclohexyI- and diphenytphosphino- analogs are monomeric, with both nitrogen 
and phosphorous ato~v~s coordinated to the metal [305]. 

The tripodal tetradentate ligand Tris(2-pyridytmethyI)amine formed stable 
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cationic complexes [(L)Cu(L')] + (L '=RCN,  CO, or PPh~) of which the X-ray 
structures of [(L)Cu(PPh3)] + and [(LI)Cu(MeCN)]+ (LI =bis(2-pyridyimethyl)- 
(5-carbomethoxy-2-pyridylmethyl)amine) were reported. The former reveals a pseu- 
dotetrahedrai CuN3P environment with an uncoordinated pyridine site. while the 
latter possesses a distorted pentacoordinate structure. The reversible oxidation of 
the complexes was studied [306]. 

The luminescence of [{Cu(L)12(~-2,2'-bipyrimidine)][BF4]2 (L=PR3, PR2R', 
P-P) was found to correlate with the orientation of the phosphine ligand especially 
since this may or may not promote n-coordination of the bipyrimidine ligand to the 
metal center [307]. 

2.1.4.2. Silver complexes. Reaction of [Ag(PPh3)(NO3)In with di-imines in 
MeOH and subsequent treatment with salts of noncoordinating anions Y 
( BF 4, PF(,) afforded lAg( PPh3 ) ( L)][ Y ] where L = bpy, phen or 
trcms-l,2-bis(4-pyridyt)ethylene. Only the bpy complex reveals resolved 31p NMR 
spectra (JAgs,=640 Hz) at r.t. in MeCN. For the bis-pyridyl ethylene, a dimeric 
compound of the formula [Ag,(PPh3)2(/l LII(NO3)2 was also obtained while with 
pyridine [Ag(PPh3)3](NO3) is produced through ligand scrambling [308]. 

Tris(2-(diphenylphosphino)ethy!)amine fort-ned monomeric Ag(L)X complexes, 
with three-coordinate metal center lbr X=PF( ,  and four-coordinate when 
X=NO3 [259]. Both nitrogen and phosphorous were found to coordinate in 
[Ag{(1-benzyl-2-imidazolyl)diphenyiphosphine]a]-' * nitrate apd tetrafiuoroborate 
Xltl [3091 

p h ~ p 2 ~  :~ 
- I  i 

~k.Q~ N ~ PPhz 

"x-~ph 

- 2 +  

X I I I  

Five-coordinate [Ag(PPha)2(terpy)[CLO4] has been prepared by the reaction of 
terpy with lAg( PPh3)2][CIO4]. The metal atom is coordinated to the distal terpyridine 
pyridyl rings in axial sites. The coordination spheres are completed by the binding 
of the central pyridyl nitrogen atoms and two phosphorus atoms, which together 
define the equatorial planes. ~H and 13C NMR spectra show that the five-coordinate 
nature is also retained in solution [293]. 

Silver( I ) hexafluorophosphate with 1-diphenyphosphino-2-(2-pyridyl )ethane has 
been prepared. The tetrahedral geometry around the metal atom has been verified 
while NMR studies revealed that the species, besides ligand exchange, rearrange in 
solution by inversion at the tetrahedral metal center [260]. 
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The chiral ferrocene [Fe{l-diphenyiphosphino-2-((R)-CHMeNHMeCHzCH2 
NMe2)CsH3)} {CsH4PPh2} ] formed a 2:3 product with Ag(CF3SO3) with two 
terminal trigona! AgP2N and one central bridging AgP2 atom, Application of a 
70-fotd excess of CNCH2CO2Me forms [(ferrocene)Ag(isonitrile)a](CF3SO3) where 
"chelating" ferrocene is present [3 t0]. Muttinuclear (H, C~ N, P. Ag) NMR studies 
revealed fluxiona! behavior in 0~5-CsMes)tr(pz)Ag(PPh3), [(uS-CsMes)fr - 
(f,-pz)aAgPPh3}2][BF4] and [(n5-CsMesIIr(PPha)(~l-pz}2AgPPh3][BF4], associated 
with argentotropism. The low-temperature Ag-P splitting is rdated to the dynamic 
properties of the complexes [31!]. 

2.1.4.3. Gohicomph, xes. Reaction of solid [Au(PPh3)(NO3)] with CO in the solid- 
state produced, through a series of successive reductions, the compound 
[Au(PPh3)(NCO)], a product not realized in the outcome of the reaction in 
CH2CI 2 solution [312]. The treatment of tert-butylamine and benzylamine with 
[Au(PR ~)2][BFa] led to the monoauration products [(R ~P)Au(NHaR)][BF4] ( R ' =  
Me, R=Bu' ,  Bz; R'=Ph2Me, R=Bu:),  while [Au(PR~-)aNR][BF4] (R '=Me,  
R = B u  r , Bz) were obtained using the corresponding oxonium salt 
[Au(PR~)30][BF~]. Trealment of NH(SiM%)2 with [Au(PR~)30][BF4] afforded 
both the Tris- and tetra-aurated anamonium salts. [Au(PR" 3)3NSJM%][BF4] and 
[Au( PR~)4N][BFa], depending on the reaction conditions [313]. 

The intensely luminescent [{Au(PPh3)}4(it-L)[C1Oa]2 and [{Au(PPh3)}2(!~ L}] 
complexes with L = 2,2'-bibenzimidazolate as bridging ligaqd have been synthesized 
and their crystal structure determined reveaIing short intramolecular Au--Au separa- 
tions in the former [314]. 

The mono- and tetra-nuclear 7-azaindolate complexes [Au(PPha)(L)] and 
[{ Au(PPh3)(t~ L)Cu( Fl L)} 2], have been prepared and their crysial structures deter- 
mined. Short intramolecnlar Au--.Cu and Cu...Cu separations are observed in the 
latter. In MeCN, both complexes display intense intraligand emission at 510 nm 
upon UV-Vis irradiation at room temperature wtfile in the solid state only the 
tetramer is emissive [315]. Reaction of Au(PPh3)CI with 7-methoxy-l-methyt-9H- 
pyrido[3,4-b]indole or 4,9-dihydro-7-methoxy-l-methy~-3H-pyrido[3,4~b]iqdole 
afforded Au(PPh3)(L) with the deprotonated indoles, while addition of 
[Au(PPh3)(MeOH)][BF4] led to formation of [bCu(PPh3)}2(t:-L)][BF~] [316]. 
(1-Benzyl-2-imidazolyI)diphenylphosphine formed [Au(L)2] ÷ in which both N and 
P coordinate to the gold atom [309]. Succinimide reacting with AuCI(PPh:0 in 
MeOH in the presence of NaOH is readily deprotonated and monomeric 
Au(L-)(PPh3) is formed which is reactive towards P r(NO3)a' H20 in MeOH yield- 
ing [Pr{AuL( PPh3)2}(NO3)3I,, the crystal structure of which reveals the existence of 
AuPN enviromnent [317]. 1,3-dihydro-7-nitro-5-phenyi-2It-],4-benzodiazepin-2-one 
gives [Au( LH )( PPh3)[PF~,] and in alkaline media Au( L)(PPh3). which upon reaction 
with [Au( PPh3)( MeOH )][BFal forms [{Au( PPh~)} 2(#-L)][BFa] [318 ]. Reaction of 
1-methylthymine and AuCI(PPh3) in H20/MeOH at p H =  t i  gives I-methyl-thy- 
mi:v_~to-N3-triphenylphosphino goid with a linear AuNP environment [3t9]. 
Phthatimide, diphenylhydantoin, saccharin, riboflavin and (tetrahydrosuccinimido) 
acenaphthenone form Au(L){PRo complexes where R=Et ,  /--Pr, Me. Ph, OMe, 
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OPh as well as with PEt2Ph and PEtPh2. The compounds are studied by 1H, lSN 
and 3lp NMR and the crystal structure of Au(phthaiimide)(PEt3) confirms the 
linear AuNP environment present. Reaction with N-acetylcysteine proceeds with 
replacement of the Iigands and formation of Au(cysteine)(PR3) [3201. 

The 1:1 reaction of [Au(acac)(PPh3)] with ammonium salts [HL]Y 
(Y=CF3SO 3, L=2.-nitroaniline, 4-methoxyaniline, NHPh 2 or NHEt2; Y=C104, 
L=NMe3) in ether gave complexes [Au(PPh3)(L)]X. The crystal structure of 
[Au(PPh3)(NMe3)[C1Oa] was determined. The gold atom is linearly coordinated 
with no intermolecular Au...Au contacts [321]. The ligand 1-diphenytarsino- 
2-diphenylphosphinoethane forms complexes [(AuC1 )2(I¢-L) ] • 1/2L and 
[Au(L)a]CI.2H20 in aqueous acetone. Both complc::es are kinetically active as 
3,p NMR studies reveat [3221. 

Triorganophosphinegold(!) complexes of the anions derived from pyridine- 
2-thione and pyrimidine-2-tbione, [Au(PR3I(L)] (R=Et ,  Ph or Cy), have been 
prepared and characterized by spectroscopic (IR, *H, ~'~C NMR and FAB MS) 
methods and for the PPh 3 compounds by X-ray crystallographic techniques. The 
mononucIear compounds feature linear gold atom geometries defined by P and S 
atoms for [Au(PPh3)(pyt)], [Au(PPh3)(pymt)] [3231. 

Reaction of [(AuNO3)2(Ft-dppe)] and [Au(NO3)(PPh3)] with primary amines in 
CHzCtz/H20 yields [{Au(NH2R)}a(l~-dppe)l[NO3]2 or [Au(NH2R)(PPh3)][NO3] in 
which increasing amine bulk drives the 31p signal of the biphosphine to lower field 
[324]. Tris(triphenylphosphineaurio)oxonium tetrafluoroborate, isostructural to the 
hydronium ion, was found to be a powerful a t ,  ating reagent for primary amines 
RNH2 ( R = M e ,  Et, Pr", Pr ~, Bu', Cy, Bz or Phi,, The products have been charac- 
terized by analytical and spectroscopic data including ~TAu M6ssbauer spectroscopy 
for [(AuPPhs)3NBu'][BF4] and single-crystal X-ray ~malysis of this and the com- 
pound with R=Cy.  The Au---Au contacts near 3.0 ~. indicating attractive forces 
between the gold atoms [325]. Analogous reactions have been reported for 
R =p-FC6H 4, p-BrC¢,H4, and p-NO2C6H4). With hydrazines and 
Ph2N NH2, [{ Au ( PPh 3) } aNN Rz][BFa] and [ H { An ( PPh 3) } 2NN R2][ BFa] were formed 
respectively (R = Me, Ph). The [{Au(PPhg)}3NNMez][BF4] compound decomposed 
in solution to form [{Au(PPh3)}6][BF4]3 [326]. Analogous reactions occur also with 
RNCO [327]. Aminoquinoline yielded [(p3-LI(AuPPh3),][BF4], while further addi- 
tion of [AuPPha][BFa] led to the [(L)(AuPPh3)aI[BFa]2 compound where the fourth 
gold atom was found to bind to the pyridine nitrogen atom of quinoline [328]. 
Several para-substituted anilines (H,NAr) also reacted with [{(PPh3)Au}30][BF4] 
in THF to give [{(PPha)Au}3NArl[BF4] which were also obtained by reaction of 
the oxonium aurate with RNCO [329]. Diamines Y(NH2) 2 (Y-e thy l ,  o-, m- and 
p-phenyl ) formed bis(imido) species [(AuPPh3)3N-Y-N (AuPph03][BF4]2 charac- 
terized by IR, MS, ~H and 3lp NMR studies [330]. [O(AuPM%)3][BF4] is dimeric 
with a tetrahedral Au skeleton and Au.-.Au distances of 3.25 i \  [33t]. Its reaction 
with HN(SiM%) 2 yields [(AuPM%)3NSiMe3][BF4] which reacts further with the 
oxonium gold ion or AuCI(PMe3) to give [(AuPMe3)sN ][BF4]a' 2AuCl(PMe3), the 
first known example of such a cation stabilized probably through Au.. .Au inter- 
actions as the bent environments around the gold atoms reveal [332]. 
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2.2. Comple.re.r wi:h .ermq~ I6 do:~ors 

2.2. l. O_vvgetl do:mrs 

2.2.1.1. Copper compl:'.xes. Digonat CttO2 coordimition is observed in ti~e mixed 
metal alkoxide clusters LiaCujOCM%}s. N-'-/aCu.a(OCE~3):~ and Ba~Cu~(OCEt3)> In 
the first two X|V. M202 puckered rings are bridged whh Cu atoms while in the 
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latter. XV , Bae(OR) 2 rings arc bridged by Cu2(OR)s rings and parailel BaCu.,O3 
planes are formed [333]. 

NaOAr react with CuCI in THF to ai!\,rd the rapidly decomposing 
Cu2(/I-OAr)a(THF)+ but in the presence of CO Cu2(/,-OAr)_~(CO)a(TI-iF): is 
obtained which readily substitutes CO and THF wi!h PPh 3. RCN. while x~ith dppe 
[Cu,{OAr)2(dppe)2(:~- dppe) ] is obtained and with di-imines the ionic compound 
[Cu(diimine)2][Cv..(OAr}2] is the resuh [334]. 

Copper benzome reac~ed wiih RNC to M~brd Cu2(!~ PKCO2)2( RNC)2 in the Form 
of loosely bound dimers in EIOH solvated [Cu,(t~-PhCOe)(RNC)3] in THF and 
with benzo[c]cinnoline and phthalazine Cu2( :z- PhCOe)(:, L)],, where planar eight- 
membered rings involving copper and benzoate are realized [3351. 

Benzoquinone ~:_acted with [Cu( MeCN )a] * in CHeC12 in ~he presence of deproto- 
hated (Cp)Co(OPR3}.~ to afford [Cu(benzoqui~one)(L t] which readily dimerizes 
to [{Cu( L)} a( l z benzoqt ino me}] and al.,o readily exchanges benzoquinone with CO. 
The cobalt complex acts as a tripodal ligand with three distinctly different Cu-O 
bonds ranging from 1.966{2) to 2.184(2):~ [336]. 

2.2.1.2. Siher amteold c:mlp/exus. Discrete silver-~itrate al~ions were reedized in 
tra,s-[Rh ( py hCI2][Ag(ON O,)2] [ 337 ]. The thermal cycJiza!.ion of silver amidotripho- 
sphate has been studied in dry and humid air and compared with those of the 
corresponding ammonium and barium salts [338]. 

Ag(hfac)(SEt2) though monomeiic in the solid s~,ate, upon reaction with 
Pd(bfac-C)(hf)c-O.O}(SEt_-,) in ~oluene yields [Ag(hfac)l,:(SEt2). which R~rrns one- 
dimensiona! cb.ains with bridging SEt2 and /~ ~7-O, :~2-0.0' and :<,: confo,qnat%ms 
for the hexatluoroacely!acetonate anion [339]. 

The low-temperature (I63 K) structure of the silver(It complex with 
antimony(IIl) tartarate ires been determined by X-ray methods. The repeating tin!: 
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is described in tel~ns of an unusual complex tetramer with fonnula 
[Ag~Sba(Lla(H20)4]. Two of the four silvers are four-, one is five-, while the other 
six-coordinate to oxygen atoms [340]. The antimony(IIi)-siiver(1) citrate, 
[Sb2Agz(L)4], has been prepared. It has two dimers, each antimony center is in turn 
linked through one of the carboxylate groups to two silver(1 ) ions in an asymmetric 
bis(carboxylato-O,O') bridge. Hydroxyl groups complete the angular three-coordina- 
tion about each silver, giving a centrosymmetric cyclic dimer .~tructure [341 ]. 

Reaction of [Ag(NH3)2][NO.~ ] with (2-carbamoxylphenoxyIacetic acid in aqueous 
ethanol afforded dimeric Ag2(iz L)2, extended to form polymeric chai~s thro~@l 
Ag-O interactions with amidic oxygen atoms from neighb,~ri,g milts [342]. 
Analogous was the structure obtained for gycollic acid, with Ag...Ag imeractions 
of 2.88t0(9)~. and local AgO4 chromophore [3431. Polymeric compound was also 
obtained from the reaction of AgNO3 with 3-carboxylato-l-pyridinoacetate in hot 
water where both monodentate and bridging carboxylates are present, the basic unit 
being described as [Ag2(L-O,O')( L-tt-1. l-O)] [344]. A quite stable cempIex of silver 
with 2-(8-hydroxyquinotin-5-ylazolbenzoate prepared in aqueous medium at pH 5 6 
has been used as a standard for silver determination in geological samples [345]. 
Reflux of 2,6-pyridinedicarboxylic acid (H2L) with half equivalents of AgNO.~ in 
MeONa/MeOH afforded Ag(HL)(H~L)'H20 with continuous chains of silver 
atoms each bound to two oxygen atoms of one carboxylate and one of another and 
weakly interacting with one of a neighboring group [346]. Excess of trimethylami- 
noacetate monohydrate on AgC104 in water formed one-dimensional cationic chains 
of [Ag4(L)a} 4~ units with tetracoordinated silver bonded to two different carb- 
oxylates [347]. 

Several aminopolycarboxylates form silver complexes with 2:t. 1:i and 1.2 stof 
chiometries and varying degree of ionization and overall charge, depending on the 
number of their carboxy!ate groups. The complex formation was studied potentio- 
metrically at 25 :C [348]. Diffusion of silver ions into silica ge! adsorbed succinate 
at pH=5.6 formed {Ag2IL)}~¢. with planar Ag 4 cores bridged by succinate ions 
[3491. 

Deprotonation of 2-pyrroflidinone occurred ~pon ~eaction with AgNO3 in the 
presence of Hg(MeCO2)2 to afford dimeric [HgAg(L}e(NO.0], with a central 
Ag202 folded ring. Local AgO.~ enviromnents and unusually distorted coordination 
geomet~'ies were observed due to interdime, interactions [350]. Compounds of ana- 
logous stoicheiometries were formed by 2-oxazolidone as polymeric sheets of 
Ag2Oz rings linked by twisted HgL, bridges [351]. 

Digoaal silver coordination occurs in (fl-D-glucurono-7-tactone)silver nitrate 
where coordinate nitrate is present as well as in the dimeiic lactonate, fn~erestingly. 
the use of CO~ or MeCO~ proceeds to ~)-glucuronic acid formation [352!. 

Two flexible double bet~dnes, namely meso-2,5-bis( trimethylammonio)adipate and 
meso-2,5-bis(pyridinio)adipate form Polymeric disilver perchlorates and nitrates, the 
dimeiic traits extending to step polymers, XVt , through silver-oxygen contact to 
an adjacent dimer. Water mo!ecutes are incorporated in the structure of the pyridinio 
adipates perchlorate salt [353]. Two polymeric silver(I) complexes of betaine and 
pTridine betaine have been prepared and cha"acterized by X-ray crystallography. 
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Both complexes are composed of  Ag2(carboxyiato-O.O'),_ dimers polymcrized 
through coordination to a carboxyiate oxygen from an adjacent dimer. In the iatter. 
water coordination is also present and furthemmre possesses ~he shortest 
[2.814(2} A] Ag-Ag contact among dinuc:ear siDer(i)  carboxylates [ :~ . ! .  Fore 
polymeric silver(l) complexes of the betaine derivatives pyridiniopropionale and 
trimethylammoniopropionate have been prepared and characterized ~',v X-ray cr3s- 
tallography. The complexes contain bis(earboxytate)-bridged .a,,.~ dimers ex:ended 
inw stair-like chains via the coordination of each melaI cemer by a earboxy!ato 
oxv~en.~ a~om from an adiacem u~it . . . . . .  [ ~ 1 :  Pv!idine. betaine yields one-dimensional 
polymeric chains of  lAg( L)(NOa)],, with AgO 3 c:,ordi~mtion spheres resulting from 
one nitrate and two carboxylic groups [356] ;~hi!e :rie~hyl betaine gives 
rA~, (!I-L)(ONO,)] and [,Ag2(L)2~CIO4,,]: , a stair-like ca~.ionie .... :- c ~.:3 wi:h Af. O 
interdimer bonds and Ag-.-Ag bonds of 2.856{22)X [357}. The AgOa env:romnem 
is present in [(NHa)',Ag(picrate)(H20)}], vAth two differen: '~ypes of  carbox)lato 
bridged dimers [358]. while AgO3 is reported for [Ag_,Le(f{:Ohl 2HzO where L = 
N-acetylanti:ratinate [359] and AgO: in Ag~ LH )(NO3) and A g ( L - L  L =.~>gIuca- 
ronic acid, which are polymeric and dimeric respectivdy on ~he basis of  their ~R 
and tH N M R  spectrM data [360]. 

An interestfl~g reaction was tha~ of  ci.wdiamminc(me:hyiuraciiatc,} (methyl- 
cytosine)platinum nitrate with _ "~ equivalents of AgNO~ie ~H.f'~...,. >,.b:+.~,c, rest:Its 
in the fom:ation of (/~ ,-n ed@v.rm:la,.o-N .O )(/¢- i-med~yKy:osme-i~".O~} - 
cis-diammineplatinum si!ver dinitrale silver nitrate-2.5}-{:O where one sider is 
O-bonded to the two bga::ds one water molecule and a nitrate iota the :as: two 
bridging to fl:e nell  silver at~,,n which may be described as 
Ag(OH.~)(OH2) ' (ONO,) (ONOj  [36:]. fhe  cyclic peptide cyclosarcos?Isarcosine 
formed a 2:t adduet with A g ;  where cou!ombic h:~eracfions bep, veen sitver and 
nitrate and silver loose coordination to C = O  gives rise to an ()ct~gcd a~ Ag~O~ 

environment [362]. The dissociation consmms of silver complexes with severa! 
oxygen-donor cryptands by' acid -:cave:@ng and ~heir forma:ion co~stams in DMSO 
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are reported and the equilibria involved discussed [363]. The antiarthritic activity 
of the [Au~diferuioyht~ethaneh]C1 and related compounds has been evaluated [364]. 

2.2.2. SM/ier dot*ors 

2.2.2.L CoMber complexe.s'. Sulfur is one of the most suitable donor atoms for 
comp!exation to low valent coinage metals. Metal thiolates and thiolate sulfide 
complexes are numerous and a detailed review has appeared on the subject [365]. 
Copper ions formed by laser ablmion on a [7T ion cyclotron ~brms potysulfanes 
with stoicheiometries ranging from CuS; to CuS~- 2 [366]. 

Reduction of Cu(NO~)_, in water by A',N'-dimethyllhiurea produces 
[CutL)2-J[NO3] where copper is in a tetrahedral CuS4 environment, the tetrahedra 
sharing opposite edges and the chains formed in this v:ay being bridged by nitrate 
anions [367]. An [Cu,,o(L),~]" aggregate was obtained from the reaction of N- 
(diethoxyfl~iophosphoryl)-N'-phenytthiurea with Cu(CtO4h in ethanol at - 6 0  C 
and its structure determined [368]. 

Heterocyclic thiones reduce cupric salts and produces either mixed valence or 
monovatent copper complexes, l-Methyl-imidazoline-2-thione reacted in 
MeCMe,CO with Cu{BFD, to form the dinuctear complex [Cuz(L)~][BF4]2 with 
two brid~ng thione ligands and a CuSs local environment [369]. |midazoline- 
2-thione also formed a [Cu2( L)~,][C1Oa]_, compom!d in refluxing MeOH MeCN [370]. 
An analogous coordination environment is present in the clusWr 
[Cua(benzimidazotine-2-thionet~o][CIOa]4. I4H_,O which was obtained in aqueous 
ethanol [371]. A CuS~ environment was observed in 
[Cua(3,4,5,6-tetrahydropyrimidine-2-thioneh][CiO~,]4 [372]. Mixed ligand complexes 

Cu C u  

~. SO 5 . '  
~-[-~ / t'-- / I"CM~E: 

F', LAI e- L.~I 1 I 

MezEt 

XVll Single s's represent tIlioiate 5CMe2Et 

of the Formula C u j  thiolate}a(trithiocarbonateh. XVII, have been obtained and ~heir 
structures solved [373]. The bulky 2-tfimeflLvlisilylbenzenethiotate reacts in methanol 
with Cu(I)  to give [Cu( L)]12 where half of the coppers are trigonat planar and the 
other half digonal [374]. Excess 2-triorganosilylpyridine-2-thione in methar.,ol forms 
trigonal CuLl  [375]. Cuprous thiocyanatc refluxed in EtOH/MeCN with 
l-methylimidazoline-2-thione produced [{C'u,ISCN )( L)',dtt -L)2] with a tetrahedral 
environment around each copper atom [376]. 4.5-Dimercapto-l,2-dithiole- 
2-thionate(2-) and its seteno analog forms in MeOH/MeCN the cluster [NBu~., 
[Cu4( L)31 which is easily oxidized by ferrocene in M%CO/MeCN [377]. N-(diethoxy- 
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thiophosphoryl)-N'-phenylthiurea reacting with Cu(CIO412 in ethanol at - 6 0  :C 
undergoes deprotonation giving the aggregate [C%0(L)~][C!O4] [368]. 

N,N-dimethylthioacetamide adsorbed on Cu surface was studied by sur~:ace- 
enhanced Raman spectroscopy and the findings correlated to those of previously 
reported for Cu(I )-acetamide complexes [378]. Mixed valence [Cu~Cu~(L)3][CtO4]._, 
with triangular Cu(1) is formed by the reduction of [Cu(en)2][C104]2 in 
MeOH/H20 with N,N'-t,2-ethanediylbis(L-cysteine)dimethylester [379]. 

Several thiolates were studied by FT ion cyclotron resonance MS following gas 
phase laser ablation formation. The studies reveal that C~L* and CuL~ species are 
present With protonated thiols coordinated to copper [380t. Several Cu,,S., clusters 
have been isolated from the reaction of cuprous salts with thiolates in the presence 
of appropriate bases. [Cu4(SPh)6] a- appears with trigonal planar copper environ- 
ments' mean distances being 2.28t and 2.744.A for Cu-S and Cu-Cu. respectively. 
For [Cua(SPh)c,] 2-, one digonal and four trigonal copper atoms are present With 
Cu-St~i~ and Cu-Sdig mean distances of 2.269 and 2 .173 ' ,  respectively, while a 
product with the stoicheiometry [Cus(SPh)7] 2- Was also isolated from the in-situ 
reduction of Cu(NO3), [381 ]. Electrochemical oxidation of metallic copper in dithi- 
ale solutions ( t~2-dimercaptoehtane, 1,2-dimercaptopropane, 1,4-dimercaptobutane) 
in acetonitrile forms [Cu_,(S_,R)],, [382]. In methanol, dimercaptoethane and dime> 
captopropane, bis anions give adamantane-like Cu4S6 clusters [Cu4(Lh] 2- as welt 
as solvated ones [383]. Clusters are interconnected by hydrogen bonding to solvent 
molecules. [Cua(SxC=CRz)61 ~- clusters are reversibly protonated in acetonitrite to 
form [Cus(L)~_,:(LH),,I~4-")-~R=COOEt,, n = t ,  2~ 3, COOBu~, n = ] ,  2) 
Stoicheiometric reaction with H + leads to ~brmation of [Cuba( LH k~( L)2] with a!most 
trigonal planar copper centers [384t. A tetrahedreJ Cn4 core was observed in 
[Cu{pa-SC(=NMel(OEt}]]a and octahedral Cu6 in [Cu{p3-SC(=NC3Hs}(OMe)}]6 
the ri~didy of which is confirmed by ~H NMR in solution [385]. Crystallization of 
the interesting [Cu(SCF3)],, fi~om acetonitrile produced [Cu(SCF~)]~o- 8MeCN where 
both digonal and trigonat copper centers are present [386!. 

Bulky 2-alkyl(dimethy|amino)-3-alkyt arenethiols react with CuO in ethanol to 
produce trimeric arenethiolates [387]. The tribolumineseent crystals of 
[CuS(2-CHMeNMe2)2].v THF reveal the presence ofa Cu~S3 ring with short Cu---Cu 
distance of 2.828( i ) .A. Substimtents R in the arene aff~ect ti~e con|Sarmer present in 
solution as studied by ~H and '3C NMR. A:~alogous products were derived from 
5-trimethylsilylarene~hioles and CuCI where C%S,~ cores are present [388]. 
Luminescence of some such arethio!atcs is reported and a literature survey of 
abso~T~tion and emission maxima is also included [389]. The observed lowering of 
the MLCT excitatior~ energy is attributed to ~he three electron two center S,.S 
interaction. Reflux of CuzO in ethanol with two equiva~ems of 2-[(R)- 
l-(dimethylammo) ethyl]thiophenolate leads to formation of trimeric [ C u ( L - ) ] 3  
studied by various spectroscopic techniques. Los-temperature NMR studies reveal 
the existence of two species in equilibrium while a C~ symmetric unit is observed by 
X-ray diffraction [390]. Several Cu(l}-thiolate model compounds contaimng 
different proportions of digonal and trigonal copper si!es were studied, using Cu 
K-edge X-ray absorption spectroscop}. The edge spectra show Iittte variation 
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between the models, although systematic trends in the average Cu-S bond length 
derived from EXAFS can be used to estimate the fraction of digonat versus trigonal 
copper sites [391 ]. Photoelectron spectroscopy of SMe2, and MeS- bound to Cu(l)  
sites at single crystal surt:aces has been used as models of the blue copper protein 
bonding and correlated to SCF-Xa calculations [71]. 

