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INTRODUCTION

The coordination chemisiry of platinum reported during the year 1992 has been reviewed.
Although this account does not intend or claim to be comprehensive, examples kave been selected
to represent important features. Only the primary journals are covered and were searched using
BIDS (Bath information and Data Service} for both platinum (and related) as a keyword and being
present in the tide. The review covers the chemistry of platinum in its § — +4 oxidation states, but
does not inciude the catalytic activity of platinum complexes, complexes containing only Pt-C
bonds or complexes containing nucleotide or nucleoside bases. Classification of the complexes is
according to the oxidation state and donor atom. For complexes containing mixed donor sets the
priority ordering P>N>8 applies, and neutral donors have priotity over charged donor atoms;
neutral, mixed donor didentate ligands ane treated separately.

5.1 PLATINUM{IV}

The reaction of iodomethane with the platinem(Il} complex [PtMer{{pz)2CHMe-N N}
{pz = pyrazol-1-yl) to give the oxidative addition product [PiMesl{(pzjzCHMe-N N'}] has been
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reported. The complex was fully characterised, and 1H NMR speciroscopic data indicated a
solution state structure with the bridgehead methine proton adjacent o the iodine atom. The
complex adopts this configuration in the solid state also, as determined from an X-ray structural
study, with I-H =3.1A [1].

The reduction of platinum(IV) complexes of the form [PtCLy(N-N}] {N-N = N N'-chelating
diamine ligand) by [Fe(n3-CsHs)zl, I, [PUNH2ED4]2+ or [Pi{en)(NH2E()2]2+ has been
investigated. The reactions obey second or third order rate laws, and the rate constants increase
with increasing steric hindrance at the amine ends of the N-N ligand |2},

Treatrment of the platinum{ll) complex of the macrocycle 6,13-diammonio-6,13-dimethyl-
1,4,8,11-teiragzacyclotctradecane (1 : R = H) with Cl2 in aqueous solution yielded not only the
expected trans-dichloroplatinum(IV) complex, but also resulted in complete chlorination of the
pendent primary amines. The product formed [PiCla(1: R = CDI(ClO4); was characterised by a
crystal structure analysis, and was fouad to undergo slow de-chlorination to produce
trans-[PtClo€l; R = H)]J{ClO4)2, also characterised by an X-ray structural analysis [3].

H / “ H
N N NR,

R:N N N
H\ / H
(1)

In an inleresting Teport, X-ray photoelectron spectroscopy was employed to determine, and
thus compare, the Pt 4f binding energies of the platinum cenire in complexes containing the
tridentate, monoanionic ligand [CsBi{CH2zNMez-2,6] (2). As the exact positions of the Pt 4f
peaks are a direct indication of the platinum oxidation state, XPS specira of the complexes
(BdE(2y], (PUICI(2)], [PV Cia(2)) and [PI2){M1-I2)) were used to assign a formal oxidation state
of +2 for the complex [Pil{2){(n1-12)] [41.

©
M o, NMe

2)
Treatment of the organoplatinum{li) complex [{PtMe2{t-SMea)}a] with imines

(CeFs)CH=NCH2{2-XCgHy) (X =H, Cl, Br) gave selective activation of the C-F bond 1o preduce
the organo-platinum(lV) complex (33 {5).
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5.2 PLATINUM(IIT)

Heating a solution of Ko[Pi{NQ234] in 2 2:1 mixture of glacial acetic acid and 1M
perchloric acid in air, has been reporied to afford the yellow platinum(ill) complex
[Pt2(CH3C09)4(H0320(CH04); (4). The solid state sgucture of this complex was determined by
a single crystal X-ray analysis, which revealed an extremely short M-M bond of 2.3905A [6t.

ot

C

Controlled chilorination of platinum(il} complexes comaining the Cg-carbocyclic
o-dioximato ligand {CgHi2{=NO);H}~ (N-Nj (5), or its Cy; analogue {Ci2Hag{=NO)>H |-, with
PhICl; or p-CICHICT gives a 3:1 mixture of [PHE(N-N)2Clp and [PUY(N-N)2Clz]. From this
mixture, crystaitine [PUI(N-N},Cl]7 (6) was isolated, and its solid state structure determined from
a crystallographic study. The complex (6) reacts with further oxidant to produce [PUY(N-N}Chl,
and disproportionates slowly, over several weeks, wo [PHUI(N-NJp] and [PdY(N-N),Clo] [7).

