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Abstract

The advances mdde during the decade following 1985 in the coordination chemistry of
monovalent group 11 metals with ligands possessing donor atoms from groups 13, 16 und 17



P dheivos et el Crordmation Chomistes Revivies [47 0007, 08 g 7

i discussed W an absitact manper auning #i the presenietion of
dincussed contrtbation. The classilicavion of the Egands, whcrover #owes posstble w schieve,
has been performied with the syntheiic iorganic ¢he wm mind. adviiictig from he ~m>p of
to the more coniplex ones, placing pardcalar emniasls oo the ligaiing wioms rather
the overall hgapd strecture apd constituzian The discussion does 3ot melude the enormous
varialy of group 1} metad compounds vty melal el 1' bonds white ool a fow compounds
with meta! carban have been insroduced. © J0y7 sier Scichwe 5.A,
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In most cases. Tor clarity and brovity, in the complex compounds discussed after
the muin figand has been referred to. ot is simply represenied by L. Homobidentate
ligands are represented correspondingly as Lo Lound in some cases as NN or P-P
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1o denoic the spectfin donor atom, The widely nceepted sharteuts MeOH, MeUN,
EtOH, Mg CO ave used for methanol. uectonitrile, cthanol and acelone. Substituted
hgands are abbweviated following the above parent lgand noiation, e
2.9-dimethv 9. 10-phenunthroline is noted as 2.9-Mezphen and dimethyldithiocarba-
mate as dMe,te. In cases where the substitvent Tocant 5 obvious none ix inserted.
like m 2.4, S-rhmethyvipyrazolice. whicl is simply referred 1o as Meype. The symumctric
heteroatomie macrocveiic gands are abbreviaied accordingly, e [Y9janeS, ropre-
sents L 7-trithiacyclononane. Considering the hisphosphino {igands. analogous to
the ubove-lisied digheny! substituted ones. s the notation used for the dimethyi
counterparis, t.o. bisidimethylphosphiroimethane 15 dimpm. The well-known ech-
niques of infrared. mass specirometry. nuclear magnetic resonance. cyelic voltametry
and ultraviolet visible are abbrovisted as IR. MS NMR. OV ang UV Vis,
respectively.

1. Introduction

The chernistry of copper{ k. siher{ D) and gold{ i) ix an ever-groning field since
there appears 1o be involved a remarkubic versatiity of the metals regarding their
loval envirgnments wivich range from hmecur lwo-coordinatle 1o square pyranudsl,
whergas the overall struciores of the complexes inelude monomeric and polymeric
species. The ligands wsually present in such complexes are bearing pnivtide. chaleo-
gentide or halogen donor atoms. In the {uliowing the chemistry of these mela) fons
with lgands fwving as donors groap 150 16 and 17 atoms will be discussed. The
discussion is very abstraet, dealing anly with the muin point of interest in every case
and does ot attempt to compile or discuss spectroscopie information except when
this was the only evidence in the original study, The clussification followed may not
be a typical one. but is consistent with the expectation of the synthetic inorganic
chemist who needs information about the nitvogen of sulphur donors which coordi-
nute 1o low valent comuge metals and the investieations caviied ot on these
complexes. Ligands with donor wioms from cach one of the groups 13, 16 and 17
of the rernodic table wre discussed. followed by presentation of the compounds where
wived lizands are observed in the clromophore. belonging 10 palrs of or all three
groups investigaled. Within each category. care hus been 1zken to group analogous
donor atoms, and the general point was lo proceed from the move simple 10 the
more complex ones. Unavoidably. in some cases. reference to analogous compounds
had te be made fov compeyison. or i discussing the reactivity of some complexes.
therefore deviasing somewhat from tiw above criterton of chromaophore constitwtion.
The timwe domain covered s the decade Tollowing [985; Tor the previous periad. an
excellent and extensive work has been published {H. while recently an updated b
abstract sununary of the elomones” chemisivy has been compiled {21, In such a vast
number of citations that are related o the above topics during this period. o fow
may have been. inadvertently. omitled or overlooked but we hope that the mujor
interesting points huave not been missed.
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2. €omplexes with single group donor ators
2 Cennplexes with giowgs 15 donors

20 Niregen dunurs

200 Copper complexes, Copperi B acetite in the presence of formamide and
avetic anhvdride forms. in refluxing MeCUN, o ~eries of products with the general
formula  fCuIONLIMeUN 31 depending on the reactent ratio. The green
TCuTCN bf MeUN 1] possesses TR spectram sipilar 1o that of the siructurdly deter-
atived [Cuf NH O TCutON L] and therefore is formulated accordingty F3]

Secondary ion mass spectromctey for both free [CutMeON )41IP;M snd in oa

gruphtite matr‘ proved the extstence of Cul] and Cul species. whereas for
[Cu(NCRLE {R=Bu. Cy). only fragments up to Cubly were obiained {4).

The meraction of gascons NO has beenr mvestigated towards several mono- or
bipuclear copper compliexes where copper 12 bound to three nitroges atomy. sither
pvridimic or pyridinic and amizo Iy nature. The process leads to evolution of N.O
and oxidation of the complexes to brideed oxo. or peroxe- species {31 Reactions
with mitrosonium ton in acetoniirile afforded the corresponding divalemt coprper
complexes. with coordinaled acctonttrile. wiile for the | 3-ns{ipvnidvlethyryl)-
ct}*\:lumiim)-'?—h)-'droxyhcnzsw the finsl complex invorpotates i bridging NO unit
[6]. The closcly relaied 1.3-bist(pyridyiethynyt fethvlaminotbenzene also producad
a4 dicepper complex for which the kinetics of oxyeen uplake revealed an imitial
reversible step leading to a dioxyegen adduet before resuiting in the final hydroxyiated
product 17]. The reaction of [18btNCyyy) L Liy) with four equivalents of Coll in
tatwene vielded [1Sbd NG -Cuyd with o Cu, core and Hncar CoNy environment
{or euch copper {8].

M{NBULI NHBu' ), {(M==Moo WY trested  with methyllithium sroduced
Li;M{NBu), which. i tohiene at - 78 O reucted with [CuiMeCON L EBE ] to give
the cluster [MLCua NBu'id o NBuw L NHBO-TBEL] (9] Olicomieric compleses
[Cu i N{SiMe.Phy 4L and (Cu NESIN PR, Bave hoen tormed by the reaction of
bulky NH{SIR 3, \\-zlil Culr in the presence of Buyliithiam {10} The reaction of
copper( i) halides with Tthwated amines in THY produved the tetrameric
[CLe NRR 3, (NRR = NMe, MeNICH N Mo, N{CH.CH- )1 which appear to be
mert Lo PPh; while dppm aud u!wc gave rise to [Cugdppm)] and
ICud e PPIGIppeY,] FHEE Treatmen of bisi 2-pyridviethvl i-f-vinvibenzyd Jumine
with [Cuf MeOUNLPF,] in avctoniinile afferded monomerie |[CulLJFF. L which,
upon treatment with ethalene ghveol dimethsloorviole it acetoniirile, produced a
maucroporois roivier to which £0 was found to bind revessibls . The corresponding
siiver potymer did 1ot reveal oy such reactivity [121 Two- three- and fcar-coordi-
nated copper being  presiat in complexes  [CufbL)p wih iris{2-(3.4.3-
wimethylpyrazohd pethyvl Jamine. bis[.“;—{%p}'ramiyl jethetjamine and 135
irimethyipyrazole. respectively. gave tise 1o clearly distinet absorption and rescianee
Raman spacita which cag be used as coordination emvironment probes (5L
Analogous  studies  were  carried  out for  the  complexes  of  [2-
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t-methylimidazolyt Jmethoxymethane and the emilting state was identified as well
as that of the corresponding [Cut LYCON ™ 14,

The relutive Cufl) ion wilinities of 20 conunon aming ackds were determined in
the gus phuse based on the unimolecular dissociations of their copper-bound hetero-
dimers which fall within 20 keal mol = [15].

The lithium saht of [2-(6-methy! bpyridy] frimethyisitylamide reacted n EGO with
CuCl o give the dimeric Cug(Ll: compound. which, upon reaction with wwo
cauivalents of CuCl, gave [Cugt LLCLY {16] Reaction of the dimer with exeess
PMc, gave the praduct [Cuf L) PMe;al. Crystal strueture determination and investi-
gation of the ground state electronie erergy in NA-di-prolyormamidate dicopper
by spectroscopic and theoretical means concluded that despite the short Cu-Cu
distance [2.497 (2} A]. there is no direet metal metal interaction {17}

Digonal copper environment is abserved in [Culcimetidine s, an extrencly stable
complex  oxidized al +CGATV  [I8]. [Cu,l L.8-nuphthyridine], JCHQ,], {191
{Cu(S-alkyhthionienc-2-carbaldehydeimine ]CF;50,), where Cu § are exiremely
weak, form & pseudo retrabedral environment {201, The chielating 2-{rer-butyiJaceta-
mido-6-( bisf pyridylethynyi jethvlaminoipierin reacted with monovalent copper 10
vield in CH,ClL hexane a mononuclear pevelilocate [2T 1

The reaction of 2.6-dimethviphenyt isocvanide with veduced dopamine- f-monoox-
veenase initially forms monotsocyanide complexes fnally icading to 4 species con-
Laining multiple isocyanide ligands. Compound [Cuf 2.6-Me.py ) LICIO,] s alse
described and whose crystal siruciure reveals identical isocyanide-binding in analogy
with protein systems and its conversion to a trisisocyanide complex is demaonstrated
by IR and Raman spectroscopy {22]. 2.5-Bumethyl-2.5.-di-isocyanohexane and the
correspording 1.2-cthane give with CuX. ihe mised valence {Cus(L)JfY ], and
ICWLLIY] (Y =CF80, 10, BF+ {23} CustPhiN,Phy, execited  stales were
sitidied by both experimental technigues and by semi-guantitaiive molecular orbital
mecthods {247,

In MeCN py [Cutbpyl] ™ activated HOO and /-BuOOH for the selective ketont-
zation of methvlenie carbons tn Cy and PhCH.CH, groups (23] Reuciion of
ICuiMeCN L Y] with excess pyridine or 4-methylpyridine leads o accionitriic
substitution by the pyridine base. Cu NQR studies of several mononuctear aikylpyri-
dine complexes of the type e L ¥ 1Y =PF,. CIO) bave heen reporied {26
white  onafogous  compounds  in acetonitrile  reveal  ne  iteraction  of
[Cuf MeCNLHBE] with C,r, ond NEGPh, and 2 only weak inieraction with halo-
arvlaza compounds [27], Cattonic compiexes of the formula [Cul L) are obiained
with  d-methy-4-[6-01-({ 2-imidazol-d+t  cthyb)iminolethyl ypyrid-2-y1§-4,5.6.7-
letrahydro-7 H-imidazn{4.5-¢]pyridine and 2.6-his|i-( 2-imudazol-4-vlethyl -
iminoethy! | pyriding with Hattencd teirahedral and Bve-coordinate copper environ-
meits respectively, The latier s readily oxidized by dioxveen with subseguent partiad
oxveen recovery (28] Severa] substituted pyridines or ligands with pyridine-kke
mitvogen atoms  have  prodoced  Cuff)y  compounds.  2.6-Dimethy!  and
2.4 6-trimethylpyridine form (wo-coordimate cationic units with Cuil). The struc-
tures and the Cu NQR speetra of several such compounds bearing BF. PR,
CuCl, and CIO, as counteranions hive been investigated (29). Forms z- and - of
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the 2.4-dimethvlpyridine perchiorate and the 2 4 6-trimethvipyiidine dichlorecuprate
have coplanar ligand rings. while in the rest. complex dihedral angles of approxi-
mutely 70 were observed. 2.6-bis{ 1-Pheayli-1-(pyridin-2-vi ethyi Yoyridims in aceio-
nitrile formed [Cu{ Ly MeCNWCuCl;| and [CuiLp MeCUN 0 uX,] (X =Br, {}
[30]. ko thesz compounds. the Cu-py distances are lufrly stundard ranging from
207 1o 208 A while the Cu-NCMc ones are 2.0082). 150{2) and 19431 A
for X=ClL Br and L respectively. In 2 contormationat polymorph of
fCuf 2,6-Me,py L ICHOL], the Hnear CulN; environment ig present with pyriding planes
al 56.2° {31} 2-Ammomethylpyridine and 2-hyvdrazinopyridine {orm monomeric
compounds ¢° ihe formula [CufL}L]1X where Cu-NH, are naturally Jonger than
Cu-N,. and strong intermolecwar  hydrogen bonds are formed [221.
Dimethyiaminophenyt pvridines and phenanthrolines  produced  tetrahedral
[Cu{ L)L.}|PF,] compiexes where the copper metal resists chemical and electrochomical
oxidation {33]. The reactivity of [Cu!Tris{{ 2-pyriclyl ymetnylJamine 1 MeCON PR ]
with benzy! and allyihalides led to copper oxidation with concomient dibenzyl and
diolefin producis [34]. Nuromethane and metallic coprer react in pyridiee to give
{Cug C’\I}fPY 12t and [Cu( NCOMPY)2IZ with bridging NCO ligands and Cu-N
Jistutices of 1.97(2) 2.2602) A for NCO and 2.03(11-2.08(21 A for pynidine [33].
The CuN, environment 1 dentified in {Culdi(3- p}'ﬂd\.,d mels]” salts w ie @ i"1..
anion is either CI or ICu{L3X,] for X=Cl Br {36]. In the case of Cul. th

product s of the lormula [Cul(Ly fp-1r] EXAFS studies revealed ﬂm in
excess pyridine. Cuf{pyd; s formod and nowaster coordinution s evident
[371. 2296276 .2"-Quurterpyridine  formis dounble helictl complexes of  the
formula  [Cuy{ L, IPF; with pseudo  ictrahedral CulN, enavironment {381

Tietns-12-bis{ 2-pyridyl jethylene formed polyvmeric [CafLuPFH, with Cu N dis-
tances renging helween 1878163 und 1.800161 A, Terminal pyridsd and guinchvl
ligands form [Cuil}]” complexes which readiy umake dioxyveen to fomn
(Cul k0. tripyridyl. dipyridylquinoiyly or Cuf LMY, (pyridyvldiguineii) while
fﬁ/\r‘ \‘;
\\%N’\!ﬂ,

i

triquinobyl is unrveactve [3%]. The polvpyvridyl ligand 1 i ExUN formed
{Cu LU FION LI and oxidized faster than the monomerie JCH EWCN L'y 7 {L'=
Trist Z-pyrdyl jethyhlaming? with the nitial step boing the fonmation of an -0
bridgs between the copper stoms {40]. Eleetrochemical reduction of Cu{1ly com-
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plexes with di-2-pyridylamine appears 1o be more favorable {—0.36 V in DMSO.
=029V in DMFE and —~0.11V in acetonitrile relative 1o Fe(Cp), than for the
corresponding bipyridine and pheganthroline [41]. Absorption and emission stedies
at room temperature and at 77 K were carried owt for [Cu(potypyridv)JCIO,].
e.g. 1.2-his{9-methylphenanthrolin-2-y! ethane. 1,2-bis{ 6 -nethylbipyrid-6-y] jethane
aud 5,5°.3".5"tetrametiy]-2.2:6".2"6". 2 -quartepyridine {42]. Ethyl bridged bipyri-
dine and phenanthroline give [Cu{ L] " conplexes with a4 double helicat strucuire
assigned by 'H NMR. The compounds are oxidized reversibly at higher voliage
than the monomeric Cu(bpyl; [43]. Reaction of 2.6-bis( 2-pyridviethynyl ypyridine
with [Cu{ MeCN ) J{PF.] in McOH. yictded the trimer [Cuyd LY, WPF I, and dimer
ICu{LLYPF ] the latter was found wunstable in CD,N0; soluiion [44].
Mononuclear copper(l} complexes containing the Nytripodal tetradentate
trisfi 2-pyridyl }-methyl Jaming and the corresponding ligands with one. two, or three
Z-quinolyl  substituenis  were  studied.  Only  the last  ligand formed a
[(L)Cu{MeCN Y~ complex unrezctive to dioxveen. All three reacting compiexes
follow the same reaction mechanism. mvolving the initial reversible formation of
;] Cu0, adducts which react reversibly with starting Cu(l) specics 1o form
2:1 complexes, although censiderabie differences exist in detail. depending on the
ligand  [45].  The binuclear complexes [Cu{L}{BF;.(McCN}Y] and
[Cu (LI BF ),(CH, L) 5l which  wore  readiiy  prepared  from  2.6-bisii-
{ 2-pyridyiethyl Jlormimidoyt |- 1-methoxybenzene in the appropriate solvents. and
the helical {Cu{L}{ BF }}, have been studied as mudels for monooxygenase reactivily
f46]. 2.6-bis{ I-Methvlimidazol-2-yIpyridine formed [Cuyf L),)[CHO,], the bis-coor-
dinated ligand forming the strands of a helis {47]. A variety of homometullic
copper({ {1 complexes of ligands containing two { 2.2 -bipyridin-6-vl )nzethy! moteties
linked  wvia 41013 teleaona-T. 6-diszscyclooctadecane. L4 B 3-etvathia-
T 6-diazacyclooctadecanc. 4.4 -bipyridinediium. A A" N -tritosyldiethylenetriamine
and teluene-p-suifonamide spacer units have heen isoluted. FAB MS investigations
suggest that most of the complexes are of the Tormula [Cui L), PF. .. Selution
'H NMR speetra imply the cxistence of additional complex components of ;1
Licopper{I} ratic {48]. The copper{l} complex {Cus{L}] and 15 111 adduct with
CuX. {CuglL)X:] { X =l Bry have been prepared from Hihiom reagems and the
appropriate metal halide and [2-(0-methyl ) pyridy Jltrimethyisibylamide and have
been characterized erystailographicaliy. In ihe dimer. the ligands span the two metal
centers with Cu---Cu 2.42001) A, while in the clusters, they span three metal centers
which arc either two- or Uhree-coordinate. The compound [Cu,(Ly;] reacts with
trimethyiphosphine 1o form FCu( L PMe,),) (491 The MLCT escitation at 463 nm
of the compliex [Cul2.2"bis( 6-{ 2.3 -bipyridyl Phiphenyvh CIO,] 2MeCN was oytab-
lished and 1ts quasi-reversible exidation in vartons solvents associted witii coord -
tive changes upon oxidation [ 30}

The vic-dioxime 3.5-bis[2-{4"-benzylidencanino-benzo-13-crown- 5] dithivgarime
gives [Cu(L),}{PF,] probably with retrahedral Cul, civirenment {51]. Sodiam
suifite treatment of aqueous solutions of CuX, und l-cvuncguanidine resnfed in the
formation of Cu,X,L t X=Cl, Br). CuBrl.- H,0 and {Cu(L)}* " {321 In particuiar.
the chloride yielded. upon trestment with 0.5 or 1.5 eguivalenis of sodium sulfite,
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[t - Cl b £),jiS0,] and [Cust e CHA L-1S.Q.). respectively f32].
2-Cvanoguanidine in THF in the preseace of pyridazine formed §Cu(L
Alp-pyitdazine L BE ], and HCul L) p pyridazine) JIBEF ], {341 with trigonai and
tetrahadral copper  atoms. respectively. Pyridazine  reacted  with
[Cut MeTUN LEPF, ), in acetone under argon to give {Cu( Ly MeON L IPF ], while
in-sity reduction of Cw(ClOy); in acstone under ethylene or €O gase
[Cud LI fCTO, L [55].

Pyrazine and tetramethyipyrazine form. i avejore, infiniie two-dimensionul sheets
of HICu{L); f MeCN)PF, -1 2Me,C07 where Cu, units are observed  und
Ul LFCHO,Y with a zigzag polvmeric form respectively [36] 6.6 -dimethn}-2 2%
bipyrazine, 2.2-dimethy]-6.6-diphenyl-4.4-bipyrimidive form Cul. complexes
while  caremepoly-{ 2.2'—dimelhyl—a‘e.4’ bipvrimidi‘w AN AN HMeCN LCu,]  have
been characterized structurally [57]. 2.3-Dimethyipyrazine produced an interesting
product of autoreduciton of the pr.rufiordh. Cut il compiex. W LY e LY
[38}). Z-Methyl and 2 3-dimethylpyrazmne forn. in wsater, 1Cu::L_\.3JiC.O;“ 3%
Tetranuclear Cu complex bus been obwined with 3.8-bist 2-pyridvl Ipvridazine pos-
sessing a phanar Cuy, core of weirnhedrally coordinaied meial atoms [600L

The erystai structures of the polvmeric pyrazolaies »-{Cutijl, and the 111 mired
metal phase. [Cu.AgH L), have been determmined by X-ray powder diffraction data
and compared with that of f-{Cu(L¥,. All complexes consisi of infinile ¢hains of
lincarly coordinated metal atoms. hridged by bideninte pyrazeiato antons. The
w[Cuf Ly, and j-[Cui Ly, phuscs differ muinly in the nterchain Cu---Cu contacs
[61). Finally. ab mitio. adl eleciron Hartree- Fock caleulations have been uiilized 1o
mvestigate the reacitvity of pyrazole and pyrazolate anion towards Cu” and
Cu{ NV~ 162} Several subsittuted polypyrazoles afford {Coi L] with metul-to-
Heand-churge-transfer {MLUT ) bands 1o the UV region and emission resulting from
3d—r* Their phenolute counterparts show bower ahsorption and emission trans-
itions. The reaction of ile complexes with CO preduces new compoeunds with higher
absorption and lower ennssion encrgics [937 Mo mhach donuation was gbserved in
Cuylpe Pay; contiary to thelr Aun comterparts {63] The siructure of the
3.5-dimethyvipyrazolate compound revciis ioaymmetric rimeric winit with very weak
Cu---Cu imteractions [65) The anelozous structere of e product  wih
345 tmimethylpyrarole 15 reported along with that of the mined valence product
{Cu(3-CO.dimethylnvrazole ) Me;pril-Cu [66] IR und DEC studies are roported
for a series of trimeric pyrozolate complexes of the fermula BOuid-Y 3.5 Mapn);
where ¥ =H. CL Br, t and CH. [67] The tetramerie Gduster {Cot 2.5-Phopails acts
as cidalvst with 100% selectivity in1he onidative coupling of amine 1o SZODeNZERCS
and upmku Cy NC o Form dimeric s LYy ON - 168 ] The lundeied 35-diphenyl

and 3-rere-butyt Teis{pyrazeld thorates vild complexes of the formaudas {(‘ tEals
and {Cuf{Ly MeCN . which genersihy disseciaie in solation due to ihe labidity of
the pyrazolate lgunds. For the diphonvl-subsiitmed lgand. a comj:l!cx wnvehing

both its neuiral and deprotonated forms has been obtained (69].

The first welt-characterized man unnd-wr coppar nirosyt complaxes are of the
formula [CuiLy NOY. (L= ris{3-R.5- R vrazolvEihvdeoborate, R=THu', R =}
R=R"=Ph). NO binding was found 10 be L‘.-'e_'ii‘r:. reversibie and teraperatura depen-
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dent. Irreversible displucement of the nitrosyl figand was effected by addition of
excess acetonitriie or CO 1o vield the respective Cufl) adducts [74].

Photoetectron speciroscopy of imidazols bound to Cufl} sites at single crvstal
surfaces has been used as madel of the blue copper protein bonding and correlated
to SCF-Xa culeulations [7T1]. The reaction of 1.2-dimethylimidazole with
[{CulMeCN ) IPF ]} formed the two-coordinate complex {Cu(L),JiPF,] and the
T-shuaped three-coordinate [Cul LI;TPF,] the siructures of which have been studicd
by X-ray absorption spectroscopy. The latier 1= reactive toward dioxygen contrary
to the former which is warcactive toward O; and CO [72]. N-methyl-
3-gthylimidazolaic-CuC? mcits show oxygen uptake 1o a variuble degree with the
hast results £33 O por Cu atom} being obscived for Cug{ LY. while imidazolate
itsedf s not al all reactive 73], N ANV -Tetrakis( Z-benzimidazolvimeths? i-
1, 2-elhansdiamine formed. in EtOH/ELQ. [Cud LAICIO,]; from which the metal
was extracted by KON in DMSQ leaving the Hgand intact as its ability to recoordi-
nate revealed [74]. The compound was also found to reversibly oxidize in DMSO,
the oxidation proceeding through an inittd Co -O-Cu step as surface-enhanced
Raman scattering  showed [75]. The bgand  1.3-bis{ l-methylbenzimidazol-
2yl jhenzene reacts with copper{}) to give [Cu{Ly,1ICIO L. the crystal structure of
which shows a dinuclear norheltcal structure with sach copper lneardy coordinated
to a benzimidazaic group of each Hgand, The siructure is retatned in polar aprotic
solvents {76]. The reaction of the polvdemate ligand 1.4-bis[V N-bis-
{ 2-benzimidazotylmethviamino] butane with [Cul MeUNL][BF,} in MeCN MeOH
at 3 C prodoced [Cu{LBF L which takes up O, to produce the corresponding
Cufll}) complex afier 24 1 [77]. Complexes of the tridentate trs{ H-ethyl-4- R-imuda-
zolylyphosphine (R =Me. Pr) of the formula [Cu{L)}][Y] (Y=PF, ClO,.
CF.80;1. were prepared. The adduects ICu{ L)(MeCN W Y 1 were obtained by crystal-
hration f(rom acetonitrie. Oxvgen reacts with these species giving  peroxo-
dicopper(1] ) complexes providing usefud models Tor the spectroscopic, magnetic,
structural and functional propertics of the dicopmer site in hemoceyanin [78]. The
analogous reaction of bis{bis(2-pyridyl)ethvlyaminopr-xylene in DMF vielded.
bestdes the formation of the corresponding phenosy-brideed cupric dimer, the
hyvdrolyzed DMF [79]. The dinucicating bis-bidentate ligand bis}5-( I-methyl
26 6-methyl-2-pyridyl ybenzimidazolvl)] methane and its mononucleur analog
G-muothvl-2-( I-methylbenzimidaze " 2.y ipyndine form [Cuaf i -3 HCES ] - HoO and
[CulL)JCIC,] reapectively with pseadutetrahedrally coordinuted Cu. Conductivity
measurements and UV -Vis spectra show that the dinuclear stiocture s maintgined
in sofution in polar aproiic sclvents. and 'f1 NMR measvrements vnsmbiguously
estabiish a double-helical structure for 1his complex {80}

The reaction of 6-diphenyiphosphino-2.2 -bipyridyl with {CutMeCNY,™ and
ICulbpyyi MeCN i~ gives  dimeric  compounds  of  the  formula
[Cu{ - L) MeCNLF ™ and [Cus{p-Ly{bpy)]E ™ with head-to-tail and head-to-head
coordinution of the ligands. respectively [81]. Linking nao bipyridine wnits with @
1.3-phenvlene spacer Bus provided a novel cluss of Hgand which promotes the
spontancous sell-assembly of doubie helicates upon reaciion with transition-metal
ions. Interaction with copper{ 1 resulted in dinuclear double-helicul complexes with




PO ikidvoseral Crepdiveiing Oloaerey Reviea s f07 0 J907 05 Ty He=

the metal s occupying pseudo-tetrabiedral coordination sites 823 The reaction
kinetics of [Cuiphen).j™. {Cul 3-NOyphen)s}™ and [Calbml]” With O3, O w
.G, in the presence of thymes DNA hasve been evalunied and the corresnonding
oxidation mechanisms proposed [R3 ).

Substitvted phenanthroiines react with [Cof M2OUN 3| BF,] in CHCH MeCON 0
prodice the bis-complexes which are oxidized to the corresponding Cu{ii) species
w the region of —1.64 to —1.76 ¥V {84]. A general discussion of the energics.
mtensifies and lfotimes of the lumineseent states of several Cul2.9-Rphemis coi-
plexes has heen published [85] bur specific studies are nissing, cspociafly with
vespect 1o their absorption and emission properties. The photochensical oxidation
in CH.CH of Cuf2.9-Me,phen); way atintbuied to outer sphere clectron iransier
from sobvated € H,CH 861, Resononce Raman studies of the excited states revesled
that for R =Mec and Ph. the 380 nm band is an MLCT one and the 340 nm band s
n 1% [87]. Laser-exciled resonance Raman of the grousd and first MLCT excited
state of the 2.9-dimethy} phulnmmohm. compound is i contradiction Lo the pic eaie-
tion of the stute 10 be [LCut L "] {88). Hydrosiatic pressure stfects the emission
from the MLCT exvited stute vie an associative mhechanism [89] The MLCT exeited
states For Cu{2%-Mephenyy and Cuf2.9-Me,-£7-Phypheni; produced by {lash
photolysis in CHLCL are guenched by MeON, Me,CO and p-dicxane [50] through
exciplex formation, while the corresponding complexes with 29-dimethyl- and
2.9-diphenylphenanmthroiine quenching is achioved by Criacucy; and © 3

Crihie), as
well as by Lewis bases. ¢.g. DMEF. DMSO. THF und MeCOQER, again through
exciplex formation §91] or by anthracene [92). The sctivation volune for the energy
wransfer quenching of the MECT excrted state of the diphenyiphenanthrofine comnplex
has alse been determined [93]0 Severad Cuf2.9-Rapheni:s quench ursinvi phos-
phate und amenute photolummescence. A product with the stoichiometry
INBuJo JCuf 2.9-Rophen)y 5 VOB, - 21,0 s reversibn, oxidized and redoced
by Bry and NLH, vapors [94]. A study of Cui2%-Phyphen)s and ihe related copper
catenate of I indicute that they possess fow svimmet r; which is retained in solution
1951 Cu{pheniy Cu(39- \*l&phm}, and Cut 2.9-Me.-4.7-Ph,phends veact with nai-
ural DNA {ragments and svothetic cligonuclieotrdes 1c=cctiing hypsochromic absorp-
tions. The lust reveals juminescence even 2l room temperatuie [S61, The clectron
wansfer rate from {Cur 2.9-Mophomil YT wus studied Dy SH NMR in witer { X =
Ciyand accionitrile and acetone { X = CF 800, The fimal Cut ) species were shown
to contain coordinated solvent wolecules {971 The lonnation constant a~d axrdution
potential for Cu(2.9-Me,pheni; were caleulated from electrochentizal measure-
ments. it s predicied that ihis comr‘mm:_. is the primary O, relactan: in sohutions
where it is adsorbed on clecirodes {58} 2.9-Bu 1111\\‘pl\hmnuhm]mc forns the lonie
compound ICu LELTBE D m which copper is tetrabedrally coordinated. The corre-
sponding Cull ) compound was whso suwdied by ESR while dopped into the above
complen: the study showed that divalent copper compound adepts a five-coordinate
conformation (997 Muliply substituted 2.9-R.47-R-phenanthreline compleses
reveal charse transfer absorptions in the visible region in MeOH EtOH 2t Y0 K and
eraission atl room femperature i the region 710 770 mm. while unsubstituted phen
complexes do not [100]. The cquilibium  berween  CutR.pheniCl  and
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[Cuf Rophen),)[CuClo) has Deen confirmed by 'H NMR studics in solution {H]
Copper complexcs  with  severul  substitoted  phenambrolines  reuct  with
Cu(PPh,3,{BH,) to form Cu(lLMBH) for 47-, 546- and 34-dimethyl-3.4.7.8-
tetramethyiphenanthroline with a unigue CuNoH, envirconment while for 2-, 4- and
Sanethylphenanthroline mixed-igand products. Cu{L)}{PPh{ BH,) are obtained
11021 2.9-Meyphen in MeOH in the presence of excess COD forms the Y-
shaped complex  [Cuf2.0-Meypphenl{ MeCNEX (X =Ci0Q,, PF,) [1031
2.9-bist{ 2’Alkylphenyl)  aminomethyl)  phonanthrolines  form  mononuctear
[Cull™ with distorted tetrabiedred environnienls and were characterized by IR
(ve= ) and UV spectra {104], 2-(2-Adkyiphenad y substituted phenznthrolines and
2.9-dimethyl. 2.9-dimethoxy and 2.9 dicthoxy phenanthwoline form [Ce(L),){BF..
which are oxidized electrochemically in the region -1.64 w0 — 176V [84]. An

gous compound  with  2.9-bis{ p-carboxy shenyl iphenanthroline has  been
studied with respect o its action in photoclectrochemical cetls {1051, Reuction of
2, 9-bis(V-pyrazolvlmethivl i 1. H-phenanthroline with Cu* produced stable com-
pounds in solwion, provided the molur ratie was 2:1. whereas for 1:1 mixtures, the
solutions oxidized within 11 166} The quenching of emission from the MLCT
state of the complex Cu{2.9-Fhyphend, by Tris{ f-dienatoyCr{ 11 complexes and
several organic substrates has been investigated in CH,Cl, as a {unction of
hvdrostatic pressure and the resalis are interpreted i terms of the MeMillin proposal
of competilive energy and clectron transfer quenching for these complexes [107].
The synthesis of [CulL),[BF,]. where L=29disubstituied phenanthrolines bearing
one of two acylaminopyridine biding sites, hus been carried out. Their complexation
to dicarboxylic acids s analyzed by NMR and UY-Vis, The chromogenic effect is
explaincd by a conformational change in the receptors resulting from hvdrogen
bond formation with the substrate [108]. Inert atmosphere conditions in the
CH,Cl,/MeCN solution were necded for 1,4,5.8.9.12-hexa-avatriphenylenc and s
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2 3-dipheny! 2.3.7-trimethyi. 2.3 F-tripheny] and 2.3.6.7.10.1 -hexaphenyl analogs 1o
form complexes with the formula [Cu(L)] [BE] [H09].