Reaction of./ac(S)-[M(2-aminoethane thiolate)3] with Cu( NO3)  2 in water (M = 
Rh, lr) afforded clusters with a Cu4M~ u core where CuS3 coordination is observed 
[392], Sulfur addition to the coordinated dithiolene ligands in the [Cu8( L)o] 4- cluster 
( L  = l , l -dicarbo-tert-butoxyethylene-2,2-thioperthiolatel  results in the formation of 
the [{Cu4(SL)3},,]"- clusters whose moIecularity depends on the nature of the conn- 
terions (BurN, n=2,  t7l=4; K, n = l ,  m=2) .  The crystal structure of 
K(Ph4P)[Cu4(SL)3]'3Me2CO has been determined revealing a copper tetrahedron 
with a single copper coordinated to the thio groups and the other three bridged by 
the perthio groups of the ligands [393]. [Cu(MeCN)4][BF4] reacted with Pt(dtc)z 
in CH2C12 to give [Pt3(dtc)6Cu2][BF4]2. The crystal structure of the diisopropyldithio- 
carbamate has been determined [394]. Hcxamer;,c cluster compounds have been 
obtained with di-n-propytdithiocarbamate and all the metat ions of group 11 [395]. 
Dithiocarbamate and dithiophosphate complexes of divalent copper are reduced 
photochemicNly by irradiation at their MLCT bands. Only partial reconversion is 
accomplished by keeping the monova!ent copper complexes in the dark [396]. 
2-Mercapto-2-methylbutane produces the corresponding copper tbiolate which reacts 
with CS 2 and gives the mixed ligand cluster Cua(thiolate)4(trithiocarbonate)4 which 
further reacts with PPh 3 and PPhCy 2 ~o give the 1:2 adducts [397]. Reaction of 
2,4,6-trimethyltrithioperoxybenzoate or o-methylt rithioperoxybenzoate with 
Cu(NOa)z in DMF results in the formation of CuaL 4 clusters, the structures of 
which have been determined [398]. An interesting insertion reaction occurs when 
elemental sulfur is added to Cu(o-tolyldithiocarboxylate) in toluene resulting in 
formation of the tetrameric Cu(o-tolyperthiocarboxylate), XVll I ,  where each Cu is 
bonded to four $3 ligands [399]. CuS3 chromophores are observed in the products 
of [Cu (perthiocarboxylate)]4 with triphenylphosphine in a 1:2 or 1:4 ratio in pyridine 
and toluene, respectively, which are formulated as [{Cu(perthiocarboxylate)l,- 
{Cu(thiocarbo×ylate}a].py and [Cu(thiocarboxylate)],,, XIX [400]. 

Several R2S(CH,),SR z ligands ( R = M e ,  Ph; ~= l. 2, 3) have formed complexes 
of the formula [Cu(L),][PF~J which have been studied by IR. IH and ~'3Cu NMR 
[401]. MoS2 reacts wilh three equivalents of CuCI and dithiocarbamatc in DMF 
to give [Mo2CusSs(dtc)S- with trigonal and both slightly and highly distorted 
tetrahedral copper environments [402]. sW NMR studies determine the ligand 
exchange reactions occurring in [(VSa)Cu4(dithicearbamate),~(thiophenolate)4_ ,in-- 
in DMF. The structures of the products with n =0, 1 and 2 are also reported [403 t. 
CuSa tetrahedra were observed by X-ray powder diffraction in the polymeric product 
of the reaction of (NH4)2WS4 with [Cu(MeCN)4J(BF4) [404]. [MoOeS2]"- reacts 
with CuCl in the presence of sodium dimethyldithiocarbamate in DMF to form 
[MoaCusSr, O2(dtc)3] z- which is composed of two units, MoOS3Cu2 and 
MoOSaCu3, linked by two Cu S bonds and a bridging dithiocarbamate anion. 
Analogous clusters are obtained with tungsten and diethyldithiocarbamate [405]. 
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Reactioi/ of CuCt with MS2 2 ii~ the presence of dithiocarbamates in DMF resulted 
in the formatior~ of po~ymiclear species of the fornmla [Cu3(dtc )3{ MSa} ] where M = 
Mo, W. "File local copper enviromnent is a CuS., one vith two suitklr atoms originat- 
ing from the dithiocarbamate ion [406]. Defective cuba~.es of the ~)~rmuta WCu2S4 
a_~ad WCu3S4 bridged by dithiocarbamate ions and joine< by ~wo weak Cu-S bonds 
are observed ill [Et4N][W2CusSs(dM%tc)a] [407]. "~ i_, ~tru ure elucidation of sev- 
eral [MoS4M(L)] z- complexes ( M = C u .  Ag} k: : {;.. ~- a~ ;stud by 33S N M R  
studies [408]. 

Copper(1 ) is extracted into CHC13 by oral, o-. me,a- and ~.~ %,clophane thiacrown 
ethers bearing 444-nitrophenyiazo)phe~_m! as chromcge~i : :.secially by the ortho- 
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analog [409]. Reduction of CuCI2 was achieved by 2,5,8-trithia[9]-o-benzenophane 
in THF to give CuC12L, which in refluxing MeOH gives the corresponding Cu(l)  
compound [4101 . 

[Cu([9]aneS3)z][PF6J reveals distorted tetrahedral CuS4 coordination sphere with 
the participation of a monodentate and a tridentate ligand. Its electron transfer 
kinetic parameters were studied in aqueous media on glassy carbon electrode and 
proved to follow an electrochemical-chemical-electrochemical square mechanism 
[411 ]. The kinetics of electron transfer reactions involving [Cu ([ 14] aneS4)] + reacting 
with a series of selected ,counter reagents have ~'een , , , , .a~,~u in aqueous solution 
at 25 °C. Several oxidants and reductants were employed to provide a variety of 
rate constants and reaction potentials [412]. Macrocyclic polythiadigands such as 
[24]aneS8 and [28]aneSs form mononuctear cationic complexes [Cu2(L)]Y 
(Y=CtO4, PF6, BF4) with CuS4 chromophores while [18laneS6 forms the mixed 
ligand [Cuz(L)(MeCN)z]* with an CuS~N environment [413,4t4] while 
1,3,6,9,!lA4-hexathiacyclohexadecane forms [Cu(L)][C104] [415]. For several 
potythiacrown ethers the Cu +/2+ electrocouple in MeOH/H20 is used for stability 
constant measurements [416]. The structure of bis(2,5,8-trithia [9]- 
(2,5)thiophenophane-S-',Sa)copper(l) cation has been reported and cyclic voltamet- 
ric studies conducted [417]. 

The structure of the monomeric copper hexafluorophosphate complex of the new 
macrocycle 7,16-bi,;(ferrocenylmethyl)-l.4.10,13-tetrathia-7,16-diazadicycloo ctade- 

< . s ~ . . / s  

x x  

caene, XX, has been studied [418], while tetrakis(ethylthioltetrathiafub)alene forms 
polymeric chains of [Cu(L)][C104] [419]. 

(Cp)zTi{(SCLI2CH2SCH2)2Cf-lzl reacts with [Cu( MeCN )4][PF{.] in THF to afford 
the heterobimetallic compound [(Cp)2Ti( I~--{ SCH,CH2SCH2 }aCHe)Cu][PF6] which 
undergoes an irreversible reduction at -0.90 V in contrast to what has been observed 
for related macrocyclic Ti---Cu species [420]. The d---,s and d--+p emissive metal 
centerd exited states of group 1 ! metal metallothioneins have been prosposed as the 
responsible for the emissions obaserved in the region 530-600 nm at 77 K [421 ]. The 
copper metallothionein excibited luminescence at 600 nm at r.t., which was ascribed 
to cluster formation and the consequent presence of C u S  chromophore in the 
compound [422], 

2.2.2.2. Silver comph'xes. X-ray scattering revealed the formation of Ag(SCN )4 
units in AgSCN/KSCN melts [423]. The formation of Ag(THT)+ upon dissolution 
of Ag + in THT is confirmed by large angle X-ray scattering [424]. Reaction of 
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AgNO 3 with (NBu4)2S6 in acetonitrile in the presence of NEt4CI yields 
[(NMe4){Ag(Ss)}]~ with parallel anionic chains separated by the cations [425]. 

Bisethyl, (2-chloroethyl)ethyl and bis(2-chloroethyl) sulfide follow this order of 
decreasing stability constant in their Ag( 1 ) complexes as studies it~ aceton, methanol, 
DMF and DMSO reveal. A probable explanation is the formation of sulfonium 
compounds by the chlorinated sulfides [426]. Reduction of 
bis[di(2-ethyl )hexytoxy)thiophosphoryl )disulfide occurs during its application for 
silver cation extraction in hexmle since after re-extraction, SH ~ignals appear in the 
~H NMR of the ligand [427]. 

The S-coordination of thiurea is confirmed by ~H NMR and sotution and solid- 
state IR and Raman studies of Ag(tu)dNOa) and comparison with 
Ag(SMe,)(N03) and [Ag(SMe2)2](NO~) [428]. The reaction of AgCIO4 with disul- 
tides in pyridine or DMSO depends on many factors, as butanedisulfide does not 
form complexes in either solvent, pheny!disultide only reacts in pyridine and both 
Ag(THT) + and Ag(THT)f  are shown to exist in DMSO [429]. Potentiometric 
studies of the silver complexes I\ormed with thiurea, thiohydantoin, cystein, thiobarbi- 
turic acid in perchioric acid have been carried out [430]. N.N-dimethylthioacetamide 
adsorbed on Ag surface was studied by surface-enhanced Raman spectroscopy, the 
shifts observed being comparable with those of previously described complexes [378]. 

The silver thiolates AgSC,,H2,,+~ 0;=4, 6. 8, 10, 12, I6 and 18), consisting of 
[Ag(SR)]~ layers with the R groups lying on both sides ot" a "central slab of Ag 
and S atoms", are found to behave as thermotropic liquid cr)'stals. X-ray diffraction 
studies for the compound with ;z=6 reveal a packing similar to thai found in the 
solid while for H = t8, the micetlar phase consists of [(Ag(SR)]s cyclic substructures 
[431]. Several AgS(CH_,I,CH 3 thio~ates synthesized are extremely insoluble but give 
powder X-ray spectra which indicate presence of layers of AgSR along a line of Ag 
atoms [432]. Complex formation between protonated 4-mercapto-t-methylpiperidine 
and silver has been studied by titration in aqueous methanol in a variety of pH 
enviromnents [433]. The complexation of 3-(dimethy!amino)propane-l-thiot and 
3-aminopropane-I-thiol to silver- has been studied ira_ a wide range of pH values in 
aqueous methanol and !he presence of species [Ag.~(L),,] "+ with varying nfl:~ ratios 
reported. It was shown that in weakly acidic media the nuclearity of the species 
depends on the thiol used [434]. The reaction of 3-dimethylphenylsilyI-pyridine- 
2-thiol with AgNO3 affords [Agd L-)d and lags( L-)~d[Ag( NO3)212 when the thiol 
or the AgNO3 is in excess, respectively. Both structures are reported [435]. The 
anion of !-methyl-piperidine-4-thiol is obtained at pH = 8.5 and upon coordination 
{[Agl.~(L-h~,]'~-},, is obtained where Ag~0S~ units are iinked by silver atoms giving 
rise to a lot of digonal, trigonal and tetrahedral silver sites [436]. Sterical!y hindered 
thioles HSCH3_,(SiRR'R'),, react with AgNO3 in the presence of triethylamine in 
C(,H6/MeCN to produce polymeric thiolates. For SiMe2Ph, trimeric discrete units, 
for SiMe3 tetramer'ic rings, for CH(SiM%)2 tetramers weakly interacting through 
Ag...S, forming T-shaped silver environments were observed, while a three-dimen- 
sional polymer was obtained for [Ag4(SCH_,(SiM%)}JOMe)] [437]. 

The disodium salt of o-xylylene-~.v.'-dithiolate with AgNO~ in MeOH afforded 
[Ag4(L-'-)a] 2- the structure of which reveals trigonal silver coordination [438]. The 



138 I.D. Akrivos el eL / Coordination Chemist~3" Reviews I67 (1997) 95-204 

zinc derivative of 5,10, t 5,20-tetrakis [o-(tetrahydro-2-thienoylamino) phenyll porphy- 
rin was found to bind two silver(l) ions. Fluorescence measurements reveal the 
presence of intramotecular photoexcited electron transfer in this donor-acceptor 
system [4391. 

Metz!-free phthalocyanines and metal phtha!ocyaninatcs (M =Ni,  Cu, Co, Zn) 
carrying eight alkvlthio-groups on peripheral positions reacted with silver(I) salts 
to form complexes with a phthalocyanine:metal ratio of 1:4. Spectrophotochemical 
investigation of these reactions revealed that complexation with Ag(1) results in 
aggregation [440]. 

In (NMe4)2[Ag(diethyldithiophosphate)2]2 produced in MeOH/CH2C12, two 
ligands are monodentate and two bridging with one sulfur atom being doubly 
bridging [441]. Zwitterionic Ph:P+C(CH3),CS£ forms both [Ag(L)2][CIO4] and 
[{Ag(L)}(C104)], , in CH2C12, the latter reacting with PPh3 to yield 
[Ag(L)(PPh3)][C104] [442]. 

The Schiff base derived from 2-amino-4,6-di-tert-butyl-phenol and 2-mercapto- 
5-methylisophthalaldehyde forms (L2-)Pd(PPh3) to which AgCIO4 adds forming 
[(L)PdAg(PPha)]2(CIO4)2 with a Ag2S2 core with an acute Ag-S-Ag angle of 
61.9( I )°, silver chelated by one and S-bonded to another ligand and being 2.779(3) ~ 
away from the adjacent silver atom [443]. 

Cationic AgL + and Agf  trittates and neutral complexes of the formula Ag(L)X 
(X=Ct ,  Br, I) are reported for cyclopolythiaethers [9]aneSa, [12]aneS3 and 
[18]aneS6. Crystal structure determinations reveal trigonal elongation for 
Ag([9]aneS3)2 ~ and tetrahedral AgSaO environment in Ag([12laneS3) + [4441. A 
diversity of activity is obsereved with tetrathia-cyclo-12, -13~ -15 and -16anes and 
the corresponding -14ane with respect to the extraction of Ag + in CHC13 and 
CH2C1CH,CI in the presence of picrate ions as the isolated compounds are 
[Ag(L)](picrate) and [Ag(L)z](picrate), respectively [445]. Several macrocyclic thi- 
oether esters and thioesters form [Ag(L)2][CFaSO3] in MeOH/M%CO [446]. 
AgC10 4 reacts with 2,5,8,10- tetrathia[12](2,5)-thiophenophane in MeCN/CH2C12 
to yield [Agz(L)2][CI0412, a local AgSs environment to which the thiopheno-sulfur 
atom is not participating [447]. Axially distorted octahedral silver is present in 
[.~g([ 18]aneSc,)][PF~, ] produced in H20/MeOH 1:1 as deduced by its crystal structure 
determination [448]. Nitrate and acetate polymeric silver(l) complexes with 
t,5,9,13-tetrathiacyctohexadecane-3,11-diol have been prepared in which the silver 
atoms are tetrahedrally bound to four thioether groups from four ligand units [449]. 
Reaction of AgNO 3 with one molar equivalent of 1.4.I0.13-tetrathia-7, 
16-diazacyclooctadecane or its 7,16-dimethyt analog in refluxing aqueous methanol 
affords complex cations [Ag(L)] +. The metal ions are bound to highly distorted 
octahedral environments [450]. Interconversion between the four coordinated and 
the two remote sulfur atoms of 1,3,6,9,1 t, 14-hexathiacyclohexadecane silver perchlo- 
rate occurs in solution as ~H NMR studies reveal [451]. Reaction of AgNO~ with 
1,4,7,10,13-pentathiacyclopentadecane in refluxing aqueous methanol afforded com- 
plexes [Ag,,(L),,][PF~,],,, [Agz(L)2][BPha] 2, and [Ag( L)I[BPha 1. The two independent 
infinite chains of cations in the lbrmer are antiparallel with distorted octahedral 
Ag( l )  with one thioether donor from an adgacent cationic fragment asymmetrically 
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bridging two metal centers. The structure of the [Ag2(L)2i 2. shows [4+ l] amd 
[3 + 1 ] thioether donation, respectively, while the monomer contains discrete cations 
and anions [452]. 2,3,8-Trithia[9]-o-benzenophane forms [Ag{L):][Y] with distinc- 
tively different structt'res as anion Y varies. Octahedral silver with two facially 
coordinated ligands is observed for Y=CIO4 and BF4, while tetrahedral silver 
coordinated to two sulfur atoms of each ligand is the case for Y = BPha and three 
facially coordinated and one exodentate S from a second ligand form the tetrahedral 
metal environment in the case of Y=CF3SO 3. However, in solution, ~H NMR 
studies reveal fast interconversion of the possible configurations [453]. 

Silver is extracted in CHCi3 by ortho-, melu- and para-cyclophane thiacrown 
ethers bearing 4-(4-nitrophenyIazo)phenol as chromogenic, especially the meta- 
isomer [4091. Silver selective complexing agents in acidic media have been found 
among the series of cyclic dithiarnonoaza, tetrathiamonoaza and tetrathiadiaza rings 
with hydrazone moieties attached to the nitrogen heteroatom of the ring [454]. The 
corresponding N-phenyi substituted analogs react similarly forming [Ag(L)(laurate)] 
complexes in 1,2-dichloroethane [4551. 

Nine sulfur-containing dipeptides have been shown to react with Ag( I ) and Cu( II ) 
forming linear AgS2 environments in the process. Their formation constants have 
been determined at 298 K [456]. The elucidation of the solution structure of the 
silver-substituted yeast copper-metalthionein from Saccharomvces cert, rishw was 
carried out by ~H-m'~Ag heteronuctear mnlliple quantum coherence transfer and 
the specific connectivities between 10 of the t2 cysteine residues and seven bound 
Ag ions have been established. Both digonal and trigonal AgS, environments are 
verified [457]. [CpMo(/v-S)(NBu').12] a reacted with excess AgCF3SO 3 to yield 
[CpMo(NBu')s]s[Ag(MeCN )(CF,~SOa)]3[Ag(CF3SO3)12 where silver coordinates to 
two sulfido bridges [458]. 

2.2.2.3. GoM compl,:'xes. Au(SCN L;- is the common product of Au( NH:,)~ + or 
t rans-Au(NH0,X2 in aqueous acidic media with SCN - in the halogeno complexes 
the initial step being SCN -- substitution of the halides. Mixed haiogeno-thiocyanato 
complexes are reduced more rapidly [459]. 

FT ion cyclotron resonance MS detects the presence of AuL ÷ and AuL2 as 
reaction products o fAu  + with H2S, RSI-] and PhSH i~a the gas phase: the correspond- 
ing products oI Au-  are m:a.inlv_ ~ RS-  _[4601. Extended ~u~,d,.,,gen . . . . . .  bondin~ is present 
in [Au(L)_,]Ct produced by in situ reduction o~" HAuCI~ with 4-amino- 
3-methyl- t,2A-A2-triazoline-5-thione [461 ]. Homoleptic Au( I ) complexes with sev- 
eral heterocyclic thioamides are reported with the general formula [Au(L)_,][C104] 
the structure of the one with pyridine-2-thione been reported [462]. The existence 
of Au(L)(SCN ) and Au( L)_,(SCN ) with L =imidazoline-2-thione and 1.3-diazinane- 
2-thione has been verified by IR and ~3C NMR measmements. Recorded are also 
the latter's complexes of the formula Au( I,)eX with X = C1, Br [463]. Glutathione, 
cysteine and several other thiones react wilh Au(CN )~ and ~3C NMR and Raman 
studies confirm that AuISR)(CN)-  is formed and further disproportionates to 
[Au(SR)d [Au(CN*e] [464]. 

The reaction of [N(PPhah][Au(acac)z] with HSR gave the complexes 
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[N(PPh3)2][Au(SR)2J (HSR=benzoxazoline-2-thione, pymtH, pytit ,  2,3,4,6-tetra- 
O-acetyl-l-thio-fi-D-glucopyranose 4,2-thiouracil, 2,3-4,2-thiouracil, 2,3- dihydro- 
llt-benzh-cddazole-2-thione, 2-thiomalic acid, 2-sulfanylethanok D-peniciiiamine); 
the crystal structure of the benzoxazole-2-thione complex has been solved revealing 
the usual linear gold coordination [465]. 4,5-dimercapto-l,3-dithiole-2-thionate 
affords di-, tri- or tetranuclear gold(I) complexes containir~g ¢t-- or tt3-bridging 
ligands [466]. 

Captopri[ forms with Au( i )  a 1:1 crystalline complex [Au(L)]. The exchange 
reactions of thiomaIate and cyamde with the complex have been studied using ~3C 
NMR spectroscopy and the form~ ~.ion of a very high-molecular-weight polymer was 
observed [467]. The chloro-ylide ,~.old complex [AuCI(CHzPPh3)] reacted in acetone 
with bis(diphenylthiophosphory[ .amine to afford [Auz(l>-L)2] which cannot be 
obtained by replacement of dppm from its corresponding complex by addition of 
excess ligand [267]. Gold thiomalate i:; the starting point for many reactions and 
studies. Reaction at pH = 7.2 with imidazoline-2-thione and 1,3,-diazinane-2-thione 
affords complexes of the formula Au(thiomalate)(L) [468]. The compound is also 
in exchange with thiuracil in watei, a phenomenon enhanced b~ the increase of the 
thiuracil molar ratio and the c, bs,rvatiou is made that in a Au(thinracil )3 + environ- 
meut cysteiim is not able to coordinate to gold [469]. Direct reactions of L-methionine 
and DL-selenothionine to gold thiomalate are reported in De'-? in a range of pH 
Values and discussed in view of the 13C NMR spect~oa obtained [470]. 
[Au(PPh3)]2(i-MNT ), K2(i-MNT) and ( NBu])Br or (AsPh4)CI in dichloromettaane 
yield [Au(*i-MNT)]_~- with Au...Au of 2.796{ I ) A. The (initial) compound showed 
two luminescence bands, the final one at somewhat shorter wavelength and readily 
oxidizes with X2 in THF to give A( II l  adducts [471 ]. Solid-state phosphorescence, 
but not in solution, is observed for [Au(dtc)]_~-, l;au(i-MNT)]~- and 
[Au(PPh3)I2(i-MNT) [252]. Planar anion with Au...Au 2.283(2)A is present in 
[N0t-Bu)4]2[Au2(i-MNT)2] which undergoes a readily oxidative addition with 
PhlCt,  or Br2 in acetonitrile and CH,CL2/THF respectively [472]. 

Reactions of [Au_,(~ dppm)a][ClO4] 2 with [AUX,]- {X=CI or Br) afforded 
dinuclear [Au2(I~--L-L)2] [L-L=S,CNR> R=Me,  CHzPh)] or trinuclear 
[Au3(tI--L-L)3] (L-L=S2COR, R=Me,  Et, pytH) complexes [473]. Reduction of 
NaAuC14 in water by Na2SO3 at 0 C and subsequent addition of dithiocarbamate 
leads to the formation of Au(Rdtc) where R corresponds to the heterocycles piperi- 
dine, 4-pheny!-piperidine, morphotine, thiomorpholine, piperazine, N-methyl and N- 
phenyl-piperazine. Reaction of Au(Rdtc) with the corresponding thiuram disulfides 
leads to their formation of the trivalent gold Au(Rdtc)3 complexes [474]. Four 
equivalents of MeCS2H in ether or two equiw~lents of sodium salt of 
PhCS£Ph~C=CS2 react with NaAuCi4 and HAuCI4, respectively, to give 
[Au(S2CMe)]+ [Au(SzCPh)],, and in Et20/MeOH Au(S2CPh)(SeC=CPh2) with 
stronger bonding towards the ethylenic ligand [475]. 

2.2.3. Selet~ium and tellurium donors 
Polyselenide copper compounds are rare and the interesting feature in the structure 

of [PPh4]2[Cu4(Se4)2.4(S%)o.~,]. XXI is the presence of two different polyselenides 
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[476]. Several chaicogenides were formed in the gas phase by laser ablation and 
studied by MS techniques. Compounds ranging from CuE- to Cua~Ei- ~ were 
obtained [477]. VVSe NMR studies confirmed the insertion of Se in the Cu--S 
bond of Cu(CN ) (thienyl) upon reaction with WSe4- to afford 
(WSe4)(Cu(selenothienl)2 where trigoval CuS% is present [478]. Several 
RzE(CH2),,ER2 ligands (E = Se, Te, R = Me, Ph, n = 1, 2, 3) have formed complexes 
of the formula [Cu(L)2][PF6] which have been studied by tR. IH, *~3Cu and 
7~Se NMR [401]. The polytelluride produced by the reaction of Li2Te with three 
equivalents of Te in DMF, afforded anionic complexes of the formula 
[(Te4)M (IL-Te4)M (Te~)] 4- (M = Cu, Ag) with trigonal metal environments [479]. 
Reaction of C~:CI or AgNO3 with (1.2-dimethoxymethane)LiSeC(SiM%) 3 in 
1.2-dimethoxyethane at - 20  C forms [M l SeC(SiMes)s}],, (n =4, M = Ag) while in 
benzene, [Cu{SeC(SiMe3)3}z][Li(1,2-dimethoxymethane)z] is obtained. Analogous 
reactions with [Cu(PCy3)z][BF4] and AgBr(PCy3)2 afford [M~SeC(SiMe3)3}- 
(PCys), the solid-state structure of the copper compound being dimeric [480]. 

NaSes reaction with AgNOs in the presence of a suitable a,~ion in DMF afforded 
,, Se.. . .Se.  

Se Se Se Se 
\ / ~ 1 
Ag-Se Ag-Se / '< / ',, 

Se.,se..Se 

XXIi  

silver po!yselenides in the form of polymeric [( PPh.,)(AgSe4)]., XXII , with infinite 
macroanionie chains with AgSe4 rings and trigonal silver or one-dimensional poly- 
meric AgS% units with AgSe4 rings and tetrahedrai silver atoms [( NMe4)(AgS%)],, 
XXIII tetrameric [(NEt4)(AgSe4)]4, with a planar arrangement of two trigonal and 
two tetrahedral silver atoms and discrete (NPra)2[Ag~(Se4)3], XXIV. with a tetrahe- 
dron of trigonat silver atoms [4811. Homoleptic silver(I) complexes 
[Ag(RE(CH2).ER)2][BF4] (R=Me,  Ph, E=S, Se, #:=2.3: E=Te, l i=3) have been 
prepared and characterized by FAB MS, and multinuclear (H, Se, "re and Ag) NMR 
spectroscopy. The silver atom is tetrahedral!y coordinated in either monomeric 
[Ag(MeSe(CH2).SeMe)2] ÷ or polymeric [Ag,, { PhSeICH2)sSePh}2,:] ~'~ t~lshion [482]. 
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Tetturide [PPha][C4H3STe ] reacts with AgNO 3 ill DMF to form [Ag4(L)6] 2- where 
a Te octahedron is inscribed by an Ag ~etrahedron presenting remarkably acute 
Ag-Te-Ag angles of 69(2)  [483]. Telluroether MeTe(CH2)3TeMe and AgBF4 react 
in acetonitrile to yield [Ag( Li2],~[BF4]2, , while [Te( pFC~,Hz)]2 results in the formation 
of [Ag2(MeCN )4(Ft L)z~[BF41z [484]. 

Extraction with ethylenediamine of an alloy wilh nominal constitution 
KAuBiTe3 and treatment with NEt4Br in MeOH yields 
[NEta]4[{(n3-Tc~iAul 2(p-Te,)] [485]. K S e  and AgNO3 in tl~e presence of elemental 
sulfur in DM F afford Ag2Te(TeS3)~ with a cage structure as does the corresponding 
setenide [486]. Analogous reaction with Au~ N allbrds an eight-membered ring of 
[Au2(TeS3),] 2-. Li2Te and three equivalents of Te lbr:ned in DMF polytellurides to 
which [AgI(PMe3)]4 adds in the presence of NEt4CI and PPh4C1 forming 
[PPhz]2[NE~4][AgTe,] which possesses a bicyctic anion with a local AgTe3 environ- 
ment [487]. Diselenolene [Aul Se2C =C(CF3)212]- reveals in electrochemical studies 
that substimtioe, o r s  by Se doe~ not drastically affecl the complex electronic structure 
[488]. Na2Se2 and Na2Se3 react with AuCN in DMF to afford 

'[PPh4][Au2( t t~ .Se2)( t t  -Se3) ] while with K2Sc 4 [PPh~][Au2( I s Se2)(It-Se4)] is obtained 
[489]. The aniomc [AuS%]',I- KXV revealed a crystal structure of one-dimensional 
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chains with bismonodentate Se 2- units, dimerized through short interchain Au... 
Au interactions [490]. 

2.2.4. Mixed-group 16 dom~rs 
Absorption and emission spectra of the cluster compound 

[Cu(di-n-propylmonothiocarbamatet], are reported and the crystal structure solved 
[395]. The aquo-cluster [Mo3S4Cu(HzOho] 5~ wa~; obtained fi'om the oxidation of 
[Mo3S4Cu(H20)lo] 4+ or by the addition of CI.IC'I to [Mo3S4( H20)o] 4+ in aqueous 
hydrochloric acid [49i ]. 

Reaction of (phenylthio)ethanoic acid with AgCIO4 in EtOH produced the I:! 
polymer with a AgO~S chromophore in a distorted trigonal pyramidal fashion [492] 
where a oxathia five-membered and a dioxa four-membered chelate rings were 
formed. Complexes of the fon,'nula [{Ag(hfac)} m(SRa¿j (R ~ Me, Et, Pr", Bu", m = 
1, n=  1) and [{Ag(hfac)}( 1A-oxathiane)~.] (n= 1, 2). were prepared by the reaction 
between the Lewis bases and AgzO in the appropriate Latios. The oligomeric interme- 
diate [{ Ag(hfac)} a( HzO)], formed by the !:2 reaction of Ag20 with Hhfac was also 
isolated. The complexes were characterized by ~H and ~3C NMR and IR spectro- 
scopy. The oxathiane complex is monomeric in the solid state with the 1A-oxathiane 
ligands coordinated to the sitver(l ) center exclusively via the S atoms [493]. 

The crown ether derivative of dithiomaleonitt'ile p;oduced by template Mg-'" 
cyclization gave oxa-crowned tetraaza porphyrins. The nickel porphyrin was l~und 
to bind to Ag( I ) through the peripheral five atoms. In solution. ~,.o nitrogen coordina- 
tion is verified while both AgNS_, and AgO2S, coordination sites were observed in 
the solid state [494]. 

The sandwich-like tetrametallic [AgA k),] ~+ were obtained from 9,19-disubstituted 
1.4,7,11,14.17-hexathiaeicosanes and silver triflate in MeCN. For the dioxo- 
compound two AgO2 and two AOSa sites were determined [495]. 
1A~7-Trioxa-I0,13-dithiaeyclopentadec- 11-en- 1 t, 12-dicarbonitri]e formed [Ag( L)] 
[BF4] in both polymeric and discrete monomeric, the tetrafIuoroborate ion participat- 
ing in the coordination environment in the latter. Polymeric compound is also 
formed by 1,4,7,10-tetraoxa-13,16-dithiacycylooctadec- 14-en-14,I 5-dicarbonitrile 
with AgOaS coordination in the solid state but fluxionat in solution [496]. 