The platinum(il} complex dimesityiplatinum(2,2 -bipyridine) is reperted i undergo an
electrochemicaily reversible oxidation at ca. +0.4V (vs. FofEct) 1o give a reactive Pl cadon [8]. A
single crystal of [Pi(en);1(HSq}2 (HSq = hydrogen squarate) has been X-irradiated and studied by
EPR spectroscopy. The g and 193P¢ hyperfine tensors obtained from the angular dependence of
the spectrum are consistent with the trapping of a Pi(Ill} complex, proposed to be
[Pi{en)a(Sq)I(HSq) [9].
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531 Complexes with phosphine donor ligands

Methyl- and halogenc-platinum{il) complexes, containing the diphosphine ligand
(PhyPCH23»C=CHz (L) have been reported. The dihalogen complexes [PX2(L)], upon reatment
with Meli, were converted to the corresponding dimethylplatinum(Il) complex
[Pidiea{ (PhaPCH);CMe} -, containing a symmetric, anionic diphosphine, Whilst reatment of
[P{(L}] with Clz (X = Cl} or Mel (X = Me) afforded the corresponding platinum{lV) oxidative
addition products [PtCl4(LY and [PiMe3l(L)], which were both unstable with respect to reductive
elimination. The anionic complex produced above, [PitMes {{PhoPCH)2>CMe} |-, reacts with
electrophiles to afford the neutral complexes [PiMez(PhaPCHRCMe=CHPPh2}] (R = Me,
PhCHa, Me3Si, PhoP) | 10].

The preparation of {dipheaylphosphino)indene (L) (7}, isolated as two isomers (7a) and
(7b), has been reporied. Using both isomeric forms, a series of platinum complexes of the type
{PiClyMeyLa] (x+y = 2) has been isolated and characterised. For the complexes of (7a), two pairs
of diastereoisomers could be distinguished by NMR speciroscopy {11].

o
o

) [

{(Ta) (7b)
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The reaction of [PtRCl{cod)} with TI[CsH4PPh;] 10 yield complexes of the form [PtaRa(jt-
CsH4PPh2)s] (R = Me, Ei, Np, Ph) has been described. For R = Me and R = Np the solid state
structures have been determined from single crystal X-ray analyses. For the former, a structore
exhibiting an 13- and an N 1-CsHy molety is observed (8), whilst for the latter, both
cyclopentadienyl rings are bound in an 13- fashion ¢9). Further, an equilibrium between the two

forms in solution has been proposed [12).

g\hz ( giz
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/

8 9)

A convenient method for the syathesis of bis{acyl)platinum(ii) complexes has been
reported. Thus, weatment of frans-[PUCORYX)(PPhal (R =Me, X =Br; R=E;, X =Cl.R =
Ph, X = Cl) with ZaR; (R = EL, Ph) in benzene at 25°C afforded the mono-acyl complexes
trans-[PUCORXRYPPh3}z]. These complexes underwent subsequent carbonylation at 25°C to
give the bis-acyl compounds cis-[P{COE)2(PPhs);] and cis-[P{COPhYCOENPPha)2i [13].

Nucleophilic substitution of the o-vinyl-Pi(il) triflates (10 with CO produced the cationic
G-vinyl Pt{lI} carbonyls {11), which subsequently reacied with sodium alkoxides to give the
neutral c-alkoxycarbonyl G-viny! Pi(il) complexes (12). Reaction of (10: R! = RZ = H) with
NaQEt, however, produced the a-vinyl Py{1i} hydride trans-{Pe(H){ C(Me}=Ciiz }(PPh3)2] rather
than the expected ethoxide. All complexes were fully characterised, including a single crystal
X-ray structure analysis of (12: R = Bt, Rt = Me, R2 = Hy [ 14},

TfQ,,h" ."“‘\Ppha 0 G’h “\\Pphs H OJ"" “\\Ppha
Pt P oy
R R'
PhsP/ \[ / PhaF'
R? R? RZ g2
{10) R'=Me, R?>=H (1) R!=Me, R%=H (12 R=Bi, R'=Me, R%=H
R'=H, R>=Me R'=H, R%=Me R=Me, R'=H, R%=Me

R=Me, R'=Me, R?=H



The reaction of ethyl diazoacetate with [PiXal2]) (X = Cl, Br, I, Ly =cod, 2PPhs, dppm,
dppe, dppp, dppb} has been reported to produce the corresponding complexes
{PIX{CHXCO2E 2] as a racemic mixture. When optically active complexes [PiXeL"] (X =CL §;
L* = for example, R.R-DIOP} were eated similarly, analogous complexes were obtained as
mixtures of diastereoisomers, but in differen: proportions. The major diastereoiscmer of
{PeCK{CHCICO2EN(R .R-DIOP)] was separaied by fractional crystallisation and its swucture
determpined from an X-ray analysis [151.