[n an imteresting sequence of reactions, [Cuf phen )t PPh Y BH )} in agueous metha-
nol vielded JCuf phen)(PPh i HOC O] which, upon treatinent with an additional
equivilent of phenanthroline or two cquivaienis of cycfohexyhtrile. formed the
ionic composnds [Cuf phen) HCO,1 und [Cuiphen)(CvON LITHCO,], respectively
[ 18] Treatment of [Cuf phenH PPh,{ HCO0] with pyrazole in acctone produced
a red solution and deposition of polvimeric coppor pyrazoiate, Treaunent of
the mixture with CO, fed o pyrazolate carbonviaiion and formation of
{Cu( phen} PPh 1 CO-pzii H,OH. which was reversed under nitrogen, wlule troat-
ment with excess €O, reeovered tee initial pyrazole [

The addition of two cauivalens of the Schill buse derived from 1.2-diuminoetnane

2(phenylethyithio)benzatdelhvde o copper(T) perchionsic resubted in {ormation of

7
\‘ i
! i
[N Nj
N N
i i
[ o
=
(i

FCu( L1 JCIG,] within a tetrahedral CoNy emvronment {1i2]. The Schitt base i
formed [Cu,t LY BF 1, winch w ovidized in MEGH through a peroxo-intermedtate
to give the hvdroxyviated bgand [113] Macrocyelic ligands derived {from thio-
phene- or pynidmc-dicarbaldehyde react in refuxing MeO MeCN 1o give
FCu{ LY MeCN LICIOLLE o in the presence of NaX [Cud 23Y ICIO ) (Y = NCS,
Ny NCSe. CL Br, I A stedy of their UV Vis spectra ndicated that they
retain their sohid-state stroacture {determined for SONJ in sofution as welt [114]. The
furan-based  unalogous  macrceyele 23 Z4-dioxa-3.7.0 4 I S-tetraazaineyclo-
[18.2. 01" Pretyacesa-1(221.2.7.9. HAL IR 20-0ctsene and its 3.3.16.]16-etramethyi
devivative gave [Cuyt LH MeCON LICI0L]: which, in DMFE. experienced partial oxidu-
ton to the mixed valenes [Cuyd L{OH LHCIO ], 1113] The ony sutl struciure of
[Cusf LY MeCON 1,127 with the above macrocyales as well as the 23._4-dithi;1- analog
were studied [116]. Moleoular mechanios caleulations on the above liginds have
beein carried out as well as on their dicopper umplu\u and melal paramciers

clucidated [117]. The reaction of [Cud Ly MeCNLE ™ (L is the above dioxa
uusubstituted macrocvek) with  paridazine  substituies  the MeON molecules
withpyridazine and catalvses hydrazobenzene dehydrogenation with a spectficity
for  frass-acobenzens. but oat o sfower rmate than simple Cwll)  salis
{HR]L  Teiracthylenegiveol  bis(-2.2%bipyridin-6-vimiethyl  ether  and  its
4.4 'bis{ 4-maethoxyphenyl -substituted analog. as weil as the corresponding - and
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sentacthylenegiveol cncapsidate both Cu”™ and alkali mewal fons in a sort of
polverown-cther, thus affording allosteric reguintion of alkall meial recognition by
heterotropie coopurativity [119) The rveaction of [Cu(MeCNLEY] (Y =ClO..
PF,. CF,80; with 148,01 1-tetrakis{ 2-pyridylemethyl - 14,81 Hicirsaza-cyelo-
tetradecane in acetanitriic at 60 C produced [Cu (LYY Ja. which reacted with O,
i i quasi-reversibie manger {1201 1 the rexction is carried under €O, then poly-
meric {{Cuf L COHMeCNIBE, is obtained with Cu N ranging between
203703) and 20834} AL Cu-NCMe equal 1o 107504V A and Co C of 1.835(43 A
FI21). The clectrochemical reduction of the CU{ H j compicxes with the hydraphobie
igands 258,01 -tetramethyl-2 5.8 Tetraazadodecance. 2.5.9.0 Fetramethyi-
2591 - tetraazatridecan and 2,69 3aciramethyl-2.6.9.1 3tetraazatetradecanc in
deaerated squeous soluttons vields the corresponding thermodynamically stuble
copper{ ) compleses. The bascicly  constants of the Hgands were  deter-
mined  potenttometnically 11221 The  macroeyche  bis( ], H-phesambroiine)-
[25309-bedel 270 1079 dikiml 8 Jdithia [ 3.6, 10,1 3 fetraazacyclotetradecing wiih
s two phenanthrohne sites binds Ca(ly w form Cutl) which. in wrn, binds to
BNA by un fuercalative mode. UV Vis and CD mensurementis support & con-
strpined distorted sqore planar geometry for the comples [123]. The bipyridine-

S

P

based hexa-uza macrocvely IV produced hebicaies with Cugdy and Ag{l} in
MeOH TH,CE. The structure of the copper comaples revealed a distoried tetra-
hedral coordinution {124), 36916192 hexaazatricvclof 22.2.1.)  Mazaoctacosa-
H26)12.9.01. 031522 24-0ctaene In MeCON MeOH forms [Cul{13HCIG),. which
oxnidized to [Cudp OMep p OLICIO,): veversibly wntil full oxidation occurs.
alter which it does pot reduce buck [i23] The macroeyciic  Jigand
L8 tetvakis 2-pyridvimethyl -1, 4.8 1  -teuaazacyelo-teuadecane coordinated
in hol acetonitrile to give the dimeric [Cuyd L)X, (X =Cl0,. PF,. CF;50,) which
is quasi-reversibly oxidized 10 the cupric compound [120]. A distorted tetrahedral
core it observed i [Cui{ Lifpyridazine),[CiO0,], formed by pyridazine and
[Cu{ LIt HOLCH0,] (L. the Schill’ buse derived from the condensation of
2. 5-dilormyluran and 3-oxapentatne-1.8-diamine} in acetonitrife. as well as in
[Cusl L MeCN LIIBPhyJs. which is more stable than the former with respeci
to  clectro-oxidation  [126]. The step  oxidation  of  [Cug1,3-bis{bis(2-

pyridinemethy! Jaminolbenzene) is strongly olbvent dependent 1271, The tripodal
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fizands {bis{i 2-pyridyvl ymethyl i amethylimiduzol-2-vl ymethyl jamine and
{bis(( L-methylimidazol-2-vT ymethyl i 2-pyrich ymethyl Jemine  in acetonitrite
form solvated [Cuz{ly,1*" .which electio-oxidize at upproximately - 0.6V and
uptake  O;  to  form L0, [I28) Polvdentate  {tris(bis(2-
(Z-pyridyljethyi Jethylamino)amine formed. with {Cuf MeCNIPF,} and PP, o
CH,CL; {Cust LY PPh, ] PFL - 2MeCN where bath CuN, and CuMN;P environments
are observed [129]. while the macrocyelic tetra-Schilf base derived from he 222
condensation of isophthalaidenyde with dicthylenetriaming pave [Cu(L} [0
which, upon oxygen uptake. vielded the hydroxylated-pro [ 130) Anslegous bvdrox-

-
\ ;
! (f\(}v:\
, )

v

X, Y=pv. primz

viauon occurs with the trpodal bgand V0 {131 and the Scliff~based 1 3-bist!
(2-( T-methyl-2-inudazoly Diethyi Yormnrmidoyl thenzene 1132) and polvdeniate -
xylene(bis{ 2+ 2-pvridyl jethy] Yaminodismine and Bis S-cthyipyridyl derivative, b
not with the 6-methy] substituted one [133]. Tripodat figunds with eenirsl nitrogen
atoms react with cuprous sabts to form mononuclear cationic complexes. Such
Hgands are N(CHAHLGN CBPhY; which wilizes a trigonal pyramidal copper eovi-
renment in [Cu{L{BPh,] with Cu N, =27232 and Cu-N,, runging between
2004 aud 2019 A {134} In the (smiovcux complex of the closely reizted
N{CHCH.N - CHtUdophene-2-y1 15, the closest Cu - § distapee 15 3341 AL tno long

0(\0 OH \‘
i ;
e o~ I

/3

Vi

to suggest uny Cu 8 interaction [133) The wipodal Schifl buse 1V devived from
Tris(ethylaminoyamine and {3s4]crown-benzaldehvde also presents u four coordi-
wate CulNy center 1361 while o CoMNy center is observed iIn the cationic comploxes
with the Sclufl bases derived from 26-diacetylprynidine and pheavisianine methy!
and tyrosine ctliviesters. respociively [137]0 In geveral. 2.6-discenyipvridine Schif
bases form either {CutLy]™ or [Cua( by 7 complexer. whick react reversibly with
CO and irreversibly with dioxygen. the letter veaction being more casy ia
MeCN-MeOH  {138]. 1245 ctramethvisalfonyl- 1 d-benzoguinonedumine-1 .2-
dlamine reacied n pyridine with cupric aceiaie to produce a dimeric compound
with local tetpuhedral CulN, ewviromment. The complex has the formula
[Cuydp-L¥pv),] and  readily  substitetes  pyridine  whbh o PPh, 1o ghe
[Cua =LY pyh{PPh,}.] 11291 An enalogous Calyy envivonment wias ehserved in
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the complex [Cus{2.7-diphenyl-azo-1L8-naphthyridine, ) BF,Ll, {1407 as well as in

(\Of_q\O 7
S

O

vii

bipyridine-bused catenunds of the formula Vi1 for which dipotassium and (eiraso-
dium hexafiuorophosphates have been isolated [141] Trigonnd CulN; was observed
in the compiexation of the npodal Trisf4.4-dimethyl-2-(4.5-dibvdro-oxazolyl )jmetl-
yviamine m the  dmeric [Cu(L)L{BF,},  [142] and  CunN, in
[Cu.{t.d-dif 2-pyridyithio)-phthaiazine] JCIH,;  IMeCN  [i43] 2.5-Bis][V.NV-
bis{ 2-pyridylethyl Jaminoethyt Jpyrazine  produces  [CufLYCLYCIO, ], which s
reduced m wo steps at .04 and - 007 V to the corresponding Cotl ) compaund.
The firal product 15 alse obtained by in-sity reduction of cupric perciiorate in
refluxing aceronitrile [ {44].

tribracchial
‘/\'/@ spacer

t\‘ / trisracchial

spacer

VI

The new erdo VHI with its thiree phenanthroline sites reacts with three equivalents
ol {CufMeCN L][BF ] in the presence of three equivalents of phen in DMF produc-
ing a trinuctear complex which reveals UV excitation and emission almost identical
to those of |Cu{phenm),}” [145] The macrovvclic compound IX | in its knoued
structare. coordinates to copper, binding 1 with the two intramele phenanthroline-
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bearing arms as well 1o give an overall tetrahedral coordinasion J146]. The orystd
structure and sofution NMR siudies of a dicopper {3]-catenic composed of iwo
peripheral 30-membered rings wieriocked with a central &-membered one has been
reported [147]. The absorplion. cmission and exciiaiion spectra, and the [amines-
cence quantum vields and lifetimes of the cmittting excited states of the [3]-catenand
X und some of its metal complexas have kbeen lnvestigated, In {CudL)?™. the
Hgand-contered  luminescence bands arg complotely quenched and s in the
[Cu{L¥". due to the presence of u calehate-lype mofety. In [Ag{LiF . 4 sirong
phosphorescence is present at 77 K. In [{Cuw.Agi i, only the copper MLCT
emission 1 present {1481 The Juminescence of the catenand X1 its mono- and
bis- copper  catenates have been repovted beth m CH.CL and in an
MeOH EtOH/CH,CY rigid matix at 77 K [149]. Frve sicw dicopper(I} “koos”
vattging (rom 80- Lo 9f-membered rings have heen synthesized. their vields depending
on methylene fragments linking the two chelating uaits and the length of the unit
used in the eyclization reaction. The face-to-{ace tsnmers were in the major products.
In CH.Cl, solution. both isomers exhibit MLCT absorption bands in the visible
and cmission bands in the red speetral region. The prelite of ithe absorption spectra
and the lumitnescence properties depend on the length of the connectors {$50].

A sel of rotaxancs has been constructed consisting of 4 A-member macrocvelic
ring, ircorporatiing two threaded 2.9-diphenylphenanthroline residues, coordinated
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ta Cul 1) with gold-{([iF) and zinc{1T} porphyrins as terminal stoppers. The rates of
the vayious clectron transfer processes markedly depend on the molecular geomeiry
which 1s affected by the coordinated metal {151].

The mteractions of Cull), (L =the deprotonated form of meso-teirakis{4-(A-
methyipyridiniumyl iporphyrint to different tvpes of DNA samples have bheen
studicd by electronic absorption and CD as well as lumincscence speciroscopy at
pH 7.8. The nucleotide type and the nucleotide-to-copper ratio affects the type of
the interaction and the site 1o which it oeeurs [[52]

20 L2 Sifver complexes. Secorudary ion MS for both free [AgiRCNYLYTIR =
Me. Bu'. Cy: Y =ClO,. PF,) and in a gruphtic mairx proved the existence of
fragments up to Agls - the gas phase stabiliny of Agh: being large with respect 1o
Agh.] (4} Reaction of AgAsF, or AgSbF, with cyanogen halides in liguid SO,
produced the frst complexes of the formuia JAgiNCX 1,7 and the structure of
the chioro  compound  with  hexaflucreantdmonuie  was  sobved  [1331
Dicyanopolysuifunes S (CN ), {1=23} veact with AgAsE, m liguid 50; o form
PA2 ] SitON ), 5], FAsEF L, with bridging ligands and each silver voordinated to four
nitrogen stoms (rowm four ditferent ligands= [154].

The crystal structute determination of {Ag.( 1.8-nephthyridine).JCIO ] revenled
4 dhgonal AgN, environmen: around the silver atoms {19]. The thermochemica
data associated with the compiexation of several anines to silver in DMSO a1 298 K
have been studied and compared with those 1n water {133]. The wabadity of sibver
conmplexes with 1.2-diaminocthune, 1.3-diaminopropane aud disihyvlenetriumine in
DMS0O i 298 K wus also studied powentiometrically with the disminopropane
forming witht the monomeric and polvmeric complexes as well [ 136]. Potentiometric
studies revealed that ethvlencdiamine and fve of tts N-mcihvl and tvo of its Cometlivd
derivatives coordinate 1o Ag ™ in 1M KNO; with the C-Me ligands showing » hisher
stability for the Agl, spectes [137].

Alined nucteobuse sitver complexes with §-meihyleytosine or 9-methyiadenine. and
7.9-dimcthvlguanine have been prepuared and stodied. Sibver appenrs in o distorted
trisonal-planar environmenl with both nucleobases and a water molecule virtuaily
coplanar. Intramoteculer hydvogen bonding 1s observed. An aliernative model to
existing livpotheses om Ag-DNA interactions was put forwwrd which considers the
“msertion” of a metal-agua eniity o an existing base puir {138] Ouly when Y-cthyl
auanine soludon i ethancdiol was solidified and lavered with AzNO, 'H;0 did o
cloar reaction oceur Lo affording [Ag{ L3I NG where the baund coordinges through
its N-7 wtom. The opiimal reaction conditions Tor 1.9-dimethyl auantne are in
aguecus medium at pH =4 [139] The structures of several N-({alkviamino)carbo-
nyl }-4-substituted bepzencsuifonamide complexes with silver, of the general formula
KiAgi L)} prepared in alkaline aguecus cthanol were propossd. on the basis of
spectroscopic evidence. Lo be analogous 1o the corresponding Mg™™ complexes. Le.
wnvolving linear AgN, caordinaiion to the vrea mitrogen atows [ 160]. Several imides
form aniomie Agh; complexcs. which oxidize irreversibly in acctonitrile o aflord
the parent hgands (succinimide, wtramethylsuccinimide, phthalilmide, p-CN-Torma-
niltide} or hydrazine derivatives through N-N coupling tformanilide) [161]. Crystal



14 PD Aires ot ol - Conrdliaasions Chearistrr Boeviews 167 7 199F) 947 24

structure determination and investigation of the ground staie electronic energy in
N N-di-p-tolvlformamidato disilver by spectroscopic and theoretical means con-
cluded that besides the short Ag-Ag distance [2.705 {11 A there is no direct metal-
metal interaction [17]

A flattened tetrahedral silver is obtained in bis{d.4°.0.6-tetramethyl-2.2-bipyri-
ding)silver tetrafluoroborate. which 15 somorphous and isostructural to the core-
sponding copper perchlorate {162]. Reflux of AgClO, with terpy in acctonitrile
yielded a double salt of the formula [Ag(terpy L fAztierpyi{ MeCNHJCIO,), where
4 collinear Ag, array with digonal central and tetrahedral terminal Ag atoms i3
realized in the polynuclear cation [163]. Several Z-arviwzopyvitdines are found ic
chelate m {Ag{ L), NO, compounds [ 164]. while 2.6-diacetylpyridine, bis{ 6-chloro-
Z-pyridylybydrazene are wrapped around the bmuclear core of {Ag(L))[PF.l-
giving rise 10 a short Ag---Ag contact of 3.141( 1} A {165]. Compounds {AgiL.]
are formed by several pyrido{1.2-z]pyrimidine derivatives with two coordinate
silver [166].

The tetrameric complex fAg{ L] hus been prepared from lithium reagents.
silver{ [} halides and [2-{6-methyD ypyridyl jirtincthybilylamide. and has been charae-
terized crystallographically. The Heands link {our sibver stoms m a plane [49).
(4R 5R ) and (48,38 }4.5-bis{ 2 2-pyridy] jethyi )- L. 3-dioxolane react with silver
MeOH to afford [AgLifCF;S0,11, which, in the solid state, reveal a helical strue-
ture, while 1 solution their spectra are identical and indistinguishable from the
spectra of [AgArac-LLpTCF,S0,]L indicating that they do not rewain thelr sojid-stale
structure [167].

Piperazine and pyrazine reuct with AgBF, and AgPF,. respretively. in g 21 ratdo
to yicld two-dimensional polyimeric chuains of {AgiL)R) Y] with Tow-coordinated
sitver atoms [168]. The polyvtopic ligand 6.6°-bis| 2-f -methyipyridyl yU-3.3"-bipyridas-
ine formed [Agt L))" ™ where o 3 = 3 grid of \ctrahedras AgN, units is observed in
aceordance with the "™ Az NMR spectra [169]. The reactions of AgBF, with pyraziac
in EtOH have fad to the solation of four polvmeric coordination products. Using
a Bl molar ratio, the one-dimensionan! hnear polymeric ([[AgiLBF,. was
oblained, while with a 1:2 ratio. two polyvinorphs of [Ag.( L)) BE ), were obtained.
an air stable two-dimenstonal and & decomposing-in-nir three-dimenstonual polymer
were obtained. With higher metal-to-ligand ratios, the unstable one-dimensionu
zigzag polymer [Ag{ L}, B ] was obtained [170].

IR and UV data are reported for [Ags(E3LTICr0,} and [Ag Ly, (NO where L=
bpy. 4.7-Phyphen. 4.4°-bpy and hexamethvlenetetraning. supporting lor the kst (wo
Hgands, CrO; coordination [171]. Linking iwo bipyridine units by a 1. 3-phenviene
spacer has provided a novel class of ligand which promoies (he spontancous seif-
assem Py of double helicates upon reacton with {ransition-metal 1ons, Interction
with silver(E) resulted in dinuclear double-helical complexes with the metal ions
accupying pscudo-letrahedral coordination sites {821

The reaction of AgPF, with pyrazole in EtOH/CH,CL gave among others
(A LiffAg A L:IIPF]; while ApSbF, gave [AgiL)]{SbF,]. The Tormer was
obtained as stacks of two different two-dimensional layers with both square plasar
and sguare pyramidal stlver atoms, whereas in the latter only octahedral coordination
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was observed [172] AgNO; and rodium 3 3-diplienylpyrazotats in THT zive rise to
trimeric Agsip LNV with o ponplanar AggN, care. while Ag{PhCO,} alfords
hexameric Agfp LAY, with & two-bladed propaller shape [173]). The cryvstal
structures of the polymeric pyruzolates [Ag(L)), and the trimeric [Az(L)i;. have
been detcrmined by X-ray powder diffraction duta. The pu !}mu}r. complex consists
of mfnite chaing of lncarly coordinated meowd stoms. brideed by bidentate pyrazo-
fato anions {61]. The stainlity constants of sitver complexes with 3methyipyrazole
3, 5-dimethylpyrazole. [.24-frtazole.  d-umino-{ 2d-irinzole. thisrole. 4.
methylthiazole and 2-aminoihiazole were determined potendomenrically in water
und the Hzand m-accepior capacities derived H"—i} Ris{pyrazolyhalkanes give 1:}
ionic compounds with NG, CH,SC, and 2:1 with C1O; sihver salis. the crvstal
structure of the latter heing 1cpo1!i.d The wmpoulds are stable in deetone bus in
DMSEO the ligands are partinlly substituied by the sobient {1731 Two-. three-
and  fouwr-coordinated copper being present in complexes {Ag{bLj]T. where
L is Tris[2-13.4.5-Mepziethylfamine.  bis[2 I-pyrazobvliethyljamine  and
L3 S-trimethyipyvrazole, respeciively. ¢cives rise (o clesrly distinet absorption
and resonance Raman spectra which can be used as coordination envirenmert
probes {131 Analogous studies wore carried owt for the compleses of
{2+t T-methylimidazolyl ) raethoxymethane and the emitting state was Jemtified as
well us that of the corresponding [Ag(LHCGYH™ [14].

Sitver invidazelate has been synthesized in water by addition of ammonia o 4
solntion of AgNO, and inudazole. X-rey powder diffruction reveuled polymeric
chains. contatning lncurly coordinated si!\u wioms joined by imidazolate fragments
and, short interchiin Ag---Agz contacts. The compound readiby rescts with Lewis
bases (o form compounds of the formuda JAZfLibasey,), tr=20 3y {175].
L -dimethyl-2.2-bis{ G-methyvipyrid-2-vl - 3.5°- D pyridine-2.4-divibis{{ { -methyl- 4 F-
benimiduzol-2.5-diy! f-methviene] bis[ / A-benzimidazot ] self wssembles with o mix-
ture of bivalent iron apd monovalent sitver in accloniinile Lo atford [FeAg.d L},}"
with sitver pseadotetrahadraliv coordmated 1o two bidentate ligands [177]

Seversl Z-arvipyridine cavboxaldimines foim [Apl L0 unstable in aceio-
mitrile bul stable in MeOH and CHC, undergoing transmetaliztion with
MO, (M=Fe. Co. Nip [178]. SHver comploxes have bogn prepared
with L1120 3 etraoxs-7 1 G-diuzsoyclooctadecane- 7. i H-dimethiyh )5
N N-bistferrocenyimethyl ddiaza- 1 8-crown-6. pisd N N -bis{evelopentadicaidyl-
methy! -4 1 3-diaza-18-crown-6{di-iron end with thelr amide precursors. The solid-
state structure of the former with AgCl0, has beeu obtuined and veveated an Fo--Ag
mterction which was funtber confirmad by 'H NMRLUV-Vis apecivescopy. stahility
constant mensurements in MeOH and acetonitoiie, while a positive shify of the redox
potentint was also observed {179 The synthests and N-ray orvstal struciure of o
disthver complex jAg.{ LI BF.] of o hibracchial teirsimine Schifi-base macrocyete
derived [rom the stlver-templaled cyclo-condensation ot 2.6-discetyipyridine and
Trisi 2-amivoethyDamise  are reported  [i68]. The  crvsiel situerore of
{Ag LYCIO,), complexes is reported with the bibracchial tetruimine Schiff-
base macrocycles  derived  from  the  condensation of  2a-diacervipyiiding
with N, A-inst 2-aminoethy] F2-{ammomethyhipyvridine, MV ASbist 3-aminopropyt )-

OCETI.
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2-(aminomethy! ipyridine, ¥ AM-bis{ 3-aminopropyvi)-2-methoxyeithylamine and AVNV-
{3-aminopropyl }-2-methoxylbenzylamine {181}, Reaction of Ag ™ in acctonitrile with
1.4 7-trinzacyclononzne and the 4. 7-trimethy! analog and the addition of tetrabuty-
lammonium salts affords the complexes [AgX (L)1 (X =010 Bi, 10 CN, 8CN) while
using a ratioc of 21 in EiOH  yiclds [Ag(L)]” and in pyridine
HLyAgl p-CNYAel{ LIPF, has been obtained [i82].

Schiff bases derived from A AN-bis{ 2-aminoatkyl-2-phenviethvl 1amine form either
acvelic mononuclear (alkyl = £ty or macroevelic dinuclear {atky] = #-Po) silver com-
plexes with trigonsl silver envicorments as TR and 'H NMR measurements reveal
[183].

Several cryptands form [Ag, (MY | compounds, with =1 or 2 and Y being
noncoordinating antons; in all these silver is coordinated to three or more N atoms.
For example. the triflate salt of the cryptate formed by a 2.2 condensalion of
tris{2-un noethyl)amine with p-diformvibenzene i MeOH [(184] reveals tetra-
coordinuted  silver, while in  the  analogous crypland  obtained Irom
2.5-dimethoxv-1 3-phenyvicnedisidehvde. the sibver 15 three-coordinated [183] as in
the product of iemplate condensation of tris{ I-aminopropyllamine and 3-R-
2-hydroxymethyl-1.3-phenylenedincetaldeivde (R =0H. Me. Et. Bry [186]}. Both
AN, and  AgN;C  envirommenls are  present in (1 15-dioxa-4.12.18.26-
letraaza-6;10,2(0 X-dinitrido-octicosa-4. 7.9, 1 1L18.20.22 . 25-octene pevanodisilver{ +}
(1871 and AgN, in [Ag,(LLIBEFL where L orepresents the deprotonated form of
1.11-bis(2-hvdroxyethyly 4:8,12006.1 721 -trinitrifo- 1.2, 10, T-tetraszacyelohentcosa-
2.4,6.9.12.14,18.20-octuenc. owing to a shorl imradimer Ag---N contact [188].

2113, Gold complexes. The complexes [Au{NH,Rj;]X (R=H. Me. Ft or Bu"
X =8r. 5bF,. BF;) have been svinthesized by bubbling guseous NH;R through an
acetonitrile sotution of zold{1) ions {189] and characterized by {R. NMR spectra
and TG and DSC rechniques: the single-erysial stroctural determination of
[Au{NH}:}Br confirmed the lincar coordination about gold, The complex
iU LRl BE 1, (L =diethylenetriamine) has been synthesized and characterized
by IR and NMR speetroscopy. Its orystal strueture rovealed that the molecular
calion has & ring configuration with focat AuN, environments and a polymeric
structure due to weak micrdimer Au---Au contaets [ 190],

Sodiwm  3.5-diphenyipyrazolate  and  Auw{THTIT  allorded. in THT.
Tris(p-LoV A irigold with & planar AugN, core. while reaction with AuCH PPh,}
gave hexamertc Audd i-LoV A ), wiih an 18-membered ring {173} Metathesis reac-
tion hetween AuClpy and sodium 3. 5-diphenylpyrazolate in THF ailords the mixed
valenes trimeric compound [AvhAu™n pz),]CL, which, upon reaction wilh asoux
regia, translorms (o the 4-chloropyrazolute complex. The XPS spectra of the product
show only & broadening on the high-energy side of the Au(l) band {1911,

Tetraphenylprophyrinato gotd with [M(nmt),} anions (M =Ni, Pt} reveals one-
dimensional assemblies of gold atoms and o interaction with the anion, us indicated
by the findings of mugnetic measeranents. EPR. Vis und conductunce micasure-
ments [192].
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2421 Copper complexes.  Crystallographic studics of the lonic compounds
[Cui PMe;l I X revealed distoried tetrahedral copper enviroumentis with mzan Cu -P
distunces of 2.270G, 2.271 and 2278 A or X=CL Br. . The trigonal pyranidal
environment in [Cu{ PPh, LJIPF,] presents an axial and 2 mean oil-axial Cu- P lengthk
of 2.465(2) A and for Cu-P of 2.566{2) A F193]. Several complexes of the formula
[Cu{LLYBF ] (L =PMe,. PMe,Ph. PMePh,, PPhH. PPhH;) were studicd by spee-
troseopic methods [194]. Diszocigtion of Cufincthviphosphite},Cl ia solution led 1o
the formation of [Cuftriethyiphosphiter,jCt and seversl low-cocrdiz mmn Cull)
compeunds, the concentration of which depends upon the polarity of the sohvent
[195]. High-resolution solid-state ¥P N#MR spectra of Cu{l )-phosphineg complexes
show ficld-dependent, disiorted guariets ie whick the line separations are not con-
stant due 10 the combination of scalar Jo, coupling with wmcompictcly averaped
dipolar and anisotropic J mteractions. The quariel distortion is refuied 1o structursd
duta, "*Cu quadrupele coupling constants and anisotropy in the P- Cu sealar cou-
pling constan(. This information is discussed in light of a simiple EFG analysis for
the copper atom basad on s-p hybridization schemes fnvelving 115 vacant 4p or h,‘als
11963, Computational studies by LGTO-local density slmcuom- theory are reporie
on the electronie structure of {Cu,P Y7 clusters T197]. Neutvon difitaction studies
ot HoCu, i PEp-toivl)yl, verificd the existence of an Uc‘ﬁh-.c.r‘tt copper alom cluster
and face-capping hyvdrides in accordance with previous theoretical predictions {198]
Reaction of [CuCH{PPh,), with [MCo,(CTO.,.] {M=Fe. Ru) In toiuene vielded
FMCoCOY -1 p-Cu{ PPha ¥ 1o which wiphenylphosphine eddad e form the fonic
[Cu( PP LMo 4 C ), -1 {199].

th Ehf

i”""--. -
(MesPyCu” |G ]
G, EI' /Cu{?-.‘v‘ac;};

Fin Fhy

X

Phosphide compliexes [Cut PPIL YL react with PMe, o form XI1 compleoxes with
eight-memberad rings and oth digonal and teirmnadral copper atoms. The same
regciion in the prosence of Cul) wiords CudPPhyCH DAL b 1ezonut and
tetrahedral copper atoms {261,

Reaction of copper tetrafluerchorate or pcrr'hi“.dk wikl dppim inorefiuding e
tone produced the dimer [Cull 1o dppmj)® 7. Analogous compounds were obtal
wilth 2-{diphenyiphosphinoipyiidive. while v.on recrvswatlizadion of [Cu{je ._}J}‘
from aceronitrile, a product incorporating an MeUN malecule as wus produced as
shown by TP NMR niessurements (3201} Ch-bis{diphenvipi u.‘r‘-'i')l'!ll'iOlLii'\x:?lxt!
formed [Cu(Ly,(PF,} which was studied crystaliographically and by solid-state P
NMR {202] NA-bis] 2diphenviphosphinaiethene-1.2-diamine an o }*e correspotd-

ing b.3-propanediamine give complexes {CuofLIBF,] with distoreed i-elmhc\'v...i
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copper environment [203]. The asvwmetric diphosphine Ph,PCH,CH.PEL, pro-
duced water-seluble air-stable complex of the formula [Cu{L),]Ct on which P and
83Cu NMR studies discussed the inversion process at the metal cenier which is in
a CuP, cnvironment [204]. The synthesis and structurat and solid-siate *1P CP/MAS
NMR characterization of cisv-bis{diphenylphosphinojethylene and the complexes
{Cu{L),J[PF,] havc been carried out. Solution and solid-state *'P NMR chemical
shift puarameters are similar, supporting the hypothesis  that  the feira-
hedralbistchelated)  cations  are alse stable i solution  [205].
1.2-bis{bis{ 2-diphen viphosphinojethyl Jaminolethane produced a [Cuy( L)} complex
where both crystal structure and P NMR revealed equivalent phosphorus atoms
[206]. x.2-bis[bis{ Z-diphenyiphosphinojethyl Jaminclethane, the corresponding
diphenylarsino and the diphenviphosphino m-xylene fnds coordination to iwo
copper atoms {orming Cu,L " and Cu,L ™, which show quasi-reversible ong-clectron
redeox couples [207]. The highly symmetric compound [Cu{dmpe){ - dmpe)| BF ]
shows ®Cu NMR signal and does not dissociate at the NMR time scale
{208]. (R*.R*)-{x} or (R*.5%)-1.2-phenylenebis{methylphenyiphosphine) {ormed
[M{L),}]” compounds with the copper tried metals and appear 1o reasrange in
solution by intermoldeculur ligard redistribution (rate Au<Cu<Ag) and inversion
at the metal centers (rate Ag < Au<Cu{209]. A highlv distorted tetrahedral environ-
ment has been observed in the {Cu(dmpe),[fCu Cof{COY,} 5] {2101

t.1-bis{diphenyiphosphino)ferrocene veacts with Ce” to give
[tCui Ly} - 1P perchlorate and tetrafluoroborate with a trigonal CuP, environ-
ment [211]. The compound undergoes a singie roversible siep three-electron oxidation
in 1.2-dichloroethane to give the corresponding [{Cu{ L)} (LI~ ion which dis-
proportionates to [Cu{L)}**. ferroceny! radical and Cul,” [212].

Comulexes of the formula Cui P- P)BH, were proved to photoisomarize civ-pipery-
lene to rraps. Estimation of the wriplet excited states of these complexes with &
peculiar CuP,H; chromophore are at 60- 61 and 66-67 keal mol ™! above the ground
state for dppe and dppp. respectively [213]. Analogous environments are present in
ihe products of the reaction of [ide-78-CoBH L™ (L=F. n=3 L=
d-pyridincinethylearboxvlate. n=1) with CuCl both in the presencs and i the
absence of PPhy. Boron, phosphorous and hydrogen atoms are present in the copper
caviromment and P NMR studies show considerable Aexibility of the cloyo-com-
pounds that are [onmed [214]

Hydrogen wus found 1o be presemt i ke Cu coordination sphere in the Cut
reaction prodocts with PPhy in THF. A pentameric aud a hexameric conpound
have been oblained with Cu-P bond lengths ranging between 2.16{1) and 2.21{(1)
und 2.200(5) and 2.246(3) A. respeciively {2131

24022 Sihver comploxes.  MAS M NMR spoCtTy of
IA{PPILLING L A LRINO ] { L = POOH.CH.ON Y, Pla-lolvl)y) are reported
and  correlled  with the  determined  suruciures {236]. The structure  of
[Ag(PPh,)JIPF ] revealed an alimost ideal tetrabedral silver with Ag-P=2.666(3} A
{193}, Potentiometric and calortmetric measurcments of the stability of several
[Ag{ER,LICIOL] in pyridine established the complex stability as varying in the
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sequence primary < sccondary < lertiary phosphine. Among the phosphines usad.
PBu; proved to form three species in soluticn while for Poy-H and Pey; only two
specics were obfained [217] An fonic compound with the sioichiometry
fAg{L):fAg 1] was  obiained by refluxing i scetonitvile Apl  and
Tris{ 2.4.6-trimethoxylphenyl )phosphine [218]. Cyelopentyldipheny! and dicvclopen-
tvlphenyi phosphines lfonm mononuclear gold{ 1) perchiorate and tetrafluoroboraie
complexes [219]. The formation of complaxes fAgi L3, PF] in CHLCL; weve followed
by *'P NMR studics at 193 K. At lnast two species were determined in solution the
exchange rate being greater {or 3-phonyldibenzophosphole than for ieiphenyiphos-
phine [2201].