The AgS30 environment is observed in the product of the l~3,5-trithiane reaction 
with Ag(CF3SO:,) in MeCN/THF which has the formt~la [Age(L)a{ p-L)J[CF3SO3] 
[497]. The stoichiometries of iigand-~o-silver 2:1 and i:1 for phosphoramidothioic 
and phosphoramidodithioic ion and the compiex tR and UV spectra argue in thvor 
of O and/or S coordination to silver [498]. The excitation and emission spectra of 
hexameric silver clusters with di-n-propyi- monothihoca:bamate are reported [395]. 
The structure of [Ag(L).~(C1Oa)],, is reported, where L=the macrocycie produced 
from the 2 +2 condensation of 3,7-di~,hianonane- 1,9-diol and 
3,6-dichloropyrimidazine in EtOH. The polymeric compound reveals local AgO2Sz 
chromophores [499]. 

The interactions of thio- and seienocyanate with aurothiomalate in aqueous solu- 
tion were studied by ~3C NMR spectroscopy. The former induces further polymeriza- 
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tion while the latter forms initially monomeric [Au(SeCN)(tm)]- which further 
disproportionates [500]. 

The salts LiEY(SiM%)a (E=S,  So, To, Y=C, Si, Ge) react with AuCI(THT) in 
be~zzene or hexane to afford [Au(EY(SiMe3)3}],, tetrameric for E=S, Te and Y= 
C as crystal structure determination reveals. Similar reaction with AuCI(PPh3) in 
EtzO yields [Au(PPh3){EY(SiMe3)a}] as the crystal structure for E=Tc, ~(=C 
confirmed [501]. 

2.3. Complexes with group I7 donors 

2.3. I. Copper complexes 
A pequiliar CuI2 H e~wironment was observed in 

(Cp)2TaH [(FI-H )Cu (~t-I)2Cu- (t~-H)]zTaH (Cp) 2 produced by the reaction of tanta- 
tocene trihydride and CuI; a dangle bridging Cu212 unit was observed in the case 
of tert-buty! substituted cyclopentadienyl [502]. Raman studies on metal 
halide-CuC| melts in the presence of A1C13 and corresponding freezing point meas- 
urements indicate the presence of C u C I [  units while in AiC13-CuC! melts 
CuAIC14 units are existing [503]. Polymeric Cu3I~- chains are observed in 
[Cu3(3-aminopropanolate)4][Cu31s]. The anion is formed by reacting Cul and 
NBu4I in acetonitrile [504]. CuCI~- is present in solutions of CuCi in the presence 
of chloride ions. 

Increased ionic strength and [H +] inhibit luminescence of the species whMa is 
observed at 470-480 ~.m. The emitting state is probably a CTTS one, the hydrated 
electron formation being antagonistic to its decay [505]. The luminescence properties 
of iodocuprtes is studied in water. Primary oxidation occurs but Cu(iI)  scavenges 
the hydrated electrons that are formed as well [506]. Loosely associated CuCI2 are 
present in [PEtq]a[Cu2CI~] [5071 while an interesting mixed valence Cu2Ckl4 species 
was obtained upon recrystallization of [NEt4]4[Cu4CI~2] from MeCOOEt/MeNO_, 
[508]. CuCI 3 anions are present in ionic componr~ds with Me2NH 2 or 
(CH~=CHCH,),NH 2 countercations which result from the reaction of CuC12 with 
S(NR,)2 in ethanol [5091. 

Orbital overlap and symmetry analysis based on EHT computat,ons attempt to 
explain the energy changes through a step process leading from Cu,CI~,- to 
Cu2C12 through Cu,Ct 3- [5t0]. 

The anionic units [CuBr3] z- and [CuBr2]- have been studied in salts with 
PPh3Me as the countercation. CuBra appears to be symmetric around one of" the 
Cu-Br bonds and the linearity of the CuB H ion has also been verified [511 ]. The 
above anions in 5 M ionic, neutral or acidic media show CTTS bands and in 
high concentrations ti~e formation of Cu2Br ~- and Cu~Br~- is proposed [512]. 
CuBr 3 is observed in the mixed valence [6-amino-l,3.-dimethyl-5- 
((2-carboxyphenyl)azo)uraci!]4[Cu2Brv] prepared with CuBr_, in methanol [5t3]. In 
the reaction of CuO with 6-methyl-2-hydroxypyridine in DMF followed by inter- 
action with Br 2 the mixed valence polymeric Cu3Br4(DMF):(H20) compom~d is 
obtained where the unique CuJ~Cu~Br2 is present [5t4~ with the monovalent copper 
situated in a distorted tetrahedral environment of four bromine atoms. 
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Piperazine and CuI in aqueous HI give [LH2]2[Cu2i¢~]" H20 while wi~h excess Cul 
[LH2][Cu,I4] is obtained. The compounds were studied with respect to their structure, 
thermal and electrical properties [515]. Pob, hatide anions of C u(I~ studied by Cu 
NQR revealed resonances (in MHz) CuCI)- (30.70 or 3I .i5 depending on the coun- 
terion), CuBr2- (28.85). Cu2Br~- (30.647 to 32.217) Cu2Br 3- (31.397L Cu1~- 
(26.29), Cn4 t2- (24.385 to 26.375) and CuaI{- ~26.15. 26.80) [5i6]. [517]. Large 
angle X-ray scattering in acetonitrite, pyridme and DMSO characterize compou,~ds 
of the formula CuX~-, CuX~- and Cu2X~- [518]. 

2.3.2. Sih'er aftd g,dd ¢'omph'xes 
4.7, i 3.t 6,21.24-hexaoxa- 1,I0-diazabicyclo[8.8.8]hexacosane reacted with KCI 

and AgCi in DMF to afford [KL][AgC12], which upon replacement of chloride 
yielded [KL]4[Ag4Brs] and [KL]2[Ag2G i. respectively [519}. Weakb' co- 
ordinating M(OTeF~)~7 (M=Nb.  Sbt or M(OTetFs).:2, - (M=Ti.  Zr. Hf) form i:1 
silver complexes which, upon recrystaIIization from haloalkanes produce 
[Ag(haloalkane)3],,[ Y ],,, with n = 1 or 2 depending on the charge of Y. The crystal 
structure of [Ag(CH2CI2)3] ~[Ti (OTeFs)~,], [Ag(CHaBr2)~][ Nb(OTeFs~6] and 
catena-poly[Ag(CHzBrCH2Br)z-f~-(CH2BrCHeBr)-Br:Br'][Sb(OTeFs)~, ] are dis- 
cussed, the last two being the first metal- bromoalkane complexes reported [52t)}. 
Reactions of AgOTeF~ and PdC!2 or AgF and HOTeFs in dich~oromethane or 
t,2-dichloroethane, afforded chior,~carbon s<~lwited silver complexes of the formulae 
Ag2(solvent)aPd(OTeFsh and [Ag(solvem)lOTeFd]2 [52~i. Reaction of 
trans-[ M (py)aX_,] Br ( M = R h, !r, X - CI. Br) with AgBr in a t :i ra60 in wa~er forms 
trans-[M(py)aX2][AgBr2] as confirmed by IR measurements [522}. 

Polymeric chains of Agl~- iotas in the form of comer-sharing tetrahedr;~ were 
observed in I[NHa][AgI3]}~ H 2 0 .  wifile one-dimensional infinite polymeric anions 
in the form of edge-sharing tetrahedra were found in ',[NM%]~Ag2i3]I ,. [523]. 
TeEt3I and Ag{O,O-die~hyldithiphosphatet reac~ in water at 70 C to produce 
[TeEt3][Ag415]. probably through Agl addition to an intermediate of tia;-" formuia 
TeEt3I. The tetrahedrat environmep,~ arotmd silver has been deduced by ~H MAS 
measurements [524]. A 2:I reaction of NPr4t and Ag! i.~ DMF a~.brds 
[NPra]a[Agal8] with te;rahedrat silver atoms possessing one termh,~al Ag-I bond 
[525]. Discrete anions are present in the ionic compound 
[Agt PI2,4.6-(OCH03C,,HzI,I[Ag~I~] [2t8]. The s~abilily constants of several Ag-I 
aggregates, i.e. Agl. [Ag.,I,,+z] 2- (~= I~6l are reported as a result of poteatiometric 
measurements in DMF [526]. A unique [AgTl~iJ ~ anion was obtained by the 
reaction of A~,I a.~d SnPr~OH ),CI- 3'4}1,O in DMSO i~ the presence of NaL in ~he 
form of a one-dimensional twisted do~bie eI~ain of face-sharing iodine tetrahedra 
[527]. 

Treatment of AgX ~ith AsMePhJ leads to iodide incorporation in AgX, when 
carried out in hot CH2C12. The compounds isoiated present infinite poiyme~ 
Ag~l~X anions (X=CI,  Br, 1} [528]. Xeg~, reacts wi~h BrF3'AuF~ ~o form 
[XeFs][AuF.d which in anhydrous HE at <0 C reacts with KrF2 ~o form 
[XeF~][AuF(,]. The structures of tl~e products are dL-eussed with respec~ to the sliver 
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analogs and the ditTerences presented al.tributed to the lower iigaqd charges of the 
silver compiexes [529]. 

Interestingly, 6-amino-t,3-dimethyl-5-aryiazauracHs react with in-situ reduced 
AuCi2 to yield (LH ~){ AuCi2)- 1.5H20 [530]. The reaction of 2,6-dipbenylpyridine 
and KAuCta at pH =2 gave pyridinium tetrachloroaurate where an interesting three- 
atom hydrogen bond is present involving two of the chlorine atoms :.rod the pyridin- 
ium pro*o~ [53l]. 

Reaction o~ t~ Bua] [AuXa] (X- - ( l .  Br. [} with phenylI'Jydrazine hydrochloride 
yielded the corresponding Au{I) anio,as [NBu~} [AuXe] the crystal structures of 
which were determined [532]. 

3. Mixed |igand c~amplexes 

3.1. ¢?mq~lc.ves with grmtp 15 amt 17/~g~a, tds 

A wide variety of ]ocaI and overall structures has been obtained upon reaction of 
nitrogen or phoshporous bases with group 11 metal halides, depending on the sterie 
demands of the ligands and the reaclion conditions. The overall structures range 
flom simple mononuc!ear to stair-type polymers and the main features of their 
idealized geometries are summarized in XXVI . 
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3 . ] .L / .  Cotv~cr com!d~,>,c~. Ti~e mcchavdsri] c,f the Lransme~atla~ion of  
Cu~{A~,N.N'.N'-tetran~cth31eff@ene~.~iamine}~X2 with M (.%metiiytisopropylidene 
hydrazhle ¢arbolhiok~le}2 ( M ==Co. Ni. Cul has been studied [533i. Scveral prodacts 
have been obtained from the reaction of nhrogen donor bases v,9.h copper halides. 
Depending on the concerted eIiL'ct of the buik and donor ability of :he bases as well 
as on the halogen involved, a variety of structures has been obaerved especiaI!y iu 
the prodttcts wilh l:i stoicheiometry. The slructure of {he products obtained by 
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dissolution of copper{ I) halides in hi{riles has been studied and the structure of the 
cornp~exes [CuX( RCN )]de~ermined for aeetonitriIe a~d PHCN. in their vast major- 
ity the compounds are stair-type polymers with the exception of [(CM }a(PhCN)t 
[534]. The 1:1 products are nit of the stair-type polymer form [535i. 

The nature of compounds CuX(MeCN), and CuX(py)~ formed in acetonitrile 
and pyridine, respectively, is determined by vibrational spectroscopy, utilizi~g Iarge- 
angle X-ray scattering and the dirnerization reaction constants i~ DMSO reported 
to be <0.2. 2 and > !00 mol-~dm ~ for X =Ci. Br artd 1, respectiveiy [518]. The 
enthatpies of salvatiol~ of cuprus halides in pyridine and acetonilriie were obtained 
and appeared to be similar with the ones in pyridh~e being more negative [5361. 
Cubane-type tetramers obtained wifl~ copper iodide and pyridine or morphoiine 
appeared to be phot~!umineseent in noncoordinating solvems at r.t. The emiai*ag 
state is suggested to be the 3d94s -~ e:~cited state of copper [537 I. The quer~chipg of 
emission from the cluster-centered excited state of tl~ese ciusters by Tris{fi- 
dionatolCr(1ti) complexes and several organic subs{rates has been investigated in 
CH_,Ct, [5381. The absorption, emissiom di!!~se reflectance spectra and excited state 
lifetimes of several [CuX(L)],, where L= substituted pyridipe in CH,CL m~d C,~}-I~a 
glasses at 77 K as well as m the solid state are reported [539]. Analogous studies 
were carried out for [CuX{2-(diphenylmethyi)pyridine}] [540f Luminescence 
thcrmochromism x\~s also studied for [CuX{py)!4 [54I ]. The s~.ructtires of the dimer 
[Cu_d2(3-Mepy}a] and the polymers [Cut(2-Mepy)] and [Cn|~ 2A-Me,py)] haxe been 
determined [542]. Moronudear species have been observed fbr 
Cui(2-methylquinoline)~ and CuBr(3.5-Me,py)2 [543 I. For [Cu(py)gr i a zigzag 
formation with parallel chains was observed wiaiie 2-pyridinecarbaldehyde and 
4-benzylpyridine form distorted stair polymers [544] and tetrameric cubane was 
realized for the more bulky 2fdiphe:@methyi )pyridi.~e [545]. SpD.-sia{r two-dimen- 
sional sheets of [Cu(L)X] (X =CI. Brl are linked by 4<yanopyridh~e [546 i, while 
a one-dimensional intinke spfiae was observed fc, r {Cu(4-~ in}Ipyridine)X a~d dimeric 
[lCu(2-vinyipyridine{,,(l~ X ):] (X =CL Br) {547 I. Tb~e corr~-'spop.ding iodides are 
o;:e-dimensio;ml stair polymers with noncoordinafing vinyl grotlps. Spii~-stair poly- 
mers were observed tk~,~ acridine, quinaldiue. 2 ~(>dimetbylp? ridil~e. 
2.4.6-trimethyipyddinc t:l adducts with copper haiides ,~itb the exception of 
[iCa(-.o-M-e~.-.;,a(~' ~ "~ . . . .  ~"~' It1 . . . . . . . .  a.,~d [Cul2.4.6-Medpv)~CuCI,] [548!. Dimerie corn- 
pounds were obtained for the more bu!ky octabydroacridine with almost planar 
CueI> Cu_,Br2 and butterfly Cu,Cte cores and mor~omeric 
Ca( 2.2.6.~>~.etramethylpiperazine>X 'aith stabiiizi..'~g intermolecv, iar hydrogen bonds 
[549]. The structt~res of the {CuXl2<m?inoquino!i.ae)} complexes are markedly 
different from each other since the cMoride is a stair-potbmc< and ~.}~e bromide 
dimeric m~d the iodide are spIibstair [550]. The compie,~es of d-methytqui~oiine 5d{ 
into ~hrec categories. [CuX(L)}~ %r X=Ci. Br, I. SCN. N> Cut<X (X=NO~, 
CiOa) and Cn,XzL.~ / X = CL Br). Tt}e sm~c{ure of Ca=..Ci:L3 is of ~he stair-.step iyp-e 
{ 551 ]. Distorted *.em~bedrat enviro~amen~ is reported for 
[Cu[di(2-pyridyl)metbaae]:][CIOai prepared in Et()H by the !igaad and in-siva 
reduced CuSOa [5521. Qui~mtine itself presents analogous variations having a slair- 
polymer chloride, a te~ramer~c "~baskets'" bromide and iodide ar:d an extended- 
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stair thiocyanate [553]. The emission spectra of [CuI(quino!ine)2]2 and 
[Cul(quinoline)]a were obtained at ambient and at low temperatures and are quite 
distinct having maxima at around 620 and 580 -590 nm, respeetiveiy, owing probably 
to the different environments of the metal centers and therefore to the different 
emissive states [554]. It is of interest to note that CuX with bipyridine preduccs 
dinuc!ear halogeno bridged compounds of the formula [{ bpy)Cu(jr- X )2Cu(bpy)] 
for X=Br ,  I while for X = C t  the ionic compound [Cu(bpy)2l[CuCU is produced 
[555]. Three halogeno complexes of the form~fla Cu(3,5-Me2py~aX have been 
obtained and their crystal structures investigated [5561. The observed distorted 
symmetries are accounted for by the intra and intermolecular hydrogen bonds to 
the halogen atoms. Reaction of Cut with p-tolylisonitri!e and nitrogen bases in THF 
led to the formation of mononuclear [CuI(bpy){Ip-to]yl)CN}] and dimeric 
[Cu2{2-( 1-benzyt-2-phenytbenzimida-:oie)12( NC(p-tolyl )}2(/~-1 )2] [557]. Oxidation 
of [CuCl(py)]a in PhNO, proceeds with initial insertion of 02 in tile CI- core. which 
is the rate determining step of the reaction [5581 in a manner analogous to the 
m:idation of [CuBr(N.N'-diethylethy!enediamine)]2, wb_ich results in the mixed 
valence compound [CuBr(k)]40 a [559]. 

1,2A-lriazole a~k~rds compounds Cu( L}CI2 and Cu(L}2CI 2, which are reversibly 
reduced at 0.33 and 0.34 V and show an irreversible peak at -0 .65,  -0 .66  V [560] 
while 1,8-his[his( t-methylbenzimidazoi-2'-vinylmethyl)amino]-3,6-dioxaoctane in 
MeCN-MeOH gives Cu( L)Y (Y = CIO4. BF4, C1. Br) or Cu2( L)X2 (X =Ct,  Br. I) 
[561 ]. N,N-bis ( 3,5-dimethyt-1 -pyrazolyi-methynyI }amnoet hane and N,N- 
bis(t-pyrazoly!-methyl)aminoethm~e form mononuclear CulL)X complexes with 
coordinating X ( X = Ct. gr, 1. SCN ) and [Cu( L)21Y With Y = CF3SO> B F4. possess- 
ing local CuN,X 2 and CuNa environments, respectively, [562]. Benzimidazole reacts 
with C,.d to afford Cu,le( L)4 ill T_bIF, stair-polymer [Cu(tt3-I )( L)],, in MEOH and 
the solvated [CtLjus-I )4( L}4] 2- in digiyme, while 2-pheny] and l-benzyl-2-pheny] 
substituted polymers in THF  form Cu212(L)2"2THF and CuI (L t2 -T t tF  [563]. 
Thiazoiyl. imidazolyl, and N-methylbenzimidazolyl lithium salts react whh CuX in 
the presence of CF3SOd-I at 80 t-. • ~-~'~"- " "" . - 4 0  C - ,~  (A-met,,,,madazob, l o M v  a t  } ~o i)rm 
the dimers of the formula [Cu2(t, XULL~] which were studied by NMR. The 
-;L'-ucture of Cu2Cl2(me!hyt;midazole)., was solved [564]. The interesting feature of 
these compounds is the presence in the iinaI products of haiogen atoms besides tile 
use of tithia*ed reagents. Products of the stoicheiometry Cu(L)2Br and (CuL)2Br 
me obtained with l-phenvl-3.5-dimett;ylpyrazote [5651. 

The reaction of cuprus halides with 2.2"-dipridylamine in various molar ratios 
yiekfs a wiriety of products, e.g. (CuX }2L ( X =CI. Br), (CuX)3ke ( X = C! }. (CuX)L 
(X =CI, Br) a~d (CuX !La { X = Br t ) [566], Pyrazhfic acid may act as a monodcnda',e 
or bidcmate ligand and fl~is has been exptored in a series of compounds with vaerious 
anions. Complexes Cu(L)2X .2H20 were obtained fo, X=CI .  gr (monodentate 
tigandL C u ( L I X ' H 2 0  %r X =  Br. NO~, CIOa mixed coordination scheme was 
observed in Cv.( L}3C!2.3H20 and a stair-ribbon polymer with CuI2Ne enviromnent 
was the case of Cu2(LIlz" 3H20 [567]. Nicotinic acid reacts with divalenl copper 
reduced in situ by ascorbic acid to give zigzag chains of Cu( LhCI in which the free 
carboxyli~- groups are subject to dimerization [568]. N.N-diethylnicotinamide forms 
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tetrameric clusters [CutL)X]4, which reveal interesting reactivity. Reaction with 
tetrahalobenzoquinone produces the oxidation product [Cu(L)Xt[catecholate]2 [569] 
or mixed valence Cu4X4(L)4(i,-catecholate) [5701 with local CuN~X elavironment. 
The clusters are transmetallated by the reaction with S-methyfisopropytidenehydraz- 
ine carbodithiolate metal complexes, M(NS),, (** =2 or 3 ). Fe(NS )a initially gives 
the mixed valence complex Cu~CuHFeHL4(NS),X4~ which furti~er react with 
M(NS)_, to give complete transmetallation products Cu(NS), Cu(NS}a and 
M,Fe(OH)(OJL3X4 [571]. Reaction with Co(NS) 3 affords Cu{NS) and 
[Coz(L)4]X,~ [572] while with Sn(NS),Ci2 initially [CuJL}~(i~-Cll.~SnfL)C]i_,] is 
formed, which treated with nitrobenzene afforded [Cu,{ L.~,(!~-C! )~(]~---O)SnCI,( L)] 
while with a further equivalent of Sn(NS),C~2 complete transme~.aIiation was 
achieved [573]. In general, with divalent metal carbodithioiates, clusters 
[Cu3M ( L)3X~I are obtained which are further oxidized to yield 
[Cu~M( H_,O){ L)3( tl--O)zXs] [574]. 

Absorption and emission maxima of [Cud:(PPh3)2 (di-2-pyridytke*one)] in 
CHCI3 and [CuaI..~(di-2-pyridyketone)3t in acetone are reported as welt as their 
catalytic activity in the photochemical transformation of NBD to QDC with 
quantum yields of 0.25 and 0.36 respectively (irradiation at 2>320nm for 12 h) 
[292]. Monoaza-alkenes of the formuIa RN =CR~CR:'=CHR ' react witl~_ CuCI  in 
a wide range of molar ratios giving various products in difl?rent solvents of the 
formula [ICu( L~2} 2( !t--Ci }][CuCI2]. [', Cu( L~I 2( !~- CI }] and [Cu( L~2Ci}2 [575]. 

3.1.1.2. Sih'er cu~dg(~kt ('~.f~,q~h'xes. De{ailed structural studies reveal that for sev- 
eral N-heterocycles, the local sliver environment in Ag(LI,,X complexes is AgNX 
regardless of tl~e n value predicted by elemental analysis [576]. The enthalpies of 
salvation of silver halides in pyridine are in general more negative than the corre- 
sponding ones in acetonitriie in both so!vents the range obtained is less ~han 
i0 kJ tool -~ [536]. 

An unusual t r a ~ x - A g N , F  4 chromophore witll Ag N=2.163~7) and Ag-.F:= 
3.011 (8) ]~. was observed in [Ag(2.6--Me2pyl_,( BF~,)]~ where BF~ anions are bridging 
adjacent Ag atoms [577]. A more iimited array of structural types is observed 
in AgX products with N-bases. in relation to their copper a~.aiogs. Stair 
polymers are observed for [Ag(py)Br],:. [Ag(p?.!I]~. [Ag(2.4.6-Me3py)X]~,. 
[Ag(quinatdinc)X ] ~ ( X =: CI. Brt. cube tem~mers !\-~r {Ag( piperidi~e}X i.'~ ( X = Br, 
t), and [Ag(2.2,6,6-tetrarnethylpiperidine)~i4. a novel "'tube" po!ymer is realized 
l~r [Ag(NHEt~}X],, [5781 while iniinite o:~!e-dimensionai polylner is obtained for 
Ag( piperidine),Ct [ 5791. 

AuX fo~'aation in pyridine and a,:etoa~itrile was verified by EXAFS studies a~d 
appeared to be less ~:avoed in pyridine owing to solvatio.~ efI~cts [580i. ~ 'Au 
M6ssbauer results con!irmed the existence of bo',h An(L)CI and (I..H)(AuC{a) for 
N-alkylimidazoles m~d benzoxazole ligands, the ratio of tl'0e product depending on 
a ba|ance between electronic and steric factors. Analogot~'s studies were carried out 
for the Au(L}zCI series of compounds [58i ]. When coordinatio~a of inosine, gua- 
nosine, imidazole and its derivatives as weli as of several substituted pyrazo!es is 
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considered, the Au(I_)Ct complexes are linear while in the Au( L)2C1 analogs, the 
second ligand is just hydrogen bonded to the chlorine ion [582]. 

3.1.2. Phosphorous apTd haiogen ligamls 

3.1.2.1. Copper complexes'. Several completes of the formula [Cu(PPh3)2X ] were 
isolated and their solid state 3,.p NMR spectra related to their structure [583]. 
Coordinated X (C, Br, 1) reveal (<5) values from --5 to - 6  ppm while ionic ones 
range close to zero. The corresponding [Cu(Pph3)3X ] were isolated in two phases, 
a trigonal and a triclinic one, the latter corresponding to solvated compounds [584]. 
The a~p NMR are quite distinct for the two groups ol" compounds. The ionic 
compound [PPh3Me] [Cu(PPh3)Br2] is obtained by refiuxing PPh3MeBr, CuBr and 
PPh~ in CH2CI~ and its structure elucidated by 31p NMR and far-IR where the 
Cu-Br bonds resonate at 195 and t50cm-* [585]. Cu NQR measurements 
on [Cu{P(OMeC~,H4)3}X]2 (X =C1, Br) confirm the three-coordinate environment 
for copper. Along this line, severaI studies on other three-coordinate species. 
e.g. [(CuX)2(dppm)]_,, [Cu(PCy~)2][CIO4], [CuX(PCy,O]~, are reported [586]. 
Cu(Pcy3)2(FBFa) was studied as catalyst in trans-stilbene cyclopropanation with 
N2=CH(COEEt) where a!kene intermediate presence was proposed to account lbr 
its activity [277]. Its reaction with NaX in water gave the metathesis Products 
Cu(PCya)2X (X =Br, I ) probabty with trigonal planar geometry around the metal 
center [294]. 

Pseudotetrahedrat copper is present in [PPh3Me] [Cu(PPha)2Ie] and 
[PPhaMe][Cua(PPh3)_4/t-1)3] as interpreted by far-lR measurements [587]. Bulky 
phosphines lbrm monomer or dimer compounds like 
CuP(2,4,6,-trimethoxyphenyl)3X [588], CaPPh_,(o-tolyl)X lbr which two district 
species were identified by 3~p CP/MAS, farqR and crystal structure determination 
for X=CI, Br [589], [CuX[P(p-tolyl)~l]_, (X=CI,  Br) [590], while the less bulky 
P(m-tolyl).~ formed wi~h Cul a dimeric compound with one trigonal and one pseudo- 
tetrahedral copper alom [591]. A rare example of a Cu(I ) -F  bond is the 
[CuF(PPh 03]' 2EtOH • 4PPha complex where Cu--F is quat to 2,115(9) A. The com- 
pound has been studied by 31p CP/MAS [592]. Reaction of P(p-OMcC(>H4)~ in 
acelmaitrite with Cul forms the ionic compound [Cu(phosphine)z][Culz] with two 
equivalents of Cu| the monomerk Cul{ohosphine) is obtained [593]; both com- 
pounds were studied by far-IR and 3~p. The structm'e of CuBr(PMePh2)3 and the 
otherwise inaccessible product of its reaction with BH 3 -THF in THF, the dimeric 
[CuBr(PMePh2)]e were solved [594]. Several o- and p-snbstituted bromobenzenes 
reacted with copper in THF at - 108 C in the presence of trimethylphosphhm to 
gi~e several organic ;'eduction, and coupling products as well as ~he strnctura!ly 
characterized CuBr( PM%)a [ 595]. Several [CuX ( PR:~)],, clusters have been used as 
photocatalysts in the isomerization of NBD to QDC and of rams- to cis-stilbene. 
1belt activity beitlg related to the phosphine cone angle, Formation of a C u  NBD 
complex is anticipated except for the complex of P(o-totyl la [596]. The crystal 
structures of Cul (PCy3).~ and [Cu|{ PCy3)]z are reported and discussed with respect 
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to other analogous structures. EHT orbital energy considerations were used to 
express the elfect of the halides on the overall structure {5973, 

1-phenyldibenzophosphole forms tetrameric [Cu(L}X]4 and monomeric CuL3X 
and 1-phenyl-3,4-dimethylphosphole besides these also products of the lbrmula 
CuL2X which are dimeric for X = B r  and t, while for X=C1, the ionic 
[Cu(L)a][CuC12] wa~ obtained. All the compounds were identified by Far-lR and 
31p CP/MAS measurements [598], Anionic compAexes of the forn3ula Cu( PPh~3)X~ 
are monomeric for X=C1, Br and dimeric for X = I  as far-IR and -qP CP/MAS 
measurements show [599]. 

The dimeric [(PM%)2Cu(H-i)2Cu(PMe3},] and the one-dimensional cubanoid 
{Cu4Cla( PMe3)3} ~ were prepared in benzene suspension, and characterized by X-ray 
studies and vibrational (far-IR and Raman) spectroscopy [6003. 
Bis(diphenylphosphino)ethane forms several complexes with copper halides, which 
show marked versatility in solution. (CuCl)2(dppe)3 is shown to dissociate to 
[CuC1ldppe)]2 while by addition of dppe. the equilibrium involves [Cu(dppe)2]C! 
which has been characterized by NMR spectroscopic techniques [6011. The vibronic 
structure of the [Cul(dmpp)]a emission spectrum observed at 15 K lms bee~a discussed 

Ph/F- '~ \  
r - - P  PPh2 

e h ; e " ~  x c u  \ °  - / , ! 
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[541]. The structure of tile dirner [Cu(triphos)X]> XXVlI, h;~s been determined and 
the CuP3X en\i,-onment ascertained [602]. Dipheny]mesity! and pb.enyMimesitylpho- 
spbine being very bulky form dhneric addncts wi*h copper hafides [603 t as is the 
case of tri-o-tolylphosphine for which additionally [CuX( MeCN ){ P{o-toiy)31 ]z were 
obtained and studied by IR, 3~p CP _L]AS [604}. Reaction of CL:X2 with, :<7.'- 
his( bis( 2-(diphenylphosphino)eethyI )amino)ethane and the corre,,;ponding m-xylene 
afford complexes [Cu2IL)]X2 (X=MeCO> C1Oa, SO,a) or [Cu2~L)X2] ( X = C I )  
[605]. Racemic mixture of N.N'-bis[oqdiphcnyiphosphh3o)bene.ylidene-2,2'-di- 
hnino-i,l'-binaphfl~yt] reacted wi~h [CulMeCN )~][PF~,] '~o give [Cu( L)][PF,,] while 
wi~h Cu(PPh3)eBr monomeric Ct~{ L)Br was produced where NMR measurements 
indicate intramotecular exchange of imino groups [606]. 