The synthesis of eleciron deficient (flucroary!}- and (fluoroalkyt}-phosphine complexes of
bis-aryl-platinum(il) has been described [16]. Reaction of [Pt(112-CoHa¥LaM (L; =
CyaP(CH2)aPCyy, BulaP{CH31},FPBuly (n = 2,3}, ¢-Bui2PCH2{CgH4)CHPBufy with non-
coordinating acids produces 2 series of cationic complexes which adopt sauctures exhibiiing cis
ethena/hydride ligands {13}, or a 2-¢lectron, 3-centre agostic interaction (14). The complexes were
characterised by 'H, 13C and 3'P NMR spectroscopy and for (14: Ly = BuisP(CH3)3PBul) the
structure was determined by single crystal X-ray crystallography (17].

L"""-. .“‘\\H L"'h,. - - H. ~ .
( by ( ST
L/ \// Ny ~ \c /S
H
(13 Lp=Cy,P(CH,),PCy; (p=12) (14 L,=Bu’,P(CH,);PBu/,
Bu’,P(CH,),PBY, 0-(Bu',PCH,),CeH,

The preparation of (x-allyl)platinum carbonate complexes [(3-2-MeC3Ha4)-
Pu{PMes ] H{OCQOR]~ (R = Me, H) has been reported [18]). Treatment of the complex trans-
{P{CH=C=CH2}(Br)}(PPh3)2} with amines or hydrazine resulis in regioselective addition to the
B-carbon of the o-alleny! group. Thus, reaction with amines produced n3-azawimeshylenemethane
derivadves (15}, whilst hydrazine gave a platinapyrazoline species (16} {19).

RRNH ® ( LPPhg
N= ay
R \PPh
B hu,__ _..u\PPh:i
PhP ;:I: H
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il NaHs | N (16
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A series of acetylide-bridged, dinuclear Pt-Pt and Pt-Pd complexes has been prepared by
reaction of cis-[PU(C=CR)»Ls] (R = Ph, ‘Bu; Ly = 2PPhs, dppe, cod) with cis-[M{CgFs)a(thiia)
{M = Pd, Pt). The complexes, of the general form [{LyPKC=CR)2}M(CgFs)2] (17), possess
RC=C-Pi-C=CR groups acting as a didentate ligand io 'M{CgFs)2. Further, the substrate
cis-{M{CgFs)a(thD);] reacted with cis-{PCeFs)(C=CR 212~ and [PUCgFs)(C=CR}12- (R = Ph,
'Bu) to give the anionic products [(CgFs)2Pt{pn—C=CR}M {CgFs5)3]2- (18) and
[{CgFs}{C=CR)PUu—C=CR)PHCgFs)212, respeciively. The crystal siructures of the complexes
[$¢dppe)P{C=CPh)2 }P1{CeFs)2] and [(CgFsizPt{n-C=CPhiaPi(CgFs)z] were also established
[20]. Synthesis of the heteronuclear, p—ethynediyl complexes [CH{P3P)sMC=CM(PR3)2CI) (M =
Pi, M = Pd : R = Me, Et, #Bu) has been reported [21).

CR
4 "N
CeFs c CF C C.F
N & s
/P*\ \*l'.u(c:ﬁF_,,)2 S\Pt/ \M/
CoFs ey / C F/ \ \C F
\\ 65 C\ &'s
\C R \\C R
amn M=Pt or Pd (18

An investigation into the reaction of disilane (H38iS5i1H3) and 1,2-dimethyldisilane
(MeH28i5iHyMe) with cis-[PtHa(dcpe)] has been reported, including the firse isolated example of
a platinem complex contaiping terminal di-silanyl (8ipHs) groups. Thus, reaction of
cis-[PiH2{dcpe)] with H3Si8iH3, for example, pave the di-silany] complex cis-[Pt{SizHsa(depe)],
which reacted with further ¢is-[PtHa(dcpe)] w0 afford [Pt(u—SizxHsMdoped]z [22). In related
reports, [P¢(PEt3)3) when treated with HMeaSiSiHaMe gave cis-[Py(SiMeH ) (PE 121 (231, and
[P(PEt3)3] with ArSiHs (Ar = Ph, p-tolyl, mesityl) gave cis-[Pi{SiArH2}2(PEt3)2] [24). The
platinum((} species [Pi{PE3)3] reacted with CiMeaGeGeMezCl and MeaGeCla, via oxidative
addition reactions, to give cis/trans-[Py{GeMeaCl{PEt)z] and trans-[Pt{GeMe2Cl)CI(PEt3)7],
respectively; the solid state structure of cis-[P1{GeMesClyo(PEt3)2] was also reported [25].

