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Abstract

The advances made during the decade following 1985 in the coordination chemistry of
monovalent group 11 metals with ligands possessing donor atoms from groups 15. i6 and 17
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is discussed in an absiract manner wiming at the presentation of the main point of euch
discussed contribution. The classification of the Lgands. wherever it was pmcibl° m zxi;i‘nicw:
has been performed with the synthetic inorganic chemist in mind. adva ;
to the more complex ones. placing particular emzhasis on the ligating atoms r@t‘w than on
the overall ligand structure and constitution The discussien does not include the enormous
variety of group 1} metal compounds with metal metal bonds while only a few compounds
with metal-carbon have been introduced. © 1997 Ejsevier Science S.A.

Keywords: Coinage  metals:  Hahde:  Pniciider Chaleogenide: Homolepie  complexes:
Heteroleptic complexes

Nomenclature

acac acetylacetone anion

bpy 2.2-bipyridine

CD Circular dichroism

CP'MAS Cross polarization magic angle spinning
COD i.5-cyclooctadiene

COT cyclooctatetracne

Cp cyclopentadienyl ion

Cy cyclohexyl group

DMF N.N-dimethylformamide
DMSO  dimethylsulfoxide

dpam 1.1-bis{diphenyiphosphincjamine
dppb 1.2-bis{diphenylphosphino)benzene
dppe bistdiphenylphosphino}ethane
dppm bis{diphenylphosphino}methane
dppp bis{diphenylphosphino}propane
DSC Differential scanning calormetry
dtc difhicscarbem]ate ion

hfac 1.1.1.5.53,5-hexafluoro-pentanadione-2.4 anion
MNT maleontrile

HNQR Nuclear quadrupole resonance
phen 9,10-phenanthroline

py pyridine

pytH pyridine-2-thicne

pyvimtH  pyrimidine-2-thionc

pz pyrazolate ion

TG thermogravimetric analysis

THF tetrahydrofuran

THT teirghydrothiophene

In most cases. for clarity and brevity. in the mmpﬁ . compounds discussed after
the main ligand has been referred to, it is simply repre IX&EG by L. Homobidentate
ligands are represented correspondingly as L-L and in some cases as N-N or P-P
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to denote the specific donor atom. The widely accepted shoricuts MeQH, MeCUN.
EtOH, Me,CO are used for methanol. ncetonitrile. ethanol and acetone. Substituted
ligands are abbreviated following the above parent ligand notation. ie.
2.9-dimethyl-9,10-phenanthroline is noted as 2.9-Me,phen and dimethyldithiocarba-
mate as dMe,tc. In cases where the substituent locant is obvious none is inserted.
fike in 2.4.5-trimethylpyrazolate. which is simply referred 1o as Me,pz. The synunetric
heteroatomic macrocyclic ligands are abbreviated accordingly. Lo, [9)aneS; repre-
sents 1.4, 7-trithiacyclononane. Considering the bisphosphine ligands. analogous to
the above-lisied diphenyl substituted ones. is the notation used for the dimethyl
gounterparts, i.e. bis{dimethylphosphinoymethane is dmpm. The well-known tech-
nigues of infrared. mass spectrometry. nuclear magnetic resonance, cyclic voltametry
and ultraviolet—visible are abbreviated as IR. MS. NMR. €V und UV Vis,
respectively.

1. Introduction

The chemistry of copper(l). silver(1} and gold(1) is an ever-growing field since
there appears to be involved a remarkable versatlity 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 present in such complexes are bearing pnictide. chalco-
genide or halogen donor atoms. In the following the chemistry of these metal ions
with ligands having as donors group 15, 16 and 17 atoms will be discussed. The
discussion is very abstract, dealing only with the main point of interest in every case
and does uot attempt to compile or discuss spectroscopic information except when
this was the only evidence in the original study. The classification 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 low valent coinage metals and the investigations carried out on these
complexes. Ligands with donor atoms from cach one of the groups 15, 16 and 17
of the periodic table are discussed. followed by presentation of the compounds where
mixed Hgands are observed in the 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 for comparison. or in discussing the reactivity of some complexes.
therefore deviating somewhat {rom the above criterion of chromophore constitution.
The time domain covered is the decade following 1985; for the previous peried, an
excellent and extensive work has been published {11, while recently an updated but
abstract summary of the elements’ chemistry has been compiled [2]. In 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.

o]
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2. Complexes with single group donor atoms
21 Complexes with growp 15 donors

241 Nitragen donors

2.1.1.1. Copper complexes.  Copper(l) acetate in the presence of formamide and
acetic anhydride forms. in refluxing MeUN, 4 series of products with the general
formula [Cu(CN 1, {MeCN ] depending on the reactant ratio. The green
[Cu it CN O MeCN )] possesses IR spectrum similar to that of the structuraily deter-
mired [Cul NH, 3, ICu{TN 1,] and therefore is formulated accordingly [3].

Secondary ion mass spectrometry for both free i(fumk{\),; [PF.} and in
graphite matrix proved the existence of Culj; and Cul species, whereas for
[Cu(NCR )™ (R=Bu". Cy}, only fragments up to Culy were obtained [4].

The interaction of gaseous NO has been investigated towards several mono- or
binuclear copper complexes where copper is bound 1o three nitrogen atoms. either
pyridinic or pyridimic and amino in nature. The process leads 1o evolution of N.O
and oxidation of the complexes to bridged oxo- or peroxo- species [5]. Reactions
with nitrosonium ion in acetoniirile afforded the corresponding divalent copper
complexes. with coordinated acetonitrile. while for the [.3-9is{{pyridylethynyly-
elhvizmlino}—7-hydr0xybcnzepe the finu! complex incorporates a bridging NO unit
{6]. The closely related 1.3 tﬁs((pxndvlelh ynyljethylaminotbenzene also produced
a dicopper complex {or which the kinetics of oxygen uptake revealed an initial
reversible step leading to a dioxygen adduct before resulting in the final hydroxylated

product {7]. The reaction of [{Sb.{WNCy),).Li,] with four equivalents of CuCl in
toiuesxe yxc ed [{Sb.{NCy 4;3(?{14} with a Cu, core and finear CulN, environment
for each copper [8].

M{NBu'},{ NHBu'), (M=Mo. W) treated with methyllithium produced
Li,M(NBu'), which. in toluene at —78 €. reacted with [Cui{ MeCN LEBF ] to give
the cluster [M,Cud NBu'){ - NBu' ) (g hHi}m 1IBF] [9]. Olizomeric complexes
[CuiN(SiMe,Ph),11, and [Cu;N(SiMePh.),!; have hcn formed by the reaction of
bulky NH(SiR;}, with CuBr in the presence ‘of Buty fum {10]. The reaction of
copper(l) halides with lithiated amines in Tﬁs pmdmed the {etrameric
[Cu(NRR"); (NRR =NMe,. MeNI{CH,),NMe. N{CH,CH.}).) which appear 1o be
inert to PPh,. while dppm and dpf}n gave rise to [Cuiddppmi] and
[Cust - PPhyidppe),] [HL Treatment of bis(2-pyridviethyl i d-vinyibenzyl Jamine
with [Cu{MeCN LJIPF,] in acetonitrile afforded monomeric [Cu(LPFL which.
upon ireatment with ethylene glveol dimethylacrylate n acetonitrile, produced a
macroporous polymer to which CO was found to bind reversibly. The corresponding
sitver polymer did not reveal any such reactivity {121, Two- three- and four-coordi-
nated copper being present in  complexes [Cu(L)l™ with tris[2-(34.3-
trimethylpyrazolvl jethyl lamine.  bis{2-{ -pyrazolyl jethyljamine  and 3,
trimethylpyrazole, respectively, gave rise to clearly distinet absorption and resonance
Raman spectra which can be used as coordination environment probes [131L
Analogous  studies  were carried  owt  for the complexes of [2-

[

e
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1-methylimidazolyl )jmethoxymethane and the emilting state was identified as well
as that of the corresponding [Cu{ LHCO}]™ {14].

The relative Cu(1) ion affinities of 20 common amino acids were determined in
the gas phase based on the unimolecular dissociations of their copper-bound hetero-
dimers which fall within 20 kcal mol ™! [15].

The lithium salt of [2-(6-methyl ypyridyl Jirimethyisilylamide reacted in E6,O with
CuCl 1o give the dimeric CuyL}); compound. which, upon reaction with two
equivalents of CuCl, gave [Cu(L1,Cl} [16]. Reaction of the dimer with cxcess
PMe, gave the product [Cuf L} PMe;).]. Crystal structure determination and investi-
gation of the ground state electronic energy in N.N-di-p-tolyiformamidato dicopper
by spectroscopic and theoretical means concluded that despite the short Cu-Cu
distance [2.497 (2 y A]. there is no direct metal-metal interaction [17].

Digonal copper environment is observed in [Culcimetidinej},. an extremely stable
complex oxidized 2t +047V [I8]. {[Cul1.8-naphthyridine),JICIO . [19
[Cu(S-alkylthiophene-2-carbaldehydeimine) . JJCF,80;]. where Cu-S are exiremely
weak, form a pseudo tetrahedral environment | 20]. The chelating 2-(zerr-butyl Jaceta-
mido-6-( bis pyridylethynyl yethylamino)pterin reacted with monovalent copper 1o
yield in CH,Cly/hexane a mononuclear perchlorate [21]

The reaction of 2.6-dimethylphenyl isocvanide with reduced depamine-fi-monoox-
ygenase initially forms monoisocyanide complexes finally leading to a species con-
taining muitiple isocyanide ligands. Compound [Cu(2.6-Me,pyH LIJ[CIO,] is also
described and whose crystal structure reveals identical isocyanide-binding in analogy
with protein systems and its conversion to a trisisocyanide complex i3 demonstrated
by IR and Raman spectroscopy [22]. 2.5-Dimethyl-2.5.-di-isocyanchexane and the
corresponding 1,2-cthane give with CuX; the mixed valence [Cux(L):}[Y]; and
[CHLLIY] (Y =CF,80,. ClO,. BF)) [23]. Cuy(PhN,Ph), cxeited states were
studied by both experimental technigues and by semi-guantiative molecular orbital
methods [24].

In MeCN/py [Cu(bpy},] ™ activated HOOH and r-BuOOH for the selective ketoni-
zation of methylenic carbons in Cy and PhCH,CH; groups [25]. Reaction of
[Cu(MeCN L H Y] with excess pyridine or 4-methylpyridine leads to aceionitrile
substitution by the pyridine base. Cu NQR studies of several mononuclear alkylpyri-
dine complexes of the type [Cu(L):{ Y] (Y =PF,. Cl0,) have been reported {26].
while analogous compounds in  acctonitrile reveal no interaction of
[Cu{MeCN LI[BF,] with C,H, and NE1,Ph. and a only weak interaction with halo-
arylazo compounds [27]. Cationic complexes of the formula [Cu(L)]™ are obtained
with  4-methyl-4-[6-(i-({2-imidazol-4-y]  ethyl)imino)ethy!)pyrid-2-yi}-4.5.6.7-
tetrahydro- H-imidazo[4.5-c]pyridine and 2.6-bis[ i-{ 2-imidazol-4-ylethyl )-
iminojethyl Ipyridine with flattened tetrahedral and five-coordinate copper environ-
ments respectively, The latter is readily oxidized by dioxygen with subsequent partial
oxygen recovery [28]. Several substituted pyridines or ligands with pyridine-like
nitrogen atoms have produced Cu{l) compounds. 2.6-Dimethyl and
2.4 6-trimethylpyridine form two-coordinate cationic units with Cu(l}. The struc-
tures and the Cu NQR spectra of several such compounds bearing BF,. PF,,
CuCl, and ClOQ, as counteranions have been investigated {29]. Forms %~ and - of
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the 2,4-dimethylpyridine perchlorate and the 2.4,6-trimethylpyridine dichlorocuprate

have coplanar ligand rmgs while in the rest. complex dihedral angles of d;}p xi-

mately 70 were observed. 2,6-bis{ 1-Phenyl{-1-{ pyridin-2-vl Jethyl pyridine in aceio-
nitrile formed {Cu({L}{MeCN[CuCly] and [Cui Ly MeUN }{CTu, X, ( X= Br i}
{30]. In thee compounds, the Cu-py distances are fairly standard ranging from
207 1o 2.08 A while the Cu-NCMe ones are 2.00{2), 19042} and 1 94{::1/\
for X=Cl. Br and 1, respectivelv. In 2 conformational polymorph of
[Cu(2.6-Me,py1LHCI0], the linear CulN, environment is present with pyridine planes
at 56.2° [31]. 2-Aminomethyipyridine and 2-hydrazinopyridine form monomeric
compounds of the formula [Cu({L},]X where Cu-NH, are naturally longer than
Cu-N,,. and strong intermolecular hydrogen bonds are formed {[32].
Dimethylaminophenyl pyridines and phenamhroiinps pr{)dnceé l’ﬁi?&had"al
{Cu{L),}[PF ] comapiexes where the copper metal resists chemical and electrochemical
oxidation [33]. The reactivity of [Cu!Tris({2-pyridyl ymethyl Jamine} {M“ﬁf’\f HPF]
with benzyl and allythalides led to copper oxidation with concomitant dibenzy! and
diolefin products [34]. Nitromethane and wetallic copper react in pyridine to give
[Cu{CN)PY 21 and iCu(NCO){PY 212 with bridging NCQ ligands and Cu-N
distances of 1.97{2)-2.26(2) A for NCO and 2 O30 -2.05(0) A for pyridine [351.
The CuN,; environment is identified in [Culdi(2-pyridyl yamine], ] salts where the
anion is either Cl or [Cu(LyX,] for X=Cl, Br {36]. In the case of Cul. the fnal
product is of the formula [Cuy{Ly{p~1}]. EXAFS studies revealed that in
excess pyridine. Cu(py); is formed and nowater coordination s evident
{37} 2.276'276"2"-Quarterpyridine forms double helical complexes of the
formula [Cu,{L),JPF., with pseudo tetrashedral CulN, an*fircvmem {381
Trans-12-bis( 2-pyridyl Jethylene formed polymeric {Ca{LHPF}, with Co-N dis-
tances ranging between 1.878(6) and 1.8%0(6} A. Terminal pyridy!l and guinolyl
ligands form [Cu{L}]” complexes which readiy uptake dioxygen to form
{Cul),O, ttripyridyl. dipvridylquinolyl) or Cu{L)07 {pyridyldiquinciyl). while

triquinolyl is unreacive [39]. The polvpvridy! ligand ¥ i EiCN formed
[Cu( Ly BtCN 1P and oxidized faster than the monomeric [Cu{ EICN YL (L'=
Tris{ Z-pyridyl Jethyl Jamine} with the initial 5 b:ms the formation of an ~O.-
bridge between the copper atoms [40]. Electre r.he, ical reduction of Culll} com-
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plexes with di-Z-pyridylamine appears to be more favorable (—0.36 V in DMSO,
~0.29V in DMFI and —0.11 V in acetonitrile relative to Fe(Cp), than for the
corresponding bipyridine and phenanthroline [41]. Absorption and emission studies
at room temperature and at 77 K were carried out for [Cu(polypyridy)J[CIO ],
e.g. 1,2-bis(9-methylphenanthrolin-2-yl Yethane. 1,2-bis{6™-methylbipyrid-6-yl)ethane
and 5,5°3".5"-tetramethyl-2,276,2":6"2"-quartepyridine [42]. Ethyl bridged bipyri-
dine and phenanthroline give [Cu (L), © complexes with a double helical stracuire
assigned by '‘H NMR. The compounds are oxidized reversibly at higher voltage
than the monomeric Cu{bpy); {43]. Reaction of 2.6-bis( 2-pyridyiethynyl )pyridine,
with [Cu(MeCN J,J[PF,] in MecOH. yielded the trimer [Cu,{ Li,YPF ], and dimer
[Cu{L):J[PFs],; the latter was found unstable in CD,NO, solution [44].
Mononuclear copper{l} complexes containing the N tripodal tetradentate
trisf( 2-pyridyl )-methyl Jamine and the corresponding ligands with one. two. or three
2-quinolyl substituents were studied. Only the last figand formed a
HL)Cu{MeCNJ1™ complex unreactive to dioxygen. All three reacting complexes
follow the same reaction mechanism, involving the initial reversible formation of
1:1 Cu:0, adducts which react reversibly with starting Cu(l) species to form
2:1 complexes. although considerable differences exist in detail. depending on the
ligand  [45]. The binuclear complexes [Cu{L){BFJ,(MeCN}),] and
[Cud LYBFJ(CH,Clo s, which were readily prepared from 2.6-bis[N-
{ 2-pyridylethyl jformimidoyt I-1-methoxybenzene in the appropriate solvenis. and
the helical {Cu(L){BF,}}, have been studied as models for monooxygenase reactivity
[46]. 2.6-bis{ 1-Methylimidazol-2-y] ypyridine formed [Cu,(L),}[CIOQ,], the bis-coor-
dinated ligand forming the strands of a helix [47]. A variety of homometailic
copper{]) complexes of ligands containing two (2.2-bipyridin-6-y! yimethy! moieties
linked wvia  1.4.10,13-tetraoxa-7,16-diazacyclooctadecane.  1.4.10.13-tetrathia-
7.16-diazacyclooctadecane, 4.4 -bipyridinediium. N.N . N’-tritosyldiethylenetriamine
and toluene-p-suifonamide spacer units have been isolated. FAB MS investigations
suggest that most of the complexes are of the formula [Cu(L),}{PF 5. ° o*uuon
'H NMR spectra imply the cxistence of additional complex components of |
Licopper{l) ratio [48]. The copper{1}) complex {Cu,(L},} and s 1:1 adduct vviih
CuX, [Cugl{L), X5l { X=Cl, Br) have been prepared from lthium reagenis and the
appropriate metal halide and [2-(6-methyl)pyridy]ltrimethylsitvlamide and have
been characterized erystailographicaily. In the duner, the ligands span the two metal
centers with Cu---Cu 2.420(1) A, while in the clusters, they span three metal centers
which are either two- or three-coordinate. The compound [Cu,(L},] reacts with
trimethylphosphine to form [Cu(L)(‘PMe,,) 1 [49]. The MLCT excitation at 465 nm
of the complex [Cu(?. 2%-bis(6-(2.2"-bipyridyl ))biphcny} MCI0L2MeCN was estab-
tished and its quasi-reversible ’}dedii()n in various solvents associated with coond’ -
tive changes upon oxidation [ 50].

The vic-dioxime 5,5-bis[2-(4-benzylideneamino-benzo-15-crown-5)] dithiogoxime
gives [Cu(L),}{PFy] probably with tetrahedral CuMN; environment {51]. Sodium
suifite treatment of aqueous solutions of CuX, and |-cyanoguanidine resuited in the
formation of Cu,X,L { X=Cl, Br), CuBrL - H,0 and [Cu,(L)*" [52]. In particular,
the chloride yielded, upon treatment with 0.5 or 1.5 equivalents of sodium sulfite,
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fCu u—Cl 3, L),1{80,] and [Cus{ - C L)18,0,L respectively {53
2-Cyanoguanidine in THF in the presence of pyridazine formed [{Cu(Ly
A p-pyridazine) f BF ], and [{Cul L)} p-pyridazine); [ BF ], {541 with trigonal and
tetrahedral  copper  atoms, respectively. Pyridazine  reacted  with
[Cuf{MeCN ) JIPF ], in acetone under argon to give [Cuy{ L) MeCON LYPF ], while
in-situ reduction of Cu(ClO.}, in acetone under ethviene or CTO gave
[Cuy L) ICI0], [55].

Pyrazine and tetramethylpyrazine form. in acetlone, infinite two-dimensional sheets
of {Cu(L)s f MeCN)PF - 1.2Me, O} where Cu, uniis are observed and
ICu,{ L CIO,] with a zigzag polymeric form respectively [56]. 6.6 -dimethvl-2.2%
bipyrazine. 2.2'-dimethyi-6.6"-diphenyl-4.4 -bipyrimidinve form Cull complexes
while  cutena-poly-[{ 2.2 -dimethyl-4.4 -bipyrimidine- V. N N "y MeCN),Cu,}]  have
been characterized structurally {57]. 2.3-Dimethylpyrazine pmduc‘vq an interesting
product of autoreduction of the percifiorate Cu(il} complex. [{Cu{L}lf LI~
{58} 2-Methyl and 23-dimethylpyrazine form. in water, lUxa(L‘g JICH0LS, 1591
Tetranuclear Cu complex has been obtained with 3.6-bis( 2-pyridyl )pyridazine pos-
sessing a planar Cu, core of tetrahedrally coordinated metal atoms [65].

The crystal structures of the polymeric pyrazolates =-[CufLj}, and the 111 mixed
metal phase. {Cu.Ag}{L}],. have been determined by X-ray powder difitaction data
and compared with that of f-{Cu(L)],. Al complexes consist of infinite chains of
linearly coordinated metal atoms. bridged by bidentate pyrazolato anions. The
»-{Cu{ L)}, and j-[Cui Ly, phases differ mainly in the interchain Cu---Cu contacts
[61]. Finally. ab initio. all electron Hartree-Fock calculations have been utilized 1o
investigate ihe reactivity of pyrazole and pyrazolate anion towards Cu™ and
Cu{NH,;)" [62]. Several substituted pa!\*pyra?_(ﬁN afford [Cu{L)]" with metal-to-
ligand-charge-transfer {MLCT ) bands in the UV region and emission resulling from
3d—n*. Their phenolate counterparts show lower absorption and emission trans-
itions. The reaction of the complexes with CO p}c»uw s new compoeunds with higher
absorption and lower emission energies [63]. Neo z-back donatinn was observed in
Cus{ p-Po)y contrary to their Au counterparts ({;4}, The structure of the
3.5-dimethvipyrazolate compound reveals a symmetric trimeric umit with very weak
Cu---Cu interactions [651. The analogous structure of the product with
3.4.5-trimethylpyrazole is reported along with that of the mmuﬁ \"*iuw product
iCul 3-CO.dimethyipyrazole){ Me;pzi}.Cu {66]. IR and DSC studics are rep@rtc—d
for a series of trimeric pyraz u": c;mz lexes of the formuila [Cu -ﬁ Y.3,5-Meyprils
where Y=H, CL Br, | and CH, [67] The tetramerie cluster [Cuo 3.5 Ph.pzil, acts
as catalyst with 100% se?s«.mst‘ m 3 oxidative coupling of amines to azobenzenes
and uptakes CyNC to form dimeric [Cu( LY CyCON L [68]. The hinder u:?. 3.5-diphenyl
and 3-rers-butyl Tris{pyvrazolyvl jborates yield LQEE;};E‘:}.;:} of the formulas [Cu{L,
and [Cu{Ly MeCN . which generally dissociate in solution due to the lability of
the pyrazolate ligands. For the diphenyl-substituted hgand. g complex invelving
both its neutral and deprotonated forms has been obtained g 01

The first well-characterized mononuciear copper nitrosyl complexes are of the
formula [Cu{LYNOY. (L=tris{3-R5R"~- p\fmwn* hydroborate, R=Bu'. R'=H;
R =R’'=Ph). NO binding was found ¢ be weak. res ersibie and terperature depen-
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dent. Irreversible displacement of the nitrosyl ligand was effected by addition of
excess acetonitrile or CO to yield the respective Cu(l}) adducts [70].

Photoelectron spectroscopy of imidazole bound to Cu{l) sites at single crystal
surfaces has been used as model of the blue copper protein bonding and correlated
to SCF-Xa calculations [71]. The reaction of 1.2-dimethylimidazole with
[Cu(MeCN L,JPF,] formed the two-coordinate complex [Cu(L)JiPF,] and the
T-shaped three-coordinate [{Cu(L};PF4] the structures of which have been studied
by X-ray absorption spectroscopy. The latter is reactive toward dioxygen contrary
to the former which is unreactive toward O, and CO {[72]. N-methyl-
3-ethylimidazolate~-CuCl melts show oxygen untake to a variable degree with the
best results (80 O per Cu atom) being observed for Cuz(L),, while imidazolate
itself is not at all reactive [73]. N N.N N-Tetrakis(2-benzimidazolylmethyl }-
1,2-ethanediamine formed, in EtOH/E6O. [Cu( LIHCIO ], from which the metal
was extracted by KCN in DMSO leaving the ligand intact as its ability to recoordi-
nate revealed [74]. 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{i-methylbenzimidazol-
2-viybenzene reacts with copper(1} to give [Cu,(L),;J[CIO],. the crystal structure of
which shows a dinuclear nonhelical structure with each copper hinearly coordinated
to a benzimidazole group of each ligand. The structure is retained in polar aprotic
solvents [76]. The reaction of the polydentate ligand 1.4-bis[N N-bis-
{2-benzimidazolylmethyl )amino] butane with [Cu( MeCN },JIBF ] in MeCN/MeOH
at 3 °C produced [Cu(L)§BF,]. which takes up O, to produce the corresponding
Cu(1l) complex after 24 h [77]. Complexes of the tridentate tris{ {-ethyl-4- R-imida-
zolylyphosphine (R=Me. Pr) of the formula [Cu(L)}[Y] (Y=PF,. ClO,.
CF;S0;), were prepared. The adducts {Cua{ Ly{ MeCN)[ Y ] were obtained by crystal-
lization from acetonitrile. Oxvgen reacts with these species giving peroxo-
dicopper(il) complexes providing useful models for the spectroscopic. magnetic,
structural and functional properties of the dicopper site in hemocyanin [78]. The
analogous reaction of bis{bis(2-pyridyl jethyl Jamino)m-xviene in DMF yielded,
besides the formation of the corresponding phenoxy-bridged cupric dimer, the
hydrolyzed DMF [79]. The dinucleating bis-bidentate ligand bis[5-(1-methyl-
2-(6-methyl-2-pvridy! ybenzimidazolyl}] methane and its mononuclear anazlog
6-methyl-2-( I-methylbenzimidazol-2-yl)pyridine form [Cuo{ -1 03] H.0 and
[CulL),JCI0,] respectively with pscudotetrahedrally coordinated Cu. Conductivity
measurements and UV-Vis spectra show that the dinuclear structure is maintained
in solution in polar aprotic selvents, and '"H NMR measvrements unambiguously
establish a double-helical structure for this complex [80].

The reaction of 6-diphenyiphosphino-2.2"-bipyridyl with {Cu({MeCN),]" and
[CufbpyH MeCN,I" gives  dimeric  compounds of the formula
[Cuf p-LI{ MeCN 1P and [Cuy( gL, bpy}P ™ with head-to-tail and head-to-head
coordination of the ligands. respectively [81]. Linking two bipyridine uniis with a
i.3-phenyiene spacer has provided a novel class of ligand which promotes the
spontancous self-assembly of double helicates upon reaction with transition-metal
ions. Interaction with copper(1} resulted in dinuclear double-helical complexes with
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the metal lons occupying pseudo-tetrubedral coordination sites [82]1. The reaction
kinetics of [Cu(phen),]™. [Cu(5-NO,phen),]” and [Culbpy).l” With O7 . O, and
H.,0, in the presence of thymus DNA have been evaluated and the mfrwp@ﬁding
oxidation mechamsms proposed [831

Substituted phenanthrolines react with [Ca{MeCN 1 JIBF,] in CH,Cl, ‘MeCN 1o
produce the bis-complexes which are oxidized to the corresponding Cu { I1) species
mn the region of —1.64 1o —1.76V [84]. A general discussion of the energies,
intensifies and lifetimes of the luminescent states of several Cu(2.9-R phen); com-
plexes has been published {85]. but specific studies are missing, especially with
respect to their absorption and emission properties. The photochemical oxidation
in CHZCQZ of Cu{2.9-Me,phen); was attributed to outer sphere electron trans
from solvated CH,Cl, [86]. Resonance Raman studies of the excited states reveal
that for R =Me and Ph. the 360 nm band is an MLCT one and the 540 nm band is

—~n* [87]. Laser-excited resonance Raman of the ground and first MLCT excited
state of the 2.9-dimethylphenanthroline compound is in contradiction to the predic-
tion of the state 1o be [LCu™ L - ")}~ [88]. Hydrostatic pressure affects the emission
from the MLCT excited state via an associative mechanism [89]. The MLCT ex 'aed
states for Cu{2.59-Me,phen); and Cu(2.9-Me,-4.7-Ph,phen), produced by
photolysis in CE,Cl, are quenched by MeCN. Me,CO and p-dioxane [90] thro
exciplex f{ormation. while the corresponding complexes with 2.9-dimethyl- a
2.9-diphenylphenanthrol ine quenching is achieved by Criacac}; and Crihfuc),
well as by Lewis bases, e.g. DMF. DMSO. THF and MeCOOEt, again throug
exciplex formation [91] or by anthracene [92]. The activation volume for the energy
transfer quenching of the MLCT excited state of the "iphenyl’ahenamhmé%mz complex
has also been determined [93]. Several Cu{2.9-R.phen); quench uranyl phos-
phate and arsenate photoluminescence. A product with the stoichiometry
[INBugly oJJCu{2.9-Rophen)y lo - UOLE1O, - 2H,0 is reversibly oxidized and reduced
by Br, and N,H, vapors [94]. A smév of Cu(2.9-Ph,phen)s and the related copper
catenate of 11 indicate that they possess low symmetry. which is retained in solution
[951. Cu(phen)s Cuf{2.9-Me.p hen)a md Cul2.9-Me,-4.7-Ph,phen); react with nat-
ural DNA fragments and synthetic oligonucleotdes revealing i p ochromic absorp-
tions. The last reveals luminescence even at room temperature [96]. The electron
transfer rate from [Cu(2.9-Me,phen)l.[ Y ] was suudied hy ‘HI MR in water {\
Cl} and acetonitrile and acetone { X = CF S0} The final Cul ) species were shown
to contain coordinated solvent meﬁecuies{97}?&&{0:’;}13&01}f nstant and oxidation
potential for Cu{2.9-Me,phen); were calculated from electrochemizal measure-
ments. It is pndtczeu that this cmz‘;pomd is the primary O, reluctan: in solutions
where it is adsorbed on clectrodes {981, 2.9-Dianisylphenanthroline %m}s the ionic
compound [Cu(LyLJIBF,] in which copper is tetrabedrally coordinated. The corre-
sponding Culll} compound was also studied by ESR while dopped into the above
complex: the study showed that divalent copper compound adopis a five-coordinate
conformation {99]. Multiply substituted 2.9-R-4.7-R-phenanthiroline cam*p‘fexeq
reveal charge transfer absorptions in the visible region in MeOH/EtOH a1 90 K and
emission at room temperature in the region 710-770 nm, while unsubstituted phen
complexes do not [100]. The equilibrium between Cu(R,pheniCl and
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ICu{R,phen),][CuCl,] has been confirmed by 'H NMR studies in solution [101].
Copper complexes with several substituted phenanthrolines react with
Cu(PPh;}.(BH,) to form Cu(L)(BH,) for 4,7-. 5.6- and 3.4-dimethyl-3.4.7.8-
tetramethylphenanthroline with a unique CuN,H, environment while for 2-, 4- and
3-methylphenanthroline mixed-ligand products. Cu{L)(PPh;}(BH,) are obtained
{102}, 2.9-Me;phen in MeOH in the presence of excess COD forms the Y-
shaped complex [Cu(2.9-Me,phen)(MeCNH)X (X =ClO,, PF, [103].
2.9-bis((2'Alkylphenyl) aminomethyl) phenanthrolines form  mononuclear
[Cu(Ly]" with distorted tetrahedral environments and were characterized by IR
(ve=y) and UV spectra [104]. 2-(2-Alkylphenyl) substituted phenanthrolines and
2,9-dimethyl. 2,9-dimethoxy and 2.9 diethoxyphenanthroline form [Cu(L),}[BF,l,
which are oxidized electrochemically in the region —1.64 to —1.76 V [84]. An

sgous  compound  with  2.9-bis( p-carboxypheny! jphenanthroline has  been
studied with respect to its action in photoelectrechemical cells [105]. Reaction of
2.9-bis{ N-pyrazolylmethyl }- 1,10-phenanthroline with Cu™ produced stable com-
pounds in solution, provided the molar ratio was 2:1. whereas for 1:1 mixtures, the
solutions oxidized within 1 h [106]. The quenching of emission from the MLCT
state of the complex Cu{2.9-Fh,phen), by Tris{ f-dionato}Cr(1il) complexes and
several organic substrates has been investigated in CH,Cl, 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),{BF,], 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 conformational change in the receptors resulting from hydrogen
bond formation with the substrate [108]. Inert atmosphere conditions in the
CH,C1,/MeCN solution were needed for 1.4,5.8.9,12-hexa-azatriphenylene and its
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2.3-dipheny! 2,3.7-trimethyi, 2.3.7-tripheny! and 2.3.6.7.10.11-hexaphenyl analogs to
form complexes with the formula [Cu(L),} [BF,][109L

In an interesting sequence of reactions. [Cu{phen){ PPh, ) BH, )] in agueous metha-
nol yielded [Cu{phen}{PPh;}( HOCO,)] which. upon treatment with an additional
equivalent of phenanthroline or two equivalents of cyclohexylnitrile. formed the
ionic compounds [Cu{phen),J]HCO,} and [Cu{phen {CyCUN LI HCO,]. respectively
{110}, Treatment of [Cu(phen){PPh;}{ BCO;)} with pyrazole in acetone produced
a red solution and deposition of polymeric copper pyrazoiate. Treatment of
the mixture with €O, led to pyrazolate carboxylation and formation of
[Cu{phen}{ PPh}(CO-pzy{ H,0)]. which was reversed under nitrogen, while treat-
ment with excess CO, recovered the initial pyrazole [111].