IR and Raman s~.udies confirmed the bridging role of haloge,~ in 
Cu( i-d{pehnyIphosphil~o-o-carborane)?X a product of t:4 reac*ion of CuX with the 
ligand in EtOH. Reaction products ibr [:2 and !:3 ratios are of the ~i~rn,uia CuLX 
alzd CtL, L,~X2 respectively [607 !. 

The complex [ReCI(CO} ~, N2( p-MeC~,tta)} ( L-PP')( L-P)IIPF,] { Ltl2C-- 
C(PPh2)2) reacts with CuX h3 CH2C~2 to give 
[Relic- CI )(CO ) { N2( !>MeC~J-la)}( u L}2CuX ][PF, d ~ hich was characterized by 3x p 
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NMR, IR and crystal structure determination [608]. Phosphine functionatized p- 
tert-butyl-ca!ix[4]arene and p4er,'-butyl-calix[8]arene added to Cu(CO)C! in THF 
at r.t. to afford [L(CuCt )4]2 where aggregation leads to terminal CuCI2 or trigonal 
CuCI2P. bridged CuP2C1 and a central CuP(tt-C1)z metal sites [609]. 

3.1.2.2. Sdver complexes. An interesth~g roate to the known [AgCl(PPh3/]a is 
through the reaction of [N(PPh3)2][Ag(C2Ph)], produce~1 by the reaction of 
N(PPh3)2Clo(AgC2PhL~ and PPh~ in a i:2:3 ratio in aceto~e with either 
AuCI(PPh~) oi" c/s-PtCl2(PPh3)2 [610]. The chair and cube isomers of 
[AgI(PPh3)]4 were identified by their emissions at !2 K both of which are observed 
to red-shift with temperature raise [6il]. [AgX(L)]4 and [AgX(L)2]_, are obtained 
with l-phenyt-3,4,-dimethylphosphole, [AgX~ L)~lz and AgX( L),~ with 
1-phenyldibenzophosphole. These as well as [Ag(L)4][BF4] are ?tudied by far-IR 
and 3~p CP/MAS as well as 3~p NMR in solution, revealing dissociation to 
[Ag(L)~]X and [AgX( L)], [612]. Monomeric linear AgX { P(2A,6-(OMe)3C~,H2)3} 
exists in the solid state on the basis of 3~p CP/MAS far-iR and crystal stracture 
measurements while AgL,I is the structure proposed for the corresponding io&de. 
In solution 31p NMR show that ionization to lAg( L)2]X occurs [613]. 3lp CP/MAS 
studies on AgX(PPh2Bu) are reported and related to the compounds structures. The 
observed disorder in the iodine compound is reflected to the singlet broadband 
obtained in the spectrum [61@ Tbe observed JAgP splitti.,~gs for a series of 
Ag(PPh3)3X complexes (X = CI, I, BF4, NO3) are correlated to their structure. The 
structures of several Ag(PPh313X complexes prepared in refluxing acetonitrile were 
determined [615]. In the case of 1 and BF 4, complexes, crystal structure determin- 
ations confirm halogen coordination to the metal [616]. s~p NMR studies on 
Ag(L)Y complexes ( Y = CI. I, NO3~ CtO+ MeCOz: L = f,i,I-Tris- 
((diphenylphospilino)methyl) ethane) show JA~v splitting at 193 K only for NOs 
and CiO4 while the re:;t appear to be still dynamic. An AgP3I environment is present 
in the solid state but in solution only two of the available P atoms are coordi- 
~ated [6!7j. 

The tetrameric "cubane'" [Ag4t4(PM%h], has been synthesized and its vibrational 
spectra recorded, assigned, correlated with the proposed structures and compared 
with analogous compounds [600]. The structures of the silver(I) complexes 
[AgBr(PPh3J2] and [Ag2Xz(PPh3)4].2CHCI~ (X=CI,  Br) have been determined by 
single-crystal X-ray dil~h'action and correlated to their vibrational spectra, The 3~p 
CP/MAS spectra of the dimers show separate chemical shifts for the crystallography 
inequivalem phosphorus atoms, and zdpp, coupling between these "atoms [618]. 

CoC12(Ph2PCHaC(O)Ph)2 reacted with two equivalents of AgBF4 to 
afford Ag(Phd~CH,C(OJPh)2C[ while CoXz(PPh~)_, gave [Ag(PPh3)~,][BF4] and 
in excess of PPh3,  also Co(it CI )4{Ag(PPh.0z}z [6t9]. !,2- and 
1.3-bis((DiphenylphosptfinolmethylIbenzene formed complexes of the formula 
[AgX(L)], (X=CI,  L NO3) with bridging anions and the diphosphine ligands 
being chelating (1,2-) or bridging ([,3-) respectively [620]. Trans-PtC[2(C~,Cis)2 
and AgL(OC103) yielded PtCt(C~,CI~)2( I~.-C1 )AgL ( L = PEt 3, PPh3) or 
Pt(C~,CIs)2(I~-C1 L, AgL (L=PPh,MeL in the former O-CI...Ag interaction to the 
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C6C15 ring is observed. Both ,..ompounds add a further AgL(OCIO3) molecule to 
form trinuclear complexes [621]. Polymeric [Pt(C~,C1512Oi-C1)2Ag] is tbrmed by 
trans-PtC12(Cr, Cls)a and AgNOs or AgC!O4 in MeOH/Me2CO and ['urther reacts 
with EPhs ( E - P ,  As, Sb) or PEts to form PtAgCI2(C,,Cisl,L. The crystal structures 
of the products with PPh3 and PMePh2 as well as of the ionic starting compound 
are reported [622]. Reaction of Ag(PPhs)(ClO~) With ¢ra~s-PtCl,(C~,Cls), in 
C H 2 C i ,  produces CI(C~,CldPt(I~-C1)Ag(PPh~) which further reacts with 
Ag(PPhs)(CtO4) to afford trans-Pt(C~,Cls)2l(,u. Cl)Ag(PPh3)la where a C]-Ag-P 
angle of 148.5(3) is observed [623]. In analogous compounds with [;',"omine dimer- 
ization takes place the product being [(PPh3)ICsCI~)BrPt(t~- Br)Ag(PPh3)], with a 
central Ag~Br, core intermolecular Ag...Br contacts and. interestingly, a O-CI.-.Ag 
intramolecu!ar interaction of 3.007(31 A giving rise to an AgPBrBr'Ct environment 
[624]. Reaction of ci~',ci~',n',n~'-[RuCtz(CNPhb.(dppm-P)e] having two monohapto 
dppm ligands with AgCIO4 gave the heterometallic complex 
[(dppm)(PhNC )2CIRu(tt dppmJAgC1 ](CIOa} [625]. Reaction of Ag(dppm)(NO3) 
with SnPh2CI2 in MeCN-MeOH produced [A~gs( ]~ C1 )e( ft dPPM )3 
[SnPh,(NO3)2CI] studied by X-ray and N MR measurements !228]. 

Treatment with NaBH 4 of a mixture of [AgCI(PPhs}]4. HAuCia and PPh~ in a 
1:4:8 ratio in ethanol gave a dark red crystalline product with. the stoicheiometry 
[Au~.~Ag~(I~--C1 )~( PPh3)~oCl2].nEtOH, composed of two eicosahedra[ clusters shar- 
ing a vertex [626]. 

3.1.2.3. Gold comph'xes.  Exclusion of water and air atit, ws AuCI( PRO (R = El. 
Ph, OEt. OPh) and AuCt(PR.O, (R = Ph. OEt) initially electrochemically oxidized 
to AuX2. to be re-reduced by addition of P R  3 itl a variety of solvents, i.e. MeCN. 
THF. CH2C12 [627]. Triphenylphosphine and l -pheny l -3 .4 -d imc thy iphospho le  fonY~ 
compounds Au( L)X and [Au{ L).~][PF~] and for the phosphole ligand Au( L}:.X was 
also obtained ( X = Cl. Br. I ). la the chlorides the irregular phosphorous enxironment 
m the solid state is reflected in the appearance of the  ~P CP MAS spectra [628]. 
3~p CP/MAS and crystal structure determination are reported [\~r a series of 
Au{ PPhO( Y ) compounds ( Y = NO,. MeCO,, SCN. CH.e. CN. CI, Br. I ) [629]. The 
synthesis. IR and Ramal~ studies are ,'eported for AuX(PEL~) ( X = Cl. B. CN, SCN ) 
[630]. AuCi(Me2S) readily displaces Me~S and coordinates aith diphenytphosphino 
acetic and benzoic amide. Tristdiphenylphosphh~oalkylamino)amine. bis(diphenyI- 
phosphino aikylamido)methylamine to give compounds A~'( L)CI where P-bonding 
to the metal is observed {6311. DisplacemeI~.t of M:-:S by P(2,4.6-(OMe))C,,Ha}~ 
occurs yielding complexes ;,f',he formula AuX( L)3. wlv~ch are showm b? ~P NMR 
to ~urn. in solution, to the corresponding [Au( L)2]- complexes [632]. A series of 
Au( PPh~),,CI (i:= 1 4} are obtained in solution as 3~p NMR meas~!rcments rcveai. 
while 5-phe~@-dibenzophosphole only forms the ones with r~ = ! and 4. The com- 
potmds undergo fast exchal~ge even at t83 K and when a mixture of [igands is used. 
3~p NMR identifies mixed-ligal~d species [633]. A variety of complexes is ob!ained 
by the reaction of PMezltexyl and PPh2Bt~" with (NEIa)(Av-Br2) in CDCi~ depending 
on the reactant ralio and these are Au{t_.)Br. Au(L)zBr. [A~l(k)~Br ,rod 
[Au(LI4tBr while with RJ~CH2I~PR~ (R,R'=Me, Ph) (Augr),(l~ L). Au([.}Br 
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and [AuBr(!t-L)]2 are obtained [634]. P(CH,OH)s reacts with Au(cyclooctene)CI 
to form Au{P(CH2OH)3}C1 which further reacts with nucleosides (L =guanosine, 
adenosine, cytidine) in DMSO bm only ill the presence of AgNO~ forming 
[Au(L){P(CH2OH),~}][NOI] as IR and ~H NMR studies confirmed [635 I. Both 
LMCT and MLCT bands were observed in tile UV--Vis and MCD spectra of 
AuX(PRI) complexes (X=C1, Br. R=Me,  E t ) i n  acetonitrile solute_on [636]. 
Analogous study and band assignement was carried out on AuX ;- and Au(PEtl)2 ~ 
complexes as well. 

Several biphosphines e .g .  Ph2P(CH2),,PPh_, 07=l 4), PhzPCH=CHPPh2, 
Ph2PCH~CH2PEt 2, Et2PCHzCHzPEta. form [(AuX),4it-Ll] which are capable of 
further reacting with L [637]. It is observed that 5- and 6-membered rings are stable 
while ligands that would form 4- or 7-membered rings upon chelation yield annular 
or polymeric species [638]. The crystal structure of cis- and tra~s-bis(diphenylphos- 
phino)ethylene were compared with the ones adopted in the corresponding 
[(AuCt L,(II-L)] complexes~ and discussed in view of the complex ~'~VAu M6ssbauer 
spectra. The traf~s- ligand also prodvced Au(L}CI which is presumably polymeric 
with a AuPaCI environmep, t. A close contact ofAu-..Au 3.05( 1 / ~x, has been observed 
for [(AuC1)2(/t c/s-L)] [639]. The isomerization of cis- to /rans-bis(diphenyt- 
phosphino)ethytenedigold dihalides has been achieved photochemicalty and 
followed by 31p NMR measurements [640]. [Au2(dppm)2[[BHlCN]2 with 
Na[ formed [Au2(dppm)a( It- I )][BHICN ] which, upon recrystallizalion 
decomposes to [Auz(dppm)2][Au(CN L,] and treated with Nadtc yields 
[Au2(dppm)2(/i itc)][BH3CN ] [641 ]. Bis-diphenyIphosphinomethane and ItAuCI4 
in EtOH gives an equilibrium mixture of (Au('l)z(dppi~l), [AuCl(dppm)]2 and 
[Au3Ct,(dppm)2]Cl in fast exchange, l)ster between the two termina! compounds 
than between the last two ones as 3tp NMR studies indicate. The solid state 
luminescence of the last complex is attributed to the presence of short Au...Au 
interactions on lhe basis of its crystal structure determination [642]. The ~"VAu 
M6ssbauer spectrum of the bis(diphenyipho~;phino)amh'~e complex [(AuCI }2(t~ L}] 
has been obtained at liquid helium temperature [265]. The bis(diphenylphosphinof 
methanido complex of gold is dimeric aud upon reaction with Me| in MeOH yields 
(AuL)2(tt It while reaction with BrCH2COPh leads to the lbrmation cff 
[Au(dppm)Br]2 [643]. Diphenylphosphinodiphenylaminomethane reacts with either 
Au(PPhaICI or with & s'itu reduced A u C I  to all\~rd Au(L)eCt. dissociating in 
acetonitrile as variable temperature -~P NMR reveals. Its solid-state structure reveals 
a T-shaped AuP~,Ct environment [644]. Successive additions of equivalem moles of 
Au(M%S)CI to bis(diphenylphosphhlomethyl)phenylarsine aflbrded complexes 
AueCI,(t~ L), self-associating even in solution at low temperatures and 
Au:~CI.~(~ Lt with a bent A% chain, ~ hile N H.,PF~, addition to the former afforded 
the tetramer [AuqCl2(l,* L}-'I[PF~,]2 [645], 

Analysis of the ~It~ 11t-I{ spectra of mixtures [NEta][AuBre] and PPhMe2 or 
PB'{ in CD2C1 a has been used to verify the presence of species with varying molecular- 
ity in solution as well as to determine their exchange kinetic parameters [646]. 

Tl~e complexes [AuXP{trimethoxyphenyl],~} {X--CI, Br, I) were prepared b ,  
reaction of the phosphine with [AuX(MeaS)] or [AuX2]-. "lhe complexes were 
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characterized by far-IR and 3tp NMR spectroscopy in MeCN. Unlike the corre- 
sponding PPh3 complexes there is no evidence of ~Ja~e spin-spin splitting in the 
3~p CP-MAS spectra. Addition of a further equivalem of phosphine results in the 
formation of [Au(L),] + [647]. 

The polymeric complex [AuCl(dppf )], is based on irigo.,~al P2AuCI linkages and 
has been structurally characterized in. both potar and apo!ar pseudo°polymorphic 
forms [648]. The ligand t , l ' - b i s ( d i p ~ e n y l p h o s p h i n o ) o c t a m e t b y i f e r r o c e n e  is found 
to be cheiating in the above complex and bridging in (AuC1)a(/~-L) and 
{Au(C~,Fs)}2(I~ L) to which the corresponding chloro.- compound is readily trans- 
formed [649]. 

i,3,5-triaza-7-phosphaadamantane forms both Au(L)CI in CHCI~ and 
(L. HCI )AuCi in MeOH/MeCN, which is deprotonated at pH = 4.5. The protonated 
ligand gives rise to longer Au...Au interactions consequently altering the Iumines- 
cence properlies of the complex [650]. Studies on Au(L)X ( X = B r d t  and 
[Au(LH )I ][Aui2] reveal that the latter compound possesses multiple emitting states 
[651 ]. CO interac~iot: with AuX(PPh3) ted to the formation of 
Au{ PPh3/CO'X- ( X = NO3, CLO4, BF4, OAc). which upon hydrolysis or treat- 
meqt with proton donors lead to Au~(PPh3)sX 3 through "'AnHPPh3". The nitrate 
in CH2C1, gave Au(PPh3)(CNO) and the cluster Au~ ~( PPh3)s(CNO)~ [652]. 

Phosphonite and phosphinite derivatized calixresorcinarenes LfO,PPh}a and 
L(OPPh.,) 8, respectively, readily react with AuCi(SMe_,) in CHeCIe to form "'gold 
rimmed" calixarenes where the AuC1 units are in fast exchange as tile single line 
phosphorous NMR spectra reveal, although in the solid state the phosphonitocalixar- 
ene appear,~: with a AuCI unit folded toward, its center [653]. The cluster 
Ausd PPh.0~2C!a is soluble in pyridine and dich~oromethane but rapidly decomposes 
in solution. [t was found that Ph,PC,,H4SO:Na exchanges with PPh 3 ~o alt)~rd 
Auss(L)~eCl(,, completely dissociating in water to afford Na:,[Auss(Lh.,] [654]. 

3.1.3. Mircellam:,ous 

The complexes [Cu3{ LIe( MeCN ),(:~ X )2][C~O~] were prepa,'ed by the reaction of 
CuX (X=Ct,  !) with bis(diphenylphosphinomethyllpheny!phosphine in MeOH 
followed by recrystallization from MeCN. "['he chlorine-containing cation consists 
of three non-interacting copper( i ) ions bridged by two chloride ions on t!:e same 
side and by two triphosphine ligands. Both complexes display room-temperature 
photoluminescence [655]. 

Reaction of CuX and pyrkline with two equivalents of PPh3 i:~ acctoni~r~ie 
produced C'uX(py)(PPil 3), where rather short ~ u -X and rather long Cu N distances 
were observed [656]. With stoichiometric quantities [Cu{:e X ~{py)(PPh3)]_~ were 
obtained. Analogous compounds were obtai~ted with 4-eyanopyridine and as crystal 
structure determinations show only pyridine ~itrogen is hwotved in the coordination 
[657]. The corresponding bipyridine complexes were s!udied by crystal structure 
determination a:td 3~,p CP MAS measureme!v_s revealing, ii~ the case of the chloride, 
inequivalent phosphorous atoms [6581. The N MR measurements discriminated 
between the ydlow and the orange form of CuCl(PPh3)(bpy). ~he yeiiow one bei~g 
conclusively attributed to the eclipsed conformatim~ around ~he Cu- P bo,qd [659]. 
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In the same manner, lhe two pseudosymmetrically related molecules of" 
[Cu(4-Mepy)(PPh~)Cl]2 were identified [660]. The reaclion of CuX With 
PPh2(o-tolyl) or PPh3 in the p~esenee of either 4-cyanopyridh~e or piperidine in 
reituxing acetonitriie produced compounds of the stoicheiometry 
[Cu( et-X )(Phosphine) ( L)]2 [661 ]. Analogous reaction produced 
[Cue{ MeCN)2 { PPh,(O-|olyl )} 2(1 l- Br)2].2MeCN the structure of which has been 
determined [662]. 

Several ionic species exchange their anions with 
[Cu2(~.,a'-bis{bis[2-(diphe~ylarsi_no)ethy!]aminolcthanel][C10,d to form Cue(L)X2 
(X=CL BHa)o [Cu2(L}X][C104] ( X = N >  NCS), while adducts of the ~,\~rmula 
[Cu2(L)(Y }2][C104]2 are obtained with Y = carbon disulfide, thimea, triphenylphos- 
phine, triphenylarsine and imidazole [663]. The crystal structure of 
AgX{py)(PPh3) is finally determined as dhneric [6641 with bridging halogen atoms 
although in pyridine solution tb, e existence of monomeric AgX(PylatPPh~) is pos- 
tulated [665]. 

The complex Rh~(CO)zCi2~,~ Lie (L=bis((diphcnylphosphinolmethyl)phenylar- 
sine) reacts with AgC! in CHzCI_, to give RheAg(CO)_,( !3( Ft k)2 with silver bonded 
to the two arsenic atoms of the metalfmaerocyc!c [666]. Depending on the crystalliza- 
tion conditions two crysta! forms of AuCI(AsPPh3) are obtai~_ed which differ in the 
phenyl group torsion angles and the corresponding region of the Raman spectra 
[667!. 

3.2. (bmph'xe.~ with grozq; 10 aml 17 l(v, amZ~ 

3.2. I. Oxyg,',,~ a~M hah,getl li~amts 
Cuprous hatides in the presence of ascorLic acid "ppear to catalyze effective!y 

epoxidation of trans-stilbene without concomitant lkwmalion of benzaklchyde [668]. 
AgB(OTeFs)a produced by additio..'l of B{f)TcFs),~ to AgOTeF5 in 
1A,2-trichlorotrifluoroethane, reveals bonding of silver to three anions involving 
three Ag-O in the range 2.500(5} 2.756(5t,& and six Ag F between 2.644151 
and 3.0t 7( 5 ) A. Mesitylene, Ct-| 2CI 2 and CH2CJCH,CI form the 
[Ag(solvent).,][B(OTeFsIa] [669]. Dissolving AgOTeFs in t,2,3-trichloropropane 
yields infinite chains of tAg( L)(OTeF5)]~ with silver mono-coordimttcd to a chlorine 
of one,;md bidentate to the other figand with a central Ag202 core [670]. 

3.2.2. Sul jhr aml  l',e&*gv*l li~zamts 

3.2.2.1. Colqmr complcxe.~. The calculated heals of solution of cuprus hatidcs in 
tetrathiophene ere found to decrease from chlorine to iodine and are consistently 
higher than the corresponding silver one~. ranging between - 279. I. - 266.Z -- 233.7 
and --217.4 kJ too|- L respectively [671], Cuprus halides reac', with tetrakis{ethyl- 
thio)tetrathiafuivalene to form one- and two-dimensional polymeric complexes of 
the formula [(CLIBt')2 ( L)] and [{CuCI )at L)I respectively [4191. 

N-methylimidazotinc'-2qhione reduces Cu(l l )  sails in ethanol to produce both 
mixed valence colnpounds, i.e. [Cu~0Cu~( L)t2( H20)4][ Y ]2 with Y = MeCO2, OH, 
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CIO4, PG>, [Cuz(L)2CI3] and [Cuz(L)4Cl2] [672]. The bulky 3-(triorganosityl) and 
3,6-bis(triorgano~i!yi)pyridine-2-thione form monomcric CuL2C1 products [375] as 
does the saturated seven-membered thiocaprelactam with CuI [6731. The reactio~ 
of CuXz with 1,3-dithiacyctohexane-2-thione yielded the mixed-vaIence 
Cu3CI4(L)2(f~-L)2 where the two bridging ligands connect menovalent and divalent 
copper atoms, while Cuz(L)_~Br2 and ICuz(L)Bra],, were also obtained [674]. In 20% 
aqueous HCI, 6-mercaptopurine is protonated and the reaction product with CuC1 
is Cu2(p-C1)CI(LH)_, [675] with protonatien occurring at N(I)  and N(9). 
4,5,6,7-tetrathiocino [ 1,2-b:3.4-b'] diimidazolyl-l.3.8, t 0-tetraethyl-2.9-dithione forms 
in THF or acetone complexes of tile formula Cu( L)X upon reaction with CuX2: 
the same products are obtained by reduction of the Cu(It) analogs and are shown 
to possess a CuS2X environment [676]. 1.3-dithiolane-2-thione in refluxing THF 
reduces CuXz to either [CuX(L)],, or [Cu2(LICL~], where polymeric chains with 
CuClaS or CuCI3S local environments are present bridged by thione sutfur atoms 
[677]. Ethyl, phenyl and benzyl substituted 2-propenoylthiureas form complexes of 
the type Cu( L)2CI for x~.hich the phenyl substituted compound is structurally charac- 
terized [678]. CuL2Ct is also formed by methytpyruvate thiosemicarbazone and 
further reacts with PPh 3 to form CuL2(PPh3)C1 [679 t. N-benzoyi-N'-propylthiurea 
is used as a model fo" the surface binding function of xeroge! and in this respect 
the structure of its copper complexes is interesting. The structure of Cu(L)2Ct is 
composed of monomeric units with trigonal copper environment [680]. 

Relatively stable mixed valence clusters were obtained upon reaction of D.-penicil- 
lamine with Cu(2 +) salts in the presence of chlorides. The solid product of stoichi- 
ometry NadCu~Cu[~ (LhzCI]" 56H20 was studied by TG and DSC. The monovalent 
copper atoms are supposed to exist in a CuS2CI environment [681]. 

A series of Co dithiocarbamates reacted with CuI in ace~onitrite to produce 
polymeric species where Cu2(t,'-112 bridges are loomed between adjacent Cofdtc)~ 
units. The copper environmem consis:s of two S and two I atoms [682]. Similar 
reactions ia MeCN.CH2CI2 gi~e rise to 2[Co(&cL~] 5Cul with Cuj~ bridging units 
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and [Co(dtcl3]" 3CuBr.McCN with Cu3Br3 otigomers. XXVlI| [683]. Reactions of 
diphenyl-, dibenzyl-, diethoxy- and methylphenyi cobalt dithioearbamates are unsuc- 
cessful with either CuBr or Cul and polymeric products with the stoicheiometry 
Co(dEt2tcl3[CuBr]2"2MeCN and Co(d~u2tC)3[Cui]3 are obtained [684~. 
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Depending on the nature of the dithiocarbamate substitucnt, analogous reactions 
with Cr(dtc~,~ p~oduce either I:2 or 1:3 Cr:Cu compounds or no reaction product 
at all [685]. The structures of N,N'-diphenyldithiomalonamide complexes of the 
formula [Cu(L~2]X (X=CL Br, 1) were determined and correlated with their ~H 
NMR spectra obtained in DMSO [686]. 

A review of the reaction of tetrathiomolubdate and Ietrathiowolframate with 
cuprus halides in ratios varying between l:1 and 1:6 as well as the corresponding 
reactions with MoOSe- and M o O z S  ~ - a r e  desc;ibed and several new s{ruct~res 
sovled [6fg7]. The solid-state reaction of MoO2S~- with CnI and NEtaBr l;ollowed 
by successive extractions of the product with CH,CI2 and Pr*OH yielded 
[NEt4],,[Cue, MoeS~,O2Br+l.2t in the form of two nest-shaped fra~mnents connected 
through a CuI2Cu bridge [688]. 

Reaction of CuCI with tetrathiowolframate produce variot,s products of the 
general formula [Cu,,CI,WS4] (n=2. 2.L 3) dependiqg upon the reaction time and 
evaporation procedure applied. Cyclic voltametric studies in DMF reveal that the 
coordination of CuCt protects the WS4 core fi'om reduction [689]. Upon standing 
in acetonitrite [{CuCt)yWSa] 4- was isolated and structurally characterized [690]. 
Addition of N HaSCN to [ WS4(CuC! ).sCle] a- yielded { WSa(CuNCS )4] 2- while with 
three equivalents of triphenylphosphine [WSa {Cu(PPh3)}3Ci( MeCN )] was obtained 
[691]. Analogous reactions with M o S  4 lead to the isolation of (CuL),MoSa (n = 1, 
2 or 3) where L=CL Br and SPh or CN. The Ramaa bands attributed to the Mo S 
and Cu-S bonds are reported at 80 K and provide il~dications about the stoichiome- 
try and structu'.'e of the product studied [692]. Reaction ip. a 1:3 ratio afforded 
[MoSa(CuC1}(.Ct3] 5- with MoS4 encapsulated within a distorted octahedron of 
copper atoms, of which half are trigonal and hatd in a tetrahedrat environment 
[693]. Reaction with five-fold excess of CuC! in refluxing CHeCI: leads to i\)rma!ion 
of [MSaCuaCI4] -'~ {M =Mo. W}. There are differer~ces in the structure of the 
obtained complexes, which are related to the various cotmterions used [694]. The 
reaction of [NHa]WS.~ with CuX ( X = Br, f ) and a corresponding tetraalkyl halide 
in the solid stale yielded [N R414[ WSaCusX-] the structure of which was observed to 
be an open ct, bane-like one. while treatment wi& pyridi~ae in acetonitrile yielded 
polymeric [WSaCuja(py)a],, [6")5]. Addition oI CuCl to (CuCI)~Rh{Cp} 
P(OEt)3}(tt WS4) produced (C'uC] }2{( 1~ WSa)(Ct,~v , }(RhtCp}Pt()E~.~){. where two 
trigonai and two tetrahedrat copper centers arc encomm:red. Treatment of the 
product with moist CtleCia yieided a product with the stoicheiometr3 
[{RhCpP(OEt3)}(F~ WOS_O(CuC1)Cu]2(t,~ CI)a and a dnqnatically differem struc- 
ture, which treated with HaS aforded the initial compound [696]. 

The macrocyc!e produced fi'om the 2 + 2 condensation of 3.7-dithia~onane- 1.9-diot 
and 3.6-dicl~.lorowrflnidazhle in Et()H forms [Cu(L)CI L, ~hich is shown to possess 
Cu2Cle cores and tetrahedraHy cooldflw, ted c~;ppcr atoms [499]. 

3.2,2.2. Silver amtgokt ctmlph':ves. Polythiaether [9]aneS3 forms Ag(L)X com- 
plexes in which silver is ill a tetrahedral AgS-X environment and the ligands are 
bridging [444]. Silver halides dissolved in THT form [AgX(THT) h as inferred by 
large-angle X-ray scattering measurements [424]. q'he crystal structure ~f 
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[Aui(THT)]:~_ is reported at 200 K. Infix:ire Au chains are o~ serve~ with alternate 
AuS: and Aule enviro:~ments [697]. 