The thermodynamics of complex formation between siver({l) and PPh, dppo.
dppe and dppp has been investigated in propylene carbonate @t 298 K by poientia-
metric and calorimetric techuigues. PPh, forms three successive mononuclear com-
plexes. dppm only polynuclear specics. wheress mononuclear complexes. in addition
to polynuclear ones. are formed by dppe and dppp {2211, ™ Ag!* TP INEPT studies
on [Ag(L))INO,}. L=dppc. depe. cppe. dppp and 1.2-diphenyiphosphinoetiylene.
are reported o yiclkd values in the range 1378 -1468 ppm relative 1o 4 M AgNO;,
in DO 12221 P NMR studies confirm formation of dimeric cationic units
for dy=m. dppe. dppp. bis{2{diphenylphosphine)ethyl iphenyiphosphine  and
Tris{ 2-(diphenylphoshpmojethyl) phosphine upon reaciion with AgClO,. The en-
dency of dppm 1o form polymeric compounds 1s alse confirmed [223] Eiglu-
membered rings were observed in [Agy(dmpmy,]Br. with bromine jinks bebween
adjacent anits. The solid-state IR and Raman spectra of [Ag. Ly JIPE), and
[Ag{dppm),|[PF, ], are aiso reported {224). Dmpe and dppe roact with AgAsE,, in
MeNQO, or aceione i a 3.2 ratio to afford fAg.{ Ly{AsF .. YWitzn a mixture of the
lizands is used. P NMR reveals the presence of mixed-ligand cations. The obseived
exchange is fuster for dppe involving end-on exchangs of a bridging ligand [225],
A e.(dmpe),{BPh,], preparcd in acetonitrile possesses two bridging and two chelai-
ing dmpe liwands [226], while bisfeis-i1.2-bis{diphenyiphosphinaethylenelsilver
nitraie is monomeric and capable of tiw ving the nitrate 0 organetm{Iy}
compounds forming  ionie speeies of il formula [Agl-HY L
(Y =SnPhof NOqJa. SnPHNOL): o SaPh.ClANG). MB NMR meosprements
reveal identical P envivonmants in both the initial and the final compounds [227].
Analogous 15 the reaction of bisidiphenylphospinoimethane sitver aitrate with
SnPhy{ NG, in MeCON Me,CO vesulting in formution of [Ag{L:-FSuPh,t NOy L
stidied by IR and P and *"8n NMR [228).

The reaction  of HCIPPh., with AgiCFSO0 in CHLCL  aforded
[AgyLy. CI1F° consisting of a central ufnngular metad core and UV Vi spectrum
in  acetonitrile  vitaally  idemtictl  to that of the free lgand 229
1 .8-bis{ Diphenviphosphino)-3.6.-dithiaoctane  aad  its  2.&-di( phenyiphasphines
counterpart form [Ag( L1} BE.] Compleses n acctone and "H, "'P and Az NMR
studies predict AgS.P, and AgP, enviromments. respectively {2307 The thtocther
motetics in PhyPCH,SR (R =Me. Phi and PhiPCHLCHLSR (R =Me. Er. Phy.
however. did not appear to coordinate 1o sitver: neither do they alier sigmificantly
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the phosphino group’s donor ability as studies in DMSO reveal. Thermodynamic
studiag cstablish the complex stabiity sequence as Ph<Me < Et [231].

Trans coordiniiion by dppf in cationic Agl ~ complexes with CIO, and CF80,
amons has been obsecrved f232]. The dimetatlic compiex
[PU{CN 3, p-dppin ) AglCHOL] undergoes electron transfer i photoreactions with
halocarbons. [ts emission guenching by pyridinium acceptors was also studied {2331,

2023 Gold complexes. lectrospray MS of mixtures of Au(PPh,}C! and PR}
{R.R"=phenyl, p-Cl. and p-methyt phenyl) verifies the existence of mixed higand
cations of the peneral composition Au{PR.); snd AwPR) {234]. The strong
enthalpy stabiization of PPhy and PCy, upon ligation to Au has been veritied by
potentiometric and calorimetric measurements m pyrdine [2335].

Electronic absorption and MCL spectra of [Au! P{Bu'),1L]|ClO,) in scetonitrile
helped in the identification of the MLCT d—p transition [236]. Au(PECN)
although notmally linear in the solid state, disproportienates in solution to
JAW PEL)HAR{CN ), like the corresponding triphenylphosphino complex which is
in fast equilibrivat even at 200 K [237]. The ligand scrambling in Au{PR;HCN) to
yield [ PR, [AWCN L] (R=Me, Et, i Pr. Ph, Cy} is studied by *C and Y'P
NMR. The £, values vary a5 Cy > Me=i-Pr>Ei>Ph The PCy; and P(i- Pr), are
new complexes {2381 Reaction of Tris{2-cyancethyl }phosphine with Auw(THT yCi
in CH,CL/MeCN afforded Au(L)C] and [AufLy,]Cl the ktter cncapsulating
gold within the cyano- arms. s reaction wiith H,S50/H.O at 120 'C resuits
in the formation of Au{CH,CH,COOH ),!,Cl {239]. Luminescence studies are
reported for AuCH PPhy)., fAu(PPh:L)[BPh,] and Au(THTICL Turation of
[Auf THTLHPF,] with PPh; m acctonitrile veveals that the Iuminescence depends
on the phosphine molar fraction. ihe emitting species being cither AuPl or AuPy.
For Trisaikylphosphines, emission was found to oceur onby Tor ratios PrAu =3 [240].
Cyelohexyldipheny! and dicyclohexylphenyd phosphinas form menonuclear gold(l)
perchipraie and tetrafluoroborate complexes {2191

The clectrochemical reduction of (AUl PPh and
[Augy P p-OMeC Hyh b ™ it CHLCL, Me,CO. MeCN and PRON is studied by
normal and differential pulse and CV revealing two distinet peaks alimost sobvent
independent ] 241]. Reversible isomerizaton between the normal-pressurs green part
of cicosahedron™ [AuyPPh ) JiPF,. ]y and the high-pressure brown Dy, centered-
crown one i achieved it the range wp to 84 kvar, with the most marked changes
shserved i the range 45--60 kbar [2432]. Magnetic circular dichroism measurenicnts
of Aug(PPh)3" with NO, and ClO, counterions are reporled in acelonitrile [243].

Treatment of o-tolylphosphine with Tris{iriphenylphosphinesuriojoxonium tetru-
fluoroburate in THF afforded [(o-tolyl)PAG PPR;)LIBF ] with noniteracting Au
certers,  The compound  further  reacted  with  [AuPPhBF,] to  allord
[te-tolyIPLAUPPh, L) BF 1, with a square pyramidal cenral phosphorous atom and
the [our Au ones on the basat plane. Analogous reactions are realized with the
corresponding  prsine {2441, Analogous reaction with p-phenylenediphosphine
yielded {( AuPRJat p-LYCAUPRL)IBE L (R =Ph. Bu'y while if the 1:1 sioicheiome-
iry 5 applied and a  further equivalemt of Aua(PR;}WBF,} is used.
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{AuPPh ) - LY AuPPROIBF L, is formed as 1T a:d 'P NMR indicate j2451
The corresponding ferf-butyt oxonium salt upen reaction with P{&Muej, i THE
at T8 C yelded {PIAuP{Bu LI BF L & terrahedrad gold cluster (2467 while dw
extramely bultky 2.4.6-mis-;err-butyvl iphenylphosphine formed LAUPR L LIHTRE
{R= Ph. -Bui. and addition of fAuibLyBF,] viekicd [L{AGPPRIBFL and
IAug PBG' L BE ). respectively [ 2471

The synthesis, structural and solid-state P NMR chercicrization of civ-bis{cdi-
phenylphosphinolethyiene and the complexes [Au(LLITPE] has been carried oui.
Solutiont und solid-state 1P NMR chemical shift paramelers ire simtlay, supporting
the hypothesis that the wirahedral bis{chelated y cations are also stable in solution
i2051. A short Au---Au inferaction has been observed i [Aus g dopmplPl -
Selid-state 1R and Raman spectra are reported axs well as for jAw L JPF L {u=
203 and [AwLEJCl (2241 PP NMR  studies in solution verify  that
1Ay dpped-P ™ 0s converted 1o [Aufdppe)] by fi-p-thioglucose snd reduced
slutathtone in agueows methanol. The produet is kinctweally stable. nroductng
fAR(LY {dpped} [248]) Excited wis|bis{dicvicohexviphosphinotethaneldigoldi 2+
has proved capable of clectron trunsfer to alkylpyridiniwm acceptors in acetonitrile
and the effectve rates of this transler are reported (2491, Intense de® - pe transition
in absorption and MO spectva of Auddmpmii ™ s water and accionittde arc
reported {2530]. The UV spectra of [Autdmpmi;X, (X=0Br. (10, and
fAr{dmpe)], X, ( X =CL Br. . IO, do noL obey the Beer Taw. therefors prediciing
Xeassockation to yield [Auw L.X]". Bands amributed to Au. do—ps transitions
undertine the importance of Au---Au interae 1:0'1»{ 54]. Lunuincscence al 393 wn i
solution of JAu{dppnll BF., is attributed to *Auls®He) emissive state and a
Au, 6% HOMO on the bosis of Xa studies [252] The electrachumical behavior of
several bis{diphenyiprosphino} gold{ 1) conpleses wos studied by cvclic volameiry
{2331, Absorpiion and emission propertics have been reported for the mixed metal
complex  [IiCOICIAW AuCl e LYIPE] prepared by the  reaction of
e L{COMPE,] with three equivaletits of AufMe,83CH L = bistdiphenyiphosphi-
nometivtyphenyiphosphine) as well as of [AuTriCN L LR} which was the
product of the treattoent of the former with KSCh and A dMe 5102348

The reaction of {Aw{ THT OO, or [Autacac Y PPEG] with CH{PPh,; led o
dinuclear compleres. [Aust g CHLEPR L0100, or fAu CrPPha bl respee-
tively. which react further with Il\ulzu.m.nx Phf and fAGETHT HPPROECIO] o
afford  the  ietranuclor compicx {{ Ph_\l’;,\upf’hzf_{]’I)Eag,\ul’l‘l‘_}_.(.t’th_ﬁ\u—
{PPROICIO).. Trinwar complexes were also realized and the compounds studicd
by NMR und X-ray diffraction techaigues {2331

The reaction of secondary phosphines with severat gold compounds s shown Lo
mroduce cither ring- or chain-structured polviaers of {Auip PR (R= Fiu Ph,
pMeC H,, p-B'C H b probably through the iniermmediney of [AuXNIPHR 1 com-
pounds. a fow of which weie also isolated wnd anabyzed. In nonpoiar sclvents
complexes [AU(PHPh,). 7 were also vealized [2361.

Bis{diphenylarsinoImethane reacted with either Av{THT ), or Auw{CFITHT)
it CHLC to form [Aust Lia? " or [AuL{C,FO] . respectively 1%7] Reaction of
K{AuCl,] with bisidimetbeiphosphinomethyl ymethviphosphine . MeOH vicldad
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[Au,(a-LLP 7. the ervstal structure of which has been determined. The nonlinear
meial chain [Au Au-Au angle 136.26(4) | expericnees intramoelecttar Au. - A con-
tacts of 2981 1) and 2.962{1} A The comples revealed phosphorescenes in aceio-
nitrile solution {258]. Tris{ 2-(diphenyiphosphinoiethyt Jamime  forms Au{1)Y.
monomertc with threc-coordinate gold for Y =P¥F,. NG, and dimeric for Y = BPh,
[2591. The reaction of HCPPh;), with K{AuCL]in the presence of 2,2 -thiodiethanol
in MeOH yielded TAu;(L),Cl1 " consisting of 2 central (risngular meta] core {2791,
The gold{1) complex with 1-diphenyphosphinoe-2-{ 2-pyridyf jethane exhibited a digo-
my structure with monodentate P-boune ligands, NMR studies reveaied that the
species, besides tigand exchange. reartanges in solution by inversion at the tetrahedral
metnl center {264, Bist(diphenviphosphinoiimethy! yplienyvlarsine  reacted with
AwCN oluene and  upon  jecrvstallization from CHCL EO 0 viclded
(AULLIAWCN LD (2611 The  complex  cation [AngE))' L=
2.6-bis(d E})heil}fl;}!xosplmin a)pyridine] revealed an miraraolecular Au-- Au separation
of 4.866 A as determined by X-ray erysiallography and displayed photoluminescence
it 32t am n fhitd solutions at rooMm toemperaiure 1262].
Bis{chiphenylphosphinojamine replaced THT from [Aw(THT LICIO] o fom
dinmeric [Augl g LLHCIO,], which upon ireatment with hulogens forms the corre-
sponding Au{Ily spevics [(AuX )0 LLICHO: {263] Emission and absorption
spectra i acetontivile have been measured for {A{ LYLJIPF 1. [Auld LLJPFL and
{AuL.{PF,) for L=|2bis(dicvciohexylphosphinolcthane [264]. The '"Au
Mdassbazer spectrum of the bis(diphenyiphosphinosamine complex [Auip- LT
has  bon  obtained a1 liguid  helium  temperature [265]. Reaction  of
fAU L LICIOL T with an exeess of the Hgand bistdimethylphosphinomethyl ymethy ]
phosphine in methanol vielded JAWLLL)JCIO,- ntenscely phosphorescing in aceto-
ntrile {2661, The chlovo-yvlide gold complex {4 CCHCH,PPR,Y) reacted in acetone
with  dppm or  histdiphenyiphosphinojamine o atlord 2rIvalives
[Auy(pe PhyPYPPh. LY =CHL N the luuer also being produced by addivion of
bistdipheaylphosphinotamine to the forner. The two complexes Turther reaci with
sthver o1 gold complexes giving tetranueieir ring systems {2671,

Mas(pe-Hep -PCYHWCO) veacts with AuCHPR;) in THF (R={y, Ph.
pFCH, p-OMeC HLY 1o give mono- and diaurated polymctallic compounds
which are characterized by IR, Vis, '"H and *'P NMR [268]. Auration of prim-
ary  phosplines PRH, by [4PPhoAGO0BY,) in THF ot RT wilforded
IRPIAW{PPh;Y i BF4),  while  P{SiMeyly yiclded  the  hypercoordinaed
[P IAUPPh ) CIBE]L [2691. The compilexation of dendrimers with as many as 3072
termimal phosphino groups o gold has been siudied by *H, “*C and *'P NMR
measgremenis {2707,

213 Arsewic, antimony and bismuth onars

Several complexes of the formula [Cu( L), BF ] were studied. where L is a tertiary
hgand with group 15 donaor atoms { EMe;. EMe,Ph. EMePh.. EPh,H. EPhH, E =
As, Sb) as well as [Cuf L-L).)iBF,) with the bidentate ligands R.E(CHLLER, (R=
Me. Pl E=As. Sband n=2, 3} or L.2-bis{8bMe)C H, [194]. Tricyclopenty! arsine
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formed {MI{L};] perchicraics and tetrafluoroborates. the former revealing weak
anion coordination [219]

A sertes of fCu{ L[ Y Jand [Cu(Lh[ Y 1w =3 0r 4: Y =Cl€2,. BF ) were obtained
where L=EPh,. EPh,Ar, EPhAr,. (E=P. As. Sb. Ar=p-substituted phenyl}
and the structure of [Cu{SuPhtP-FC H N LY has been solved {2717, Several onic
stthine complexes have been studied. The speetral data of [Cu(ShR,),JiBF4]
{R=Me., Et.  Phy and of [Cu{Me,ShCH.CH,ShMe,)lBF,]  and
[Cu{Ph,5bCH.CH,CHSbPh. L) BF,l  along with  [Cu(PMeiBF,]  and
[Cut AsMe; 1 JIBF,] have Leon reported. The high symmetry of the metal ceater
allowed **Cu NMR measuremenls to be carried out [272].

The dimesity! stbine lthiem salt added to o cooled THF solution of CuC!
and PMc; yielded the first Cu(l)} antimonide [(p- Mes-ShICuwl PMesi, with a
central  Cu,S8b, core {2731 Both (R*R*)-(+) and (R*.5%)-1.2-phenylenebis-
{mcthylphenyhusine) form [ML.} compounds with the capper triad metals and
appear to rearrange in soluilon by micrmolecular Hgand redistribution {rate
Au<Cu<Ag) and inversion al the meial centers {rate Ag < Au<(u) [209].

Bistdiphenylarsino} methane stiver nitrales reacted with SaPhNO;,
MeCN-Me,CO resulting in the formation of [Ag{ L 1L][SaPh,{ NO; L] studied by IR
and *1P and Sn NMR [228]. The strong enthalpy stokilization of group 15 donors
upon fgation to Au has been verified by poientiometric and calorimetric measure-
MONLS o severdl LRy igends (E= As Sb) in pyridine 2337,

204 Mived group 13 dovors

2040 Copper compfexes. Several complexes have been iseluted. with phosphine
and MeCN molecules attached to the metal aiom. The etfect of the phosphenc
ligands on the stabilization of [Cu{MeCN pIPR:, 7 1+ 0- 3} has been expressed
i relation 1o Uwir ¥'P NMR chemical shifts and clectrochemical data [274].
[Cu(PPhy) MeON LJICIO ) reacted with terpy i CH,CL to displsce MeCN forming
a five-coordinate copper center which was shown by spectroscopic measurements o
retain it i solution [273]. The G-diphenylphosphine substiuted bipvridine Forms
Cufp-Lh{ MeON P~ complex where # local CuPN; environment is present. The
complex reveals oxidalion peaks at —135and — 153V in MeON, while it reduces
CO, 1o CO with concomitamt carbonate formation as solution 1R swudics predict
12761, [Cu(MeCN ), (o-tdimethivalininoimethvl- diphenyiphosphinobenzenel]{BF ]
and [Cu{ MeUN ) [ PPh,), ) BF,] were studied as catalyst in pruis-stilbene cyclopr-
panittion with N,=CHCO,Lo) where alkene intermediale presence was proposced
Lo account {or the activity of the kitier in the case of #=2 [277].

Several M-heteroeylees reacted with Cu{ NO»),; in the prosence of triaryiphosphines
to  give compounds eof the formuly  [CUPPhLLLENG] (L =pyrazine,
.2 d-triazole, 2-methylinndazole). ICut PAr; )M pyrazole): i NOG {Ar=in-,
#-CHRC HYY or [CutONO{PPh;)L] (3.4.5-wunethyvipyrazole. 4-phenyhimidazole,
Bis{ pyraeol-1-vl dmethane,  bis{3.3.-dimethylpyrazineymethane.  pis{ 1.2 4-triazole)-
wethaney, the laiter showing fluxional behavior ahove 240K [378]. Several
3.6-disubstituted 2 3-bis( 2-pyridylypyridazines  react i CHC,  with
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[Cut PPh;)t MeCN ), I BF4)] displacing MeCN to form [{CalPPhyla(p-LBE L.
the excitation spectra of which are interpreted v terms of the n* energies of the
ligands. The compiexes react  with  cxeess  wiphenylphesphine to  yicld
[Cu(PPh;),( LY[BF,] [279]. Reaction of the potassium sals of tetrakis(1/d-
pyrazol-yliborate and dihydrobis{ 1 H-pyrazol-1-yliborawe with CulPAr){NOG,)
vielded compounds Cu(PAr).(L) which were studdied by 'H and *'P NMR studics
[286G]. The coordinated 4,5-dicyanoimidazote in Cul LY PP, ), undergoes rupid slco-
holysis i the presence of CO. being transfornted to imino-methylester. The stvucture
of the final produet reveals 4 CuP.N, enviromment, the N atoms being tmmo and
an imidazolo. respectively [281]. The structures of [Ced L PP LI BF L with 2.2
biimidazelate, bibenzimidazolate. tetramethylbitmidazolate {(#=1) and imidazole
and pyrazole (7=2) have been clucidasted utilizing 'H and *'P NMR [282]

Reaction of cyanoacetic acid and MeCu{PPh,} m THIF at ~78 C gave nise to
(PPhy)-CutLH 3L where a highly distorled 1etrahedral CaN, environment s
observed and hydrogen bonding through the courdinated acid ligand Torms loosely
connected dimeric units [283]. Resction of CuCl{PPh;): with Na(CN),BH; m
acetonitrile vielded { PPh;1LCw{CN |, BH,. o hnear polymer with bridging dicyanodi-
hydroborate tong [I184]

Electrospray MS revealed the existence of [Cu{ PR,y phen {BH ] { phen = several
substituled phenanthrolines) and all possible cationic units when tvo different phes-
phines arc present in solution. therefore confirmimyg the rapid ligand exchange m
selution: |285). Bulky phosphines enbance the reactivity of cleciron transfer from
[CoH{EDTAYN 1o {Cufphen){phosphine).]’ [phosphine=PPh,. PPh.Cy. PCy).
P{p-MeQC ), and anions CHO,. NO;L (2861 The reduction of methylviclogen
by a -uriety of [Cu{ N CNHPPh)]  complexes in squeous  ethunrol  has
been siudied and  the efficiency was found to vary in the  sequence
2.9-Me.phen > 4.4"6.6-Mc,bpy > 4.4 -Me,bpy > phen > bpy >4.7-Fhyphen. the last
iwo being practically inactive {2877, Photoreduction of wmethylviologen was effected
by ihc 2.9-Me,phen complex with PPh,. PPhLOy and P{p-OMeC Hy); and the
carresponding quatn yields discussed in terms of the excited state lifctimes {288]
The emitting ability of the abeve complexes was studied in moethanol, where the
dimetiivl-substituted phenanthrolines appoay to be stronger emitiers probably due
to the absence of solvent-indueced exciplex quenching. Correspondinglv, in CHLClL,
the emission increase with temperature bwdicates significant thermal popudation of
the excited singlet state {289]. The wniphenyiphosphing and the p-methyl and p-
chloro- subsittuted ones | ve complenes with dimethvlphenanthrolines. which show
emission in mixed methasolethanol cnvironment at 77 K [290]. Ab mnitio caleulations
on the model compound Co{HN ~CHOH:= N NPH,), are in sepport of &
pseudotetrahedral ground state and planar MLCT excited stale casy Tor water co-
ordination  [291]. Absorption  and  cmission  maxima of  the  [Cu{PPh;j,-
{di-2-pyridyiketone ] NG;] compound in CH,CH were reported as well as s catalytic
activity in the photachemical tanslormation of NBD to QDC with a quantum yichi
of 0.17 {rradintion a1 /2> 320wm for 12 h) [292]. The central pyridyl nitiogen of
terpy and two phosphorus atoms define the equatorial plane. 'H and *C NMR
speetra show that the five-coordinate nature of the compound is aiso retained in
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solution {293]. CufPCy;) ({FBF;} reacted with NaX in waier to give the meta-
thesis products CufPCy; YWY =5CHN. Na). The erystsl structure of the azido
complex reveals a tigonal planar copper environment [294]. Displacement of
acetoniirile from [Cu{PPh, ) MeUN L{BF ] by N-{ 2-pyridiny}-
methvlene)pnenviamig apd A -pyridinyimethylene)-2.3.5.6,8.9.11.12-
octahydro-1.4.7.10.1 3-benzopentaoxacyclodecin-16-ylamine  vielded  complexes
{Cu (L.} PPh; ) BF,] which emit even in methanelic solutions [295].

Reaction of copper tetralluoroborate or perchlorate with dppm in CH,C; at

FOON temperature  gave iise i [Cus(j dppm)A MeCN )L and
[Cusd pi-dppruh{ MeCN L 2961, identificd by thelr P NMR  shifts,

Photolwminescence of [Cu.p dppm)i MaCON " and its reactivity towards ben-
zylehioride. !-bromopentane in calalylic amounts is reparted [2971. Tn CH.CL
substiution of acetonitnie with PPhy. pyridine and 4-substituted pyridines occurs,
the products being studicd by IR, UV and X-ray diffraction {268]. Reac:ion between
[Cusl p-dpprd{ McCN P and substituted pyridines or triphenyiphosphine in
CH.Cly gave products {Cuy(p-dppmiiL)]" " which possess long-lived emissive
clectrome exctted states in fluid solviion #t room temperature [ 2991 The bidentate
ligands 6-methylpyridone. dimethylpyrazine, MIN{p-tolyvl . MeCO7 dppm reacted
witl {Cug{ MeCN ), (g1 -dppm),J{ BE J; to give [Cusf g dpprin,i - LI BE  for 101 and
[Cu,( - dppm)(p-L3] for 2:1 ratie [300]. Analogous compleses were oblained
with  3.6-bis(3.5-dimethylpyrazoly-T-ylipvrazine  and  dppm.  dppe or
I-{diphenylphosphinoipyiidme. The structwre of the dppm compound was reported
13011 Reaction of fCui MeCUN 1,1~ with 1.5 cquivalent of dppe und sodim arenviey-
anaptides in Me,CO E1OH allorded [Cuyi g dppel{dppel(L),] with one bridging
and 1wo cheruing dppe Hgands, When the voaction wus cartied oot in FtOH with
Cu(PPh){ NChy the product was [CulPPhog(LY. (302]. The reaction of
NHCO)(dppmd: with (Cu{MeCNLJICKHO ] i acetonitvile under CO. Tollowed by
recrystailization  of  the  solid  product  from  dichloromethane,  yielded
INHCO R -dppm i Cui MeON LICIO,) which veadily exchanges ihe anion for
PF, or BF, and wpon treatmeni with NaBH,CN under €O afforded
[NHCO,(g dppra)-Cué BH,ON 3 F303].

1.2-bist 2-diphenylphosphinociny! jaminoothene end the corresponding mi-xvlene
and the diphenylarsino analog 1cact in Me.CO-C H, with {CutPPhICH, 10 give
CuL(PPh1Cly aned with [Cud MeON LJICIO,] 1o give [Cud LIHCHO,) which readily
exchanges anions with NaX o form Ce{LiX. with wirahedral copper (X =N,.
NCS. OHL BH,) [304). With the m-xylene ligand Cuy{ LiCL has also hoen observed.
The copper{ [} hexafluovophosphate with {-diphenvphosphino-2-{ 2-pyridyl yethane
Las been prepared. The wetrahedral geometiy around the metal alom ways vertfied.
while NMR studies show that (he species. besides Nzand exchange. rearvanges in
solution by inversion at the tetrahedral metal center [260]. T and **P NMR studies
i acetonitrile verified that the complexes [CuiLY]™ produced in mcthanol by
[CulMcCN )1~ and 1.10-bis{dimethylphosphino)-4.T-dimethyi-4. 7-dizzadecane and
its dicyeiohexyl- and diphenylphosphino- analogs are monomeric, with both nitvogen
and phosphorous aiems coordinated o the metai [303]

The tripodul tetradentate Hgand Tris{ 2-pyridyimethyldamine Tormed stable
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cationic complexes [{LICW{L)} (L'=RCN, CO, or PP of which the Xray
structures of [(LYCw(PPI " and [(LCu{McUNI™ {1, =bis(2-pyridvimethyl )-
{ S-carbomethoxy-2-puridybmethivl yamine) were reported. The former reveals & pseu-
deletrahedral CuN,P environment with an uncoordinated pyridine site. whiic the
latter posscsses u distorted pentacoordinale siructure. The reversible oxidation of
tiie complexes was studied [306].

The luminescence of [JCw{L} p-2.2bipyrimidine] fBF ], (L=PR,;. PR,R".
P-P) was found 1o correlate with the orientation of the phospliine ligand especially
since this may or may nal promole m-coordinztion of the bipyrimidine ligand to the
melal center [307].

2.0.4.2. Sitver complexes. Reaction of JA2{PPh;}NO:Hn with di-imines i
MeOH and subscquent trestment wath salts of noncoordinaung anlons Y
{BF,, PF,) afforded [Ag{PPh1oJ{Y]) whore L=bpv. phen or
frans-1.2-bis(4-pyridyl tethylene. Only the bpy complex reveals resolved Y'P NMR
spectra (Jym =040 Hzp at vt in MeCN. For the bis-pyridyl ethylene, a dimeric
compound of the formuia [Ag{ PPh:lp LITINO, was also obtained while with
pyridine [Ag{PPh; )l NG;) is produced ihrough lipand scrambling [3081

Tris¢ 2-(diphenylphcsphino)ethvl yamine formed monomeric Ag{ L)X compleses.
with {hree-coordinate metal center for X«=PF,. and fowr-coordinate when
Xe=NG; (2591 Both mvrogen and phosphorovs were found to coordinate in
[Ag {1 -benzyl-2-imidazolyl Jdiphenyhthosphine! ]2 nitrate and tetrafivorohorate
X1 3093

Ph—, Bk

b

Ph;P
a3 A

CQT PPhy

gy |

X

Five-coordinate [Ag{PPlh ), (terpy)fCLOLT has been prepared by the reaction of
Lerpy with [Ag(PPh;))[C1O The metal slom is coordinated 1o the disial terpyridine
pyridyl rings in axial sites, The coordination spheres are completed by the binding
of the central pyridyl nitrogen atoms and wwo phospliorus atoms. which together
define the equatorial plunes. ' and %C NMR spectra show that the five-coordinate
natwre 15 also retuined in solution {293,

Siver{1} hexafiuorophosphate with F-diphenyphosphing-2-( 2-pyridy! yethane has
been prepared. The letrahedrat geometry around the metal atom has been verified
while NMR studies revealed that the specics, besides ligand exchange, rearrange in
solution by inversion at the tetrahedral metad center {260).
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The chiral ferrocene  {[Fell-diphenyviphosphine-2-({R)3-CHMeNHMeCH.CH,
NMe ) CaHab 1CHLPPh] formed a 2:3 product with Ag{CF.50;) with two
terminal trigonal AgP,N and one central bridging AgP, atom. Application of &
70-fold excess of CNCH,CO,Me forms {{ferrocene) Agi{sonitrite ) CTF,S0Q;) where
“chelating” ferrocene is present [310]. Multinuelear {H, C. M. P. Ag) NMR studies
revealed  fluxional  behavior  in (#°-CiMeghirl p2)Ag(PPhy). {tn*-C Me Hr-
(pe-pz),AePPh, | LBF ) and [(03-CoMe e PPl (p-pzl,AgPPh)BF )L associaed
with argentotropism. The low-lemperature Ag-P splitting is related to the dynamic
properties of the complexes [311].

2.1.4.3 Goldcomplexes.  Reaction of solid [Au{ PPh, 1 NGOG with CG i the solid-
state produced, through a series of suwceesstve reductions, the compeund
[Au{PPROINCOH. 2 product not realized in the owcome of the reaction in
CH;Cl, sotution [312] The treatment of serr-butylamine and benzylamine with
[AUPR LIBF.I led to the monoauration producis {{RiPIAUNA,RIIBF,j{(R'=
Me, R=By'. Bz R'=Ph,Mec. R=Bu). whik [JAu(PRLNRJBF] (R'=Mc.
R=Bu. Bz} were obtained wusing  the  cormesponding  oxomimm  salt
[Au{PR;L,00BE,). Treatment of NH{SiMe b with [Aa{PR);ClBF ] afforded
both the Tris- and tetri-aurated ammonium salts, [Au{PR" ), NSiMefBF,] and
[Au{PR),NIBT,]. depending on the reaction conditions [3131

The intenscly Tapumescent [JAu(PPh;) (p-LYCIO)L and [Aw(PPR e LY
complexes with L =2 2-bibenzinudazolate as bridging lgand have been synthesized
and their crystal structuere determined revealing shorl intramelecntar Au-Au separa-
tions in the former [314].

The mono- and tetra-tiuclear 7-azuindolate complexes [Aw(PPh;Y{L{ and
AWPPh 3 e L)Cuip L) have boen prepared and their cryvstal structures deter-
mined. Short intramelecular Au---Cu and Cu---Cu separations are observed in the
laticr. In McCUN. both complexes display intense intralipand emission at $10nm
upon LV Vis irradintion at room temperaiure while m the solid stale only the
letramer is emissive [315] Reaction of Au{PPh;)CT with 7-methoxy-1-methyl-9H-
pyrido{3.4-bjindele  or  4.5-dilivdro-7-methoxy-T-methyi-2 H-pyrido]3.4-blindole
atforded Au(PPh, 1Ly with the deprotonsted indoles, while addition of
(AW PPR ) McCHMBF,] led to formation of [JAW(PPh}.(p-LYBFI [216].
{ I-Benzyl-2-imidazotyl Vdiphenviphosphine formerd [Au{L).]" in which both ¥ and
P coordinate 1o the gold awom [309]. Succinimide reacting with AuCHPPh;) in
MeOH in the prosence of WaOH i readily deprotonaied and monomeric
Au{L73(PPh;1 i3 formed which is reactive towards PriNG,); - H,0 in MeOH yicld-
ing [Pr{AUL{PPh,L I NO;L),], the erystal strucivre of which reveals the existence of
AuPN enviromment [317]. L3-dihydve-7-nitro-3-phenyl-2 H-1.4-benzodiazenin-2-one
wives [Au( LH W PPh Y PFJ and in alkaline media Au{Lj{ PPh;). which apon reaction
with [Auf PPh; N McOHOIBF,] forms [{Au{ PP, o p-L3j BE,] [318]. Reaction of
I-methylthymine and AuCHPPh,) in H.OMeOH at pH=1 gives T-methyl-thy-
minnto-N3-triphenyiphosphine  gold with o lincar AuNP environment [319].
Phthalimide. diphenylhydantein. saccharin. riboflavin and (tetrahydrosucchimido)
acenaphihenone form Au(LH PR, compizxes where R=Et i-Pr. Me. Ph. OMe.
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OPh as well as with PELPh and PEtPh,. The compounds are studied by 'H. ''N
and P NMR and the crystal structure of Au{phthalimidey PE(} confirms the
linear AulNP envirorment present. Reaction with N-acctyleysieine proceeds with
replacement of the ligands and formation of Auf{cysteine}{ PR;) [3201

The @1 reaction of {[Aufacac)(PPhy)l with ammonium salts [HL}Y
{Y=CF;80,. L=2-nitroaniline, 4-meihoxyvanihne. NHPh, or NHEt: Y =CiO,,
L=NMe,} in cther gave complexes [AulPPh)(LYX. The crystal structure of
[Au{ PPh;} NMe)CHG,) was determined. The gold atom is lincarly coordmated
with no intermolecular Au---Awn contacts {321} The ligund l-diphenylarsino-
2-diphenylphosphinoethane  forms  complexes  [{AuCln{p-L-1/2L and
[Au{L)ICl-2H,0 in aqueous acelone. Boih compleies are kinetically active as
HMp NMR siudies reveal [322].