Photolysis of [Pi{C204){PEt3)2] in the presence of amides generates compounds
trans-[PtH(HNR XPEt3);] (R = S02CF3, COCF3). Similarly, reaction of the amides with
trans-[PH{Me}PEt 2], cis-[PtMea(PEt3}2] and [PtMes(cod)] affords rrans-[PHENR)PEG)),
IPiMe(HNR }(PEt3);] and [PtMe{HNR){(cod)] respectively {28).

Treatment of [PtCi2{PEt3)7] with diphosphadithiotetrazocines, 1,5-R4PaNy385, affords a
series of platinem(J1} complexes rans-[PtCl(PEt3){RaPaN4S2)] (R = Me, Et, Ph) in which the
P2N387 ligand is bound via nitrogen (19), The dithiatewrazocine, 1,5-(MeNCNaS3, and the
trithiatetrazocine, PhCN4gS3NPPh3, also reacted with [PiCl2{PEi3};] to give the complexes
IPtCl{PE£3){ (MeaNC)2N4S2 11 (20) and [PeCly(PEe3)(PhCNaS1NPPh3)l, respectively, which
possess the thiatetrazocine ligand bound through nitropen [27].
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The new metallocycles (213 and (22} have been prepared by reaction of cis-fPiClzLa] (L2
= 2PPh3, 2PMePha, 2PEL;Ph, 2PEts3, 2P(NEty)Pha, dppm, dppe, dppp, dppb, cod) with NN~
diphenyisalfamide or NN P-iriphenyiphosphenic diamide, respectively, and an excess of Agz20.
The X-ray crystal structure of (21 Ly = cod) was reported also [28]. In a related report, the
reaction of N,V -diphenyithiourea with cis-[PtClaL3] in the presence of AgaO afforded complexes
(23); the presence of a flai Pi-S-C-N ring being established from an X-ray structural analysis of
(23: Ly = 2PPhy) [29].

Ph
R P X L, S
Pt S0, “Pt_ P(O)Ph T NPh
td \N/ v \N/ Sy
Ph Ph Ph
(21 (22 (23

A series of mononuclear, pyridine-2-thiolaio (pyS) complexes [Pt{pyS)2(PPhi)al,
{P«Cl{pyS)}PPh3)] and [Pi(pyS)2(PPh3)}l, exhibiting a variety of coordination modes, have been
synthesised [30]. Dinuclear platinum{Il) complexes, of the general formula [PaCla(n-ER)(u-
pz}PRa)z] (E = Q, §, Se, Te), containing both bridging NN -pyrazolato and group 16 donors, have
been prepared and fully characterised [31]. Moneo- and di-nuclear platinum(Ii) complexes
containing the anionic tetrakis(pyrazol-1-yl)borato Hgand, [B(pz}4i-, have been reported [32].

Complexes (24), containing a dianionic O0,0-donor set, have been prepared by reaction of
cis-[PiClalal (L = 2PPh3, PMePha, P(CH2Ph)Phy, dppe, dppp, dppb} with phenylphosphonic acid
{PCOY{OH2Ph}, in the presence of an excess of AgrO. The solid staie structure of (24 : Ly =
2PMePh) was determined, and interestingly, from an X-ray structure determination, a
decomposition product of {24: Ly = 2ZP{CH;Ph)Ph) was found to be the diorthometallated
complex (25) [33].
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The wiflate complex [PH{OTF)2{dppp)] has been prepared by reaction of the corresponding
dichloride with methylriflate [34]. Reaction of [Pt{SCsHolNMe)(dppe)] with {FtCla(dppe)], in
organic solvenis containing trace quantities of phosgene as an impurity, produced the dinuclear
cation [Pta{p-H){u-S)X{dppe)a]*, characterised by an X-ray diffraction study {35]. A series of
dichloroplatinum(Il) complexes containing dithiolato ligands has been reported. The complexes
were prepared by weating [P1ClaL.a] (La = dppm, dppe, dppp, dppb, depe) with difunctional thiols
(1,2-ethandithiol, 1,3-propanedithiol and 1,2-benzenedithiol) in the presence of base [36].