The addition of two equivalents of the Schiff base derived {rom 1.2-diaminoetiane
2-( phenylethylthioybenzaldehyde to copper(l} perchiorate resulted in formation of
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[Cu(L)JICIO ] within a tetrahedral CuN, envivonment [112]. The Schifl base I
formed [Cu{ L} BF,],. which is oxidized in MEOH ihrough 2 peroxo-intermediate
to give the hydroxylated ligand [113]. Macrocyelic ligands derived from thio-
phene- or pyridine-dicarbaldehyde react in refluxing MeOH MeCN 1o give
[Cu{ LY MeCN LICIOLLL or in the presence of NaX [Cuy{ LY JTIO] (Y = NCS.
Ni. NC3e, CL Br, I). A study of their UV-Vis spectra indicated that they
retain their solid-state structure (determined for SCN ) in solution as well [114]. The
furan-based  analogous  macrocycle  23.24-dioxa-3.7.14.1 8-tetraazatricyclo-
[18.2.1.1%tetracosa-1(22).2.7.9.11,12.18.20-0ctacre and its 3.5.16.16-letramethyl
derivative gave [Cu{ L}{ MeCN 1,JIClO, ], which, in DMF. experienced partial oxida-
tion to the mixed valence [Cu(L)L,{OHJ[CIC, 5 [115]. The crysial structure of
[Cu{ LY MeCN },}** with the above macrocycies as well as the 23.24-dithia- analog
were studied [116]. Molecular mechanics calculations on the above ligands have
been carried out as well as on their dicopper complexes and metal parameters
elucidated [117]. The reaction of [Cu L} MeCNLP™ (L is the above dioxa
unsubstituted macrocycie) with pyridazine substitutes the MeCN molecules
withpyridazine and catalyses hydrazobenzene dehvdrogenation with a specificily
for irans-azobenzenc. but at a slower rate than simple Cu{l) salts
{118]. Tetrzethyleneglycol  bis(-2,2%-bipyridin-6-ylimethyl  ether and its
4.4'bis(4-methoxyphenyl }-substituted analog, as well as the corresponding tri- and
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pentacthyleneglveol. encapsulate both Cu™ and alkali metal ions in a sort of
polvcrown-gther. thus affording allosteric regulation of aikali metal recognition by
heterotropic cooperativity [119]. The reaction of [Cu(MeCNLJIY] (Y=CIG,.
PF,, CF,;80; with 14,8, 11-tetrakis{ 2 -pyridylemethyi)-1.4.811-tetraaza-cyclo-
tetradecane in acetonitrile at 60 'C produced [Cu, (L)Y |,. which reacted with O,
in a guasi-reversible manner [120]. If the reaction is carried under CO, then poly-
meric [Cu(L ((“O (MeCN)JIBF.};, is obtained with Cu N ranging between
2.057(3y and 2.083(4) A. Cu-NCMe cqual 10 1.075(4) A and Cu-C of 1.835(4) A
[121]. The d@"imﬁxemlca reduction of the CU(II) complexes with the hydrophobic
ligands  2.5.8,11-tetramethyl-2.5.8,1 I-tetraazadodecane.  2,5.9,12-tetramethyl-
2,5.9.12-tetraazatridecan  and  2,6.9.13-tetramethyl-2.6.9,13-tetraazatetradecane in
deaerated aqueous solutions yields the corresponding thermodynamically stable
copper{l} complexes. The bascicity constants of the ligands were deter-
miﬂed potentiometrically [E’)"}. The nnu.mcyclic bis( 1,10-phenanthroline)-
[2,1.10.9-bedef: 2711079 —ijkIm[ 1,8]dithia[3.6,10.13jtetraazacyclotetradecine with
its two phenanthroline sites bmd.s Cu(l) to foml Cu(L) which. in turn, binds to
DNA by an intercalative mode. UV-Vis and CD measurements support a con-
strained distorted sqgare planar geometry for the complex [123]. The bipyridine-
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based hexa-aza macrocycle 1V produced helicates with Cu(l) and Ag(l) in
MecOH,CH,Cl,. The structure 0w the copper complex revealed a distorted tetra-
hedral coordination [124]. 3,6.9,16.19.22-hexaazatricyclo{22.2.1.1* " azaoctacesa-
1(26312.9.11.13,15.22 24- octamc in MeCN-MeOH forms [Cu,(LHy[CIG,],. which
oxidized to [Cuy(-OMe)( u-OL)CIO,], reversibly umtil full oxidation occurs,
after  which it does not reduce back [125]. The macrocyclic ligand
1.4.8.1 I-tetrakis(2-pyridylmethyl )-1.4.8. V 1-tetraazacyclo-tetradecane  coordinated
in hot acetonitrile to give the dimeric {Cuy( L)X, (X=Cl0,, PF.. CF;S0,) which
is quasi-reversibly oxidized to the cupric compound [120]. A distorted tetrahedral
core is observed in [CuyL)(pyridazine),[CIO,], formed by pyridazine and
[Cu(LyH,0LNCIO,), (L, the Schiff base derived from the condensation of
2.5-diformylfuran and 3-oxapentatne-1.8-diamine) in acetonitrile, as well as in
[Cu{ LY MeCN [ BPh,J,. which is more stable than the former with respect
to electro-oxidation [126]. The step oxidation of [Cuy(1,3-bis{bis(2-
pyridinemethyl Jamino]benzene)* * is strongly ~olvent dependent [127]. The tripodal

v
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ligands (bis((2-pyridyl ymethyl }( 1-methylimidazol-2-yl ymethyl Jamine and
(bis{( I-methylimidazol-2-vl ymethyl }({2-pyridyi ymethyl Yamine i acetonitrile
form solvated [Cuy(L},}*".which electro-oxidize at approximately —0.6V and
uptake O, to form  {Cu(L)),0, [128]. Polydentate  (tris{bis(2-
(2-pyridyl yethyl jethylamino)amine formed. with [Cu(MeCN JJIPF,} and PPh, in
CH,LCl, [Cus( LY(PPh,),)[PF. - 2MeCN where both CulN,; and CuM,P environments
are observed [129]. while the macrocychic tetra-Schiff base derived from the 2:2
condensation of isophthalaidehyde with diethylenetriamine gave [Cuy{L)] [CIO)]
which. upon oxygen uptake. vielded the hydroxylated-pro {130]. Analogous hydrox-
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ylation occurs with the tripodal Hgand ¥V [131] and the Schiff-bused 1.3-bistN-
(2-{ t-methyl-2-imidazolyl Jethyl Yformimidoyl ybenzene [132] and polydentate m-
xylene{bis{ 2-( 2-pyridyl Jethyl Jamino)diamine and its S-ethylpyridyl derivative, but
not with the 6-methy! substituted one [133]. Tripodal ligands with central nitrogen
atoms react with cuprous salts to form mononuclear cationic complexes. Such
ligands are N(CH,CH,N-CBPh); which utilizes a trigonal pyramidal copper envi-
ronment in [Cu{L}[BPhy] with Cu-N,,=2232 and Cu-N,, ranging between
2004 and 2019 A [i134]. In the analogous complex of the closely related
N{CH,CH,N=CH(thlophene-2-y1 }),. the closest Cu-S distance is 3.344 A too long
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to suggest any Cu-8 interaction [133]. The tripodal Schifl base IV derived from
Tris{ethylamino)amine and [3.4]crown-benzaldehyde also presents a four coordi-
nate CulN, center [136]. while a CuN; center is observed in the cationic complexes
with the Schiff bases derived from 2.6-diacetylpyridine and phenylalanine methyl
and tyrosine ethylesters, respectivelv {1371 In general. 2.6-diacetylpyridine Schiff
bases form either {Cu(Ly]" or {Cuy{ L)~ complexes. which react reversibly with
CO and irreversibly with dioxygen. the latter reaction being more easy in
MeCN-MeOH  [138].  1.24.5-tetramethylsulfonyl-1.4-benzoguinonediimine-1 2-
diamine reacted in pyridine with cupric acetate to produce a dimeric compound
with local tetrahedral CuN, environment. The complex has the formula
[Cux{p-L)(py)d and reudily substiintes pyridine with PPh; 1o give
[Cu{ p-Lypy){ PPhy),] 1391 An analogous CulNy environment was observed in
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1

the complex {Cu;(’ 7-diphmyi-a70-' 8-naphthyridine), [ BF,], [140] as well as in

A% 11

bipyridine-based catenands of the formula VI for which dipotassium and tetraso-
dium hexafluorophosphates have been isolated [141]. Trigonal CuN; was observed
in the complexation of the ripodal Tris{4.4-dimethyl-2-(4.5-dihydro-oxazolyl )jmeth-
ylamine in the  dimeric  [Cu(L)[BF.;, [142] and CuN, in
[Cu,{l1.4-di(2"-pyridyithio)-phthalazine} JCIO,], - Z2MeCN  [143].  2,5-Bis[NV.N-
bis(2-pyridylethyl jaminoethyl Jpyrazine produces [Cu{L)CLHCIO,], which is
reduced in two steps at 0.04 and —0.07 V to the corresponding Cu(i} compound.
The final product is also obtained by in-situ reduction of cupric perchlorate in

refluxing acetonitrile [144].
C\
spacer
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spacer

3
Vil

The new endo VI with its three phenanthroline sites reacts with three equivalents
of [Cu{MeCN JBF.] in the presence of three equivalents of phen in DMF produc-
ing a trinuclear complex which reveals UV excitation and emission almost identical
to those of [Cu{phen}),]” [145]. The macrocyclic compound IX , in its knotted
structure, coordinates to copper, binding it with the two intramole phenanthroline-



bearing arms as well to give an overall tetrahedral coordination [146]. The crystal
structure and solution NMR studies of a dicopper [3]-catenate composed of two
peripheral 30-membered rings interjocked with a central 44-membered one has been
reported [147]. The absorption. emission and excitaiion spectra, and the lumines-
cence quantum yields and lifetimes of the emitting excited states of the [3}-catenand
X and some of its metal complexes have been investigated. In [CufL)PP". the
figand-centered luminescence bands are completely quenched and as in the
[Cu(L)Y". due to the presence of a catenate-type moiety. In [Ag{ L7, a strong
phosphorescence is present at 77 K. In [(Cu.Ag){L)}*". only the copper MLCT
emission is present [148]. The luminescence of the catenand XI  its mono- and
bis- copper catenates have been reported both i CH,(Cl, and in an
MeOH EtOH/CH,Cl, rigid matrix at 77 K [149]. Five new dicopper{l) “knots”
ranging from 80- to 90-membered rings have been synthesized. their yields depending
on methylene fragments linking the two chelating units and the length of the unit
ased in the cyclization reaciion. The face-to-face isomers were in the major products.
In CH,Cl, solution, both isomers exhibit MLCT sbsorption bands in the visible
and emission bands in the red spectral region. The profile of the absorption specira
and the luminescence properties depend on the length of the connectors [150].

A set of rotaxanes has been constructed consisting of a 30-member macrocyelic
ring, incorporating two threaded 2,9-diphenylphenanthroline residues, coordinated
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to Cu{1) with gold-(11I) and zinc(11} porphyrins as terminal stoppers. The rates of
the various electron transfer processes markedly depend on the molecular geometry
which is affected by the coordinated metal {1511

The interactions of Cu(L), (L=the deprotonated form of meso-tetrakis{4-( V-
methylpyridiniumyl }yporphyrin} 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 interaciion and the site to which it occurs [ 152]

2.1.1.2. Silver complexes.  Secondary ion MS for both free [Ag{RCNLY1I(R=
Me. Bu', Cy: Y =ClO,. PF.} and in a graphite matrix proved the existence of
fragments up to Agl.y . the gas phase sfdbm{" of Agl; being large with respect to
Agl; [4] Reaction of AgAsF, or AgSbF, with cyanogen halides in Hauid SO,
produced the first complexes of the formula [Ag{NCX),]" and the structure of
the chloro compound with Thexaflucroantimonate was solved [133L
Dicyanopolysuifanes S(CN), (n=2.3) react with AgAsF, in liquid 5O, to form
tAZ{Sn(CN ).t ,], TAsF ], with bridging ligands and each silver coordinated to four
nitrogen atoms from four different ligands [154].

The crystal structure determination of [Ag.{1.8-naphthyridine),}JJCIQ ], revealed
a digonal AgN, environment around the silver atoms [19]. The thermochemical
data associated with the complexation of several amines to silver in DMSQO at 298 K
have been studied and compared Wiih those in water [155]. The stability of silver
complexes with 1.2-diaminoethane, 1.3-diaminopropane and diethylenetriamine in
DMSO at 298 K was also studied potemiomeiricaﬁy with the diaminopropane
forming witht the monomeric and polymeric complexes as well [156]. Potentiometric
studies revealed that ethylenediamine and five of its N-nmiethyl and two of its C-methyl
derivatives coordinate to Ag™ in IM KNO; with the C-Me ligands showing a higher
stability for the Agl, species [157}.

Mixed nucleobase silver complexes with I-methyleytosine or -methyladenine, and
7.9-dimethylguanine have been prepared and studied. Silver appears in a distorted
trigonal-planar environment with both nucieobases and a water molecule virtually
coplanar. Intramolecular hydrogen bonding is observed. An alternative model to
existing hypotheses on Ag-DNA interactions was put forward which considers the
“insertion” of a metal-aqua entity into an existing base pair [158]. Only when 9-ethyl
guanine solution in ethanediol was solidified and layered with AgNO,/H,0 did a
clear reaction occur to affording [Ag( L), NO,] where the ligand coordinates through
its N-7 atom. The optimal reaction conditions for 1.9-dimethyl guanine are in
aqueous medium at pH =4 [139]. The structures of several A-({alkylamino)carbo-
nyl }-4-substituted benzenesulfonamide complexes with silver. of the general formula
K{Ag(L),]. prepared in alkaline aquecus ethano}l were proposed. on the basis of
spectroscopic evidence, to be analogous to the corresponding Mg®™ complexes. i.e.
involving linear AgN, coordination to the urea nitrogen atoms { 160, Several imides
form anionic Agl; complexcs, which oxidize irreversibly in acetonitrile to afford
the parent ligands {succinimide, ietramethylsuccinimide, phthalilmide, p-CN-forma-
nilide} or hydrazine derivatives through N-N coupling (formanilide) [161]. Crystal
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structure determination and investigation of the ground state electronic energy in
N, N-di-p-tolylformamidato disilver by spectvoscopic and theoretical means con-
cluded that besides the short Ag-Ag distance [2.705 (1) A} there is no direct metal-
metal interaction [171.

A flatiened tetmhedm silver is obtained in bis(4.4".6.6-tetramcthyl-2.2"-bipyri-
dineysilver tetrafluoroborate, which is isomorphous and isostructural to the corre-
sponding copper perchlorate [1621. Reflux of AgClO, with terpy in acetonitrile
vielded a double salt of the formula [Ag;(terpy L [Ag(terpy){ MeCNCIO,], where
a collinear Ag, array with digonal central and tetrahedral terminal Ag atoms is
realized in the polynuclear cation [163]. Several 2-arylazopyridines are found te
chelate in [Ag(L),]{ NO;] compounds [164]. while 2.6-diacetylpyridine, bis{ 6-chloro-
2-pyridyl yhydrazone are wrapped around the binuclear core of [Agy{L)lPF.,
giving rise to a short Ag---Ag contact of 3.141(1) A [165]. Compounds [Ag(L),]"
are formed by several pyrido[1.2-z}pyrimidine derivatives with two coordinate
silver [166].

The tetrameric complex [Agy (L), has been prepared from lithium reagents,
silver(I) halides and [ 2-(6-methyl ypyridyl Jtrimethylsilylamide. and has been charac-
terized crystallographically. The ligands link four silver atoms in a plane [49].
{4R.5R)- and (4S5.5S)-4,5-bis{ 2-{ 2-pyridyl )ethyl }-1.3-dioxolane react with silver in
MeOH to afford {{AgLJ[CF,SO,li,. which, in the solid state, reveal a helical struc-
ture, while in solution their spectra are identical and indistinguishable from the
specira of [Ag (rac-L},JCF;80;]; indicating that they do not retain their solid-state
structure [167].

Piperazine and pyrazine react with AgBF; und AgPF . respectively. in a 21 ratio
to yield two-dimensional polymeric chains of [Ag(L),][ Y] with four-coordinated
silver atoms [ 168]. The polytopic ligand 6.6"-bis[2-( 6-methylpyridyl ) [-3.3~bipyridaz-
ine formed [Ago(L)¢]"" where a 3 x 3 grid of tetrahedrai AgN, units is observed in
accordance with the *®Ag NMR spectra [ 169]. The reactions of AgBF, with pyrazine
in EtOH have led to the isolation of four polymeric coordination products. Using
a 1:1 molar ratio, the one-dimensional linear polymeric {[Ag(L)}BF,], was
obtained, while with a 1:2 ratio. two polymorphs of [Ag,{ L);}( BF,}, were obtained.
an air stable two-dimensional and a decomposing-in-air three-dimensional polymer
were obtained. With higher metal-to-ligand ratios. the unstable one-dimensional
zigzag polymer [Ag(L},}{BF,] was obtained [170].

IR and UV data are reported for [Ag(1L) JCrO,] and [Ag(L),.{NG;)} where L=
bpy. 4.7-Phyphen, 4.4-bpy and hexamethylenetetramine. supporting for the last two
ligands, CrO, coordination [1 71} Linking two bipyridine units by a 1,3-phenylene
spacer has provided a novel class of ligand which promotes the spontaneous self-
assembly of double helicates upon reaction with transition-metal ions. Interaciion
with silver(l) resulted in dinuclear double-helical complexes with the metal ions
occupying pseudo-tetrahedral coordination sites [82].

The reaction of AgPF, with pyrazole in EtOMH/CH,Cl, gave among others
[Ag{L)lAg(L):JIPF]; while AgSbF, gave [Ag(L)liSbF.. 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 [172]. AgNO, and sodium 3.5-diphenylpyrazolate in THT give rise to
trimeric Aga{p~L, NN}, with a nonplanar AgyN, core, while Ag{PhCO,) affords
hexameric Aggfp-L.N.N'Y, with a two-bladed propeller shape [173]. The crystal
structures of the polymeric pyrazolates [Ag(L)], and the trimeric [Ag(L)];. have
been determined by X-ray powder diffraction data. The polymeric complex consists
of infinite chains of linearly coordinated metal atoms, bridged by bidentate pyrazo-
Iato anions [61]. The stability constants of silver complexes with 3-methylpyrazole
3. 5-dimethylpyrazole,  1.24-triazole,  4-amino-1.2.4-triazole,  thiazole,  4-
methylthiazole and 2-aminothiazole were determined potentiometrically in water
and the ligand m-acceptor capacities deriv ed [174]. Bis{pyrazolyl alkanes give 1:1
ionic compounds with NO,. CH,SO; and 2:1 with ClO, silver salts, the crystal
structure of the latter being reported. The compounds are stable in acetone but in
DMSO the ligands are partially substituted by the solvent [175]. Two-, three-
and four-coordinated copper being present in complexes [Ag(Lil”. where
L is  Tris[2+34.5-Mespziethyljamine,  bis[2-(l-pyrazolvl jethyl]amine  and
1.3.5-trimethyipyrazole, respectively. gives rise to clenr]ly distinet absorption
and resonance Raman spectra which can be used as coordination environment
probes [13]. Analogous studies were carried out for the cempipxes of
[2-( i-methylimidazolyl }imethoxymethane and the emitting state was identified as
well as that of the correspondim {Ag(LuCOy™ [14).

Silver imidazolate has been synthesized in water by addition of ammonia o a
solution of AgNO; and imidazole. X-ray powder diffraction revealed polymeric
chains. containing linearly %ozdmatad silver atoms joined by imidazolate {ragments
and short interchain Ag---Ag contacts. The compound readily reacts with Lewis
bases 1o form compounds of the f@rmuh.. TAg(L){bases,), tm=2, 3} [176].

1.1 ~dimethyl-2.2"-bis{ 6-methylpyrid-2-y1)-5.5"- { pyridine-2.6-diyibis[{ | -methyl-/ H-
benﬂmxddzol 2.5-diyl ) mathyl:im}‘bix{i H benzimida zoi} self assembles with a mix-
ture of bivalent iron and monovalent silver in acetonitiile to afford [FeAg{Ly}~
with silver pseudotetrahedrally coordinated to two bidentate ligands [177].

Several Z-urylpyridine carboxaldimines form [Ag{LLICIO L unsiable in aceto-
nitrile but stable in MeOH and CHCl; undergoing transmetaliation with
MCi, (M=Fe, Co, Ni) [178]. Silver complexes have been prepared
with 1.1+ 1.4.10.13-tetraoxa-7.16-diazacyclooctadecane-7, 1 6-dimethyi yferrocene.
N.N-bis(ferrocenylmethyl idiaza- 1 8-crown-6. bis| N ¥V -bis{cveiopentadienidyl-
methyl)-4,13-diaza-18-crown-6{di-iron and with their amide precursors. The solid-
state structure of the former with AgClO, has been obtained and revealed an Fe-Ag
interaction which was furiher 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 [179]. The synthesis and X-ray crystal structure of a
dgisilver complex QAM\L}}{BFQ] of a bibracchial tetraimine Schiff-base macrocyele
derived from the silver-templated cyclo-condensation of 2.6-diacetylpyridine and
Tris{2-aminoethyl jamine are reported [180]. The ecrysial structure of
{Ag.(LYCIO,}, complexes is reported with the bibracchial fetraimine Schiff-
base macrocycles derived from the condensation of 2.6-diacetylpyridine
with N, N-bis(2-aminoethyl }-2-{(aminomethylypyridine, N N-bis(3-aminopropyl }-
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2-{aminomethy! ypyridine, ¥,N-bis{3-aminopropyl )-2-methoxyethylamine and N.N-
(3-aminopropyl }-2-methoxytbenzylamine {181]. Reaction of Ag™ in acetonitrile with
1,4, 7-triazacyclononane and the 1.4,7-trimethy! analog and the addition of tetrabuty-
lammonium salts affords the complexes [AgX (L)l (X=CI, Br, 1, CN, SCN) while
using a ratio of 21 in EtOH vyields [Ag(Ll);]” and in pyridine.
[{L)Ag(p~-CN)YAg(L)]PF, has been obtained [182].

Schiff bases derived from N N-bis( 2-aminoalkyl-2-phenylethyl yamine form either
acyclic mononuclear (alkyl=Et} or macrocyclic dinuclear {alkyl=#n-Pr) silver com-
plexes with trigonal silver envirorments as IR and '"H NMR measurements reveal
[183].

Several cryptands form [Ag, (7)Y ] compounds, with #=1 or 2 and Y being
noncoordinating anions; in all these silver is coordinated to three or more N atoms.
For example, the triflate salt of the cryptate formed by a 2:3 condensation of
tris(2-an..noethyl yamine with p-diformylbenzene in MeOH [184] reveals tetra-
coordinated silver, while in  the analogous cryptand obtained from
2.5-dimethoxy-1.3-phenylenedialdehyde. the silver is three-coordinated {1857 as in
the product of template condensation of tris(3-aminopropyl jamine and 3-R-
2-hydroxymethy!-1,3-phenylenediacetaldehyde (R =0H, Me, Et. Br) [186]. Both
AgN; and AgN,C environments are present in (1,15-dioxa-4.12,18,26-
tetraaza-6:10,20; 24-dinitrilo-octacosa-4.7.9,11,18.20.22 25-octene)cyanodisilver(+)
[187] and AgN, in [Ag{LLIBF ], where L represents the deprotonated form of
1.11-bis(2-hydroxyethyl) 4:8,12:16.17:21-trinitrilo-1.2.10,1 I-tetraazacyclohenicosa-
2,4,6.9,12,14.18.20-octaenc, owing to a short intradimer Ag---N contact [188].

2.1.1.3. Gold complexes.  The complexes [Au(NH,R)LIX (R=H, Me. Et or Bu".
X =Br, SbF,. BF,) have been synthesized by bubbling gaseous NH,R through an
acetonitrile solution of gold(l) ions [189] and characterized by IR. NMR spectra
and TG and DSC techniques: the single-crystal structural determination of
[Au{NH;),]Br confirmed the linear coordination about gold. The complex
1AW L BF L, (L =diethylenetriamine} has been synthesized and characterized
by IR and NMR spectroscopy. Its crystal structure revealed that the molecular
cation has a ring configuration with local AuN, environments and a polymeric
structure due to weak interdimer Au---Au contacts {190].

Sodium  3,5-diphenyipyrazolate and Au(THT)Cl afforded. in THT,
Tris(p-L.N N trigold with a planar Au;N, core, while reaction with AuCl{PPh;)
gave hexameric Au (p~-L.N.N'), with an 18-membered ring [173]. Metathesis reac-
tion between AuCl;py and sodium 3.5-diphenylpyrazolate in THF affords the mixed
valence trimeric compound [AulAu™(u-pz),]Cl, which. upon reaction with agua
regia, transforms to the 4-chloropyrazolate complex. The XPS spectra of the product
show only a broadening on the high-energy side of the Au(1} band {1911

Tetraphenylprophyrinato gold with [M{nmt),] anions {M =Ni, Pt) reveals one-
dimensional assemblies of gold atoms and so interaction with the anion, as indicated
by the findings of magnetic measurcments. EPR, Vis and conductance measure-
ments [192].



m
i 2
’&.

P.D. Akvivos et al. | Coovdinaiion Clemistyy Reviews 167 (1897; ¢ 117

2.1.2. Phosphorous donors

2.1.2.1. Copper complexes.  Crystallographic studies of the lonic compounds
[Cu{PMe;),JX revealed distoried tetrahedral copper environments with mean Co-P
distances of 2.270, 2.271 and 2.278 A for X=CL Br, 1. The trigonal pyramidal
environment in [Cu{ PPh;),{PFy] presents an azial and a mean off-axial Cu-P length

£2.465(2) A and for Cu-P of 2.566{2) A [193]. Several complexes of the fornuia
[Cu(L1JIBF.] (L =PMe,. PMe,Ph, PMePh,, PPh,H. PPhH,} were studied by spec-
troscopic methods [ 194]. Dissociation of Cu(triethylphosphite};Cl in solution led to
the formation of [Cufiriethylphosphite),JCi and several low-coordination Cu(l)
compounds, the concentration of which depends upon the polarity of the solvent
{195]. High-resolution solid-state *'P NMR spectra of Cufl}-p mspme complexes
show field-dependent, distorted quartets in which the line separations are not con-
stant due to the combination of scalar Jpc, coupling with incompie! ei} a mmed
dipolar and anisotropic J interactions. The quartet distortion is related to str
data S3Cu quadrupole couplinz censtam pé amsadopy s'; ‘fl.e ? Cu sc Lﬁ cou-

nalysis

the Lopper dmm based on s~p hybr ;dlzdtm,. sci;emes involving its vacant 4p orbitals
[ 1961 Computational studies by LGTO-local density functional theory are reported
on the electronic structure of [Cu,P, 1" clusters [197]. Neutron diffraction studie
on HyCug{ P(p-tolyl s}, verified the existence of an ocinhedral copper atom cluster
and face-capping hvdudes in accordance with previous theoretical predictions [ 1981
Reaction of [CuCH{PPhy)l, with [MCoy(CG},,] {(M=Fe. Ruj in toluene yielded
[MCox(€0),,41:-Cu{ PPh3)}] to which triphenylphosphine zdded to form the ionic
[Cu(PPhy) i MCo3CO), 5] [19%].
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Phosphide complexes [Cu(PPh,),]; react with PMe; to form X complexes with
eight-membered rings and toth digonal and te%;:ihcdr;ﬁ copper atoms. The same
reaction in the presence of CuCl affords Cu{PPh, 1,01 PMey), with trigonal and
tetrahedral copper atoms [200].

Reaction of copper tetrafluorcborate or perchiorate with dppm in refhuxing ace-
tone produced the dimer [Cu.{ p-dppm): ¥ ™. Analogous co wuné« were obtained
with 2-(diphenyipi mspnmmps«*xém& while vm.on recrysta i zation of [Cue,{ L300
from acetonitrile, a product incorporating an MeCUN molec E as was produced as
shown by P NMR measurements [201]. Cis-bistdiphenyiphosphinoje h viene

formed [Cu{L),][PF,} which was studied crystallographically ma by solid-state ¥'P
NMR [202]. NN~ bfsé"’{daphew&phasw:z;zm}ethme I.2-diamine and the wms% ond-
ing 1,3-propanediamine give complexes [Cu{L)[BF,] with distorted tetrahedral
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copper environment {2031, The asymmetric diphosphine Ph,PCH,CH,PEt, pro-
duced water-soluble air-stable complex of the formula [Cu{L),]Cl on which *'P and
83Cu NMR studies discussed the inversion process at the metal center which is in
a CuP, environment [204]. The synthesis and structural and solid-siate 3'P CP/MAS
NMR characterization of cis-bis{diphenylphosphino)ethylene and the complexes
[Cu(L),][PF,] have been carried out. Solution and solid-state P NMR chemical
shift parameters are similar, supporting the hypothesis that the tetra-
hedralbis(chelated)  cations are also stable in solution [205].
1.2-bis[bis{ 2-diphenviphosphino)ethyl Yamino]ethane produced a [Cuy( L)} complex
where both crystal structure and 3P NMR revealed equivalent phosphorus atoms
[206]. #,2-bis[bis(2-diphenylphosphino}ethyl jamino]ethane, the corresponding
diphenylarsino and the diphenylphosphino m-xylene finds coordination to two
copper atoms forming Cu,L ™ and Cu,L ™, which show quasi-reversible one-electron
redox couples [207]. The highly symmetric compound [Cuy(dmpe),{ p—dmpe BF 4}
shows ®Cu NMR signal and does not dissociate at the NMR time scale
[208]. (R* R*)-(£) or {R*.8%)-12-phenylenebis(methylphenylphosphine) formed
[M{(L},]" compounds with the copper triad metals and appear to rearrange in
solution by intermolecular ligard redistribution (rate Au<Cu<Ag) and inversion
at the metal centers (rate Ag < Au<Cu}[209]. A highly distorted tetrahedral environ-
ment has been observed in the [Cu(dmpe),JCu{Co(CO),},] [210].

t.1-bis(diphenyiphosphino)ferrocene reacts with Cu® to give
HCul L} of p-1J1" perchlorate and tetrafluoroborate with a trigonal CuP, environ-
ment [211]. The compound undergoes a single reversible step three-electron oxidation
in 1,2-dichloroethane to give the corresponding [{Cu(L)}»{[x-L)*" ion which dis-
proportionates to {Cu{L)]“, ferrocenyl radical and CulL™ [212].

Complexes of the formula Cu(P-P)BH, were proved to photoisomerize cis-pipery-
lene to mrans. Estimation of the triplet excited states of these complexes with a
peculiar CuP,H, chromophore are at 60-61 and 66-67 kcal mo! ™! above the ground
state for dppe and dppp. respectively [213]. Analogous environments are present in
the products of the reaction of [nido-7.3-C,B,H 10L}"_ (L=F. n=2; L=
4-pyridinemethylcarboxylate, n=1) with CuCl both in the presence and in the
absence of PPh;. Boron, phosphorous and hydrogen atoms are present in the copper
environment and *'P NMR studies show considerable flexibility of the closo-com-
pounds that are formed [214].

Hydrogen was found to be present is the Cu coordination sphere in the CuH
reaction products with PPh; in THF. A pentameric and a hexameric compound
have beerr obtained with Cu-P bond lengths ranging between 2.16(1) and 2.21(1)
and 2.200(5) and 2.246(3) A, respectively [215].

2122 Silver complexes.  MAS p NMR spectra of
[Ag(PPhy)L ING,L IAZ(LLINO (L =P(CH,CH,CN); Pim-tolyl )y} are reported
and correlated with the determined structures {216} The structure of
[Ag({PPhy) PF,] revealed an almost ideal tetrahedral silver with Ag-P=2.666(3) A
{1931, Potentiometric and calorimetric measurements of the stability of several
[Ag(ER},HCIO,] in pyridine established the complex stability as varying in the
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sequence primary <secondary <tertiary phosphine. Among the phosphines used,
PBu; proved to form three species in solution while for Pcy,H and Poy, only two
species were obtained [217]. An ionic compound with the sioichiometry
[Ag(L),l.fAgsl;] was  obtained by  refluxing in  acetonitrile  Agl  and
Tris(2.4,6-trimethoxylphenyl )phosphine [218]. Cyclopentyldipheny! and dicyclopen-
tylphenyi phosphines form mononuclear gold(1) perchlorate and tetrafluoroborate
complexes [219]. The formation of complexes [Ag{ L}, J[PF.] in CH,Cl, were followed
by *'P NMR studies at 193 K. At Inast two species were determined in solution the
exchange rate being greater for 5-phicnyldibenzophosphole than for triphenviphos-
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 technigues. PPh; forms three successive mononuclear com-
plexes. dppm only polynuclear species, whereas mononuclear complexes. in addition
to polynuclear ones, are formed by dppe and dppp [2211. *Ag{*'P} INEPT studies
on [Ag(L),JINO;], L=dppe. depe, eppe. dppp and 1.2-diphenyiphosphincethylene,
are reported to yield values in the range 1378-1468 ppm relative 10 4 M AgNO;
in D,0 [222]. 3P NMR studies confirm formation of dimeric cationic units
for dppm. dppe. dppp. bis{2{diphenylphosphinojethyl iphenyiphosphine and
Tris(2-{diphenylphoshpinojethyl) phosphine upon reaction with AgClO,. The tea-
dency of dppm to form polymeric compounds is also confirmed [223]. Eight-
membered rings were observed in [Ag,(dmpm),]Br, with bromine links belween
adjacent units. The solid-state IR and Raman spectra of [Ag,{L)J{PF.l, and
[Ag,(dppm),J[PFels are also reported [224]. Dmpe and dppe react with AgAsF, in
MeNO, or acetone in a 3:2 ratio to afford [Ag,(LyJ[AsF).. When a mixture of the
ligands is used, *'P NMR reveals the presence of mixed-ligand cations. The observed
exchange is faster for dppe involving end-on exchange of a bridging ligand [223].
[Aga(dmpe),l[ BPh,}, prepared in acetonitrile possesses two bridging and two chelat-
ing dmpe ligands [226]. while bis{cis-1.2-bis(diphenylphosphino)ethylenelsitver
nitrate is monomeric and capable of transferving the nitrate to organotin{lV})
compounds  forming ionic  species of the formula  [AgL,jY1
(Y =SnPhy{ NO;},. SaPhy{NO;y), or SaPh,CL{NO,;). P NMR meoasurements
reveal identical P environments in both the initial and the finul compounds [227].
Analogous is the reaction of bis{diphenylphospinoymethane silver nitrate with
SnPhy{ NO,}, in MeCN-Me,CO resulting in formation of [Ag(LLlBaPhy(NO,};]
studied by IR and *'P and '°Sn NMR [228].