Triorganophosphinegold( [} complexes of the antons derived from pyridine-
2-thione and pyrimidine-2-thiune. {Au(PRO{L)] (R=Et Ph or Cy) bave been
prepared and characterized by spectroscopic (IR, 'H, "C NMR and FAB MS)
methods and for the PPhy compounds by X-ray crystallographic techaiques. The
mononuclear compounds lealwre Hagar gold atom geometiies defined by P and S
atoms for [Au{PPhO{pyO}, [Au{PPh} pymid} [3231

Reaction of [{ AUNG; L ji-dppe)} and [Au(NGO ) PPh;i| with primary amines in
CH,CIL/H,0 yiclds [[AWNHR) A p-dppelf NOs | o [AUINELR ) PPhING, ] in
which iucreasing amine bulk drives the ¥'P signal of the biphosphine 10 lower field
[324]. Tris{tripheny!lphosphigeauniojoxonium tetrafluorcborate. isostructural to the
hydronium ion, was found to ke a powerful awating reagent for primury amines
RNH, (R =Me, Ey, ", Pr, Bu'. Cy. Bz ar Ph!. The products have been charac-
terized by analytical and spectroscopic data including ' A Méssbauer spectroscopy
for [(AuPPh),NBUYBF,] and single-crystal X-ray 'agwlysis of ihis and the com-
pound with R =Cy. The Au---Au contacts near 3.0 A indicating attractive forces
betwesen the gold atoms [325). Analogous reactions have been reported for
R=p-FC,H,. p-BrC H.. and p-MNO.C HL) With hydrazines and
Ph,MNH,, [1AR(PPh )} NNRUBFand [HEAWPPh;)LNNRGEBE, | were formed
respectively {R = Me, Ph). The {{Au(PPh,)] ;NNMe,JIBF,} compound decomposed
in solution 1o form [[Au{PPhy) | HBF .1 [326]. Analogous reactions oceur also with
RNCO [327]. Aminoquinoline yielded [{ y13-L¥ AuPPh;),J B ,]. while further adds-
tion of {AuPPh;BF ] led to the LY AuPPhi), ) BF 1 compound whete the foerth
gotd atom was found to bind to the pyridine nitrogen atom of quinoeline {328]
Several pare-substituted anilines { HoNAr) also reacied with [{(PPihyrAu O BE,|
in THF to give [{{PPh)Aul;NAMBF,] which were also obtained by reaction of
the oxoniwm aurate with RNCO [329]. Diamines Y{NH,j), (Y =cthyl. o-, 5 and
p-phenyly formed bistimidol species [ AuPPh ) N-Y-N{AuPph;}[BF., chare-
terized by IR, MS. 'H and *'P NMR studies [330]. [O{ AuPMc,),[[BF ] is dimeric
with a tetrahedral Ay skeleton and Au---Au distances of 3.25 A [331]. ks reaction
with HN{SiMe,); vields {{AuPMe,)3NSiMe, [ BF,] which reacts further with the
oxontum gok! ion or AuCl{PMe,) to give [{ AuPMe; )N BF,], - 2AuCi{PMe,), the
first known example of such a carion stabilized probably through Au.--Au inter-
actions as the bent environments around the gold utoms reveal [332].
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2.2 Compleves with group 16 doners
220 Oxveer doors
2211 Copper compleses. Digonal Cuf); coordinntion is obseinved in the mixed

metal alkoxide clusters LoCu iOOMe . Na CudOCEL G, and Ba,Cu OCEL ). In
the first two XIV. MLOS puckered rings are bridged with Cu atonrs wiile i the

CR,y (;R;
Ay
O—Ba—{ CR,
- ! v
Zu C
O/ z ¢ L:"‘ R
CR; }: O F;J k]
’u\/ \/ Cu
RyC O—Ba—0
CRg CE.
X

batier. XY . Ba (OR Y. rings are hridged by CudORY,; rings and parablel BaCu,O,
planes are formed [333].

NaQOAr roaet with Cu€ll in THY o afford the rapidly  decomposing
Cud - DA THE L but o the presence of CO Cuslp OANCO THE )Y, 13
obtained which readily sebstitvtes CO and THF with PPh,, RUN. while wiih dppe
{CudQArLidppelf p dpped] is obtained and with di-imines the ionic compound
[Cutdiimineh I e{ QAL is the resabp 3310

Copper benzoawe reacted with RNC (o ailord Cuaf e PRCO, . RNC ), inthe form
of looschy bound Jimers in ELOH sobwaied {Cud o PhCGHRNC LT i THE und
witht benzofcjeinnaling and phthalazine Cust o PROOG 0 LY, where planar eighi-
membered rings invoiving copper and benzeate ure reatized [335].

Benzoguinone swacied with [Cu{ MeCN ] tn CHLOE, in the presence of deproto-
nated (Cp1CoOPR 1, 1o afford {Cufbenzogquinone i L 3} which readily dimerizes
1o [1Cu{ Ll o g benzoguinonei] sird ubo readily exchanges benzoguinene with 0.
The cobalt complex acts as ¢ tripodal ligand with three distinetly ditferent Ca -0
bonds ranging from 1966127 to 2842} A [3361

22020 Sibver and gold coipieves. Diserete sihernitrae anjons were realized m
sronns-T R LT AR ONO 3T 337 The thermal evelization of silver amidotripho-
sphate hus been studied i dey and humid air end compared with those of the
corresponding ammonitm and bartum salis {3384

Ag{hfzc)SEr; thongh monomehc w1 the solid site. upon rexction with
Pd(hfac-Ciihiae- 0.0 {SE) i wolucne yviclds [Ag{bfued SEL). which forms one-
dimensional chains with brideing SEG and jon-QL -0 and g conformai s
for the hexaflluoroacetylaceionaie anon [339}

The low-emporature (163 K structure of the silver{l) complex  with
antimony{ 1) tartarate hus been dotermined by Xeray methods. Tiw repeating uni!
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s described  terms of an  unusual compiex tetramer with Tformula
1AZ.Sb L1l HON] Two of the lour sitvers are four-, one is five-. while the other
six-coordinate to oxygen atoms [3240]. The antimony(I) ) silver(l} citrate.
[Sb,Ags{ LY. has been preparcd. N has two dimers, each antimony cepter is in furn
tinked through one of the carboxylae groups to two silver{!}ions in an asymmetric
bistearboxyiate-0,0') bridge. Hydroxwl groups comipiete the angular three-coording-
tion about each silver, giving a controsymmetric cyclie Jimer structure {341)

Reaction of {AgiNHL )L NG with ( 2-carbamoxyiphenoxylacetic acid in agucous
cthanol afforded dimeric Agy(;e Li,, extended to form polymeric chains through
Ag-O interactions with amidic oxygen atoms from neighboaring units [342)
Analogous was the structure oblained for gveollic acid, with Ag.--Ag mtevactions
of 2.3816(9) A and local AgO, chromephore [343]. Polymeric compound was alse
obtained from the reaction of AeNOQ; with 3-carboxylnto-l-pyridinoacetate in hot
water where both monodontate and bridging carboxylates are present, the basic unit
being described as jAg,{ L-G.O" 1 L 1.1-0)] [344]. A quite stable complex of silver
with 2 B-hvdroxyquinohn-5-ylazo) benzoate prepared in agusous medivm at pH 5 6
has becn used as 2 stundard for silver determination in geological samples {343].
Reflux of 2.6-pyridinedicarboxylic acid { H.L) witin kalf equivalents of AgNO, in
MeONa/MeOH afforded Ag{HL)(3,L)- HoO with continuous chains of silver
atoms cach bound to twoe oxygen atoms of one carboxylate and one of another and
weakiy interacting with one of 4 neighboring group (3461, Excess of trimethyiami-
uoanclatu monohydrate on AgCiQ, n water formed one-dimensional cationic chuins

of [Agd L)} units with tetracoordinated sibver banded 0 two different carb-
oxylates [347].

Several aminopolvearboxyiates form silver complexes with 220, 14 and 1.2 stoi-
chitometrics and varying dearee of iomization and overall charge. depending on the
wumber of their carboxylate groups. The complex formation was stadied potentio-
meirically at 25 C [348]. Ditfusion of silver ions mte siitca gel adsorbed suecinate
at pH=356 formed {AgfLi],, with planar Ag, cores bridged by succininte ions
{3491,

Deprotonation ol 2-pyrrollidinene occurred wpon sattion with AgNQO; in the
presence of Hg(MeCO,), 1o afford dimeric [HpAg{LiniNOL with a central
Ag,0Q; folded ring. Local AgQ, environments and unusually distorted coordination
geommetvies were observed due o interdimer interactions [350]. Compounds of anu-
logous stoicheiometrics were formed by 2-oxazolidone as polymeric sheets of
Ag.O, rings linked by twisted Hal., bridges 13511

Digoral siver coordination oceurs o { f-n-glucurano-~factoneisibver nitrate
where coordinate mitraie is present as well oy in the dimeiic Jactonaie. [nterestingly.
the use of €O, or MeC0O; procesds to -glucuronic acid formation [3532).

Two flexible double betaines. namely arewe-2.3-bist trimethylmnmonioyadipate and
mese-2,3-his{ pyridinioyadipaie form Polymerie disibver pereliorates and nitrates. the
dimeiic units extending 1o step polymers. XVI . through silver-oxypen contact to
an adjucent dimer. YWater molecties are incorporated in the structure of the pyridinio
adipates perchlorate sult {333]. Two polymeric sifver( 1) complexes of betaine and
prridine betaine have been prepared and characterized by Xeray orystallography.




POy Akefvar e af Coordinition £ hoaivties Boviews A7 [967 95 04 1

e

fil 00 froae N0y £ &Y from 0

Both complexes wre composed of Ag.icarboxylato-@. €. dimers polymerized
through coordination (o a carboxyiaic oxvaen from an adjacemt dimer. fo the fatier.
waler coordinulion is alse present and furthermore possesses the shortest
[2.814(2) Al Ag Ag contuct zmong dinucledr sifver{l) curboxvizies [333] Four
polvmeric sthvertl) complexes of the betaine derwatives puridiniopronionste and
rimethylammoniopropicaate have been prepared and charwcterzed by Xoriey orys-
tallography. The complaxes contamn bistcarbonylaic)-bridged Ag diners extended
into statr-like chains via the coordination of cach metal cenler by o curboxvlale
oxygen aom from an adpacent unit {2351 Pelidine betine vieids one-dimensional
pohymerte chains of JAg{ LI NG, with AgO | coardination spheres resulong from
one nitrate and wo carboxvlic grouns [336] swiule iricthel botatse  grves
g LONG snd [JAg L), HCH0,1,], a stair-like cationic chain with Ag O
interdimer bonds and Ag--Ag bonds of 2.85642) A [337]. The Ay, enviromment
s present in JUNH Y Agtpleraic HOHL, with vwo different 1y pu af varboxy late
bridged dimers [338]. while AzO, s reported fur [Ag-L A H,0L]) 2H O where L=
Negeetvianthrafinate [359 and AeQ, in Agl LHE 3 NOSY and Agtb ™y L= p-slucy-
ronic acid. which are polvmaric and dimeric respectively on the busts of their IR
and 'H NMR spectrut data [260],

An interesting reaction wus that of ch-damminefimethylan
cviosinc)platinum pitrate with 3 eguivalonds of AgkDin H,OG ich results
m the formation of ip lmethylnracilato-N* 0O }f,u-h 1**'h).._}.L-.rsi:m-?\"‘.():h—
cis-diamimtneplannum slver dinitrate sibver mitrate - 2-3H.G where onc sifver is
G-bonded 1o the rwo Brunds one water waolecele gnd @ nitmaez jon. the kst tao
bridging  to  the meat  silver  atew which  moey be  desertbed  as
AgiOHMOHNONCHONG,) {3061 The cyelic pepiide cyclosarcosvisurcosine
formed o 2:] addect with Ag™ where comlombie intersctions hatween stlver and
nitrate and sibver loose coordination o C-{) gives rise o an ceinhedral ApQ,
envivonment [362). The dissociation constanis of sthver complexes with severs!
oxyecn-donor crvptands by ecid cuvenging nad their formation constants in DMEG

atalr {methii-

1
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are reported and ile equilibeia invelved discussed [363] The antizathritic activity
of the {Autdiferuloytmethane),j Ci and refated compounds has been evaluated [364],

2.2.2. Sulfur donors

2220 Copper complexes. Sulfur s one of the mest sultable donor woms lor
complexation io low valent comage metals, Moetal thiokuies and thiolate suliide
complexes are numerous and a deipiled review L appeared on the subject [363].
Coppar 1ons formed by laser ablatton on a FT ton cvclotron formas polysulfancs
with stoicheiometrics ranging from CuS; 1o Culy; [3661

Reduction of niNOj); m water by AV -dimethyithivree  produces
ICwt Ly.jf NOGL where copper is in a tetrahedral CuS, environment, the tetrahedra
sharing opposite edges and the chains formed i this way being bridged by nitrate
anions [207]. An [Cu,(LY]™ aggresale wus obtuined from the reaction of M-
(dieihoxytiHophiosphoryi -V ophenylthivrea with Cu(ClO,), i cthanol ai - & C
and Its stroclure determined {368

Heterocyclic thiones reduce capric salts and produces either mixed valence or
monovilent  copper complexes.  -Methyl-imidazoline-2-thitone  veacted  in
MeCTMe,CO with Cu{BF,), 1o form the dinuclear complex [Cus{ L) BT, with
two bridging thione iigands and a CuS, local environment [369]. lmidazotine-
2-thione also formed a [Cugf L0 compound in refluxing MeOH MeCN370]
Au  analogous  coordination  environment  is prosent  in the  clumer
[Cuf benzinidazoline-2-thione) [ CICL], - 14H.O which was obtained i agueous
ethanol 1371} A uls, Lovirenment WAS vbserved il
I, 3.4.5.0-tetrahivdropyrimidine-2-thione i, [CiGL], [372] Mixed Bgand complexes

KV Siegle 3 represent thiclate $Ches BL

of the formuls Cud thiolato),rithiceasbomne 1. XVH. wve been obizined and their
struciures solved [373 1 The bulky 2-trimethylisitvibenzenathiolzte rencts in methanol
with Cu(l} to give {Cu{ Li],; where half of the coppers are trigenal planar and the
other half digonal [374]. Excess 2-uiorganosilylpyridine-2-thione in methaizol forms
igonal Cul.) {375] Cuprous thivcyanumte efluxed o FrOHMeCN  wilh
I-meihylimidazoline-2-thione produced JHOuISON 1L e L)o) with a tetrahedrad
cnvitonment  areund  each  copper atem  {376].  4.5-Dimercapto-1.2-dithiole-
2-thionate(2-) and ity sefeno analog forms in MeOH MeCN the cluster [NBuil,
[Cu L)) which 15 casily oxidized by ferrocene in Mc,CO-MeCN [377]. Nddiethoxy-
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thionhosphoryl }-N-pherylihiures reacting with Cu(CiO4, n cthanol at 60 'C
undergoes deprotonation giving the aggregate [Cu,f L) T3] 3681

N N-dimethylthioacetamide adsorbed on Cu surface wus studled by surface-
enhanved Raman spectroscopy and the findings covrclated o those of praviously
reported for Cufl-acetamide complexes {378). Mixed valence [Cu'Cal( L), HCIO,
with irfangular Cufly is formwed by the reduction of [Cufen))iCiO,L, ¢
MeOHH,0 with A N'-1.2-cthanedivibis{r-cysieine)dimethylester [375].

Several thiolates were studied by FT ion cyclotron resongnce M8 following gas
phase laser ablation formation. The stadies reveal that €ul™ and Cul ] specics are
prosent With protonated thiols coordinated to copper {380). Several Cu,S,, clusters
havc heen isoluted from the reaction of capious saits with ihiolates in the presence

of ﬁpproprmlc buses. [CuytSPh) >~ appears \\ith rigonal planar copper environ-
ments mean distances being 2.281 and 2 .744 A for Cu-S and Cu-Cu. respectively,
For [CuySPh))* ", one digonal and four trigonal copper atoms are present With
Cu-8,;, and Cu-8y, mean distances of 2.269 apd 2173 A, respectively, while a
product with the stoicheiometry [Cu{SPhj1*~ Was also isolated from the in-situ
reduction of Cu(NO,). [381]. Electrochemieal osidation of metaliic copper in dithi-
ole solutions { i.2-dimercaptoehtane, 1.2-dimzrcaptopropane, 1.4-dimercaptobutane’
in acetoniliile forms [Cuy(S;R ), 13821, In methanol. dimercaptocthane and dimer-
captopropane, bis anions give adamantane-like Cu,S, clusters [Cud L)~ as well
as sobvated ones {3831, Clusters are interconnecied by hydrogen bonding to sofvent
molecnles. [Cu 5,0 =CR,) ™ clusters are reversibly protonaied in acetonitrile to
form [CugfLy, fLHL ™" (R=COOEi,. #=1. 2, 3 COOBu. a=1l 2;
Stoichetometric reaction with H ™ leads Lo formuation of [Cuof £ ) L] with almost
trigonal planar copper centers [384]. A tetrabedrs! Cu, core was observed ip
[Cudus-SC{=NMe)OQEt ], and occwnbedral Cug in [{Cufua-SC{= NCH:1OMe)
the rigididy of which is confirmed by 'H NMR in soluiion [385]. Crystallization of
the Iteresting JCuiSCF )], (rom acetonitrile wroduced [CulSCF 3, 8MeCN where
both digonal and trigona! copper conters are prosent {386]

Bulky 2-alkyl{dimcthylamino)-3-atkyl arencthiols react with CuGO in ethanol to
produce  trimeric  arencthiolaies [387). The tribolominescent  crystals  of
ICuS(2-CHMeMMe, ), THF reveal the presence of o CuS, ring with short Cu---Cu
distance of 2.828¢ 1) A. Substiistents R in the arene affect the conformuer present in
sofution as studied by "H and VC NMR. Acalogous products were derived from
S-trimethylsilylarenciitioles and CuCl where CwS, coves are present [R&8]
Luninescence of some such arcthiolutes i3 reported and o Iemdure survey of
uhsorpiion and emisston maxiow is also included [389]. The observed fowening of
the MLCT excitation energy is attributed to the throe eleciron (wo conter 88
interaction. Reflux of Cu,Q0 in cihanol with iwo squivakmnis of 2[R}
I-fdimethylunnne) ethyllthiophenolne leads 1o formation of trimerie [Cull ™},
studied by various speciroscopic lechnigues. Low-temperature NMR studies reveal
the existence of two specizs in equilibrium while & O symmetric anh is observed by
X-ray diffraction [390), Sevend Cu{ii-thiclate model compounds containing
different proporitons of digonal and trigonz! copper sites were studied. using Cu
K-cdge Xeray absorption speciroscepy. The edpe spectea show Mite variation
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between the models, although systematic trends in the average Cn .S bond length
derived from EXAFS can be used to estimate the fraction of digonal versus trigonal
copper sites [391]. Photoelectron spectroscopy ol Sivic,, and MeS ™ bound to Cull)
sites at singhe crystal surfuces has becn used as models of the blue copper protein
bonding and coriclated to SCF--Xa calcunlations [71].

Reuction of foe{S)-[M{2-aminoethane thiolate),] with Cu{ NO,}, in water {M =
Rh. Iry afferded clusters with a Co,M 17 core where CuS; coordination is observed
[392]. Sulfur addition to the coordinated dithiolene ligands in the [Cug L1, cluster
{ L= . 1-dicarbo-tev-butoxyethylene- 2. 2-thioperthiokie reselis i the formation of
the [Cu{SL)1, 0" clusiers whose molecularity depends on the nature of the coun-
tertons {BusN, a=2 m=4; K, n=1, m=2} The crystal structure of
K{Ph,PHCudSL);] 3Me,CO has been determined revealing a copper tetrahedron
with 4 single copper coordinated to the thio groups and the other three bridged by
the perthio groups of the ligands [393]. {Cuf MeUN L] BF ] reacied with Pt{dtc},
in CH,C, to give [Ptafdte),Cu,} BF,]a. The crystal structure of the diisopropyidithio-
carbamate has been doermined [394]. Hecamere cluster compounds have been
obtained with di-r-propyldithiocarbamate and all the metal jons of group 11 [395].
Dithiocarbamate and dithiophosphate complexes of divalent conper are reduced
photochemically by irradiztion at their MLCT bands. Only purtial reconversion is
accomplished by keeping the monovalemt copper complexes in the durk [396].
2-Mercapto-2-methylbutane produces the corresponding copper thiolate which reacts
with €5, and gives the mixed Hgand cluster Cugfthiolate) trithiocarbonate), which
Merther reacts with PPh; and PPhCy, o give the 1:2 adducts {397]. Reaction of
24, 6-rimethylirithioperoxvbenzoste  or  a-methylirithioperoxybenzoate  with
Cu(NOg in DMFE results in the formation of Cu,L; clusters. the structures of
which have been determined [398]. An intercsting insertion reaction oceurs when
elemental sultur 15 added to Culo-tolyldithiocarboxylite) i toluene resulting in
formation of the tetrameric Culo-talyperthiocarboxylatel, XVHHE . where cach Cu is
bended to four S, ligands [399). CuS, chromephores are observed sn 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{perthiccarboxyiale)) -
{Cutihiocarboxylate} .).py and [Cuithiocarboxylatel],. XIX {4001

Several R.S{CH,), SR, ligands {R =Me, Ph =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 [MoCusSydie); ]t with trigonal and both slightly and highly distoried
tetrahedral copper environments {4021 'V NMR siudies determine the ligand
exchange reactions occurring in [ VS JCu,(dithicearbamate) fthiophenolate), - )*~
in BMF. The structures of the products with n=0.  and 2 are also reporied [403].
CuS; tetrahiedra were observed by Xeray powder diffvaction in the polymeric product
of the reaction of {NH,3,WS, with [Cu{NMcCN LHBF,) (404 [Mo0.S,]" reucts
with CuCl in the presence of sodium dimethyldithiccarbamate in DMF to form
[Mo,Cus8Ox{dicy;]*”  which is composed of iwo units, MoOS;Cu, aud
MoOS;Cu,, linked by two Cu S bonds and a bridging dithiccarbamate anion.
Analogous clusters are oblained with tungster and diethvidithiocurbamaie [405).
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Rexction of CoCl with MS; ¥ in the presence of dithiocarbamates in DMF resulied
in the formuation of pulymuciear species of the formale Cuygdic); M5, ] where M=
Mo, W The local copper ciivirominent 15 8 Cul8; one vith two sulfur atoms originat-
iny from the dithiocarbaimate jon (4061, Defeetive cubunes of the formuls WCu,S,
and WCU,S, bridged by dithiocarbamate ions and joiger by “wo weak Cu-S bonds
are observed in [ELNYW.Cu,SdMearer ) (4071 7 . tre ure elweidation of sov-
cral {MoS M (L)J*" complexes {M=Cu. Agi k. » » asted by ¥§ NMR
studics [448}

Copper{ 13 is exiracted into CHCY, by setho-, v and 1. ovelophung thiacrown
ethers beuring d-(d-nitrophenyiazo)phenot as chromoege v cevanlly by the ertho-
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analog {469]. Reduction of CuCl; was achicved by 2,5,8-trithia[9}-0-benzenophane
in THF to gwve CuCl,L, which in vefluxing MeOH gives the corresponding Cu(l)
compound [415].

[Cué[9]aneS,),][PF ] reveals distorted ietrahedral Cu§, coordination spherc with
the participation of a monodentate and a tridentate ligand. Its clectron itransfer
kinetic parameters were studied in agueous media on glassy carbon electrode and
proved to follow an glecirochemical- chemical- electrochemical square mechanism
[411]. The kinetics of electron transfer reactions involviag {Cu([ 14]aneS, 0™ reacting
with 2 series of selected counter reagents have been moasured in agucous solution
at 25°C. Several oxidants and reductants were employed lo provide a variety of
rate constants and reaction potentials [412]. Macrocyclic polythia-ligands such as
[24]aneS; and [28]aneS; form mononuclear cationic complexes [Cuy( L)Y
(Y =Ci0,, PF,. BF,) with CuS, chromophorcs while {18]aneS, forms the mixed
Hgand  [Cu LYMeCN)]T with an CuS;N  environment [413.414} while
1.3.6,9,11,14-hexathiacyclohexadecane  forms [CuiL){CI0,] [1415). For several
polythiacrown ethers the Cu™ 2" cleciroeouple in MeOH/H O is used for stability
constant  measurements  [4161. The  structure  of  bis( 2.5.8-trithia]%}-
t 2.5 thiophenophane-82.5%) copper{ ) cation has been reported and eyvelic voliamet-
ric studies conducied {4171,

The structure of the monomeric copper hexalluorophosphate complex of the new
macrocycie 7,16-bis(lferrovenyimethyl }-1.4.10.13-tetrathia-7. 16-diazadicycloo clade-

D \LH/\‘?

XX

cacne. XX . has been studied [418], while tetrakis{ethylihiojietrathialulvalene forms
polymweric chamns of {Cu{ L}CIG,] {419).

(Cpya T SCHLCHLSCHL,CH Y reacts with [Cuf MeON LEPF in THF (o alford
the heterobimetallic compound {Cp), T - | SCHLCHLSCH, | CHLCulfPF] which
undergoes as irreversible reduction al - 0.90 V in coatrasi to whal has been observed
for related macrocychic Ti-Cu species [420]. The d—s and d—yp ennssive metal
centerd exited states of group 11 metal metallothioneins have becn prosposed as the
responsible for the emissions obuserved in the region 530-600 om at 77 K {421). The
copper metallothionein excibited luminescence at 600 nm at 1.1 which was ascribed
to cluster formation and the conseguent presence of Cu-S chromoephore m the
compound [422].

2.2.2.2. Sifver complexes. X-ray scatiering veveaded the formation of Ag{SCN),;
units in AgSCN/KSCON melts [423]. The formation of Ag(THT )y upon dissolution
of Ag™ in THT is confirmed by large angle X-ray scattering [424]. Reaction of
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AgNO; with (NBu,hS. i acclonitrife in the presence of NEGCU vields
[{NMediAg(Sst],. with parallel antonic chains separated by the cations [425].

Bisethyl. (2-chleroethyl jiethyl and bis(2-clitoroethyl) sulfide follow this order of
decreasing stability consiant in therr Ag{1) complexes as studies i aceton. methanol,
DMFE and DMSO reveal. A probabice explanaiton 15 the formation of sulfomum
compounds by thc  chiorinated sulfides  [426]. Reduciion  of
bisjdif 2-ethyi thexyloxyithiophosphoryt )disulfide occurs during its application for
sitver cation extraction in hexane since after reextraetion, SH siguais appear in the
"H NMR of the Hizand {427].

The S-coordination of thiwres is confirmed by 'H NMR and solution: and sotid-
state IR and Raman  studies of  Ag{tu)INO;) and  comparison  with
AgtSMe,H INGy) and fAg(SMe,jJO NG [428] The reaction of AgClQ, with disul-
fides in pyridine or DMSBO depends on many factors. a5 butanedisulfide does not
form complexes in either solvent, phenvldisulfide only reasts s pyridine and both
Ag{THT}" and Ag(THT), arc shown 10 exist in DMSO {429]. Potentiometsic
studies of the silver complexes Jormed with thiurca. thichydantoin, cystein. thiobarbi-
turic deid 1 perchiorte aeid ave been carvied out [430]. N A-dimethyhihicacelamide
adsorbed on Ag surface was stodied by surfiace-enbanced Raman spectroscopy. the
shifts observed being comparable with those of previoesly deseribed complexes [3781.

The silver hiolates AgSC L, .5 (1=4. 6. 8. 10, 12, 16 and 183, consisting of
FAS(SR), tayers with the R groups lying on botit sides of a “central slab of Ag
and 5 atoms™. are found 1o behave as thermotropic hiquid ervstals. Xeray dilfraction
stadies for the compound with #=06 reveal a packing similar to tha found in the
solid while for #= 18, the nucellar phase consists of A (SR, evelic substructures
14311 Several AgS(CH),CH; thickites synthesized are extremely mnsohuble i give
powder X-ray speetrs which imdicaie presence of layers of AgSR along o lne of Ag
atoms {432} Complex formuation between protongted demercapto-l-ncthylpiperidine
and silver has been studied by titration in agueous methanol in a variety of pH
enviromments {433]. The complexation of 3-(dimethylamino) propane-i-thiol and
J-aminopropanc-1-tnel to silver hus been studied in o wide range of pH values in
aqucous methanol and the presence of speotes [Agd Ly, )" with varying swiw 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-dimethyiphenylsilyi-pyridine-
2-thiol with AgNO; affords [Ag(1.7 ) snd [Agd L 7R HAg{NO:):1 when the thiol
of the AgNO, is i excess, respeclively. Boih structures sre reported [433]. The
anion of i-methyl-piperidine-4-thiol is obtained a1 pH=: 8.5 and upon coordination
HAg{L )71, is oblained where Ag,oS,, wnits are linked by silver ztoms giving
rise to ¢ lou of digonal. trigonal and tetrahedral sibver sites {436, Sterically hindered
thioles HSCH, _(SiRR'R"}, react with AgNQ; in the presence of tricthylumine in
CoHeMeUN to produce polymeric thiolates. For SiMe.Ph, trimeric discrete units.
for SiMe, tetrameric rings, for CH{SIMe,), irpners weakly interuciing brough
Ag.. .S, forming T-shaped sibver environments were observed, while o thiree-dimen-
stonal polymer was obtained for [AgSCHA{SiMe 1 OMe) [437].

The disadium sult of e-xvlvlenc-x.x-dithiclate with AzND, in MeOH afforded
[Ag4 LY 1 the structure of which reveuls trigonal silver coordination {438]. The
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zinc derivative of 5,10.15,20-tctrakis[o-(tetrahydro-2-thienoylamine}phenyll porphy-
rin was found 1o bind two silver(i} jons. Fluorescence measurements reveal the
presence of intramolecular photoexcited electron transfer in this donor -acceplor
system {439].

Metei-{rec phthalocyanines and metal phthalocyaninates (M =Ni, Cu, Co. Zn)
cairying eight alkvlthio-groups on peripheral positions reacted with sibveré] ) sults
to form complexes with a phthalocyanine:metal ravie of 1:4. Spectrophoetochemical
imvestigation of these reuctions vovealed that complexation with Ag{l) results in
aggregation {440].

In (NMe;)[Ag(dicthyldithiophosphate),l, produced in MeOH/CH,CI,. two
lipands are monodentate and two bridging with one solfur aiom being doubly
bridging [441). Zwitierionic Ph,P " C(CH,),CS, forms both [Ag(L),)[CIO,] and
{Ag(LHCO), i CH.Cl, the lutler reacting with PPh, 1o yield
[Ag{Ly(PPhy)iCIC,] {442].

The Schifl base derived from 2-amino-4.6-di-rers-butyl-phenol and 2-mercapto-
J-methylisophthalaldehyde forms (L7 7)Pd(PPh;) to which AgCl0O, adds Torming
HLIPdAgI PPRL{CIC,) with a Ag.S. core with an acute Ag-5-Ag angle of
61.9¢ 1Y, sitver chelated by one and S-bonded (0 another gand and being 2.779( 3) A
away from the adjacent siver atom [443]

Cationic Agl.” and Ag;y triflates and neutral complexes of the formula AgiB)X
{(X=Cl. Br, 1) are reported for cyclopolythiacthers [9]aneS;, [12]uneS, and
[18)JaneS,. Crystal struclure determinations reveal trigonal clongation for
Ag([9)aneS;), and tetrahedral AgS,0 enviromment in Ag{{12]aneS;)” [444). A
diversity of activity is obsereved with tetrathia-cyclo-12, -13. -13 and -l6anes and
the corresponding -l4ane with respect to the extraction of Ag® in CHCL and
CH,CICH,C] in the presence of pictate jons as the isolated compounds are
[Ag{L)}(picrate} and [Ag{L},}{ picrate}. respectively {445]. Scveral macroeyclic thi-
oether esters and thioesters form [Ag{LLJ[CF,80;} m MeOH;/Me,CO [446]
AgClO, reacts with 2,58.10- tetrathial 12]( 2.5 ¢-thioplienophane in MeCN/CH,LCIL,
to yield [Ag{LLHCLO,|,. a local AgS; environment to which the thiepheno-sulfar
atom is ot participaiing [447]. Axially distorted octahedral silver is present in
(A 13 laneSOf PE ] produced in H,O/McOH 1:1 as deduced by its crystal structure
delermination [448]. Nitrate and acetate polymertic sibver(I} complexes with
15,9, 3-tetrathiacyclehexadecane-3.11-diol have been prepared in which the silver
atoms are tetrahedrally bound to four thioetker groups {rom four ligand units {449].
Reaction of AgNQ, with one molar ecqguivalent of 1410, 13-tetrathia-7.
16-diazacyclooctadecane or its 7.16-dimethyl analog in refluxing squeous methano!
affords complex cations [AgiL)] ", The metal ions are bound to highly distorted
octahedral envirenments [450]. Interconversion between the four coordinated and
the two remote sulfur atoms of 1,3.6.9.11.14-hexathiacvelohexadecanc silver perchlo-
rate occurs i solution as 'H NMR studies reveat {451} Reaction of AgNO, with
1.4,7,18,13-pentathiacyclopentadecane in refluxing agucous methanol afforded com-
plexes fAg(LLIIPF . [Ag.( L) BPhyl:. and fAg{LY[BPh,]. The two independent
infinite chains of calions in the lormer arc amiparalle! with distorted octahedral
Ag(]) with one thicether donor from an adgacent cationic fragment asymuncirically



Pofa Ariiow er ol Coordisanioti Cheontiy Revicws 767 ¢ JUU7, 63 204

9

bridging two melal centers. The structure of the [Ag{LLF™ shows {4211 smd
{3 + 1] thiocther donation, respectively. while the monomer contains discrete caions
and anions [452]. 2.3.8-Trithia[9]-o-benzenophane forms {Aef LY Twith distine-
tively different structures as andon Y varies. Qctahedral silver with two facially
coordinated ligands is observed for Y =CI0, and BY,. while tetrahedral silhver
coordinated to two sulfur atoms of each hgand is the case for Y =BPh; and three
facially coordinated and one exodentate 8 from: a second ligund form the ietrahedral
metal environment in the cuse of Y =CF;80,. However, in solution. 'H NMR
studies reveal fast interconversion of the possible configurations [453].