Reaction of AuCHCO) with thiols RSH (R = Bu', 2,6-Me:C<jI> C~>Fs) produced 
thiolates Au(SR) whi~e reaction wid: [Na( i A,7, i 0.13-pe:-::aoxa- 
cyclopentadecane)][SBu '] yielded among others [(AuCI )3DBn'] :  its crystal structure 
revealed three AuC1 groups coordinated to the Bu'S- giving rise to a tetrahedral 
sulfur [698]. Several heterocydic thioamldes fort:: complexes [AaX(L)] (X =C,,F:,, 
C1) while, upon deprotonation neutra! [Au~{t, L}2] whir both S and N donas.ion to 
the metal are obtained [4621. EIectrogenerated AuCI~ a{ pH = 1.67 (in HNO~) reacts 
with cysteinato and penicilaminmo ions formir~g complexes easier to oxidize than 
Au(PR3)C1 but more difficult than Au(PR~ }~ [699 t. Linear AuSCt enviro::mem is 
present in the reduction product of [AuCia] by dicyc|ohe×ylphosphinyi-N-:neth3]- 
tbiotbrmamide in thiodigtycol [70{) t. Monomeric compounds of the forrn:,'I.~ 
Au(L)C} are derived from the reaction of S--C(H)NMe2,  S=C( ( ' I )NMe> 
S- 'C(Ph)SMe and dithiazolidh:e-2-thione with AuC! in THF at r.t. The lalter 
reveals a crystal structure with antiparalM pairs and Au.. .Au 3.366 ;;: [70t]. The 
thioether is readity displaced from AuCI(SM%) by py:idine-2- or 44hione in THF 
resulting in the formation of AuC!(thione) complexes. The corresponding d~ionato 
complexes are presumably dimeric for pyridine-2-thione and po!3meric lbr its 
&counterpart [702]. 

Dime:hyldithiocarbamale S-methylester is found ~:o form Aa{ L}X (X =Ci, Br} 
and[Au(k)(PPh?,)j(NO.,,) in e~hano! while tl:e corresponding O-eft@ monothic¢'ar- 
bamate forms IAu(LI,I~CI [703]. Ligand exchange is confirmed i,,: solutio:: i\~r 
AuCl(l,4.7-trithiacvctononane) while its structure re~eais Au..-Au contacts of 
3.3095(4) A forming an inf;mite array of A~ :~:oms [7041 

3.2.3. Mi:<~'el!am',u.~ 
Reaction of [!8laneS,, and AgBF4 in MeNO:-CHCI,~ in :he presence of three-lbtd 

excess of iodine produced [',Ag(L)', 1,1,, while from EtOH lAg( L}t[ ~ was obtained 
[705]. Silver has bee',: found to coordinate to d:e O a~d file gr atom of >-bron~ 
ketones in a chdale-likc manner and to :t~e pi-sy~,ems of phenyi rings. ~I-I and :-~C 
NMR measurements of ti~c complexes and of :he pure ligand~ h: sol:~.io~.~ supp~rt 
the results of :he X-rat struc:m-e determinations [7()e,}. 

3.3, C<m:l~h'><,' ;;'ich ~,ro'q, i5  amq 16 li.e~*;*d, 

3.,~. l. P~'ilro~cp'~ ¢~11<I o.x?¢:c*:' J,,>m~r,~ 

3.3. I.I. ('opp<'r c,mU~lew,s. Reactio:~_ of several substituted pyrazines with 
Cti{CF3SO3) 2 i1~ MeOH atk>rded Cu{Lle(CF~SO.;} ~q:ere dis~or*ed :drahedrai 
CuN~O en~Lonn:ent is presem [707 i while :~id~ 2.5-dimethy!pyrazine, 
poly-[Cu(,~ L~(L){CF_~SO.,}] ~ ; s  obtained [708]. 

Reaction of several 1.2-diones with metallic copper Ln the presence of rAu'oge): 
ba>es yielded semidione complexes wl:ict:, upor~ reacdo~ with copper !eact to q:e 
formation of bi,~uciear l~ enediolato complexes wid: ~hree-coordh:ate meta: curriers 
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in CuN20 envirom~ems {709 t. Reversibie oxidation and reduction ofcomplex occurs 
in welt-defined steps. Substitmion of O by S leads {o more negative firs~ reducQon 
poten'da.i and occurrence of the second step quite dose to the lirs~ one [7~0]. 

IR studies revealed that the perchtorate iota is present in vario~.-s coordination 
modes in polypyridine comp!exes, nameiy noncoordina~ing in [Cu.{l.2- 
bis [6-[2-( 6-medayto2-pyridyl }eti~yi } 2-pyridyl }ethane}i[CiO4}, monodemate in 
[Ca {2,6-bis[2-(6~methyl-2pyridyt )ethyt ] pyridine i (OCIO3t and bidentate in 
[Cull.2-bis(6-me~.hyl-2pyridy~ )ethane l(O2CIO,~ [7ii  }. 

2. i j-beazothiadiazole forms lwo-dimensional [Cuo~L)~,] ~'' dusters in 
{[CuSL}gC!O4)}[CK)~,].2THF{. three-dimensional ones in [Cu{L)(HPOsF)] wi~h 
i~:*.erc,mneefing anio~s. {Cu(I_.)INOs~i where a Cu~ chair is %rmed and !ayered 
overall sm.~cmre is present, while 5.6-benzops,;,ddh~e gi~c, i('t@.:{(/e}-gZ~ 
(MeaCO)][C!O41 } in the presence of ethylene [712}. 

Pheaazit~e added to [Cu{ MeCN }4][PF~,] in methanol !o give 
[(~a.,{ L)3( MeOH )2] I... [PF~,] 2 in the form of infinite stacks of alternate tigat~d and 
cationic unit. which form a donor-acceplor complex as judged by the observed CT 
bar.d, tn-situ reduction of Cu{C1Oa}, in MeOH,Me2CO gives infinite chains of 
[C~,I !::~.HaO)][CIOa I whiie with Cu{NOsh ~he compound Cu(L)2(OeNO) is 
ot~ta}n~d [7t3i. Poiymeric nitrate is obtained by the in situ reduction of CutNO)}_, 
¢,.>,h copper i:~ ace~.one and in Me2COC{,H~,,[Cu(MeCN,~a][PF,~] yielded 
{Cu~ [ ~( PFS~ ~},~ ui lh  g~,idging anions [714}. 

(.,vL.:hexyfcyaaamide reacted wilb {Cu<3.5-Me:pz}i,, in ace~,one lo afl\wd 
~C~.,(3. ;-M%pz~4L}}2 which further reacted with OCS. SCNPh. OCNCy to give 
inse, do~ pro, due> [7 ! ~]. The complex of 3.5-dimethytpyrazolate in pyridine appears 
Re b ,~ in equ{U~ ~-mm between the hsrms [Cu{L)epy~,] and [Cu:,tL},,t'py which is 
shiigcd [,v te.:~perature [716]. Thiochrome forms a polymerk: compound with copper 
~erchto~~, z a~d~ a stair-type chain wilh Cu-..Cu 2.476{3} A ;,~hite in solution the 
p;"eva~li~g sp~>-;es ;s a lo~a weigh~ dimer complex [7t7[. 

~ c  compiex }_Ca( 2-thienoyhrifluoroaceton.:}( ~., 4.4'-bpy)~ presems a chain ~\m~a- 
~io~ co~;firmed by tR and [CAB MS measurements [718t. Condensafiot~ of 
2,5-diforn~?Vur~m and 3-oxapentame-l.8-diamh~e produce a Schiff base which in 
MeCN MeOH ~ives [Cu2tLg[CIO~I 2 and [Cu:tL}IMeCN~ellBPh~] e v.fih local 
Ct~ N2([) - ':'..-'~ ;>mne.,ats [ ! 25 ]. 

Ma.~; ,~ :y,  . :  iigands such as ~ .7.I t. i 7qctraazacycloeieosar~c-4. ', 4-dio[ c,oordinate 
~; m.' ova<e:,', copper and ~.he [Cue{L}~-[C1Oa[z complex revea!ed a considerable 
str), ;% w{ii~ ic:spect ~o its oxidation, especially in acetonitrile which :','us achieved 
in ;w~, sleia.~, the intermediate product beh~g identified and a mixed-valence compiex 
[7~,~.~! ?:\ .~mmetric macrocycies prode~ced by condensation of 2,6-diI\grmyi-4-methyl- 
phc,;,.,i~e wi~h mixtures oi'diami,.~es NII~iCH21,,NH ; (n ranging from 2 to 5} formed 
in me~Ea_,,oI [('%! t.,}~[CtO~}e [72{I]. 

3.2.1.2. 5i/re:" co**q,dexe.'< Tile cry:~tai si.rt,a:mre dc~,em~inatioi~ of ~-trisifver amido- 
seknate Ag~NSeO:~ reveais he!teal packing due to a Ag...O coordination between 
adja~:et~ ~nits [72I I while in tAg( NH d:]{Ag,NSeO.~l- 3 N H a  2H.<) only AgN2 envi- 
ronments are encoumered [722]. Bridging urea and NO a are fomxd m 
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[~Au~ NOel', 2{urea),,i,~ produced by boiIing AgNO~. and ~rea ia a t;2 ra~i~ in ',~aler. 
*.he IocM sitver environmen*.s being AgO~ and AgO~N [723~. 

i.4.7-Tri-isopropyi- l A.7-triazacyc~o.,~omme formed [Cu( MeCN }~ L}I~PF~, I in i",H F 
which upon reaction vAIE NaNO2 in MEOH yielded a nitrite bridged dimer o! 11:e 
formula [{Cu( L)~ z( t~ ONO}][PF,,] which was ~,.:.udied sp-~'c~.roscopicaliy and elec~.ro- 
chemicall 3 ia order In model ana]ogot~s ni~ri~.e ~o NO con~:ersion5 in coppe>comah> 
mg enzymes [724]. Amfiogous reactions were carried o~l~. using hydridmris{t3qer~- 
butyl )pyrazo!ate~borate u!fich formed ai~h CuCI in THF ;, dimeric compk'~ wkh 
digona~ copper cen*.ers which readily uptakes NO ~o >ie~d mono.me{ic {Cut L}( NO}! 
[725]. The four-electron donor nature of 5-aza-2.g*dioxa-l-ph,~sphabicyc!o- 
[3.3,O}oc~a-2.4.6-triene is verified in {tAg( McCN !zg 2(/~ LJt[SbF~,] from which i!. is 
displaced by MECN and THF  [726t. 

RecrystaliizatJon of AgNO:., from 4°benzoblpyridme or p vridine-4-ca,*bo~itrite 
nroduces products lag{ L}:{ NO, J} which are polymeric in ~aature m~d presem sirt~o 
tares with monodeata~e mtra~.es and monodenteie and chelating nimd.es respecthely 
[727]. ( 'heIa6ng niuate and bridging !.8-naph¢byridine are presen*, in 
[Ag2(O2NO}2( it LI:] giving rise to a ~";cat AgO2N z environment. [728]. The comp!ex 
of silver perchtorate akh  diace~.ylp}ridine ~,~as ~:~.:uctmaIi? de~ermined to be of the 
amnula  [Ag{ L}e][CIO~} with a AgN.~O2 enxironrqem {72{}]. 

Polymeric I:! compounds were formed b? ~he reaction of &mtro-imkk, zole 'Mth 
either AgNO~ or AgBF, in aqueous media a.s ~~C NMR and ~R qudies re,,eak ia 
acidic media ,~eu~.ra} imk~azole Ibsen:; lag{ L}:][ Y] {Y = N¢)~. BF,~L dis~;oehai~g ig 
DMSO [730 I. Silver amine compRxes ~ith phthalic Ag! I,H N}[,)2 a~'~d trinaesic ~.cid 
[NHa][Ags{ L}2(NH.Oe(HeO)e]HeC} ha,,e been prepared. 7 hc fc~rmer is a hydrogen- 
bonded chain pol3mer ai lh  lh~ear AgNO environmeal and each phvi~ala{e oxygef~ 
bonded W scpara~:e si!~er attoms a hik: *.~e la~_tcr is a ~ao-~ime~:~iona! shee~ polymer 
[ 731 [. Amm,mium siix er bist nico~ h~a~ei hbdrate po>ses-~e, a NeO chromopbore ~ ith 
bridging ;~icolma~.e and ammonium sib:erdipicrate dih3dr:..qe p,vsen~s a N()~ inca{ 
en.'dronment >.i~h one ]igand O-monocoordinated and a{~a~l;e.~ coc,~rib~.~ting a~ bridg- 
ing oxygen atom. All *.he abo~e complexes are prepared by rcac~_ing *he ~eutra~ 
ligands "c, kZ AgNO, in aqueo~> a=:anonia {359 i, ~ndcr  shmhar c<mdi~,k~.~>;, c~tec,a-. 
~pFridiFa>3-carboxyiato-(O.O'}Sill.,¢'~ "', i~, pr<~duccd v~hicb pex,e~ses a ~l=gor~a~ NOe 
chromophore with each 'at~,n.~ orig:naling frv,m a difl\:~em !iga~d. 

Polydematc ,'~'-[;~-{5.methylIhic:'ulide~e>~-mctMor@}kislaminc with activated 
acid function t2~rms {lAg( g)][('} ~ /c-O~]l, ir~ MeOH as a chira~ pcqymer where >~,o 
uitrogep~ and ~wo sulfur a~.oms [?.~.{~ ~.}'~ree ligands ~re c!,:,~sc ;o o;~e ~.ilver and a weak 
Ag-.-(:) interaction at 2.5{~8{4)A s also de~ec:ed [7321. 

A sandwich-like conforma~io, and a AgNz()~ e~wircm,,mem is ob>er~.cd i~ 
bis{ i.9. i2.15-~ctraoxa..3.7.o,;~krik>'.O, t3.~64ribc',~;~o@,.epv,~dvca-3,5-d~e~e* si~er 
hiltate prefmred h~ Meg)f{ [73~,~. (k:mdcn:.;~io~ of 2.6-diaceWlpyridi~e wkh 
3.6.9-trithiaundecaneq.~ [-diamin~" fom~s a c?clic Scbiff b>~se which coordma;tes ~o 
AgCiOa *.0 ibm? a cationic complex m~{~ wEere mer~riaza and ik~c-Iriangk~k~r ::l.:tY~r 
moieties bind to silver [734]. 

Co~densa~ion of Tri,~fpropyhm~im:~amin~: and i 4-dibe,~zaideh}de i~ a 2:3 ratio 
in "he prese~ce of AgNO:~ in Meg)ft. ~_rea~ed ~,,ith NaCK)~ rc.~ti~ed in t}~e ~\*rlrmiio!l 
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of a mixed valence cryptate of H~e {brmu}a [Ag"Agm(O)L][CIO4] wi~h Ag ~ in a N4 
and Ag ~* in a N20 environment respectively [735,1. The SchiP{ base produced by the 
condensation of 2.5-difo~qnyIft~ra~ and 3-oxapen[ane-I,8-diamine reacted in 
MeCN/MeOH to give [Age{ HxO)z(L)~(CtO4)z with a ~ocat AgNaOz environmer~t 
[t26]. The formation of AgL + wi~.h cryp~and 4,7.t 3.26-tetraoxa- 
1,10-diazabicyclo[g.g.2~eicosa~e is reported on a variety of solvents includhtg aceto- 
nitrile, methanol, water and py)'idi~e [v ,6 j. 

..Z_~.t. Owner conv~/e.ves. The 2-methvMuinolh>g-olate reaction wi[h CuC; in 
THF disproportionates 1o melaltie copper and CuL: but the presence ofp-tolylisonit- 
rile s~.abiJizes ti~e po!ymeric [Cu(L}~CN(p-tot)IH]~ and CO the tetrameric 
[Cn(L)(CO}].a which easily substitutes CO with phosphorous bases forming 
Ct~( L)( PPh3}: and Cu(L)(dppc) [737]. 

Cu(nS.Cp)(PM%}2 reacts with substituted acetylaeetones to give 
[Culacae)(PM%),],, the crys~.a~ structure of ~.be tiii compound is reported [738!. 
Severn! Cu{diketonate)( PRO,, with PMe~. PEt> acac. ffac. hfac have been studied. 
An in{eres6ng reactio~ is the one of Cu(hf~c)(PMe~)z wi@. excess PMes. which 
leads to fbrmation of jCu(PMes)4l[t~'ac i j739]. Vapor pressure measuremems are 
reported for Cuf PMeOali6-dicetonate) (n = t, 2 for acac. tfac. hfac: n = ! for dpm) 
[740]. Analogous compounds are realized R}r P( Bu=).~. PPh3 and PCy¢ ~_he structures 
*'or some of the [rk:yck,hexylphosphine complexes are reported [741] aiong ~ith -m 
3~p NMR study. 

Reaction of  (/u(NOde x',id~ PPh~ h~ refiuxing ethimol produced 
C:u{ PPh~LJONO,) [Cu (} ... . . . . .  4 t A] whte ('t~( PPh,~ (P,H,) m d~e prcse;~ce of 
flCIO4 reac~.s with PPh~ ~o gi~.e C'u(PPh>)z(OaCIO 2) [Cu O=2.26(5~A] [7421, 
Anio~ co,grdh~adon was also observed for the perchlora~e complexes of 
[M( PReR3s]X. where M =Cu, Ag or Au a_qd R.R'--pbenyl. cyctohexyl, cyctopentyI 
and cycloheptyl and for the corrcspm~ding ~etrM~uoroborates of PPheCy and 
PPhzCdq~ ~ [743;. 

The complexes [(Rd~),Cu{[p [-t],,~ (R =Ph. Cy: L::cy;u>mcetalc). ha~c been 
symhes}zed The firsl complex is a dimer, bo~h in so~mioh a)~d ir~ ~l~e solid state. 
wiff) bo)tdi~,g fiwough both the carboxy~ale Ftmctionatity a~_d the N. while the second 
is monomeric wifl~, ntonoden~ate carboxy!a~e. Both compfexes readily tmdergo revers° 
ible decarboxytaiion-carboxylatior~ [744]. Depending o~ the concentra:Aor= and lem- 
pera'4.'re of the solmion, and the react:4nt molar ratio the reaction of copper{ |t ) 
ace{ate with tripheaytphospifia~c in efl~anoi produced {('u~{ PPhg,,( MEG()2} }. [('u~ '~ 
(PPh>AJ MeCO;}.,} and the mL~,ed valence [Cu.d PPhO4( McCO.),,! which we{e sL, ov, n 
~o co-exis~ i~ soluti<m [745}. {Cul PPhs)=}' l~rmed on ( 'u a~.ode h~ the preset,on of 
PPha it~ a~cctcmitri!e solt[lio~/ reacts witl~ several carbr>xvlic acid a,nkms -:o iorm 
Ctal PPh ~)402CR ) where ebe}~ling or monodentate carboxyiates are pre.vant defend- 
ing on tl~eir steric imeractio)as and d~eh" donor abiliO [746]. Reaction of copper 
with di4er~-butyl-azodiforn-~ate ia the pre~ence ~d phosphines afbrds 
[Ct~2( g){PPh3}4l ". or [Cu:t L)( P PL, t '  ~;here P P i-; ~as,-dipbenytphosphinope~ta~e 
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or hexane [747] .  Diphenylphosphm¢~metharm acts as a brkige bep, veen copper atoms 
in [Co(O?CPh)(dppm)]2 and [Cn{/~- PhCO2) (dppm) l -  H : O :  in both  cases benzoate 
is exehaqged with noncoordinafing PP,, and BPha ions and completely replaced by 

: ,hrc :c semiquinom:te}{ PPh02 wid: N 3 o r  S e N  [ 7 4 8 ] .  React{on of Cu(9.10-phe,mm.. ~ - 
dibenzo~yperoxide in CH2C12 leads to formation of" phen:.mthrenequh~one 
and Ctt(l:'Ph3)2~O::CPh} where ti~e benzoate ion is ~',dep4atc. It is interesting ~<~ 
note tha~ several t. ,,r " do ~749]. O[~ ~, org~H:i2 peroxides not react 
Ca(benzene-_ ,2-d oxvace~ate)~ H,()~.. . reacts wi :h  ~bur eqm~a' 'en~.s c¢ u.'iphe~w!phos-.. 
phme to give Cu(ace{aieXPPh02 shich iopJzes in Me( 'N but l:o: in CHeCi> is 
irreversibly oxidized and reduced and in the so{id state is pol'ymeric owing 1o 
hydrogen bonding between fi~e carboxyJa~e ions [750]. Copper butyra:e reacts w£h 
dicarboxylic acids in the presence, of  uiphcny~pho:.;phine to =....¢~;,'~' 
Cu(PPh.02(dicarboxyh::e monoanion) where the fl-ee earboxqic ~*roups. = . !bn~. a.u 

, a c t  e extended h>drogen bond network. Ma:onate and succinate vndergo ¢ " CO: 
extrusion [75I]. The products with Cu(,~cac)2 give CuU}Cu(PRs}e 
(dicarboxylate monoanionl :  where for PPh3 file add is bidentate and for the bulkier 
Pcys it is monoden~ate [752]. Cvd PPhs}2~, BIG} reacts with 3.5-dinilrobezoic add  in 
T H F  to afford Ca(PPhsle{benzome) v.here monodentale anion is present [753}. 

[~t~ Sa lr tc  Cu(PPh3Ja{cyar~oacetate) in T H F  at 40 C g h ' ~  [ C u { P P b s ) : [ C O 3 } ,  Undm . . . . .  
. . ~ -." . . . .  ) " [( 'u{PPh0.jX)CO:!i )~2 conditions Cu(PPhsj4phenvhnalonaie  Lcnzv vs,,or, e~;cs 

w~th' bridging.~ carboxvh~te.  [,'~'~'>~I- 
1, l '-bis(diphenylphosphino)fcrrocene in d:e prese::ce of its oxo-anaiog {OL) iba'm 

[Cu(  L ) ( O L ) ] [ B F a ]  ""--5" . ~ ,~ { ~ -  1- [Cu(~ ONO,X L}i, reacts with carbox3h:.les to form 
Cu( L}{ !~ O~CR }{ P, -- i°Pr} or [Cu( gI( g O2('R t12 while ,:rea~mem with or~e equiva.- 
lent of dppf Rwms [C~ (L)(ONO2}. 2{ u L) and with Fadides readily disp!aces NO~ 
rosa!ring, in tl:e R~rmation of  ~u(~¢' ~-,~2(d~ ~' ' [)2 [756]. 

3.5-di-mri'-butyt-[.2-benzoquinone reacts with com:,er., h} d~e . . . . . . . . . . . . . .  vu :~  >.~ o ":ripheu3!.- 
. . . .  wm:e ,aiib two eq:dvatems ,;f copper phospbine ~o ei~e Ct~{PPhddquh~one} ~:~ 

[Cu~(MeCN)(PPh.~)~][Cu~(catecho]ateie} res:x~es with . . . . . .  ' " ' e  " v ' ~ 5  ~" '" 
giving rise :o  CuNPO enviro:m~ent {757]. ! , 6 . b i M d  phony phoq;h  m;)hcxane fo~ms 
(Tu4/e L},{,~ X}z( 'v=( ' IO.~.  bc.~h mono-and bidcma~.e. ":(~ 1,14,,,.q:m, PFd) -  
bidentale. MeCO 2. ~:*CO,. ",~]':,ie :t:e corresp*.mdiog pem:u~e .qi~es {{L~<~ L 2][CK)a ] 
[75,q. 

SiiyMxides [CaOSiR,]a react v.hh pho:q?ifil:cs to give .,I: ,:,s 
[ ( ' u ( O S i R e j (  L}]2 { L =  PPh3. r~>, " . ," ,'-'~"" ' "~ ', 
{ PPh, }2. A planar ('u4Oa core {s prcse.;~t in ~riphenyisil?io'.,ide and a C'%O:P: mw 
h~ K'u(OSiMe~Bu')tebr~s : : ' iq 'g},  [759] \ b  initio studies m lhc mser: iou reaction 
o f  ( ' ( )~ {o Cu X bo~:ds v,'cre pci!k~rmcd on the model  ,romp ~v.nds C'ui PH:d:b! and 
( 'u~ PPib} .  lJ 1 he inser~4on is computed :o be .: c~c i~ ti~c c~*~sc of c!cctroa-::ch 2~. 

"' :; " ' q-~e (.'u{ P}{~}:{,~'-C)-2CH ', and ti)e stable products are Dc(,.:.tu,s ~o be of f'ornsui4 
v'p¢ o~-I. }.,,,,'. (s('O~-:~ [ 760] and . . . .  ~ . . . .  ~,,, - . . . . . . . . .  } [ 1'6i ] r e s pec t i v e l y .  

2.3.2.Z Sih',_'r oral  ~:M,I compL,:vc,, "~P CP M A S  ~u'J:ic~ o f  lhc compouiv3s 

so!u~ion slndies and correh@ed to " ~ ° ' . ~f:kr crsMa~ :~trt~czl,,~rc daU:~ f~ r  {iv-" cor~picxe~; w i t h  
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~a=2-4 [762], A series of [Ag(phosphirie},][ClO4] and the corresponding t. ~.rafluor- 
ob*arates have been reported with phosphi~es of the formula PRa. P R , P .  PRPh2 
(R =i;,F, p-CL p-Me, p-MeOC~Ha), tR studies revealed partial anion cco ~ination, 
especially for lAg{ P(p-MeOC(,Ha)3}:(OCIO3)] [771 ]. Tricylohexytphosphir, e reacts 
in acetonitrile affording [Ag(L):(O2NO)] and [Ag(L)2(OCIO3)] respecti~c'O with 
da~, of 457 a~,~d 447 Hz, an observation accounted f'or by dimerization of the 
perchlorate in solution [7631. The crystal structure determination of 
[Ag{AstCsH4}.~I,][CIO, ] and lAg; PPhd('~.H,~ej(iO~t re~caicd weak meta!.T, cr',:h!o- 
rate ion interactions [7431. 

Ag(it;itc} produced by reacting Hhfac and Ag2C' h~ "I'HF~ is reactive towards 
dmpm forming Age( I~-dmpm)_,.( hfac L, where the daketonate anions may be regarded 
as ionic due to their loose contact with silver [764]. An unusual coordinalion 
environment which is typically described as AgPsO 2 was observed in 
Ag(ONO,){ PPhO> a by-product of the reaction of AgNO.~ and PPh3 with phenyia- 
cetylene in aqueous e~.hunol [765]. Ag(O2CNR2) formed by the reaction of Ag~O 
with secondary amines in the presence of CO,, reacted with two equivaJe:~.ts 
of PPh 3 to afford Ag(PPh3}2{OzCNR :) [766]. Reaction of bis(diphenylphos- 
phino)methane with ~wo equivalents of AgOAc to form 
~Ag:(]t-OAe-O,O'){!l OAc-O)(t~ dppmIe]'2H,O- reacting rapidly with t'~'~o more 
equivalents of dppm to yield [Ag(~z-'-OAc)(t~-dppm)]_,. 2CHCt 3. ~lp N M R studies 
~vvea! that Age{ i~-OAc ~{ ~'~ dppm} is the sole dissociation product in sotution [767]. 
An AgOe, N environment was the restdt of the reactiop of AgNO 3 and Picloram in 
aqueous ammonia, the product being [~pictoram}Ag(lqzO)12"2H~O [7681. 

Semichelate semibridging nitrate and bridging l.l'-bis(diphenylphosphino)ferro- 
cease (dppf~ are presem h: [Ag{NO3}{dppf)]a. The corresponding perchlorate 
[Ag{OCtO))(dppfl} replaces ~he pcrchlorate hm by PPI~ 3 or SPPh~ atfording 
[Ag{dppf )( L}](CIO4} whi~e with PPheMe [Ag(dppf l( t&l[C!O~] is obtained and with 
Ndentate Iigands such as phenanthroline, bipyridine, bis(diphenylphosphino)meth- 
ant disulfide or with Na(SeCNRe) ( R = M e .  Et} four-coordinate complexes 
[Ag(dppf )( L-k)] [CIO.~] and [Ag(S:CNR,)(dppt }] arc realized [769}. Reactkm with 
sodium carboxylates produces Age( HCO:t( ,~, L}~ wiih syn-!, k. two chelate bridging 
and two triply bridging and chelating L. [Agd Me('O~b{ l~ L)]: ~ith a chair cmffor.- 
|nation of four {etrahedra~ s~Iver with sy~>/~ L. two chetatc bridgiug and ~_wo triply 
bridging carboxylatcs~ lAger PhCO-)~/~ L)I witt~ j~ bm~zoates giving r~se to trigona! 
silver cm4ronmem [770]. 

Planar mer-triaza and lie'-triangular trithia moieties are observed in the coordina- 
lion sphere of silver with ~:he macrocyclic Iigand derived from the candcnsation of 
2,6-diacetylpyridh~e and 3,6,9-trihiaundecal~e-1,1!-diamine in the presence of 
AgCIO4 [7341. The stability cor~sta r~Is of silver 4~7.13-trioxa-l. ti> 
diaz~d~icyck;[8.5.5teicos:mc complexes have been caicu~atcd in a range of soivcn~s 
[77t!. 

The IR and Raman studies of Au(acaci{PPh3) are reported akmg with several 
bis{ iso'.aitrite)gold ( t } complexes 1772]. Reac~.ion of si1~er N-benzoyt-2-alaninate with 
Au(PPh~)Cf ia CHeCIz C~H~, produces Au{ PPh0 { L) where the acid ion is monoden- 
tare to the gold [773t. 
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Potassium pbenoiate reacts with (AuPR3)(BFa} in TFtF affording 
[(AuPR;t2OPhl[BFa I (R =Et .  Ph, o-toiy{) characterized by NMR measurements, 
The more sterically demanding qtfi!3olin-8-o!ate reacts with ~wo eq~.~i~aien~s of 
(AuPRs) (BFJ  yielding the dimer [(AuPPh0e(L~)][BFa] with an AuOP and an 
AuNOP environment owing to intramolecutar Aw.-O interactio,~ [774], 

Relativistic electronic structure calctflations have been carded out for ~he main= 
group element-centered octahedrai gold cluster cations ~ _., ~6A.,~ (with centra! 
a!oms X = B. C~ N a.nd L :-= PH3, PM%) as well as %r ~he corre~p,~mdip.g [bar-and 
fivecoordinat.e clemenb.cen;ercd cations [(LAu)aX,,,] w'- 2~-, and [i LAu)sX,,,] "~' " ~ '  
[7751. 

3 3.3. Nitrogot aml s*.d/}~r chmors 
Several heteroc2ciic compounds, especially thioamides, have been shown to coordi- 

nate to group l 1 metal ions in a bridging fashion. A recem review [776 t appeared 
discussing in detail the structural features of the complexes of bridging thionates, in 
which, several points concerning group I. ~h ionates are presented. 

3.3.3.1. Copper complexes. Reaeiion of melaiiic copper witla suKur in refl~xing 
p3,ridine afforded the clus!er Cu4(Ss)2py4 investigated by TGA and X-ray diffraction 
[777], The tetramcr [Cu(tri-ter/-butoxylsitaneihiolate)]~ readily reacts with Lewis 
bases to form compounds fo the formulae ~Cu( L)}2{bpy)2 or [Cu{ ~.}{phe~}] [778 I. 