The reaction of HC{PPh,), with Ag(CF.80;) in CH.Cl, afforded
[Agi{L), CIT" consisting of a central triangular metal core and UV-Vis spectrum
in acetonilrile virtually identical to that of the free ligand [229L
1.8-bis{ Diphenviphosphino)-3.6.-dithiacctane  and 1ts  3.6-di{ phenylphosphino)
counterpait form [Ag(L)][BF,] Complexes in acetone and ‘H “P and '"Ag NMR
studies predict AgS,P, and AgP, environments, respectively [230]. The thicether
moieties in Ph,PCH,SR {R=Me. Ph} and Ph,PCH,CH,SR (R=Me. Et, Ph},
however. did not appear to coordinate to silver: neither do they alter significantly
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the phosphine group’s donor ability as studies in DMSO reveal. Thermodynamic
studies establish the compilex stability sequence as Ph<Me <Et [231].

Trans coordination by dppf in cationic Agl.™ complexes with ClO, and CF;80,
amons has been observed [232]. The dimetailic complex
[PUCN ), (p—-dppm),Agl{Cl0,] undergoes electron transfer in photoreactions with
halocarbons. Its emission quenching by pyridinium acceptors was also studied [233].

2.1.2.3. Gold complexes. lectrospray MS of mixtures of Au(PPh;)}Cl and PR}
(R,R’=phenyl, p-Cl, and p-methy! phenyl) verifies the existence of mixed ligand
cations of the general composition Au{PR;), and Au{PR,) [234]. The strong
enthalpy stabilization of PPh; and PCy; upon ligation to Au has been verified by
potentiometric and calorimetric measurements in pyridine [235].

Electronic absorption and MCD spectra of [Au{P(Bu');},JJCIO ] in acetonitrile
helped in the identification of the MLCT d—p transition [236]. Au(PEL}CN)
although normally linear in the solid state, disproportionates in solution to
[Au{PEL;),IAu(CN),] like the corresponding triphenylphosphine complex which is
in fast equilibrium even at 200 K [237]. The ligand scrambling in Au(PR;}(CN) to
yield [An(PR;),JAu(CN Y] (R=Me, Et, i-Pr. Ph, Cy) is studied by 3C and 3'P
NMR. The K, values vary as Cy>Me>i-Pr>Et>Ph. The PCy; and P(i-Pr); are
new complexes [238]. Reaction of Tris(2-cyanoethylyphosphine with Au(THT )Cl
in CH,CI,/MeCN afforded Au(L)Ct and [Au(L),]Cl, the latter encapsulating
gold within the cyano- arms. Its reaction with H,S0,/H,0 at 120°C results
in the formation of Au{CH,CH,COOH);},C! [239]. Luminescence studies are
reported for AuCH{PPhs),, [Au(PPh;);)[BPh,] and Au(THT)CL Titration of
[Au(THT ),]IPF,] with PPh; in acetonitrile reveals that the luminescence depends
on the phosphine molar fraction, the emitting species being either AuPS or AuPy.
For Trisalkylphosphines, emission was found to occur only for ratios P:Au> 3 [240].
Cyclohexyldipheny! and dicyclohexylphenyl phosphines form mononuclear gold(l)
perchlorate and tetrafluoroborate complexes {219].

The electrochemical reduction of TAuy(PPh,) P and
[Augo(P(p-OMeC H,) 1610 in CH,CL,, Me,CO. MeCN and PhCN is studied by
normal and differential pulse and CV revealing two distinet peaks almost solvent
independent [241]. Reversible isomerization between the normal-pressure green “part
of eicosahedron” [Auo{PPh;)}[PF.}; and the high-pressure brown Dy, centered-
crown one is achieved in the range up to 80 kbar, with the most marked changes
observed in the range 45-60 kbar [242]. Magnetic circular dichroism measurements
of Aug(PPh;)3" with NO; and CIO, counterions are reported in acetonitrile [243].

Treatment of o-tolylphosphine with Tris(triphenylphosphineauriojoxonium tetra-
fluoroborate in THF afforded [(o-tolyl )PAu(PPh;);][BF,] with noninteracting Au
centers. The compound further reacted with [AuPPh;J[BF,] to afford
[(o-tolyl YPCAuPFPh, ) BF ], with a square pyramidal 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 [(AuPR)o( p-LYAUPR,),)[BF.], (R =Ph, Bu') while if the 1:1 stoicheiome-
try is applied and a further equivalent of Au(PR;)BF,) is used,
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[(AuPPh)y( u-LY AuPPh,)JIBF,, is formed as 'H and *'P NMR indicate {245].
The corresponding ferf-butyl oxonium salt upon reaction with P(8iMe;); in THF
at —78 C yielded [P{AuP(Bu'):} J[BF.]; a tetrahedral gold cluster [246] while the
extremely bulky (2.4.6-tris-tert- butyl)phenylphosphine formed [(AuPR ) LIBF ]
{R= Ph. /-Bu). and addition of [Au(L)}IBF,] vielded [L{AuPPh;}JIBF,], and
[Au(PBu"),J[ BF . respectively [247].

The synthesis. structural and solid-state P NMR characterization of ¢/s-bis{di-
phenylphosphino)ethylene and the complexes [Au{L),J{PF,] has been carried out.
Solution and solid-state **P NMR chemical shift parameters are similar. supporting
the hypothesis that the tetrahedral bis{chelated) cations are alse stable in solution
[205]. A short Au---Au interaction has been observed in [Au,(p-dmpm).{PFL..
Solid-state IR and Raman spectra are reported as well as for [Au{L} JPF L {a=
2, 3y and [Au(L)]CL [224]. P NMR studies in solution verify that
iAu[p-dppe):F~ is converted to [Au(dppe),]™ by /f-p-thioglucese and reduced
glutathione in aqueous methanol. The product is kinetically stable. producing
[{Au(L) {dppe)] [248]. Excited tris[bis{dicylcohexyiphosphino)ethaneldigold(2 +)
has proved capable of electron transfer to alkylpyridinium acceptors in acetonitrile
and the effective rates of this transfer are reported [249]. Intense do™—pa transition
in absorption and MCD spectra of Auy{dmpm)3’® in water and acetonitrile are
reported [250]. The UV spectra of [Auw(dmpml,X, (X=Br. ClIOy and
[Au(dmpe}], X, (X =ClL Br. I, ClO,) do not obey the Beer law. therefore predicting
X-association to yield [Au,L,X]} . Bands attributed to Au, de—ps transitions
underline the importance of Au---Au interactions {251]. Luminescence at 393 um in
solution of [Au{dppm}l,[BF.], is attributed to *Au(a*)(a) emissive state and a
Au, ¥ HOMO on the basis of Xa studies [252]. The electrochemical behavior of
several bis{diphenyiphosphinoe) gold(1; complexes was studied by cvelic voltametry
[253]. Absorption and emission properties have been reported for the mixed metal
complex [Ir(CO)CIAu(AuCl){ p-DPF.] prepared by the reaction  of
[ L),(CO)PF ] with three equivalents of Aut{Me,S1Cl (L = bis{diphenviphosphi-
nomethyl yphenylphosphine) as well as of [Au-Wr(UN ). p-LLIPF.] which was the
product of the treatment of the former with KSCh and Au({Me,SCi[254]

The reaction of [Au{THT ), JJCIO,] or [Autacac}{PPh,}] with CH(PPh,}, led to
dinuclear complexes. JAu{ - CH{PPh.):LECIO L, or [Auy( p-C(PPha)s).]. respee-
tively, which react further with [Au(acacic¥Phy)] and [Au{THT PPhHICIO ] to
afford  the tetrunuclear complex [(Ph:PAuPPh,C(PPh,AuPPh,),CPPhAu-
{PPhyJiCIO L. Trinuclear complexes were also realized and the compounds siudied
by NMR and X-ray diffraction techniques {2551

The reaction of secondary phosphines with several goid compounds is shown to
produce either ring- or chain-structured polvmers of [Auly PR, (R= Et Ph
pMeC H,. p-Bu'C H,). probably through the intermediacy of {AuX{PHR,}} com-
pounds, a few of which weic also isolated und analyzed. In nonpolar solvents
complexes {Au{PHPh,},]” were also realized [256].

Bis(diphenylarsino)methane reacted with either Aw{THT ), or Av{C FH(THT)
in CHLCl, to form [Au,dLyP " or [AuL{CFs)]7. respectively {257]. Reaction of
K{AuCl,] with bis(dimethyiphosphinomethylymethylphosphine in MeOH yielded
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[Aus{p-L),P . the crystal structure of which has been determined. The nonlinear
metal chain [Au-Au-Au angle 136.26(4) ] experiences intramolecular Au---Au con-
tacts of 2.981(1) and 2.962(1) A. The complex revealed phosphorescence in aceto-
nitrile solution [2581. Tris{2-(diphenyiphosphino)ethyl)amine forms Au(L)Y.
monomeric with three-coordinate gold for Y =PF,. NO; and dimeric for Y =BPh,
[259]1. The reaction of HC{PPh,}; with K[AuCl ] in the presence of 2.2"-thiodicthanol
in MeOH yielded [Aus(L),CIT" consisting of a central triangular metal core {2291,
The gold(1) complex with I-diphenyphosphino-2-{ 2-pyridyl Jethane 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{{diphenyiphosphino)methy!)phenylarsine reacted with
AuCN in toluene and wupon recrystallization from CHCL/EL,O vielded
AL [AwCN),Y [261]. The  complex  cation  [Au (L) [L=
2,6-bis(diphenylphosphine)pyridine] revealed an intramolecular Au---Au separation
of 4.866 A as determined by X-ray crystallography and displayed photoluminescence
at 520nm  in fluid  solations at room temperature i202].
Bis(diphenylphosphino)amine replaced THT from [Au{(THT)JCIO,] to form
dimeric [Au, (L), }[ClO,], which upon treatment with halogens forms the corre-
sponding Au(ll) species [(AuX),(1-L),J[ClO4); [263]. Emission and absorption
spectra in acetonitrife have been measured for [Au,( LY} PF Lo, [Aua( L);][PFl and
[AuL,Y(PF,) for L=1.2-bis(dicyclohexylphosphinojethane [264]. The !*"Au
Massbauer spectrum of the bis(diphenylphosphino)yamine complex [Au,(p-L),J**
has been obtamed at liquid helium  temperature [265]. Reaction of
[Au L)L,JICIO,], with an excess of the ligand bis(dimethylphosphinomethyl ymethyl-
phosphine in methanol vielded [Auy(L);)[CIO,). ‘ntensely phosphorescing in aceto-
nitrile [266]. The chioro-ylide gold complex {ACHCH,PPh,)] reacted in acetone
with  dppm  or  bis(diphenylphosphino)amine  to  atford  derivatives
{Au,{ - Ph,PYPPh,3,] {Y =CH, N). the latter also being produced by addition of
bis{diphenylphosphinojamine to the former. The two complexes further react with
silver or gold complexes giving tetranuelewr ring systems [267].

Mno(-H Y p—PCyH W CO)s reacts with AuClH(PR;) in THF (R=Cy, Ph
p-FCHy, p-OMeC Hy) to give mono- and diaurated polymetallic compounds
which are characterized by IR, Vis, 'H and *'P NMR [268]. Auration of prim-
ary phosphines PRH, by [{{PPh;)Au],OlBF,] in THF at RT aflorded
[RP{Au(PPh;)}:l{BF4], while P(SiMe;); vyielded the hypercoordinated
[P{Au(PPh;)} [ BF ], [269]. The complexation of dendrimers with as many as 3072
terminal phosphino groups to gold has been studied by 'H. “*C and *'P NMR
measurerients [270].

2.1.3. Arsenic. antimony and hismuth donors

Several complexes of the formula [Cu(L),][BF ] were studied. where L is a tertiary
ligand with group 15 donor atoms (E Vie;. EMe,Ph, EMePh,. EPh,H, EPhH,, E=
As, 8b) as well as [Cu( L-L),}[BF,] with the bidentate ligands R,E{(CH,},ER, (R =
Me, Ph; E=As, Sb and n=2, 3) or 1,2-bis{SbMe,)C H, [194]. Tricyclopenty! arsine
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formed [M(L},] perchioratcs and tetrafluoroborates, the former revealing weak
anion coordination [219].

Acseries of {Cu{L),}{ Y]and [Cu(L),J[Y ] (n=3 or 4; Y =ClQ,. BF,) were obtained
where L=EPh;, EPh,Ar, EPhAr, (E=P, As, Sb. Ar=p-substituted phenyl}
and the structure of [Cu{SbPh,(P-FC H,)},]" has been solved [271]. Several ionic
stibine compiexes have been studied. The spectral data of [Cu(SbR,),JIBF4]
{(R=Me, Et. Phy and of [Cu(Me,8bCH,CH,SbMe,),{BF,] and
[Cu(Ph,SbCH,CH,CH,SbPh,),IBF,] along  with  [Cu(PMe,),{BF,] and
[Cu(AsMe;),IBF,] have Leen reported. The high symmetry of the metal center
allowed **Cu NMR measurements to be carried out [272].

The dimesity!l stibine lithium salt added to a cooled THF solution of CuCl
and PMe; yielded the first Cu(l) antimonide [(u-Mes,SbiCu(PMes}], with a
central Cu,Sb, core [273]. Both (R* R*)-(4) and (R*.5%)-1.2-phenylenebis-
{methylphenylarsine) form [ML;}™ compounds with the copper triad metals and
appear to rearrange in solution by intermolecular ligand redistribution (rate
Au<Cu<Ag) and inversion at the metal centers (rate Ag<Au<Cu) [209].

Bis(diphenylarsino) methane silver nitrates reacted with SnPhy{NQ;), in
MeCN-Me,CO resulting in the formation of {Ag{L),)ISnPh,{ NO,);] studied by IR
and **P and ''°Sn NMR [228]. The strong enthalpy statilization of group 15 donors
upon ligation to Au has been verified by potentiometric and calorimetric measure-
ments on several £FLy itgands (E=As, 8b) in pyridine [235].

2.1.4. Mixed group 15 doiors

2.1.4.1. Capper complexes.  Several complexes have been isolated, with phosphine
and MeCN molecules attached to the metal atom. The effect of the phosphene
ligands on the stabilization of [Cu{MeCN ), (PR}, _,]7 {n=0-4) has been expressed
in relation to their 3'P NMR chemical shifts and electrochemical data {274].
[Cu( PPh;),{ MeCN },J[CIO ] reacted with terpy in CH,Cl; to displace MeCN forming
a five-coordinate copper center which was shown by spectrascopic measurenments to
retain it in solution [275]. The 6-diphenyviphosphino substituted bipyridine forms
[Cu(u-L){ MeCN }.]** complex where a local CuPN; environment is present. The
complex reveals oxidation peaks at —1.35 and —1.53 V in MeCN, while it reduces
CO, to CO with concomitant carbonate formation as solution IR studies predict
{2761, [Cu{MeCN), {o-(dimethyalmino)methyl- diphenylphosphinobenzenel{ BF ]
and [Cu(MeCN ), { PPh;), - JI BF,] were studied as catalyst in trans-stilbene cyclopm-
panation with N,=CH(CO,Et) where alkene intermediate presence was propesed
10 account for the activity of the latter in the case of n=2 [277].

Several N-heterocylees reacted with Cu(NOs), in the presence of triarylphosphines
to give compounds of the formula [Cu{PPh;}{L},INO;] (L=pyrazine,
1.2 4~triuzole. Z-methylimidazole). ICu{PAr;}{pyrazoie); i NO;l {Ar=in-,
p-CHLC H,) or [Cu(ONO,)(PPh)L] (3.4.5-trimethylpyrazole, 4-phenylimidazole,
bis{pyrazol-1-ylymethane, bis(3.5.-dimethyipyrazine)methane, bis{1.2.4-triazole)-
methane), the latter showing fluxional behavior above 240K [278]. Several
5.6-disubstituted  2,3-bis(2pyridyl ypyridazines react in  CH,Cl, with
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[Cu(PPh;), MeCN ),][ BF4] displacing MeCN to form [{Cu(PPhy),} (- L) BF 1,
the excitation spectra of which are interpreted in terms of the n* energies of the
ligands. The compiexes react with excess triphenylphosphine 1o yield
[Cu(PPh3),(L)BF,] [279]. Reaction of the potassium salts of tetrakis(1H-
pyrazol-yl)borate and dihydrobis{1H-pyrazol-I-yl}borate with Cu(PAr;)2(NO;)
yielded compounds Cu(PAr;),(L) which were studied by 'H and *'P NMR studies
[280]. The coordinated 4,3-dicyanoimidazole in Cu(L){(PPh,), undergoes rapid alco-
holysis in the presence of CO, being transformed to imino-methylester. The structure
of the final product reveals a CuP,N, environment, the N atoms being imino and
an imidazolo, respectively [281]. The structures of {Cu{ L} (PPh,)},{BF L. with 2.2~
biimidazolate, bibenzimidazolate, tetramethylbiimidazolate (n=1) and imidazole
and pyrazole (n=2) have been elucidated utilizing 'H and *'P NMR [282].

Reaction of cyanoacetic acid and MeCu(PPh,) in THF at —78 C gave rise to
(PPhy),Cu(LH){L} wherc a highly distorted tetrahedral CuN,P, environment is
observed and hydrogen bonding through the coordinated acid ligand forms loosely
connected dimeric units [283]. Reaction of CuCH{PPh;), with Na(CN),BH, in
acetonitrile yielded { PPh;),Cu{CN},BH,, a linear polymer with bridging dicyanodi-
hydroborate ions [284]

Electrospray MS revealed the existence of [Cu(PR ) (phen)I[BH,] (phen = several
substituted phenanthrolines) and all possible cationic units when two different phos-
phines are present in solution. therefore confirming the rapid ligand exchange m
soluttor: [285]. Bulky phosphines enhance the reactivity of electron transfer from
[Co(EDTA)] to  [Cu{phen)({phosphine),]” [phosphine=PPh,. PPh,Cy. PCy,.
P{p-MeOC.H,); and anions ClO, NQ,] {286]. The reduction of methylviologen
by a ~ariety of [Cu{N-N}PPhy),]" complexes in aquecus ethanol has
been siudied and the efficiency was found to vary in the sequence
2.9-Me,phen > 4,4".6.6'-Me bpy > 4.4"-Me,bpy > phen > bpy >4.7-Phyphen. the last
two being practically inactive {287]. Photoreduction of methylviologen was effected
by the 2.9-Me,phen complex with PPh,, PPh,Cy and P(p-OMeCH,); and the
corresponding quatum yields discussed in terms of the excited state jifetimes [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.Cl,.
the emission increase with temperature indicates significant thermal population of
the excited singlet state [289]. The triphenylphosphine and the p-methyl and p-
chloro- substituted ones cive compiexes with dimethylphenanthrolines. which show
emission in mixed methanolethanol environment at 77 K {290]. Ab initio calculations
on the model compound Cu(HN=CHCH=NH)}PH,); arc in support of a
pseudotetrahedral ground state and planar MLCT excited state easy for water co-
ordination [291]. Absorption and emission maxima of the [Cu(PPh;),-
(di-2-pyridylketone) I NO,} compound in CH,Cl, were reported as well as its catalytic
activity in the photochemical transformation of NBD to QDC with a quantum yield
of 0.17 (irradiation at 2>320 nm for 12 h) {292]. The central pyridyl nitrogen of
terpy and two phosphorus atoms define the equatorial plane. 'H and *C NMR
spectra show that the five-coordinate nature of the compound is also retained in
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solution {293]. Cu(PCy;),{ FBF;) reacted with NaX in water to give the meta-
thesis products Cu(PCy;1,Y(Y=8SCN, N;). The crystal structure of the azido
complex reveals a trigonal planar copper environment [294]. Displacement of
acetonitrile from [Cu(PPh,),{ MeCN ),[BF ] by N-(2-pyridinyl-
methylene)pnenylamine and N-(2-pyridinylmethylene)-2,3.5.6.8.9,11,12-
octahydro-1.4.7,10,13-benzopentaoxacyclodecin-16-ylamine  vielded  complexes
[Cu(L)(PPh;),}[BF} which emit even in methanolic solutions [295].

Reaction of copper tetrafluoroborate or perchlorate with dppm in CH,CY, at
room  temperature  gave  qise o [Culd{p-dppm)(MeCN)JP*  and
[Cus{ p-dppm),{ MeCN L [296]. identified by their P NMR  shifts.
Photoluminescence of [Cu,{ u-dppmi{ MeCN L ]P* and its reactivity towards ben-
zylchioride, I-bromopentane in catalytic amounts is reported [2971. In CH,Cl,
substiiution of acetonitrile with PPh,, pyridine and 4-substituted pyridines occurs,
the products being studied by IR, UV and X-ray diffraction [298]. Reac:ion between
[Cuy( p-dppm)(MeCN )™ and substituted pyridines or triphenyiphosphine in
CH,Cl, gave products [Cusf i-dppm)y(1.).1°" which possess long-lived emissive
clectronic excited states in fluid solution at room temperature {299]. The bidentate
ligands 6-methyipyridone, dimethylpyrazine, N(N{ p-tolyl 1},. MeCO; dppm reacted
with [Cu,( MeCN ),{ p—dppm),J[ BF,]; to give [Cuy{ p-dppm),{ p-L) BF,] for 111 and
[Cu,( p—dppm){p-L),] for 2:1 ratio [300]. Analogous complexes were obtained
with  3,6-bis(3.5-dimethylpyrazoly-1-yl)pyrazine  und  dppm, dppe or
2-(diphenylphosphino)pyridine. The structure of the dppm compound was reported
[301]. Reaction of [Cu{MeCN )] with 1.5 equivalent of dppe and sodium arenyley-
anamides in Me,CO/E1OH afforded [Cu,{ u—dppe)s(dppei( L),] with one bridging
and two chelating dppe ligands. When the reaction was carried out in EtOH with
Cu(PPh,),{ NO;). the product was [Cu{PPh,){L)]; [302]. The reaction of
Ni{(CO)(dppm), with [Cu(MeCNLJ[CIO,] in acetonitrile under CO, followed by
recrystailization of the solid product from dichloromethane., yielded
INHCO){ p-dppm),Cu(MeCN L)ICIG,] which readily exchanges the anion for
PF, or BF, and upon treatment with NaBH;CN under CO afforded
[Ni{(CO),( u—dppm),Cu( BH,CN 1 [303].

1.2-bis(2-diphenylphosphinoethyl Jamino)ethene and the corresponding mi-xylene
and the diphenylarsino analog 1eact in Me,CO/CH, with [Cu(PPh;)Cl], to give
Cu,L(PPh;),Cl, and with [Cu(MeCN LICI0 ] to give [Cu( LYCIO,] which readily
exchanges anions with NaX to form Cuy{L)X; with tetrahedral copper (X =N,
NCS. OH. BH,} [304]. With the m-xylene ligand Cu,(L)Cl; has also been observed.
The copper(!} hexatluorophosphate with [-diphenyphosphine-2-( 2-pyridyl Jethane
has been prepared. The tetrahedral geometry around the metal atom was verified,
while NMR studies show that the species. besides ligand exchange, rearranges in
solution by inversion at the tetrahedral metal center {260]. 'H and *'P NMR studies
in acetonitrile verified that the complexes [Cu{L}}” produced in methano!l by
[Cu{MeCN ), }* and 1.10-bis(dimethylphosphino)-4.7-dimethyl-4.7-diazadecane and
its dicyclohexyl- and diphenylphosphino- analogs are monomeric, with both nitrogen
and phosphorous atoms coordinated to the metal [305].

The tripodal tetradentate ligand Tris(2-pyridylmethyl)amine formed stable
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cationic complexes [(L)YCu({L')]" (L'=RCN, CO, or PPh;} of which the X-ray
structures of [{LYCu{PPh,)]" and [(L,)Cu(MeCN)]" (L,=Dbis(2-pyridylmethyl)-
(5-carbomethoxy-2-pyridylmethyl Jamine) were reported. The former reveals a pseu-
dotetrahedral CulN;P environment with an uncoordinated pyridine site. while the
latter possesses a distorted pentacoordinate structure. The reversible oxidation of
the complexes was studied {3061

The luminescence of [{Cu{L)},(p-2.2"-bipyrimidine)}{ BF,l, (L=PR;, PR,R",
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{PPh}{NO;)n with di-imines in
MeOH and subsequent treatment with salts of noncoordinating anions Y
{BF, PF, afforded [Ag(PPhy}(L)Y[Y] where L=bpy. phen or
trans-1,2-bis(4-pyridyl yethylene. Only the bpy complex reveals resolved *'P NMR
spectra (=040 Hz) at r.t. in MeCN. For the bis-pyridyl ethylene. a dimeric
compound of the formula [Ag.(PPh;).{ u-LI(NGO;), was also obtained while with
pyridine [Ag{PPh;);J NG;) is produced through ligand scrambling [308].

Tris(2-(diphenylphosphino)ethyvl Jamine formed monomeric Ag(L)X complexes,
with three-coordinate metal center for X=PF, and four-coordinate when
X=NG; [259]. Both nitrogen and phosphorous were found to coordinate in
[Agi{(1-benzyl-2-imidazolyl Jdiphenyiphosphine},}** nitrate and tetrafiuoroborate
XII [309]
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Five-coordinate [Ag(PPh,),(terpy)[CLO,] has been prepared by the reaction of
terpy with [Ag(PPh;),J[C1O,]. The metal atom is coordinated to the disial 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 *C NMR spectra show that the five-coordinate
nature is also retained in solution {293].

Silver(1) hexafluorophosphate with 1-diphenyphosphino-2-(2-pyridyl yethane 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}-CHMeNHMeCH.CH,
NMe,)CsHi) {CsHLPPh,}] formed a 2:3 product with Ag(CF,S0;) with two
terminal trigonal AgP,N and one central bridging AgP, atom. Application of a
70-fold excess of CNCH,CO,Me forms [{ferrocene)Ag{isonitrile},){CF;80;} where
“chelating” ferrocene is present [310]. Multinuclear (H, C. N, P. Ag) NMR studies
revealed fluxional behavior in  (>-CsMes)Ir(pz)Ag(PPh,), [(#5-CsMes)ir-
(p-pz);AgPPh;} Y BF ] and [(n°-CsMe e {PPh;)(1-pz),AgPPh [ BF ). associated
with argentotropism. The low-temperature Ag~P splitting is related to the dynamic
properties of the complexes [311].

2.1.4.3. Gold complexes.  Reaction of solid {Au{PPh,}{ NO;)] with CC in the solid-
state produced, through a series of successive reductions, the compound
[Au(PPh;)(NCO}]. a product not realized in the outcome of the reaction in
CH,Cl, solution [312]. The treatment of rerr-butylamine and benzylamine with
[Au(PR 3},IBF.] led to the monoauration products (R ;P)Au{NH,R)[BF,J{R'=
Me. R=Bu', Bzz R'=Ph,Me, R=Bu", while JAw(PR});NRIBF,] (R’'=Mz,
R=Bu', Bz) were obtained using the corresponding oxonium salt
[Au(PR {);O][BF,]. Treatment of NH(8iMe,;), with [Au{PR});0}BF,] afforded
both the Tris- and tetra-aurated ammonium salts. [Au(PR" ;);NSiMe;[[BF ) and
[Au(PR3LNYBE,], depending on the reaction conditions {313].

The intensely luminescent [{Au{PPhy)},(p-LNCIO), and [fAu(PPhy{u-L)]
complexes with L =22"-bibenzimidazolate as bridging ligand have been synthesized
and their crystal structure determined revealing short intramolecular Au-Au separa-
tions in the former [314].

The mono- and tetra-nuclear 7-azaindolate complexes [Au(PPh;} L)} and
[HAu(PPh;) (p-L)Cuf L)} 4], have been prepared and their crysial structures deter-
mined. Short intramolecular 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 while in the solid state only the
tetramer is emissive [315]. Reaction of Au{PPh;)Cl with 7-methoxy-1-methyl-9H-
pyridof3.4-blindole or 4.9-dibydro-7-methoxy-1-methyl-3H-pyrido]3.4-blindole
afforded Au(PPh,HL) with the deprotonated indoles. while addition of
[Au{PPh;}{ MeOH)}[BF,] led to formation of [[Au{PPh;)} (p-LYIBF,] [316]
(1-Benzyl-2-imidazolyl ydiphenylphosphine formed [Au(L},]” in which both N and
P coordinate to the gold atom [309]. Succinimide reacting with AuClH{PPhy) in
MeOH in the presence of NaOH is readily deprotonated and monomeric
Au{L")(PPh;)} is formed which is reactive towards Pr{NQO,); - H,O in MeOH vield-
ing [Pr{AuL{PPh,),}{ NO,},], the crystal structure of which reveals the existence of
AuPN environment [317]. 1.3-dihydro-7-nitro-5-phenyl-2 H-1 4-benzodiazepin-2-one
gives [Au(LH Y PPh,)}{PF ] and in alkaline media Au{L){PPh;). which upon reaction
with [Au{PPh;}{ MeCH ) BF,] forms [{Au(PPh:)} (L)} BF,] [318]. Reacticn of
t-methylthymine and AuCI(PPh;} in H,O/MeOH at pH=11 gives l-methyl-thy-
minato-N3-triphenylphosphine gold with a linear AuNP environment [319]
Phthalimide. diphenylhydantoin. saccharin. riboflavin and (tetrahydrosuccinimido)
acenaphthenone form Au(L){PR;) compiexes where R=Et, i-Pr. Me, Ph, OMe,



128 P.D. Akrivos et al. | Coordination Chemistry Reviews I67 ( [997) 95-204

OPh as well as with PEt,Pk and PEtPh,. The compounds are studied by 'H, N
and 3P NMR and the crystal structure of Au{phthalimide){PEt;) confirms the
linear AuNP environment present. Reaction with N-acetylcysteine proceeds with
replacement of the ligands and formation of Au{cysteine){PR;) [320].

The 1:1 reaction of [Aufacac)(PPhy)] with ammonium salts [HL]Y
(Y =CF,80;. L=2-nitroaniline, 4-methoxyaniline, NHPh, or NHEt;; Y=C10,,
L=NMe,} in ether gave complexes [Au{PPh;}(L}}X. The crystal structure of
[Au(PPh }{NMe,y)[CIO,] was determined. The gold atom is linearly coordinated
with no intermolecular Au---Au contacts [321]. The ligand I-diphenylarsino-
2-diphenylphosphinoethane  forms  complexes  [(AuCl)(p-L)]-1/2L  and
[Au{L),]Cl-2H,0 in aqueous acetone. Both complcies are kinetically active as
31p NMR studies reveal [322].

Triorganophosphinegold(1) complexes of the anions derived from pyridine-
2-thione and pyrimidine-2-thione, J[Au(PR,){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; compounds by X-ray crystallographic techniques. The
mononuclear compounds feature linear gold atom geometries defined by P and §
atoms for [Au(PPhs)(pyt)], [Au(PPhy)(pymt)] [323].

Reaction of [(AuNO;),(je—dppe)} and [Au(NO,)(PPh;)] with primary amines in
CH,C1,/H,0 yields [{Au{NH,R)},( te~dppe)][ NO4], or [Au(NH,R}(PPh)[NO;] in
which increasing amine bulk drives the *'P signal of the biphosphine to lower field
[324]. Tris(triphenylphosphineaurio)oxonium tetrafluoroborate, isostructural to the
hydronium ion, was found to be a powerful aurating reagent for primary amines
RNH, (R =Me, Et, Pr", Pr’, Bu, Cy, Bz or Ph}. The products have been charac-
terized by analytical and spectroscopic data including '*"Au Mossbauer spectroscopy
for [(AuPPh;);NBu'l[BF,] and single-crystal X-ray ayalysis of this and the com-
pound with R=Cy. The Au---Au contacts near 3.0 A indicating attractive forces
between the gold atoms [325]. Analogous reactions have been reported for
R=p-FCH,. p-BrC,H.. and p-NO,C H,). With hydrazines and
Ph,NNH,, [{Au(PPh;)}:NNR,IBF,] and [H{Au(PPh;)} ,NNR,}[BF,] were formed
respectively (R = Me, Ph). The [{Au(PPh;)};NNMae,|[BF,} compound decomposed
in solution to form [{Au(PPh,)} JIBF]; [326]. Analogous reactions occur also with
RNCO [327]. Aminoquinoline yielded [{ y5-Ly( AuPPh,),J[ BF,]. while further addi-
tion of [AuPPh;][BF,] led to the [{L)}{AuPPh,)J{BF,}, 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 [{(PPhy)Au};O}BF]
in THF to give [{{PPh;)Au};NArl{BF, ] which were also obtained by reaction of
the oxonium aurate with RNCO {329]. Diamines Y(NH,), (Y =ethyl, o-, m- and
p-pheny!l) formed bis{imido) species [{ AuPPh;);N-Y-N(AuPph,);][BF.], charac-
terized by IR, MS. 'H and *'P NMR studies [330]. [O(AuPMe,),][BF,] is dimeric
with a tetrahedral Au skeleton and Au---Au distances of 3.25 A [331]. Its reaction
with HN(SiMe,), vields {{ AuPMe;);NSiMe;}{BF,] which reacts further with the
oxonium gold ion or AuCl(PMe;) to give [(AuPMe;)sNYBF, - 2AuCi(PMes), 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, Complexes with group 16 donors
2.2.1. Oxygen donors

2.1.1. Copper compleses.  Digonal CuQ, coordination is observed in the mixed
metal alkoxide clusters Li,Cu fOCMe;),. Na CudOUCEL ), and Ba,Cu (OCEL),. In
the first two XIV. M,0, puckercd rings are bridged with Cu atoms while in the

CR, CRs
”Ba \,R:
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@3-0 \/ o

R;C O Ba—O
CR, CRE

XV

latter. XV ., Ba,{OR), rings arc bridged by Cu{OR}; rings and parallel BaCu,0;4
planes are formed [332].

NaOAr react with CuCl in THF to afford the rapidly decomposing
Cuy{ p-OAr)(THF ), but in the presence of CO Cuy(p-OAn{COR{THF ), is
obtained which readily substitutes CO and THF with PPh,. RCN, while with dppe
[Cu,{OAr){dppel.{ - dppe)] is obtained and with di-imines the ionic compound
[Culdiimine}-J[CutOA,] is the result [334]

Copper benzoa.e reacted with RNC to afford Cusl p- PhCO.){ RNC ), in the form
of loosely bound dimers in EtOH solvated [Cu (p-PhCOMRNC )] in THF and
with benzo[cjcinnoline and phthalazine Cu.i p-PhCO,i{ 10 L), where planar eight-
membered rings involving copper and benzoate are realized [335].