Sitver is extracted in CHCI; by ortho-. mera- and para-cyclophance thiacrown
cthers bearing 4-{4-nitrophenylazo)phenc! as chromegenic, ¢speciaily the mera-
isomer [409]. Silver sclective complexing agents in acidic media have been found
among the series of cychic dithiarnonoaza, tetrathianmonoaza and tetrathindiaza tings
with hydrazone moieties allached 1o the nitrogen heteroatom of the ring [434], The
correspanding N-phenyi substitutled anatogs react similarly forming IAg{ L{laurate}]
compicxes in §.2-dichloroethane {455].

Nine sulfur-containing dipeptides have been shown to react with Agitand Cu(ily
forming lincar AgS, environments in the process. Thew formation constants have
been determined at 298 K {436]. The elucidation of the solution structure of the
silver-substituted yeusi copper-metslthioncin fram Secdlumomyees cerevisine was
carried out by 'H "Ag heteronuclesr multiple quantum eoherence iransfer and
the specific connectivities between 10 of the 12 cysteine residues and seven bound
Ag ions have been established. Both digonal and tigonal AgS, covironmens ate
verfied [457] [CpMol g SHNBW) - L. teacted with excess AsCEFSQ, w vicld
CpMo{NBu')]:[Ag{ MeON YCF SO, M A(CF,50;)], where sitver coordinates 1o
two sulfido bridges {458].

2223 Gold compioxes.  Aw{SCN; s the commen preduct of AutNH or
rrans-Au{NH)LX 7 in agucous acidic media with SCN 7 in the halogeno complexes
the initial step being SCN ™ suhstitution of the halides. Mixed huiogeno-thiocyanato
complexes are reduced more rapidly {4391

FT ion cyelotron resonance MS detects the presence of Aul”™ and Aul; as
reaction products of Au’ with H,S. RSH and PRSH in the gas phuse: thie cotrespond-
ing products of Au” are mainiy RS [460]. Extended hydrogen bonding is present
in [Au(L)]C! produced by in sttu reduction of HAuCL, with  4-amino-
J-methyl-1.2.4-A2-1riwzoline-3-thione {461 ]. Homoleptic Aufl) complexes with sev-
eral heterocyelic thicamides are reported with the general fermuta [A(L),{C10,}
the struciure of the one with pyridine-2-thione been veported (4621, The existence
of Aa(L)}SCN rand Aut L).(SCN) with L =imdazoline-2-thiene and 1.3-diazinane-
2-thione has been verthed by IR and PC NMR messurements. Recorded e also
the tatier’s complexes of the formala Au(i),X with X=CL Br [463]. (Hutathtone.
cvsteine and several other thiones react with Au(CN )y and C NMR und Raman
studies conlirm that AWSR KON 13 formred and Turther dispropoeriionies 1o
[AU(SR L] [AQ(CN] [4o4].

The reaction of [N(PPh;hffAutacac);] with HSR  gave the complexcs
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[N{PPh; LA u{SR),] {HSR = benizoxazoline-2-thione, pynuH. pydd. 2.3.4.6-tetra-
O-seetyb1-thio-fi-n-plucopyranose 4, 2-thiouracil, 2,3-4.2-thouracil. 2,3- dihydro-
TH-benzimidacoic-2-thione, 2-thiomalic acid, 2-sulfapylethuncl, D-peniviiiamine);
the crvstal siructure of the benzoxazole-2-thione complex has been sotved revealing
the wsual lincar gold coordination (465} 4,5-dimcrcapto-1,3-dithiole-2-thionale
affords di-. tri- or ietranuclear gold{) complexcs comtainitg i - or py-bridging
ligands [466].

Captopri? Zorms with Au(l) 2 1.1 crystafline complex [Au(L)). The exchange
reactions of thiomalate and cvamde with the camplex have beer studied using 1*C
NMR spectroscopy and the forme tion of 4 very high-molecular-weight poilymer was
observed [467]. The chioro-ylide gold complex [AuCI(CH,PPh,Y reacted in acctone
with bis{diphenyithiophosphoryi amine 1o afford [Aug(g- L] which wannot be
obtained by replacement of dppm fiom its corresponding complex by addition of
excess Heand [267] Gold thiomalzte 70 the starting point for many reactions and
studies. Reaction al pH = 7.2 with imidazoline-2-thione and 1.3.-diazinane-2-{hione
allords complexes of the Formula Aufthiomalate){ L} [408]. The compound is also
in exchange with thiuracil in wate;, a phenomenon enhanced by the increase of the
thiuracil molzr ratio and the cheervation is made that g Au{thivacil )y environ-
mwent Cysicine is not able o coordinate 1o gold [469]. Divect reactions of L-methionine
and DL-seierothionine to gold thiomalate are veported in D2 in a range of pH
values and discussed in view of the '"C NMR spectra oblained [470].
[AUPPH,) -MNT). K{-MNT ) and { NBu)Br or ( AsPh3CH in dichloromethane
yicld JAR(*-MNT 3~ with Auw--Au of 2,796 13 A, The (initial ) compound showed
two fumincscence bands, the final one at somewhat shorier wavelength and readity
oxtdizes with X, in THF to give A{IT1 adducts [471]. Solid-state phosphorescence.
but not in solation. is observed for JAu{dle)]3™. tAs{EMNTH and
FAu{PPh ) (1-MNT Y [232§ Planar anjon with Au. . Aun T A s present in
ING-Bul L lAufi-MNT )] which undergoes a readily oxidative addition with
PhiCl, or Br, in acctonitrile and CH.CL/ THF respectively (4721,

Reactions of {Au{u -dppm).[C1O], with {AuX.]" (X=Ct or Br} aflorded
dinuclear  {Auyfp-L-L)] [L-L=5,CNR,, R=Mec, CH;Ph}} or winuclear
[Aust - L-L)J {L-L =5.COR. R=Me, Et. pytH comaplexes [473]. Reduction of
NaAuCl, in water by N80, at 0 C and subsequent addition of dithiocarbamate
leads to the formation of Au{Rdic) where R corresponds to the heterocycles piperi-
dine. 4-phenvkpiperidine, morpholine, thiomorpholine. piperazine, N-methyl and N-
phenyl-piperazine. Reaction of Au{Rdic) with the corresponding thiuram disulfides
feads o their formation of the trivalent gold AuwfRdic), compiexes [474]. Four
equivatents of MeCS;H i ether or two eguivalenis of sodivm salt of
PhCS: Ph.C=CS5; react with NaAuCl, and HAuCI,, respectively. to  give
[Au(S,CMe),. [Ar(S.CPh)], and in ELOMeGH An(S,CPRMS,C=CPh,) with
stronger bonding wowards the ethylenic Hpand [475),

2.2.2 Selenivn anid telfvriuin donors
Polysclenide copper compounds are rare and the interesting feature in the struciure
of [PPR]afCuySe): i Seshql. XX s the presence of two different polyselenides
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(476). Several chalcogenides were lormed in the gas phase by laser abladen and
studied by MS techiniques. Compounds ranging from CuB~ o Cu,Efp were
obtained {477} 7"Se NMR studies confirmed the insertion of Se in the Cu-§
bond of Cu(CNj(thienyi} upon resction with WSei~™ 1o aflord
{ WS, {Culselenothienl ), where trigorat CuSe; 15 presemt [478). Severzl
RE(CH.),ER; ligands (E=35e, Te, R =Me, Ph. #=1. 2, 3} have formed complexes
of the formula [CutL}.)PF.] which have been swudied by IR, 'H. **Cu and
T8¢ NMR {4} ]. The polytelluride produced by the reaction of Li;Te with three
cquivalents of Te in DMF, afforded anioniv complexes nof the formuls
[(Te M {p-Te M (Te 1~ (M =Cu. Ag} with trigonul metal environments {479].
Reaction of CuCl or ApNO; with (].2-dimethoxymethaneibiSeC(SiMe;); in
I.2-dimethoxycthane i ~20 C forms [M{ScC(SiMe hi], (=4, M =Ag) while in
benzene, [CufSeC(SiMes), - Lif 1. 2-dimethoxymethane’,] is obtained. Analogous
reactions with [CuwiPCyv,,)[BF, and AgBr(PCyvy): alford [MISeC{SiMey),l-

{ PCy,). the solid-state structure of the copper compound being dimeric {480,
NaSe. reaction with AsNO; in the presence of & suituble anion in DMTF afforded

e LS
se e Se Se

4 '
Ag-Se  Ag-ile
Foor s

Ag-ie *
A
be\se’Se

XX

sitver polyselenides m the Torm of polvmeric [ PPh i AgSe ), XXH © with infinite
mucroanionic chains with AgSe, rings and trigonal silver or one-dimensionad poly-
meric AgSe, units with AgSe, rings and tetrahedral stlver atoms B INMeH AgSe;)l,
XX tetrameric {{ NEL 3 AgSe k. with a planar arrangement of two trigonal and
two tetrahedral sitver atoms and discrete (NPry)lAsSe g XXEV L with a tetrahe-
dron  of trngonal  silver atons  {481]  Homolepiic  sther(l}  complexes
(Ag(RE{CH.LER)LYBF, ] {R=Me, Ph. E=S, Se. #=23; E+="Tc. n=3) have been
prepared and characierized by FAB MBS, and multinucicar { H. Se. Te and Ag)y NMR
spectroscopy. The silver atom is tetrahedralty coordinaied in cithey monomeric
FAZ(MeSc{CH,),8eMej )™ or pelymeric [Ag, [PhSe(CH,),SePhi, )t fashion [482].
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Teluride [PPh,J[C,H,STe] reacts with AgNO, in DMF 1o form [Ag,{ L)]*7 where
a Te octahedron is inscribed by an Ag ietrahedron presenting remarkably acuie
Ag-Te-Ag angles of 69(2) 1483]. Tellurocther MeTe(CHyTeMe and AgBF, react
in acetonitrile to yicld JAg( L5 I BF,]a, while [Te{ptC,H, ), results in the formation
of [Ag.t McUN i L), [BF ], [484].

Extraction with cthylenediamine of an alloy with nominal  constitution
KAuBiTe, and tretment with NELBr 1 weOH yields
INELL N TeaAu) . a-Te,$] [483). &, Te and AgNQ, in the presence of elemental
sulfur in BMF afford Ag,Tef TeS;)2  with a cage structure as does the corresponding
selenide [4847. Analogous reaction with Au. ¥ attords an cight-membered ring of
fAusf TeS;)-1 7. LisTe and three equivalents of Te formed in DMF polvtellurides to
which [Agi{PMe,i), adds i the presence of NELCH and PPRC forming
[PPh,E| NE A g Te-] which posscsses @ bicyche anion with a local AaTe; envivon-
ment [487]. Pisclenotene [Au!S3e,C=C{CF 011 reveals in elecirochemical studies
that substitution o § by Se docs not drastically eifect the comploex electronic structure
[488]. WNa.Se, and Nu,Sc, react with AeCN w0 DMF 10 afford
TPPhyjlAwa g Sead - Sl whide with KLSe, [PPhyJlAut 0 Seadi e -Seylf is obiined
{4897, The astonic {AuSe:); ™ XXV vevealed o crystal structure of one-dimensional

-
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chuins with bismonodentate Se3” units. dimerized through short interchuin Au,_
Au interactions [490].

2.2.4. Mixed-group 16 donors

Absorption  and  emission  spectrn of  the cluster  compound
{Cufdi-n-propylmoncthiocarbamatel], are reported and the envstal siructure solved
{393} The agquo-cluster {Mo,SCu(HO03,0] " was obtained from the oxidution of
EMosSCutH,0) ] or by the addition of CuCi to [Mo,S,( O in agueous
hvdrechloric acid {4911,

Reaction of (phenyhhio}ethanoic acid with AgCl0, inn EtOlf produced the 1:1
polymer with a AgQ,S chromophore in 4 distorted (ngonal pyramidal fashion [492]
where a oxathia five-membered and a dioxa Tour-membered chielate rings were
formed. Complexes of the formula [JAgihfac)} (SR, ] (R =Me. Ei. Pr. Bu". mi=
Lor=1) and [{Agihlac (1 d-onmbiane) ] (=1, 2). were prepared by the reaction
belween the Lewis bases and Ag,0O in the appropriate ratios. The oligomeric interme-
diate [{Ag{hfac)] ¢ H,0)), formed by the 1:2 reaction of Ag,0 with Hhiae was also
isolated. The complexes were characterized by 'H and *C NMR and IR spectro-
scopy. The oxathiane complex 1s monomeric i the solid state with the { 4-oxathiane
ligands coordinated 1o the silver{1} center exclusively via the S atoms 4931

The crown ethey derivative of dithiomaleonitrile produced by templute Mg™
cyclizatton gave oxd-crowned tetrauza porphyrins. The nickel porphyrin was found
10 bind 10 Ag{T}ihrough the peripherat five atoms. I solution. no nitrogen coordina-
tion s verified while both AgNS; and Ag(,5,; coordination sites were ohserved in
the solid state [494].

The sandwich-like tetrametallic JAg 0 LLF T were obtained from 2.39-disubstituted
VAT AL 4 Ui-hexathiacicosanes and silver tnflaie in MeCN, For the dioxo-
compound  wo Agd, and two AGS; stes  were  determined  [495L
4. 7-Trioxa-10.13-dithizcyclopentadec-1L-en- 1 1 P2 dicarbonitrile formwed  [Ag{LY]
{BF ] i both polymeric and discrete monotneric. the tetraffucroborale fon participat-
tng i the coordination environmem in the latter. Polvimerie compound 15 also
formed by L4.7.00-etmoxa- 131 6-dithinevevlooctadec- Heon-14.1 S-dicarbonitrile
with Ap(3;S coordination in the solid state but Suxional in soivtion 4961

The AgS;0 envirenment is observed in the product of the 1.3 3-irithiane reaction
with Ag(CF;530,) in McUN, THF which has the formuta [Ag.( L) - LICF;804]
[497]. The steichiometries of Hgand-to-silver 2:1 and 1:! for plissphoramidothicic
and phosphoramidodithioic ion and {he complex IR and UV speeira argue in favor
of O andior § coordimation to silver (498]. The excitation and cindssion specira of
hexamernie aibver clusiers with di-n-propyi- moneihihioca bamate are reported [395).
The structure of [Ag{ LtCHO M, 15 reperted. whuere L =the macrocycie prodaced
from tlie 242 condensation of 3. T-dithianonane-1.9-dio} and
3.6-dichloropyrimidazine in EtOH. The polvineric compound reveals local AgO,S,
chromaophores [499].

The mteractions of thio- and selenocyanate with aarothiomalate in aguecas sobu-
tion were studied by P*C NMR spaciroscopy. The former induces further polymeriza-
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tion while the latter forms innlally menomeric {Au{SeCN{im)]~ which Turther
disproportionates [500}.

The salts LIEY{SiMca); €E=5, Se, Te, Y =C, 5i. Ge) react with AuCHTHT }in
benzene or hexane to afford [AR{EY(SiMe;1:1],. tetrameric for E=5. Te and Y=
C as crystal structure determination revezls. Sintar reaction with AuwCH(PPh;) in
EL,Q vields [Au{PPhyEY(SiMe )] as the crystal siructure for E=Te, 7 ==C
confirmed [501}.

2.3, Complexeswith graup 17 donors

2.3.1. Copper compluxes

A paguiliar Cul,H environment Wils observed in
(Cplo Fablft p-HICu{ p 13,Cul u-H ). TaH{Cp), produced by the reaction of tanta-
locene trihydride and Cul: a dangie bridging Cuyl, unit was observed in the case
of fert-bulyt substtuted evclopentadienyl [32] Raman studies on  metal
halide—CuCl melts in the presence of AlCYH and corresponding frezzing paint mens-
urcments indicate the presence of CuCly  units while in AICEH-CuCl mclis
CuAlC:; units are existing [303]. Polymeric Cuyi2~ chains are ohserved in
{Cus( 3-aminopropanolaile),JJCu;k;]. 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 huminescence of the speecies which s
observed at 470-480 nm. The emitting state is probably & CTTS one. the hydruted
electron formation being antagonistic 1o 1ts deeay [S08]. The lumineseence properiics
of lodocupries is stedied in water. Primary oxidation occurs but Cu{ll) scavenges
the hydratad electrons that are formed as well {3061, Looscly associuted CuCl, are
present in [PEGLICU,CLY [507F while an imeresting mixed valence Cu,Ckl species
was obtained upon recrystallization of [NE]{CuyCl 5} from McCOOE:‘MeNQO,
[308]. CuCl, anions are presenl in onwe compourds with Me,NH, or
{CH,="CHCH ), NH; countercations which result from the reaction of CuCl, with
S{NR.); in ethanol [502).

Orbital overlap and symmetry analysis huved on EHT computaiions attempt o
explain the encrgy chunges through a siep process leading from CuCli™ to
Cu-Cly through Cu,Ct3~ [510].

The anionic units [CuBr;)’” and {CuBry]™ have been studizd i salts with
PPh;Me as the countercation. CuBr, appeuars o be symreetric arcund one of the
Cu-Br bonds and the lincarity of the CuBr, ion has also been verified [311]. The
above anions in 5 M jonic, neuural or acidic medir show CTTS bands and in
high concentrations the lormation of Cu,Rri " and CusBri™ is proposed [SIZ]
CuBry s observed in the mixed walence  [6-amine-1.3.-dimethyl-5-
((2-carboxvphenyl Jazo)uracit | [Cu,Br.| prepared with CaBr, in methanot [5131. In
the reaction of CuQ with &-methyl-2-hydroxypyridine in DMF followed by inter-
action with Br; the mixed valence polymerie Cu;BrdDMF L H,O) compound is
obtained where the unigue CuCuBr. is present [514] with the monovalent copper
situaled in a distorted wtrahedral environment of four bromine atams.
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Piperazine and Cul in agoeous HFE give [LH{Cuyl ) HLG while with excess Culd
[LH,][Cuaiy)is ablained. The compounds were studied with respest (o thelr stracture.
thermal and electrical properties [313), Polvhabde anions of Cu(l) studied by Cu
NQR revealed resonances (in MHz) CuCt; (30,70 or 31,15 depending on vhe coun-
terion), CuBrsy (28.83). Cu,Bri™ {30,647 10 322175 Cu.Bri~ {31.397), Cul3”
£26.29y. Cu,l2” (24385 10 26.375) and Cuyll™ 126,15, 26,80 [ST6L {317). Large

ngle X-ray scattering in acetonitrile, pyridine und DMSO choreciorize compounds
of the formufa CuX, , CuXi™ and Cu,X3 1318).

_____ Silver and gold compfexes

4.?.13A16.31A24-he>.dn,\a—!.Il)~diazabic>-'cl [E.5. 8 hexacosane repcted  with RO}
and AgCl in DME to afferd {KL]JjAgCL]. which upon replacement of chionde
vielded TKLLjAZ,Br;] and {KLlJ(Ag.lld. respeciively  [318]. Weuakly co-
ordinating M{OTeF.), (M=Nb. Sb} or M(OTeF 2 (M=T. Zr. Hl'} form |
silver  complexes which, uwpon reerystaliizaton  from  haloslkancs  prodoce
fAg(haloalkane )} i Y ). with =1 or 2 depending on the charge of Y. The crvsial
strueture o [Ag(CH,LCL L TIEOTeF ] {AZICH, Bra il Nb(OTeF i, and
catene-poly IAg{CHBrCH, Br iy (CH.BrCH:Br)-Be:BrShiOTeF ] are  dis
cussed, the last two being the first meisl bromoalkane compiexes reporled [320}
Reactions of AgOTeF; und PdCl or AgF and HOTeF: in dichloromahane or
| 2-dichiorocthane, afforded chiorearbon solvawd sibver compleses of the formulae
Agytsolvent),Pd(OTeFs),  and  [Ag{solvent 4OTeF: N, {3211 Reaction  of
trens AV Y L XGEBT OM = Rh, In, X = CL Briwith AeBrin o b1 ratie in water foims
rrans-f M{py ) XA EB as conflvmed by IR measurements {3270

Polymeric chains of Agl3™ ions in the forin of comer-sharing tarahedru were
observed in SINH JfAgl]) . - H OO while one-dimenstonat infinite polx-'mc 10 UNIonY
it the lorm of edge-shaving tetrghedry were fownd 1n 3 NMe A, 132"\}
TeEt,] end Agi@ G-diethyldithiphosphate) veact in waier at 70 C o produes
[TeEr,FAg,l]. probably through Agl addition ¢ an intermediate of the formala
TcEt, . The tetrahedral environment ground silver has becon deduend by TH MAS
mmeasurements [524 A 21 reuction of NPryl and Agl . DMF sifords
INPrldAs ] with tewrahedral silver aloms possessing one kevminsl Ag 1 boind
[5325] Discreie antons  are  prosent in the i compoduud
FAL2.4.6-0OCH 0,0 H A L] {218 The stabtiny constants of several Ag-f
aggregates, e Agl [Ag L] {= 1.6} are reporied as a result of potentiomeiric
measurcmients in DME {326] A wninae WAL, anion wias obtained by the
reaciion of Agl and SnPriOH O 3 4EL0 i DMSO in (he prosence of Nall inihe
form of « ene-dimensional iwsied dopile o of Mee-shaiing odine tetrahadsn
[3273.

Treatment of AgX with AsMePh,! leads 10 wodide mcorparation i AgX, when
carried out in hot CHLClL. The compounds isolated preszut mfinite polvmes
-\L‘[ X anlons (X=CL Br, 1y {3281 NeF, reacis with BrF, Aul: to fom
[XeF JJAuF,} which b anhydrouws HF at <0 € wcaeny with KrF; to fom
[ eFJ[AuF] The stractures of the products are discussed with respact to the stiver
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analogs and the differences presented aitrtbuted to the lower Hgand charges of the
sitver camplenes [329]

Intergstingly. G-amino-13-dimethyl-S-aryizzawncils rezct with in-situ reduced
AuCiy to yield (LH ™ H AuChH) - 1.3HLO [530]. The reaction of Z.6-diphenylpyridine
d.zd Kr\uCL at npH =2 suve e;n -dmu.m !“‘hd.(.hi{} oabmte \\ht,rc, an nuzresting three-

s und the pyridin-

ium proton {

Feaction o 'i'\BL JiAuX X =CL Br. 5 with pheavibydvisane hyvdrochiornde
vickded the corresponding Auwll] anions [NBuy)] [AuX,] ihe wyvstal struciwres of
witich were deieninined {332]

3. Mixed ligand complexes
LE Compleves with group 15 and I7 fivands

A wide variety of locat and overalt structures has been obiaingd upon reaction of
niirogen or phoshporous buses with gronp H metat halides. depending on the steric
emands of the ligands and the reaction conditions. The overall structures range
frome shmple monenuclear to sttir-type polymers and the main features of their
idealized geometries are sumvmarized in XXVI

|
5] X
__I/ b *
X X1 X Lod]
L=M-X -] ML / " *x
k7 A ,:1,-
LM AL N
X !
I“\ L‘\Ifx\ . L\ (}s‘.\ :T
MR .’.xﬁq’m MM
N L - - E L
L.
L vx
rd
L XX
308 Nitrogen aned hologen fiogids
AL Copper comuplexes. The  pwechaniam of  the  iransmetabbation of
Cu_.t.\",,-\.',,\"_.-\"—lct:';lm-\-.h\'}--{i,}E:m-c_[iuminc,l_.,': with  MiS-methylsopropyiidens
hydrazine carbailiolete b (M = Coo NI Co kas been studied [333]. Severat preducis

have been oblained Iram the resction of nitrogen donor bases with copper halides.
Depending ou the coneerted effect of the butk and donor uhility of the hases us well
as on the halogen nvolved. a vanely of stroctures hins beon ohserved espociaity ia
the products wieth 01 steicheiometry, The structure of the products oblained by
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dissolution of coppert 11 halides in aitriles has been studied and the strazivre of the
caomplexes JCuX{RCN) }dcir‘rfnined for acetonairtle and PHON. in their vast major-
ity the compounds are siair-type palymiers with the exception of JCul j{PRTN Y
[334]. The ' prodects are all of the statr-type pelymer form [333].

The nature of compounds CaX(MeCN ), and CuXipy), formed in acctonitrile
and pyridine, respectively, is determined by vibrationa) spectioscopn wilizing farge-
angie Xevay scaltering and the dimerization reaction constunts in DMSO 1'ep(>r'=cd
to be <02, 2 and > 100 mol ~ T dm? for X =CL Br and {. respectively {318] The
cnthelpes of salvaiion of cuprus halides in pyridine aad acetonnrile were obtained
amd appeared to be sinvier with the ones in pyridire being more negative [338).
Cubane-type totramers oblained with copper iedide and pyridine or morpholine
alppcared to be photaiuminescent in poncoordinating solvemis @y vt The ‘.msttmg
state ix suggesicd 10 be the 3¢ 4’ excited state of copper [337]. The quenching of
cmission from the cluster-comored excited state of these umh-,rs by iris{ -
dicnatodCrilil) complexes and several organtc subsirates has been investigited in
CH,Cl, 13381, The absorption. emission. diffuse reflectance spectra and excited state
Hfetimes of severad [CuXi Ly, where L=substituted pyridine in CH.CL and O H .,
gigsses al 77 K as well o3 in the solid state are reported (3397 Analogous studics
wers carried ouwt for [CuX(2-tdiphenylmethylhipyridinet] {346]. Luminescence
thermochromism w.as also studied Tor [CuXopyi]y [341] The structures of the dimer
[Cu.l.03-Mepyh) and the polymers [Cul(2-Mepy il and [CobiZ-Me puy} ave been
determined  [342] Mowvosuclear  spocies have bheen obserwed for
Celi 2-methyiquinoling); and CuBr{d3-Mo,py); [3431 For [CuipyiBr] a zigrag
formation with parallel chuins was observed while Z-pyridinecarbaldehyde and
S-benzvipyridine fonn disiorted stair pelvmers [334) end tetrumernic cohane was

realtzed for the more hutky Zidiniwmimﬂth\rmednr {3431 Solitstair tvo-dimen-
stonal sheets of [CurLIX | X =00 Bri are hnked by Jovanepyndme [50] while
a one-dimenstonal infinmile spine was obsened for [Cetd-vina fpridine X and dimeric
fHCu 2vinyipyridined off ¢ X 1) 1 X =L Bry 15471 The cornspoding jodides we
ore-dinensional staiv polymers with noncoordmating vimyi yroups. Split-stair poly-
mers  were observed for o acridine. guinaldine. 2A-dimethyiporidine.,
2dGadmethyipyridine 1] adduets with copper halidos Wil the exceprion of
PrCud2a-Meapshiotp 1] und JOw 24s-Mep LHCuChD 1348] Dimerie com-
poutds were obtuwned for the more bulie ovtahvdrosernidine with aimosi planar
Cu:fy CulBrs aind nunc;‘!‘t\ Cuatls CordE and FOTHMNCTIC
Cur2.2 6 0etramethy Ipineruzine N wilh stabiiizing mermalecutar hadrogen bondx
{5491 The strovtuces of the {Lul\al .'mmouulnnh1:,'} compleses are markediy
ditferent froim cach other '.incc lhc c.hlnmh, i sttie-polimer, and the bromide
e and the sodide are spl The camplenes ol S-nicthylgeinciinge il
i oo catenorics. [CU.“\-”_.;;_. oy }\ (. Br. I SON, &, CullX i,:\-=‘i‘€{33.
ClO 0 and Cu, N1 X=CL Bry. The stracture of Co UL, 1w of the stutr-stop vpe
ENIAE Disiorted teirghedral SRVEFONTINL 3 reperied for
{Culdi Z-pyridvh imethancLTCHO] prepared i BEOF by the hgand epd inwsiiy
reduced CuS0, {852 Guinoline wsel prosonts mialogous variations kaving o stair-
polviner chioride. a wvamene “haskets™ Bromde wd dodide and o extended-
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stair  thiocyunate  {333]. The emisston spectra of  jCul{guinohne),], and
[Culiquinoling)]y were obtained 2t ambient and af low temperntures and are guite
distinet having maxini at around 620 and 580 -590 nm. respectively. owing probubiy
te the difierent environments of the metal comters and therslore o the dilferem
cmissive states [554] B s of interest to note that CuX with bipyridine produoces
dinuctear halogeno bridged conmmounds of the formula {bpy)Cutyr X pCulbpyy
for X==Br, T while for X =:Cl the ionic compound [Cu{bpy):ICuCl.} is produced
[355]. Three halogeno complexes of the formaula Cuf3.35-Me,py), X have been
obtpined and their crvsial sivuctures investigsied [356]. The observed distorted
symmetries are accounted for by the mtra aad miermolecular hydrogen bonds o
the halogen atoms. Reaction of Cul with p-lolviisonitnle and nitrogen bases in THEF
led 1o the formurion of mononuclear [Cul{bpyiil p-loiy HONI) and  dimeric
fCuL 2-( I-benryl-2-phenyibanzimiduole )l A NCip-tolyh) ol p- 1 1] [3537]. Oxidation

MCuCi{pyil; in PhNC; procecds with iiiat insertion of 0, m the Cl- core, which
is the rate determining step of the reaction [558) i o manoer analogous to the
oxidation of [CuBri{N.A -diethvlethyvienedianiinel,. which results in the mixed
valencs compeund [CuBr{L3},0, [332].

.24 trizzole affords compounds Cul Lyl aud Cu{L).Ch. which are reversibly
reduced at 0.33 and (.34 V and show an rreversible peak at - 0,650 - 0.66 V [360]
while  1.8-bis[bist -methyibenzimidazoi-2 -vinvimethyhamino}-3.6-dioxaoctane  in
MeCN-MeOH gives CalYY {Y =Cl0,. BF . CL Bryor Cu i LiX, (X =CL Br. 1)
[561]. NA-bE £ 305-dimethyl- E-pyrazolybmethynyl snmnoethane . and NN
bis{ T-pyrazolyl-meihy! Jaminocthane form mononuclear Cur L)X complexes with
oordinating X/ X = CL B, LSON pand {Cu{Ly,]Y Wih Y = UF SO BF,. possess-
ing teeat CudN,X, and CulNy environments., respectively. {362], Benamiduzale reacts
with Cul 1o afford Cuzld Ly, in THE, stair-polbymer [Cu( -1 LY, in MEOH and
the sobvated [Cua-T(L)) i digivie, while 2-pheny] and 1-benzyl-2-pheny]
subsittuted polyraers i THE form Cu by, - 2THE and Calt Ly, - THE [3631
Thiazols]. imidazolyl. and Aancthvibenzimidazoby hthiwm salts react with CoX in
the presence of CFS0,H at -- 50 N -meithelimidazobt anly at - 4G Ui form
the dimers of ihe formula [Cusfp X hi k)] which were stadied by NMR. The
strnctare of CosUh{imethavhmidazole), wis sobved [50641 The interesting feature of
these zompounds is the presence i the finad products of hulogen atoms bosides the
wse of Bthiated reagents, Products of the swicheiomety Cuf L3.Br asd (Cuby,Br
are obtumed with f-phaonvi-3.5-dimethvipyrazole [353]

The reaction of cuprus halides with 22%dipridylamine in various molai ratios
yields o variely of products, e {CUX LE (X < OL Brj {CsX 1L (X =CH iCuX L
(XN =CLBrand (CuX0L € X Br 1 HA66L Prrazinic acid may act as o monodendate
or bidenuste ligand and this has bueen explosed in o serivs of compounds with vorious
apions, Complees Cuf L3520 211,0 were obtained for X=ClL Br fmonodentale
Heand b CufloX-H.O for X=DBr. NO O, mixed coordination scheme was
observed in Cutl;ClL-3H,0 and a stair-ribben polvmer with CulaN; environiment
was the cuse of Cuz(LH; 3H.0 [567]. Nivotinie acid reucts witly divalent copper
reduced i sity by ascorbic acid to give zigzeg chains of Cut L1Cl in which the free
carboxylic graups are subject to dimerization {368]. N Adicthyinicotinamide forms
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tetrameric ciusters [CuiLyX ], which reveal mteresting reactivity. Resclion with
tetrahalobenzaquinone produces the exidation product [{Cuf LjXHcatechokute], [569]
or mixed valence Cu Xl L), g-catechoiate) {5701 with Tocal CulNyX environment.
The clusters arc ransmetallated by the reaction with S-ncthvlisopropylidenchydraz-
ine carbodithiolsic mctal complexes. MINS}), (1=2 oi 3). Fe{ NS5 initially gives
the mixed valence complex CulCuPFel'LANS)LX,. which further react with
M{NS), 1o give compiete transmetallation products Cui{NS) Cu{NS}, and
M,FetOHO)L;X,; 371}, Reaction with Co{NSi, affords CuiNS) and
[CoLLyX, {372) while with Sn{NSLCH, inttially [Cust Lh(a-CHSn(LiClY is
formed. which treated with nitrobenzene alforded [Cataf Ll - il 4 0385nClL Ll
while with a flurther equivalent of Si{NS)LCl. complete transmeiablation wus
achieved [373] In sencrul, with divalent metal  carbodithiolates.  clusters
fCuM(L),X, ] are obtsined  which  are  further  oxidized 10 yield
FCu M {HOM Lyt p -01:Xg] [574].