Mononuclear complexes [PtCl2La] containing chiral bis-phosphine ligands (Lz =
S-prolophos, R-butaphos; S-prolophos = (S)-N-(diphenylphosphino)-2-f (diphenylphosphinoxy)-
methyl}pyrrolidine and R-butaphos = (R)-1-(diphenylphosphinoxy)-2-{N-ethyl-¥-{diphenyl-
phosphing)amino)butane) have been prepared and characterised by 1H, 13C, 3LP, 195pt and 2-D
correlation NMR speciroscopy. In each case, only one conformer is observed in solution, and the
solid state structure of [PtCla(S-prolophos)] was evaluated [37]. The new tetra-teriary phosphine
ligand (26) has beer prepared, and reacts with platinum(Il) substrates to form the complex
[CH(CH2PPh2)2PtCl2]2 [38]. The symmetrical diphosphene ligand [2,4,6-(CF3)3CgH2]2P7 reacts
1o form a complex containing the 'PiCl2(PEt3) fragment, in which the phosphene ligand is nl-bound
[39).

PhP PPh;

PhpP PPh,
(26)

Reaction of endo-3-diphenylphosphino-(1R)-{+)-camphor (L) with |PtCl{COD)] and

[PtCl2(NCPh),] gives cis-[PtClaLa] and trans-[P1ClaLa] (27), respectively, possessing endo-PPhy
groups. Complexes of the form [PtClaLy] were also formed by heating the bis-camphorphosphine
enolate [Pt{PPhaCgH140)2] with HCI [40].

The cyclodiphosphazane cis-["BuNP(OPh)]z (L) reacts with Pt{II) substrates to afford the
mononuciear complex [PtCloL2] (28}, in which the cyclediphosphazane is bound 1o Ptin a
monodentate fashion through phosphorus [41]. Metallacrown ether complexes, of the form
[PtClz { PhaP(CHyCH;0),,CHCH2PPh; 1] (n = 3-3) have been prepared, and solid state structural
determinations have been reported for the complexes with n =4 and 5 [42]. Several dinuclear



132

Pi(}I) complexes containing 1,1,4,7,10,10-hexaphenyl-1,4,7, 10 tetraphosphadecane (P4} (29} have
been synthesised and characterised by spectroscopy and single crystal X-ray crystallography. The
complexes are of the form rac- or meso-[P12C13P41X, or the thermodynamicatly more stable form
cis, rac- o cis, meso-[P12CiaPs] [431.
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5.3.2 Complexes with nitrogen donor ligands

The new bis-phenylplatinam(ll} complexes [PiPhals) (Ly = 3,3-bipyridazine,
4.4 -bipyrimidine, 2,2 -bipyrazine, 1,4,7,10-tetraazaphenanthrene) have been prepared and studied
by emission and absorption specroscopy. The one and two-clectron reduced states were generated
elecirochemically, and the ESR specirum of the paramagnetic intermediates was measured and
found to be consistent with the formuiation PHI/{L—) [44]. In a separate report, complexes
{30-32) were prepared, and the absorption spectra and luminescence properies described [43).

The preparation of & series of pyrazolyl complexes of general formulation [PtRa(HL)z] (R
= CgFs, HL = Hpz, Hdmpz (3,5-dimethylpyrazole); R = (CgCls, HL = dmpz} aad
[NBuglfPt{CgFs)2Cl{Hpz}] has been reported. Deprotonation of [Pt{CsFs)y¢HL )2} (HL. = Hpz,
Hdmpz) gives the pyrazole-pyrazolato complexes [NBug J{M(CgFsia(L)HL)] (33), exhibiting
identical pyrazolyl rings as deiermined by IR and NMR speciroscopic data ard an X-ray
diffraction study of (33: HL = Hpz) [46].
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Treatment of the bridging hydroxy complex [{PH{CgFs)2(1-OH}}112- with azoles in
benzene produces the doubly bridged anions [{P(CgFs)2)2(-OHXp-L2))2- (L = pyrazolate,

3 .5-dimethylpyrazolate, 3-methylpyrazolate, indazolate), whilst the same reaction in methanol gives
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the di-|l-azolate anions [{Pt{CsF5)2(1-L2)}212-. Complexes of the latter type were alternatively
prepared by reaction of { [Pi(CeFs)2(1-OMe)]2]2- with the respective azolates in methanol, and an
X-ray structural determination of (34} established the dinuclear nature of the anion
[{PUCsFs)2)2(n-OH)(-L2)12~ |47).