Benzoquinone reacted with [Cu(MeCN )] in CH,LCL, in the presence of deproto-
nated (Cp)Co({OFR;); to afford [Cutbenzoquinone)( L)) which readily dimerizes
to [{Cu(L)} o pe- bmaoqumeﬁc\l and al.o readily exchanges benzoguinone 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) A [336]

2.2.1.2. Sitver zmu’ gold complexes.  Discrete silver-nitrate anions were realized in
irens-{ R py ) CLITAg{ONO,),1{337). The thermal eyclization of silver amidotripho-
sphate has been 5tumed in dry and humid air and compared with those of the
corresponding ammonium and bartum salts {3381,

Agihfac){SEt,} though monomeiic in the solid state. upon reaction with
Pd(hfac-Ci{hfac-G.0¥SEL,) in toluene yields [Ag(l m ,} {SEt,). which forms one-
dimensional chains with bridging SEt, and p-#-0, #°-0.0" and p,- conformations
for the hexafiuoroacetylaceionate anion [339].

The low-temperature (163K} structure of the silver(l) complex with
antimony( 111 ) tartarate has been determined by X-ray methods. The repeating unit
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is described in terms of an unusual complex tetramer with formula
[AgsSb(L14 H,0)]. Two of the four silvers are four-, one is five-. while the other
six~-coordinate to oxygen atoms [340]. The antimony(lll)-silver(l} citrate,
[SbaAgs(L},]. has been prepared. It has two dimers, each antimony center is in turn
linked through one of the carboxylate groups to two silver(1) fons in an asymmetric
bis(carboxyiate-0,0") bridge. Hydroxyl groups complete the angular three-coordina-
tion about each silver, giving a centrosymmetric cyclic dimer structure [341].

Reaction of [Ag{NH,;),}INO,] with ( 2-carbamoxyiphenoxy)acetic acid in agueous
ethanol afforded dimeric Ag,(y—L),, extended to form polymeric chains through
Ag-O interactions with amidic oxygen atoms from neighboring units [342].
Analogous was the structure obtained for gyeollic acid, with Ag---Ag interactions
of 2.8810(9) A and local AgO, chromophore [343]. Polymeric compound was also
obtained from the reaction of AgNQO; with 3-carboxylato-1-pyridincacetate in hot
water where both monodentate and bridging carboxylates are present, the basic unit
being described as [Ag{L-0,0 Y (L-u-1.1-0}] [344]. A quite stable complex of silver
with 2-(8-hydroxyquinolin-5-ylazo)benzoate 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 (H,L} with half equivalents of AgNO; in
MeONa/MeOH afforded Ag(HL}{H,L) -H,O 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 AgClO, in water formed one-dimeusional cationic chains
of [AgdL)J'" units with tetracoordinated silver bonded to two different carb-
oxylates [3471.

Several aminopolycarboxylates form silver complexes with 2:1. 1:1 and 1.2 stoi-
chiometries and varying degree of lonization and overall charge, depending on the
number of their carboxylate groups. The complex formation was studied potentio-
metrically at 25 °C [348]. Ditfusion of silver ions into silica gel adsorbed succinate
at pH=75.6 formed {Ag,{ L)}, with planar Ag, cores bridged by succinate ions
[349].

Deprotonation of 2-pyrrollidinene occurred upon ieaction with AgNO; in the
presence of Hg(MeCO,), to afford dimeric [HgAg(L},(NG;), with a central
Ag,0, folded ring. Local AgO; environments and unusually distorted coordination
geometries were observed due to interdimer interactions {3501, Compounds of ana-
logous stoicheiometries were formed by 2-oxazolidone as polymeric sheets of
Ag,O, rings linked by twisted Hgl, bridges [351].

Digonal silver coordination occurs in { f-p-glucurono-y-lactone)silver nitrate
where coordinate niirate is present as well as in the dimeiic lactonate. Interestingly.
the use of CO; or MeCO; proceeds Lo b-glucuronic acid formation [352].

Two flexible double betaines. namely meso-2.5-bis(trimethylammonio)adipate and
mese-2.5-bis( pyridinio)adipate form Polymeric disilver perchlorates and nitrates. the
dimetic units extending to step polymers, XVI , through silver-oxygen contact to
an adjacent dimer. Water melecules are incorporated in the structure of the pyridinio
adipates perchlorate salt [353]. Two polymeric silver{1} complexes of betaine and
pyridine betaine have been prepared and characterized by X-ray crystallography.
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Both complexes are composed of Agycarboxylato-0.0"), dimers polymerized
through coordination to a carboxylate oxygen from an adjacent dimer. In the fatter,
water coordination is also present and furthermore possesses the shortest
{2.814(2) A] Ag-Ag contact among dinuclear silver(l} carboxylates [{354]. Four
polymeric silver(l) complexes of the betaine derivatives pyridiniopropionate and
trimethylammoniopropionate have been prepared and characterized by X-ray crys-
tallography. The complexes contain bis{carboxylate)-bridged Ag dimers extended
into stair-like chains via the coordination of cach metal center by a carboxvlate
oxygen atom from an adjacent unit {3357 Pylidine hetaine yields one-dimensional
polymertc chains of [Ag{ LY NG, with Ag0; coordination :zphi‘ e resulting {rom
one nitrate and two carboxylic grouns [3361 while triethyl betaine gives
TAg{ 1~ L)(ONO 3 and [{ AEZQL)”iC Gk, a stair-like cationic chain with Ag-O
interdimer bonds and Ag---Ag bonds of 2.856(2) A {357} The AgG, emiz‘om‘nem
is present in [{(N } g(pzx_mtg}(H,O},}, with two dif‘f"erezai ypes of carboxylat
bridged dimers [338]. while AgQ, is reporied for [Ag, L(H.Onl 2H.O w here L=
N-acetylanthralinate [359] and AgQ. in AgtLH NGO, and Ag(L7), L =p-glucu-
ronic acid, which are polymeric and dimeric respectivelv on the basis of their IR
and 'H NMR spectral data [360].

An interesting reaction was that of eis-diamminefmethyluracik

cviosineiplutinum nitrate with 2 eguivalents of ApghGOiin H.O.
in the formation of {(p- l-methylu c%am’\ G);f i-methyicyvt

cis-diammineplatinwn silver dinitrate silver nitrate- 2-5H,C xhe;e ong si
O-bonded to the two hgands one water xmiccuie and a4 nitrate ion.
bridging to the next silver ate.n which may be d
Ag{OHHOH. IONO,HONG,y [361]. The cyclic peptide cyclosarcos
formed a 2:1 adduct with Ag™ where coulombic interactions between silver and
pitrate and silver loose coordination to U=O gives rise to an a}é:’if%*sidz 31 AgO,
environment [362]. The dissociation constanis of silver complexes with seversl
oxygen-donor cryplands by acid wcavenging and their formation constants in DMBG
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are reported and the equilibria invelved discussed [363]. The antiarthritic activity
of the {Autdiferuloylmethane},]Cl and related compounds has been evaluated [364].

2.2.2. Sulfur donors

2.2.2.1. Copper complexes.  Sulfur is one of the most suitable donor atoms for
complexation to low valent coinage metals. Metal thiolates and thiolate--sulfide
complexes are numerous and a detailed review has appeared on the subject [365].
Copper tons formed by laser ablation on a FT iton cyclotron forms polysulfanes
with stoicheiometries ranging from CuS; 1o CuSj, [366].

Reduction of Cu(NO;), in water by N.N-dimethylthiurea produces
[Cu{L),][NO;] where copper is in a tetrahedral CuS, environment, the tetrahedra
sharing opposite edges and the chains formed in this way being bridged by nitrate
anions [367]. An [Cu,o(L)}™ aggregate was obtained from the reaction of N-
{diethoxythiophosphory! }-N'-phenylthiures with Cu(ClO,), in ethanol at —60 C
and its structure determined [368].

Heterocyclic thiones reduce cupric salts and produces either mixed valence or
monovalent copper complexes. 1-Methyl-imidazoline-2-thione  reacted in
MeCMe,CO with Cu{BFj), to form the dinuclear complex [Cu (L) JBF,], with
two bridging thione Hgands and a CuS, local environment [369]. Imidazoline-
2-thione also formed a [Cu,{ L) J[C1O.], compound in refluxing MeOH ‘MeCN [370].
An analogous coordination environment s present in  the cluster
{Cuy{ benzimidazoline-2-thione),  JICIO,], - 14H,0 which was obtained in aqueocus
ethanol {371} A CuS; environiment was observed in
[Cu 3.4.5.6-tetrahydropyrimidine-2-thione, J[CI0 ], [372]. Mixed ligand complexes

MesEt

XV Single §'s represent thiolate SCMe; Et

of the formula Cuglthiclate) {trithiocarbonate} . XVIL, have been obtained and their
structures solved [3731. The bulky 2-trimethylisilyibenzenethiolate reacts in methanol
with Cu(l} to give {CuéL}jp where half of the coppers are trigonal planar and the
other half digonal [374]. Excess 2-triovganosilylpyridine-2-thione in methano! forms
trigonal  Culy {3751, Cuprous thiocyanate refluxed in EtOH/MeCN with
L-methylimidazoline-2-thione produced [{Cu{8CN J( L)} { u-L),} with a tetrahedral
environment around cach copper atom [376]. 4.5-Dimercapto-l.2-dithiole-
2-thionate(2-} and its seleno analog forms in MeOH/MeCN the cluster [NBu%],
[Cuy(L);] which is easily oxidized by ferrocene in Me,CO/MeCN [3771. N-(diethoxy-
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thiophosphoryl }-N'-phenylthiurea reacting with Cu({ClO,, 1 ethanol at —60°C
undergoes deprotonation giving the aggregate {Cu,{ L) JICIG,] [368].

N,N-dimethylthioacetamide adsorbed on Cu surface was studied by susface-
enhanced Raman spectroscopy and the findings correlated to those of previously
reported for Cu(l)-acetamide complexes [378]. Mixed valence [Cu'Cul(L),ICIO,],
with triangular Cu(l) is formed by the reduction of [Cuf{en)JiCIO ], in
MeOH/H,0 with N N-1.2-ethanediylbis{L-cysteine}dimethylester [3751.

Several thiolates were studied by FT ion cyclotron resonance MS following gas
phase laser ablation formation. The studies reveal that CuL™ and CuL.J species are
present With protonated thiols coordinated to copper [380]. Several Cu,S,, clusters
have been isolated from the reaction of cuprous salts with thiolates in the presence
of appropriate bases. [Cu,(SPh}s]°~ appears with trigonal planar copper environ-
ments’ mean distances being 2.281 and 2.744 A for Cu-S and Cu-Cu. respectively.
For [Cu,(SPh)J*". one digonal and four trigonal copper atoms are present With
Cu-8,;, and Cu-Sg, mean distances of 2.269 and 2.173 A. respectively. while a
product with the stoicheiometry [Cus{SPhj;}*~ Was also isolated from the in-situ
reduction of Cu({NO,), [381]. Electrochemical oxidation of metallic copper in dithi-
ole solutions { 1.2-dimercaptoehtane, 1,2-dimercaptopropane, 1,4-dimercaptobutane}
in acetonitrile forms [Cu,(S;R), [382]. In methanol, dimercaptoethane and dimer-
captopropane, bis anions give adamantane-like Cu,S, clusters [Cu L)}~ as well
as solvated ones [383]. Clusters are interconnected by hydrogen bonding to solvent
molecules. [Cuy(S,C=CR,)J'~ clusters are reversibly protonated in acetonitrile to
form [Cug(L)s_(LH)LI* "™ (R=COOEt,, n=1, 2, 3, COOBu,. a=1, 2}
Stoichetometric reaction with H” leads to formation of [Cu,of LH J{ L1;] with almost
trigonal planar copper centers [384]. A tetrahedral Cu, core was observed in
[Cu{u;-SC{=NMe)(OFEt}]; and octahedral Cug in [Culp-SC{=NCH;{OMej )
the rigididy of which is confirmed by *H NMR in solution [385]. Crystailization of
the interesting [Cu{ SCF,}], from acetonitrile produced [CulSCF, ), - 8MeCN where
both digonal and trigonal copper centers are present [386].

Bulky 2-alkyl{dimethylamino)-3-alky! arenethiols react with CuO in ethanol to
produce trimeric arenethiolates [387]. The triboluminescent crystals of
[CuS(2-CHMeNMe,),];. THF reveal the presence of a Cu,S; ring with short Cu-- -Cu
distance of 2.828({1} A. Substitutents R in the arene affect the conformer present in
solution as studied by 'H and "*C NMR. Analogous products were derived from
5-trimethyisilylarenethioles and CuCl where Cu,S, cores are present [388]
Luminescence of some such arethiolates is reporied and a literature survey of
absorption and cmission maxima is also included [389]. The observed lowering of
the MLCT excitation energy is attributed to the three cleciron iwo center 58
interaction. Refiux of Cu,0 in ethanol with two equivalenis of 2-{{R}
I-(dimethylamino} ethyl]thiophenolate leads to formation of trimeric [Cu{L 7}k
studied by various spectroscopic technigues. Low-temperature NMR studies reveal
the existence of two speciss in equilibrium while a C, symmetric unit is observed by
K-ray diffraction [3901. Several Cu{ij-thiolate model compounds containing
different proportions of digonal and trigonal copper sites were studied. using Cu
K-edge X-ray absorption spectroscopy. The edge spectra show litte 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 digonal versus trigonal
copper sites [391]. Photoelectron spectroscopy of SMe,, and MeS™ bound to Cufl})
sites at single crystal surfaces has been used as models of the blue copper protein
bonding and correlated to SCF-Xa calculations [71].

Reaction of fac(S)[M{2-aminocethane thiolate),] with Cu(NQ;), in water (M=
Rh, Ir) afforded clusters with a Cu,M 1 core where CuS; coordination is observed
{392]. Sulfur addition to the coordinated dithiolene ligands in the [Cug(L)J*~ clusier
(L =1.l-dicarbo-rert-butoxyethylene-2.2-thioperthiolate) results in the formation of
the [{Cuy(SL):},1"~ clusters whose molecularity depends on the nature of the coun-
terions (BuyN, #=2 m=4; K, n=1, m=2). The crystal structure of
K{Ph,PYCu,(SL);]- 3Me,CO 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 ) }{BF,] reacted with Pt(dic),
in CH,Cl; to give [Pty(dte)Cu,){BF 4], The crystal structure of the diisopropyiditlio-
carbamate has been determined [394]. Hexameric cluster compounds have been
obtained with di-n-propyldithiocarbamate and all the metal ions of group 11 {395].
Dithiocarbamate and dithiophosphate complexes of divalent copper are reduced
photochemically by irradiation at their MLCT bands. Only partial reconversion is
accomplished by keeping the monovalent copper complexes in the dark [396].
2-Mercapto-2-methylbutane produces the corresponding copper thiolate which reacts
with CS; and gives the mixed ligand cluster Cuy{thiolate)(trithiocarbonate), which
further reacts with PPh; and PPhCy, o give the 1:2 adducts [397]. Reaction of
2.4.6-trimethylirithioperoxybenzoate  or  o-methylirithioperoxybenzoate  with
Cu(NQ;), in DMF results in the formation of Cu,l, 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), XVHI , where each Cu is
bonded to four S; ligands [399]. CuS; chromophores are observed in the products
of {Cu(perthiocarboxylate)], with triphenylphosphine in a 1:2 or 1:4 ratio in pyridine
and toluene. respectively, which are formulated as [{Cu{perthiocarboxylate)} -
{Cu(thiocarboxylate},].py and [Cu{thiocarboxylate)],, XIX [400].

Several R,S({CH,),SK; ligands (R=Me, Ph; n=1, 2, 3) have formed complexes
of the formula {Cu(L),}[PF] which have been studied by IR. 'H and **Cu NMR
[401]. MoS; reacts with three equivalents of CuCl and dithiocarbamate in DMF
to give [Mo,CusSgldtc)}*™ with trigonal and both slightly and highly distorted
tetrahedral copper environments [402]. °'*V NMR studies determine the ligand
exchange reactions occurring in [{ V8,)Cu(dithiccarbamate),(thiophenolate),. J°~
in DMF. The structures of the products with #=0, 1 and 2 are also reported [403].
CuS, tetrahedra were observed by X-ray powder diffraction in the polymeric product
of the reaction of (NH,), WS, with [Cu(MzCN ) (BF,) [404]. [MoO,S,]*" reacts
with CuCl in the presence of sodiumm dimethyldithiocarbamate in DMF to form
[Mo,CusSe0fdic);* ™ which is composed of two units, MoOS;Cu, and
MoOS;Cus, linked by two Cu-S bonds and a bridging dithiocarbamate anion.
Analogous clusters are obtained with tungsten and diethyldithiocarbamate [405].
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Xix

Reaction of CuCl with MS] % in the presence of dithiocarbamates in DMF resulted
in the formation of polynuclear species of the formula [Cuy(dtc);{ MS,]] where M =
Mo. W. The local copper enviromnent is a CuS; one with two sulfur atoms originat-
g from the dithiocarbamate ion [406]. Defective cubares of the formula WCu,S,
and WCu,S, bridged by dithiocarbamate ious and joinec hy ‘wo weak Cu-S bonds
are observed in [E4,NJTW,CuS(dMesic);1[407]. & v ure elucidation of sev-
eral [MoSM(LJ*™ complexes (M=Cu, Ag} kv he v as ‘sted by ¥*S NMR
studies [408].

Copper(1)is extracted into CHCl, by ortho-. miesc- and o
ethers bearing 4-(4-nitrophenylazo)phenol as chrome

eyclophane thiacrown
ally by the ortlio-
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analog [409]. Reduction of CuCl, was achieved by 2,5,8-trithia]9]-0-benzenophane
in THF to give CuCLL, which in refluxing MeOH gives the corresponding Cu(l}
compound [410].

[Cu([9]aneS;),)[PF,] reveals distorted tetrahedral CuS, 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 reaciions involving [Cu({14]aneS,)]* reacting
with a series of selected counter reagents have been measured in aqueous solution
at 25°C. Several oxidants and reductants were employed to provide a variety of
rate constants and reaction potentials [412]. Macrocyclic polythia-ligands such as
[24]aneS; and [28]aneSg; form mononuclear cationic complexes [Cuy(D)Y
(Y =CiQ,, PF,, BF,) with CuS, chromophores while {18]aneS, forms the mixed
ligand [CuyL)(MeCN),]™ with an CuS;N environment [413,414] while
1,3,6,9,11,14-hexathiacyclohexadecane forms [Cu{L)J[Cl10,] [415]. For several
polythiacrown ethers the Cu™/?" electrocouple in MeOH/H,0 is used for stability
constant measurements  {416].  The  structure of  bis(2,5.8-trithia[9}-
{2,5)thiophenophane-S,S%)copper(1) 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-bis(ferrocenylmethyl)-1.4.10,13-tetrathia-7,16-diazadicycloo ctade-

S/\/S\L
S

XX

caene, XX , has been studied [418]. while tetrakis(ethyithio)tetrathiafulvalene forms
polymeric chains of [Cu(L)[CIO,] [419].

(Cp), Ti{(SCH,CH,SCH,),CH, 1 reacts with [Cu( MeCN J[PF ) in THF to afford
the heterobimetallic compound {(Cp),Ti{p—{SCH,CH,S8CH,},CH;)Cu}[PF] 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 11 metal metaliothioneins 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 Cu-S chromophore in the
compound [422].

2.2.2.2. Silver complexes.  X-ray scattering revealed the formation of Ag(SCN),
units in AgSCN/KSCN melts [423]. The formation of Ag(THT)J upon dissolution
of Ag™ in THT is confirmed by large angle X-ray scattering [424]. Reaction of
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AgNO; with (NBuuSs in acetonitrile in the presence of NEi,Cl vields
[(NMe,){Ag(S;)}],, with parallel anionic chains separated by the cations [425].

Bisethyl, (2-chloroethyl yethyvl and bis(2-chioroethyl) sulfide follow this order of
decreasing stability constant in their Ag(1) complexes as studies in aceton, methanol,
DMF and DMSO reveal. A probable explanation is the formation of sulfonium
compounds by  the  chiorinated  sulfides  [4261. Reduction  of
bis[di{2-ethyl Yhexyloxy)thiophosphoryl jydisulfide occurs during its application for
silver cation extraction in hexane since after re-extraction, SH signals appear in the
'H NMR of the ligand [427].

The S-coordination of thiurea is confirmed by 'H NMR and solution and solid-
state. IR and Raman studies of Ag{tu),{NO;) and comparison with
Ag(SMe,){NO;) and [Ag{SMe,}, ) NC,; [428]. The reaction of AgClO, with disul-
fides in pyridine or DMSQ depends on many factors, as butanedisulfide does not
form complexes in either solvent, phenyldisulfide only reacts in pyridine and both
Ag(THT)" and Ag(THT); are shown to exist in DMSO [429]. Potentiometric
studies of the silver complexes formed with thiurea. thiohydantoin, cystein. thiobarbi-
turic acid in perchieric acid have been carried out [430}. N.N-dimethylthicacetamide
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,H,, ., (1=4, 6. 8, 10, 12, 16 and 18), consisting of
[{Ag{SR}],. layers with the R groups lying on both sides of a “central slab of Ag
and S atoms™, are found to behave as thermotropic liquid crystals. X-ray diffraction
studies for the compound with n=06 reveal a packing similar to that found in the
solid while for 7= 18, the micellar phase consists of [{ Ag{SR}]; cyelic substructures
{431]. Several AgS(CH.},CH; thiclates 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-l-methylipiperidine
and silver has been studied by titration in aqueous methanol in a variety of pH
environments [433]. The complexation of 3-(dimethylamino)propane-1-thiol and
3-aminopropane-i-thiol to silver has been studied in 2 wide range of pH values in
aqueous methanol and the presence of species [Ag, (L), J"" with varying n/m 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-dimethylphenylsilyl-pyridine-
2-thiol with AgNO; affords [Ag,(L 7)) and [Agyf L ) HAg(NG,),], when the thiol
or the AgNO; is in excess, respectively. Both structures are reported [435). The
anion of I-methyl-piperidine-4-thiol is obtained at pH ==8.5 and upon coordination
{TAZ(L 7)), is obtained where Ag,,S,, units are linked by silver atoms giving
rise to a lot of digonal, trigonal and tetrahedral silver sites {436]. Sterically hindered
thioles HSCH;_ {SiRR'R"}, react with AgNQO, in the presence of triethylamine in
CoHg/MeCN to produce polymeric thiolates. For SiMe,Ph, trimeric discrete units,
for SiMe; tetrameric rings, for CH{SiMe;), tetramers weakly interacting through
Ag... S, forming T-shaped silver environments were observed, while a three-dimen-
sional polymer was obtained for [Ag,{SCH.(SiMe;)} s(OMe)] [437].

The disodium salt of o-xylylene-x.x"-dithiclate with AgNO; in MeOH afforded
[AgdL?7);]*" the structure of which reveals trigonal silver coordination [438]. The
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zinc derivative of 5,10,15,20-tetrakisfo-(tetrahydro-2-thienoylamino) phenyli porphy-
rin was found to bind two silver(1) ions. Fluorescence measurements reveal the
presence of intramolecular photoexcited electron transfer in this donor-acceptor
system [439].

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

In (NMe,),JAg(diethyldithiophosphate),], produced in MeOH/CH,C1,, two
ligands are monodentate and two bridging with one sulfur atom being doubly
bridging [441]. Zwitterionic Ph,P*C(CH;),CS; forms both [Ag(L),}[ClO,] and
[fAg(L)I(CiIOy], in CH,Cl, the latter reacting with PPh; to yield
[Ag(L)(PPh)J[CIO,] [442].

The Schiff base derived from 2-amino-4,6-di-ferr-butyl-phenol and 2-mercapto-
S-methylisophthalaldehyde forms (L27)Pd(PPhs) to which AgClO, adds forming
[(LYPdAg(PPh;)1,(ClO,), with a Ag,S, core with an acute Ag-S-Ag angle of
61.9(1)°, silver chelated by one and S-bonded to another ligand and being 2.779(3) A
away from the adjacent silver atom [4431.

Cationic AgL™ and Ag; triflates and neutral complexes of the formula Ag(L)X
(X=ClL Br, I) are reported for cyclopolythiaethers [9]aneS;. [12]aneS; and
[18]aneS,. Crystal structure determinations reveal trigonal elongation for
Ag([9]aneS;)y and tetrahedral AgS;0 environment in Ag([12]aneS;)™ {444]. 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 CHCl; and
CH,CICH,CI in the presence of picrate ions as the isolated compounds are
[Ag(L)}{picrate) and [Ag(L),](picrate), respectively [445]. Several macrocyclic thi-
oether esters and thioesters form [Ag(L),J[CF;S0;} in MeOH/Me,CO [446].
AgClO, reacts with 2,5,8,10- tetrathial 12}(2,5)-thiophenophane in MeCN/CH,Cl,
to yield [Ag,(L),J[C1O,].. a local AgS; environment to which the thiopheno-sulfur
atom is not participating [447]. Axially distorted octahedral silver is present in
IAg([18]aneS)[PF ] produced in H,O/MeOH 1:1 as deduced by its crystal structure
determination [448]. Nitrate and acetate polymeric silver(I) complexes with
1.5.9,13-tetrathiacyclohexadecane-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; with one molar equivalent of 1.4.10.13-tetrathia-7,
16-diazacyclooctadecane or its 7,16-dimethy} 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 1,3,6.9,11,14-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 agueous methanol afforded com-
plexes {Ag, (L) JIPFql. [Ag(L))[BPh,L,. and [Ag(L)}[BPh,]. The two independent
infinite chains of cations in the former are antiparallel with distorted octahedral
Ag(I) with one thioether doror from an adgacent cationic fragment asymunetrically
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bridging two metal centers. The structure of the [Ag.{L),F°" shows [4+1] amd
[3+1] thioether donation, respectively. while the monomer contains discrete cations
and anions [452]. 2.3.8-Trithia[9]-0-benzenophane forms [Ag(L},H Y ] with distinc-
tively different structures as anion Y varies. Octahedral silver with two facially
coordinated ligands is observed for Y =CIO, and BF,. while tetrahedral silver
coordinated to two sulfur atoms of each ligand is the case for Y = BPlh, and three
facially coordinated and one exodentate S from a second ligand form the tetrahedral
metal environment in the case of Y =CF,80;. However, in solution, 'H NMR
studies reveal fast interconversion of the possible configurations [4531.

Silver is extracted in CHCl; by ortho-. metu- and para-cyclophane thiacrown
ethers bearing 4-(4-nitrophenylazo)phenol as chromogenic, especially the mera-
isomer [409]. 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 {4534]. The
corresponding N-phenyl substituted analogs react similarly forming [Ag(L)(lauraie)]
complexes in 1.2-dichloroethane [455].

Nine sulfur-containing dipeptides have been shown to react with Ag{1) and Cu(1l)
forming linear AgS, environments in the process. Their formation constanis have
been determined at 298 K [456]. The elucidation of the solution structure of the
silver-substituted yeast copper-metalthionein from Succharomyces cerevisidze was
carried out by 'H-'"Ag heteronuclear multiple quantum coherence transfer and
the specific connectivities between 10 of the 12 cysteine residues and seven bound
Ag ions have been established. Both digonal and trigonal AgS, environments are
verified [457]. [CpMo(p-SY(NBu')-1,], reacted with excess AgCF;80, to yield
{CpMo(NBUl[AZ{MeCN Y(CF SO, LIAg(CF,S0;)], where silver coordinates to
two sulfido bridges [458].

2.2.2.3. Gold compizxes.  Au(SCN); is the common product of Au{NH,3" or
trans-Au(NH;),X 7 in agueous acidic media with SCN 7 in the halogeno complexes
the initial step being SCN ™ substitution of the halides. Mixed halogeno-thiocyanato
complexes are reduced more rapidly [459].

FT ion cycloiron resonance MS detects the presence of Aul”™ and Aul; as
reaction products of Au™ with H,S. RSH and PhSH in the gas phase: the correspond-
ing products of Au~ are mainly RS™ [460]. Extended hydrogen bonding is present
in [Au(L),JCl produced by in situ reduction of HAuCl, with 4-amino-
3-methyl-1,2.4-A2-triazoline-3-thione {461]. Homoleptic Au{1} complexes with sev-
eral heterocyclic thicamides are reported with the general formula [Au(L),}[CIO,]
the structure of the one with pyridine-2-thione been reported [462]. The existence
of Au(L)Y(SCN ) and Au{L),{SCN) with L =imidazoline-2-thione and 1.3-diazinane-
2-thtone has been verified by IR and *C NMR measurements. Recorded are also
the latter’s complexes of the formula Au(L),X with X=ClL Br [463]. Glutathione,
cysteine and several other thiones react with Au{CN}; and C NMR and Raman
studies confirm that Aw(SRIHCN)™ is formed and further disproportionates to
[AU(SR),] [Au(CN\,] [464].

The reaction of [N(PPh;hl[Au(acac),] with HSR gave the complexes
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{N(PPh;),){Au(SR),] (HSR =benzoxazoline-2-thione, pymtH. pyiH, 2.3.4.6-tetra-
O-acetyl-1-thio-f-p-glucopyranose 4,2-thiouracil, 2,3-4,2-thiouracil, 2,3- dihydro-
1 H-benzimidazoie-2-ihione, 2-thiomalic acid, 2-sulfanylethanol, p-peniciliamine);
the erystal structure of the benzoxazole-2-thione complex has been solved revealing
the usual linear gold coordination [465]. 4,5-dimercapto-1,3-dithiole-2-thionate
affords di-. tri- or tetranuclear gold(l) complexes containitg je- or ps-bridging
ligands [466].

Captopr’! forms with Au(l) a 1.1 crystalline complex [Au(L)]. The exchange
reactions of thiomalate and cyanunle with the complex have been studied using *C
NMR spectroscopy and the form: tion of a very high-molecular-weight polymer was
observed [467]. The chloro-ylide gold complex [AuCl(CH,PPh,)] reacted in acetone
with bis(diphenylthiophosphoryl .amine to afford [Au{u-L),] which cannot be
obtained by replacement of dppm from its corresponding complex by addition of
excess ligand [267]. Gold thiomalate is 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 phenomencn enhanced by the increase of the
thiuracil molar ratio and the cbservation is made that in a Au(thiuracil )y environ-
ment cysieine is not able Lo coordinate to gold [469]. Direct reactions of L-methionine
and DL-selenothionine to gold thiomalate are reported in D,2 in a range of pH
values and discussed in view of the C NMR spectra obtained [470].
[Au(PPhy)L,(1I-MNT), K,(i-MNT) and (NBu})Br or (AsPh,4)Cl in dichloromethane
yield [Au(*i-MNT)]?~ with Au---Au of 2.796{ 1} A. The (initial) compound showed
two luminescence bands, the final one at somewhat shorter wavelength and readily
oxidizes with X, in THF to give A(1l'} adducts [471]. Solid-state phosphorescence,
but not in solution, is observed for [Au(dic)i™, "Au{i-MNT)i~ and
IAu{PPh;)},(i-MNT) [252]. Planar anion with Au...Au 2.283(2) A s present in
[N(-Bu)J.JAu(i-MNT),] which undergoes a readily oxidative addition with
PhIC1, or Br, in acetonitrile and CH,CL,/THF respectively [472].

Reactions of [Au,(p-dppm),]J[C10,}, with [AuX,]” (X=C! or Br) afforded
dinuclear [Auy(p-L-L).J [L-L=S,CNR,., R=Me¢, CH,Ph)] or trinuclear
[Aus{yL-L);] (L-L=8,COR, R=Me, Et. pytH) complexes [473]. Reduction of
NaAuCl, in water by Na,SO; at 0 'C and subsequent addition of dithiocarbamate
leads to the formation of Au(Rdtc) where R correspends to the heterocycles piperi-
dine, 4-phenyl-piperidine, morpholine. thiomorpholine. piperazine, N-methyl and N-
phenyl-piperazine. Reaction of Au(Rdic) with the corresponding thiuram disulfides
leads to their formation of the trivalent gold Au(Rdtc); complexes [474]. Four
equivalents of MeCS;H in ether or two equivalents of sodium salt of
PhCS; Ph,C=CS8; react with NaAuCl, and HAuCl,. respectively, to give
[Au(S,CMell,. [Au(S,CPh)], and in Et,O/MeOH Au(S,CPh)(S,C=CPh,) with
stronger bonding towards the ethylenic ligand [475].

2.2.3. Selenivm and telhirivnt donors
Polyselenide copper compounds are rare and the interesting feature in the structure
of [PPh,[[Cuy(Se,), 4(5es)00]. 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 Cu,E;; were
obtained [477]. 7’Se NMR studies confirmed the insertion of Se in the Cu-3%
bond of Cu(CN)(thienyl) wupon reaction with WSei~ to afford
{ WSe)(Cu(selenothienl ), where trigonal CuSe; is present [478]. Several
RLE(CH,),ER,; ligands (E=Se, Te, R =Me, Ph, n=1, 2, 3) have formed complexes
of the formula [Cu(L),}[PF,] which have been studied by IR. 'H., **Cu and
77Se NMR [401]. The polytelluride produced by the reaction of Li,Te with three
equivalents of Te in DMF, afforded anionic complexes of the formula
[(Te)M(u-Te )M(Te '™ (M=Cu. Ag) with trigonal metal environments {479].
Reaction of Cull or AgNO; with (1.2-dimethoxymethane)LiSeC(SiMe;); in
1.2-dimethoxyethane at —~20-C forms [M{SeC(SiMe;);t], (=4, M=Ag) while in
benzene, [Cu{SeC{SiMe,);},]{Li{ 1.2-dimethoxymethane},] is obtained. Analogous
reactions with [Cu(PCy,),IBF ] and AgBr(PCy;), afford [M{SeC(SiMe;);}-
(PCy,), the solid-state structure of the copper compound being dimeric [480].
NaSe; reaction with AgNO; in the presence of a suitable anion in DMF afforded
Se Se

5€7 Se s¢” TSe
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Se Se
Se
XXM

silver polyselenides in the {orm of polymeric [(PPh,}(AgSe )l XXH | with infinite
macroanionic chains with AgSe, rings and trigonal silver or onc-dimensional poly-
meric AgSe; units with AgSe, rings and tetrahedral silver atoms {{ NMe }(AgSes)l,
XXIHI tetrameric [ NEt ) ( AgSe,)l.. with a planar arrangement of two trigonal and
two tetrahedral silver atoms and discrete (NPr,).[Ag,(Sey):l XXIV | with a tetrahe-
dron of trigonal silver atoms [481]. Homoleptic silver{l} complexes
[Ag(RE(CH,),ER),JIBF,] (R=Me, Ph, E=S, Se, n=23; E=Te, #=3) have been
prepared and characterized by FAB M8, and multinuclear (H, Se, Te and Ag) NMR
spectroscopy. The silver atom is tetrahedrally coordinated in either monomeric
{Ag{MeSe(CH,),SeMe),] ™ or polymeric [Ag, { PhSe(CH,};8ePhi,, 1" " fashion [4821.
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Telturide [PPhJJC,H,;STe] reacts with AgNO; in DMF to form [Ag,(L)e}*~ where
a Te octahedron is inscribed by an Ag tetrahedron presenting remarkably acute
Ag-Te-Ag angles of 69(2) |483]. Telluroether MeTe(CH,);TeMe and AgBF; react
in acetonitrile to yield [Ag(L).]LIBF 1., while [Te(pFC H )}, resulis in the formation
of [Ag,{ MeCN ) {pu—L),,[BF.,], [484].