Reduclion of CuCI2 with 0re equivalems of pyridh~e-2-thione in ethm~ol and 
subsequent reaction of the product Cut pytH }3CI with [Cut MeCN )a]" resulted in 
the formation of an insoluble product of' the stoieheiomciw [Cu{ pyt )],, in which the 
~.hionate ligand is probably bridging through S and N {779]. Reactior~ of 
[Cu(MeCN h][PF.,J with pyridi~e-2-lhione in acetone revealed ~.he suceessive %rma- 
fion of several species in solutior~, whi}e over a period of o~ic month crystab.; of ~he 
corresponding hexameric thiola,,e emerged [780]. Similar reacIivi~y was observed li~r 
quinotine-2-thione in THF [781]. Partia} deprolop, alio~ of dim:a- and 
oxalhiazoiine-2.4-diones and di{hiones occurs upon reacth)n with copper saIts ~o 
produce N,S or N.O bridging ligands. XPES core line bi~ding energy shifts for a 
series of fimse complexes was correiated io CNDO derb, ed a~omic charges [782]. 
Efecn'ochemic-at deposition of 4.(>dimethy!pyrimk~i~e-2-lhione t L.H ). on copper 
anode in acetonitri~e affords {he hexamer [Cu j  Lk] '  H,O >hich upon reaction wi~h 
1.5 equivalent of Oiphosphines forms [Cui[.~(dppm}] and Cug Lh(dpFe)~. respec- 
tively. The ~H, t"C and "q:' NMR da~a are reported ;rod the structure of the initial 
c!uster presemed {783]. fhc  compound {<vc!,-{bis-g,(n2-SonLN-Lb 
bis-lqO?-S.;?-N-IACua~ ,toluene] was oblai~ed e{ecirochcmicaiiy using a copper 
anode ap, d thia~'otidine-2-thione solution in toh~ene ~784]. hnidazotine-2-thio~e 
reacis with CuSCN in MeCN 'EtOlt  t<.~ give Cut Liz( N('S} [785]. N<nethyl-imkh~zo- 
line-Z41fione soiutiorls fom~ dectrochemically, on a copper anode. [Cu( k)]a with a 
slightty ftat',ened Cua tetrahedrai core [7861. The reductio~ of CuCI2 with 
a-ammo-3-me{hy!-l,2.4-A:'-trLazoli~e-5-thio_ne i~_ water al d~fi~are~ pH valses pro- 
d~eed sc:;erat mixed vale~ce copper complexes where bo~h amb:,o and azo- nitrogen 
atoms coordinate to copper [461 ], I]~ an am~k',gous reaction, its ~.4-dibydro- eour!~¢r- 
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part formed initially {CuzCia( L)},-nGzO which was readily reduced by copper to 
yield the mixed valence (Cu~SCu~C15(OH~,)( L)zl," 2nH20 [787]. 

Copper are, nes react with CS2 il~ the presence of diimmes to aflbrd 
Cu(dithioarene)ldiimine) compounds, the corresponding perthioareue ones as weli 
as { Cu( perthioarene)~ ,(diimine} and Cux( t+--perthioarene)( ~l dithioarenet - 
(diimineJ2 [788]. I,i '2,2'-bis(t.2,3-trithio-l,3-propanediy])ferrocene in CI-t2C1 a 
reacted with [Cu(MeCN)at(EFa) to afforcl either [Cu(L)(MeCNL,][BFa] or 
[Cu( L),J[BF4] the latter giving NMR similar to that fi~r the fi+ee liga~id [7891. 

The mixed valence c,  tem#.[{l.(>bls(5'=metkyiimidazol-4'-yl)-2.5-dithiab.exapel- 
Cue(te SCN }3Cu] posse,~.,c:; a distorted tetrahedral C¢!NS 3 chromophore and reveals 
a ~hree-dimensiona! he{work throt, sh tniocyanato bridging of neighboring units 
[790}. Derh, atives of the Cut I ) %rm of Dopamine-6-hyrox>!ase imve been made in 
which the Cu~ center was studied by EXAFS and IR, tt has been %und to be 
coordinated to two histidip.es, a suVur and a fourth, a~ yet unidentiiied tigand. The 
site appears not to be perturbed by Cu~ removal. EXAFS results indicate that CO 
does not displace *.he S iigand but the weakly bound ligand X [791 ]. 

CuSCN adds to MS~- in acetone {o gike [MS4{CuNC'S}2] e and polymeric 
[MS4(CuNCS)4] with. Cu aloms bonding to MS 4 edges [792]. Additiol~_ of 1.5 
equivalem of CuCI and phenamhrotir, e to WSa 2 in acetonitrile leads to formation 
of  {WS~iCt',{phen)l,] e [7931. Tre~dment of MS{- and CuCI wil l  KSCN in 
acetone:acetonitrile at various ratios, poduced eon-_,potmds with the stoicheiometries 
[MSaCu4( NCS )5] +~ [MS 4 {Ctl( N('S)~4] 2- ( M = Mo.W ) and [WS~ICu( NCS )I s] "~ 
[794]. 

The Schiff bases derivea from 3-fortnyi-l-pt~enyl-2(IHi-pyridinethione and a 
variety of  amines %rm l:I comp!exe~ wi'<h divalent copper which are reduced in 
aeetmfitrile and DM F in the region --O. 17 to + I).24 V [795 I. Thirty two- and thirty 
lk.,.ur-membcred macrocvclic Sehiff bases uith two N2S 2 &mor sets tbrm 
[Cu:tL)] ~ ~ in a m[,~ture of MeCN.('.H2Ct,. Tetruhedral copper environments are 
observed with ;;n overait helical structure [7961. "[ile Nchiff base derived from 
1.2-diaminoedm|ie amd 2-(pbei~)lethy!thio)benzakiehyde ['c).~l~ls [Cu( L)][C!O4] with 
(7uN2S2 enviroe~mei~t [797]. 

Poiylbiaether compounds react with copper salts to Form ionic o, molecular 
complexes depending on tile coordinating ability ot the at.ions. For example. 
2,5.8-trithia[9]-o-benzel~ophane forms with [('u( MeCN )4][C'!04] the 
[Cu(L}( MeCN )][C!O4!. bv~ readii) tral~st~)iriis to [( ti! N¢ N l( L)] tq)ori reaction with 
thiocyanale [798.i. Macrocyciie quadridenta~,e and quhKtuede~mm: p, olyami~mpolyfi> 
iae~hers [ 141alleN,,S 4 _~, 0 # = 0-4 } atid [ | 5 ]allen ~S 5 _ ,, (,~1 -- 0 2 ) use all ~l:eir he~_eroat- 
ores for coordination to copper. The stability constants appear to be indepe::dent 
of the anions X within ev.ch family of eompomads [799 i. Cu(CtOa};: reacts ,,~ith 
6.7, t 5,16-tetruhydrodibenzo-[ l\ml[ 1.8.4. t 1 Idilhiadiazac3 clo-tc~, ra deca ne h', rctlux: G 
EtCH to gi~c [Cu{ L)I[CIOa} which possesses a batterlly CuS2N2 chromophorc. 
Reaction ~ith lf'iphcnylphosphlne in acetone leads to PPh~ ~G~ subseqttenl macrocy- 
cle reorientalion to give a trigonat CuNSP coordiimtion envirc, nment [g00]. The 
reaction of  1.4~ 10,13-lelralhia-7.16-diazacyeiobutadecane wit h copper curried out in 
alcohols produced complexes of  the l\_~rmuta [Cu( Lt] " wI~ile its di-Nomethsl .~ubsti- 
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rated analog formed [C~:,( Me2L)( MeCN ).}2~ in ace~onitrih:- [80t ]. Potydemate 2.2'- 
bis( 4-methylthio-imidazol-2-y[ ~bipi~eny] [ 802 I, ,*rot~s-quadriden~ate 
6.7,15.1 &tet re- hyd rodibenzo [ i\m][ 1 ZA, 11 ] dit hiadiaza cych::e~ radecine and 
7.8. [ 6.17. i 8-pentahydro-! It.6 H-diben zoI g, O]{ t .9.5. i 3 l-dit hi;~diazacyciohexadeci,ae 

o:-.: (.>-:, 2i 
" k___J ,, ;'-.: 

XXIX 

f/ICH2),~ } ""! 

%..) 
n = 2 - 4  

x x x  

trifla~cs [8()3] and Schiff bases XXtX and XXX gi;c compounds ,:,ilh tocM 
(uNeS2 cn~ironrnents ~H NMR studies of the iauer shoc~ tha~. ~onger aiiphadc 
chain gives rise to stronger Cu N arm weaker ( 'u  S bo.uding. Redox properties of  
these compounds me correlated !o ti:eir swucture [~104 i. For ihe i\~rmer, ~t-{ and 
~C NMR studies conlh'm ihe coordirtation envhonmem {4" ihc copper center as 
well as the sodium io,~ inch, sion it~ lhe po{ye~her sites []3(~, NeW Schiff-base 
bis(cro'~n ether! ligands contaimng recognilion siles ~br ~ransi~ion-mehd guest cat- 
ions b.ave been prepared by 0~e cSndensation af  b, vo eqedvaients of 
15-tbrmb4-2.3.5.6,g.9.1t,i2-0ctahydro-!.4.7.t(l.i3-benzopcrnaoxacy ch)pe~adecine 
wi~h diamines H2NXNHeI X =:(Cl-~2}2S{Ci{2}2S{C{-{2}2S{(7}{2}aS{C}-~2}2.(C}[2}2 
S(C[{:}~S(CH2)2~ ((THe*¢S(CH2}2S{('H2):! or ((}HeteNH(CH2)2}. }{on3on-.~e~.a}lic 
copperl t } complexes and heleropolymetallic copl-~r( l }-sodkim and t'otassium com- 
plexes have been isoD.~ed. 18051. 

Peptideqike A-N[{ 5-methyl-2-thienyi }me{hylidcne!o~ <~ethiot~.}I]histamine ~k~rms 
{Cut L}][CF;SO:, l which i~ oligomeric in soh~tiov, [SOb]. Pbosphcd~ydra~ide 
SPPh~, NMeNIIz}2 reacts ~xilh Cu{CK)A2 ~o yield a spirocydic cyck~meu, Ik~phospho- 
hydrazide wi~l~ CuNeSe loca} e,wirom~acn~_ [307 i, The reac~io~, of 
(-u~( !.2-(ethyt~_hio)amino-cyclohexat~eJ ~i'A~ Cuq)is(pFrazoly}i d}hydrobora~.e pro- 
ceeds with the ibrmation of a trimetaltic mixed '~a!e~ce system where each of ~he 
suifur atoms bridges d~e divaiem and a monovalent copper leading ~o ~igona} 
coordmalkm around eac!~ cuprous ion {g08}. 

1.9-him 3,5<Jime~hyM-pyrazolyi }-3,7-ditbia-5-r~.ona.~>.)l reacts with two eq~ivale~ts 
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of Cu(CtO4)2 in acetoni~,rile in the prese~ce of SCN - and ascorbic acid to give 
[Ct.~2(L}(NCSL,~ wi~h bridgi:~g {hiocyanates [809]. 2q~ethyt. 2,3-dimethyl and 
2,5-dimethylpyrazine undergo analogous reactions in wa~er m afford compounds 
with the same stoicheiometry [591. 

3.3.3.2. Sih,er amt goh! com!dexes, l-diphenylpt!osphino-2-d!ioethyl-e~.hane reac{s 
with AgCR)4 ha a 2:1 .ratio in Ei20,'propytene carb~.mate to yicki [Ag(L)2][CIO4] 
wi~h chdath'~g N,S tigand [8t01.2-Methylphenyl and 2.&dime~.l~ylphenyl dithiocar- 
bonates react witil AgNO 3 ir~ DMF and are recrys~allized from pvridine to produce 
lag4( L}4py:, ] • 1/2py and lAg4( L)4py4], respectively, with ihe cemmon characteris~.ics 
that central AgSaN atoms are observed and of the sulfl~r atoms half are acting as 
monodentate and ti?e other half as bridging. For the latter figand, a 2:1 reaction 
affords lAg4( L£]( NO3}. I./2DMF- It20 :~hel"e eaci~ silver aiom besides being coordi- 
~mted to fot~r su!ft~_f a~.olns bears dose contacts to tw~ ~eiehborine.. ~ ~ilver atoms ,r8 ~, I ]. 

4,6<Iiamh~o-2-mefl~ylthio-5-nitrosopyrirnidine amo:', fbrms A g L ' H 2 0  in water 
wht~ AgNO-~. The presence of water is confirmed by TG measuremenls while spectro- 
scopic data collected argv.e for a polymeric structure with N.S coordination to the 
silver atom [812]. 

NMR studies ~eri~ the pseudmemd~cdral envirom~ent arouml silver in the 
Agk2 complexes formed in MeOH by thiop!:eneo2-carba!dehyde imines and 5-methyl 
and 5qdimethyl-ter,'-butylIsilyl- s~tbstitu~.ed ol~es [20]. The photo- and thermal 
isomerization of silver dithizonate was studied spectrophotometrically in varioas 
solvents. The photoisomerizatiot~ is reversed in ~he dark [8I 31. 

[N-N((A'-methyl-2-thiel@)methyiidenc)-L-metbionytlhistamine ~k~rms a cationic 
l:l complex with Ag(TF~SO) which is o!igorneric in solution and possesses a 
AgN2S chromopt',.ore [8(t6]. in {Agt LI(NO.o] ( L =  i,5-bisl3,5-dimelhylpyrazot- 
l-yl )-3-thiapemane} the metat at:m~ is coordh~ated, in a distortcd-tetrahedrat fashion, 
by two nitroge~Is, one thioether and a monodentate nitrate anion [814 t. N.N'-ethyl- 
linked [9]-NS2 corona,~d reacts ~i~h .A,,NO~e . in MeOH ~o ~vietd lAg( L)}* with a 
very distorted AgN2S 4 enviromnent [815 t. Thia-aikane-bridged bis( benzimidaz~tes} 
with various pm~dant m-oups were used to assess metal s..~cct~wtv monitmed by 
1H NMR, FAB MS and molecuk~r modeling. Selectivity for silver ion was studied 
b3 all of these techniques. S~m~e useful separatk-ms were cffccted, the most striking 
bei.~g thai l\~,r silver io~s over lea& The lack of comparison m~o~_~gsl the r.'suIts 
fi'om tile methods chosen irMicates flint a rut! understanding of tile complex kinetics 
of three-phase mmsport is stiii to be attained [816]. 

2.5,g-trithia[9l-m-cyctophane forms m acetonitrile lag{ LI1[CF.~SO:, l wi~h various 
confi:.,rmatio~s amJ degrees of otigomerization ir~ mu~uat fvst excha~ge. "t'i~e solid- 
state structt~r¢ obtained incolpofa!es ~ ace~o~li{ril¢ l~lolcc~.lle a~M r~:~eais exodel~[alc 
sulfm eoc~rdination ~o ~hree ~.ti~I)~¢~ s}[ver a;oms, quite similarly to the ~: .?oOXH- 

de~ ivati'vc [8 ~ 7]. 
New Schiff-base tiga~a:~s containing recognition sites for ~rar~sition-metal gues~ 

calions have been i-,repared by the co.~de~sation of two equivalents of 
t 54'ormyl-Z3,5.6,8.9.1 |,t 2-oc~ahydro-~ A.7. t(L 13-benzopentaoxacyclopentade cine 
with diamines H2NXNH2 ( X ={CtI2)aS(C'H~}> (CFie!2S{Cft:,}:S(CH.e) 2. (CH2)2 
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S(CIf2)3S{C1-|2} 2, (Ci~2)xS{C}I:)2S(C.#~2} 3 or (CIt2L, NH(CH2)2i. ~~'C NMR titratima 
studies suggest ~ha~ the sloicheiometry of the t~e~eropolymetaiiic siDer(l} 
sodium and potassium }igand complexes is dependent upop the stereochemicat 
reqairements of the silver{l) guest cation [~05]. The macrocyc!es 
1,4,1 t-trithia-8.14-dmza{5.6 ]:[ 16, ! 7]dibenzocydohept adecane, the i .4-dioxa- 
t !-aza- analog. I. 12-diaza-3.4:9.10-dibcnzo-5.8.154ritbiacycloheptadecm~ m~d i~s 
5.8-dithia-15-az',.- and 5.8-dioxa-i5-thia- analogs react ~i~h sih-er percHo,ate in 
boiling ethanol, in most cases all the heteroatoms bind to the metal [818]. 

t 'matment of( NHaL, MS~,( M = Mo. W } wffh Ag! am.1 excess of :~- or 7- methy!pyri- 
dine at~brds polymeric [(AgL)MS4],, with ibur-coordinate silver atoms [819]. 
[Au('IHT t2]{CiO,d is a suitable starting material for the synthesis of several products 
upon THT displacement. In tl,is way Au(py)] [Au{THF){L}]" {L=bpyo phen} 
are oblained, which can further react to give [AutPPh.0(k~l for which ~'~Au 
Massbauer spectroscopy establishes three-coordimt6on, With Ph:PNHPPi h 
[IAuiTHT}{_-.(I~ L)]+ is aho obtai:~ed [820]. 

EXAFS .;tudies verify the formation of AuNCN in acetonitrile and pyridinre, less 
.,tablc .,n pyridine owing probably to sohation [5801. 

3.3.4. Ph..vdeorus aHd.~uffier ~hm¢*r,~ 

2.3.4.]. ('.pt~cr col:qde.w',~ . Benzo-i.3.qhiazoline-2-thh;i;c reacted in aqueous eth- 
anol ~ ith CuX, to gi~e v. polymeric compound in its dep,:otom~.~ed form. a compound 
v~ilich reacts fur~.her wffh diphcsphines to give Cu(L){dppm) al~d Cu2{ [-)a(dppe).~. 
both of which have been structurally churactmized [82t]. mean bond distances being 
2.306 and 2.318/;~ for Cu P and Cu S. respectively. Cu(PPh~h(NO3) reacts with 
heterocyclic ~ifione., in ETOH acetone to give ionic or f(u{ PPiL0e{ Lb][NO~} [822] 
whi~e the potassium salt of tetraphenyldithioimidodiphosphin reacts wilh 
Cu(PPh0e(NO:.} in MeOH CHC[~ to gi,,e Cu{PPh.0~SPPic%N ',~here trigomd 
CuS:P enviromnem is realized [823]. ha analogous reactions several 
Cu{ t hione) 4 PPi%):[[CIO~] were isolated and the sm~cfurc of 
[Cu( pytH }e( P!" bL,][CIOa]" 2('H('13 was soh'ed [824!. 

Several potyp~ razole thiop.heuotates &win readi13 compiexes reducing Cu, I! ) [82:5i 
while 2.5.8-trithia[9]-.,-benzenophane gives [Cu( L}i MeCN)[[CR).~J. which easily 
substitutes MeCN by pyridil~e. PhCN and Phosphines as ~H and ~3C NMR measure- 
meqls reveai [826]. Copper thiolates reac*, with PPh3 in CHCi~:PrOH. The structure 
of (CuSBn'M PPhda was solved and shows ahernatmg segments of ('uSa° C~SzP 
[827]. Bulky thola~.es like SSi(OBuq~ form {eWamers [Cu(l.}]4 which rcacl in 
benzene ~ith PPh~ to gi~e Cu( L}{ PPhd2 [828]. Eiecwochemical synthesis of copper 
thioiates in ihc presence of =-acceptors produces mixed !igand complexes 
of the formulas (CuSph L,( PPhs}. (CuSR)e{ PPh .,l{ R =/>to~yL t>aphthyl 1~ 
(CuSRHPPh~12 {~,-MeC.J-L~. m-MeC~H.~i [829]. Analogous reactions carried out 
chemicalty give Cu~ i.2-dimercaptopropa~xe)( PPh~}2, Cu( L2-dime~xeapto- 
eth~m¢)ldppmL, and Cut i,3-dimercap~.opropaae}(dppm~ [382i. Reaction of diphe- 
nylphosphh~_omethane wffh severai thio!ates afforded (CuGRI{dppmI (R =Bu ~'. 
pentyl. Pbg. (CaSR)2 (dppm}.~ ( R = o-toiyI ). X-ray struc~me determination reveafed 
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a novel Cu4S~ ring [830]. The tetramer [Cu(tri-tert-butoxyIsilanethiolale)]4 readily 
reacts with triphenyiphosphine to form compounds of the formulae 
[Cu(L)(PPh3)2],, [778]. Interaction of [MoOS3Cu(PPh3)2 ] and Cu(SCH2CHzOH) 
in dichioromethane yielded [MoOS3Cu~(II3-SCH2CH2OH )(PPh3)2]z in the form of 
two eubane fragments connected by Cu-S bonds [831 ]. A CuS~Pa chromophore is 
postulated in [Cu(PPh3}a{L)]2 produced by thereaction of Cu(PPha):~Cl and 
tlSCH2CH (OH)CH2OR (R = H, Me, Et ) in TH F [832]. 

Treatment of Cu(PPh.OJS2CSPh) with MeOH in CI-!I~CI2 gave the cluster 
Cu,4(#.-S)(SPh)lalPPh3)~, with a Cus cube inside a S~, eieosahedron as determined 
by X-ray structure determination [833]. 

Two and a half equivalents of 1-thiopi~enyl or !-thioethyt- 
2-diphenylphosphinoethane react with CuY2 in EtOH/CH2Ct2 yielding 
[Cu(L)2I[Y] (Y=CIO4 BF4) [834}. ~-~C NMR studies on several perlhio- and dithio- 
arene copper complexes [Cu( El]4( PPh3).~ or CuLl PPh0e h,~dicate that detocatization 
in the S~C a-system accounts for the increase in the C shielding observed [8351. A 
mixture of CuCl(triphos) ~>J SnCI treated with methylithium produced 

C~ 
I 

s 

Me3Sn/<-~5 

XXX 1 

Cu(mphos)SnMe3 on vAm:h CS~ adds to i~rrn Cu(tripho~HS~CSnMe3L XXXi 
[8361. Cu(PPh~t2! ~:nd dithioxamide were treated wi~h Ni(phem:Ct2 in the presence 
of NEta to give {Cu(PPh~h',,Ni(dithioxamidate/ [837]. Reaction of 
[Cu( PPh~Iz[s with thio-, dithio- and ~rithiooxalate forms side-on 

FhxP. 5-,.~.~.i S\ ~PPhs 
! of 

PhxP O~ 0 PPh 3 

XXXII 

CulPPh~,)~{/~ O . S - d i t l ~ i o x a i a t e L  X, XXI! , ICu{PPh3)2~2(I l S , S  S.SMr~Qioxab.~te) 
[838]. Dithiophosphates react with 2 eq.uivalems of PPh3 to CufL){PPh~), the 
crystal structure of which was solved [839]. 

[MoaS2(l.2-ethanedithio~el] ~ - reacts with (.?u(PPh3),(SzP(OEtL,) to give 
[l Mo,CuS4}{ t,2-ethanedithiol )(PPh:0] [840]. Reaction of UCI~ with sodmm thio- 
phenolate in the presence of cuprotts thiopheno~ate arid tripheuytphosphine yielded 
[(CuPPhO(#-SPh)3U{ g-SPh)3(CuPPh~l] where all the thiophenolmes are bridging 
the copper atoms with the central U atom [841]. Reversible one-electron reactions 
at the central metal atom were observed for the trinuclear clusters 
(CuPPh 0(!: SR L~Mo(g- SR }.~(CuPPh3t where R =p-.methyl, p-fluoro, p-chtoro or p- 
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bromophenyl group [842]. tteteromelaltic ciusters were %rmed by the memi!afion 
of [Pt(PPh~h(l~- S)]_, wfih [ MY( ~-dppf }}2 (M = group i 1 metal. Y = urn}coordinat- 
ing anion) in methanol, which yielded [1 Pta(PPh~h(~3-S hM 1 :(H-- dppf)][Y ]2. 
several of which were characterized by XPES studies [843]. The solid-sta.~e C ~" 
emission of [WSaCu~(dppm)~l" produced by {he reaction of WS~- a:~d 
[Cu2(dppm)2( MeCN)a] a* has been attributed to an excita~.ion from a~ orbi~at witi~ 
C u P  character to a WS~, centered one [844], 

2.5,8. t 7,20,23-hexalhia [9]( 1,2 )[9]( 4.5 )c}ciophane reacts with phosplqnes ( PPh> 
PPh2Me, dppe) in MeCN,CHaCi2 to [Cu2( L)lphosphine}:][ClO4]2 studied by, ~H. 
3,p NMR [845]. Reaciion of [Co2( H L}tCO)~,] I L=  iA.7-trithiacydoundec-9-yne) 
with [Cu(MeCN }a][PF,.,]. [Co:{ H- L)(COg{Cu(MeCN 1~ ][PF,] from which MeCN 
is affords easily displaced by phosphines [846}. 

3.3.4.2. Sih'er comph,x~.'s. Tris(diphenylihiophosphory! )n}ethanido silver complex 
with P(Bu~) 3 prepared in CHCI 3 and precipita',ed from EIOH shows in the solid 
state AgS~P coordination and ~Jee and 2j ~.gp of 7.3 and 4 Hz respectively in soh~tion 
[847]. An AgSzP2 chromophore is postulated in lAg( PPh:J2{ L)]2 produced by ther- 
eaction of Ag(PPh3)gNO0 and HSCH2CH{OH}CH:OR {R=H.  Me. Et} in 
THF [8321. 

Maleo~itrilethiolate readily forms mixed ligand complexes with pl~o.,,hiFles, e.g. 
Agg L)(PPh3) 4 where the existence of both trigom:H AgSP:. and tetrahedral AggeP2 
is verified [848]. Aryldithiocarboxytates of the formula {Ag(S2CAr)tPPhg~,2 and 
Ag(S2CAr)(PPh3), are formed wilh Ar = pher@ o- and p4otyl. The hmer complexes 
tmdergo dissociation in solution witdl fast phosphine exchanges while in the solid 
state lhe ditb, io tigand is proved lo be chelating with one suKm" a~.om bop, ded te, o 
both silver atoms [849]. Cat;,-nic [Ag{PR:J21" react wifil [M(MNT)2] 2- in 
CH_,C12/H20 to give [ M ( M NT 1: { AgI PR~}_.,~ 2] { M = Ni.Pd.PI.R = Pt<n-Bu I v, hich 
reveal E~a positive by approximately t50 mV relative to [M(MNT}:}2 . Ag to M 
contacts shorter than the van de,* Waals radii are presem 18501. 

The ~hermodyuamic parameters l\~r complexation of siNer( ! } wi~}~ PheP('HeSPh 
and Ptc, P{CHa}aSR {R=Me.  E~. or Ph) have bee,a determined by potcntiome~ric 
and caMrimetric |echniques in propyKne carbonate and DMSO at 298 K. Ti~e 
different behavior of (.he iigands in ~he two media is discussed in terms oi'the differcnl 
physicochemicat properties of the two soi% en!s [85It. 

Four ~etrahedra~ AgS~P and iwo trigoaa[ AgS-~ are observed in 
I{ Mo2Ag~,SdSBu')2}:](O)g PPh3)a obtai~ed from the lrcmmen*, of 
{MoAg2Sa}(O)(PPh.0~ with AgSBu' in CH,CI: and crys~altizatim~ from 
PrOFI/E~:O [852]. MoSalCu(CN }~ and MoOS ~',Ct~tCN ){ react vd~,h 
Ag{PPh3}gNO31 in MeCN/CHeCIa to give Daear (PPh~,~zAgS:MoS2(Tu(CN} 
and bent (PPho:AgSaMoOSCu(CN} wimetai!ic species respectively [853t. 
Reaction of [WSaCu{C N)]2- and AgNO4PPnO2 yidded the cluster 
[{AgSzWSaCu}{CN)(PPhOe]- with a linear Ag W C u  arrap, gemem a~d !':>ca1 
AgS2P2 and C u S e C  environments [854]. 

7,8-.dithia-7.8-diearba-~id~>undecabora~e and 7-~;hi,.>8-.methyi-7.8-dicarba-nido - 
undecaborate react with AgNO3 i~ MeOi-~ i~ the presence of ~rip!m~@pho:!;phi~e {o 
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give Ag(L}(PPh~}. Similar reaction wit~ bipyridip, e is reported instead of PPh3 but 
when ( l L i 3'-dh h ia-4'. T L l O'-trie xatridecane- ! ',13'-diyl )-7~8-dica"ba-nido-undecabor- 
ate are used the macrocylee's oxygen and sulfur heteroatoms bind to silver maki;~g 
unnecessary tb.e presep.ce of Lewis bases for stabilization of the complexes {855]. 

Reactien of [Co:(/e L)(CO),,] (L - i A.7-trithiacycloundec-9-yne} with AgBJ-'4 and 
PPh.~ yields [Cod I~ L~(CO b,{ Ag{ PPh0l][ BF,] where fi~e Ag(PPh.~)" f~agment is 
coordinated by aI[ tlwee stHfur atoms of the poly~hiaether [846]. 