The preparation, physical properties and photo-physical properties of [Pi(bph)(Et25)],
[Pt(bph)(MeCN)2], [Pt(bph)(en)] and [Pi(bph}py)z] (bph = doubly deprotonated biphenyl) have
been described [48]. In a series of papers, a range of neutral (35) and cationic {36) 3-coordinate
platinum(l1}) complexes were prepared and characterised, in some instances by single crystal X-ray
diffraction [49-52]. In a separate, hut related report, features essential to the formation of
5-coordinate platinum(II) complexes were noted, namely the presence within the ¢coordination
sphere of a strong m-accepting ligand [53].

Cl1 I +
N'd‘;‘ | h‘
T pt— . //
COOMe
N I 4

H COOMe

N-N=for example, 2,.9-dimethyl-1,10-phenanthroline

(35 (36)

The cationic complex [Pt(n2-CaHy)Cl(tmed)]* reacts with carbon nucleophiles (HL =
acetylacetone, ethylacetoacetate, diethylmalonate) in the presence of base o give the corresponding
addition products }Pt(CH2CH2L)Cl(1med)] (37), possessing a P1-C ¢-bond. Treatment of the
complexes with acid (HC! or HCIO4) gave the ethylated nucleophile and [PtCla(smed)] [54).

M
k," “‘\ M R RC = 0
l +
/ \cwcmcﬂ T~ CHCHCH
<I:=o c=0
M ¢ Me
Nq . ined + [PICly{tmed))

The activation of aromatic C-X bonds by the organcplatinum{Il) complex
[PtzMeq4(p-SMe2)2] has been reported [55, 36]. Thus, for example, the ligand
MesNCH2CHpN=CH(CgF5) reacts with [PpMeg(L-SMez)a] to initially form the
organoplatinum(Il) complex (38), which reacts further to produce the platinum(IV) complex {39).
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In contrast, analogous reactions with the ligands MepNCHCHoN=CHAr (Ar = 2,3-, 2,4- or 2,6
CgH3Fy) gave the N N-bound complexes [PtlIMex(MesNCHyCHoN=CHAr)] and subsequently,
the compounds [PtHMe-(Me;NCH;CHyN=CH}(CgHaF7}], in which C-H activation had occurred
[551.

F
M M
Me, N2 Me,, | N
- j e j
W we | Ny
“
F | H
F F C KCOMe
F F F
F F
38 39

The poteatially tridentate ligand 2,6-bis-(2-thienyl)pyridine {H2L) reacted with the
platinum{Il) substrate K2[PtCls) to give cyclometallated complexes exhibiting BL-CN (40} and
L-C.N.C {41) bonding modes [571.

(40) (41)

The kinetics of thioether displacement from cis-[PtPha{Etz5)2] by pyridine or substituted
pyridines (py) to yield cis-[PiPha{py)2] has been reported [58]. A seres of platinum(Il} cations
containing a NN N" N -donor set, eg. [Pi(bpy)(py)z]?* or [Puphen)py)z)2*, or a NN N",C-
donor set, eg. [Pi{Mebpy-H)bpy)i2+, {Mebpy-H = N-methyl-2,2"-bipyridiny)-C{3),¥'} have been
investigated by cyclic veltammetry, and, in some cases, by epr and UV-ViS-pear-IR
spectroelecrochemistry [59].

Tweo cationic platinum(if) quaterpyridine complexes have been synthesised (42) and (43),
and characterised by 'H NMR speciroscopy and X-ray crystaliography; both complexes exhibit
photoluminescence in the solid state {60]. The Pt{Il) compiex of the porphyrin based ligand (44)
has becn prepared, and its absorption spectrum and cyclic voltammogram measured [61].
Treatment of the polymeric amine ligand, polyazaridine (PEI) with Ko[PtCla] and [PiCla{bpy)l



136

gave the singie species [PPEN; ]2+ and [PH(PEL}2(bpy}]2+, respectively, whilst reaction with
cis-[PtCl{NHz)21 and [PiCla{en)] pave a mixture of products, as determined by UV-VIS and

93P NMR spectroscopy [62].

Br
H____\/S\\ /NMQ
{/r T\Br N g N
\Pt/) (N/Pt\s/m\">
BI/ \N R
Me,
(46)
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The piatinum phenoxide complex [P{OPh}NCN)] (NCN=CgH3{ CHaNMe2}-2,6} has
been synthesised by reaction of NaOPh with [PUNCN)}H20}1BF4. The complex reucts with
excess pheaol to form the adduct [PYOPRYNCN)]-HOPh, and the synthesis of the catecholate
compound [Pi(NCNYOCgH;OH-2}), possessing an O-H--H hydrogen bond, was reported (47)
164]. An account detailing the synthesis and spectral properiies of a series of complexes of the
general formula [PICHRR"SOX 1, L -diaminomethylcyclohexane)|NO3 has appeared |65].