Extraction with ethylenediamine of an alloy with nominal constitution
KAuBiTe, and treatment with NEt,Br in MeOH yields
[NEt Ll (n*-Tes ) Aul o u-Te,)] [485]. K, Te und AgNO, in the presence of elemental
sulfur in DMF afford Ag,Te{TeS;)3~ with a cage structure as does the corresponding
selenide [486]. Analogous reaction with Aut ™ affords an cight-membered ring of
{’&117('!‘6‘:3) 1*7. Li,Te and three equivalents of Te formed in DMF polyteliurides to
which [Ag[(PMc_}‘}L adds in the presence of NEt,Cl and PPh,Cl forming
[PPh L[ NEL J[AgTe.] which possesses a bicyclic anion with a local AgTe; environ-
ment [487]. Diselenolene [Au{Se,C=C{CF;),!,]™ reveals in electrochemical studies
that substitution of S by Se does not drastically affect the complex electronic structure
[488]. NasSe, and Na,Se; react with AuCN in DMF to afford
TPPhJlAuL e Se,y) (- Sey)] while with K, Sey [PPhyJ[Au,(i-Se,){ i-Sey) is obtained
[489]. The anionic [AuSes]~ XXV revealed a crystal structure of one-dimensional
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chains with bismonodentate Sez™ units. dimerized through short interchain Au...
Au interactions [490].

2.2.4. Mixed-group 16 donors

Absorption  and  emission  spectra  of  the  cluster  compound
[Cu(di-n-propylmonothiocarbamate)], are reported and the erystal structure solved
[395]. The aquo-cluster {Mo;5,Cu(H,0},,] ~ was obtained from the oxidation of
[Mo;S,Cu{H,0),0]*" or by the addition of CuCl to [Mo;S{H,O5]'" in agueous
hydrochloric acid [491].

Reaction of {phenylthio)ethanoic acid with AgCIG, in EtGH produced the 1:1
polymer with a AgO,8 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 formula [{Ag(hfac)},(SR,}] (R=Me. Et, Pr". Bu". m=
I, n=1) and [{Ag(hfac)}(1.4-oxathiane),] (n=1, 2). were prepared by the reaction
between the Lewis bases and Ag,0 in the appropriaie ratios. The oligomeric interme-
diate [{Ag(hfac)} ,( H,0)]. formed by the 1:2 reaction of Ag,O with Hhfac was also
isolated. The complexes were characterized by 'H and “C NMR and IR spectro-
scopy. The oxathiane complex is monomeric in the solid state with the 1.4-oxathiane
ligands coordinated to the silver{1) center exclusively via the S atoms [493].

The crown ether derivative of dithiomaleonitrile produced by template Mg*”
cyclization gave oxa-crowned tetraaza porphyrins. The nickel porphyrin was found
to bind to Ag(1) through the peripheral five atoms. In solution. no nitrogen coordina-
tion 1s verified while both AgNS, and AgO.5, coordination sites were observed in
the solid state [494].

The sandwich-like tetrametallic [Ag{(L),]* " were obtained from 9.19-disubstituied
1.4,7.11,14.17-hexathiacicosanes and silver triflate in MeUN. For the dioxo-
compound two Ag0, and two AOS; sites were determined [493].
1.4,7-Trioxa-10,13-dithiacyclopentadec-11-en-11.12-dicarbonitrile formed [Ag{L}}
{BF ] in both polymeric and discrete monomeric. the tetrafluoroborate 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-14.15-dicarbonitrile
with AgO,S coordination in the solid state but fluxional in solution [4961.

The AgS:0 environment is observed in the product of the 1.3,5-trithiane reaction
with Ag(CF;80;) in MeCN/THF which has the formula [Ag{L){ -1 1, CF;504]
{497]. The stoichiometries of ligand-to-silver 2:1 and 1.1 for phosphoramidothioic
and phosphoramidodithioic ion and the complex IR and UV spectra argue in favor
of O and/or S coordination to sitver [498]1. The excitation and emission spectra of
hexameric silver clusters with di-n-propyi- monothihocarbamate are reported [395].
The structure of [Ag(L),(C1O,), is reported. where L =the macrocyele produced
from the 242 condensation of 3,7-dithianonane-1,9-dio! and
3.6-dichloropyrimidazine in EtOH. The polymeric compound reveals local Ag(,S,
chromophores [499].

The interactions of thio- and selenocyanate with aurothiomalate in aqueous solu-
tion were studied by 13C NMR spectroscopy. The former induces further polymeriza-
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tion while the latter forms initially monomeric [Au{SeCN{(1m)l~ which further
disproportionates [500].

The salts LIEY{S8iMe;); (E=S, Se, Te, Y=C, Si, Ge) react with AuCl{THT} in
benzene or hexane to afford [Au{EY(SiMe;);}],, tetrameric for E=S8, Te and Y =
C as crystal structure determination reveals. Similar reaction with AuCl{PPh,) in
Et,O yields [Au(PPh;){EY(SiMe,);}] as the crystal structure for E=Te, % =
confirmed [S01].

2.3. Complexes with group 17 donors

2.3.1. Copper complexes

A pequiliar Cul,H environment was observed in
(Cp) TaH{ p-H }Cu(p-1),Culp-H ). TaH(Cp), produced by the reaction of tanta-
locene trihydride and Cul; a dangle bridging Cu,l, unit was observed in the case
of tert-butyl substituted cyclopentadienyl [502]. Raman studies on metal
halide—CuCl melts in the presence of AICl; and corresponding freezing point meas-
urements indicate the presence of CuCly units while in AICL-CuCl mels
CuAICi; units are existing [503]. Polymeric Cusl?™ chains are observed in
[Cus(3-aminopropanciate) JCusl;). The anion is formed by reacting Cul and
NBu,l in acetonitrile [504]. CuCli™ is present in solutions of CuCl in the presence
of chloride ions.

Increased ionic strength and [H™] inhibit luminescence of the species which is
observed at 470-480 nm. The emitting state is probably a CTTS one, the hydrated
electron formation being antagonistic o its decay [ 5051, The luminescence properties
of iodocupries is studied in water. Primary oxidation occurs but Cu(Il) scavenges
the hydrated electrons that are formed as well [506]. Loosely associated CuCl] are
present in [PE{,1,[Cu,CL] [ 507] while an interesting mixed valence Cu,Ckl; species
was obtained upon recrystallization of [NEt,][Cu,Cl,,] from MeCOQE({/MeNO,
[508]. CuCl; anions are present in ionic compounds with Me,NH, or
(CH,=CHCH,),NH, countercations which resuit from the reaction of CuCl, with
S(NR,), in ethanol [509].

Orbital overlap and symmetry analysis bared on EHT computations atiempt to
explain the energy changes through a step process leading from Cu,Cl13™ to
Cu,Cl; through Cu,C13™ [510].

The anionic units {CuBr;]*” and [CuBr,]” have been studied in salts with
PPh;Me as the countercation. CuBr; appears to be symmetric around one of the
Cu-Br bonds and the linearity of the CuBr, ion has also been verified [511]. The
above anions in 5 M ionic, neutral or acidic media show CTTS bands and in
high concentrations the formation of Cu,Bri™ and Cu.Bri™ is proposed [512].
CuBr; is observed in the mixed walence [6-amino-1,3.-dimethyl-5-
((2-carboxvphenyl Jazojuracil | ,JCu,Br.] prepared with CuBr, in methanol [513]. In
the reaction of CuO with 6-methyl-2-hydroxypyridine in DMF followed by inter-
action with Br, the mixed valence polymeric Cu;Bry(DMF ),(H,0) compound is
obtained where the unique Cu®CulBr, is present [514] with the monovalent copper
situated in a distorted tetrahedral environment of four bromine ators.
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Piperazine and Cul in agueous HI give [LH,1,[Cu,1,]- H,0 while with excess Cul
{LH,][Cu,l,}is obtained. The compounds were studied with respect to their structure,
thermal and electrical properties [515]. Polyvhalide anions of Cu(l} studied by Cu
NQR revealed resonances (in MHz) CuCly {30.70 or 31.15 depending on the coun-
terien), CuBry (28.85). Cu,Bri™ (30.647 1o 32.217) Cu,Bri~ {31.397), Culi
(26.29), Cu,d2™ {24.385 to 26.375) and Cu,2™ (26.15. 26.80) :’»‘s’}, !“»E i1 L;w_
angle X-ray scattering in acetonitrile, pyridine and DMSO characterize compounds
of the formula CuXy, CuX3i™ and Cu,X3%™ [518].

2.3.2. Silver and gold complexes

4.7.13.16.21.24-hexaoxa-1.10-diazabicyclol8.8.8 Thexacosane reacted with KCl
and AgCl in DMF 1o afford [KL}jAgCL]. which upon replacement of chioride
vielded [KLL[Ag,Brg]l and [KL}JfAg,l.]. respectively [319]. Weukly co-
ordinating M(OTeF.), (M=Nb. Sb) or M(QTeF)2" (M=TL Zr. HI} form L1
sifver complexes which, upon recrystallization from haloalkanes produce
[Ag(haloalkane);},i Y ),. with n=1 or 2 depending on the charge of Y. The crystal
structure of  [Ag(CH,CLLLITIHOTeF; )l [Ag(CH,Br Rl Nb{OTeFq),]  and
catena-poly[Ag(CH,BrCH.Br),- i~ (CHLBrCHLBr)-BrBr i Sh{OTeF ] ure  dis-
cussed, the last two being the first metal-bromoalkane complexes reported {520}
Reactions of AgOTeFs and PdCl, or AgF and HOTeF; in dichloromethane or
1 2-dichloroethane, afforded chioracarbon solvaied silver complexes of the formulae
Ag,(solvent),Pd(OTeF:), and [Ag(solvent){OTeFl, {521} Reaction of
trans-{M(py ), X, BriM =Rbh, Ir, X =Cl Br) with AgBr in a 111 ratlo in water forms
trans-I M{py 1, XsJ[AgBr,} as confirmed by IR measurements [3221

Polymeric chains of Agli™ ions in the form of comer-sharing tstrahedra were
observed in {{NH_ JAel]} . - H,O. while one-dimensional infinite polymeric anions
in the form of edge-sharing tetrahedra were found n {NMeJlAg, L1, [323]
TeEt,] and Ag{0.0-diethyidithiphosphate) react in water at 70 C to produce
ITeEt,fAg,l5]. probably through Agl addition te an intermediate of the formula
TeFt,]. The tetrahedral environment around silver has been deduced by 'H MAS
measurements [524]. A 211 reaction of NPr,l and Agl . DMF affords
{NPrliAg, 0 ] with teirahedral silver atoms possessing one terminal Ag-1 bond
[525]. Discrete anions  are  present in the  fopic  compound
[Ag{P(2A4.6-(OCH ), C HL LA g_ﬁ 1 {218] The stability constants of several Ag-l
aggregates, i.e. Agl. [Agl, ..F (n

= 1-6) are reporied 4s a result of potentiometric
measurements in DMF [526]. A unmir fAg-1,1"" anion was obsmwa by the
reaction of Agl and SnPr{OH LCH 34,5 in DMSO in the presence of Nal. in the
form of a one-dimensional twisted douvble chain of face-sharing iodine tetrahedra
[527].

Treatment of AQX with AsMePh;l leads to iodide mcorporation in AgX, when
carried out in hot CH,Cl,. The compounds isolated present mnfinite polvmo:
Ag X anions (X=ClL Br, Iy [528]. XeF, reacts with BrF, AuF; 1o form
{XeF JAuF,] which in anhydrous HF at <0 C 15 with KrF, to form
[ KeFJAuF ). The structures of the products are d;xcu with respect to the silver

ae
i
]
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analogs and the differences presented attributed 1o the lower ligand charges of the
sitver complexes [529].

Interestingly, G-amino-1,3-dimethyl-5-aryiazauracils react with in-situ reduced
AuCl; to yield (LH ") AuCl,) - 1.3H,0 [530]. The reaction of 2.6-diphenylpyridine
and KAuCl; at pH =2 gave pyridinium tetrachloroaurate where an interesting three-
atom hydrogen bond is present involving two of the chiorine atoms and the pyridin-
ium proton {531].

Reaction of {NBul] [AuX,] (X =Cl Br. I} with phenylhydrazine hydrochloride
vielded the corresponding Au(l) anions [NBuj] [AuX,] the crystal structures of
which were determined [532].

3. Mixed ligand complexes
3.1 Complexes with group 15 and 17 ligands

A wide variety of local and overall structures has been obtained upon reaction of
nitrogen or phoshporous bases with group 11 metal halides. depending on the steric
emands of the ligands and the reaction conditions. The overall structures range
from simple mononuclear to stair-type polymers and the main features of their
idealized geometries are summarized in XXV,

X

LKL e 0 /%?—L

L=M-X L-M] ML %
o [ EPEA L
o~ &L

i Lox Lox L

M= MO oM=L MD M

e Lox UoET L

L

T

b~ s-x

£

5 KXVE

344, Nitrogen and halogen ligaids

LLi Copper complexes. The  mechanism of  the  transmetaliation  of
Cund AN NV N-tetramethylethylenedinmine , X, with - M(S-methylisopropylidene
hydrazine carbothiolatey, { M =Co, Ni. Cu) has been studied [533]. Several products
lrave been obtained from the reaction of nitrogen donor bases with copper halides.
Depending on the concerted 2ffect of the bulk and donor ability of the buases as well
as on the halogen involved, g variety of structures has been observed especially in
the products with 1:1 stoichetometry. The structure of the products obiained by
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dissolution of copper{1) halides in nitriles has been studied and the siructure of the
compilexes [CuX(RCN jjdetermined for acetonitrile and PHUN. in their vast maior-
ity the compounds are stair-type polymers with the exception of {(Cul },{PhCN}
[534]. The L1 products are all of the stair-type polymer form [5351.

The nature of compounds CuX(MeCN), and CuX{py), formed in acetonitrile
and pyridine. respectively, is determined by vibrational spectroscopy utifizing large-
angle X-ray scattering and the dimerization reaction constants in DMSO reported
o be <0.2. 2 and > 100 mol ! dm? for X=ClL Br and 1. respectively {518]. The
enthalpies of salvation of cuprus halides in pyridine and acetonitrile were obtained
and appeared to be similzr with the ones in pyridine being more negative [336].
Cubane-type fetramers obtained with copper iodide and pyridine or morpholine
appeared to be ﬂhoiougmmcsc"m i noncoordinating solvenis at r.t. The emitting
staie is suggested 1o be the 3d%4s' excited siate of copper [537]. The quenching of
emission from the cluster-centered excited state of these clusters by Tns{f-
dionato)Cr{ 1) complexes and several organic substrates has been investigated in
CH,C1, [538]. The absorption, emission. diffuse reflectance spectra and excited stat
lifetimes of several {CuX(L}j,, where L=substituted pyridine in CH,CY, and CH,,
glasses at 77 K as well as in the solid state are reported [339]. Analogous studies
were carried out for [CuX{2-(diphenylmethylipyridinet] [348]. Luminescence
thermochromism wus also studied for [CuX{py)], [341]. The structures of the dﬂmr
[Cu,t(3-Mepy),] and the polymers [Culi 2-Mepy}! and [Cult 2.4-Me,py}] have bee
determined  [5421.  Mononuclear  species  have  been 0% paet vied fc:f
CLsI(Z«meth; quinc!ine)? and CuBr{3.5-Me,py}, [543} For { {pyiBr! a zigm
formation with parallel chains was observed while 2-pyridinecarbaldehyde and
d-benzylpyridine form distorted stair polymers and mmmem cubane was
realized for the more bulky 2(diphenyimethyl ipy . Solit-gtair two-dimen-
sional sheets of [CofLyX ] X =ClL Br} are linked b wpyridine [346], while
a one-dimensional infinite spine was 3 rseﬁ for [Cufdvinyipynidine) X and dimeric
[1Cu2vinyipyridine i g -X 1] (X =CL Bry [5471 The corresponding iodides uie
one-dunensional stair polymers with noncoordinatin g i .. Sphit-stair poly-
mers  were  observed  for  acridine. qnm ddime,  2.6-dimethylpynidine.
24 G-irimethylpyridine D1 adduets with copper halides with the excepion of
HCu(26-Mespyilf o D] and [Cul24.6-Me;py) j{ ’CE-) {5348], Dimeric com-

et
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pounds were obtained for the more bulky octahy cridine with almost planar
Cusl, Cu,Bry and butterfly Cu.Cly cores and MONOMETc

S-tetrumethylpiperazine) X with stabilizing intermoldecular hydrogen bonds
The structures of the {CuX(2 “mmswmmimw%§ complexes are markedly
m‘}mm from each other since the chioride s a stwr-polymer. and the bromide
dimeric and the jodide are split-stair [550], The L‘@i?lp.“"tﬁ of d-methylguinetine Jall
into three categories, {C SOND My Cul,X (K =RNO;,

ClOyy and Cu,Xol (X = Cilsis °
{551L Dzszm'wé te mheda‘ai f-‘l‘*"i“O%m‘wsei 1$
[Culdi{ Z-pyridyl; ed in EtOH by the i;g:ﬂ;
reduced Cub(y, i* nts analogous varigtions ba
polymer chioride. a tewramene T bromide and jodide und a
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stair thiocyanate [553]. The emission spectra of [Cul(quinoline)], and
[Cul{quinoline}}, were obtained at ambient and at low temperatures and are guite
distinct having maxima at around 620 and 580--590 nm, respectively. owing probably
to the different environments of the metal centers and therefore 1o the different
emissive states [554]. It is of interest to note that CuX with bipyridine produces
dinuclear halogeno bridged compounds of the formula [{bpy)Culy-X ),Cuibpy)]
for X=Br, T while for X =CI the ionic compound [Cu{bpy},JCull ] is produced
[555]. Three halogeno complexes of the formula Cu(3.5-Me,py},X have been
obtained and their crystal structures investigated [556]. The observed distorted
symmetries are accounted for by the intra and intermolecular hydrogen bonds to
the halogen atoms. Reaction of Cul with p-tolvlisonitrile and nitrogen bases in THF
led to the formation of mononuclear [Cul(bpy)}{(p-1olyl )CN}] and dimeric
[Cuy{2-( 1-benzyl-2-phenylbenzimidazole)} f NCi p-tolyl }i5{ y1 ).} [557]. Oxidation
of [CuCl{py)l; in PiNO, proceeds with initial insertion of O, in the Cl- core. which
is the rate determining step of the reaction [558] in a manner analogous to the
oxidation of [CuBr{N.N'-dicthylethylenediamine}],. which results in the mixed
valence compound [CuBr{1}],0, [5359].
i.2.4-triazole affords compounds Cu{L)Cl, and Cu(L),Cl,, 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-bis[bis( I-methyibenzimidazol-2-vinvimethyl Jamino}-3.6-dioxaoctane in
MeCN-MeOH gives Cu(L)Y (Y =Cl0,. BF,. CL Br) or Cu( L)X, (X =CI, Br. I)
[561].  N.N-bix{3.5-dimethyl- .~pymzoly -methynyl jamnoethane  and  N.N-
bis( I-pyrazolyl-methyl yaminoethane form mononuclear Cu(L3X complexes with
coordinating X/ X =CL Br. L. SCN Y and {Cu(L),}Y With Y = CF,80,. BF,. possess-
ing local CuN,X; and CalN, eavironments. respectively, [562]. Benzimidazole reacts
with Cul to afford Cu,l{ Ly, in THF, stair-polymer [Cut u-1 M L)), in MEOH and
the solvated [Cuy(s-11(LL1 in diglyme. Whﬂe 2-pheny] and 1-benzyl-2-pheny]
substituted polyraers in THF form Cu,l(L), - 2THF and Cul(L),- THF [563].
Thiazolvl. imidazolyl. and ’\-meth}§bet}71mxdazmvi fithium salts react with CuX in
the presence of CF;80;H at —80 C (AM-methylimidazolyl only at ~40 1o form

the dimers of the formula [Cuy X)Ly} which were studicd by NMR. The
sirncture of CuyClytmethyvlimidazole), was solved [564] The interesting feature of
these compounds is the presence in the final products of halogen atoms besides the
use of lithiated reagents. Products of the sioicheiometry Cu(L3Br and (CuL),Br
are obtained with §-phenyl-3.5-dimethylpyrazole [563].

The reaction of cuprus halides with 2.2-dipridylamine in various molar ratios
yields o vartety of products. e.g (CuX LL (X =CL Br) (CuX )L, (X =Cly (CuX )L
(X =Cl, Bryand (Cud 3L, ( X = Br 11{566]. Pyrazinic acid may act as a monodendate
or bidentate ligund and this has heen k.;\pknrs.d in a serics of compounds with various
anions. Complexes CulLL,X - 2H,0 were obtained for X=Cl. Br (monodentate
igand), Cu(loX -H,0 for X=DBr. NO,. ClO, mixed coordination scheme was
observed in Cul{L};CL - 2H,0 and a stair-ribbon polymer with Cul,N, environment
was the case of Cuy(L),-3H,0 [367]. Nicotinic acid reacts with divalent copper
reduced in situ by ascorbic ucid to give zigzag chains of Cu(L),Cl in which the free
carboxylic groups are subject to dimerization [568]. N.N-diethylnicotinamide forms
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tetrameric clusters [Cu{L)X],, which reveal interesting reactivity. Reaction with
tetrahalobenzoquinone produces the oxidation product [Cu( LyXi[catecholate], [569]
or mixed valence Cu,X,{L),( p—catecholate) [S70] with local CulN,X environment.
The clusters are transmetallated by the reaction with S-methylisopropylidenchydraz-
ine carbodithiolate metal compleses, M{NS), (n=2 or 3). Fe(NS}; initially gives
the mixed valence complex CulCu""Fe"LNS},X,. which further react with
M({NS), to give complete transmetallation products Cu{NS). Cu(NS}, and

M,Fe(OH }(O)L;X, [571]. Reaction with Co{NS); affords Cu(N8)} and
[Eoz(L)4]X4 [572] while with Sa(NS},Ci, initially [Cud Li(;-ClSa(LyCl] is
formed, which treated with nitrobenzene afforded [Cu,i Li(u-Clhis(p-O¥SnCl( LY
while with a further equivalent of Sn{NS),Ci, complete transmeiallation was
achieved [573]. In general. with divalent wmetal carbodithiolates. clusters
[CusM(L)X,] are  obtained which are further oxidized to  yield
[Cus MIHOM Lyap- 01, X4} [574].

Absorption and emission maxima of [Cu,l;(PPhy), (di-2-pyridyiketone)]
CHCI; and [Cuyl{di-2-pyridvketone};} in acetone are reported as well as their
catalytic activity in the photochemical transformation of NBD to QDC with
quantim yields of 0.25 and 0.36 respectively {irradiation at 2>320nm for 12h
[292]. Monoaza-alkenes of the formula RN =CRCR*=CHR" react with Cu{l in
a wide range of molar ratios giving varicus products in different solvents of the
formula [{Cu(Ly,}{ 1~ CHYCuCL]. [{CulLy} o T and [CulLy,C1E, 3751

3.1.1.2. Silver and gold complexes.  Detailed structural studies reveal that for sev-
eral N-heterocycles, the local silver environment in Ag(L),X complexes is AgNX
regardless of the » 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 acetonitrile in both solvents the range obtained is less than
10 kI mol 71 [536].

An unusual frans-AgN,F, chiromophore with Ag-N=2163{7) and Ag-F=
3.011(8) A was observed in [Ag{2.6-Me,pyl{ BF )], where BF, anions are bridging
adjacent Ag atoms [577]. A more limited array of structural types is observed
in AgX products with A-bases. in relation to thoir copper analogs. Stair
polymers are observed for [Ag(py)Bri.. [Agipvill.. [Agt24.6-MepyiXl..
[Aglquinalding)X ], (X=CL Bry. cube uim*mu Htﬁ [Ag{piperidine}X L, (X =Br,
1), and [Ag(2.2.6,6-tetrarnethylpiperidinel ;. a ﬂmﬂi tube” polvmer is realized
for [Ag{NHEt,)X ], [578] while infinite onc-dimensional polymer is obfained for
Ag(piperidine),Cl {5379,

AuX formation in pyridine and acetonitrile was verified by Q"s FS studies and
appeared to be less favoed in pyridine owir ,g to solvation effects [5801. '"Au
Méassbauer resulis confirmed the existence of both Auw(L)Cl and (1LH piAuCé } for
N-alkyhmidazo 2 s and benzoxazole ligands. tZL ratio of the pmuh,ﬁ depending on
a balance between electronic and sterie factors. Analogous studies were mmcd out
for the Au{L}C! series of compounds {581]. When coordination of inosine, gua-
nosine, imidazole and s derivatives as well as of several substituted pyrazoles s
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considered, the Au(L)Cl complexes are linear while in the Au(L),Cl analogs, the
second ligand is just hydrogen bonded to the chlorine ion [582].

3.1.2. Phosphorous and halogen ligands

3.1.2.1. Copper complexes.  Several completes of the formula [Ca(PPh;),X] were
isolated and their solid state *'P NMR specira related to their structure [583].
Coordinated X (C, Br, 1) reveal (8) values from -5 to —6 ppm while ionic ones
range close to zero. The corresponding [Cu(Pph;);X 1 were isolated in two phases,
a trigonal and a triclinic one, the latter corresponding to solvated compounds [584].
The 3'P NMR are quite distinct for the two groups of compounds. The ionic
compound [PPh;Me] [Cu(PPh;)Br.] is obtained by refiuxing PPh;MeBr, CuBr and
PPh, in CH,Cl, and its structure elucidated by *'P NMR and far-IR where the
Cu-Br bonds resonate at 195 and 150cm™! [585]. Cu NQR measurements
on [CutP{OMeCH, 31X ], (X =CL Brj confirm the three-coordinate environment
for copper. Along this line, several studies on other three-coordinate species.
eg  [(CuX)fdppm)l,. [Cu(PCy ) JCIO). [CuX(PCy;)], are reported [586].
Cu(Pcy,),{ FBF;) was studied as catalyst in rrans-stilbene cyclopropanation with
N,;=CH(CO,E1) where alkene intermediate presence wus proposed to account for
its activity [277]. Tis reaction with NaX in water gave the metathesis Products
Cu(PCy;),X (X =Br, I} probably with trigonal planar geometry around the metal
center [294].

Pseudotetrahedral copper is present in  [PPh;Mel [Cu(PPh;)1,] and
[PPh;Mel[Cu { PPh;),( - 1),] as interpreted by far-IR measurements {587]. Bulky
phosphines form monomer or dimer compounds like
CuP{2.4.6,-trimethoxyphenyl 13X [588]. CuPPh,{o-tolyl)X for which two district
species were identified by *'P CP/MAS. far-IR and crystal structure determination
for X=Cl, Br [589]. [CuX{P{p-tolyl 1], (X=CL Br) [3901. while the less bulky
Pinmi-tolyl ), formed with Cul a dimeric compound with one trigonal and one pseudo-
tetrahedral copper atom [591]. A rare example of a Cu{l)}-F bond is the
[CuF(PPh,},]- 2E10H - 4PPh, complex where Cu-F is qual to 2.115(9) A. The com-
pound has been studied by P CP/MAS [592]. Reaction of P({p-OMeC H,); in
acetonitrile with Cul forms the ionic compound [Cu(phosphine),}[Cul.} with two
equivalents of Cul the monomeric Cul(phosphine) is obtained [393}: both com-
pounds were studied by far-IR and *'P. The structure of CuBr{PMePh,); and the
otherwise inaccessible product of its reaction with BH; - THF in THF. the dimeric
{CuBr(PMePh,)]; were solved [594]. Several o- and p-substituted bromobenzenes
reacted with copper in THF at —108 "C in the presence of trimethyiphosphine to
give several organic reduction and coupling products as well as the structurally
characterized CuBr{PMe,); [595]. Several [CuX(PR,}], clusters have been used us
photocatalysts in the isomerization of NBD to QDC and of frans- to cis-stilbene.
their activity being related to the phosphine cone angle. Formation of a Cu-NBD
complex is anticipated except for the complex of Plo-tolyl}; [596]. The crystal
structures of Cul{ PCy;), and [CuliPCy )}, are reported and discussed with respect



FP.D. dkrivos er ¢l. - Coordination Cliemiistry Reviews 167 ( 1997 43 04 151

to other analogous structures. EHT orbital energy considerations were used to
express the effect of the halides on the overall structure {5971

{-phenyldibenzophosphole forms tetrameric {Cut1)X ], and monomeric Cul,X
and 1-phenyl-3.4-dimethyiphosphole besides these also producis of the formula
CuL,X which are dimeric for X=Br and 1, while for X=Cl the ionic
[Cu(L)J[CuCly] was obtained. All the compounds were identified by far-IR and
3P CP/MAS measurements {598]. Anionic complexes of the formula Cu{PPhyIX,
are monomeric for X=Cl, Br and dimeric for X =1 as far-IR and *'P CP/MAS
measurements show [599].

The dimeric {(PMe;).Cu(p-1),Cu(PMe;);] and the one-dimensional cubanoid
{CuCl(PMey);} .. were prepared in benzene suspension, and characterized by X-ray
studies and  vibrational (far-JR  and  Raman}  spectroscopy {6001
Bis(diphenylphosphino)ethane forms several complexes with copper halides, which
show marked versatility in solution. {CuCl)y(dppe); is shown to dlbbGLIdiF‘ o
[CuCl{dppe)}, while by addition of dppe. tie equilibrium involves {Cumm 2),1Cl
which has been characterized by NMR spectroscopic technigues {601]. The vibronic
structure of the {Cul{dmpp)], emission specirum observed at 15 K has been discussed

Ph\ H A

;’ PPhy
X
< o ci _PPh,

XXVIE

{5411, The structure of the dimer [Cu(triphos)X ], XXVIL has been determined and
the CuP;X environment ascertained {602]. Dipheny]mesityl and phenyldimesitvipho-
sphine being very bulky form dimeric adducts with copper halides {603]) as is the
case of tri-o-tolylphosphine for which additionally [CuX(MeCN )| Plo-toly);1], were
obtained and studied by IR, *'P CF MAS [604). Reaction of CuX, with wz-

bis(bis( 2-{diphenylphosphinojeethyl jamine)ethane and the corresponding sm-xylene
afford complexes [Cu{ L)X, (X =MeCO,. CI0,. SO} or [CufL)X,] (X= ﬁ)
[603]. Racemic

nixture of MW N hisTa-fdinhenvinhosshin i

Comie }quu Gl —un,_w*u,u;.u \.xnsyuﬁb')nino;ULHN«:IG&H&- 2y
iﬂx!ﬂO-.! -binaphthyl] reacted with {CutMeCNLIIPF, ] to give [Cu(L)J[PF.] while
with Cut PPh;),;Br monomeric Cu({L)Br was produced where NMR measurements
indicate intramolecular exchange of immo groups {6061

IR and Raman studies confirmed the bridging role of halogen in
Cu( t-dipehnyiphosphino-e-carborane };X a produc i of 1:4 reaction of CuX with the
ligand in EtOH. Reaction products for 12 and 113 ratios are of the fornula CalX
and Cu,L, X, respectively [607].

The complex [ReCHCOY N p-MeC HDHL-APHL-APEJ(LH,C=
C{PPh;}) reacts with CuX n CH X, o give
[Re(p-CHH{COH Ny p-MeC H M i - L3CuX Y PF, ] which was characterized by *'P

¥
1Y
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NMR, IR and crystal structure deiermination [608]. Phosphine functionalized p-
tert-butyl-calix[4]arene and p-terr-butyl-calin{8larene added to Cu(CO)C! in THF
at 1.t. to afford [L(CuCl) ], where aggregation leads to terminal CuCl, or trigonal
CuClL,P, bridged CuP,Cl and a central CuP{u-Cl); metal sites [609].

3.1.2.2. Silver complexes.  An interesting route to the known [AgClH(PPhy), is
through the reaction of [N{PPh;)l{Ag(C,Ph). produced by the reaction of
M{PPh,),ClL (AgC,Ph),, and PPh, in a4 [:2:3 ratio in acetone with either
AuCHPPh;) or cis-PtClL(PPh;), [6106]. The chair and cube isomers of
[Agl(PPh3)], were identified by their emissions at 12 K both of which are observed
to red-shift with temperature raise [611]. [AgX(L)l, and {AgX(L),}, are obtained
with  I-phenyl-3.4 -dimethylphosphole.  [AgX(L),], and Agd}(L); with
I-phenyldibenzophosphole. These as well as [Ag(L),JIBF,] are :tudied by far-IR
and P CP/MAS as well as *'P NMR in solution. revealing dissociation to
[Ag(L)]X and [AgX(L)], {612]. Monomeric linear AgX{P{2.4.6-(OMe);CH,);}
exists in the solid state on the basis of *'P CP/MAS, far-IR and crystal structure
meusurements while AgL,! is the structure proposed for the corresponding iodice.
In solution >'P NMR show that ionizaticn to [Ag(L),]X occurs [613]. *'P CP/MAS
studies on AgX(PPh,Buj 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 [614]. The observed J,, splittings for a series of
Ag(PPh;);X complexes ( X=CL 1, BF,, NO;) are correlated to their structure. The
structures of several Ag{PPh;);X complexes prepared in refluxing acetonitrile were
determined [6151. In the case of 1 and BF,. complexes, crystal structure determin-
ations confirm halogen coordination to the metal [616]. *'P NMR studies on
Ag{L)Y complexes (Y=CL I, NO, (IO, MeCOy; L=I§L11-Tris-
{({diphenylphosphino)methyl) ethane) show J,p splitting at 193 K only for NO;
and CiO; while the rest appear to be still dynamie. An AgP,I environment is present
in the solid state but in solution oaly two of the available P atoms are coordi-
nated {6171.