3.3.4.3. ~h~k!cmr./~&xus. Thiuracilate reaction with AuCt( PPh 3} in MeOH affords 
Au(PPh3I(L} ~4udied by JR and X-ray diffraction [856]. Identical reactkm with 
AuCl( PEt0. [Ag¢ PPhGj{ NO0 and {Au(dppe)2]C1 is reported where il~e produc~ of 
the ta~4er has the Formula [Autdppe}~]IL-)" LIt [857]. The union of 
6-mercap!opurh~e coordina~.es to Au in the presence of pho,~phines and tR, ~H and 
S~PNM R spectra confirm the existci~ce of A~( L}( PRO { R = E~, Pb.. p-to!yl, Cy}. 
(AuL)z(H P PIand(AuCt}(H P P)(AuL}M~ereP P=dppm. dppe, dppp[857,]. 
Reaction of AuC!IPPh0 wi,& Pb(SR~x in dl3 acetone resulted ir~ formn~ion of 
Au(PPh0(SR) (R=Et .  Pr. Bu. Ph. Bz. Mes. C¢.F5) which were studied by ti~.. q-L 
~:'Cand Sq~NMR spectroscopic teehmques [859]. Mercaptooxopurit~es 
8-mercaptoflleophytJine. 8-mercapto-2-fiaiotheophylline and 8-methyl- 
thiotheophylline react i~ alkaline media wi~,h AuCHPPh 3) or t Augrl2(dppe) {0 
afl)rd [Au(PPhO{L-Ii.[IAulPPhslI~(I,  L-)I and AuCt(/i k )(H dppe}Au. 
[(AuLLdp-dppe)]. respectiveb. ~H, ~-~Cand -~q~NMR data are reported and the 
crystal siructure of Au( PPhs)( ~{-mercaptotheophyltina~o-S )]detcunined [860 i. The 
purines are b~mded through the Sg- a:~,d m the case of bridging conformation N7- 
is also involxed. 

i)eprotonation ~,d bet~zenehexathiot ia the presence of taut  PPh3)C[ ] gave ml 
hexamldear go!d(I } compound where the hexagon of the benzene carbon atoms is 
smrrotmded by a hexago~ of sulfur atoms. IBIlowed by a hexagon of gold a~oms 
and the wheeMike structure is completed by six peripheral phosphine tiga~ds 
[8611. Reaction of [AuC1,] with 2.2Mhiodiethanoi in Me()H folk)wed b} ad- 
dition of bi's(diphepylphospl~.ino;neH~yl}phenylpbosphine and NaSL t4 g,~ve 
[Au,~{ L)z(S('N }a] 2" and [Aa3( L}21 s eonsisth~g of nearly iinear Au chaip, s with weak 
Au-Au imramo[ecular bonding in;eractions. Both comptexe.~ show RT photolt;min- 
escencc. The photophysica! properties of [Aus( I-1,I )~ are discussed [862!. 

The reaction of [1PI Pri}:~}( 2.3.4.6-tetra-Q-aceiyt-l-thio-fl-D-glucopyranosato-S )]- 
gold{t) with serum albumin has been studied in bufferd aqueous solution using 
3[p NMR spectro.~copy. The reaction occurs at cysteine-34 via displaccn~cm of the 
anions ~_o titan [(AlbS~Au',P(F'P).~} i from which ~,l~e phosphine is dispIaced by 
cyanide. ~, P( Pr~}/Au('i behaves analogously but fl.~rtb_er reacts aI weak binding sites 
analogous to the hi~tidh~e bindii~g sites of auranofin. In order ~,o mterpre{ the protein 
studies, a variety og' potemia[ reaction products 11 P( Pr 'i)~ AuX. X = CN, A'I'gS, Ck 
YP(Pri)3. Y =O. S) were prepared and characterized by s~P NMR spectroscopy 
[8631. 

Mixed ligaml dithiolate phosphine compIexes of gotd show linear AuSP environ- 
merit [Au2 tH S(CIte)~Sl(i, dppm)], linear and irregular trigo;}aI gold in 
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Au2( i~ - M N T ) (  PPh3}: and Au2( F-- S-C6H.d( PPhst2 due io imnmm!ecular At,.---S 
interaction. In addition. AuPEL~ and A%{l~ . . . .  S2C,K~Me~ ~k:,rm 
[Au2(p S2C~H~Me)(PE~3)2] with two AuS2 and two AuSeP tocai chromophores 
[864i .  Reactions of [Aug l~-dppm)et[CIOa]a *,'~ith [ A u X £ {  X =.C! or gr~ afforded 
dinuclear [Auz(p L-L)z][L-L=Q, CNR> R = M e .  CHaPh) l Bhich fur~I~er re~,.cled 
with [Aug~'`-P-P)x][CIOa]a (P P=dppm.  dppe} leading ',o the hcterobridged 
dinuctear complexes[Aug/'` S2CNRe}{ I~ P P II{CtO.,I [473}. 

Complexes Au(Lh(SeCOR t ( R = Me. Et. Bu. L = PPh3. Pf(-HeCN }~} lummesce 
in solution and in *.lie solid state probably thrcmgh a n ~ ; :  ~; mmsition {865{. 
Substiluted benze:'`}ethiotates and PPh~ or 1.3.5-wiaza-7-phosphoadaman~ae.e~.riyl 
phosphine afford AuiSR}}L}. luminesccm in the solid sta~.e ~ 77 K. The crystal 
structures for the triphenylphosphino compound of o-ch!oro-henzene~hioiate, and 
the adamantane phosphine of benzenthio!ale, o-methox~-,Senzeaefl;iolate and 
3,5-dicidorobenzenethiotate .:,re reported [866]. ~H and ~'P \ M R  as v~eil as UV Vis 
studies of ope~>end {Au{ p-thiocresoi }{2} ['̀  P P} or %clc dmudear 
Aue{/e S-S}{I'` P-P} are reported. S-S standing f¢or !.3-propanedithiol or 
3.4-tok~enedi~hioL P P = dppm, dppe. dppp. dppb  }.5-bis{diphenyI- 
phosphhmlpentane [867]. Aryldithiocarboxviates tbrm A~(!¢:CA~'}tPPh~} and 
Au(S2CAr){PPh3) 2. the latter being s~able only belo>, 243 K i.\r-:~-Pi~, p.-Ioly}. ~; 
tolyl). A remarkably toag Au S bond ,',f" 2.86B(4}A is obseBed i,~ 
Au(SaCPhl(PPhs} e givi~g rise lo a practia~!ly AuPeSS' envircnme~ [}{6g]. The 
diphosphino complexes [{ AuCt L,.( a P P }] ~,~ here P P = c'`,- 1.2.-diph~]~>lphosphh~oe- 
thylene, dppe, dppb and Ddiphenylpho:q~hino-2-diphcwh~rsino-eth>,ne rcac~ wilh 
K{i-MNT} in MeOli to i\-~r'`n he~,erobridged diw_ers [Au{~ i&iXT}¢ ,.,-, P P}i [g69!, 
Both N.S coordina*ion occurs in 6-~.hiopurinate and 2.6-ditl,~ioxantha~e in 
A~( PR0I  L ) and }/\tit PR~b( ,'̀  i.. } complexe~ while onli S c~.~ordmation i> ip,~ olx ed 
m the case of the 2.4-dithimacila~.e anaiogues on the basi>; of ~} L ~~(' ap.d ~P NMR 
studies }R =EL Phi [870]. 

Characterization by ~ P  NMR of [Pl:{PPh,O4{~ SA~aPPhOti and 
[Pt2{ PPh.0d !~ Slt!~ -~';AuPPhJ] ' confirms the e,d.qencc ~f AuS;P en',hcmmc,~-~t m 
bo~h cases [8711. Dibe~zylisuii:;de or sc~.dium I?er~z3hhiok~.ie react "~.uh 
Au(PPh:0{NO3} in C H : ( ] :  to produce {At'`2{Pa)h3}z!~e S{'!-leP}?)~{ ?<().J. xvbieb is 
shown to dimerize to a rhombic cluslcr m the so!id s,~a~.c [,~;T2!. 

AuCI{ PEU) ionizes in v,a{er aud in conlac~ ",~,iih a~bumm i- ~hc.~,,n b? ~;P \ M R  
measurements io S4~ond ~.o it while d{mir,,athag a PE~ ~ mt~lect~}e th,~. icdt~cc-, di-,u~iidc 
bonds {g731. The symheais. H< and R;m~;.m ~l.udic~; of {.-\t~{ PE!}I{ } ~1 -: L = S\.Ie,. 
m. tie()} and {Au{PE~:Jele(~e S} is reported [529]. 

3.3.5. Miscct&m'm~x 
Several copper aryio×ides react 'aifi~ pho~pi~mes and P~~ N(.-S v.~ gi~ c mixed Hgand 

cornpom'`ds C,a(y SCNPh,~phospi~i'`~ei4OAr~, iPPh~ Ar : 2.~>di~c~h'.!-('~j~. 
4-meti~ybCJ-la}. Cui t~  SCNPhHOAr}{phosnim-te~ {P(()Mc}~.. gr--  2.6-di, ge'̀ 'g- 
butybC~aH 3 and PPi b, Ar=4-me~.hoxy-(.:Ha!i. ('u{]~ SCNPi~H(}Art}.L {P}{.}McL. 

. . . . .  ~" "~ ¢~ - [ 8 7 @  A~ -- -,,6-u met,,._,-..~,[ t:d 
~ l e  cyanoaceia~e corn pkx i i{ PPha }:C u { g t~ L L'] v, .~s >,! ~:died b':, X-ra) d i~}Ya.c~i(:i~ 
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[('u(!'fi',~.~n)( ~' l~ib}I  ~[ ( (~ ) ]  yiddL'd i { ' ~  phcn~(PPiLp(()i~h)] "t, h icb trcaled w i d ]  CO,  
in w ~ c r  rever(cd Ic, fi'~c initial comr',k:x [~;(q.  

t:~(Jlb i ('u(ScI~'h){,, ~'l~d l ~ g ( S d # i  Y,, which were obIMncd c!cctrochernicaIly aild 
~!~'¢ rc~c[i~c towards ~,i~cn~mibrolh~c ~md lriphen>lph~).~phinc [cad]n B io  die fbrn14don 
(fi ' [ ( "u($.cPI0(  L;t] o(tm!-,t~,tinds {877L /'tn~.do~.(,u:., re; lo t ions occur  bc~'~<cei] c',)m;~t?c 
w,,.'t~d tM( ' , l . lcs :  m ',be ,,:,:~;~.f of 2m'~c~tL,,'i-~ifi<.tphcn(d. Jhc ~zi~M ti~i,.,J~.~c i'~ ]c . l ized in 
tl~!~,~ ~,JcJds 4ifit,,t d],.t ni!~cr ~)nc <.b~c> li( l l  l'i;;ICJ ~ i i h  itJlc~JltlllJti'~tJJnu ['he >:trlldlll'c~ 
(~r ( ( ' u ( i , i (F , !~on iL :  t,..Jc('N l:.~ icrt<tru.td JSTSi. l {h :c l ru  , . t x idn lkm td" ,%c,J'h~ Jn t i le 

i,~c~!ulittlt ( q  ( 14()At v.'ith *<(~iB'Ic,L, . r i d  P~<_>Ri Y !~, !go. R .  i('-:,- J{i. J;'h) m 
[ { I~(}  ot r i l l .  ifl l~l-d,.xt [ ( ' u ~ s " , ~ j i ' R , l ~ ' ~ l  ( Y  ,,%, ;'it. t+:?F'h;lil: ¥ : : S ,  i :~i] l , .) i t l i~] 
[ ( 'u~,~ , , ( !~I 'h , )d( 'uS!  ' [Silo L The cry,;i~tJ slillqJLtrcs ~'tl" !('u~.rS~:MPi~.l~i'hi~d and 
[( 'Ur~gL':~(Pih¢'IM':) I ] J w c r c  Jdcr t rmlcd  j ',~;~ t ]. Tricfl~ylph.,qflmJc :rod (+u('l relict 
i l l  the l)l'l?~ctl~.;t~ <~tl S*: { ~i  I~-,'l C ~ ) 2 {() pl'O~ htc<~c, cxc;c['lt ll ' lc l r l i l i i i  p lod l . lc l ,  
( ' t i . . ~ S c ~ , ( H T l d . .  clu~,tc'l"4 <fl' sitl~tllc't l)uc' l t ;( l f ' i l )  t ikc ( ' u ~ . S e ~ ( l ) l ' l > ) l j  INS21. 
( i~ ( l ' l ~ l~ )~ ( l~ t l41  tt;'~lt;~; ~i~l'l ,kt~J)Jl~ ;tl]Ct ~'~bPh~ t.llldCl" ( ' ( )>  {{) a l ] b rd  
{ ( ' t ~ ( l )Ph~ t ] t ( ) , ( ' l ~  )j. The tt i ' t lci. ! l lO () l  the' A~.t~h~ [ / rod t lc t  ]!(t:~ I)CCl-I ~o ! tcd  [<ci<ci3]. 

;'~i>~;ii'tb'~ ,, i . l . l .  , ,~. , (utd Tc(':7irvtc ), hi dioth.~!cfl~cr 74vo in i t i a l l y  ('u.l ' l].Li( Pi t  r'~ )l 
t~.lli(,.'h w~i,; l~lylhcr ,:OltVCiiL'd {o h i ; b e t  lltlCJct~ttily ('L! "~"C t.'hi.~l{cF~,L ~ i l l ] i I ( t r  I-f~ilc'lJt)li 
4"Tth ~'t:~h[ I~ , t l rn rdcd  clu.~lcr:,i ~) ld is lh~¢t i~d~,  d i l lOrcnt  n u d c a r l l ) i  s~441. Si;,~,il~ll'ly I h,.." 
>,it~14lcd p ln tsph4mt  I't>t,:!-;lBIo~ [~,a.,' ~ ; . ;  m ,  pt~,,,,q~hido-hrid~:cd c!t~slorp: dc l~cndin 7 
¢ill ( l ie !~41ll <. <~t l h r  k>rd4ry tth~.,hl~.mc used I II~45 ]. "~ l!;iX~:t! ( ' t t | )~? c l lv i ro l l l l lCl ' t f  is 
~tbt.,cr'~ c(l hi V~S~: i(( "ujL%lc!l~h i . . . i i ( l  -dllcJic ~, by .~ I l l } ' .  ~i lt ; l ! ld - " } i t  N ]\'11~ rc;i~,~rtctl 
l~,~t~,l ~lil,,~ ,,dltlcllltJC i t t  I lk; l l ! inct ; lJ l ic  t 'o l t t l to t i l l t /  t,~i~'4c, i i \ l  ( i l > ) t , ~ ' t c )  ! is i t lso 
tct~ortcd ctlict dJ!~dtls%V'<t il l co l l l l c c l l o l l  ~ i ih  l i i l l l ih l t ldC; . t r  i7 ~+3 t( s l t td ics I,SS(, I. 

~;r "t~ ~ (' + ~ 2.didf iool.2~dk'~ir i~it l , tdC¢~lbOl";.u~c I'C~IClS '~c ifl~ Cu (  1( PPh~):  in IE f f ) t l  by 
i~ + .,:Jmfiii~ilw, n bc:Ctmlh~.t t )c l lc r  c'(u~rdin~dilI!:~ lJ;~.illlcl, l hc rc l ] ) t c  i csu l t in  7 hi 
~U,,h~,'7,>,;diihi~,. f . ] ]dic~lrh: i t t i tdt:c41)t>r~l lc i l l  ( "!li l>l~h~l~( 1 ]  ~.~ i l i l  b() lh ('lt~.]()fl ~ i t l l t l  
1.'1t~'4,1 ! CllXJl!t!l~'~l(lft'~ i l l  l l !c hll!tIC Cl'}hl~t! l,m~71. r i l e  rc~c{h~i] o f  ! \{~N()~ wiJh 
i\f4<!~C~ i l l  It!C' i~I~Cs~.'liCt~ (*l" It l~s](.'l i l l  l)~., lt" l tr i tchiccs i( I t  i~'q ),AT(~I,:,) l,, ICtl;IIi 'ICFi: 
f t)r ~ , . - /  t t i l [ l  !'4"q!l {~:i~;~<;ll~tt ~!!ld lc l r i thc iJ l ( l l  s i h c r  c,'lwi!'ol/ltlClltt4, po l ymc rk "  {ktr t -  

']-he solid-~.il41.r ItJ4cii~)tl ('~i" ~t."~, i \~,ilh !'~(~ cqttb~i lcnt,4 o l  A~,.I~I ; i i l t l  Iwo  o f  
/t~;!}h~ i l l  iOO ( '  ~:xlractcd w i th  I ) M t :  QJ~<.::,, W,,<\~.Li>;n(/~sl ' l /~K. ~il_lt ~ln / \~;~Jd\s 
cr i t  ivnt]} i !c l i l  Y{lilclic:'> ~ '  Jhu mmii l lC;u"  op l k ' : d  rtl't$pmrlic!~ ~){" !he {) l t t t l t ic{  (~l'O l 'opo{'lccl 
l.<41'Tvl. I ' t . '  ',4>',lc'l)iztlJ,,' \~trut[ i ! tn o i  lhC , t t t l !o i  3ti~lrl sol ill the dibcnx~)- $tl l lSlitt!10tl. 
t7,mcmi.~cl 'c( i  Jlll{2 X~TY{~I~ i , ! l  Iht~ nbJ l i b  (d" ll~c. ~ I'o~;tllt<.'il} +, .,yhtcll'i>~ 1() dJ~,criil~ht~dc 
t'.~cl~.tccn stTtc.r( l ) 4ml  ]c- idl  i l }  hlis b,:cn ]),~l['t~intcd: tLic col~] [~) t ind cOr i l : l i l t i l i~  ~ Cl 
;%~b];:7~d,)uor ~.;I )JcMcd di :~cr imin~l i i (m ~I' th r  ltrdt~r ,~I tO" it! i , i vo f  o f  t . i l t c t ( t  ) Jii 
,jSr>,; I ] w l h i t t i d  ~tl ]I)% K lT:~}(tt 

[\"I r~ud Ii~!~tllil L,~tnil~tc:\<.s i~ ,4~tlI tr~tnl lh,: Ic : iwl i~n (q" , \ I l l  I )( 't ;111~1 i. '  il~. tilt' Itl'C'},t~J!t_C 
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tX AgSbF], fo:- t .... PPh~. L : ScPPh~. ~hile olhm phosphincs L' lead *>~ formaikm 
of  Au t.hrougi~ decomposhkm and in lhc case o f  PMe,Ph.. :demm~, c~chm~ge is 
obs~:rved ~ rysml sl rucmres arc rcfiorted for Au{BePPh~), and 
Au(PPh0(ScPPhF.4¢e)  " taYl i. Piopylcnc carbonate  ~as  u-.c'd a~; dte mcdimn i'o; lhc 
rvac0on~4 of A~{;i()4 ~,ith PheP(' l l :SPh or Ph~P(C'II:L, SFt (t<~ : Me. Et, Ph) whid~ 
l't2SHll ill fh,$ t'oFi'liu{ioil oi  < .'.;U'VUF~I[ itloiloltt!cltXIF ~!il~.! pol)'ltt~clcar species, ill sdtll ioll ,  
resp,:ct.iv,?ly %Irt~ct ural deterrlihmtio!~ reveals t.tml lhc perchtorafe iOl] iF+ ~.I]SO coot'4!i-- 
naf ing  to the metal [g'-)2]. 

( 'a t ionic  'and !:tt2utDll digomwle' . l r  orgam~pho~,phh;c gohi{ l t  uomplexes with 
orgail ic :~clcnolate ligands SeR (R : Ph. (.'tt>lqt. p-( '<Jl~Nl !e. p-('~J-l.~Cl or naph- 
l l iy l  ) have beert prepared. X-ray ciyslal :.,|rtlcllLilt2 analyses have helen perforl'~ic.d t\ir 
[ {AuPl>h0.(Sc( 'Hf lql) i lSbF,, ] ,  the tirsl cxamplo of  ~t cltlhm.it: alk)lsctei;et:m:.-gokt 
colriplcx, [(AuSePh)>(I~ dpf~e)], and [tAuPPhO:~IS0('u,tl->)ilSt".,F+,]iAu(PPh,.y 
ISc('u,t l-, i t  where the cali(mk: dtid the corrcsf~om.lhig i~el.lli'iil ~,;c..l!'iiolCibo: c,~,mpicx arc 
linked hy in+<crmc~!,emul;tr Ate At~ h;(e~::~c~k,n,i I\,rming ;~ lrimlclt, u ,-,:te!~o!~m, l,~*.<Ya.l. 

Thc ream!ion of AuCI( AsPh <) wi lh dhhiolates produces IAt 'J  i . i (ksPh,)i , , ,  ( !  ..... 
1.2-b~ertzcncdithiol. 3A.4ohl¢flcxtiihh'4) ur t/ktt~!l. I t  : l.','!-hwlzcnc:dithioi) which 
react \vitl~ ph~lq~hinc., h', af.ftnd lAu: ( t . ) ( l~ ,h~phhlc) ]  (l%~sphim>; used Ptql> 
PIqw.Mc). t :urthcr rcacti,m ,ahh [AI, I ( IJPlt.,)! F4 C]. O)][-'. I( ).d ~ives 
[Au.~ I.~{ PPh.,)d[('IO.~I ! 804 ! 

3.4. ( }~ilplc v¢.~ irith li~4umL~ lJ'osil u/l H~ruc .~O'o~g~ v 

.¢.4. i. (7,ppur cumpk ~'~ 
The crystal slructurc o f  l ( ' u4  McCN i:{t'Plh~(ooh~ivi )",,~/J B r ) , l  ,~2ivk:(N ~;Js 

d~,~wrmir:ed t~t~5]. Quimddic  acid c'qcr,~ t\u'm poiym,.ric ICu~i L)I, ,=omplcxc~ w hh  
local t u i N O  cnvironmcnls  lind a zi~Mag chnht t~I'("tll {melhyl c:qcr} ~n' dimeric ones 
(isopropyt and n-bu<,yl csle,> ? ! ,~{9(, I. Reaction of  ('u,~.he '~,~ i!h 1,5-bisl 3'.5 dhnedu ip - -  
yrazolyl )-3-Hliapentlme in EtOH.  M%co reduces thc copper  and leads ~o lkn'ma,0ol~ 
of  Cua(I.)eBL, with a ccnmd ('u~ core. hirge Cu S ('t~ .mQ~lcs ( lO0.6 ) ;rod s,Afur 
b r i d g d  lo liw .qex~ co~e 1897]. ( 'ompk:xes of  lhe l\~r nul l  ( ' u ( i . j X  ( X : : g .  {7'1. 
BF.p h~,4.' been isohmxl ~.'~'ilh t .5=bis{ 3.5-dimcthylpyr~t ~A- t =y! )-3qhiapermm¢. The 
[{ga~ld ~c{:-4 Rs at liHt¢ !'Jclx:,<,ccll two ;tdjat.'cl|{ t:oppe~F t:tX~tCFS, re.wliing ht a potymer{c 
co~ n po urn118 i ;~ !. 

( ' oppcr  halh.tcs rcacl wilh hcnzolhiazolh~c-2.dihmc aml PR.~ i R =: Ph, o..~ m-. p- 



ICuX(PPiLOi,,~ rcac~,ion v, i i i l  pyr iJ i i~c-2-Hl ione,  fL,~rkiiuc44hione and pyr imid ine -  
2-t]~ofie p!°od ~lcc(t %:~, crai such pr-9(iacls the' ~r~tcturc 0(' dilllct'ie 
~( .,~:~r( PPh~)(y PylIt  }]2 1999} aim nionolnel'ic [Cu(PPh.~}~({hJo~le}X ! (!hio~rlc::: 
beaxod~iaz{~!idh~e-2-dmmc. X =:( l  [,~{98{: d~.ionc:= PylmH, X :=Bn [?00i; It:lone ~;A'- 
mclhylimidalzo!Lnc.24hione X ~: }~:r [00t ]; d-met  -- pymdl .  X :: t. [9{}211 were ~oDcd. 
AnaloL:ous vc.cfions v~i~h ui,y>~.~,lyl~hO:~iflfinc gnc a+~amt dinlmic eomt-dcx;>. Ihc 
:.;h<ucin'!c ~,~ [ ( 'u( ' t  ~ P{ i~olot3'l )~!  p)'m~! I )~.., [0031 mM [( 'u( ']~ P(/ , -hdyI  )~ I{ dqont;~t? 
{ {hiopc *::: I~lii:izOib,]illC "2"r{[}iOilC 19031, benzhl~ida~/OlUlC,2,,.[hionc and nillo.J~erlzhuida., 

>a~iil~.Cq!4hi~>~ic [~05[) ~crc ~l!uiicd ,:rya;d!o.!~taphica!!y \Vhh tf'i,,m-iotyl f, hosphiac 
dhncrk: t unll~oUmb, it 'u( 'II PO;I l ,qyl )~f( l~ bcnzimidazolh>2,.thiol ieiL,, 
{('u{y Br){l~'{smh;iy!)~',flhi;I/<,htimc..Z4ht~mcjl, [9(t6 I, [ ( u B r l P ( m - l o l y l ) d -  
{ y py~l~ [ }i.~ {907[ tlmt l( u( y I )I P(; ;> lo ly l  i~I( pyI} ! )i:~ [9fl~ J ttcre ,<,! f 't lqluratiy chafe 
~ch;rigc<J. ] l i c  tlti9ic )t Ill 3, irI...,-lotyt phosphme ,,.!;;itc rise. Io f t lOlt t ) ! l lCftC pi'oduct!. 
wi fh lri!_,omti c o p D r  Clivh'onmcl!l discrclu 0tiit'~ ilt lilt? crystal lographic l t l i i l  cot] 
~ipproacIiil~t~ cc~ch olt-li;t +ilt a '~t ;l> lhat woak i  lead it, diitlel- t t i rn!al ioi t ,  The SIt'tIC|lIFe':; 
cff ( 'U Br l  P ( . - to l71  ) ~i ( l]tluz~ qidinc-2-1 hioltC) [ 909  t aftd ( u l  I P(ooi,alyl ) J  f pymt i i  ) 
!0 i0 ] ,  S!ructurc dctuFni imdion ~evcaIed lfiLI{ tr icyclohexyt p!~osphine hehavcs anah:,- 
lJt)ttSty, l'~)l' tl ljJ l~lOtlOlll~2ric (.'Lll {t}l ~d~i r Fo ;.IcU.t 1] { PCy. ) {91 I ]. l:! leclrochemieal 
~'4xiticliotl e l  ~.l >t:rioh o f  io i lo- CoIFIplcxeh i11t v.ccioru{rile rcceiiled for ti le moncm~cric 
hi- . - foty lph~sphh~c ones ihrec hTcvmsibte peukso ;tlt~l {])t' !lit" tlhnt:=i'}¢ Lot~llpotlli([ ", 
oF fhc ml~cr l!'h~I> ipho.,,lqm~c,~ fo.u.~ im.wcrsibk' peak, arc ~>hscrved ihcrcforc pro'~ id- 
}t}l~ il ~Ylo3ies l(i ~.le.,till{~<tli=~h l=K, lwCK?l~ ll)t" ot (!t';lll <-~FtlC[tll'C LKlOplt.X~ l~J) I!iC t:Oitlp~;tllid:, 
[912 I. h~ Ilk: ~.:il,~t o f  !.%motoi)Ipho.<qqmlc whc!c bolh lJr and S v, crc ob~,ei-,cd ais ihc 
t)~ iil~;{iti,.:, iiiolt1,, {b('lt~t'ct/ iid.iaa.'cnl c~ppt:r', ;lli{iIillzotD. iIiC;D;tlt'CIltl)IIt!4 '.llip,~,cd th~tl thc 
{ormel cau hc di.Jm~,u.~!tcd !rout lht" Ihic'c ll~cvct~lbic l'cdtlcli~+tl t>,'~';~k>, riley ~excltl 
wi l t l  Ft:spc:cft fo t'otli' o1" tilt' t ; i l lc i  igl . ' l I .  }.1wii-Illltlcric ( ' f iX{  I~lPl'll}n Ill,M) I'UItlAIS ~ i i l l  
Sl.![!'bl Ii~(lllcI~> lo !~i\e ItlOlll~tltCI'ic: t;olllplc,~XL':4 ;~,(" {t)t) l'Ol'tlitit~l ( ' u X i P I ~ I i j ) a I . .  
)gpcclFosc~pic ~i tMic:, W¢lC ,,;;,tried Oi.ll o11 i lic' con]plcxcs o{' ,\L/V-clift~clhy] .N'..phcio!.. 
{} l i l trc& X,X,- { ! lbuf ) l - \ rq) l lmi}  ]4]i iui 'ca ~tliCi llti<,-I/olictiitco2.-lhi()llC lUt,41 ; , /d the httl ie °. 
!lfFq Of'( '11( 'it i'~Fh d,4 \",/VMhncdly!o4V'oph-i~ylthiulc~I) was 1-cpolled I0151. Allatlt)}~ol~5 
rt, lieti~m; wi ih  ( :u.X{AqqLJ.!  prc, duccd (+!tX IA:JqIJ.~l. (1. /V,:V-dhrtclh>.l.:N', 
phci iy l - lh iurca. N'N-ctJbt~t)l-!\it.i)heliyI-lhillf'c;i lhhizol idinC:2olhhmc lOiSl. 
3-phenyi-2-t l lb ~:,:ooh~tidazolme-,4oone. 5orncrcaplm I qqwnyl,- ] ,2, ~,,4, lot razok' 1916 t ~>i 
lhioc'{tpl'ttI, lcl.~llFl p lef i~.' v,.hM~ tilt? I)l'tll~l~.l c~Utii~OIIlltl ~,tal<~ ', l l ' / ieli l i 'aIly charac- 
lerizcc!L ( . 'u ( l (dpput )  to;lob4 t~ilh the di:,~,dmm ~,tlll o f  3--n~ethyl..-g:clliyixalHhhlo hi 
tq( H i i f / )  ~ivine l( 'u ~(/; df~pm)d y c( '1 ){ y ,-l.}I. t ie()  wi lh  ,me copper atom il l ii 
P / I N  aiM Itv~ moIc iii ~l P , (G t )c i i t  h'clllti!clll 191gJ. [(u~Ct~Mppm).~] ' rcae.~s widl  
:'.~odhm~ ;fiko~ddc~ hi "l-tIl" io ?.i~e [ (u~( /~,4 ' ! ) fy . r .OR){ /~ dppirO~t r ' whitt? t~il~I~ 
c,~L'c,ss Na( ) i {  [Cud y<- ( ) f (  ~le(/t dppm}.~l ' t~it!; oblai t ied, Al la]ogot ih i'C~ictw, ll +we, 
obscr~.ed whh Nts~gl{ !?I ' ) [ .  