NMe

-

N
Pt—0Q QO

N
Me,
@

Reaction of 3-ferrocenylpyridine (L) with [PtClgj2- gave the square planar complex
cis-[PeCl(L)21, which was structurally characterised by X-ray crystallography, and, from cyclic
voltammetry, it was shown to vndergo two reversible one electron oxidation processes [66]. The
compounds [PiCla{dps)] and [PICI(MeOdiene)(dps)| (dps = di-2-pyridylsulfide; MeOdiene =
Me-OCgH 2, MeOC15H12) have been prepared, and IR spectral data suggest that for the latter
dps— ligand is bound in a moncdentate fashion. The synthesis of the complexes
[Pt{MeOdiene)(dps))X (X = BF4, PFg, C104) was also accomplished, but in this instance the dps
ligand in the cation adopted 2 NN -chelating bonding mode to platinum (67). The synthesis and
characterisation of three series of dichloroplatinum(Ii} compounds containing bipyridines
disubstituted with perfluoroalkylated side chains has been described [63].

The bis-pyrazolyl ligand 4,4-dipyrazolylmethane (dpzm) has been employed to prepare
dinuclear PKID)-Pi(Il), PIV)-P«IV) and Pu{IV}-PK(II} complexes containing two bridging
dpzm units. The mononuclear complexes cis-[PtCla{dm)dpzmH)ICt and c¢is-
[P1Cla{dmi)(dpzm)]C1-0. Sdmf were also prepared, and the solid state structure of y-[ClaPi{p—
dpzm)aPtCly ] 2dmf (48) was determined from an X-ray diffraction study [69].

C'\/N:>f\©

(48
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Styrylbenzazole ligands {L) (49) based on imidazole, thiazole and oxazole fragmenis have
been used to prepare a series of complexes of general formula ¢is-[PtCiz(L)2], in which the
benzazole ligands are coordinated to platinum through nitrogen [70]. Oxazolidine based ligands
(30 have been used to synthesise the optically active compounds trans-[PtCla(CaHa )(50)]; for the
complex with R = Et the solid state structure was detenmined by X-ray diffraction [71].

R! H
N R
N/ |—<: :>—<
\>_/_© © o:r
X R

(49 X=0, S, NH, N-Me (50) R=Me, Et, Bv', CH,Ph, Ph
R, R'=H, alkyl , ary)

Treatment of Ka[PtCl] or PtCly with an excess of RCN affords the nitrile complexes
[PiCI(NCR)2] (R = Ph, 4-MePh, 4-(CF3)Ph, 2-MePh, Me, Et, Pr, Pré, Buf) as a mixture of cis and
trans isomers, in different ratios depending upon the experimental conditions {72]. A convenient
method for the small scale preparation of rrans-[PtCl(NHz)z], svitable for the synthesis of I5N-
labelled compounds, has been described. Using this method, 15N and 195Pt spectra have been
used o characierise trans-diammine-platinum(Il) compounds with agua, chloro, nitrato, sulfato,
acetato and phosphato ligands [73].

533 Complexes with sulfur group donor ligands

Treaument of [NBug][ {PH{CeXs)2(1-Cly} 2] with [NBugJOH leads to the formation of the
dinuclear species [NBugl[{PHCgXs)2(u-0H} 2] (X = F, C1), which react with weak protic acids
(L-LH}, eg. acesylaceione, to give mononuclear complexes of the form [NBug][P{CeXs)2{L-L}]
[74]. Reaction of the bis-(phosphine chalcogenides) CHa {P(X)R2}{P{Y)R 2]} (X, Y = O, 8, Se)
and their corresponding anions [CH{PQORHP(Y)IR 2} with [PiCls}12-, [Pt2Cla(PE)2] or
[Pl (PEis)q ]2t yields a wide variety of coordination compounds. For example, with R = R =
Ph and X = Y = 3§ the following, amongst others, are avaitable: [PtCI{PE3){ CH(P(S)Pha}2-C .8} ]
(51} and [PiCHPEw3) [ CHz(P(S)Ph2)p-5.5}1+ (52). In general, the ligands exhibited five different
coordination modes, and each has been investigated using NMR spectroscopy {75].