The tetrameric “cubane” [Ag d,(PMe,) ], has been synthesized and its vibrational
spectra recorded, assigned, corvelated with the proposed structures and compared
with analogous compounds [600]. The structures of the silver(1) complexes
[AgBr(PPh.).] and [Ag.X(PPhy),]. 2CHCEH (X =Cl, Br) have been determined by

CP/MAS spectra of the dimers show separate chemicai shifts for the crysialiography
ineguivalent phosphorus atoms, and *Jpp. coupling between these atoms [618].
CoCly(Pi,PCH,C(O)Ph), reacted with two equivalents of AgBF, teo
afford Ag(Ph,PCH,C(O}Ph),Cl while CoX,(PPh;), gave [Ag{PPh;),J[BF,] and
in  excess of PPh,, also  Co(p-Cl){Ag(PPhy),l, [619].  1.2-  and
1.3-bis{{ Diphenylphosphinoymethyl)benzene formed complexes of the formula
{AX(L), (X=CL I, NO;} with bridging anions and the diphosphine ligands
being chelating (1.2-) or bridging (1,3-) respectively [620]. Trans-PtCi,(CCls)
and  AgL(OCIO;)  yielded  PICHC Clg)f p-ChAgl (L=PE;, PPhy)  or
PUCCls)o{ - Cly,Agh (L =PPh,Mej, in the former O-Cl-.-Ag interaction to the
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CCls ring is observed. Both .ompounds add a further AgL(OCIO,) molecule to
form trinuclear complexes [621]. Polymeric [Pt{C,Cls}{1i~Cl),Agl is formed by
frans-PtCL(C,Cls), and AgNO; or AgClO, in MeOH/Me,CO and further reacts
with EPh; { E=P, As, S§b) or PEt; to form PtAgCI(C,Cis),L. The crystal structures
of the products with PPh; and PMePh, as well as of the ionic starting compound
are reported [622]. Reaction of Ag(PPh;}(ClIO;) With nuns-PICH(C.Cli), in
CH,Cl, produces CHCClPt(p-ClyAg(PPh;)  which further reacts with
Ag(PPh){ClOy) to afford rrans-Py{C Cls) iy CHAg{PPh;)!, where a Cl-Ag-P
angle of 148.5(3) is observed [623]. In analogous compounds with bromine dimer-
ization takes place the product being [(PPhyHC ClIBrPt{ p-BryAgt PPhyl, with a
central Ag,Br, core intermolecular Ag---Br contacts and. interestingly. a O-Cl---Ag
intramolecular interaction of 3.007(3) A giving rise to an AgPBrBr'Cl environment
[624]. Reaction of cis,cis,trans-[RuCHL(CNPh)(dppm-P),] having two monohapto
dppm ligands  with AgClO;, gave the  hoterometallic  complex
[(dppm)y{ PANC ),CIR uf i-dppmyAgCI Y CI10,) {625]. Reaction of Ag{dppm}{ NO;)
with  SnPh,Cl, in MeCN-MeOH  produced  [Aus(p-Clhi{pe dPPM 1
[SnPh,(NO;),C1] studied by X-ray and NMR measurements | 2281,

Treatment with NaBH, of a mixture of [AgCH{PPh;),. HAuCl, and PPh; ina
1:4:8 ratio in ethanol gave a dark red crystalline product with the stoicheiometry
[Au A (1-CH PPy oCLINEIOH, composed of two cicosahedral clusters shar-
ing a vertex [626].

3.1.2.3. Gold complexes.  Exclusion of water and air alvws AuCHPR:) (R=EL
Ph, OEt. OPh) and AuCH PR}, (R =Ph. OE1} itially electrochemically oxidized
to AuXj . to be re-reduced by addition of PR; in a variety of solvents. 1.e. MeCN,
THF. CH,Cl, [627]. Triphenylphosphine and 1-phenyi-3.4-dimethyiphosphole form
compounds Au{L)X and [Au(L}J[PF,] and for the phosphele ligand Au{L}X was
also obtained { X = CL Br. 1). fa the chlorides the irregular phosphorous environment
in the solid state is reflected in the appearance of the *'P CP'MAS spectra [628].
3P CP/MAS and crystal structure determination are reported for a series of
Au{PPh;}{(Y) compounds { Y = NO, MeCQO,, SCN. CH,. ON.CL Bro17]629]. The
synthesis. IR and Raman studies are reporied for AuX(PEG) (X =CL B. CN, SCN)
{6301, AuCl{Me,S) readily displaces Me,S and coordinates with diphenylphosphine
acelic and benzoic amide. Tris(diphenylphosphincalkylaminojamine. bis(diphenyl-
phosphino aikylamidoymethylamine to give compounds An(L)Cl where P-bonding
to the metal is observed [631]. Displacement of M8 by PL24.6-(OMenC H,,
oceurs yielding complexes of the formula AuX(L)2. which are shown, by M'P NMR
to tura. in solution. 1o the corresponding {Au({L},] ™ complexcs [633]. A series of
Au{PPh,),Cl (1= 1-4) are obtaired in solution as *'P NMR measurements reveal.
vhile S-phenyl-dibenzophosphole only forms the ones with n=1 and 4. The com-
pounds undergo fast exchunge even at 183 K and when a mixture of ligands is used.
3Ip NMR identifies mixed-ligand species [633]. A variety of complexes is obtained
by the reaction of PMehexyl and PPh,Buo” with ( NEt,3( AuBr,) in CDCH, depencding
on the reactant ratio and these are Au{L)Br. Au(Ly,Br. {Au{Ly]Br and
[Au{L)IBr while with R,P(CH,), PR (R.R'=Me, Ph} (AuBrip Ly Auw(l)Br
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and [AuBr( L)), are obtained [634]. P(CH,OH); reacts with Au{cycloociene)(Cl
to form Au{P(CH,OH);}C] which further reacts with nuc eosuks (L = guanosine,
adenosine, cytidine) in DMSO but only in the presence of AgNQ; forming
[Au(L){P(CH,OH);1{ING;] as IR and 'H NMR studies confirmed [635]. Both
LMCT and MLCT bands were observed in the UV-Vis and MCD spectra of
AuX({PR,} complexes (X=Cl, Br. R=Me. Et) in acetonitrile solution [636].
Analogous study and band assignement was carried cut on AuX s and Au(PE()S
complexes as well.

Several biphosphines e.g. Ph,P{CH,),PPh, (s=1-4}). Ph,PCH=CHPPh,.
Ph,PCH,CH,PEL,, Et,PCH,CH,PEL,. form [{AuX)y(u-L)] 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 erystal structure of eiv- and rrans-bis(diphenyiphos-
phino)ethylene were compared with the ones ddoptnd in the corresponding
[(AuCl), -1} complexes, and discussed in view of the complex ' Au Méssbauer
spectra. The rrans- ligand also produced Au(L)Cl which is presumably polymeric
with a AuP,Cl environment. A close contact of Au---Au 3.05(1) A has been observed
for [(AuCl)(p—cis-L)} [639]. The isomerization of c¢is- to rrans-bis{(diphenyl-
phosphino)jethvienedigold dihalides has been achieved photochemically and
followed by *'P NMR measurements [640]. [Au,(dppm),[[BH;CN], with
Nal formed [Auyddppm),(#-DIBHCN]  which, upon  recrystallization
decomposes  to  [Au{dppm),JJAu{CN),] and wcated with Nadie yields
[Aus{dppm)a{ g Gic)BH,CON] [641]. Bis-diphenylphosphinomethane and HAuCl,
in EtOH gives an eq uilibrium mixture of (AuCl)(dppan. [AuCltdppm)], and
IAu;Chi(dppm),ICT in fast exchange, faster between the two terminal compounds
than between the last two ones as *'P NMR studies indicate. The solid state
luminescence of the last complex is attributed to the presence of short Au---Au
interactions on the basis of its crystal structure determination [642]. The '*"Au
Massbauer spectrum of the bis{diphenyiphosphinojamir2 complex [ AuCli,{ L)
has been obtained at liquid helium temperature {265]. The bis(diphenylphosphino)-
methanido complex of gold is dimeric and upon reaction with Mel in MeOH yields
(Aul)y(ye- 1) while reaction with BrCH,COPh icads to the formation of
[Autdppm)Br], [643]. Diphenyiphosphinodiphenylaminomethane reacts with either
Au(PPhCl or with in sitt reduced AuCl™ o afford Au(L),Cl. dissociating in
acetonitrile as variable temperature 3'P NMR reveals. Tts solid-state structure reveals
a T-shaped AuP,Cl environment {6441, Successive additions of equivaleut moles of
Au{Me,$)C1 to bis(diphenyiphosphinomethyl jphenylarsine afforded complexes
Au,Cl(p-L). self-associating  even  in solution at low temperatures and
AuyCly L) with a bent Auy chain, while NH,PYF, addition to the former afforded
the tetramer [AuClL{p- LYY PF), [645].

Analysis of the P {'H| spectra of mixtures [NEtJAuBr,} and PPhMe, or
PBj in CD,CL has been used to verify the presence of species with varving molecular-
ity in solution as well as to Gttummc their exchange kinetic parameters [646].

The complexes [AuXPluimethoxyphenyl!, ] (X=CL Br, 1) were prepared by
reaction of the phosphine with [AuX(Me,5)] or [AuX,}™. The complexcs were
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characterized by far-IR and *'P NMR spectroscopy in MeCM. Unlike the corre-
sponding PPh; complexes there is no evidence of U,,, spin-spin splitting in the
3P CP-MAS spectra. Addition of a further equivalent of phosphine resulis in the
formation of [Au{L},]" [647].

The polymeric complex [AuCi(dppf j], is based on {rigonal P,AuCl linkages and
has been structurally characterized in both polar and apolar pseudo-polymorphic
forms [648]. The ligand 1.1-bis(diphenylphosphino)ociamethyiferrocene is found
to be chelating in the above complex and bridging in (AuCl){p-L) and
§AW(C Fs) (L) to which the corresponding chloro- compound is readily trans-
formed [649].

i,3.5-triaza-7-phosphaadamantiane  forms both  Au{L)Cl in CHClL; and
(L -HCHAuClin MeOH/MeCN, which is deprotonated at pH=4.5. The protonated
ligand gives rise to longer Au---Au interactions conseguently altering the lumines-
cence properties of the complex [630]. Studies cn Au{L)X (X=Brl) and
[Au(LH)IJfAul,] reveal that the latter compound possesses multiple emitting states
[651]. CO interaction with AuX(PPh;} Jed 1o the formation of
Au(PPhCO X ™ (X =NO;, CLO,, BF,, OAc). which upon hydrolysis or treat-
ment with proton donors lead to Aug(PPh;)X; through “AuHPPh;”. The nitrate
in CH,Cl, gave Au{PPh;{CNO) and the cluster Au, (PPh;3)iCNQO); [652].

Ph(}sphomte and phosphinite derivatized cahxresorcinarenes L{O,PPh), and
L{OPPh,)g, respectively, readily react with AuCl{SMe,) in CH.CL, to form “gold
rimmed” calixarenes where the AuCl units are in fast exchange as the single line
phosphorous NMR spectra reveal. although in the solid state the phosphonitocalixar-
ene uappears with a AuCl unit folded towards us center [633]. The cluster
Ausst PPh;),,Cly, ds soluble in pyridine and dichloromethane but rapidly decomposes
in solution. ft was found that Ph,PC H, SO, Nu exchanges with PPh; to afford
Auss{ L11,.Cl, completely dissociating in water to afford NagfAus{ Ly, ] [654]

313, Miscelluneous

The complexes [Cuyf £ MeCUN 3,0 X )L,HCI0,] were prepared by the reaction of
CuX (X=CL 1) with bis{diphenylphosphinomethyl)phenyiphosphine in MeOH
followed by recrystallization froms MeCN. The chlorine-containing cation consists
of three non-interacting copper{ !} ions bridged by two chloride tons on the same

de and by two triphosphine ligands. Both complexes display room-temperature
ph@%o uminescence [655].

Reaction of CuX and pyridine with two equivalents of PPhy in acctonitrile
produced CuX{pvi(PPh;), where rather short ¢ u-X and rather long Cu-N distance
were observed [636]. With stoichiometric quantities [Cuat - X {{pyH PPhs)l were
obtained. Analogous compounds were obtained with 4-cyanopyridine and as crystal
structure determinations show only pyridine nitrogen is involved in the coordination
[657]. The corresponding bipvridine complexes were studied by crystal structure
determination and P CP MAS measurements revealing, in the case of the chioride,
inequivalent phosphorous atoms [638]. The NMR measurcments discriminated
between the vellow and the orange form of CuClPPh,} bpy). the yellow one being
conclusively attributed to the echipsed conformation around the Cu- P bond [6591.
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In the same manner, the two pscudosymmetrically related molecules of
[Cu(4- ’\'in.py)(P‘PE‘:;;’CH7 were identified [660]. The reaction of CuX With
PPh,(o-tolyl) or PPh; in the presence of cither 4-cyanopyridine or piperidine in
refluxing  acetonitrile  produced  compounds of  the  stoicheiometry
[Cul X }(Phesphinej( L), {6611, Analogous reaction produced
[Cux{MeCN ), { PPh{O-tolyl )} ,( - Br),].2MeCN the structure of which has been
determined [602].

Several ionic species exchange their anions with
[Cu,(2.2-bis | bis| 2-(diphenylarsino)ethyl Jaminojcthane}{C1O,] to form Cuy(biX,
(X =Cl, BHy. ICu,(LyXJCIOJ (X =Nz NCS). while adducts of the formula
[Cu{ LYY ),NICIO,), are obtained with Y = carbon disulfide. thiurca. triphenylphos-
phine, triphenylarsine and imidazole [6063]. The ecrystal structure of
AgX{py}(PPh,) is finally determined as dimeric [664] with bridging halogen atoms
although in pyridine solution the existence of monomeric AgX(Py),{ PPh,) is pos-
tulated [663].

The complex Rh(CO),Cly u-L), (L =bist¢¢diphenylphosphinoymethyl yphenylar-
sine) reacts with AgCl in CH,CL, to give Rh,Ag(COLLL{p L), with silver bonded
to the two arsenic atoms of the muaifmauouvde {660;_ Depending on the erystalliza-
tion conditions two crystal forms of AuClH{ AsPPh;) are obtained which differ in the
phenyl group torsion angles and the Lm:cspondmg region of the Raman spectra
[667].

3.2, Complexes with group 16 and 17 ligunds

3.2.1. Oxvgen und hatogen ligands

Cuprous halides in the presence of ascorbic acid appear to catalyze effectively
epoxidation of frans-stilbene without concomitant formation of benzakichyde [6681.
AgB(OTeFq), produced by addition of B(OTeF:); to AgOTeF: in
t.1.2-trichlorotrifluoroethane. reveals bonding of silver to three anions involving
three Ag-O in the range 2.500(5) 2.756(5) A and six Ag F between 2.644(5)
and  3.017(53 A, Mesitylene,  CHCL, and CHLCICH, G form the
[Ag(solvent), {B(OTC" )i} {6691 Dissolving AgOTeFs in 1.2.3-trichloropropane
yields infinite chains of JAg( LYy{OTeF )}, with silver mono-coordinuated to u chlorine
of one ind bidentate to the other lgand with a central Ag,0, core [670].

3.2.2 Sulfiy and hadogon lisands
i Lol &

3.2.2.1. Copper complexes.  The calculated heats of solution of cuprus halides in
tetrathiophene are found to decrease from chlorine 1o iodine and are consistently
higher than the corresponding silver ones. ranging between —279.1. —266.2, --233 7
and —217.4 kI mol ", respectively [671]. Cuprus halides react with tetrakis(ethyl-
(hmmudﬂmmimimu to form onc- and two-dimensional polymeric complexcs of
the formula [{CuBr),( L)} and [{CuCl),{ L)) respectively [419].

N-methyhmidazoline- ,«thmnc reduces Cu(ll) salts in ethanol to produce both
mixed valence compounds, Le. [Cul,CulllLy,,(H,OLI Y], with Y =MeCO,. OH.
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CiQ,, PF,. [Cuy{L},Cly] and [Cuy(L),Cl,] [672]. The bulky 3-(triorganosiivi) and
3,6-bis(triorgano=ily! ypyridine-2-thione form monomeric Cul,Cl producis [375] as
does the saturated seven-membered thiocaprolactam with Cul [673]. The reaction
of CuX, with [.3-dithiacyclohexane-z-thione vyielded the mined-valence
Cu;ClL{ L),( L), where the two bridging ligands connect monovalent and divalent
copper atoms, while Cu,(L),Br, and ICu,(L)Br,], were also obtained [674]. In 20%
aqueous HCL, 6-mercaptopurine is protonated and the reaction product with CuCl
is Cuy(p-CHCHLH), [675] with protonation occurring at N(I} and N(9).
4,5,6,7-teirathiocino[1.2-b:3.4-b'Jdiimidazolyl-1.3.8. 10-tetracthyl-2 9-dithione forms
in THF or acetone complexes of the formula Cu{L}X upon reaction with CuX,:
the same products are obtained by reduction of the Cu(Il) analogs and are shown
to possess a CuS,X environment [676]. 1.3-dithiolane-2-thione in refluxing THF
reduces CuX, to either [CuX(L}], or [Cu(L)Cl,], where polymeric chamns with
CuCLS or CuCl;8S local environments are present bridged by thione sulfur atoms
[677]. Ethyl, phenyl and benzyl substituted 2-propenoylthiureas form complexes of
the type Cu({L),Cl for which the phenyl substituted compound is structurally charac-
terized [678]. Cul,Cl is also formed by methylpyruvate thiosemicarbazone and
further reacts with PPh; to form Cul.{ PPh;)Cl [679]. N-benzoyl-N'-propylthiurea
is used as a model for the surface bindmg function of xerogel and in this respect
the structure of its copper complexes is interesting. The structure of Cu(L),Cl is
composed of monomeric units with trigonal copper environment {680].

Relatively stable mixed valence clusters were obiained upon reaction of p-penicil-
lamine with Cu(2+) salts in the presence of chlorides. The solid product of stoichi-
ometry NaJCulCull (L1,,C1]- 36H,0 was studied by TG and DSC. The monovalent
copper atoms are supposed to exist in a CuS,Cl environment [681].

A series of Co dithiocarbamates reacted with Cul in acetonitrile to produce
polymeric species where Cu,{ -1}, bridges are formed between adjacent Co(dic),
units. The copper environment consists of two § and two 1 atoms [682]. Similar
reactions in MeCN CH,CI; give rise to 2{Coldic},]- 5Cul with Cu,l, bridging units

XXvin

and [Cofdic);] 3CuBr MeCN with Cu,Br, oligomers. XXVI [683]. Reactions of
diphenyl-. dibenzyi-. diethoxy- and methylphenyl cobult dithiocarbamates are unsuc-
cessful with either CuBr or Cul and polymeric products with the stoicheiometry
ColdEt10)[CuBr],  IMeCN  and  Co(dBPuaC ),[Cull; are  obtained {6841
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Depending on the nature of the dithiocarbamate substituent. analogous reactions
with Cr{dic}); produce either 12 or 113 Cr:iCu compounds or no reaction product
at all [685]). The structures of N.N'-diphenyldithiomalonamide complexes of the
formula [Cu({L}]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 tetrathiowolframate with
cuprus halides in ratios varving between 11l and 1:6 as well as the corresponding
reactions with Mo0OS8: ™ and Mo0,58% arce described and several new structures
sovied [657]. The solid-state reaction of Mo0,8%" with Cul and NEt,Br followed
by successive extractions of the product with CH,Cl, and PriQH yiclded
[NELLICuMo,8,0,Br.1,1 in the form of two nest-shaped fragments connected
through a Cul,Cu bridge [688].

Reaction of CuCl with tetrathiowolframate produce various products of the
general formula [Cu,CLWS,] (r=2. 2.5, 3) depending upon the reaction time and
evaporation procedure applied. Cyclic voltametric studies in DMF reveal that the
coordination of CuCl protects the WS, core from reduction [689]. Upon standing
in acetonitrite [{CuCH) WS}~ was isolated and structurally characterized [690].
Addition of NH,SCN io [W3,{CuC);CLP ™ yielded [ WS(CuNCS,J?~ while with
three equivalents of triphenyiphosphine { WS {Cu(PPh;}} ;CH{MeCN )} was obtained
[691]. Analogous reactions with MoS; lead to the isolation of (Cul),MoS, (n=1,
2 or 3y where L=CL Br and SPh or CN. The Raman bands attributed to the Mo-S
and Cu-S8 bonds are reported at 8¢ K and provide indications about the stoichiome-
try and structure of the product studied [692]. Reaction in a 1:3 ratio afforded
IMoS{CuCh Cl) ~ with MoS, encapsulated within a distorted octahedron of
copper atoms, of which half are trigonal and hald in a tetrahedral environment
[693]. Reaction with five-fold excess of CuClin refluxing CH,LCL, leads to formation
of [MS,Cu, LY~ (M=Mo. W). There are differences in the structure of the
obtaimed compiexes, which are rclated to the various counterions used [694]. The
reaction of [NH WS, with CuX (X =Br, 1) and a corresponding tetraalkyl halide
in the solid state yielded [NR I WS, Cu.X-] the structure of which was observed to
be an open cubane-like one. while treatment with pyridine in acetonitrile yielded
polymeric  [WS,Cu Lipyid, [695] Addition of CuCl 1o (CuChiRWCp)
P{OED) s - WS, produced (CuCh), e WSHICuC M RBIICDIPIOEL ). where two
trigonal and 1wo tetrahedral copper centers are encouantered. Treatment of the
product  with moist CH,Cl, viclded a product with the stoicheiometry
HRECpPOEL)H - WOSH{CuCHCulyl 1-Cly; and a dromatically different struc-
ture, which treated with H,8 aforded the initial compeund [696].

The macrocycle produced from the 2+ 7 condensation of 3.7-dithianonane-1.9-diol
and 3.6-dichloropyrimidazine in ECOH forms [Cu(L)CT], which is shown o possess
Cu,Cly cores und tetrahedrally coordinnted copper atoms [499].

3.2.2.2 Sitver and gold complexes. Polythinether [9]anceS; forms Ag(L)X com-
plexes in which silver is in a tetrahedral AgS,X environment and the ligands are
bridging {444]. Silver halides dissolved in THT form [AgX{THT), as inferred by
large-angle X-ray scatlering measurements {4241, The corystal structure of
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{ARl{THT 1. is reported at 200 K. Infinite Au chains are observed with alternate
AuS; and Aul, environments {6971

Reaction of AuCHCO) with thiols RSH (R =Bu'. 2,6-Me, F(H JFs) produced
thiolates Au(ER) while reaction with [Na(1d iiﬁ? ~pentagxa-
cyclopentadecane}][SBu'] vielded among others [ AuCl), D?u} :its crystal structure
revealed three AuCl groups coordinated to the Bu'S™ giving rise (0 a tetrahedral
sulfur [698]. Several heterocyelic thioumides form comp} cxes gA x\{L}} (X =C F.
C1) while. upon deprotonation neutral JAu{ - L] with both 8 and N donation (o
the metal are obtained [462]. Electrogenerated AuCly at pH=1.67(in H‘\eO } TRt
with cysteinato and penicilaminato ions forming complexes casier 1o oxidize than
Au{PR;)C! but more difficult than 4w{PR;); [699]. Lincar AuSCl envir n“m is
present in the reduction product of {AuCL}™ by dicydohexy'&pémm! I methyl-
thioformamide in thiodiglycol [700]. Monomeric compounds of the formula
Au(L)C} are derived from the reaction of S=C{HNMe,, Q— C{CT N Me.,

S=C{Ph)SMe and dithiazolidine-2-thione with AuCl in THF at 7.0 The later
reveals a crystal structure with antiparalicl pairs and Au---Au 3.366 A [701]. The
thicether is readily displaced from AuCl{SMe,) by pyridine-2- or 4-thione in THF
resulting in the formation of Aa{" thione} mmpic es. The corresponding thionato
complexes are presumably dimeric {or pyridine-2-thione and pobvmeric for s
4-counterpart [702].

Dimcihv!dithiocarbamatf’ S-methylester is found 1o form AutLyX (X =CL By
and[Au(L)(PPh, )} NO;) in ethanol while the mnu;’xonwnu O-¢thyl monuthiocar-
bamate forms [Au{ L)v('\i [703]. Ligand exchange is confirmed in solvtion for
AuCH 1 4.7-trithiucvelononane) while its structure reveals Au- Ay contacts of
3.309504) A forming an infinite array of Au atons [704]

3
t

3.2.3. Miscelluneons

Reaction of [18JaneS, and AgBF, in MeNO,-CHly in esenee of three-fold
excess of iodinc nodm‘é ItAg(Ly 1], while from EiOH {m:ii Hi: was obtained
[705). Silver has been found to coordinate 10 the O and ihc Br atom of x-brome
ketones in a chelate-like manner and to the pi-syetems oi rgs %’"E and YO
NMR measurements of the complexes and of the p 105 support
the results of the X-ray structure determinations [TU61

d

2.3, Complexeswith group 15 und 16 Heunds
331 Niogen and oxvgen donors

33 1E {‘nﬁpwr camplexes.  Reaction of several substituted  pyrazines  with
CutCF 86,1, in MeOH afforded CutL)iCF SO, where distorted tetrzhedral
Cul;0  enviconment is  present  [7( f} while H 3-di :
poly-[Cu{ Lt LHCF 86 was obtained [795}.
Reaction of ﬁs,&xuai G-diones with meta
bases yielded semidiene complexes which, LA'{JQE‘i e
formation of binuclear ¢ enediolato complexes w‘iiz H

copper lead to wiu,
s’e«cmrdifmw metal ceniers
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in CulN,O enviromments [709], Reversible oxidation and reduction of complex occurs
in weil-defined steps. Substitution of O by $ leads to more negative first reduction
potential and oceurrence of the second step quite close to the first one [710].
IR studies revealed that the perchlorate ion is present in various coordination
mudeq in  polypyridine complexes. namely nomwordmaamg i [Cu,i1.2-
151 6 {7-{ 6-methyl-2Z-pyridyl Jetayl]2-pyridyl Jethane} JJCIO,],  monodentate  in
{C 1{2.6-bis] 2-{ G-methyl-2pyridyl )ci%ﬁy?‘pvncme (OC105  and  bulentate  in
{Cuti.2-bis{ 6-methyl-Zpyridyhethane HO,C10 3 [7T1HTL
2.1 -benzothiadiazole  forms mc),dmzcmxmm; ICud LY custers I

1}

e

HCu (L(CIOCIOL2THE . three-dimensional ones in [CulLYHPO,F )] with
miercannecting anions, [Cu(Ly{NO ] where & Cu, chair s formed and lavered
overall structure is present. while 5.6-benzo i ver LU H

ICH0,1] 1 the presence of ethylene {712}
m added to  [Cuf{MeCNL]PF f‘j m  methanol 1o give
MeOH )L L [PFL in the form of infinite stacks of alternate ligand and
cationic un.i. which ferm a donor-acceptor complex as judged by the observed CT
vard. In-situ reduction of CutClO,), in MeOH Me,CO gives infinite chains of
[Catl W HLONCIO! while with Cu{NGs), the compound Cu({Li{O,NOy is
obtained {7131 Pf‘i\;mu ic nitrate is obtained by the in situ reduction of Co{NO;},
»h cupper in acetone and in Me,CO/CH,. [CufMeCMLJPF,] vielded
0wl g PFLCy, with bridging anfons [714].

,.

Uretohoxyleyanamide rescted  with ‘Cu{B -Mespzil, in acetone 1o afford
RO CS: 25{ L1}, which further reacted with OCS. SCNPh. OCHNCy to give

3
H iz
ineeviion p;‘fd cis [715]. The complex of :».:>-fjtmc‘hylp}'rzszolafc in pyridine appears
to beodn equilibvium between the forms [CulL),py,] and [Cua{Ly ] py which is
shiftes wperature [ 71603 Thiochrome forms a puhmc! ic compound with copper
,"i 14 stair-type chain with Cu-Cu 24763 y A while in solution the
5 g specios o5 2 low weight dimer complex {7171,

Fw s,a)mpu {Cul 2thienoyitrifuoroacetony( i 4.4 -bpy) presents a chuin forma-
tion confirmed by IR and FAB MS measurements [718). Condensation of
25 difornn diuran and 3-oxapentatne-i &-digmine produce a Schiff base which
] i 3 osives ICuLHICIOLL and [Cud LEMeCON LI BPh,] with local
snents (1251
Hgands such as L7110 7-tetraazacyclosicosanc-4. H-diol coordinate

copper and the [Cud LYHCIOL complex revealed o considerable
espect 1o its oxidation. especially in acetonitrile which was achioved
the intermediate product being identified and & mixed-valence complex
smmetric muacrocyeles \muuwd by condensation of 2,6~ m.mmx -derpethyl-
fai2 with mixtures of diamines MHCH,,,NH, (n ranging from 2 10 5) formed
thanol U LECIO;

!

3302 ,th”wznnpiv ves, st “""‘e.:tm‘(‘ duw‘tmir‘zaiimz of z-trisilver amido-
selonate Ay, Ag--3 coordination between

&
adjneent *mts{ !Ewink in g%m H }3“ f\.a \‘w{) 1 3NH IH 4 only AgN, envi
ronmenis are encoentered {7221 Bridging wren und NO,; are found in
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{‘Augf‘é@;): eed;,,;ﬂ produced by boiling Agl
the locul silver environments be AgQy and ;w(;z 3 1

147 Tri-isopropyl-1.4.7- umzan ?ﬁzxmm ¢ for MeUNHLEPF Jin THF
wind‘z upon reaction with MaMNO, m MEGH yvie 1o d dimer of the
formula [Cul{L)idp OWO;}{“Y,} which was stu i.xm PECITG v and electro-

chemically in muu 1o model analogous sitrite 1o NO conversions in "ﬂi‘{i“*’*u\)ﬂ%iiinw
ing enzymes [ 7241 Analogous reactions were mme out using hydridowisd 3-rer-
buz“}‘mwamiazubm’m which formied with CuClin THF o dimeric complex wih
digonal copper centers which readily uptakes NO w yiekl monometic [CulLH{NOY
17251 The four-clectron donor nature of  S-pza-2 8-dioxe-1-phosphabicyelo-
[3.3.0]octa-2.4.6-triene is verified in [lAg{ MeCUM), o LifiBbF ] from which it i
displaced by MECN 'md THF [726].

Recrystallization of AgNO; from 4-benzoylpyridine or pyridine-d-carbonitrile
produces products [AglL.{ NO;j] which are pelymeric in nature and present sirue
tures with monedeatale nitrates and monodentsic and chelating mitraies respe
[727]. Chelating nitrate  and  Dbridging 1. 8-naphtbyridine
[AgtO.NU S ¢ Ly, giving rise to a iveal Agh,N, environment i?’}v T
of silver perchiorate with mduh,pymzm W ructurally determined
formula [Ag{ L3LICIO ) with & AgN,O, environment {7291

Polymeric 1:1 compounds were formed by the reaction of deaitro-imiduzole with
cither AgNO; or AgBF, in agueous media as PO NMERE and IR swudies revesh in
avidic media neatral imidazole forms [Ag{LyIY } (Y =M BF L dissociating in
DMSO [730]. Silver amine complexes with phthalic Agt L NH ), and rimesic acid
INHHAgS LiANH 0 HL0),] HLO have been prepared. 7 be former is a hydr
bonded chain puix'mc;‘ with linear AgNO environment and cach phihalate ox
bonded 1o separate sibver atoms whik the latter & o two-oi ; i
{7311 Ammaenium sther bistnicotinaws
bridging nicotinate and ammonium sibe
emvironment with one hgand C-monow
ing oxygen atom. Al 1
1
Irvridine-2-u
chromophore w z‘iz cach zzium ori

Polydentate M-[A-{ 3-methyhih
acid Tunction forms {{Ag(LCq
mitrogen and two sulfur atoms froh three
Ag--03 interaction at 2568043 A

A sandwich-hike  conformation
bis{ L9121 Seictranxa-3.7 -mitrilo- ) -
nitrate prepared in MeGH {7331 Conde
3.0.9¢rithisundecane- 1.1 L-diamine ?{;zmﬁ a wvehe
TiG 1o form a cationic complex unit where

oS imd to sihver [734]

T oeoniributing o mz{iay

ng i!w neutral

nds wiin A

i the ;xxemr o i Ag’&@; H
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of a mixed valence erypiate of the formula [Ag'Ag™OILICIO] with A in a N,
and Ag'™ in a N,0 environment respectively {735 E i ES chifl bds‘" produced %:w the
condensation of 2.5-diformylfuran and 3-0sa 1e-1.8-diamine reacted in
MeCN/MeOH to give [Ag.t HLOLLIHCIO,), wi m a iocu A.v}\,(}u environment
[!”6} Th formation  of  AgL™  with  cryptand  4.7.13.26-lctraoxa-

1, 10-diazabicyclo[8.8.2 leicosanc is reported on & variety of solvents including accto-
nitrile. mﬁtham;i. wirter and pyridine |70,

- Phospherus and axvges donars

3.3.2.1 Cepper complexes.  The 2-methylguinolin-8-olate reaction with CuCl in
THF disproportionates to metallic copper and Cull, but the zucamae of p-tolylisonit-
rile stabilizes the polymeric [CutLyCN(p-tolyDl], and CO the tetrameric
ICw{LYCG: which easily substitutes CO with phosphorous bases forming
Cul L} PPhy), and CulLyidppey {7371

Cu(?-CUpy PMey),  reacts  with  substituted  acetylacetones  to give
[Culacacy{ PMe,)l, the crystal structure of the tfa compound is reported [7381L
Several Cufdik 'Hf:;{?ﬁd,; with PMe,. PEL,. acac, tfac. hfac have been studied
An interesting reaction s the one of Cufhfnc ) PMey): with excess PMe,. w him
leads to formation of [Cu{PMe;))biac] L’-)} Vapor pressure meusurements are
reported for CutPMe, ) Jib-dicetonate} (n=1. 2 for scuc. tac. hfuce n=1 for dpm)
[740]. Analogous compounds are realized for P{Bu”),. PPh, and PCy ;i the structures
for some of the tricyclohexviphosphine complexes are reported [741] along with an
ip NMR study.