(]~pp~'F il~ili~ec~; real =~ wi lh l"(:Ht i,, in ( ' i  H.'I~ 1~ give C!tlitp',)IAttd>~ ~}t' i!t¢ MoichttJ( l i } lC. 
h'y ( 'uXP{g l { )~ .  ~ 'i')%ia} ~;lll!Cltti~.l ~[etc'll<lilw, tl i~llX revealed lhe e;~,}s{c'tlc¢ o f  D~lynicric 



vhaim., o l  ~hu b p 0  r u X i  .~ f:L.%P(SI++ h!] a~ wd i  a~ i ( u X  ; IP!I~;Pr%~! McCN ~1:' i92!!t , 
CuX rc;ict wi ih ~'.A'4dim~:d@;mm~om+uthyl~i++ocem~ in (+1l~(~I:~ Io !;i++u [CuX(L} I+  
whid~ i.+ lmth~+'r ,.+.xkJiz,,:d k~ [Cu,X( I.)j~gi+ ()~2 mid upoit rcuc++k-m with cxc~.:s~+ CO:  
gives iCu)gt I,..)]+~(CO:d+,. At++emp.tud crystalliza,!ion o f  bod~ the+++<." pl'oducls k:d to+ thu 
l+orrrislkm o f  [ ( kM I+).;CI.( t+.r())] |t'tc cry~+ldl ~lltlclclre o[" which ha>.~ b~:c~+ dcl:crminud 
192! l+ The mtruclurc +L )I+ ( 'U( 'I(  fT l l l  l( I++'PI'i++L' prcPparcd by !he '+ucc~.:wd++c addilio,+~ of' 
l h C  ]i++tlli<i:+~ | O  (* t+( ' l+  W~IS ili~+C++i++aIO~l jO++),,)i. ] ' h O  I C t l S h C d l T t l  ~;tl+if+'++iH+i¢O{ ,+IP~ltMid 

o>ppcr i+ db+++,.+ricd ++- +++ u,,klcnt +tom thu tw,., (+u P b,.+ltd lcII~.,.+B-+ rc++H/+:d. 
f h c  +cation ++f A,A+h+ +.,,+~h ('uP+r< thi++c++prt+k.:mmL> i++ (+It(G+ Mc( ) [ l  +++ul+.led ;t 

ploducl ,  the crystal sllt+cture of  ~+~,hR:h proved ii+ to, bc ol + the li+l'mukl 
('uBr+ A+I++hF+I ~.L, i 9231 2.+Bcr+/oylpyiidiiic produc:c+ [CuX }2L +X .~CL Br+ ,+mine+. 
dc++tatu li+mld L CuI .X { X ( I .  Br, l. S+r%L N ~+bhlcnt;iu: +igm+id) +ilich aru mmcon.. 
d++iclmg c~;mpound+~ ;rod rc+~+:al (+f hand+ h+ Ihc +b+iblc ++++d i!+~:+ ,.<.'+ ).'++t+++ ",!+u+.1++r+c 
dc lermmal ion  for lhc h++.!Mc re++ calcd Mc~+l ( 'u N( ;4 : era, +rolimctit 1924 +. 

[lit,' ,+,.+lMoslatlt' t+.:awiit'll o l  +"+/+>i wi lh (+uX ;rod PPh, HI the pre?..c++o.: of NI!I;Br 

+ PPh~ 
I h+R~ i t -{r+~' - ( i~ ' 

Cu . . . . . .  ~ 'U 

• / , ,  / ' C a - X  

V c , , ' \  I ~  
+ ++ ,+.~+ %+ 

+>hm ~:+,:..+/-~ ~{°i+P+++ 
! .... Br 

PII~P 

XXXIV 

l:m~c VS:((" IPPh )++Pr+('uX. X N X I V .  both neat :+++d ~<}i~itl+,+.l ~lll++ ( ! l  ( l : .  +tip++ 
l l+ ' t : f ) 'Mi t l l } / ; t ! l t } l+I1 +,+ hc l ' t  + ~tl+ o m l a i l { ' t ! l ; t l  i i t l ; t ) o l  ca>plr'r +ti4~lil'~ Bill+ IL~ { ~ { ~ ~ t i iT+.m; l l  +i i ] t l  

h:ll~ll++.Pdi+;tl copt~Ci ; l l <~ +l +l:+ I<,~]5t. l].:Iraihio'++,oltlitinatc +c+~cl>+ witlt i l t icc txtuB+ilcllts 
o f (  tr( 'l i l l acCloliHf:lc to bMd I 'vV~'+ t(('tl( "! }~('t:t ' , v, hid+ rccMHy rc;a.b, +,~, i!h bip+~<rio 

,.r-% <(=,, 
-"~= N N-, .+~ 

X /+" 
,+.,fi ~ t.i % 

< +°-,.+G .+<+ 
CI' 'S+"+k 2] 

'\+S 
(Tu 

! 'N 
~r+N N ;='+r+~ 
/?+ +t,, / \ 

X X X V  

dine a'"! {rif~hcn~Iph~,}sphii~,0 tu gkc  IWSJ'+~+(I4hPY)~J, XXXV+ ~md 
})' 1 " + ,: i k'~ [WS+I( ' I  (~ I nF+ ~t 1 M d ~ N  ~!. B:spc*:th,'dy. h~ thu iatlcr, lhu oc.~*~+*- is td~ualed m 

a IJ%S('I lclr;.da.+dr.ml 1690i. 



A.g! m+d ~,c~ii,, add ~c++~.+ i~ toiuc,m- 4~ t96 ¢.+ h+ ~,mhdcss sled vessds t,.~ gi,,c 
R~z2(,~ iYibi" , }~{( i i , , (  ]!'}d.: whh ;e:4~quc+~e coor,JJmidon und an overall Ay4)~('.+ 
e:3v.~romv, c+]i t'-LZ6J. Sib-cr halides rca::~ with PIqb, aJld a seHc~; o f  h e [ e r o c y ¢ ] i c  ~hioilcs 
i;3 a t:2:t ratio m ace+.orie tt) yidd AgX(L)tPPhO.+,. the crystal structure o[ {he 
pyr{dhm-2,.d~{o0+e ddadde  has hecg reported 1927}. Rematicm o[  AgCI with 
t4hia*4,7diaza.cyciow>m,.uc in Me('N t'~m,s Ag( }jC! ~viit~ tile tigund coordinaling 
OH+o~ph ~dl ib: hcturoa+orP.s ! +.-I, Whet+ ,+q:.(', I ,,,,,)0 i:+ used [AbLt( t ).+11(+[:~%()+],+ b, 
~++ealiz0d ',++.ik!ic lhe ,"~+t!L* m++i{S i+a'c bridb, cd b> Ihi,~c|her grul~p,, iu+ ,athm~ ~ 
A!~N2S.S' e.m+iru, m~lem ~U20 L 

The ci+ba.,+e4Jke ( MoAB,+S+( '[ )!g){ PPh;}+ 4, ,c, imih~cd hy H+C 1:3:G +ci+clio++ o{" 
++k+ o 3 

"~:+~i "+'++'+*h '~ ++I I "d P :'q in ( ' ~ + ( ] ,  ~ °+* + +Ire;~i++,+c<,t o l  [Mo , t )+g i , g - , )+ , I  e ~,',i/h + +e-, , + . + . . . . .  • A'+ . . . . . . . .  

oj' the f++mr++, k+ +M+,:+iy+++';g I ;{(})( PPI,'0+ with +di+,ci + in ,it S,N('I lclr;d'+cdron p-)"~l I. 
Rc4cti'.m of Ms<r'+ iN+ M o ,  W) ;;'ill+ thi+c+e equivalents o[  Ag{PPIb): t  
h ~, EIeC'N(II:4"i ,  pmdm:es uuh;m+.>!ikc {Mk!.,+Sed~Sc){l>Ph~t~ '.~+'+ii~ a S%P! 
ei3virumr+c++~ arum+d c~+ch sH,cr alom {t+32+. +. 'hcl,+d,3g l-thioethyl-. 
2+diphcnylphc~+phi++.cthal+~ i++ pr+.+p~+>+cd to ~.:xi:-,t m Au( i . ) (  "I produced i;)ti+e ligllltd+,; 
++¢+~cfion *,', {d~ l tAu('t .+ ip, + h ( ) l l  k,l%C +.+:) {833] .  

4. ()rga~+m~3et:fl i ic  e~:,at+pimmfs 

i ' hc r¢  cx~P~ t~ v;~d l imos! i l l  o [  ,:l;b4cr:~ 4 ~ d  otI3cr  co mp o t | !~d '~  to  , .~hich 
( ' u iMdL) "+ )  .t'u{Pi,L~ o A,t.}{Pt~.,} u+l cvvm MX I M :  ('u, Ag. Au+ X (1. Br. !) 
ftLh++ii}]~ ~t¢[~i ~,[iVill~'. i'J~c {¢.~ |'h,%~* Clt.D, lttl+,; ] I }¢ ' ,C ~ypc~ oi" comph.:,~es, {wsidcs the 
supcrtiuia, f -.imdmitic,, ru'~c'4 a ~idc ~mi , ' iy  i,,+ m~ci~:atitic,; mid , .-mffo+mati~,m, v, hich 
;v,auld make m G' cL~ssiik'ati~m cxt.:-+emc!y dilik'uh mid c:m~plicaicd. Therd'orc, fl3c 
i 'Oi}O'~Vi~l} ~. >;U~.:tio~l i~< Iil:~t~C~.) to  lh~m~,' ¢ o l i ! p l c x e s  w h i c h  a r c  cJGhci shtlpl~z i]1 S{l'{ICIEll'Lt 
~I!t~,] i|} l~{IuJk'HfiQi OI FCi}f{:St2lii C:';tH'opJut+ o f  |ICU,, ~.I;t~SCS k)i" COIltI3OuIIds hcarm~z, beside+ 

A c k ' { ' ~ d i J t g [ ) .  till ¢llt+I'li~t, HJg SC[ O f  ~'[LI!';{CI:> kvii.h !l'~Cii!l !tt~eii4t t3ol lds  v + c | ' c  ~.:,li]ittc~.i t'i'~',||l 

{}}c }'t~'¢:v..'!t{ ~ t u d y .  ~ i'4 i m p o i l a l l t  Jh/)Ll~;h, I.o i l o | c  '[]]c cx i s i t q l cc  o f  [~,~.'t) I+ckil.'Wh 
kOttc¢!t't'iitl~2, | I :  tH . i l i l y  O f  O t~;_H~OI'IICt[tJJiC Cttltlf~otJll#It-; it] l IE:  procc: , , :<  O f  t h i l t  JiltlI 

J'}:~I+~]);iliot] thrm!3h rnc'"' ap~,r dcpoqtion [933,9-~4t. 

A uuiquc (kH!4 cu~u.nl lwm b+ ,,b:<m~:d in [ !Ll i lRhl / ;  I{ kg'u(/~ ~)~RhH{! )I 
pr~+duccd b 5 I!~c reaction of cupru~ lriflatc alld R] / I JH+ in -tiuhh>r,amedumc 
(l+=(+!13C(('|~,iq'h:!~0 f9351, lu~crcslingly cl,,ou~h bi~,(az, o t - l - y t  )alkm'Je~ c4~ordi+ 
mile ~o Cu{ NO0,1EPhO+ at die c,q~cnce ,d a EPh,, ]igai~d [93C+ ]. Amd,.~y,m~ readiotls 
occm-whh d~e H'i~4olypho~;phmc Ctmiplc';CSL Rcaclhm,+ of ('u~ "I i~t T t l F  ~uEHion 
widt s~:vcr4j li!~mMs bcatMg alt cth}qcmu double hoild ro+uitcd m the (orrmdion ui' 
{('ut+I }~io!dM}~ a,~ clwisal~cd hy lhu cxcitathm b:md,~ at 23g 25c+ rim, I1 sccm:.~ that 
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m,m.~-confhjura.thm of tim O.hyk.'-ac bond is es;,e;'lda] h~ !he s~..'d~ilizafi<m of ~he copper 
coordim~(ioe, compound [~L~/]. A m.'.monucle,ar Cu ( l )  complex is the produc~ of 
Cu(('lO.Oz reduclim~ by Cu in file presei~ce of bipyrMine and styrene in C'II~OH. 
The copper enviromr~cnl is a pyramid:-d one [93P,] with aingly coordinaled CIOf, A 
scrk'.s of ('u{ N N)(oJetill) compJexcs has beett oblained and lhe hHh~cilcc ~r~ ~' ~ ]~C 
chcla!e N N ]igand or olefin substitm.'l~.s o)t lhc f\>r.~mtkm c~mslmfl!-, hm; bceu 
invcsligatcd 1939,9,4{)]< The ¢'l~t't~itlccd bas<:ici[)< ~t' the o_'~,~rdim..qed dim_rduc rcsulis 
m std~siamia[ ,<~,domfiiot~ h; lh¢ luclu] ccu~cr v, hich ~'¢ac).s by a-back do,ration 1o 
!he ethylene double bond. Rcuciion of ( 'u" wilh C()D in Me(£[! produces 
[('u(.'LCCtD)?,] ' aud in the presence of bipyrhlhlco [('u~ bf)yI(n'LC(')D)] + accordinf 
u) IR studies oF the b < frond [94t 1. l"hc rcucli~m bctwecn dk)xyger! and mesh 5 ;,:o[> 
per in aprofic m[vc)U~, leads Io lhe f~,nmtiol; of lhc oxidoru)c,;ii~elcoppc)'l ! ~ imm me- 
diutc ]Cu(.().:( Me%,] and [he rcducfivc ccmi)li~K~ ol  ~),e:,ily[ a,'< hfferrcd by )ltl NM! >, 
studies [9421. 

The reac[ ion of ( 'u[ ( ht X,d wi! h [ 2,2 ] pu racyck)p[m nc in ml ~cnc affords polymeric 
[(+uitTaX+)(I)], with n 2- coordhmtitm of copper t(+ [wo cycl~+pha)~e ligands and 
chck~fing GaX~ anion [943], A helical copper(I) triflatc m).omcdh,"<c ~,,as isolated 
as lhe ctlicien~ catalyst for tl~e cmmtioselccthc cyck~propmmtion of styrene [944 I. 
Cupn)us trilhtte )'eacts whh 1,5-hcxadicm: in toluene at -79  C to aflbrd 
[('u( ).)][('FaS()d in which rapid dic)~c exchange *s observed c~cn at -800 C aad 
from which flexadienc is readily diq~laccd by COD f9451. 'l)-igonal pyramidul cuvi- 
r(.mmcnt is prcseHt in tl~c compounds !Cuj/~ ('! h, ~ !,4-pcnl~Jdic.-.ct].: and 
[('u211~ Br)4 N i3|);tle which fbrm reguk~r-to-nmdcra~.e]y distorlcd cage:~ dcpcridirtg 
ihc ;: acc.:p',,;'-r caFacily ,.>f the di,.me !iga,',d-; {o4(, [. 

"Fhc pr<)duc~:; arc idenfiticd by ~f> NMR, Alkyrui c~m-~plcxcs arc ~>btained aim 
b,, l[~e rcactk)a of [ M ( ( ' R } { ( ' ( ) h I ( ' P )  i (M , M <  W, R 2.0-Me:¢".t[O ~,~hh 
[('u{ T~IP }(('~Mc,I] iu '1'1 IF a~ Ill ( '  [947]. b>,c;Jctio,,; <d' Li( 2-bis l arinlcthy!sfly[ ), 
mcthylpyrkimcl with i 'uCl in °fHF hcxal~c a! - 78 C produces the dimcr C~bL:.,, 
which hs fur(her oxidized ck:ctrochcmicafly u) [Cuff.el e* [9481, Ariak~got)s rcstfl~s 
arc oblaincd uid~ AgBt:.i and Au(( 'O)( ' i .  

Sevcr-d dh~zaMicm:s of Ihe lype RN- ( 'R '  ( 'R '  NR react ai~h ~upmu:s i)il'htlc 
m ('I~('12'('.t1~2 fo form l : i  c(m'qqc×cs which furlhcr rcmq a'ith alkcnce.; (<ghyle)Ie, 
cych>hcxcnc. 3,4~cxyuc. 2-bub'nc-IA:diyktiacclalc) to form fi)c miaoJ Ngamd 
('u(diazadic~e)fi)lkcne) {CI:~St).0 c~miOlcxcs. The dmzadicm.~s arc coordhmled 
ihrough thch' nltroscu ;1VOlll:,; 'd:h¢TC;l~; Mkoiles i~dopl u ~iCcoordina!i(m scheme [94V1, 
hi  ihc ]IUt.'I" l r i l lah: '  i,~ atst) c o o f d h l i l i e d  thl t)Ltgl l  {IFI ox}',~{cfi idOl l l  (Cu  ( )  2.15 J{,.) 
whereas i:t lhc l i ) l l t le l"  ( ' t l  O db;t;auce o f  2.64 7~ was real izt:d. Tropocorommd ] igallt lS 
.~ £XV!  re.act in T I I F  ut]dor CO Witl~ Cu '  to give [CtL:I( 'O}j  I.}] urt h icrcsthlg 
lca[li~( of  which is lhc soh,~bilily of  lhc I~roducl I\~r n-,: 5 and lilt: h~solubilhy of  the 
cmc w i i h ,  .~= fl 1950 i. H~,c C]lrOtTtophorc iS 11 (h iN t ! (  ` o!!c, a l td  lh¢ t;oi-qt:~otulds readily 
exci'ta!}ge ( 'O wifl l  atkyncs. R, eaclion of Cu '  wilh 2.5.8-lrilncthyl-2,5,;';,lriazanonarie 
ill ilCOio~lilf'ile tuidcr C();ll' l i~i' ,!-[Cti{i.}{(/f))]" where lit. ,similes :evealed cild-oil 
coordhl;lth)it (ff (X)[t)5t  ]. ('tt('1 reacl.ion with CO i.n clhylvh'~ylke/cmc yiddecl 
Cu((O)(3 .  fR sttldies in mtu:ion hMicale dimerizafion whh bridgh*.g CO while in 



ih rcc  chh~)'m): md ~mc <mh,  m ; ram)  {')'<~i 
' i t'!~'ii41t<I iC t. ' i lpl ~t i , ,  t ; i l b~),cS'llttc: =. , ~ t:;i~.:{ ~'{t Jl ,if ' it !~, IL'IIC!'., h i  ~.[i t C c i l hcF  

l ( .k i{ ! ;  c~Hb,~,,)l; i~cl(l~lt{ ' { ' t>l i i ia ~t  [ { 'u~l/z c~Hbo,,yhMc)(/~ ~icciyh:nc- 
di<..~m:~>xyt<,t<., <.,~,ic~).d m i, < , , (  ',< >. <,,,. i~<,)l),:<)~i I,,-<~I I h c  t)h(>~otc~cli,,,.: ,pc¢ic- .  i t l  
i h t  i ) h o t o i ! , , ; i t l c r w a l h > l t  o !  V i i { l )  I~) ( ) [ ) ( "  in T i l l -  m l hc  ltic.:,CllCC o t  
j ( . 'uX(lt. ' r t . ' . :<enyld~phcnylpho,,phi;w)l.~ IX---(t. 7"hi i', ai l  b~ ndo.{ c'~.mtplcx ,.q' the 
F~rmula { 'uX{10!r<we):bhlG4w)Lvlphosi ' ,hh~<:;{ N I~ I ) t  lg;",,tl. 

(Ol)p~:I  cy;IMl,,tt/ i!, t t ' ,4tdl iy ~! ~. [ i t l ( i l l  7 t l ] i t lO i i ; i l  f'~)t" ( ' t l ( l J  >.3'i l l l icsiS 41Jd o l ] c n  
(<b; i,; t~.'l~tii~<'d hi  liter con lph :b .cm !&,:r c x a l n p l c .  1 4 r i c t h y l - m l k h i z o l i n c - 2 - t h h ~ n c  +(#iv<;s 
~tK: t to I )mer ic  [ ( k l f l . ) ( ( ' N  )J,, ~,hcrc h bih.tb~c~ two  adj : lcenl  c<TG)cr ;.llOlli,, ilft{J 
('~w i<i 4J'~o t)l idl/ jr lLL ihtl,.~ l;=';i(lilt{~ Io  ',i ('11~421\(" h,cl l l  cf]~<'Jl+~tlll]l~.,llt .[llld ~! l~,t:l:i ~ 
dln' lcnsh'm;lt c~;{cndcd arr;~ 7 [95.s t, tu [St,  l c :Ph{ l< 'u : { (  N ),d. lhc distc) i tcd iti~i<mk; 
l~hii~c~ i t r7 c+rof,,~.dit]kcd g h j n g  l'i,4t: It) J){~lh ttJ;T(~iii~i ( ' l l ( ' , ~ d  [t l t t t  lc'llw, thc~h'itJ 
( " l ] {  '!['q k cl i~ ttol111'1¢1i/~ [ 7~ t t lift ill%,t~l I]l lc)i~ cl!t!J cit lJ,,,mtl~ >.ttcc[r4 o t ' { ' t l ( (  '~.7 ), ] l z i tc  
[1¢t~!1 tk<{c l t ! l i l l t ' t [  i l l  v~ tJc l  i l l  l h c  l)lty'~cilc;ct o t  {).7 1,1 S k'| { r I ~i t1~ t tt~c I \ ) l i n ~ l i i o n  ~)I' a 
hJIlli!lt.':-m'Lil{ [( ! I f (  ' iq )!{l l ! ,I',~'<W', i', c<t l i f i ) l l i< ' t t  [gDft  I t i l t '  l 'tzIt.qi<)li l uod l ;~ ; t  
b:I',vcct~ h.qti!u~d~;p~).~],h>iiu and { 'u {  i ) tnsoh'.:>, { t l  ~ oordi l~ lti<.tll to l t lc t h b l  l';I;si. 
I{O!1, ~, (~i" Il l!" t i"i ' l t i i<'.lTtl ill, [{~!Ill~l!! l 'JalItl i~.t.'rltlrl'~'alh~i~ sludic-:, Jndic,.Mc j ( )57 ] .  

{{{-m'~M~ ~t  , ' \~[ i  L~.\ d ,zi th I J .2 ]p~a< ,ch4>h ;mu  m {<thlcm." ~llhu-d'.'d pc, lbmch,,' 
[/<!t{<k~X~){ t .),  v, ii!) m ixed  tr: , ' /Lc{~t~rdin;i i ion o f  s ihc r  ~J (v,,.~ cbchtph lmc JJ,:.~;mds 
[.!!ld h v o  l/' l()f]~tJc.~il~l!c (]4.~'~.! tE ] l t ) i l ,  [ ? ; I  I, [ N I P i ~ b . : t , J ! A B I ( ' N i ~ J  I'~.t;i~.'ted s i { h  
,%il|~h~C~L plk~dtJch~ b' illliolli<' O~I'FIiqCXC~ ch',il;Iclclilc'd b} II~. ai~d l!'),%ll Nt\')!{ ,~[)cclri,.- 
suopy. ~m )<-r;!} ~Ir!.Icltl;'d ;umi~.~i:~ oi ib.: ~,iI~cr com]4cx c~idcnchl~,: ~m ~n N (  A~/, 
brhi4b~z hmu",~clk:i~ [~>5~'; ]. l{c;Ic:thm ~q I.i( t i.,~<, {~rhm:'ihqsilyi )mcHLNpyrhJinc) wilh 
,'\gi~[~ m "ill}. h,.t,ume a~ "iXii t i'u~ducu'~ .'he direct /\U'-I-:~ [V4;'i- ',vhilc ~hniI:u 
it',It!kin, wilil .\u(('{))( '! prod).Icc~, i!ic dhl]c~ .,'\u.!l., [?4gJ. 

A s;md~ich comgoui~d ,>.<~ produced b> lhc Z:l Fc:',ciion of A~z{( I:~,'g<),} v, i th 
1,2',#;/):9, ] ( ) - - I r ibcnxocycJodudec~-  [,5,0--Iricrlc-3,7, l I -Iriyr)e in T I I  !". ( ' i ' )  ~{M ~.dFIlCllil C 
JCh,,<l'Illil]~IIic)I] ))J" I]IC I')r~{{ih, H I<:'<¢~)ict! siJvt~I' ',')~o!'~]iil;tH(~il I~) lh(,' ,yI ;~ ~,i{~::', oi '  Iw~) 
[i~.,~in¢i~. ~hii..~ dii'J'clcnl )lliii;~] i;il)~),,, D(>dm:cd smal l  <>) m> m m ) u i d  <,i' crv:.~la[~, ;rod 
p:~<,h)c{,, ~ i !h  < ~ ) i d m ; i ; c d  ~rilJu(~! {<)'-,9), l{e;Kli())) ,>I ~Iic ~<udium sail (,I' 



hydridoi~is{ .I.5.-bis{tritluoromcdLyt }pyrazo~yt } borate wi~-I1 AgOTf in TH F led to 
~l~e fm'malh.n of {he s~vcr pyrazdalo complex Ag(1..) v, hich readily aml reversibly 
coordhm~,ed to CO. TI~c structure of flus adducl and of d~at wid, ter/-bmyJ iso~it:'ilc 
wcrc sol~.ed [960]. The tirst isolabte silv{;r carbonyl has been ~b~.ained by the reactior] 
of AgO']cF s wilh B(O*t]:t:sb under ( (1  aml i~,s ~;trtecture dclermim~iion revealed its 
sh~k:hciolnc~ry as Ag(('(IIeB(()TcFj., [%1 J, 

4,3 ~bMc, mq~bves 

The mtermcdmcy of goM compk~xcs whk-h has l:x%*n veriiied iE~ bomoget~eous 
caiai?dc rcaclion,.; applied iu org;mk: sy~|hcsis ~4:.; de~:ribed u~ a review i%21. 
Sir!~le crys{at lumia.cscencc s!,adic:; {~l' K[A',a'~'N !e] arc reported for 1be iemperahitc 
rmtgc g 300 K. AI moth lemperalurc, t,amis arc ob~,crxcd al 3t~0 al;d f~3{} mm whik' 
like \{bromc siruclm'c ,~bscrvcd al l] K mdic~tcs Au Au mcrlap j963 I. ('arb,.myl 
gold{ 1 ) bromide lAMer(( ' (hi  was oblamcd ia :~oh.tlions ~d'halo.genated hydrocm'boas 
by absorpliou of CO by [Au ~Bq,l in t11,.~ prc,,ek~cc otcyctobcxcnc or by carbony!afio,1 
of [Au_d{r,,} [9(,4]. "l*l~.c compound has beer., st,.idicd by spectr,.>,copic melhods i;1 
solulion, including NMR mcastu'cmcnis dt variable ~.empcramrc rcvealil]g rapid 
exchange p;occss whh dissolved CO [%5].  Au(PPhOiC::Ph) was showa to be dimeric 
in naiure wid'~ a linear At~tP cnviromae!~t and an Au.. .Au distance of  3,379( 1 )/k, 
the lwo m~ils being almost orthogormi to e~tch od~er [966}, '!h<: deprotonatcd dppm 
rcadiiy IBrms dimeric [At;t t* Li/2 which aport ~ream~cnl xvid~ 
{Au{ PPhd{ Tf IT )]{('ff)~)] -rod Aulac;Icj{ PPhs) aP=brdcd a hcxum_uc!ccr ch!sler ',vhe.~-e 
four Au{PPh0 units ~re coordinated to the centnd carbon attm?s of ~hc dppm 
iig~!]ids '~hile the." core of iitc or;gml complex-: lcl=il~iiils ]1]t~,iJgl ]~){'}7], flAu(71~ I'¢'ac{:~ 
wid~ 2,5.-dm~cfl~yt..2.5oisocyam4~cx:me t}mnmtt (Au('lLd/g [,} which, m ~hc solM 
st;~l,, is d~,.,wn m l\wm p.,mfilcl champ; ,~1" ,au arums [%g]. ()rlhOoCydc, mc{a}M{ed 
ia,id arylphc~sphauc~, p~ep;,rcd from ~I~c ~:orrespondi~k~ lilhk}!ed pho',p!m~.es ;.rod 
/\uXt !:]"..J (E =P. 4.s) m El;t) prm'c to be dimcrh" ~i!h !it~ear Au( 'P or AdCAs 
cnv,ronmcrds [9691. I)idliocarbamido mdbyieslers { MeS)SCNHR (R = Ph. u-totyk 
/~-Mc()Ph. 3.5dimefl~ylphci~@ } displace TI lT  from At~(C~,Fs)(TH't} h~ ('HeCI:: ~ls 
l}_jo u,|:NM R ;rod IR slm.lics rcvoak'd. Readioi~ of die products ~ilh a ,qna!t excess 
~L~t' Nl ieR' {tZ'=Btff, Cy} and Ph~:~tNll) lead!, h~ ammc ,hioacylaO,,m as 
Au((~,~t",,,)l S1R 'i IN K'Ni ill I ;~r'e isc, lak'd [970]. P.eaclim~ of ku((~.l:~(°fliT) 'a, id~ 
lwo equivatems ,.,( Ph,( 'N:  i~t [:a,O m ot]e cquivaiem ot* J:hzC N N UP}t: i]i 
FIIF-' yields Au((*.Fs}( Phe(' N N ~,)%~ ~he:c Au( 'N em.'Uvmncp~*~ is observed 
197~ 1, 

The dililhium .',ah of 1.2-dimethyklicarbadodccabora,w reucis in ('HeC!: 
wi~l~ AuX(ylidc} to from [Au( yiidcb]{AulLz] ! X =Cf.. }M 
yi idc=( '? l :PPib.  ('It-:PPi',eMc. ("llzPPhMee} 1972i. The cor;espcl~_di~Ig 
IAu('I'I II' ){ >lidcIj ~ ('1 t MePPh3, ¢,'H PhPPh~ am] ( 'H eAsPtL rcadi!y displace TI lT  
by phen or SbPh~ ~.~.~ alt\~M [Au(ylk]c!(L)}' or by dppm or dpam to giw~ 
[',Au{ylide){g It L)] ' .  while /Au(ylMe}{COt("Okal] aw, I [Au{ ylidetIC~R )] are ata., 
oblah/cd, will] R : Ph. t~t'-J [9731. Ylidcs ( 'HyR3o ('li{Mc*PPb,,. ( 'HIPh}PP!b 
Form [Au(C<,Vs)(ylkIc)] complexes which rcacl wiIb H( t  or [ l i t  m [?it zO to yieM 



~j'~,,i i  A ~ I ~ 14.'ZI~.I,<i "~ t l f i l  J [1 i '~ ; t l  ~ i i i ( i  *:{i],iI~i-='i i l l  ~C:C:I(~I~ i~:) t ' t ~ r l l l  ~i~c ~!c:t;'Ly!itlt:~It~,!~ 

, ,.i~t..If. :.~**,t,,,t," ';:,~ tx h ic f l  :,,,,,,~-* . . . . . . .  "t~i~)rl~ii- ° ht:'l ~,~ i()r i l l  : l~ l~rh l~ l i0( t  .~o[',c!lL~ 
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