Absorption and emission maxima of [Cu L(PPhy), {di-2-pyridyiketonel]
CHCI, and [Cuglddi-2-pyridvketone,] in acctone are reported as well as ther
catalytic activity in the photochemical transtormation of NBD 1o QDPC with
guuntiur yickds of 0,23 and 4.36 respectively (irvadiation a1 2> 320 nnt for 125}
2927, Monouza-atkenes of the formula RN=CR"CR"=CHR" react with CaCl in
a4 wide range of molar ratios gihving various products in ditferent solvents of the
forntuta [iCu( Ly, o0 CH[CuC] [TCuL ol - O and [Cu{L3.C15 (373

3082 Sifver aned gobd compiexes. Dretatled structurad siedies coveal that for sews
eral V-heterovyeles. the locul silver environment i Agi LY complexes s AgNX
regardless of the v value predicted by elemental analvsis {3761 The enthulpies of
sabvation of sibver halides in pyridine are it general more negative than the corre-
sponding ones in acctoniltrife in both solvents the range oblained is less than
10 kT mol 77 5361,

An onusual poes-AehGE chiromophore with Ag W2 163{7} and At =
30118 A was observed in e 2.6-Mepyhai BE L, where BF, anions are brudging
adjacent Ag aroms 13771 A more Hmited arry of structural types s observed
m ApX preducts with A-hasos, in relatton 1o their copper anudogs. Sair
polvmers are observed for  [AgipyiBii, . [Agiovill,. [AgtL406-MepyiXE .
IAglquinaidine) X ], (X =CL Br cube welramers for [Agtpiperiding) X, (X =Br,
P and {Agi2.2.685etrarncthvipiperidine)? je. a novel “tube” polviner is realized
for ]Ag{NHELIX ], [578] while infinite our-dimensiena] poly mer is obuained for
Ag{pipertdine), T [372].

AuX formatior in pyridine and seetonitrile was verifled by EXAFS studies and
appeared to be Jess favoed fn pyridine owing to solvatien cffects [58G1 M Ax
Mossbaver resubis confirmed the existence of hoth Aat L3OV and (LH HAuChH) for
MalkyHmidazoles nnd Benzoxazole Bgands, the ratie of the product depending on
4 balance between clecironic and stevic laciors. Analogous studies were carried oul
for the Awi Li,Cl sertes of compounds [3811 When ceordination of mwosine. gaa-
nosine. imiduzole and its derivatives as vell as of several substituted pyrazoles is
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considered. the Au(ICl complexes are hnear while in the Au{L},Cl analogs. the
second ligand is Just hydrogen bonded to the chiorine 1on {3821,

3.1.2 Phosphorous and halogen ligands

3025 Copper complexes.  Several completes of the formuta [Cu{ PPh,),X | were
isolated and their solid state P NMR spectra refated o their structure [583).
Coordinated X, Br. 1) reveal {8 values from - 5 to -6 ppm while ionic ones
range close {0 zero, The corresponding {Cu{ Pph,j,X | were tsclated in two phuses.
a frigonal and 2 ticlinic one. the latter corresponding to solvaied compounds [ 584].
The P NMR are quite distinet {or the two groups of compounds, The ionic
compound §PPhMe} [Cul PPh,)Br,] is obtamed by refluxing PPh,MeBr. CuBlr and
PPhy in CH,CL, and its structure elucidated by *'P NMR and far-IR where the
Cu-Br bonds resonate at 195 and i30cm ™" [385]. Cu NQR mecuasurements
on [Cuf PIOMeC H,),i X ]; { X=CL Br} confirm the three-coordinale environment
tor copper. Along this line, several siudies on other three-coordinute species.
g [(CuXdppml. FCu{PCYLECIOL. [CuX(PCy):  are reported  [586].
CulPoyyi FBF;) was stodicd as catdiyst in sronv-siilbene cyclopropanation with
N;=CH(CO,EL) where alkene intermedinie presence was proposed to sccount for
its activily {277). iz rcaction with NaX in water gave the metuthesis Products
Cu{PCy;1LX (X =8r, I} probably with trigona] planar geometry aroend the metal
center [294].

Pseudotetrahedial  copper  is present  in [PPhyMel  [Cu{DPPh,i.l.] and
(PP MeCu{ PPhy)t e 1] as interpreted by fui-IR measurements [587]. Bulky
phosphines form MonROmer or diner CoOmpoKs like
CuP(2d.6.-trimethoxypheny! 13X (3881 CulPPhifo-tolyl )X for which two district
species were identified by M'P CP'MAS, Mar-IR and crystal structure determination
for X =Cl 8y [589). {CuX P{p-1olehi ], (X =CL Bry {390}, while the Jess bulky
Plsi-tolyl ) formed with Cul a disieric compound with one trigonal and one pseudo-
tetrabedral eopper atom [3%1]. A rare example of & Cu(l)-F bond is the
[CuF (PP, sl 2EWOH - 4PPh; complex where Cu-F 1s qual to 2. 115(9Y AL The com-
pound has been studied by P CP/MAS {5921 Reaction of POp-OMceC, i) in
acetonitribe with Cul forms the tonie compound [Cuf phospline),JCuls] with two
equivalents of Cul the monomers Culiphosphine} is obisined {393} both com-
pounds were studied by far-IR and 9P The structure of CuBr(PMePh:), and the
otherwise muaccessible product of s reaciion with BH; THFE i THF. the dimeric
[CuBriPMePhail, were solved [394]. Several o- and p-sibstituied bromaobenzenes
reacted with copper in THF af —108 € in the presence of trimetliviphosphine o
give several orgamic reduecion and coupling products as well as the structuralty
vhavacterized Cul3ri PMe,); [395] Several [CuX{ PR3, clesters have been used as
vhotocutalysts in the somorization of NBD o QDC and of frans- o av-stilbene.
thedr activity being refated o the phosphine cone angle, Formation of a Cu NBD
complex s anticipated except for the complex of Plo-tobyly; [390]. The cryswl
structures of Cul{PCy. 1, and [Cul{ PCy;)]; are veporied and discussed with respect
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to other anslogous structures. EHT orbital encrgy considerations were used to
expresy the effect of the halides on the overall structure {397

I-phenyldibenzaphosphole forms tetrameric ([Cuf LIX ] and monomeric Cul X
and t-phenyl-3.4-dimethylphosphole besides these also producis of the formula
Cul,X which wre dimeric Tor X=8r and 1. while for X=CL the ionic
[Cul L) [CuCl;] was oblained. All the compounds were identiiled by far-IR and
P CP/MAS measurements | 598]. Antonic commplexes of the formula Cut PPh,) X,
arc monomeric for X=Ci. Br and dimevic for X=T as far-IR and *1P CP.MAS
measurements show [399].

The dimeric [(PMoeg):Cudp-15:Cu{ PMe;3] and the one-dimonsional cubanoid
U CL (P ), . were prepared in benzenc suspension. and characterized by Noruy
studics  and  vibrational  {far-IR and  Raman?  spectroscopy {6001
Bistdiphenyiphosphinojethane forms several conplexes with copper halides. which
show marked versatifity in solutton. (Cull)ddppel, s shown o dissociate to
{CuCltdppedf, while by addition of dppe. the cquilibrium involves [Cuidppe)jCl
which has been characterized by NMR speciroscopic technigu2s {6011 The vibronic
structure of the {Cut{dmppl, cimission spectrum observed al £3 K has been discussed

Fh

(—‘p FPhy

fx |

- ek,

_ Lo('] cu” H
s

h&a gt

{541]. The structure of the dimer (Cuttripaoes) X Jo XXV hos been determitned sod
the CuP X cnvironmeni ascertained {602 Dipheny]mestivt and phonvidimesityipho-
sphine being very bulky form dimeric adducts wiili copper hatides {6031 as is the
case of tri-o-toiviphosphine for which additionadiv {CuX{MeUN ) Pro-tolvid . were
abliined and studicd by IR, P C1 GAS {8047 Reaction of CuXy with ™
bis{ bisf 2-(diphenviphasphineeethyl bamineiethane and the corvesponding s-xvlene
afford complexes [Culd LN, (X =5eCO,. ClO, 30, or [Cuy bIX,] (XN=Cl}
FaU3E Racomic mistere of N NShisfe-{diphenyiphosphinoibonadidenc-3.2di-
imino-{ 1 “binaphihyl] reacted with [Cus MeUN LIPE] 10 give [ColLfiPE ] while
with Cui PP, LBr inonotmeric Cat L3 was produced where NAMR mcasurements
insficate intramolecitdor exchange of imino groups [GH61

IR and Raman studies confirmed  the  bridging rele of  halogen n
Cu{ t-dipchaviphosphino-o-corborane], X @ product of 14 rexetion of CuX wish the
fizind i EtOH. Reaction produecis for 12 and 123 ratios e of the fornuds Cul X
and Cu.L X, rospeeively {6071

The compiex [ReCHOCOY Nog e C ML L-FF IO PE LT =
C{PPh,Y.) roscts with CaX in CHLL i sive
[Ret g 1O NA p-MeC o H i L5CuX (PF,] which was chuvacterized by 3P
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NM=R, IR and crystai steacture derermination {608] Phosphine functionalized p-
tert-bulyl-calizfdlarene and p-rerr-butyl-caliniSlarens added to Ca(COX in THF
at vt o afford [L{CuCi ) where apzresation feads to terminal CuCl, or trigonal
CuChP, bridged CuP,Cl and a central CuP{pu-Cl), metal sites [609].

3122 Sifrer pomplexes. An onterestitig rodie (¢ the known [AgCHPPhy, 15
through the reaction of [N{PPh,),[{Ae(C,P)}. produce by the reaciion of
NEPPRLCL (AP, and PPhy in w8203 raido in acctone with cither
AuCH PR, or ois-PtCIL{PPhy). [616] The charr and cube isomers of
(AgT{PFh )}, were identified by their emismons at 12 K both of which are observed
to red-shift with temperatuie raise [611] [AgX(LY, and [AgX(L),), are obtatned
with  {-phenyl-3.d.-dimethyviphosphole.  [AgX(L}y];  and  AgX(Li,  with
I-phenyldibenzophosphole. These as well s [Ag{LyJIBF ] are studied by far-IR
and P CPMAS as well as P NMR in solution. revealing dissociation to
FAg(LLIX and fAgX (L)}, [612]. Monomerie lincar AgX{P{2.4.6-(0OMe); T H;hs!
existy in the solid state on the basis of 'P CP/MAS Tur-iR und crystal structure
measurentents white AgL,l is the strueture proposed for she corresponding rodide,
In sohution 3'P NMR show that ionization 10 [Ag(LL]X occurs {613]. 3'P CP/MAS
studics on AeX(PPh.Bu; are reported and relzted 1o the compounds structures. The
observed disarder in the iodine compound is reflected 1o the singlet broadband
obtained in the spectrum [614). The observed Jy,e spliiings for a series of
Au(PPh, )X coraplexes (X =CL L BF,. WOs} are correlated to their structure, The
sirnctures of soveral A PPh; ) X complexes prepured i refluximg acetonitrile were
determined [6151. In the case of 1 and BF,. complexes. cryvstal structure determin-
alions confinn hadogen coordination to the metad [616]. *'P NMR studics on
Ag(L)Y  complexes (Y=CL . NO; M0, MeCOp  L=ii0-Trns-
{{diphenyliphosphino}methyl) sthane) show J e splitiing at 193 K only for NO;
and Ci0; whilz the rest appear 1o be suli dynamic. An AgP,] eovitonment is present
#11 Lhe sohid stale but in solution enly twa of the available P oatoms are coordi-
nated {6171

The tetrameric “cubung” [Ag, T PMe,) ], has been synthesized and i{s vibrattonal
srectra recorded, assigned, correiated with the proposed siructuwees and compared
with analogous compounds [600}. The structures of the silver(lj complexes
TABr PPhy)a} and (A X PPh)2CUCL ( X =CL Bri have been deteninined by
single-crystal Xoray difftaction and correlaied to their vibrational spectra. The *'P
CP/MAS specira of the dimers show separate chemical shifts for the crysialiography
ineguivalent phosphorus atoms, and 2Ju, coupling between these aloms [618].

CoCly(Ph,PCH,C(OPhy,  reacted  with  two  cguivalents  of  AsBF, to
afford AgiPh,PCH,COWPH),ClL while CoX,iPPh,y, cove [Ag{PPhLIBF,] and
m o oexcess  of PPhy also Colp CLLiAgePPh),t. 6191 12 and
1.3-bis(t Diphenyipnosphinoymethy! jbenzene formed complexes of the formula
tAeX{LY, (X=C1 1, NO,) with bridging amons and the diphosphine figands
belag chelating (1.2} or bridging (1.3-} respectively {620) Thans-P1CI(C,Cis),
and AL (OCIO0;)  yielded  PUCHC Clad - ChiAgl (L =PEy. PPhy) or
PHCCLOA - CLApL {L=PPh.Mej. in the former O--Cl---Ag inleraction (o the
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C.Cls ring is obiservad. Both wompounds add a further AgL{OCIO,) molectde 10
form (rinuclear complexes 1621} Polvimeric [PHCClabd p-ClhiAg] is formed by
reans-PUCLIC L), and AgNG; or AgClIO, e MeOH:Me CO and further reacts
witlh EPh; { E=-P. As. Sh} or PEL; to form PirAgCLIC,CL),L. The ervsid structures
of the products with PPhy and PMePh, as well as of the lonic starting compound
are reported [622] Reaction of Ag(PPh{CIO) Win ns-PiCHeC Cly, m
Ctt,Ci; produces CHC,CLOPH p--CHA(PPhyy which  lurther  reacts  with
Agt PPIGHCIO,) o alford frenm-Pr{C,Cla) i o JHAg(PPhH . where o Cl-Ag-P
angle of 148.5¢3) is observed [623]. [n analogous compounds with hromine dimer-
ization tikes place the product being [(PPh HCCitBrey o BryAgi PPh;l. with a
central Ag,Br, core intermolecular Ag. - Br contacis sl interestingly. a O Cl--Ag
intramolecular interaction of 3.007(3) A giving rise Lo an AgPBrBr'Cl envivomnent
[624]. Reaction of civeistrans-] RUCTLACNPh)fdppm-£3.] having two monochapo
dppm  ligands  wih AgCl0, gave  the  holerometalic complex
Hdppm){ PONC L CiRa( 0 dppmAgCHIICIO ) [623]. Reaction of Agidppm i NGy}
with  SaPh,Ci,  in MeCN-McOH produced  [Audp Clifp dPPM ),
FSaPh,{ NGO, 1T studied by Xeray and NMR measurements {238)

Treutment with NaBH, of & mixwure of [AeCUPPh .. HAuTT, and PPy, moa
148 ratio b ethano! guove a dark red erystalline product with the sioichciometry
TAUAE A i CH PP CHERETIOH, composed of two cicosahiedral clusiers shor-
ing 4 vertex [626].

3123 Gold complexes. Exclusion of water and wr abuws AuCHPR V(R =T
Ph, OEt. OPh) and AuCH PR}, (R =Ph. OL1) initially clectrochemically oxidized
to AuX . to be re-reduced by addition of PR; in a variety of solvents. e, MeUN,
THF. CH.CL 16271 Trphenyiphoasphine and L -phonvk3d-dimethyiphosphoie form
compounds AutLIX and JAu{ L[ P, ] und tor the phosphole lgand AufLy X was
also obtained { X = CL Br. [, Ta the ¢hlorides the irregulbur phiosphiorous enviroamens
in the solid swate is reflecied in the appearaice of the *'P CI* MAS spectra [628],
HMPOCPAMAS and orvsial struciure determination are veported for o senies of
AulPPhH Y ) compounds (Y = NO MeCG. SONCCH L ONCCL Br 13028 The
synthesis, ER aod Ramap studics are venorted for AuXiPhn X = CL BUON SON)
0207 AaCH MelS 3 readily displaces Me,S and coordinaies adih dipheny tphosphino
acetic and benzole amide, Tostdiphensiphosphinootks unmnojamine, bistdiphenyi-
phosplino aikyvlamidoimethyvianmie to gve compounds Aue L0 where P-bondimg
to the nietal B observed [031] Pasplacement of M8 v Pr240-(OMe)CH L
oceutrs vickling compieses o7 the formula AuXO0 2 aliielh are shows. by TP NAR
1 W, in solution. 10 the coresponding [Aut L] compleses {63210 A series of
At PP fr=1 43 are obtaiped in solution as 1P NMR mensurements reveal.
while S-phenyt-dibenzophosphiole only Forms the ones with 4= 1 and 4 The com-
pounds undergo fasi eschange even at 183 Koand when a mixture of Beends is used.
HMP NMR identifies mised-ligand speeics [633] A vadety of complexes is abtutned
by the reaciion of PMe.hiexyt and PPRB with ¢ NE i AuBr,) in COCE depending
o the reactant rafio and these are AwLiBr. Auw{L).Br. [AatLpiBr and
{AulLyBr while with RPICH PR IRR = Me, Phy (AuBnatp Ly Au(l)Br
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and [AUBr{x-1)], are abtained [634]. PiCH,OH ); reacis with AufcveloocieneiCl
1o form Au{P(CH,OHM )}l wiiich Turther reaeis with nucleosides (L = guanosine,
adenosine. cytidine} in DMSD bat only in the presence of AgNOQ, formiag
[Aat Ly PECHOH BIHNO, as IR and 'H NMR sidics confitined [635]. Both
EMCT and MLCT bands were observed in the UV Vis and MCD spectra of
AuX{PR3) compieses (X =CL Br. R=Mc. EU) in acctonitrile solution [636).
Analogous study and band assignement was carried out on AuX s and Au(PE)
complexes as well.

Scveral biphosphines eg. PhyP(CH,PPh, (=1 41 Ph,PCH = CHIPPh,.
Ph,PCH,CH,PEL, EGPCHCHLPEL. Torm [{AwX )l i- LY which are capable of
further reacting with L }637]. Tt is observed that 3- and 6-membered rings are stable
while ligands that would form 4- or 7-membered vings upon chelation yield annalar
or polymcerie species [038]. The erystal structure of oiv- and prans-bistdiphenylphes-
phinotethviene were compared with the ones adopted W the corresponding
{AUCH( g 1)) conplexes. and discussed i view of the complex " Aw Massbauer
spectra, The traas- ligend also produced Aw{L3CE which 15 presunnbly polymeric
with a AuP,C) environment. A close contact of A Au 305013 A has been observed
for [AuC }lp eis-L)] 1639]. The isomerization of ciy- 1o praps-bis{diphenyt-
phosphino)ethvienedigold  dihalides  has been uchieved  photochemically  and
followed by P NMR mcoswrements [640] [Aufdppm)([BH,CNL  with
Nal  formwed  [Auddppmifpe FRBH,CNT which.  wpon  reerystailization
decomposes 0 [AuL{dppn),lAuCNY,]  and  wreated  with Nadie  viclds
[Aaddppmlst g Gl BHLONT [641]. Bis-diphenylphosphinomethane and MAuCl,
in EH gives an eguilibrium mixtore of (AuClbdppa), [AuClEdppmyl, and
IAECHLIdppmLICH in fust exchange. faster between the two lerming! compounds
than between the kst (wo ones as P NMR studics indicate. The solid state
luminescence of the fast complex is attributed to the presence of short Au---Au
interactions on the basis of s erystal structare determmnation [6421 The ™ "Au
Missbauer spectrum of the bis(diphenyiphosphinoyame : complex {tAuCliip LY
has been obtained ar bguid hebium temperature {263]. The bistdiphenylphosphine)-
methanido complex of gold is dimeric amd apon reaction with Met in MeOH yieids
(Aub){ye 1) while reaction wih BrCH.COPh ieads to the formation of
{AutdppmBr; [643]. Diphenyiphosphinodiphenvlammomethane reacts with ctiher
Auw{PPh Y or with i s redizeed AuCE o afford Awf10,CL dissoctating i
acctonitiile as vartable temperature MR NMR reveals. Lis solid-state strocture soveals
i T-shaped AuP:Cl environment {6441, Successive addidons of equivalent moles of
Aw{Me. 5300 o bis{diphenyiphosphinomethyl pphenvlarsine afforded complexes
AChip Ly, self-associating cven In solution at low  lemperatures  and
A Ol Lyaith a bent A chaine wiile NHAPY.L addition (o (he Tonmer afforded
the tetranser (AW CLE g LLEPF)s [6451

Anglysis of the 3P PPHY spectra of mixtures {NEUEAWBr] and PPhdde, or
PBYin 'D,Cl, hus been used Lo verily 1he presence of species with varying molecutar-
ity in solution as well as to determine their exchange kinetic parameters [64a].

The complexes [AuXPidmethoxyphenyl) ] { X=CL Br. [} were prepared I+
reactiom ol the phosphine with {AuX{Me,8) or [AuX,]" . The compicxes werc
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characterized by far-IR and P NMR spectroscepy in MeCN. Ualike the corre-
sponding PPh, complexes there is no evidence of ., spin-spin splitting in the
HMP CP-MAS spectra, Addition of # further eguivalent of phosphing resulis in the
formation of [AW{ L))" [647].

The polymeric complax {AvCl(dppf 3], is bused on irigonad P,AuCH lnkages and
has been structurally charaeterized in both polar and apolar psendo-polymerphic
forms {048} The higand 1, 1%bis{diphenviphosphinoioctamethyiferrocene is found
o be cheiuting 1 the above complex and bridging w0 (AuCl){p Ly and
ARCFa) i LY o which the corresponding chlore- compound is readily 1rans-
formed [349].

1.3.5-trtazg-T-nhosphaadamantane forms  both  Aw{bLyl in CHCL,  and
(L - HCHAUCEHin MeOH MeON, which is depretonaied at pH =4.5 The protonated
Haaid gives rise (o longer Awe - Au uteracttons conscgquently alicnng the lumings-
cenee properties of the complex [630] Studics on Aw{LIX (X=Brl} and
fARCEH T A, reveal that the latter compound possesses multiple emitiing siates
[631}. CO interaction  with  AuX(PPhy) led o the Jormation  of
Au(PPh 30" X7 (X =NO,. CLO,. B, OAc). which upon hydrolvsis or treat-
mend wiili pro:on donors fead to Aug PPh X, through “AusFPPh, " The nitrate
i CHLCL gave Au{PPh {CNO) and the cluster Ag, (PPRhJCNQO), T652].

Phosphontte and phosphinite derbvinized  cadixresorcinarenes L(O,PPLY, and
LiOPPh,k,. respectively. readily react with AuCli(SdIe,) i CH.CHL 1o form “gold
riamad” calixarenes where the AuCl ouits are i fust exchange as te single line
phosphorous NMR spectra reveal, although in the solid stale the phosphouitocalixar-
ente appears with a AuCl unit folded toward- #s center [633] The cluster
Altsf PPh, 1O i solubie in pyridine and dichioromeihane bul rapidly docomposes
in solution. U owas found Jm; P20, H, S0, NG exchanpes with PPh; o offord
A DOl complelely dissociating in water to siford Noga|Aussd L] [654]

3030 Miscolferroons

The complexes [Cud L0 MeON L0 X LECIO] were prepured by the resciion of
CuX (X =01 1)y with Iwi\;{diphcnvlphmphinm*lclh\-l}phcr.y!pi‘.ospl‘;inc o MeQOH
foltowed by reerystallizution from MeCMN. The chlorine-conlaining calion consists
of three non-interaciing copper{ !} ions L‘rt'mg.:d by twoe chloride ions on the same
stde and by mo triphosphine lgunds. Both compleaes display seom-temperature
photolummescence [H55].

Reaction of CuX and pyridine with two equivaienis of PPhy in acctosiirile
produced CuX{pyi{ PPL, ), where rvther shorod 10 X and sather long Cu N distances
were observed [836]0 With stowhiometric quantities |[Cut g X pyi PPL L, were
obtained, Analogous compounds were obtined with d-cvanopyridine and as crvsta
struciure determinations show only pyridine nitrogen is iivebed in the coordination
[657]. The cortespending bipyridine contplexes were studied by crvstal structare
determination and P CP A1AS measuremenis revealing, in the case of the chloride.
mwequivalent phasphorous atoms {638] The NMR measurcaients discriminaied
between the veltow and the orange form of CulCl PPhy i bpyi, tie yellow one being
conclusively atuributed to the echipsed conformation around the CTu P bond {839,
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In the same nmwnner. the two  psewdosvinmietnicsdly  related  molecules  of
FCud-Mepy)(PPh,CH, were identificd [6601 The reaction of TuX With
PPhyio-iolsl} or PPh, in the presence of cither dcyanopyridive or piperiding m
refluxing  acctonitrile produced  compounds o the  stoiheiometry
[Cuf p--X M Phosphine)( L. faall. Analogous reaction produced
[Cu,( MeCN ), i PPhLQ-lolyl )} ol p Brga] 2MeCN the stiuciure of which has been
determined [6O21.

Several ionic sPECies cxchange their aians with
[Cu 2 ~bis!bisf 2-ediphenylarsinoleihy Jaminofethane I CHID (o Torm CudLIX,
{ X=CL Bi) [Cu X HCIO X =N, NCS) while adducts of the flormula
[Cut EYY LICHOLL are ehiained with Y = carbon disuliide. thives tiphenyinhos-
phine.  wiphenvlarsine  and  imidazole  [663]. The  crysial  struciwee of
AgRipyHPPh) is fiually determined as dimerie {664] with bridging halogen aloms
although in pyridine soluiion the existence of monomerie AgX(Py 0 PPh,) s pos-
tulaied [063].

The complex Riu(COLCTLEx Ly, (L= bsttdiphenyviphosphinojmethybyphenylar-
sing) reacis with AgClin CH.CI, to give Rh,Ag(COL Lige L), with sibver bonided
10 the bwg arsenie aioms of the metallmacrocyele 16661, Depending on the erystadliza-
tiog conditions two crystal forms of AuCH AsPPh) are obtained which differ i the
phenyl gronp torsson angles and the corresponding region of the Ruman spectra
[667].

3.2 Complexes witl wroop 16 and 17 ligands
3200 Oxvgen and hafogen Faaitds

Cuprous inides b the presence of ascortic acid appear to catalyze effoctisely
epoxidatton of francstitbene without conconsitmt Tormation of benzaldehyde 6681
ApBiOTeF oy, produced by addinon o BOOFTCF, w AgOilek.
Li.2-trichlorotrifuorocthane. revesls bonding ol silver to ties aniops tivolving
three Ag O m the range 2300057 2056(5r A aud six Ag F betwoen 2.644(5)
and 3T AL 0 Meatvlene, CHLOL aud CHLOHCHLCT form the
{Agisolven} JIBLOTeF ) 10091 Dissobving AgOTets in 1.2.3-uwichioropropane
vields infinite chiting of {AgcLOTel 0 with siiver mono-coordinated 1o o chianine
of pre id bidentute to the other Bgand with @ central Ag.O, core {6701,

220 Selfur annd hatogen Heondy

2224 Copper compleves. The caleuloted beuts of solution of cupros halides in
tetrathiophene are found 1o decrease from chlorine to todine and are consistenuly
higher than the corresponding sibver oncs. ranging beoween - 2791 - 2662, -- 2337
and — 2174 kFmol ~'. sespectively (671, Cuprus hatides maer with tetrakistethyls
thiojtetrathinfubvatene to form one- and wwo-dimensional polymeric cowpleses of
the Tormuis BCUBL LY and $C0CTLO respectively (4191,
N-methybmidazotine-24hione reduces Cufl) sadls in ethanol 0 produce boith
mined valence compounds, e [Cul,Culf Ly A HOY L with ¥ = MeCO,. OH.



PO Wevives of af. Cavediasion: Choianry Beviowy I67 770070, 98 i 137

ClO,, PF,, [Cuyf LhCLY and [Cuy(103,C05] [672] The bulky 3-(iriorganosiiviy and
3.6-bist triorgano«ilyi ypyridine-2-thione form monomerie Cab,Cl nproducts 13757 as
does the saturated seven-membered thiocanrciactam with Cuf [673]. The reaction
of CueX, with I3-diuhmeycloheranc-zthione  vielded the mized-valence
CuChd L - Ly where the two bridging ligands connect monovalent and divelem
copper aloms. w hile Cual L3,Brs and 1Cu{ L}Br ], were alzo obtained [674]. In 204
aqueous HCL 6-mercaptopurine is protonated and the reaction product with Cudl
is Cu{y CLICHLH), [673) with protosation ocowrring gt N¢l} and N¢9).
4.5.6.7teirathiocino] 1.2-bi3 4-b' jdiimiduzolvi- 135, H-tetraethyi-2 9-dithitons Forms
in THF or acetene complexes of the formula Cu{L1X upon reaction with CuX,.
the sume products are obtained by reduction of the CufTT) analogs and are shown
to possess a Cu8.X environment {676]. 1.3-dithiokme-2-thione in refluxing THF
reduces CuX, to either [CuX{L)], or [Cud LYCL], where polvmeric chaims with
CuCLS or CuClS local environments are present bridged by thione suifur atoms
[677]. Lihyl. phenyl and benzyl subsiitified 2-propenoyithivreas form complenes of
the type Cuf L3,C1 for which the phenyl substituied compound is structuralty charae-
terized [678]. Cul.Cl is slso formed by methyipyruvate thiosemicarbazone and
further reacts with PPhy to form Cul o PPRCH [879]. M-benzovi-N'-propylihiurea
is used as a model {or the surfuce bindmg funciien of yeroge! and m this respect
the structure of its copper complexes is mteresting. The structurve ol Cug L3, is
composed of monomeric vty with trigonal copper environment [880].

Relatively stable mixed valence clusters wers obtuined upon reuction of -pepicil-
lawnine with Cul 2 +) sulls in the presence of chlorides. The solid product of stoick:-
ometry NagJCuiCul {L},CH - 36H,0 was studied by VG and DSC. The monovalent
coppor atoms are supposed 1o exist in a Cud,Cl environment [0817].

A series of Co ditldocarbamates reacted with Cul in aceionitrile to produce
polymeric species where Cuaf e T, bridges ave formed between adjacent Cofdich
units, The copper environment consists of iwo S and two I atoms [6821 Simikir
reactions in MeCUN-CH1LC1L give rise (o 2[Co(die 1} 3Cul with Cu;f, bridging units

1A Fa
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and [Cofde iz} 3CuBr MeCN with CuaBr, oligomers. XXVIEE [683], Reactions of
dinhenyl-, dibenzyl-, diethoxy- und methyipienyl cobalt dithiocarbuinstes are unsue-
cessful with either CuBr or Cul and polymeric products with the siowhetometry
CotdEGIe) [CuBily 2MeUN and  Co(dBugCL[Cui],  are obtained  [654]
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Depending on the nature of the dithiocarbamate substituent. anilogons reactions
with Cr{dic); poduce either 1:2 or 1313 CrCu compounds or no reaction product
at all (683} The structures of N.A -dipheavidithiomalonamide complexes of (he
formola [Cu{L).)X { X=Cl, Br. I} were deiermined and correlated with their 'H
NMR spectra oblained in DMSO [686].

A review of the reaction of teirathtomolubdate and totrathiowolframate with
cuprus halides in ratios varying between 1l and 16 as well as the corvesponding
reactions with MoOS: ™ and Mo0.37 " arc deseribed and severad new structures
sovied [0571 The salid-siate reaction of Mo0,5:7 with Cul and NE(Br follows
by stccessive extractions of the product with CH,ChL oand PriOH  yiclded
INEL{CuMa,5,0,Br,1,5} in the form of two nest-shaped lragments connecied
through a Cul,Cr brdge |688].