Reaction  of  CudNOg,  with PPhy  in refluking  ethanol  produced
Cul PPh 1 ONG,) e O _2 T4y A while { ul PPh, LBy e the presence of
HCIO, reacts with PPh;y (o give CufPPhO(0,010, ; §£U O=2206(51 A} [742].

.
¥

Anion coordination was  also ﬂ%’“:eﬂfcd im the perchlorate cor ﬂpiexes of
IM{PRR"},]X. where M=Cu. Ag or Au and R.R =phe 35 udﬂ@wx\, opentyl
and eycloheptyl and for the corresponding tetraflucrobora E’Pa Cy and
PPh Ji, H,; 17 3§

The complexes HRPLCul{p Li,. (R=Ph. Cy L=cevanoacetate), have boen
synthesiz TI 2 fvra! complex s 4 dimer, both in solution and m the solid state,

with bonding through both the carboxylate functionality and the N, while the second
is monomeric with monodentate ca rhoxylute, tiu& complescs readily undergo revers-

ibs’:tﬁc:zri%c*wmzim«’:mbm;vﬁzitt-t [744]. Depending on the mmgmm“m and tem

perature of the solution. and the resctant m 3 - ratio the reaction of mgmﬂaiﬂ}
acetate with wriphenylphosphine in ethanol produced W PP, MeCO L [CuY

{PPR O MeC O] and the mixed valence {Cud PPR O MCO, >‘,§ Mmh werg shown
1o eoeesist in solution [T43L {CuiPPhyL] formed on Cu asede in the presence of
PPy o sectonitrile solution reusts with several carboxvlic acid anions to form
f mPP} A0, CR )y where chelating or monodentate f:;;r%mxyizi.wg are prosent depend-
g on thelr sterie interactions a J their donor ability 17461 Reaction 0%" copper
with  di~ere-butvlazodiformate in the  presence pﬁusg}h; s affords
[Cud LHPPhT . or [Cut LY P P17 where P-P s wr-diphenylipho 2 iopentanc

5141

H
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or hexane [747}. Diphenylphosphmomethane acts as a bridge betweer "@p o 4roms
in [Cu(O,CPhMdpprls and [Culye- PROO) (dppmi]- H,O: in btni

is exchanged with noncoordinating PF (, and BPhy jons and rem;ﬁ ‘e
M, or 8CM [748]. Reaction of Cuf9.10-phenanthrene semiguinona

dibensolvperoxide in CHLCL Ecadd to formation of ﬁs}mu; h cmcgam one
and Cu{PPh,;j40,CPh) where the benzoate fon is bedentate. It s mi{!mm*f Loy
note  that other  orauani peroxides  do nol reasct f~§‘9§
Cu{benzene-1, 7-(1!“;’@‘&4‘::313‘&6}{H:_()} reacts with four equivalenis of triph
phine to give Culacetate} PP), which ionizes in MeCMN but mot in

irreversibly oxidized and reduced and in the solid state is polymeric ow
hydrogen bonding between the carboxylate ions { 301, Copper buiyraie reacts with
dicarboxylic  acids  in  the presence of riphenviphosphine to ghe
Cu(PPhy)(dicarboxvlate monoanion) where the free carboxyvhic groups form an
extended hydrogen bond network. Malonate and succinate undergo facile 0,
extrusion {7511 The wproducts  with  Cuf{ocac), give  Co™iCu{ PR,

{dicarboxylate monoanion! . where for PPhy the acid is bidentate and for the bulkier
Pey, it 15 monodentate {7‘?”} Cu{PPh;i4 BH ) reacts with 3.5-dinitrobezoic acid in
THF to afford Cu{PPh;},(benzoa w) where monodentale anion is present {7331
Cul PPh;,hh{cyanoacetate) in TH% at 40 C gives [Cul PPh,LICO,] Under the same
conditions Cuf{ PPh,ji pizeny?z‘miuﬁaic benzylestery gives [CulPPh 0000, H),
wiih bridging carbozylate [754].

. bi@(diphewlpimsg}hino)f’crmccz*se in the presence of its oxo-analog (0L} for
i u(L (OL[BF,] {755] [Culu- ONOMLY, reacts with carbonylates to Torm
Cuf{ Ly u-0,CR i R =1-Pryor [Cul L - O00 1'{ 1], while treatment with one equiva-
tent of dppf Torms {Cu(LHONO 2 x L1 and with jodides readily displaces NO;

resulting in the formation of (CufLyi 4y 11, [7561
3.5-di~ters-butvl- 1. 2-benzoguinone reacts with copper in the pre e of mp?x.: 1yl

phosphine 1o give Cu(PPh;jt qumone; while Hi wo a‘:qzzimicmx of copper
[Cut MeCN I PRR1LIC v“{mwwom 3 %ES w ﬁﬁ mi cé“m?( 2 i '
giving rise to CuNPO c"mr nment {
hidentate, MeCQ, FiCO. w

Sitvioxides  [CuoOSiR,];  react
[CetOSR L BPh, PMe,Ph
{PPh). A planar CuyOy core s
in Hu(O5iMe, Ha"}fﬁm .I‘
of COL 1o Cu X bonds Jw rodel compounds {, ul P
Cul PPhy L The insertion 18 m;u* o be facile n t% :

and the ambh pmm«rb are mmm;é 10 he of the fo
17607 und CutPHL LR -OC0OH ) |

1322 Sitver and g:sf!rf "zm;tia*«'x 2 i
AgiWNOHPPhy, la= 1 4y have been carnied oul, &
e

solution studies and correlated 1o the crystal structure
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=2-4 [7621. A series of [Ag{phosphine}, JJCIO ] and the corresponding ¢ traffuor-
oborates have been w;\m ted with phosphines of the formula PR, PR.P-. PRPh,
{R=p-F. p-CL, p-Me, p-MeOCH,). IR studies revealed partial anion cco ination,
especially for [Ag{P{p-MeOC H,):1 A0CIO;)] [771]. Tricylohexylphosphire reacts
in acetonitrile affording [Ag{L).(O,NO)} and J1Ag{L){OCIO;) respectivoly with
Jugp Of 457 and 447 Hz, un observation accounted for by dimerization of the
perchlorate  in solution [763]. The crystal  structure  determination  of
PAgIAS(CH G LICIOL] and [Ag PPRhOCHCIO ) rovended wealk metabperchlo-
vate fon interactions {7431

Aglutac) produced by reacting Hhfac and Ag,O in THF. Is reactive towards
dmpm forming Ag,f{ g -dmpm),{ hfac), where the diketonate anions may be regarded
as fonic due to their loose contact with silver {7641, An unusual coordination
environment  which is  typically descnbed as  AgPi0, was observed in
Ag{ONO,}{(PPh,},. a by-product of the reaction of AgNG; and PPh; with phenyla-
cetylene in agueous ethanol [765]. Ag{O,CNR,) formed by the xea«_uon of Ag,O
with secondary amines in the presence of €0, reacted with two equivalents
of PPh; to afford Ag(PPh:L,{O,CNR,) [766]. Reuction of bis{diphenyiphos-
phinojmethane with two equivalents of AgOAc to form
[Ag(1t-0Ac-0,0) j+-OAc-O){ p-dppmd,] - 2H,0. reacting rapidly with two more
equivalents of dppm to vield [Ag(n*-OACH - dppm)], - 2CHCL, 7P NMR studies
reveal that Ag.f i OAc) p-dppm) is the sole dissociation product in solution {767].
An AgON environiment was the result of the reaction of AgNO; and Picloram m
agueous ammonia, the product being {( picloram)Ag( H,0)1,- 2H,0 [T68].

Sermichelate semibridging nitrate and bridging 1.1-bis{diphenylphosphino)ferro-
cene (dppf) are present in [AgeNOdppl],. The corresponding perchiorate
TAg(OCIOdppl)} replaces the perchlorate jon by PPh, or SPPh, affording
FAgtdpp! 3 LYECIO,) while with PPh.Me [Agtdppf 1 L ICIO,] is obtained and with
bidentate ligands such as phenanthroline, bipyridine, bis(diphenyiphosphinoimeth-
ane disulfide or with Na(8,CNR,) {R=Me, Et} four-coordinate complexes
[Agldppl ME-LY [CIO,] and [Ag(S.CNR Mdppt )] are realized [769], Reaction with
sodium carboxylates produces Ag.{t HCO. o L)y with syn-p L. two chelate bvidging
and two triply bridging and chelating L. [Agy ’\,’[et Qs bt e L, with & chair confor-
mation of four tetrahedral silver with syn-p- L. two chelate bridging and two triply
bridging carboxviates, [Ag,t PhCO i L)) with ¢ benzoates giving rise to trigonal
sitver covironment [ 7701

Planar mer-trinza and fec-triongular trithia modedes are observed in the coordina-
tion sphere of silver with the macrocyelic ligand derived from the vondensation of
2.6-diacetylpyridine  and  3.69-trihiaundecanc-1. 1 -diamine in the presence of
AgCIO,  [734] The xitmzmv constants  of  sibver 4.7 1 3trioxa-1 -
diazabicyelef8.5.5jeicosune complexes have been caleulated in a range of sobvents
{7711

The IR and Raman siudies of Aulacacl{PPhy) are reported along with severai
bistisonitrile) goldt 1y compleses [ 772]. Reaction of silver A-benzoyl-Z-alaninate with
Aut PPhClin CHLCL/CH, produces Au{PPh) (L) where the acid ion is monoden-
tate to the gold [773].
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Potassium  phenolate  reacts  with {AuPR{BF) in THF affording
HAuPRLOPRIBF,] (R =Et Ph. o-tolyl) characterized by MMR measurements,
The more sterically demanding quinclin-8-clate reacts with two eguivalents of
{(AuPR W BF,) yielding the dimer [{AuPPh)¢L " IBF,] with an AuOP and an
AuNOP environment owing to intramolecular Au---O Interaction [774].

Relativistic electronic structure calculations have been carried out for the main-
group element-centered octahedral gold cluster cations [{ LAu} X, J"" (with central
atoms X =8, C. N and L=PH;, PMe;} as well as for the corresponding four-and
fivecoordinate clement-centered cations [(LAuX, ™ %7 and G LAuLK, " 1
[7751

3 3.3, Nirrogen and sulfisr dunors

Several heterocyclic compounds. especially thicamides, have been shown to coordi-
nate to group 11 metal fons in a bridging fashion. A recent review [776] appeared
discussing in detail the structural features of the complexes of bridging thivnates, in
which, several points concerning group L th ionates are presented.

3.1 Copper conplexes.  Reaction of metallic copper with sulfur in refluxing
pyridine afforded the cluster Cuy(Sq),py, Investigated by TGA and X-ray diffraction
[7771. The tetramer [Cu{tri-rerf-butoxylsilanethiolate}]; readily reacts with Lewis
bases to form compounds fo the formulae {Call )l {bpyl, or [Cu{l{phen)] {7781

Reduction of CuCl, with five equivalents of pyridine-2-thione in ethavol and
subseguent reaction of the product CufpytH 101 with [Cu(MeCN 1™ resuited in
the formation of an inseluble product of the stoichelometry [Culpyt ), in which the
thionate ligand is probably bridging through 8§ and N {779]. Reaction of
[Cul MeCN LI PF,] with pyridine-2-thione ira agetone revealed the successive forma-
tion of scveral species in solution, while over a pericd of one month crystals of the
corresponding hexameric thiolate emerged {’7h )i Similar reactivizy was observed {or
quinoline-2-thione in  THF [781] Partial deprotonation  of dioxa- und
oxathiazoline-2.4-diones and dithiones occurs upon reaction with copper salts o
produce N.S or N.O bridging ligands. XPES core line binding ener shifts for a
series of these complexes was correlated 1o UNDO derbved stomie charges {7821
Electrochemical deposition of 4.6-dimethylpyrimidine-2-thione (1 H} Off COPpRT
anode in acetonitrile affords the hexamer {C wf L] Ho0O which upon reaction with
1.3 equivalent of diphosphines forms [C wal] and CustLyidp th respee-
tively, The 'H. ¥C and “'P NMR dam are .“ngr ted and the structure of the initial
cluster pa“z;‘"'ni“d {783] Thc compound  {evefo-thisun®-Sat-NeLy
bis-p -8 -N-LiCu® - toluene] was obtuined clectrochomically using o ecsg'syzef
anode and thiarolidine-J-thione h{)iﬂlk‘i} in toluene |78 Imidazohine-2-thione
reacts with CuSCN in MeCNELOH to give Cuf Li NCSH[785] Nemethylimidazo-
Hine-2-thione soiuti orm electroch Lm:m!‘x on u copper anode. [Cu{LY, with a

stightly flattened Cuy tetrzhedral core [786] The reduction of Cw’“‘u
Aaminn-3 meshyi-x 2.4-Al-trinzoline-5- &mmsf in water at different pH vala
duced several mixed valence copper compl 2 both am st Az

aton 3€:murdm ite (o copper {461 ] In sn anaiogous resction. iis Ld-dibydro- counter-
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part formed initinlly {CuClyt Ly}, - nH,O which was readily reduced by copper to
yield the mixed mi nee { PCWCILOH L, - 2nH,0 [787)

Copper arenes  react with €S, in the presence of diimmes to afford
Cutdithicarene}{diimine) compounds, the corresponding perthioarene ones as well
as  {Cuiperthioarene)] {diimine}  and  Cu,l g—perthioarene}(y - dithioarene)-
{diimine), [7881 1,12.2%bisi1.2.3-trithio-1.3-propanediyl ferrocene in CH,CL
reacted with [Cu(McCN LK BF,) to afford either [Cu{Ly(McCN}LBF,] or
[Cu{ L), BF ] the latter giving \Hﬁi{ similar o that for the free ligand [7891

The mixed valence cutena-{i1.6-bis{ S-muothyviimidazol-4'-yl -2 5-dithiahexane| -
Cu,f e SCN 1Cul pos a distorted tetrahedral CulNS; chromophore and reveals
a three-dimensional network through tsiocvanato bridging of neighboring units
[7907. Devivatives of the Cu(l) form of Dopamine-6- hvzun} Ez > have been made n
which the Cuy center was studied by EXAFS and IR, It has been found to be
coordinated to two histidines, a sulfur and a fourth, as yct ux‘smemiﬁc—a ligand. The
site appears not to be perturbed by Cuy removal, EXAFS resulis indicate that CO
does not displace the § ligand but the weakly bound hgand X [791].

CuSCMW adds to MS:™ in acetone to give [MS,CulNCSLF ™ and polymeric
{x‘vi‘:;;;({u"xl{‘?)ﬂ with Cu atoms bonding to MS, edges [792]. Addition of L5
equivalent of CuCl and phenanthroline to WS, 7 in acetonitrile leads to formation
of [WS,iCuiphen)!,®~ [793]. Treatment of MS;™ and CuCl with KSCN in
acetone ‘acetonitrile at various ratios. poduced compounds with the stoicheiometries
IMS,Cud NCS1P T [MSCuNCS L (M=Mo. W} and [WS,{Cu(NCS) 1~
17941

The Schiff bases derivea from 3-formyi-1-phemyl-2{ 7 H )-pyridinethione and a
variety of amines form 1 complexes with divalent copper which are reduced in
aectonitrife and DMF in the region —0.17 to +0.24 V {793]. Thirty two- and thirty
four-membered  macrocvelic Schiff bases with wo NS, demm‘ sets form
[Cunt LIF” in s mixture of MeCN.CHLUL, Totrahedral copper environments are
observed with sn overall helical structure g/%} The Schiff base u‘ri\'ed from
1.2-diaminocthane and 2-f phenylethylthiotbenzaldehyde forms [Cu(L}[CIO,] with
CulN,8; environment [797].

Polythiaether compounds react with copper salts to form ifonic or molecular
complexes depending on the coordinating ability of the anions. For example,
2‘5.%4rithiag’9}«n~bm?cﬁop¥‘zznm forms with [ MeCN L CHO ) the
[Cul LY MeCN HCIO, L. but readily transtorms o [ w! NOS (L) upon reaction with
thiceyanaie [798 1 Macrocyelic g ,md%’!du}ind&. and quinguedentate p uh:zmz*ngc}h th-
acthers [ 14lane®, S, (;v:(‘)»’i} and [151aneMN, S, ., (=0 -2} use all thoir hewrout-
oms for coordination fo copper. The stability constants appear to be mdqjenum
of the amons X within cach family of compounds [799] Cu{ClOy). reacts with
6.7.15, 16-tetrabydrodibenzo-[ Em][ 184,11 Jdithiadiazacyclo-tetra decans in reflux:
EtOH to give [Cut LYCHG,] which possesses a butterfly Cu$, chiromophore,
Reavtion with triphenylphosphine in acetone leads (o PPh, with subsequent macrocy-
cle reorientation to give a trigonal CuNSP coordination environment [R00]. The
reaction of 1.4.10,13-tetruthia-7 16-diazacyclobutadecanc with copper carried out in
aleohols produced complexes of the formula [Cul L] white its di-Aniethy substi.
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tuted analog formed [Cuyf Me, LY MeCN ). in acetonitriic [801]. Polydentate 2.2

bis{ 4-methylthic-imidazol-2-y1 ;‘ozpncmf} 18021, frams-yuadnidentaiz
6.7,15.16-tetrahydrodibenze[tm] 1 5.4 Jéz“mﬁsuﬂ cycloteiradecine and
7.8.16,17.18-pentahydro-/ H.6 H-di ‘,nfzn{g,(}} 13]-d 11%» adinzacyelohexadecine
PN s
VAN NSNS
(/\O O ,W:::N $ 5 e SN Y
o T N 0Ty
H i : t}
L o (3/\\/ “E\ 7,,:,‘\(‘ ) e
NS R
e
XX
{// (CHa)y \\;
A%//;:N S'—-\\
0. FNH
NP N

Q)

S

X3

triflates [BO3] and Schifl bases XXIX  and XXX giw compounds with local
CuN,5, em‘immncm‘ "H ONMR studies of the Jatier show thai mug~§ afiphatic

chain gives rise to stronger Cu- N and weaker Co -5 bonding. Redox pro Mum of
H and
B

these compounds are correlated to their structure [804]. For the forme
PCONMER studies contirm the coordination environment of the copper
well as the sodium ton mclusion i the polvether sies [136] New SaEuﬁ-husc
bis{crown ether? ligands containing recognition sites for transition-metal guest cat-
ions have been prepared by the c8ndensation of two  equivaleats of
13-tormyl-2.3.5.6. 8.9, 111 2-octulivd fro- 14710 3-benzopenuu clopentadecine
with  diamines  H.NX! - Ho S OH L5 S CH L OH ),
SCHLLS(CH ), (T ii BSICH S »‘ﬁ% .i(’i“h’»? 1. Homometallic
coppertlle nm”}?u\u and het *msm]\'mua{ha copper{ i-sodium and polassium com-

f}lme\ have been i Oxe‘ikd juos

o

-

e

2-thienyl ymethyidenei-Lomethiony Thistamis . ﬁ'ﬂfrﬂ“
! hos

ICu{LICFSO,] which is oligomene in so hmm*
SPPh¢MNMeNL), reacts with CufClO ), o yield a
hvdrazide  with CulN local  environ
Cu' 1. 2ethvlihiotamino-cvelohexane) u"h ( u .’
ceeds with the formation {)i a trimetaliic mised v

i oms bridges the divalent and 4 mmmmi it
yround f;w:ﬁ CUPEC :
imothyl-I-pyrazolyl -3

>re epct "sx x‘x:'c
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of Cu(CH0,), in acetonitrile in the presence of SCN ™ and ascorbic acid to give
[Cu{Ly{MNCS),] with bridging thiccyanates [809]. 2-methyl. 2,3-dimethyl and
2. 5-dimethylpyrazine undergo analogous rcactions in water to afford compounds
with the same stoicheiometry [59].

3.3.3.2. Silver and gold complexes.  1-diphenylphosphino-2-thioethyi-cthane reacts
with AgClO, in a 2.1 ratio i E4O/propylene carbonate to yield [Ag(LICHU,]
with chelating BNLE Lgand [810]. 2-Methylphenyl and 2.6-dimethylpheny! dithiocar-
bonates react ‘v;m AgNO, in DMF and are recrysallized from pvndmt to produce
TAg(Lypy:} 12py and [Ag{Lpval. femu,mdf with the common characteristics
that central AgS,N atoms are observed and of the sulfur atoms half are acting as
monodentate and the other hall as bridging. For the latter ligand, & 2:1 reaction
affords [Ag{ L)X NO;)y- 1 2DMF - 11,0 where each silver atom besides being coordi-
nated to four sulfur atoms bears close contacts to two neighboring silver atoms [811].

4.6-diamino-2-methylthio-5-anitrosopyrirnidine anion forms AgL-H.O in water
with AgNO,. The presence of water is confirmed by TG measurements while speciro-
scopic datu collecied argue for a polymeric structure with N.S coordination to the
silver atom [812]

NMR studies serify the pseudotetrahedral environment around silver in the
Agl, complexes formed tn MeOH by thiophene-2-carbaldehyde imines and S-methyl
and S-{dimethyl-rer-butylisilyle substituted ones [28]. The photo- and thermal
isomerization of silver dithizonate was studied spectrophotometrically in various
solvents. The photoisomerization is reversed in the dark [813].

[N-N{(5-methyl-2-thienyl ymethylidenc)-L-methionyl Thistamine forms a cationic
11 complex with Ag(i,;b()_x which is oligorneric in solution and possesses
AgN,8 chromophore [806] in [Ag{iLYNG,} (L= 1.5-bis(3.5-dimethyipyrazol-
-yl 1-3-thiapentane) the metal atom is coordinated, in a distorted-tetrahedral fashion,
by two nitrogens. one thioether and a monodentaie nitrate anion [§14]. N.N-ethyl-
linked {91-NS, coronand reacts with AgNGO; in MeOH (o yield [Ag(L)l” with a
very distorted AgN,S, environment |815]. Thiu-alk ane-bridged bis(benzimidazoles)
with various pendant groups were used to assess metal selectivity monitored by
'H NMR, FAB MS and molecular modeling. Sclectivity for silver jon was studied
by all of these techniques. Some useful separations were effected. the most striking
serag that for silver lons over lead, The lack of comparison amongst the results
from the methods chosen indicates that o full understanding of tile complex kinetics
of three-phase transport is stifl to be attained [816].

2.3 8-trithia{9}-ae-cyclophane forms s acetonitrile [Ag( LIJCF,S0,] with various
conformations and degrees of oligomerization in muumi fast exchange. The solid-
state structure obtained incorporates o acctonitrile melecule and reveals exodentate
sulfur coordination to three different silver aloms. quite similarly 1o the S-oxa-
dertvative [817].

New Schiff-base ligands containing recognition sites for transition-metal gues:
cations have been prepured by the condensation of two equivalents of
15-formyl-2.3,5.6.8.9.1 1.1 2-octahydro-1.4.7.10.1 3-benzopentaoxacyclopeniade  cine
with  diamines HoNXNH, (X =(CH,,L,S0CH ), (CHLLSCH.S(CH ), (CHL),

1
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S(CH,3S{CH, )5, (CH 53,84 CH)L,S(CH ), or (CHLNHCH, ), PC NMR titration
studies suggest that the stoicheiometry of the heteropolymetallic silver{i)-
sodium and —potassium ligand complexes is dependent upon the sterenchemical
requirements  of  the silver{l) guest cation ([805]. The mucrocycles
L4 1 -trithia-8.14-dsiaza ] 5.6 1:{ 16,17 ldibenzocycloheptadecane. the "4-dioxza—
Pl-aza- analog. 1.10-diaza-3.4:9.10-dibenzo-5.8.15-trithiacycloheptadecan and i
5.8-dithia-13-aza- and 5.8-dioxa-15-thia- analogs react with silver **;»mvhiumif: in
boiling ethanol. In most cases all the Ezc‘moa’wms bind to the metal [BIS].

Treatment of (NH )L, MS (M =Mo. W with Agl and excess of 2- or o~ methylpyri-
dine alfords polymeric [(AgLiMS,], with four-coordinate sil atoms {%i‘)}
[AU(THT),HCIO ] is « suitable starting material for the synthesis of several products
upon THT displacement. In this way Auipyy [AWTHT (L)} (L=bpy. phen)
are obtained. which can further react to give [Au(PPhH 1™ for which Al
Mossbauer  spectroscepy  establishes  three-coordination, With Ph,PNHPPh,
HAWTHT N (e L)+ s alse obtained [820].

EXAFS studics verify the formation of AaSCM in acetonitrile and pyridinre. jess
stable m pyridine owing probably to solvation [580].

1

£

3.3.4. Phosphorus and sulfur donors

3341 Coppercompleves.  Benzo-1.3-thiazoline-2-thione reacted in aqueous eth-
anol with CuX, togive n ‘pe)iym erie mmpm&m inils de;’ﬂ‘s onated form. a compound
which reacts further with diphosphines to give Cu{L¥dppm} and Cuai Lndidppel,.
both of which hnxc been structurally characterized [821]. mean bond distances being
2.306 and 2318 A for Cu-P and Cu S, respoectively, Cuf PPh LI NG, reacts with
heterocyelic thiones in ETOH acctone 1o give tonic or fUaiPPhyjt Ll NO,j {822

while  the ﬂf}lzass‘ium \;&iﬁ of tetraphenyidithioimidodiphosphin cts with
Cu{PPh (NG in MeOH CHCY o give Cul PPhI(SPPh, LN where trigo
CuS.P  environment is; aeazzzsd {8231, In analogous  geuctions  several
Cuithione){ PP, JCH0 ] were isolated und the strugiare of
[Cu{pyiH 3 PPLGLICIO - 2CHCT was solved [824].

Severat polypy razole thiophenolaies form i'»dfigis\‘ complexe 3
while 2.5.8-trithia{9}-o-benzenophane gives JCu{L Y \%aﬁ\;"’ 10,1 which ecasily
substitutes MeCN by pyridine, PhOUN and Phosphine s as s 'H und ”(’ NMR measure-
ments reveal {8261 Copper thiolates react with PPh, in CHCHL/POH, The structure
of (CulBu',{ PPh,), was sobved and shows a%{eﬁmm}g segments of Cul,. Cul,P
[8271. Bulky tholates Hke SSiOBu'y, form tetramers [CufLyl, which react in
benzene with PPhy to give Cut Ly PPhyy, [828]. Electrochemical synthesis of copper
thiolates in the presence of m-acceptors produces mixed ligand complexes
of  the formulas (CuSphi{PPh;L (Lu‘ﬂam PPhiR= ;vmé}i naphihyi),
{CuSR HPPh,),; (o-MeC H,. n-MeC H ) Analogous reactions carried out
chemicully give Cuf LZ-&&W&{L‘@&;}* ) zmpam.}d’ms b QL(‘% -dimercuapto-
ethunedppm), and Cuf L -dimercaptopropane Hdppm} 1. Reaction of diphe-
zwiphﬂmﬂmampiiumn. with several thiclates afforded {CuSR Mdppm) (R =By
pentyl. Phy, (CuSR), - (dppm}; (B = o-tolyl ). X-ray structure determination revealed
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a novel Cu,S, ring [830]. The tetramer [Cultri-fers-butoxylsilanethiolate)], readily
reacts with triphenyiphosphine to form compounds of the formulae
[Cu(L}¢{ PPh;),], [778]. Interaction of [MoOS,Cu(PPh;),] and Cu(SCH,CH,0H)
in dichioromethane yielded [MoOS;Cus{ 115-8CH,CH,OH }{PPh;),]; in the form of
two cubane fragments connected by Cu-S bonds [831]. A CuS,P, chiromophore is
postulated in [Cu{PPh,),(L)}, produced by thereaction of Cu(PPhy),Cl and
HSCH,CH(OH JCH,OR(R =H, Me, Et) in THF {817}

Treatment of Cu{PPh,},{5,CSPh) with MeOH in CH,Cl, gave the cluster
Cuy g 11-S 1 SPhy, o PPhs), with a Cug cube inside a §,, eicosahiedron as determined
by X-ray structure determination {833}

Two and a  hall  eguivalenis of  I-thiophenyl or  l-thioethyl-
2-diphenylphosphinoethane  react with Cu¥, in EOH/CH,Cl, yielding
ICa{L) Y T(Y =CiO, BF ;) [834]. C NMR studies on several perthio- and dithio-
arenc ccmpu* complexes {Cu{ L)« PPhs), or Cul.(PPh,), indicate that delocalization
in the 8,C n-system accounts for the increuse in the C shielding observed [835]. A
mixture of CuCl{triphos) «°d SnCi treated with methylithium produced

g

1.9, .41

Cuf{triphos)SnMe; on which €8, adds to form Cultripho<)(§,CS5nMe;). XXXI
[836]. Cu(PPh;),t and dithioxamide were treated with Ni¢phen),Cl, in the presence
of NEt, o give {Cu(PPh,),i,Nitdithioxamidate) [837]. Reuction of
[CuiPPhi),js  with  thio-, dithio- and  trithiooxalate  forms  side-on

Ph3P \T/ Pphg
Cu (.,L(

Phye 0"’\0 “PPh,

XXXH

Cu{PPh,),{ p- O.S-dithioxalate), XXX | (Cu(PPhy),idp 5.5 S.S-trithioxalute)
{838]. Dithiophosphates react with 2 equivalenis of PPhy to Cu{L}(PPh,), the
crystal structure of which was solved {8391

{Ma,8,( 1 2-cthanedithiole)? ™ reacts  with  Cu(PPh)48,P(OED,) to give
[ Mo, CuS, 1. 2-ethanedithiol j{PPhy) {840]. Reaction of UCL, with sodium thio-
phenolate in the presence of cuprous thiophenolate and triphenylphosphine yielded
{CuPPh, )} - SPhy, UH - SPh), (CuPP 1)) where all the thiophenoclates 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 (. SR;Molu-SR{CuPPh,) where R = p-methyl, p-fluore, p-chloro or p-
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bromophenyl group [842]. Heterometallic clusters were formed by the metaliution
of [PH{PPh,),( u-8)]; with MY (u-dppl ], (M =group 1] metal. Y =noncoordinat-
ing anion) in methanol, which vielded [iPt{PPha)y(u:-S),M i p-dppf i Y 1.
several of which were characterized by XPES studies [843]. The solid-state C7
emission of [WS,Cuy{dppm)]” produced by the reaction of WS8™ and
[Cus{dppmiy MeCNL,I*" has been attributed to an excitation from an orbital with
Cu-P character to a WS, centered one [844]

2.5.8.17.20.23-hexathia[ 9} 1.2)[ 9]t 4.5 )cyclophane reacts with phosphines { FPh,,
PPhMe, dppe) in MeCM/CHLCH to [Cuy L phosphine)-{CIC, L studied by 'H,
P NMR [845]. Reaciion of [Co{p-LHCO)Y] (L =14 7-trithiacycloundec-9-vae)
with {CufMeCN)JHPPm ICo e LICO)ICuiMeCN Y PF,] from which MeCUN
is affords easily displaced by phosphines [846].

3.3.4.2. Silver complexes.  Tris{diphenvlthiophosphoryl ymethanido silver complex
with P(Bun), prepared in CHCI and precipmmé from EtOH shows in the solid
state AgS,P coordination und - ],,,, and 2 dage 01 7.3 and 4 Hz respeciively in solution
[8471. An Ag8,P, chiromophore is postulated in [Ag{PPh,).{ L)}, produced by ther-
caction of Ag(PPh;){ NO,) and HSCH,CH{OH)CH.OR (R=H. Me. Et} in
THF [832].

Maleonitrilethiolate readily forms mixed ligand ccpmp?mcx with phoshines. e.g
Ag LY PPhs), where the existence of both trigonal AgSP. and wirahed § Agh, P,
is verified [848]. Aryldithiocarboxylates of the fmmum (A8 CAr {I‘Pm 5 and
Ag(S,CAry{ PPh;), are formed with Ar=phenyl o- and p-tolyl. The latter complencs
undergo dissociation in solution with fast phosphine eschanges while in the sofid
state the dithio ligand is proved to be chelating with one sulfur atom bonded two
both sitver atoms [849]. Cationic [Ag(PR.L]T resct with [M{MNTLF ™ in
CH,CL/HLO to give [MIMMNT 3 A(PR ).} ] {M = NLPAPLR = Phoy-Bur whict
reveal E= 2 positive by approximately 130 mV relative to MV e
contacts shorter than the van der Waals radii are present [850].

The thermodynamic parameters for complexation of silvert! y with PhPCOH.SP
and Ph,PLCHLLSR (R = Me. Et or Ph) have been determined by potentiometric
and calorimetric technigues in propylene carbonate and DMSG ot 295 K. The
different behavior of the Hgands in the two media is discussed In terms of the different
physicochemical properties of the two sobients [8311

Four tetrahedral  AgS: P and two u
(I Mo, A SSBu L LHO0LIPPh;),  obtained

observed  in
treatnent of

IMoAg S HOWPPhy, with AgSBY o CHLCOL ar rystatlization {rom
PrOoHEGO [852] MeS,iCu{CNY and et with
AgtPPhLINOY fn MeCNCHCL to give 4 *.:'F‘ I“ : {u{{";‘é}
and bent (PPhyiAgS,MoGSCuiCN)  trimetallic ics (8331

Reaction  of ;vWS%;Cu{{.N}}“ and  AgNO{PPh;),  yicld ed  the cluster

HAgS WS, CufCN PPh,),] T with g linear Ag W -Cu arrangement and locul

AgS,P, and CuS,C environments [854]
7.3-dithia-7.8-dicarba-nido-umdecaborate  and  7-thin-B-met]

undecaborate react with AgNG; in MeGH in the presence of
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give Ag{ Ly(PPh,}. Stmilar reaction witi bipvridine 1s reported instead of PPh; but

when (1,13 -dithin-4".7". 10 -tricxatridecane- 1,1 3-diyl )-7.8-dicarba-nido-undecabor-
ate ate used the mzzcmcyiu, s oxygen and sulfur heteroatoms bind to silver making
wnr‘es«‘;un' the presence of Lewis bases for stabilization of the complexes [855].