Reuction of CoCl with totrathiowolivamate produce vartovs products of the
general formula [Cu, CT WS 1 {(r=2. 2.5 3) depenaing upon the reaction lime and
evaporation procedure applicd. Ciyclic voltametric studies in DMF reveal that the
coordination of CuCl protects the WS, core from reduction [689]. Upon stunding
i acetonitrite {ICuCH WS, )T was isolated and structurally characterized {6901
Addition of NHSCN to { W3 {CuCHCL yielaed fWS{CuNCS,1* while with
three cgoivalents of trphenyiphosphine [WS, 1Co{ PPhy i ,CIH{MeON ] was obtained
[691]. Analogous reactions with M8, lead 1o the iselation of (Cubl) Mo, {a=1.
2 or 3y where L=Ci. Brand 8Pk or ON. The Raman bunds attributed to the Mo -8
and Cu- § bonds are reported at 89 K and provide dications about the stoichtone-
try and structure of the product studicd [692] Reaction i a 123 ratio afforded
[MoSCuChH, CLF - with MoS; encapsuleted wilhin a distored octahicdron of
copper atoms. of wiieh hall are trigonad sond bald oo teivahedral environment
[693). Reaction with five-lodd excess of CaClin refluxing CHLCH leads (o formation
of [MS,Cu, LY iM=Mo. Wi There wre differences in the struciure ol the
obiained compieses, which zre refuted to the virious counterions tsed [H94]. The
reaction of PNHLIWS, with CuX ( X =Br. 1) and a corresponding telraalkyl balide
in the solid state yietded [NR L WS Cu X -] the structure of which wvas observed to
be an open cubane-like onc. while treatment widh pyridine in scetonurile viekded
polvineric [WSCu Lipyhi, 169SE Adduicsi of CaCl o (CuClnR¢Ep
PEOE) e WSy produced {CuCl L i WS MCuc MRICmPIOEL) . whore teo
trigonat and two tetrmnedesl coppar centers are encoantered. Tresmymeni of the
praduct  with momst CHLOL yiclded o product with the  stoschetometn
{IRNCpPIOEG: WOSHCUCT I naf e Chy, and o deomatieally diflerent sirue-
ture, which treated with HLS afonded the inkia) compeand (6901

The macrocyele produced from e 2 + 7 condensation of 3. 7-dithianonane-1.9-diol
antd 3.6-dichloropyrimidazine in EOOEH Tomms fOa00CH, whieh s shown o possess
Cu,Ch cores and tetrahedrally coordineied copper atams J4991
30220 Siver amd gold cosnpleves. Poiythiaether [9laneS, forms Ag(i)X com-
plexes in which silver & in & tetrahiedral AgS,X enviroument and the ligands are
bridging {4441, Silver halides dissolved i THY forin [AgX (THT Y, as inlerred by
large-angle  X-ray  scattering measurements [4241 The orvstat struoware of
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{Aul{THT 2, s reported at 200 K. Inhnite Ao chiins are observed with abiernaie
AuS; and Aul, covironments (6971

Reaetion of ,I\,u(,il(()) with thiols RSH (R = Bu'. 2.6-MeZ 0, C 55 nroduced
ihiolates Au{BR} winie reaction with {Nar b0 B pemaosa-
cyclopentadecane S Bu'} vielded among others [ ACCHL DB 1 its ervatal siructorg
revenied tirree AaCl groups courdinated to the Bu'S ™ siving rise to o tetrahedral

sutfur {6981, Several heterocyelic thioamides form comploses (A XL I X = C F,,
Cly while, upon depretonation neairad [Au.fy LREwiah betll S and N donution e
the meta) are obtained {462]. Electrogeneraiod Aul’] atplH = LO7 (in FINO, ) vesots
with eysteinato aid peaicilamingto lons forming complexes cuvier Lo oxidize than
AutPRJC but more difficult than 4ulPR), [692) Lineswr AuSC] enviroament is
present an the reduction product of [AuCL] by dicvciohesyiphosplunyl Vomethnd-
thicformanude in thiodighveol 17 Monomeric compounds of the Formul
Aui L)) are derived from the reaction of S C{HINMe. §-C{Chnde.,
S--CiPhSMe aud dubmrolidine-2-thione with AaCh in THE at vt The latier
reveads & covital structure with antiparailel pairs and Av--Au 3300 A {7018 The
thioether & readily displaced from AuCHSMe.) by p\-'ridi‘-‘.f.‘f’- or 4-thions i THF
resulting in the formation of AuClithione) complexes. The corregponding thiopaio
complexes are presumably dimeric for pyodine-2 —thm #nd polvmeric {or fs
4-counterpart [702].

Dimethvidithiocarbamate S-methylester is foend 1o fomm Auriax X = CL By
and{Au{ Ly PPh i NO,) in ethanol while the comrcaponding O-ethnd monothiocar-
bumate forms iAu(L).1.Cl {7031 Lisand exchonee iz confinmed in sofmdoy for
AuCH | 4. 7-withwevelononanet while its stracture reveals Auo-Au contacts of
33095141 A formiag an indintte array of Au moms {75)

2230 Mieellwcors

Reaction of [18%aneS,, and AgBF,in MeNO-CHOL nshe prosenee of iree-teld
excess of fodine produced [JAgiLy -], while from £100 IAst DL wus obined
[F13] Sitver Ras been found to coordimade 10 the 3 wnd the Br atom of w-Bromn
ketones ‘n g chelsic-lde manner and 1o the plsyoen of phom ! g ot PC
NMR micasurements of 1he compleres und of the ' L SUppOr
the veseits of the X-re strueluye determnations [H

ﬂ'm' Bands

32 Conpleyex with groop 1 5 qired §6 fizands

AL Nitrowen wind oxveen doors

severub subsniuied r‘.':‘;izinc.\' with
CutUF S0, i MeOH afforded Uil diCF S0 where distoried  tetenhedral

3L Cupper compioves. Raaciton of
Cub,ty  emeonment o present [7071 while with 203din
poly-[Cufy Ly LHCF50.0) vus abtumed [T081

Reaction of several 1.2-diones with metaliie coprer i the prosepce of nitrogen
hases yiehded semidione compiexes which, upon remction with oo
Formation of binugkenr je enediolate eompleves wih threc-coordinme matad caniees

sthvipyrazine,

rer bosd o ine
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in CulNLO epvircmwments FF09]. Reversible axddation and reduction of complex aceurs
in well-delined steps. Substitution of O by § leads to more negalive first reduction
porential and accurrenes ab the second sizp guite close o the Hrst onz {710
IR studies revealad that the perchioraie ton is prosent in variows coordinaion
es in polypyridime  complexes.  namely  noncoordinating  in [Culf12-
bisl6-[ 2+ f-imnethy - D-pyridyl jetavi2-pyridyl Jethane } ICIGLL monodentule in
[Cui2 6-bis] 2-f GomethyE-2pyridyhlethyl ipvrnids m.i()('!()aj wnd  bidentate in
s b} QebistS-methvh-Zpyridvi vethane HO,CHOL [THT]L

Vo benrothindiszole forms two-dimenxional JCuLLEPT custers in
',{(_ U;{L;_;(CEOQ,ET 101 3THE L three-dimenstonal ones in [Cui LWHPGLF )] with
svereanesting auions, [Ca{ Ly NOL  where 2 Cu, f:'nair 15 Tarmed and Livered
overall siruciure §s proseni. while  3.4-heos A T N
{ Mo COMCHD, 1] i (he prescnce of Lih)'lc‘m [7E2%

Phonazine . added o {{ui MeCN .J_I[Pff,} m owethapel 1o give
I e L MeOH - L - EPE s 10 the form of mfinite stacks of afterame bgand and
cationic unit. which form a donor-acceptor complex as judged by the observed €T
barg, Tnssite reduction of Cw(Ci0,): o MeOH Me,CO gives miinite chains of
e HLOWCHO ! while with CutNO;1, the compound Cuf{L)JC.NOY s
abipingd {7131 Polvmeric nitrate is obtained by the in site reduction of CutNO,,
sl copper m scctone and  m MeCOCUH,, [CatMeCMNLEPF] yviclded
T PO, wiih Drudeing sndons [ 7144

Cooghoodevanamide reacted  with ICwt 3.50-Mespedl, in acttone 1o afford
VOut R AT i LY s which further reacted with QU8 SCNPh, OOURNCy to pive
et producss [T The complex of 3. 5-dinmethyipyrazolate in pyriding appoirs
w b odn eguilitdom between the forms [CufRLpys) and [Cu Ll py which is
shtittea s keoperadure FTHAY Phiochrome fomis a polymeric compound with coppr
nerchbo, see we it @ staireivpe chain with Coec-Cu 247603 A wlube i soluton the
presating speococs a low wogiit dimer conmplex [717)

Foocompb el 2-thienoyitriffuoroacetond i g LA -bpy ] presents a chaan forima-
mmad by (R and EAR MY measurcments {7181 Condensation of

TTlt

2a-dlommaiteren aind 3-oxapontatae-} ‘\—n_rrlmm prodoce @ SchiT base wiich in
MOUN Ml stves {CuALHICHOL. - Pk L MeON LI BPh ], with locnd
o

Cooqunents (125,

shgands such s BT LT ctrsseyclocivosance- b g-dio] comdinte
ey copprer aid the {Cug LR[OI complex reveakad o coststderable
3w pespect o Hy oxtdaiton. especially i oacetoniile shich was uchioved
in e st the intermedinte prodoct heine idosified and 2 mixed-valence complex
1TE ocanmelic macrocyeles produced by comdensation of 2 o-diformyl-d-seibi-
phe itz with mixtares of dimnises MO, N Opranging from 2w 33 Hrnied
ol [C A B CIOG, [720]

e

SEL2 Sibvercomplexess The onestad stvectore determination of z-tristhoer amidao-
selenate AgaNSe0, revedis belieal packing doe 1o o Ag - O ceordinaidon betaeen
wdjacest nits (Y20 while in IARE NFL LA 2 NSeOL ] 3N 28 2 only AgN, cavi-
ronments  wre  encopntered i 221, Bridging uren and N&O, are found i
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PEABING Oy durea], preduced by boding /&
e focud 311 er enviromments beina AgQy and . \~‘f
d 7T sopropy - A T-frinznovelonoene o
witicl upon reaction with Na®MN O, a0 MEOH sk d o it 1‘}'
Formuln [Cud Lt ot ONOGPE] which was studied specirascopivally
chemicaily 1 order o moded amlogous sitrite 1o NC canversions i coppar-vaiiaiie
ma euzyntes {7247 Analogous resctions were carmied oul using .)u. otalsit 3-reit-
butyt iprrazoleic)borate which formed with CaChn THE o dimerie ‘,nm,ﬂ\ iiih
duronal copper centers which readily aptukes MO o yiekd monomctic {Cut e NO)
P725] The fourciectren  doncr nmure of —i‘?h:\_\}?:'ziib;ri:'»“'
33O oeta-TAdb-triene b vevified in [TAg MeU N Dot LIHSDI, | o which 1 s
displucad by MECN and THF [726]

Recrystallizetion of AzNO, from J-benmaipridine of pridine-fcarboniirile

PF i P

vl dbmer of fhe

produces products JAs{ L1 NO g which ave pobvmene i sature and pr
teres with monedoaie nitrates and monoadent-ic and ehelating nitvates respeetnely

(7271 Chelating  nitrate  and  fridging PS-naphthariding are present s
PA LN g giving vise to aineal Ag(d:N) ensironmient [728] The complex
[ = . -

ot sifver perchlorade with dincetvipyridine was siructaeally deterinined te he of the
formitla [Ar{ LEECIO ) with o Ae™L0: eovivonment |
Polymaeric 1 compounds were formed T the reaction of -‘r—rlitl'n'=—;:‘.}:t “/01:: Wit
cttlier ApNO, or AgBF, in agueons medi ax PO MNMR andg IR - (i
avidie media newtral imidazole Forms Jag(L iy ] ¥ =N BT .,‘
IS [FA0]. Silver amine comploxes wi a!. phitladic Agd bW - and senesie aeid
ENFE A Lyl NH L HLO0 - FLO lete boeen prepared, 7 e fornier Is @ letdrogen-
bonded chain poluner with s A g.'\.() e retment snd cach ph:’.whﬁ nxyEen
bhonded (o swparate shiser alems wivile
[T3EE Anmsonitnt siiver Pisiricorivated hvdrale poesosses o N0 ch
hr g ndeotinae and atmoninn sibeerdiprerite dihades
et omment with eoe i
g enyvgen atont All
R

LTy }

the lutter o two-cimegaronal shoet polvimer

Ii
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of a mised valence ervptate of the formuls IASTASMOILECHO,] with Anlin u Ny
and Ag"™ o NLO envirosment respeciively {7335) The Sohiil base produccd by the
condensation  of 2.5-difermylfuran and  3-osapentanc-T8-dGiamine  reacted  in
MeONAMeOH 1o give JAg0HLOR(LHCHY ) wiih a8 tocal AuN.O; environment
‘l"ﬁ} The formion  of  Agl ™ with  eryptand 4.7.13.26-tetraoxa-

FIO-dinzabicyciof 8.8 2 joicosane is reported on & variety of selvonts inclodiug aceto-
nitrile, methunel, waicr wnd pyridine |70

I3 Plosphurus and oxyees doiirs

I3 Copper coiplexes, The Z-mcthylguinatin-S-oluic veaction with CuCl in
THf disproportienates to mefuilic copper and Cuol,; but the presence of p-tolvhsonit-
rikz

stehibizes  the nelvmerte ([CurLlONtp-tohin ] and €GO the  witumerne
Wi OO, which easily subsotutes OO wiah phosphorous bases forming

Cul L) PPhyly and Oue Llit_-mu i7371.

Cuftf-Up Phess, reacts with subsiituted  ocetylacelones o give
{Culaean )y PMeg.d, the crwm{ struciure of the da compound is reported [738]
Severz! Catdibietontey PR ;) vtk PMe,. Pl acuc, thae. hiae have been studied.
An nieresting teaction i the one of Caihlua) UPMe g with excesy PMe; which
leads to formation of JCutPMe )Rl 17391 Vopor prossure moasurements are
veporied for Cug PMe, is-dicotommte) {r=1. 3 for scac. thue, htue =1 {or dpm)
{746). Anafogous compounds are realized tor PUBW,. PPh, and POy, the structures
for sume of the tricvelohens Iphospling comphees aie repored (7417 along with an
P NMR study

Reactionn of Nf}_,‘;‘, with  PBhy mo peflusing ethanol  prodoced
Cuf PPRLIONOS 0 O 227404 AL while CugPPROLEBEL) in die prosence of
FICHDY, roueis with ¥‘I"h t gine Cof PPh L0000 10 G=23603 A0 420
Anion coerdimation  wus  also observed  for the perchlorule compleses of
PMEPRRBIX whers M= Cu Ag or Au and RR = phens L oveloheny!, cyelopentyl
and cvclohenpty al!d f:u tiwe worresponding fetraflucrobormies of PPy and
LSS RY 2 DU R

The complexes PR L Culp ). (R =Phe O Lo cvmmoacei e, live been
swnithestzed, The fird cumpir'x o dimer, bath i solulion snd in the solid state.
with honding through beth the carboxvhate functiomddity sad the N, while the weond
= monorictic with moenedentat carbeglate. Both compleses rendily undergo revers-
ibic decorhosviuton-carbosyvlation [744} Depending on the concentruiion and tom-
peratere of the soluiion. and the reactant mvodar e vhe reacion of copper(ih)
acciute wiih triphenviphesphine in ethanol produced {0 PPHOMeCO L 100
£PE 3 MO0, Eaid the mibxed s otenee [0 DPR OG0 0L which were shown
10 m-;.\i.si it osetobion JTASL 1O PPhL L formsd on O oasode I the prescace off
PP i aoeiomitvite solution reacts with weverad carboxviio neid anions to form
Cut PPR O CROy where eleelistiug or menodumage carbaxylates are prosci? depond-
g on el stevic inwerectians and their donor abihiny 1746 Reaction of capper
with  di-fert-bunvkazodiformate i the proence of  phosplises atfordy
TCul L PPR T ov {Cuat LHP Pl shere PP s wee-diphenyiphiosphinopentane
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or hexune {7471 Dipheny !rrnmph!.Km‘u.l!}dm aeis as i bridge between oo
in [Co(O.CPhyidppm)l, and (Cu(p PhOO Hdpprait- 1,00 in both cases benzouls
is exchanged with noncoor Chl'!dll]]g PE, and B wons and camplately replaced by
N,y oor SCN [748]. Reacton of Cur 9 1G-phenanthrens wmiguinonaied! FPh, wih
dibeuschvperoxide  in CHLCL o keads 1w Tormation of  phensnthreneguinone
and Cu{PPh 0 0Phy where the benzoate fon o bdentate, fU s inienesting
nete that oseveral other orpasie perosades doo owol o reaet (ML
Cufbenzene-| 2-dosyacctate) (HAT reacts ..ltr' Fowr eguivalents of t‘irdmmiph'm
phine o give Culavctatel( PPhy Y. which lonizes in MeCN but nos in Cilad
irreversibly oxidized wnd reduced ond in the selid state i pelymerk owinz to
livdrogen bonding between the carboxylale fons [?5ﬁj, Copper butyrsie reacls with

2

.].‘)

dicarboxyvhic  auids i Lhe  presence of  riphonsiphbospbine o g
Cu{ PPh hyfdicarboxylale monoanion} \\'hcrﬂ the frce carbowsiic groums fovm an
extended hydrogen bond network, Mualonate wnd succinute updergo faciie €0,

extrusion  [7531]. The products  with L"u{. cac),  give  Cu™iCatPRyy
{dicurboxylate monoanion| . h v fop PPhy the acid 43 bidentate and for the balkier
treys it is monadentate | 53 Cui PPh 1t BH ) redets with 35-dEnitroberoic seid
THF to afford C_.\PI’} s heazosted whore monudeniaie wnion s present §753,
Cu¢ Pt ;jm.\.dnmu.cldh.} in THE at 44 O pives fJOut PPL OO Under the same
condittons  Cuf PPha) phonvinaionate benzvioster) gives [0t PPLOZOCOLED,
wiith brideing carboayhate [ 754]

L Chistdiplicnviphe 5;\:!;1\0‘11.1";(\64.1& i e prosenoee od ity oxeaanedog {00 form
[Co{ EHOLBE {7351 [Cutp ONGHLYL reach wilh carboxviaies w Form
Cuilia O,CRUR =LPryor [Cu i OCR N, white troatment with one cquise-
et of dppd forms (Cwt LyONO. 1 2 Ly and with iedices readils dispiaces NGO,
reswhing in the formettion of (Cuwi a4y 1, [Tia)

3 5-diers-butvl-1 2 henzoguinone roacts with copper i the pro
shosphine 1o give Cul PPhiquinone) while with two eguivalenis
(e MeCUN HPPhOJCu eatechalinesy] resulis with catecholare b
ghving mise o CuNPG environment 17571 La-Dstdiphoms Inbosp
Custpr Vil X (M =0C10. het and bidentate. N0 h.ur ntaty, PELA
Midenie. AMeC0, FiT0r,, wh, ae pentow ghoes {0 LR,

= 2

R¢
N

RRHTSRIAHALN

ML LR

jo the carrepends

4.

Siiviesides  HCeOSIRG, reast wih phosplines i oy chiiniers
[CufOSIR Ll (L = PP, PR Pl R=Phy or monona {"nK)‘Kb\-‘m-?!\i'_‘:
TPPR ), A planar Cug0y cone s present in wiphem bilviodde sind o O0nP, ene

I [CulOSiM e, Bu' i phosphine]. {739 oy 1B TSTLGT [t
wPH

IS

A imie Au

of 0 (o G X bands wore veiformed enthe medet compniid
CuiPPh b The insertion = compuicd o B
and e slable preducts sre predicied e be of th

[7607 and CatPH et -QUOM 761 raspoeinely,

;.:;,[}L Wi e

Soppuda Uit

LAY Sihver word wodd complones
:\gi N3 PP
solution studdies and curie

b dn=q -y oy badh

ted o fHe erestal sirooiure (i."‘ fovy b coipd
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p=2-4 [762]1. A series of [Agi phosphine JCHO,| and the corresponding 1+ irafhuor-
oborates fuve been reported with phesphines of the formula PR, PR PRPh,
(R = p Bl Ol p-Me, p-MeOCH L IR studios revealed parttal anion cco nation,
especiatly for {Ag!P(p-MeOC H ! A0CH00] {771 Tricytohexyiphosphiie reacts
in acelonitrile affording [As{LRONOE and FAgL),(OCIHO)] respectivay wiih
Fogr of 4537 und 447 Hz, an obscivation accounted for Dy dimenzaiton of the
perchlorate i solution {763 The  orystal struchwre determination of
FAW! ASTCI L HCHD T and DAz PRI ACTLLOTO ] revendod waak el porclo-
rate aon sateractions 743

Aglhtue) produced by reacting Hhfae and AgGom THE, iy rauwetive towards
dmpm forming Apglf - dmpmld hfac s, where tie dikeionaic antons may be regarded
a5 donic due to their doose contaci with silver {764]. An unusual coordination
cnvironment  which s typicaily  desenbed  wy AgP;0,  was  observed  in
Ag{ONOPIh;L. g by-product of the reaction of AgNGO, and PPhy witll phonyia-
cetviens in aqueous cihanol [765] Ag(O-.UNR, Tormed by the reection of Ag, Q)
wilkh secondary amines in the presence of OQ, reacted with two cguivalents
of PPh; w aflord AgtPPh)OCNR {766] Reaction ol bistdiphenylphos-
phinojmethane with lwo eguiviieals of ApQOAe to form
Al OA-Q.0 i OAc-IN{ e dppml,)- 2H 0. reacting rupndly with tvo more
equivatents of dppm to vield [Ag(-OACH g dppmil - 2CHCT. P NMR studies
roveal that Aglf o QAC)  dppml s the sole dissociation produet o solution {767
An AsON environimeit was the resalt of the reaction of AeNO, und Preloram m
agueous ammonid. the product berng {picloranyAg MO0, - 2HL.0 [768].

Senvichelate semibridging nitrate and bridging 1.1 -bistdiphenyiphosphinelerro-
cene (dppf ) ae present i JAecNOLdppt'3f;. The corresponding  perchiorate
AOCION PPl replaces the pereltorate don by PPh, or SPPh, affordmg
{Agtdppt M LCHO 0 white with PPRMoe g (dppf W L]0, is obtained and with
bidentate Hminds such as phenanthroline, bipyridine, bis{diphenylphosphinoimeth-
ane disullide or with N8, ONR.y (R =Me. Efy Tour-coordinaie comploxas
JAgidnpl M L-0)] IO} and [A2SONR Jidppt )] sre reatized [7691 Reection with
sodiom curboxyvlates produces Ag:{ HOO e Ly, with syn-p Lo two chelate bridging
wid two triply brideing and cholavng B {A2 0 MeC OO0 L, vt u chane confor-
mation of four tetrahedral sitver with syn-p Lonwo chelane bridgiog and two triply
bricdging carboxyvhites, jAg A PO 30 1] with g benroales giving e Lo trigonad
silver eavivetinent {770]

Plinar srer-trinza and fue-Ukingalar trithia modciies are observad in the coording-
toa sphere of sihver with the macrocvehe Egand derived From the condunsation of
Lb-dincetvipyriding and  362-uihisundecane- i -diamine in e prosenee of
A0, 1734] The sttty constanls of  sther 3.7 Ptrioxu-1 H
digzabieyclo[ 8.5 3 feicaseae compiones Base been cilewtated in g raoge of solvenis
[771L

The IR and Raman stadies of Autacae HPPh,) are reported along with several
bist soniiviie) gold {1y compdeses [772). Rewction ol silver N-heazoy -2-alaninate with
A PPRCHn CHLOL CUH, produces Aut PP (L where the seid ion s monoden-
tale to the zoid {7731
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Potussium  phenolate  reacts  with  (AuPRBF) W THE  affording
HAUPRLOPRI[BF,J (R =EL Ph. o-tolyl) characterized by NMR measrerents,
The moie sterically demanding quinelin-8-olute jeacts with two cquoalents of
{AUPRMBEF,) vielding the dimer [fAuPPh 0L MIBEF} with an AuOP and an
AUNOP environment owing to intramolcenlar Au- -G interacion (7741

Retativistic clectronie structure caiculation: have beza carried out for the main-
oroup clement-contered octubhedral gold chuster cations FLAGE R (with contrd
atedrts X =850 OO N and L=PH, PMoeg as wodl as tor the correspendimg four-and
livecoordinale clemuentenivred cations LAY and L AwpK 0
R

333 Nirvogen aud sulfur dnors

Several hetero sctic conmpounds, espectally thronmides, funve been shown to coordi-
mie to group 1 metal tons in g bridging fashion. A receni review [776] appesred
discussing ia detadd the structural Features of the complexes of bridaing tnonates. in
which. several points concerning group 1. th lonates are prosenied.
3331 Copper compleves. Reaction of metaltic eoprer with sulfur o refluxing
pyridine wlorded the clusior Cuyg Sahpy, invesugaied by TOA and Xeray diffraction
(7771 The tetramer (Culiri-reri-butoxyisttanetbiolated; readily reacts with Lewis
basex to form compounds o the formulae (Cul L}, SAbpris or {Cutfaiphen)] [F74]

Reduction of Cull, with fve eguivalenis of pyridine-2-thione in ethanol qud
subseguent reaction of the product Catpytdl )00 wih {CarMeCON LY resatlted in
the formation of an insoluble produet of the stoichetometry FCuipyll, in which the
thionaute lgand s probably brideme through 5 and N {779] Reaction of
PO MoOUN LIPE, | with pyitdine-2-thione In aegione reveaied the sueeessive torma-
tion of severad species i sobution, while over ¢ DLHL d of ene month crystads L!r the
correspomding hexameric thiolate emerged {7801 Stmiter renctiviiy wis obs
ennpeline-2-thione i THF {781} [’Lnu(.. deprotonation  of  dioxg- and
axathiazoline-2.4-diones and dithiones vcours upen aciion with copper sails to
produce NS or N.O bridging lgands. XPES core line binding cnergy siil "'\ far &
aerics of Hwse complexes was correluted (o € NI derived wlonmme chay
Flectrochemical depisilion of 4.o-dimabylipvimding-2-tione 1LH ) o
angcle i acetanitrife affords the bexamer [t L] HO which upan reacton with
1.5 cquivaleni of diphosphines formy [CefLtdppan} and Cud Laldppois. respee-
Gyelv, The THL YO and 7P NMR dana are reponted and the structure of the matia
duster  presemied (VRAL The  compound ferdesthisgdn St N
bis-pfp'-S.0 - N-DC ™y - tndueact was ohiained electrochomivaily wsing a2 copper
anode and  (havolidine-2-thione solition in toluene (T84 hmdozcline-2-thione
renets with CuSON in MeON FriB to pive Cu{ Lt NOS RS Vemethvbimidizo-
ling-2-thtone sofutions foms clectrochemically, en s copper anede. KLY, wihh 2
shghtly flattened Cu, tetsshedrul core [756) The reduction of Cully with
degppno-demerthyld 2 oA Uriazoline-S-thione o water o1 different pH waloes pro-
driced se et msm.d vadenes copper complies where hodh amine and aro-
atms coordinaie 1o copper {4011 1n an analegous renction. ris FA-dibvdros counter

T T8 \4
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part formed tnitioHy [CuCLo L1, - 0k O which was readily reduced by copper to
vield the mised vatence (Cul CH'CLIGH (R, - 28,0 {TRTL

Copper arenes react with 8, in fie prosence of domaes to aford
Cuidithioaren:){dibnine) compounds. the correspondmg perthioarene ones us welt
as  dCuiperthiourench ddimine;  and  Cuodpe-porthioarene iy dithioarene)-
{diimined, [7881 1.02.2%bisi 1.2 Mritkio-1 3-propancdiyl Herrocene 0 CHLCL;
reacted with JCw{MeCUNLEBF) e afford either [CugLptMeUNL)[BF) or
[Cref L) B the Lutier piving MAIR similar o that for the free Bgand [7891

The mized vidence cotere- ] B-bist Sanethvhmidazol-4-yb-25-drliehesane -
Tyl e SCM U] posaosses a distoried wirabodral CoNS, chiromophore and revesis
a three-dimensional network throwgh taevanuto hrideing of acighboring enits
F790]. Derivatives of the Cu{ 11 form of Dopamine-Ai-hyrox: lase have been made m
whicii the Cuy center was stdied by EXAPS and IR B has been found o be
coordinated to lwo histidines, a sulfu and o fourtdy as yer unidentified ligand. The
sl appoars nol to be peridarbed by Cuyremovel, EXAFS resuits indicae that CO
doos not displace the 8 Hgand bur the woakly bound ligand X {791,

CuSCM adds to MS3 in acetone o give [MSACeNCSLF  and pofvimerie
iMISCUNCS ] with Ca atoms bondimg 1o M5, edeges {7921 Addition of 1.5
cgpurvadent of CuCT and phenanthroline 10 WS, 7 in ucctonitrife leads to formation
of TWS,iCutphem)t,]® [793] Trewwnent of MSI  and CaCl with KSCN in
acerone acetonttrile at variouws rauos. poduced compounds with the stoicheiomeiries
IS, Cugd NUS P [MSACutNCS L (M =Me Wi and [ WS JCuNCSILLP
17041,

Tiwe Schill buses dervea from 3-formy - b-pheayl-20 T -pyridinethione and =
variety of winines form 11 compleses with divakent vopper which are reduced
acetemitrile and DMFEF in the region 017 o 024V T95] Thisty twa- snd thiny
four-mombered  bucrocvelic Sehith bases with two NOX, donor seis foom
ICuTLF 7 ina mixture of MeC N CHLCL, Fotraboedeal copper sinvironments are
ohserved with ap oversdt belicad siruetwrs (79610 The Schill base derived from
P2 dinminoethane and 2o phem ethylihiothenzaidehyde Torms [Cut LHCIOL] with
Cs5, envivemmeni [ 797,

Polvthiaether cotmpounds veact with copper salts to Torm ionic o moelecnl
compleses depending on ihe conrdinaiimg abilitv of the apsons, For example.
Lagrthia]9)-o-boienoplane forms with PO MeON ) W0 the
(Cud LHAMeON O] b readidy transivons jo 0 ™MoOS ] upon roaction with
tocyamite AR Macrovvele guadridentate id guinguedentate polyermiaopalyih-
vacthers [idjanceho S, o r=0-dyand {13 [ane™N 8o, =10 23 wse all thei howrost-
oms for coordination to copper. The stabiliy constants anpear 1o by independem
of the wnions X within eoch Bontly of componnds [799 CutCHOs reacts with
A de-tetrabydrodibenso-HTmiE LR U Jonhiedinzac clo-teter decans inoreflus;
ELOH 1o give TCw IO, which possesses a butterfly CuS,N
Reaction with trinhosydphosphioe i acctone kads (0 PP, wih subsoquen? nacrooy-
clz reorientation o zive 2 wriponal CeNSP coordisation enviremnent (8603, The
reaction of LA 3 tetrathin-7 { b-dinzacyclobutadecane with copper carricd out ip

[

aleohais produced compleses of the Formuta JCut T wwhise it di-Nescths ! aubsts

Tirmnoploge.
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tuted analog formed {Cryd Me L MeCN 17 B accloniith: 1801 ] Polvdeniate 2.2
his{ 4-methylthic-imidazol-2-v] i biphony | ianzi, R -utlridentaie
6.7 3 Ho-tetrahydrodibeneof Ump LA Pldithiadiszsovciorairadecte and
TRIEGITER- wikro- P al-dibenzol g ON 19 50 3 -dithidiag

weciohesadecine
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inflates [RO30 and Sclatt bases XXIX aod XEX one compounds with locod
CulaS, enviromnents MR siudies oF the Jaiter show thai fonger aliphatic
hain gives rise to sironger Co W ognd weaker Cu 8 bonding. Redon proportics of
these compeunds are correbated 1o their ~trocirse 1804) Vo rhe former. TH and
PEONME studios confirm ibe coordination ensiroament of the copper contes
wetl s the sodivm den inclusion a0 3fie polvether sies (1367 Now Sehiffbuse
bisfurosn eihier? lgands containing recogmuen siies {oi ran-tomn-metad gues eat-
ions  have been preparad by othe ofndensution of  mwa couivalons of
13dormy 123560 8 9 L 2octabhy Jro- 13700008 1~bcmu]*:nu;n‘-.\;nc} viopetiadecine
with diwnes FLNXNH GO0 CH L5000, (}’{'Hd“if’('ii-}-Qi_('!-?_-_.}3.{(_"H3}5
StCH SO g, (CH LSO H 510 1[1}_:_ o (CHLRNTROTL R Homoseratlic
wirppert ) compienes and heie
ploxes have heen isolated. (8O,

eptide-itke A=V Sauetye B 2-thicayDrieetin Hdena)-f-maedhiney d hisianine Tor
W LOT SO, which b oligomeric b selution (0T Phosphokadraside
SPPR NAMe N reaetn with SueCHI Lt siehd o sparocvele cochoneetaiiophaspha.
Iydrasds sl Curahy doeal enviromment JRITL

Col L 2 gethvibisinmino-os dehovaney anh Cufnaipas
cerds with the formation of a trimeialiic mived rlence sustem o

rpodymetalbic copper(} 3-.~,m:mm wnd pobsinm com-

T
2]

s

rerclion o

vl dih}'d;'ﬁi_n':.!'a'.': [T

e opach of the

sulftiv sloms bridges the divalent and a menovelent eooper leading 10 i
conrdination around each cuprons won {S98).

Lu-bis 3 =dimuthvi-T-pyrazoby] R 27 adithse-Sawmns] roaensoaith tve eguivilents




168 P Axpivas et al | Coordiratioos Cherelsory Roviows Ja7 ¢ JO670 65 g

of CufCl0,), in acctomtrile i ithe preseince of SCNT and ascovbic acd 10 give
[Cugf Ly NCS Y,y with bridging  thiocvunates {309]. Zanethyl 2.3-dimethyl and
2. 5-dimethylpyrazine updergo analogens reactions in wider o alford compounds
wilh the same stoicheinnetry 591,

3320 Siver qiid gold cenpdexes, diphenylphosphino-2-ihioethyi-cthane reacis
with AgClG, moa 21 ralio in F'-{)-'rn'np\-‘k‘llc carbeanate to yicla JAsD LR,
with chelatng NS Hgand (RG] 2-Methviphenyi gad 2.6-dimethyinheny! ditinocar-
bonates react with AgNO, in DME and arg rcqys;;tliizcd from pyridine o produoce
[Ag AL upva] 1oy and JAe Lype,). respectively, with ihe commeon characteristics
that central AgS,N atoms are observed and ol the sulfur atoms ball’ are acting as
maonadentate aad the other hall as bridging. For the latter ligand. a 21 reaction
affards TAg (L) NO v L 2DME - H.0 where cach silver atom besides being coordi-
pated to four subvr atoms bears close contacts Lo (wo neighboring «ilver aioms T811].