Reaction of {Cosye LyCO) L = L4 7-trithincycloundee-Y-yne} with AgBF, and
H‘h; yields [Co{p LHCOLFAg{PPh B where the Apg(PPhy T frugment s
coordinated by all thice sulfur atoms of the polythiucther {8461

3343 Goldeomplexes.  Thiuracilute reaction with AuCl( i-‘-’Ph}% in MeOH affords
Au{PPh MLy studied by IR and X-ray diffraction [856]. Identical rcaction with
AuCHPEL). JAg( PP, U NO and [Auldppe), ;( 1 is reported where the product of
the latter has the formula {Au{cmpx.,,} 3o LH [857]. The dnion of
6-mercaptopurine coordinates to Au in :ikg piC"'«i}ﬂCC of phosphines and IR, 'H and
MPNMR spectra confirm the existence of Au(L}(PR;} (R =F:, Ph. p-tolyl. Cyj.
(Aub)fe P Pyand (AuClyp P PHAuL) where P-P=dppm. dppe. dppp [858].
Reaction of AuClHPPh;) with Pb(SR), in dry acetone resulted in formation of
Au{PPh SR (R =Et Pr. Bu. Ph. Bz. Mes, C F.) which wers studied by IR, 'H,
PCand  YPNMR spectroscopic  technmiques  [8391.  Mercaptooxopurines
8-mercaptothcophvlline. g-mercapto-2-thiotheophylline and B-methyi-
thiotheophylline react in alkaline media with AuCHPPh,) or (AuBritdppe) 1o
afford  {Aw(PPh(L 7L [TAu(PPh (e L7 and  AeClip- L7 ) dppe)Au.
{AuL L pedpped. ruputvd\ 'H. e and VPNMR data are reported and the
crysial structure of Au{PPh;j{ B-mercaptotheophyllinato-8)jdetermined {8601, The
purines are bonded through the B8- and in the case of bridging conformation N7-
is also involved.

Deprotonation of benzenchexathiol in the presence of [Au{PPh.CH] gave an
heranuclear gold( 1) compound where the hexagon of the benzene carbon atoms is
surrounded by o hexagon of sulfur atoms. followed by a hexagon of gold atoms
and the wheel-like structure is completed by six peripheral phosphine ligands
18611, Reuction of {AuCl)” with 2.2%thiodicthanol in McOH followed by ad-
dition  of  bistdiphenylphosphinomethyl yphenylphosphine  and  NaSCN  gave
[AU{LLESON LI and [Auy L)Z}“ consisting of nearly linear Au chains with weak
Au-Au intramolecular bonding interactions, Both complexes show RT photolumin-
vseence. The photophysical properties of [Auy(L),F ™ are discussed [862],

The reaction of [IP(Pr), 12306 tetra-Q-aceiyl-i-thio-fl-p-glucopyranosato-S i}
gold{1) with serum albumin has been studied in buffered aqueous solution using
P NMER spectroscopy. The reaction oceurs at eysteine-34 via displacement of the
antons 1o form [{AIRSAUIPIPOLG] from which the phiosphine is displuced by
eyanide. PP AUCT behaves analogously but further reacts at weak binding sites
analogous to the histidine binding sites of aurunofin. In order wo interpret the g‘;z'o‘;c?n
studics, a variely of potential reaction products U PP L IAWX, X =CN, ’ﬂg,u, Ch
YP(Prh, ¥ =0. 8) were prepared and characterized by *'P NMR speciroscopy
{863}

Mized i%gan(% ithiolute phosphine complenes of gold show linear AuSP environ-
ment [Auytp SICH S dppm)]. Hnear and  irregulur  trigonal gold in
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Auytp MNTHPPh;), and Aug{p- 8, C H(PPh,), due o intremolecular Ag---8
interaction.  In addition.  AuPEt;  and  Au{u-~ —85,C.E\Mei”  form
[Auyf{ -8, C H Me)(PEL 3] with two AuS, and two AuS,P local chromophores
[864]. Reaciions of [Au{-dppm)iCHO), with 5%&)(;}”{1‘&-—0 or Bry afforded
dinuclear [Au{p-L-LLEL-L=8,CNR., R=Me. CH,Phy} which further reacied
with [Aud @-P-PICHO0 (P-P=dppm. dppe) leading 1o the hoicrobridged
dinuclear complexes{Aust p -S;CNR Y p-P - PyCIG) 14731

Complexes Au{L1(8,COR) (R=Me., Et. Bu, L=PPh,, PICH,CN ) luminesce
in solution and in the solid staute probably through s n—»z¥ transition {8631
Substituted benzenethiolutes and PPh; or 1.25-triuza-7-phosphoadamantanetr
phosphine afford Aw(SR L), luminescent in the solid state 21 77 K. The orystul
structures for the tripheny phoxphma compound of u~di!:)m Isg zencthiolate. and
the adamentane phosphine of benzenthiolate, ] i
3.5-dichlorobenzenethiolate ure reporied [866]. 'H ;md §" NI } Y
studies  of  open-end  [Au{p-thiocresol Vi 2{p-P-PY  or dinuclear
Au{p §-5iyp PPy are YCpGi‘Kdu S5-5 standing for 1 3-propanedithiol or
34-toluenedithiol, P P=dppm. dppe. dppn.  dprh. Li-bistdiphenyl-
phosphino}pentane [867]. Arvidithiocarboxviates form Aut3,CAnPPhyy and
Au(SCA(PPh,),. the latter being stable only below 243 K {5y :--miy; ¢
tolyt). A remarkably long Au § mrm of 2860(41A i observed in
Au{S,CPhY PPh;), giving rise to o practically AuP.SS envirenment [868]. The
diphosphino complexes {AuCl i n i‘ Piw here P P = oii-1. 2 -diphenyiphosphinee-
thylene, dppe. dppb and i-divhenylphosphino-2 ~a3!§z§'; enylarsino-cthane react with
K (-MNTj in MeGH to form heterobridged dimers |/ FRINT Hp PP IR6SY
Both M5 coordination occurs in é-thiopurinate 2 Lang mu i
Au{PR L vand (Au({ PR, 37(,& Ly complexes while only § coordination somched
in the case of the ZA»r‘%nmua cilate analogues on the basis of *HL YC and P NMR
studies (R = Et. Ph)y [8701

C ‘xmauf‘n/mmn by  YPp
[PLEPPh LU S SAuPPh
both cases [871]. Di%rm;fﬁ?n.. 3l
Au{PPh NG ) 1 CHL.OL 1o p
shown to dimerize to a rhombic cluster in the s

AuCHPEL Y fonizes in water Le% i contact with albuw
measurements 1o S-bond to it while eliminating o PEL ol
bonds [873], The s m%m»iﬂ IR and Runan studios of TAu
. HL,00 and PAWPELY e S '

und
ntoan

i
i
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3.3.5 Misvellanvous

Several copper arvloxides react with phosphines and PHS 5
compounds Cuf g SUNPhi phosphine ) .{0OAD W
domethvl-C HL Cutp SUNPRHOAR (phosrhmey  (P(OMey,. Ar=2.6-dbrorr-
butyC Hy and PPh,. Av=d-methoxy-C 0 Cutp SUNPtOAD (PliMe);

Ar=20-dimetyl-C H 3 [B74]
The cyancacetate comples (HPPh,LCul0n L] was stadied b
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fate snd eyvanoe moicties bound o the copper
ation decarbonshaion wus monifored with
Addition  of phenol  to
W} which treated with €0,

bate curbox
sthle carbox

miasiremenis BT
) O] yielded [Cutphenp(BPh O]
iy waler reverted to the initial complex [876].

Both {CuthePhy, ond tAg(SePhyl, which wore obtained electrochemically and
are reactive towards paenanthroline and teiphenylphosphine leading to the formation
of [CutSePhyl ‘j compounds [877]. Analogous reactions oceur hetween coinige
mictal thiokies: in the case of Zamethyl-thiophenol, the gold thivlate s sealized in
poor yiclds witdle the a,é er one does pot seact with phenanthroline. The structure
of [Cull )fg’v“ﬂ"*z}};w oM reported (8T8 Blectro-oxidation o Sc.'h, in the
prosenve of PRIy on g copper anode gives Cuf PP (e SePhy, - MeON with trigonal
Cubest and tetuhiedral Cule 2y envivonments [R78],

Roaction of CuDAC with ¥(SiMe), and PEGRTY -8, 8, RO 7= Hi Ph
EO or THE afforded [Cu Y IR, R (Y 8 el PPhEGC Y =8 Py mv.i
10008 PPR L ICURD {HM}} The awsmt structures of 1w 50, PEGPR),) and
taou o PR B 121 were determined (BB Tricthylphosphine and CaCl react

presence  of - SefSiMes), o produce, exeept the main product,
{‘ai»,j‘%‘:m%’53511,,, ciusters of  smalter puclearity ke CuySe (PEGY,, [882].

[
N
d

CulPRh (B ﬂ reaets  with AsPhy  and 5hPh,  under €6, to aiford
FCuPPR O, CHD) The structure of the AsPh; product has been solved (8831,
Mixing ¢ uH“ PRY and Te(sidMe,d, in diethylether gave initinlly CuTe (PP riy,

which was farther converted (o higher nuclearity Ca To clusters, Simitar reaction
with BPhI afforded clusiers of distinctively different nucleanty (884 Similarly !h»'
silviated phosphae PRIGSIN e, oo e s s phosphido-hrideed clusters depending
on the E?{ oo the teraary phoshpine ssed JBEST A mixed CuPSe environment s
obsarved i WS GO aPMe Phiy, and studies by Xerays VP and T8¢ NMR reported
(880 Hw structise of the tranctallic compoma Whe (AWPPR Mel], s also
reporied o ui discussed i connection with multinuclear NME studies [886].

oo § 2ahithioe | 2-dicarbadodecaborane reacts with CaCHPPh,)y in E1OH by
Ha ::!um.;;xizm; boecoming  better coordinating Bgand,  therefore resufting in
sgeler- 7 5 diihio-F 2 diearbaaadecaborate in Cu{PPhLL) with hmh Cul. 008 and
P entronments i the sione erystal [BE7] The reaction of AgMNO, with
MaSes e the presence of B NCHin DM produces J(R NAgSe ), tetrimer

v with both rrigonal and tetrahedral silver envivonments, polymeric for v-

S with 1-1¥ macro theydt i also isolated %‘»‘H‘]

The sofidstote reaciion of Way ' with two cgquivalents of Aghr and two of
AsPh, ot it’u) (,‘, extracted with DM pives W ,.-"‘w‘,:m/m’njm. with an Agb,Ax
envivonment. Studies of the sominear optical propertios of the product are reported
PREVL The syslemaue vavation of the donor atomt set in the dibenzo- substituted.
17 membered rmg R,@ KU on the abiling of the resuliant systoms o discriminaie
between sibvar(Dy and lead(i) has been performed: the compound containing &
5 e set sichled diserimination of the order of 107 1 favor of silveri{!y in
86 methanol ot 298 K (RG]

M brasd compleses vesuli Brom the teaetion of Au(E )0 band 1 the prosence

trtons winde o 1A
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ol ApSbl, for L« PPhy L= 8ePPh,, while other phmph! nes L lead to formation
of Au through decomposition and in the case of P?Vlvi%)h,, :—Gicmmﬂ ewhonge 8
observed Crystal structures are reported for wihelPhyy und
AulPPhHSePPhMe ) {8V Propylene carbonate \m waed s té;a: medinm for the
reactions of AgCIO, with PhPOHLSPD or PhOPOCHLLESR (B = Me. Bt Py which
resullin the formation of several mononuclear and nolynuclear spevies in solution,
respectively, Structural determination reveals that the perchlormie on s alse coordi-
nating to the metat {R92L

Cationic -and neutral oligonuciear  orgasophosphine gu&.ii!} cmm"sh:x.cs with
organie scienofate ligands SeR (R = Ph, CHPh p-C H NI, p-C H L CT or naph-
thyl)y have been gm’pu red. Xeray orystal strocture analyvses have | mw perfurmed for
[EAUPPh L BeCH  PRIESBE L the first example of a ctionie alkylsclenohie-gold
complex, ¢ Aa.s&m"h;;‘,z dppedl. and [(AWPPh LS G HSBE ] JAu{ PPh, -
(5eC Ha where the cationic and the corresponding
linked by mtermolecular A - Au interactions, form

The reaction of AuCHASPh ) with dithiolates produces [Aud L ASPh L, (L -
2-benzenedithiol, Sd-otuenedithioly or fAu, L], (1 wizenedithiol) which
reict with phosphines (o afford [Au (L pbosphines:] (Phosphines used PPh,,
Pih, Mg Farther reaction with [AUTPPh MU [UTO gives
fAE L PPh )L OIOL) 1894

neutral selenoliie complex are
virinuelesr selepolate JROY

S Complexes with ligads Jrony afl three gromps

A Copper complo ves

The crystal structure of JCu g MeON L TPPh{o-tob ! 2w Brid 22MeCU N wis
determined [8US] Quinaddic acid esters Torm ;onnv ric JCuH L, compleses with
tocal CuiMO environments and a zigzag chin of Cul tmethyl ostery or dimeric ones
{isopropyl and a-butyt K‘H{H"\'u‘ib!, Reaction of € 1*‘* »with 1.5-hist 3 Sedimethylp-
yx';s'/oi'vk E»E-A{hz‘\pu:i;m\. in EtUH Me,eo reduces the copper and leads o Imnmm:rz
of Cud L),Bry with o contral Cuy corel large Cu 8§ Cu oangles (16006 ) and sulfur
imd“ul 1o thy next vore [R97] Complexes of the Tornubs CullpX (X =8, L
BE D Bave been isobinted with LS-bis 3.5 dimethylpyrazol-foyl )3 hh.a;:w:m;uw, The
higand acts ws o link between two adjovent copper centers, resulting in a polymeric
compound 813

Copper halides veact with beazothiazoline-2-thione andd PR, IR = Ph. o mi-, p-
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tolyly dna 10 afford CuX o JPR 3 complexes. the orystal structure of
the triphonyl ‘ﬁsm - being reporicd j%*&.i. Euaction of CaX(phosphine)
it xas%f‘ns'u;mﬁm Hgands in generad prodoces mized lgand complexes,
b oreaction with pyeidine-2-thione, pyridine-4-thione and pyrimadine-
& roduced  several such prodects the structure 0[‘ dimeric
FCaBri PPRy3 e Pytby], 18991 and monomeric {CoPPh, ), (thione) X ] (thiong =
beazothinzolidine-2-thione, X« Ol {8981 thione=PymiH, X= Bzx [900]: thione = &
methylimidazoling-2-thione, X = Br {9061 ]; thione - mmi% X 1 902]) were solved,
¢ fons with m«;;»mimt waphine give again dimeric compleses the
steuetire of [CuCH P p-tolvl 3 Hopynitd 1y, (903 and 1 T petodyl ), H thiones],

i
¥
£

3

tivacolidine-2ethione [904], Enm.nm;-uu!ziw,"M} Hone and nitro-bensimida

{thiong
poting-2-thione [905 ] were studicd erystallopruphically, Wit trem-toly] ;m(‘.r:aramm
RIS T compounds it W Tt tnetolvl e benvimid u;fuhnmmionc}l:.
Cul g B Ponetolvi), i hm/g Bedtne-2ethirone ], foting. [CuBef Pun-tolyljd-
g pyt PO 90T Land [ uipe DY Plartolyly O pyt ], 1908 were stracturally char-
actericed. The more bulky t «;:-bmiy! phosphine gave vise o rmonomoerie products
with trigonal coppor environmend disercie voits in the erystallographic unit colf
approaehi wh other o way that would dead to dimer formatdon, The structures
of CnBy ] Plo-tolvlh )y Uhieolidine-2-thione ) [909] and Coll Plo-tolvl i ipymit )
{90 Strueture determination revealed that tricyelohexy! phosphine behaves analo-
gously, forming monomeric Cul{thiocaprolectam){PCy,y [911] Electrochemical
reduntion of a series of jodo- compleses in acctoniteile zct.cais:(é for the monomeric
tri-o-tolyiphosphine ones three irrm'crrs‘ihis peaks. and for the dimeric compounds
of the other ritolyiphosphines four wreversible penks arve observed therefore provid-
Hig o micans o distingiash betwes 1
S the case of trisetolyiphosphine where both Br and 8 were observed s the
wsttens berween adjeoent coppers snafozous. mcsarements showed that the
Formar cun be distingushed Trom the three svoverable reduction peaks they reveal
with respect to four of the katter (9130 Monomeric CuX (PPh;), abo reacts with
zm?:« o ggi\'«: monoeric ;;mnp!cka:r; of the formula Cul (P!’h;}n

s the overndl strveture adosted by the compounds

W
=

thiurea, .K’“ ”s’ iy %umi 3 ’)lh iyl Hmum il iMu/nﬁainwa?-—iEzénnc i‘)!«f»i]ami the strue-
ture of Cut 1PV Y adimethyl- A pheaylhiorea) was reported [915], Analogoas

dctions with CuXoAsPhy, gimt.im,cg.l CuXiAsPh, L (Lo N AV-dimethyl-A
g'ﬁ'mnvi thiurea. ~dibu n%«/‘v“»r'mmwh'h e, thiuzohidine-2-thione  [915]
J-phenyi-2-thtoxo-imidazolme-d-one. Somercapto-bphenyl- 1.2 34 etmzole 1216] or
thiocaprolactarmn [917] for which the Iromo compound wirs structurally charae-
terized b CuCHdppnyg reacts with the disodium salt of 3emethyl-8-cthyizanthine in
CIOHHLG pving [Cud g dppindd o Chges L HLO with one copper atom in g
PLOIN and twoomore sna PLCKO envivemment [918]L [Cu,Cltdppmi] reacts with
sodivm afkosides in THE o give 1Cu-CHiGgu-OR e dppiag] . while with
exeess NaOR JCu,(p-OR 0 dppray,] was obtained. Analogous reaciion wi,
observed with NaSR [919L

Copper hulides react with POSRO i CHUT o give compounds of the stoicheiome-
by PSR COrystad stroenre derermmmations revended the esistenee of polymeric
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ehuius of the type [CuX O PA-POSE 3 o well ax [CuX POSPe) pOMeCU R, 19201,
CuXoy mah Nov-tdimethvinmine ) ymethylfeltocone i CHLOL 1o give [ICuX (L],
which is further oxidized 1o [CuX{Li{;0 O ond upon reoction with cacess U0,
gives [CuX (L0000, Avempted erystallizetion of both these products Jed to the
formation of [CugL ),( L] the u» tal structure of which has been determined
1928] The structure of Cul H"‘}iil 131, prepared by the speecssive addition of
the lgunds to CuCl was investigated j‘? “’2. The teuahedral cuswonment around
copper is distorted as s evident from the two Cu P bond leapibs redized,

The reation of AsPhy with Cullrftnocaprolactmy, i CHOL, MeOB vielded g
product, the crystol mmmw of which proved it 1o be of the formula
CuBriAsPhythy, (9230 wl;m‘/l Wifd.m produces (CudOnl X = O B mones
dentaie ligand ), CullX ( ,’ﬂs CL Bro L SON N chidentate igand bwhich are aoneon.
ducting compounds and nm.:;;! T l’mmifw in the sisible and the cevstal stetore
determimation Ter the todide roveuled toval Culed, ervironment j924L

he solid-state reaction of VS, sl CaXoand PPhy o the presence of NI Bre

iy,

§ o Vo
N ey
My 1T
Pligk u

XXXy

pave VE O BPh)Re,CuX. \‘a.fiﬂv bnih poit and sobvated with CHLUL, (upon
ral arroy of copper atoms with botl imgonal and

recrysallization) where an o
tetvabedrat copper wloms [9I5]7 uf;z';.nhzima:r}i’;'.em;m: wacts with thiw ugimmmis
of CuCTin aectonitrde to vield WS (CutTROCL] L which ru:'w%:%\, reaety with bipyris

HEXY

ding  at tnpl wmiphm shine te give WSO Chibpynl XXRY. aad
[Was A CulPPhH L CH MeON L respectively. In the fiter, the copper is situaied
a POl werrnhedron §i.'f(}§.
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m?ws‘u; a0 190 O i stainduss steed vessels (o give
p vith s -toluene coordimation and an overall Ag0,(,
Stbver halides react with PPh, and o oseries of hetereeyelic thiones
tone to vield AgX{LPPhy,, the ervstal structure of the
2 tlw:‘ew chioride bas been reported {927) Reavtion of AgCl with
§~§'§'ﬁu~~'4 T-dhazacyciononane in MeON forms Agl 1O with the ligand coordinating
; boall it hoterontorns FUI8Y Whes AgtOF 8000 b wsed AR LLHOF SO ], b
wd where the Agpl” m‘zai.& are bridged by thoother groups 1o attaim g
8 eaviropment 929,

S UCTHS PR, o obtwned by the U0 reaction of
ch CFLUT, 19301 Trenument of | Mn LS8, with
617 ritio in Mci'N 4 H 20T, produces g cubanc-like compien

‘,i'g_g;*s

5

wi apnd PP, moa b

of im furmy - i"v‘i M'; AT PPh L, with siboer inoa 5,NCT fetrahedron {931
Reasction  of MBel (M« Mo, \rv; with  three cquivalents of  Ag(PPhad
i MoeUh € H;-i B m'm?m.trx cubnne-dike  PMARSe LS PPhy, with o 5e. i”
::mmmmm aroumd  ecach sibver wtom JU3ZL Choelat m f-thioethyl-

2diphenyiphosphisocthine bs proposed (o exist in Aut1C] produced By the lig and 5
reaction with HAuCH wn PrOH Me,C0 18331

4. Gypanometalile compunnls

axists i ovast oamount of clusters and other compounds o which
Cui RGO ARG or ven MEXEM - Cal A Aol X Ol B b
ikt giving rise o new chisters Thase types o comploses, besides the
suparficial sidiribies roveal wowide vasieiy in pucearnitios and conformations which
would nueke wny classtication extremely difficult and eomplicated. Therefore, the
Fodlowing scetion i Hrsted o toese compleses which are cither ssmp!u 1 structure
i noclearty o represent esamplen of new classes of compounds bearing. besides
smads, bopds e moms origmating from groups 15, 3(’» or 17,
dinglyun enormous set of clusters with metal metal bonds were omitted from
sent sty 1 important though, to note the existence of Two reviews
concermng th wiility of orgasometaliic mmpnum‘}x i the process of thin film
formation through me' apor deposition [933,934 ]

iy b

[* 3 N P (‘l}Hf‘f—'!l{‘ 1Eh

A wngue Cubly eovironment s observed in LHR Wi H},(‘u(;t HpRAH(LY
produced by the reaction of cuprus triflate and RhtDH, in dichloromethane
CHAOWOH, PR (935 Toterestingly enough, bxs(m{ui«i-y! yatkanes coordis
nute o Cul NOGOEPD O at the capence of a P, igaad [936] Analogow, reactions
ovear with the rstolyphosphine mmrk wes. Beactions of Cw] in THE solution
with severad hpands beariog an ethylenic double bond resalted i1 the formation of
{Cut tolkeling, o envisaged by the exeitation bands al 23% 250 mn, I seems that

il
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frans-configuration of the cthylene bond s essential in the stabilizution of the copper
coordinntion compound {9371 A monoruclear Cu(ly complex is the product of
Cui{i3,), reduction by i u in the presence of bipyridine and styrene in CHL,OH.
The L‘{}}’)pul environtment is @ pyramidal one [938] with singly coordinated €10, . A
series of Caf N N j(olefiny complexcs has been obtained and the inftucace of the
chelate NN ligand or olefin substituents on the fornution constauts has been
investigated [939,9401, The enhanced bascicity of the courdinated dimnine resulis
i substantinl a-donation 1o the mets! conter which reacts by reback donution 1o
the uthylene double bond. Reaction of Cu™ with COD in MeOH produces
[Cutn-COMm),1T und in the presence of bipyridine, (Cutbpy (P00 according
to IR studies of the v ¢ ound {941 | The repction between dioxygen and mesie ieop.
per i aprotie solvents leads to the formation of the oxidormesityleoppert 1) interme-
diute [Cu 00 Mes) | and the reductive coupling of posityl as inferred by TH NMR
stdies [942]

The reaction of CufGaX,] with {2, ".1;mmcyciogﬁwnc i toluene affords polvimeric
CWGaX Ly, with n?- coordination of umpu o two cyclophane ligands and
chelating GaX; anion [943] A helica! copper(1) triflate intermediate was tsodated
as the efficient catalyst or the enantioselective eyclopropanation of styrene [944],
Cuprous  triffate reacts with  L5-hexadione in toluene at ~78 € o afford
FCW LHICF,80,) i which rapid diene eschange 15 observed even ot - 800 O and
from which hexadienc s readily displaced by COD [945] Trigonal pyramidal envi-
ronment i present  in the  compounds  [Cuytp ChyfEdpentadieney], and
[Cu(e Bri(NBD3, which form regular-to-moderately distorted cages depending
ynedy f”@(w%

The products are i wified by M NMR. Ayl complexes are obtsined also
oy the reaction of [M{( ii’}i{ (3} {( PH M Mo, WOR 26-Me O H L) with
ORI O Meat in THE at - 10 O 9471 Reaction of Li(2-bis i%;’i;mslhyixi!}'! I
miethylpyridine) with Cu’t in 'I‘\HIT hexane ot - 78 O produces the dimer Cusl,,
which is further oxidized clectrochemically to [CusLo T [948] Anulogous resulls
are obtained with AgBF; and Auw(CO)(]

Several diazadicnes of the type BN - CR°CRS NR react with cuproas triffate
in CHLCLC U o form D complexes which further reaet with alkenes (othylene,
eycloliesoie,  3-hexyne, Z-butyne-Ld-dividisectiatey 1w form the mined  higand
Cutdinzadieney{ulkene) (UF,504) conmpleses, The g%iu/t;:diumfs; are coordinated
through their nitrogen atoms whercns atkenes adopt o pPcoordination scheme 9491
tn the huer triflate s also coordinated through an oxygen stom (Co O 215 A
whereas in the former Cu O distance of 2.64 A was realized. Tropocoronimd ;smmi&
FEAXVE react in THE under CO with Ca' 1o give [CudCOLE0Y] an interesting
eature of which is the solubility of the product Tor s 5 and the insclubility of the
e with ne: 0 [950], The chromophore s 2 CuN,C one, and the compounds readily
erchange CO with alkynes. Beaction of Cu ™ with 2.5 8-rimcthyl- 2.5 Sriazanonane
i aectoniteile vnder CO affords [T L3O where IR studies revealed end-on
coordination of CO OS5 Cull reaciion m{i: CO i eihybvingtketone yiclded
CrCOCE IR stadies in solution indicate dimertzntion with bridging CO while in

Ht

i

the swaceeptor capagity of the diene I

tnd
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n=dh
EREYE

e local copper envireniment consisimg of

Hdorine «ui H maim: bitEol gw K3

traperic cnprons carbosylintes react with acetyloney to give either
wlge varbosyhite Phe OPng or [€u e carboxyltei po aceiyvlene-
s ester b i o Cal 00, envivonment (V53] The photoreactive specivs in
phimamsmcm:mmz ol NBD hn OQUC m THE i ahe presence of
diphenylphosphine}, (X - CL Bry s an bonded complex of te
ferracenyidiphenyliphosphi w,é RBP4

Copper oyvinnde s waoadly o starting materid for Cuth) umzmm and often

i b retained in the comploxes, For esample. Banethybimudazoline-2-thione gives
the polvmenie [Cuf LHON 3, where it bridges two zadj;u:cm copper atoms and
Ol b also bridging. thus is;a wmg 1o a O u%w Slocal environment and o two-
{éimcmiem;zi extended array (9350 In [SMOPRICuL (0N 1)L the distorted anionie
prines are vross-linked giving rise o both trigonad CoOUN wnd tetrahedrad
Cul Ny omvirenmiens 751 Hhe absorption smd emission spectya of CofON ), have
been determined in water i the nee al 0210 S MO and the formadion of o
Fimieseont OO L0 spegies o confinmed 9560 the readtion produat
between i‘*xxmnin;mr; fvrm wid Cat by mvolves Cu coordination o the vined pes

tions ol the porphar as Raman band pertarbation studics indicate [957]

formuly Cul{

S0 Bitver compleves

Hparacyelophane m toluene afforded polymeric
IAptGeX b, with mixed o7 0 -coondination of sibver 1o two «‘\,ch‘»gah;z:’u: lmids
and two monodentate GaXy anons [9531 [NIPPh-AgtONIL reacied with

SnlhClL producing antonic comploses charactorized by TR and "7S0 NMR spectre-
seepy. an A-vay stroavtund amlysis of the sibver complon cvidencing an Sn NO Ag

Leaciion of ) wih 2

briduing interwcton P81 Reaction of Li¢2 s torimethvlsilyvl 3mcihylpyz‘%e}inc) with
Aphil H&Z*' boxane at T80 O produces the dimer Ag,Ls [947)0 while similar

resction with AT prodduces the dimer Al [948].
A sandwich compound wis produced by the 20 renction of AgtOF 80, with
A H0-trihenzovyclododecu- 13 3

Atriene-3 7 -trivoe in THE. Crystal strocture
mirition of the pmdmi 'v‘;a";!

sibver coordination (o the -vne sites of two
Bgmnds whibe different mitad vabos produced small o ao amount of crvatals and
products wih coosdimied tiflate [959) Reaction of  the sodium salt of
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Brydridetrst L5-bis(trifluorome fed 1o
the formatien of the sibver pyraseluto complex Agt L) which reudily and reversibly
coendinated 1o COL The structure of this adduet and of that with rerr-buyl isonitrile
wore solved [9060], The first sc;ml ble silver carbouyl bas been obtained by the reaction
of TeF, with BOOTel s under CO and its structure determination revealed it
stol iemi{:iiy as Agl(C H)Jﬁ{(')'lb}“;h [9617].

:i}l‘?\fa'a;fﬁ“'i) borate with AgOTl i THF

A3 Gokd corapleves

The mtermediacy of gold complexes which has been verified in homogencous
catadytic reactions applicd o organic symthesis was deseribed mon review (9621
Single erystal tuminescence studics of AWM 1] are reported Tor the temperaiure
piange 8 300 K. AL room temperature, bands are observed nt 399 und 630 nim. while
the aihmzaif sirvcture observed ot 8K indicides Ao Auw overlap [963] Carbonyl
gold (1 bromide [AGBA0OO)] was obtained ty solutions of halogenated hydrovarbons
by n:hxmg fom of CO by (A Bre ] in the prosence of cyelohexene or by carbonylation
of {Au,Br ] [964] The compound has been studied by spectroscopic methods in
solution. including NME measurements at variable tomperature revealing rapid
exchangs process with dissolved CO[965]. Au(PPh,HC,Ph) was shown o be dimeric
in nature with 2 lnear AuCP environment and an Au--Au distanee of 3379 11A,
the two units being almost orthogonal (o cuch other [966]. The deprotonasted dppm
peadilty  forms  dimeric JAuwtp L), which  upon  treatment with
JARCPPh U THTCHO o and Awfacae PP, ) afforded a hexanuclear cluster where
four Au{PPhyy units are coordinated to the central carbon atoms of the dppm
figends while the core of the ongiul complex remams intact [967] HAwCl, reacis
with 2, 8-dmmethyl-2 5 socyanohesane foronng (AuC L Ly which, in the solid
stite i shown o form paralfel chatns of Au atoms [968] Ohthaeeyelometatiated
cold wrylphosplianes propared from the corresponding lithivted phosphunes and
AUXLER Y (E =P, As)y in ELO prove o be dimerte with linear AuCP or AaCAs
cnvironmients (969 Dithiocarbamido methylesters {MeS)SCNHR (R =Ph. o-tolyl
peOPh, 35 dimethyviphenyly displuce THY from AwC FOTHT in CHLCL
LM “MH'{ zmd 1R studios revealed. Rc;mim% of the products with o small ceess
ol NGRS Twm B Cyyoand PREINHD feads to amine thioseylion  as
Al a8 ?*’ FINONER D are fsolated ,(}7(%;. Beaction of A P HTHT b with
two equivalenis of PhONS in EGO or one cquivalent of FlnO N N CPa, s
THE vields AuwlCF, f“h} NN phyy where AuCN envivonment s observed
(974
The dilithium salt of i.Z—Gimcih},‘kfic;ax'h;sda‘m%:c;ai*ms"laa’= veucts in OF

with AuX(yhde) Lo form [AutyhdenlfAul, (X =C1
vlide = CH,PPh,. CHLPPh Mo, CHLPPIMey) 19724 fhs COPFspL ﬁdli 1R
§/—‘w‘ PHT joyvhdey)” CHMeRT h%, CHPRPY hy and CHLASPh; readily displace THT

by phen or 5bPh, o affurd [Aulyhdey(Ly]” or by dppm or dpam to ngf
[rAuEyldey] i D], while [Au(ylide) i COUG) ] and JAu vlide C, R are also
obtuined. with B ==Ph, Bu' [973]. Yihdes CHLPR . CHIMoPPh,, CHPhPPh,

Yorny {Au(C Fotylide)} complexes which reset with HO or B in EGO 1o ;Msé
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ng}ipuumi\ gx'%,n ‘yiisis );ﬁ % 4 abtued
i g aectone W form hc acetylidenes
1 SRR : : : in chlomnated  solvents
fskx A dmpm]Ol iy dsok iw%{ 75, Palvmerie (AuC,Ph), reacted with dppm in
EW0H 10 0 fmg; a photolumineseent compound both ia solution and i the sohd
st stracture of which revealed s {IAwp dppnoa O PIAWC . Phy,)
she in the entionic unit 9761 A report oxists on several multidentate
mm}ézw Hmmgl' ik yae dnd group 13 or 16 donoy sites [977] The rewction
fAaudp L0 w0 00 1 BUUNMe.
NHPPD. atforded Ui mived Bgod comploag
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