4.8 dinmino-2-methyithio-S-nitrasopyrirnidine anfon formy Agh -H.O in water
with ApgNGO, The precencs of waier is conlirmied by TG measurements while speciro-
scopie dita coliceted argee for o pobmerie stroctive with NOS enerdination to the
silver alom {812

NMR siudies verify the pseudotetrabcdral enviromment wrownd sibver in the
-] u-mpit,xa.s Yormad in MeOH by thiophone-2-carbaldebyde imines and S-methy]
and S-fdimethyvl-rersbuty] bilvle sebhstiwted ones 120 The photo- and thermald
isonserization of silver ditlizonate was studied npulmph(}iulmlrlmll} HE various
subvents, The phewisomerization is reversed in vhe dark {8131

[N-N((S-methyi-2-thieny ] ymethvitdene- -methions Thistamine forms o cationic
Ll comples with ApCE 80, which b oligorneric i solution and possesses i
ApN.S chramophore ML in fAsl LU NG} (1 b 33 -dimethiviorracoi-
i- vi Afhinpentans) the meisd atom s coordinated. in o distosed-tetrabedrad fushion,
by two nitrogens. one thiocther and & mouedeniiie mitrate anion [§14] NN -cthyl-
!ii‘kcd [FE-NS; coronard reaets with AehMNO, i MeOH to yield [ApcL)] wih o
vory distorted AgN S, environment {8153] Thiwentkane-bridged bist benzimiduzobes)
with various 1_rLi-dv.1ﬂl Arotips were wsed Wooassess meta) selectis monitored by
TH NMR, FAR MS and molecublir modeling. Selectivily Tov silver ion was studied
by all of these techmiyues. Some wselal sepuratiom. wore ellected. the most striking
seag thae {or st dony over dowd Tiie fsek of comparison amongst the rosults
Fronn tite methods choson !miif:;ttcs etlatt ot fult understunding of tile complos kingiios
of three-phase transpart is still o be uttnined [R16}1

2.5 8-tk Ylaecvciophane forms i acetonitrite [Ag! LifCE ST with various
conlfuimations sl degrees of olizomenzation i mutual fust exchange, The sedid-
stitte strovinre obbiined incoporates i acetoninie moelocule e roveals exodentate
sulfur coordination o three diffecont <iheer aoms, guiie sinalerty o the S-ox-
derpvative {817)

Now Scivil-base ligands containing recognition sites for transition-metal guesi
caltons  bave been pwopared by the condensation  of wwo equivslents of
P3-tormyl-2 35605901 2-octahydro- L3710, -benzonenwosacyclopeniade  cine
with  diszmines TLNXNH, (X = (CH-8(CH ), (CEH LS 1CH L SICH . (CHL,
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SICHLSICH, ), {CHLSICTLLSCCH 0 or tCH L NHICH . 0 YO NAR ttration
stiddivs stiggest vhyt the stoicheiometry of the heteropob melsiiic silvere 1y
sodhum und potassiuvm Hgand complexes s depondent upon the stercochemical
requurcinents of e stbvertl) guesi cattonr (851 The  muerocacles
VA -withia-E Hdinza] 5.6 116 T dinenzocveiohepiadecane, e i.d-cioxa-
Fl-uza- snajog E17-dlava- 3409 kdibenzo-3 8, D -tnthizeydoheptudecan and s
S.f-dithin-13-awa- and 38-dicu-15-thia- anadogs reart with stiver perchlorate in
batling ethanol. in most cxses all the Beterontoms bind to the metai (B8],

Treatment of § IWH CMS,0M = Mo, W with Al and excess of - or - methylpyri-
ine aifords polymerie [{AgLIMS,), with four-coordinele sther atoms {819
Eard THT 3,HCI0,] i 1 suitable startng matorin for the synthesis of soveral products
upon THT Hsplacement. i tbis way Antpyiy {AwTHR L} ¢ =hpy. phen)
are obtained. which can further react 1o pive [Aw PP Tor which ™ Ax
Mosshaver  spectrosceny  establishes  threc-conrdinaton. With Ph.PNEIPP),
AW TET ) otge L)+ §s aise oblained (8201

EXAFS sudies verity the formation of Aos0N i acetonitrrle angd puridinre, joss
stable i pyoidine ovwmg probubiv (o saboation [3R0]

Fai
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1340 Copperconpleses. Benzo-13 - thiszoline-2-thione repcted B agueons oth-
anchwith CuXo e give o polymaerie compoeund i its deprotonated fons. a compound
woitch reiets (arther with ciphosplenes 1o give Ot Litdnpmy and Cust LiJdppel,.
both of which e been stracturally characterized [821L mean boad distances being
2366 and 2318 A for Cu P oand Cu S.orospectiveiv, Cuf PPRL NG reacts with
heteroosche thione, i ETOR sectone w give fonde or 10w PP Ll NOGj {822
while e polesinn stit of  wiraphenyiditidolmidodiphosphin . reacts with

Cut PPh 4 WO i MeOM CHOL to gnve Cut PRIHSPPR.LN where trigonsd
CuS.P  ewvironment s vealized 18230 Tn smilepows rawdons several
Cuithione)d PEn. ) 100G wore 1.»01.!!&! il thy STeErry of

TCH Gt 1P L ICIOL) - 3CHCE was solved [824],

Several poivpy razote thiophenobaes fornt readihy complones reducing Cue 1825
wiile 23 8-trithinfH-o-bonzonophine gives E(.'t‘.{L?t\icf""{)'i[{."!(_‘)‘_}. wineht casily
subsiitutes MeCN by pyridine, PO and Phosphines as S and O NMR peasure-
mends reveut ‘*”(*i Copper thiclates ot with PPhy in CHO . PrORL The structure
of (CuSBU LI PPhG, win selved and shows chemaimg segnronts of CuS; Tus.02
[B27L Bu'ky thehaes dike  SSUOBUY, form wotrumers JOul ] which renel i
bongene with PFh, 1o mive O F_.n PPh L PR2ET. Flectrochemical syvuthusts of coppor
thioistes it the presence of  megeceptors produces mived  nimd  complees

ol the fomaokes (CoSphig PPhoy iCusSR PPy R = stoiyl. naphtiv i
FCUSR U PPh by fe-MeC iy, p-MeC FL 18291 Anulogous rouctions alyried oul
cheutcatly sive Cuf L 2-dimercaptopropane){ PPh; }n Cui i.2-dimercapto-

r=

; . Reaction of diphe-
nyiphonphinemeihane w nl1 soverai thinktes afforded (€ u‘\R )hippm} (R By
pentyl. Py (CuSR - (dppmi: (R = setoby] L Xery struciuse determmation revealed

ethuinaedidpmm), and Cut o dinwreapiopropaacHdppn
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a novel Cw,S, ring [830]. The wiramer {Cuitri-ferr-butorylslanethiolate}), readily
reacts  with  triphenyiphosphine 16 form compounds  of  the fermulue
{Cu(LY PPhy},L, [778]. Interaction of {MoOS;Cuf{PPh;),] and Cu(SCH,CH,OH)
in dichisromethane yielded MoOS,Cuy y;-SCHCHLOM J PPh; ), i the form of
two cubane Mragments connected by Cu-S bonds [831]. A CuS,P; chvomophore is
postulated in [Cu{PPh (L)}, preduced by thercaction of Cu{PPhyn Ol oand
HSCHCHIOH CHLOR IR == H, Me, By in THEF [832].

Treatment of Cul{PPh,){8,C5Phy with MeOH i CILCL gave the cluster
Cuy gl =S 1HSPhy L PPhL), with @ Cuy cube instde a 8§, eicosahiedron as determined
by X-rav suructure determination {8331

Twe and & hall  equivaleris of  J-thiophenyl  or  |-thioethyl-
2-diphenyiphosphinoethane  react  with  Cu¥, in  EDH:CH.CL  yelding
ICufL Y J{Y =010, BF,) {8341 3C NMR siudies on several perthio- and dithio-
arenc conper complexes [Cul Ll PPhy); or Culli PPh,), indicate that delocalization
in the $:C a-svstem aceounts for the mercase i the C shielding observed [R35) A
mixture of CuCHuriphosy wd Snl treated  with methyBithiom  produced

\

PPha
Ph,P FPha B
B \\q/
(,iu
3

A

Xxxi1

Mesn

Cu{trphosiSnde, on wlnch €8, adds o form Cuftriphosi 5,080 Me b, XXX]
{8367, Cal PPl and dithtoxamide were treated with MNigphieni.Cl; in the presence
of NE{, to give [1CatPPh,hiNitdithioxamidatey (8371 Reaction of
[CuiPPh,.is with  Uuo-,  dithio- wnd  trithioosalute forms side-on
3 y, 5\~;1’IJ(13

Ll

SN /e
NI ¢ ¢ S L N

XXXNI

Cut PPy e GuS-dhithuioxalater, XN 0 JCWPPhy. ) S0 5.5 S8 hioxak.le}
[838). Dithiophosphaies react with 2 cquivatenis of PPhy to Ca{LjiPPhy, the
crystal stroeture of which was solved {835

IMa,S,0 1 2ethanedithioly]* © reacts with CarPPh-S MO0 o0 give
[ Mo a8, ) 2-ethancdithiol PP Y (84, Reaction of UCEH with sodinm thioe-
phenolate s the presence of cuprous thiophenalate w-d triphenylphasphine yielded
[ECUPPI e SPR U 0 SPI{CuPPE:)] where all the thiophenolates are brideing
the copper atoms with the central U atom [R41]. Reversible one-clectron reactions
al  the contral metal atom woere observed for the  trinuclear  clusters
(CuPPh i SRadof e SR CuPPh;) where R = p-methyl. p-fluoro. p-chloro or p-
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bromophenyt group [B42] Heterometallic clusters were formed by the metadfution
of [PUPPh, - S with [MY (n-dppd i}, (M = group 11 metal, Y =nongoordinal-
ing anion) in methanol, which viclded {;PLIPPh S 1.M bl - dppf 0EY 1.
several of which were characterized by XPES studies [83] The solidsstae O
emission of [WS,Cuddppr,}™ produced by the reaction of WS and
ICu{dppmi,t MeCIN 1,17 has been aftributled 1o an excitation from an oibital with
Cu P character 1o a WS, centered one (8441,

2538172023 hexuthia 910 1.3 9 4.5 reyelophane reicts winh phesphines {FPh,,
PPh-Me, dpped o MeC™ CHLCL (o [CusLitphosphing . JOIOLE studied by HHL
P NMR [R43]. Reaciton of [Co g LHCD)] (= 1.3 7-trithiacveiowlce-9-vne)
with JCa{MeCONLPEL W LHCO) I CuiMaON 11 PF] from which MoeCN
it uffords casthy displaced by phosphines {8461

3342 Sitveveompdexves. Trsfdiphenviduwophosphorsyi mcthantdo silver complex
with P Bumy, prepared 11 CHOY, and precipitated from EidM shows w the solid
state AgS;P courdination und Upp and 2 e of 7.3 and 4 Hz respectively in solution
(8471 An AgS,T, chromophore is postuluted o PA{ PPt L, produced by ther
eaction of Ag{PPh i NGy and HSCH,ColiOM ICH-OR R =H. Me Eti in
THE [832].

Maleopnrilethiolate readily forms mined beand complenes with phoshines. ce
Ag L) PPh;), where ihe existence of both trigonat AgSP. and tetnshedral AeS Pl
is vertfied [848]. Aryldithicearboxylates of the formuia (S:CAFHPPRAL, and
Az{&;CArHPPh,); are Tormied with Ar=pheny o- and p-tolyi. The fuiter complenes
undergo dissociation 1 soluiion with fast phosphing exchanges while in the soild
state the dithio hgand s proved 0 be chelatine with one salfin 2iom bondad (ne
both sifver atomns [849]. Caticaie [AgiPRLLT react with [MiMNTLET in
CH.CHAO o pive [MOMNT - JA2UPR LM = NLPA PLR =

Po-But e hich
reveul B, 5 positive by approximately P30 mV relative to [MOMNTLE . Ag o 5
conticts sharter than the van dey Waals vadil sre prosomt JR30]

The thermadyiamic parameiars for complesation of sihvere by wath Ph.POHSP
and Ph;POOHLLSR (R o Meo Bt ar Phy Beve beep determied by powentiomenic
and gulorimetric tochmgues i propyiens curthonaie and DMBO w0 295K The
diiferent behavior of the figands in the two medio is discussed i werms of the different
physicochemical praperties of the two soboenis [851]

Four  tetrihedrd AsS P wnd two tiizoaad A8, are obsenved iw
FMoAg S SBuL b0 PP, obtined rewn dhe moatmem of
EMOoAES IO PPhy,  with ApSBu in CHLOTL oenvsialhzaton o
ProflEGO (9520 MoSytCulUhy: amnd MeOS CwON 1 oy with
At PPhgUNO;y i MoOUMNCHROL o sive Buear ¢ PPhs b Mos CardNg
and  bent  {PPRy:AgS MoOSCuONY  vimetwllic spacies respectivedy JRIZL
Reaction  of [WS,CuiCNY and  ApNOiPPay,  sielded  the  cluster
AESWS.CuONMPhys,l T with o acay Ag W Co airangement asd ool
AgS.Paand CulS:C environmants (854

7.8 dithta-7.8-diearbu-pido-undecaborte and  Tahio-Remetin 7 2-dicurba-nido-
undecaborate react with AgNO; in MeGL in the presence of tripheoyviphosphine o
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frat i {lmden Rov PRI PL I P PP

give Ag{ L PPy Smadbar seaciion wite dipyeidioe 18 reported instead of PPhy b
when {15 -dihin=-47 7. 1 - triexairidecine -1 3 divd 37 8- dicarba-micdo-undecabor-
dte are used the macrocylee’s oxyaen and sullur beteroatoms bind to silver making
paecessary Uhe presence of Lewis bases For stabilization of the complexes F855]

Reaction of [Cost e LHCOG] L - AT rithieveloundee-Y-yned with AgBF, ind
PRy vields [Coxip L300 A el i’{’h_-_] B, where the Ag{PPhY™ Dagment s
coordmated by ozl three suttur atoms of the polythiacther [246].

Aui PPl Ly vindicd by TR oand X-ve ditfraction [R30]0 dentical rezciion with
ARCHPEG) IAR PPy NG and {Awddppe) G s reported where the praduct of
the  fatler buas the formula fAwdppeltl - L I837) The anion of
O-mercaPlopurine eoordimeios to Au in e presence of phosphines and IR, 'H and
MENME spectra confinm the existencs of AalLH PR} (R =Ei Ph. p-toll Cyi
{Aulpfpy P Pirand tAaChye P PiAulywhore I P =dppm. dppe, dppp FE55]L
Reachon of AuCHPER) with PSR In dry acetone rosulted e formiition of
‘\tI{PPm SRR =B Pr. Bu. Ph. Bee Mes, CFawinich wers stadied by i1, 'HL

Pand UPNMR O spoctroscopic wehniques {8390 Mercaptooxopurines
R-mereapionheophy tine, E-mrcrcajio-2-thiotiophylime and Bemictiy i
thiatheophyiline react o alkahne mediz with AsCHPPRY o (AuBridope) w
afford  JAwPPIL 1],{:,:\utl"i”1 ‘a’ A RO and  AuClip Loty dppelAs,
feAubd pedoped]. respeetivels, He PCand TPNMR dain are reported and the
crystad structure of Al Pi’h_-,:{:'4-mcn:;lpmlhcnph)'lii;wln-f"u Hdetorsned {8601 The
purites sre hended through the 58 omd mothe case of bridging conformidon N7-
i alse mvaled,

Deprotonation of beprenchexaihiel in the presence of [Aa( PPhCH gave up
sranucienr sold 1y compounad where the bexagon of the benzene carbon atoms s
sunded by o hevagon of sollsr stoms followed by a hexagon ol gold arame
and the wheel-tke structure 5 completed by siv peripherad phospliine Bzands
§9611 Rueuetton of {AuCh)  with 2 2%dodicthanod in MeOH Tolloned by ad-
dition  of b idiphenyiphosphinomethyl pheaviphosphine  and - NaSCN g
[ALALSASUN B and {Aa ¢ L consisting of nearly lncar Au chuins with weak
Avi-Aa intramedeculir bonding nteructions, Both compleses show RT plotoiumin-
eseenee. The photophysical properites of [Aug L] wre discussed 18621

The veaction of [LPEPE) 236 etoe-Qraceiy)--thio- fi-De-alucopyranosato-S 11
waldtFy with sevum albumin has been studied in befiored aguecus solution using
MR NMR spectrancopy, The reaction oceurs at evsteine-34 via displacemen ol the
antons o fonmn EARS A PO from whieh the phosphine s displaced by
eyaiide. TIPEY A GO behaves atlosousty but Barther reacts o weak binding sites
analogous Lo the istidine binding sites of amanotin, In order o interpret the protein
sludics, & variely of potentiat reaction products CPIPOESAUX, X= ONL ATeS. O
YPPe'h Y =00 8) were prepared and charucterized by AP NMR speciroscopy
[862].

Mised bgand dithiole phosphine compleses of gold show hnear AsSP environ-
swnl {Audp SICHS Ha dppmoll inear and wregwlar irigokal gold

LL3 Goldeonplexes. Thiuvaciate reaction with Au{HPPh;Ein MeOH wfiords
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Auat p MNTHPPR; )L and Avig S,CHLPPha- dee o mtromelecular Aw 8
iteraction.  In addition.  AuPEt;  and Augpe - 500 00Med fem
(Al SO HMe)(PELL] with two AuS, and tua AuS.P ol chromophores
(8645 Reaciions of [Aud g dppnd OO with [AuX.i ¢ X=Clar By aflanded
dinuctear {Audp L-LHL-L=S5,0NR. R=NMe, CH.Phj which further reected
with [Audp P-PRICHOL (P Peadppm. dppel feading o the hewerobridged
dinuctear complexesfAuai i S;ONRGHp PP PRCIG ) (473

Complexes '\u{ LS00 (R = Mo, En Bu, L=0Phy MOHON )L Bominesie
in solution and in the solid sute probubly through 4 n--0% rsition {863
Substituted benzepethiolates and PPh, or 1,3 5-tnaze-7-p! n\p"l(!du.ll’lmi} anc
phospiune afford AwSR LY. fummescent i the solid state of 77 K. The erystat
struciures for the tniphenyiphosphivo compound of e-chloroe-henzencrinokate, and
the adamantane phosphine of b"i‘n"{tl‘lihiokllc - mcl’wn—‘r’r'm.:.:i winie
3 3-dichlorebenzencthickate are reposted {8661 "H and Y9 AR as well as UV Vis
siidivs of  open-end fAufpelbiocreset N2 POPY oo oscle dimudewr
Aug{p 3-5Hp PPy oare reported. S5 stunding for 1 -propanedithiol or
Fd-toluencdunicl. P P=dppm.  dppe. dppp. deph FA-msidiplens -
phosphinoypentane [867] Arvldithocerboxadates form A ti PPN andd
AutSOATH PP, the fatter being wable valy balow 24301 A RS
toivhy, A romerkabiy  long Au § hond  of  INEHVA b obwred in
AulSCThHTPh,), giving vise to a practically AuP.S8 emsircamens (5681 The
diphosphine complexes fAaCH i P P where P "= ci- 12 -diphenstphosphine-
thaiene, dppe. dppb and b-diphenyiphosphino-2-dinhoer :
Ki-MINT ;i MeOl o form g diers B BINT 0 [
loth N3 coordingiion  oceurs in G-thetsmote and 2o Jituos =mh. te i
An{PRoy L sand (A PRl L complesos while only S eoondinanm b imoh --!
i the vase of the 2d-dithivracilaie analozues on the bisis of JHL 5O and PP MR
stuchies R = B Phy (870,

Charsclerization. by 772 NMR O of IRCiPPR g S aPPg
[PiAPPh e SHy SAuPPh confirp the custercs of AUSE s irenavenl 0
botle cuses [871L 0 Dibenevlicudide or wodiom l* s ithie :
AwtPPILH NG I CHAOL o produee (A PPN
showi to dimerize to i shombic clester in e sodid stae i

AUCTPEG ontzes i waior and in contwet wiify allanes
ncasuremsists o S-bond o st white ehiminating g P sdecuis Stk o e
ponds PR7IL The sembesie 1R and Rams cedes ol dAa PUoe by o aindes,
o HLO and PAUPE vlod [629H,
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Severat copper arvfosides reset woth phosphines and FEN
coinnotids Cufpe BUNPR phosphane 0% i‘i-"h _\'('
Femotnvi H L Catpr SUNBhuOAO phosrinney (800
ot l-C bl et PR, Av s damiethosy -0, Culn 5\_ R TR
Ar= 2 e-dinen- O 2 FRTS ]

The vuancacetaie complo JH PP L Cui s Dnlves stwdied e Ny diffracion
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and reseadod paecedenitie cinboas e proneines Bound 1o the conper
conders e Tche reseeahile carbosslnno
Be et TNOONATR wmcasmreswenss 8730 Adibtion of phenel de
Ll b PN RO yieldud O phicn HOPPh o8 sohich tropted with (),
i waler reveried ot initind complen {3704,

Both fCwiSelhyy, omd DAgtsePho!, which were obenned clectrochemicntly and
are peact s e lowards pavieitheoliae and tripheayiphospiine feadine Lo the formation
o [Cu Sl mm]mﬂi,du FRTTE Anafogous renclions ogcur heiween commige
miclal Haodotes e the e of Zonetiiythiophonol, the podd dsiohne moealieed i
powii Saclds wiighe e abver one dees ot reaet wath phemmthroloe The <trctee
ol HCad i phend, MoUE b reported (B8] Plectto oasdintion of Se.bhe e ibe
presence of PER G on g coqoer anode oives £ uePRPR G SePR - MeON with fgonad
Cune P and twiahedid Cuse ' onvionments R

eaehon o Cofdhe vy Yesidde o amd PROGEY % Se RO R B Phyan
BLGHor THE dilonded 300 Y APRR 1 (Y S Se PRBLEL YOS Pl and
FOTbn B b HOLSE IRR Fhe el siaciures o FCw Sea B8R L it
Jey Se PR 3 were determaned [ 8EE] Trethyiphosphioe auad ColC et
e thy paeseoer iSinvler o produace. exeept the maie produet,
Ot i Pheas, viasters of snalles nuclearts bhe CugSeg (PEGE, [8R2L
CarPPh i Ly e witr AsPl; aad ShPhy uader €O, o allord
U P OO The structare of the A-Phy prodoet s Deen solved [REA]

AMivhrg Ot PR und Tersahie s in dethy bether gove Satadly ©o e d PP oy
which wa furthar eotvered Lo higher naclerite Ca e Chsters, Simitn reaction
weth BPhE s aifended chiseers of distpciicels dulorent nackomiy PR Samidavly the

e shirion was mondored with

stis hoeed vdvoesinbuene PPCSREC, oo o G e pboenbisbocheplaed clueters depemting
s gl Bk ol e Wonary pheshping oaed H“‘-\'i Al Cuie I I AT aNTN
J

sbrarved s W SeOREM Pl s sredies by N, TP and TS0 NWR reparted
PRSP he sleseties o hae prrnnefallie ‘m,n-nml\l WNC AW P LA . s ade

]
eeporied wid discteese ] conpceion sl e naclerr WA stades FRRGL

Clonee 2 liihio- 3 2 beasbadedeendwsrane ook with CaCiteeh s i GO by
it chntitishon beonping better convdmatmg lgand. therefore rosultimg in
Nechrthiee b i bergrcdoci borane e O P00 5 with borh CoS 04 and
T teaction of AgNCOY with
GE R NOT e DME prodeces SO N JASISC H L, et
wostizgl aned U:E!.Imi'td[ \i]\cl chvirotnents, polvinere tor o
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GEARSDE, o Lo PPh b - SePPh, while other phosplidies 70 Jewd o Parmation
of Aw irough decomposition aod in the case ol P8Me Pl clenine wlinpe s
vlmerved st sbructures are veparted for o AuaibelPPh ied
AW PP S PPhive T RS Propyicoe cirbomate was o as sbe smedsany for e
reschions of AptUIO) with PhOPCESPD or PROPHCH SR (1 Me B Phy which
resubp bt the Sornsation o severad mononuclenr sid polynuciear sprecies insolution,
respwecivele Strictavad detrmipaion reveads thin the perchiornie ion is alee coordi-

naling Lo the metat [RY2]

Cutwome and neutral oligonuclear orginophesphioe peldi by compleses with
ergauic selenobie ligands Se® (R - Pho CHL PO p-C b N e H O or naph-
thety have beon prepured. Keriy ervatad <trncture analyses have been perforsed Tor
HAWPPE D EScORLPIGESHE G the Tiest cxample of o aationie aflvbelenetine-gokd
contplex, BAuSCPh L dppedl. aad TAWPPER D SeC G HSEE ] FAu PP
Ehel T ) whore the catonic and e corraspoiding seuirad selesolh comples ave

. intermabecaler A Al verzetions, Temsnae o trpepelo sebaodane [t

Teinluin,

soreietion of A i{ \i’l.\} with dithobios prosfuces 13a 0 L AP G (L

{ 2-benzenedithiol, 3bgodgenedirhedy o EAGT L T2 beienedinhiob b which
restct with phosprlines oo wdlord {AwLappoospiiney | o Pieephinees :z\'cd Pivhi
Prrh, M), Fuethier fencliog with {AEPPh Ot MeL e, mves
(AT EPR IO, FSU4

A Comploves widh Heasdy froms alf thee e

AL Copper ceaniple v

The vrystad suctnre o JEu d MeUN s Phde-lond g
determitned {E95L Qumalibe o oclers Tor pobyseene [0 B, conipl
agt chain o el ovcthe] oagery o ditere ones

RT3 T LY Y AR P
ek with

focad CaiNO enviroiemenis and s
Cisaproped and oLty esiers RS0 Reaciion of Calbir, with B5bise 2 3 W dimahiylp-
viazobvl -3 thiaperieee i FrOED Me oo reduees Qi cossper and eads to Fopaation
of Cugt BGBry with ooconirl Cug vore, birge Co 5 Cuwoangles (1olbé Y and sulior
Beadped 1o viee teat vere P97 Compleses of the Toraain CuidaX ox B, CL
B Base been padivted with Doa-bast 35-ginrethybpn e o b e Shngprentame, The
ligand gets as o dind between two dicen coppor conters, rewalitnge oo polyiere
compuund R

Copper halides venet with benzothineote-2dibone andd PRI P 6o e pe
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b bt DU R O coanpdeses e onvdad straectsee of
s (RS Bonclon of U s iphospbine)
ik aith syl vencra! prostuoes iined Beaed complexas,
Jus fiene, pyridme $-tone and pyrimzdine-
Zethibone proddoced several o sach prodects the sliacture ol dnbere
CaBef PPN e Pyth e 189 and menomeris E('nf”"‘ ‘},i'thi{:m.-}XI fthione
Brasotiyoldine-2-thione, X = O {05 thione  Pynadl 2= B [ON0); thione - 3.
veths btrdazoline- 2 tfacne, Xo= Befodt o doone - pemtd, X L {UG2 H were solved
Aguboooin veactions with rri-p-ol phospline pove ason diwerse vomiploes fhie
sivackrre of JCuf T Pepdolla Hpyatd D, [0S aud OGO P peradyb i hiones,
thivne - tagesladine-2-thone 90 Densnnidasoline. T bione and sinasbegunda
stz 00 1) were sndied erystilloeaphacally W98 trear falvl plhosphine
ifyneric contipoads O P fobch e banstudasolin-2othione)f .
[Cwfa By P ol niobeohdine. - thirooe). {Mir], ot Pom-tolyly -
fr pynm DL P P G ut TH P ecrobeby i pa VDL 1908 | were stracturally char
aclerig P e budk seepolvd phosphine
witl fripamal copper envirosmend sbiscrcbe oodis in the crystaliogepehic it ol
approichine el etber moaoway ot woulUleid vedimuer Toreion, he strmctares
af Oobr oot Ero i thiaealidoes 2 dhioney PR Gud ol Pre-iolyB opemtd )
FHOE Strociere deternnoation reseated that tricvelobes vl phosphing behaves ansde-
guwsiy. Forsung sosomerie CulCiaiocaprolactam g POy {911 Slecrrochemibent
shuctaon of o senes of wdo- comphleses i coctomitatie revaded for the monoimeric
thbe peaths. naad Yor the dimere comproundy
versslie peitios ave ohaevved therelore pros-
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Bekdging iodss hetaeen sdgecens coppers oot nnssdreme it owed Uit the

tars sdepiad by the codiipadiid

s of frean-tolyiphespime whese boib B and 5 wore obaeroed as the

fornar can e disrignedied iron e finee pooverable sedicion peads they roveal
wrth respect ke Tone of fle faitter 985 Monowere Cu OPPD g, also veacks with
suhur Thannds to pive vonenieric comploses of e Formuls CaNoPPhL1L
"'n'tirmu-1 v sl wote carricd ook en e compleses of Vo V-dimethyl Vophod-
thinrea, Vovahibond- 37 phe “.‘!*"”“‘”‘ woatidd heesodibiee-2-thione P14 and the sire-
Itsrt:n."{'ul BT VO s thy -3 - phiepylinnea was reporntod {913 Aaadopons
reciions with CaXiAsPhg, prodaced CaXoAPhd (F 0 Vo Vadimerng-,
phenyl-thieea Mo A S pheny - hogens thaeodidine- S hene O
Aephenyl-2-thoso-mmadaoime-done, Soarercaplos - phen 20 et 3o ]
thiewitprokactan 917 for winch the Boma compomsd was soactorably charie-
forrzeed s OO Hadpping sesets stk e dhsodinns e o Banoths s-ctlnydainnthine in
LU Oy ppoapne {Ond g dppan g Ol G- FELG with ome copper alom: in g
FLOTM ek v s s BLOCN P ewsgonmend [91ER T, Cladppmi, ] reacis with
soebrg iboosides de THE s pive H00a -0 00100 e dppivety] L while woth
vy MO P p-O e dppeads] T was obtained. Anpdogons reacinen wis
ohaerved with Nasi jJ9ivf
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vhitis of dhe tvpe JOuN e PUS-FESE b s wetl as O Pesiey of Mot RN L (920,
CaXoreact with Yov-tdoacthelmieomeshyiisiocene in UH AT, o pive [CaN (),
which i forther uxidized (o [CuNCLL e O mad apoa reactdon with cicess €0,
gives JCUXELHLCO) ;. Aneimpted oreaanllization of both ihese products Tod ot
Formatton of [ LLCL g 0] the o
P2 Phe stroeture of CoCHpeiH PPR L propaaed by the suceessive aekdition of
the Hmteds to CuCT, wass evesbpeated JU22 L Pl weoihesbial co rotisent iroingad
copper Boddestarlod as e cudent e thie tae Co P hond Jeagih ediead,

Fla reation of APl waly Collrishiocaprobactinm s o CHCT, MeOFD siclded a
podduct. e cevstd slructure of wlioch srosed 0l e be of e Tormiad
CuBrd AsPl b 19220 2hisensavimicdhine prodoces (CuXa D o X - CH v o
dentue hrnedy, Col XX CL B LSO N N bidenaits Insd pcbich are snnson
ducting companttds ool roveal CT bitmads o the viabde aned Bos onedad sty
dcterntandon o e aodide reveahed Teo o £ ubO L cororonmend {4

Phe sobidstite weacnien of ¥50 el CaNonud PERL o v presenoe o SN
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avadal sivvctiie of which s been determical
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i 13T ratio s aoevtane to vieki ApXOLj0P P, the oresbisd structure of the
iy ridiie-2-hione ui!m'ule has bheen reporied 7] Heactdon of Agtl with

Ethibed, Doy clononanie my Mo fernn :"\1‘ t J(‘I with the fyrond coordinating
t?h'm.:.'!. s Bolerogiores JOS L When AprCE S0 gs teed fAp 3 CE SO,

soid owhere the Apl T inals e dwndped h_\- iheouthicr proigs 1o e o
_.‘é?i' cavirpaeng [0

dhaie-lihe ¢ CTHEIPPR L e obtamed Byt 3G acacion of
sirhy At T and PP i CTRCT PR Drecitnent of Mo 00808047 wilh

ol T tined P o Db sl fn Me€ NOOCTHOL prendnees g cubane-bke comples
of r}h Gorme i 8o SO0 0PI, with sibuer b SaNCT tebrahedron )
Reaction o Msep (M Moo W with three cquisalents o St PPhy L
i MoON LAY preduces enbsene-dibe (MR e 8o PPy, with w0 Seut
sivhrosiekt srosned coch wHser alesn U320 Chelating Ethiocthyl-
oadipheryiphosphimoribaee eopropesad Lo oxist i Awd 0 praduaced by the figand ™
reactintt wih H LA, m ProB e 00 18350
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witle o O NOE ERD gt the cxponee U a FPB Tpnmd P36 Amdogone reactions
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srp-condtauration of the L‘tm-'l-‘i!" bond is esaemtial in the stabibzation of the coppor
coopthpution cornpond 370 A monoeuctear Cu{?y comples s the praduct ol
Cufd M), reduction by Cu in the presenee of bipyadine and swyrene in CHLOH
The copper envieonmment s ¢ prramickit ene [938] wish sinohy conrdinated CI0 . A
serics of CufN Natolefind compleacs hus boen obtigued wnd the inllpenee of the
cholate NN Jigand or ojefin stibslitaents on the Fomtion constints has boen
investigstod PRS0 The enhineod biecicity of the comeliomaied dionine resnhis
A sabstantiad g -domation doothe nwetal conger which reacis by a-back dobattion 1o
the ctivelune double bond. Reaction of Cu ™ owith COR o MeOH praduces
Cnfe 000, ] and i the prosenee ol bipyridine, (CorbpyHd-UO0N] 0 according:
b TR stedios of e vy mand {941 The reacton hebween diocepen and piesiic Leop-
per b aprotic salvents feads to the fornmtion of ihe orvidornedtsdoopport L paer e,
ity O 00 ey ] cned thie rednctive coupding ol eesitn ] as inferpod by TTE NAR
stbos [

The renetion of Cultaa ) with 2 2 paracyciophane in tolecoe affords polvaeric
[t H ], with 07 coordination of copper o ne cyclopiamte boonds and
chelating GoX, anion [0430 A helicad coppert ) tritlate miermedinte wiy solated
as the elficient catadyst for the onantioselectie evelopromanation of styrene (9441
Cuprows  trilipte reweis with sdedione i toduepe bt - 78 Ot alford
B o L HCE SO0 s which rapid diche exchimes s obsenved cven it - 808 O and
fromn which besadiene iy repdily displaced he CODY 9451 "Trigonnd pyremidad e
rmnncnt o opresend i the componnds o CHgnLdpentudiene)],  and
FCud e Briat NBESL whieh form regubir-to-moderately distorted capes depending
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