The reaction of thiols (RSH}), thioethers (RSR) and disuifides (RSS5R} with the platinum
compounds [Pi(diene)CI)C! {diene = 1,5-diamino-3-azapentane) and [Pt{terpy)ClICl has been
investigated by 1H, 13C and 93Pt NMR spectroscopy [761. The p-hydroxe complexes
[{PUCsX5)2{-OHY}2) (X = F, Cl) react with amines, in the presence of €Sz, 10 give the

corresponding dithiccarbamate complexes (83} [77).
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The preparation and properiies of platinum(Il) complexes possessing bulky sulfoxide
ligands have been described. Reactions with (MePh3O) gave the expected complex
cis-[P1Cl2(MePhSO)], whereas sterically more demanding sulfoxides gave mono-sulfoxide
products, eg. K[PiCl3{Ph350)1; the molecular structures of both these compounds were
determined by X-ray diffraction {78]. Complex formation between [Pi(H2034]2+ and Me»$, ExpS,
1.4-dithiane and 1,4-thioxane has been studied by use of stopped-flow and conventional
spectrophotomesry [79].

Treatrnent of [PtMex{SMe2)z] with 0.5 mole equivalents of the dialkenyl chalcogenoether
ligands E(CH2CHCH=CH3}z (E = § or Se) gave the dinuclear complexes
[PtaMes {u-E(CHCHCH=CH2)2 )] (58), which were characterised by X -ray crystallography,
and shown to be isostructural. By use of a 1:] mole ratio of {PiMep{SMe2)2} and
Se{CHCH2CH=CH3)2, the monomeric complex {PiMe3{Se{CH>CH2CH=CH3)2}] was
obtained. In this instance, coordination o platinum through Se and one alkene unit was found
[80].
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The series of complexes [PipCla{p-Cl){u-TeAr)(PR3}2] (Ar = Ph, 4-MePh, 4-MeQOPh,
4-EtOPh; PR3 = PBuPs3, PMesPh) were prepared by treaument of [PrpCla(n-Cly2(PR3}2] with
NaTeAr. Subsequent reatment of [PtyCla(p-Cl){1-TeAr){PR3)2] with KBr or KI gave the
corresponding bromo- and iodo-bridged analogues, and reaction with pyrazele or
3,5-dimethylpyrazole, in the presence of NaCH, yielded {PizCla(U-p2)(-TeAr}{PRa);); the X-ray
crystal soucture of |Pt2Cia(s-Cl){u-TePh)(PBuP3)p] was determined |81]). The synthesis and
spectroscopic characterisation of [PX(L)2] (X = Cl, Br, T; L = {4HgTe) has been repored [82].

534 Complexes with mixed donor ligands

Treatment of the Z-exo-phosphine PPhyCigH1sNNMes with [PtX2(COD)) (X = Cl, Me)
gave the compounds (55). The exo-phosphine converted to an exol/endo-mixture, and reaction of
this mixture with [PtX2(cod)] gave the corresponding mixed Z-exofendo-chelate complexes, All
the complexes were fully characterised, with particular attention to determining the stereochemistry
at €(3) on the camphor residue [83]. The P-N denor ligand complex |PrCi(n?2-cyclenP)(PPhs)]
(56) reacted with dppe to form the bis-didentate derivative [Pi(n2-cyclenP)(n2-dppe}jCl. On the
other hand, reaction with dppm affords the 71-dppm product [PICHN2-cyclenPYn!-dppm)i, which,
upon teatment with NaBPha, gives a2 mixture of compounds, one of which 1s proposed 1o be the
bis-chelate complex [Pin2-cyclenP)(n2-dppm))BPhy [84].

{85 X=Cl Br,Me (56)

Reaction of [PtCl{bpy)] with e-pyrrolidine gave the e-pyrrolidonate bridged dinuclear
complex [Pia(bpy)a(a-pyrrolidonaio)y}2+. The solid state structure of the complex was evaluated
using X-ray diffraction techniques, and was shown to adopt a ‘head 1o sail' arrangement of the N-O
ligands (57) [85].

The mono- and bis-chelate ligands bis-[o-{methyithio}phenyllphenylphosphine and
iris-[o-(methylthio)phenyllphosphine react with platinum(if) substrates to form
(P{PPR{CgH48Me-0)2 }Cla] and [P1{P{CsH48Me-0)3}2]2* complexes, repseciively, in which the
ligands are P/S chelated to platinam [86]. Platinum(ll) complexes [Pt(N,Te}CiO4)2],
{Pi(N,Te)I(ClO4)z and [PtCIz(N,Te)s] exhibiding N, Te-chelation have been described for the mixed
donor ligand 1-(NMej)-2-{TeCgHaOE1}-4-MeCgHs [87].
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54 PLATINUM(I)

The reaction of IMX2(R2Ppy-P)2]l (R = Me, Ph) with [M'2(dba)3] (dba =
dibenzylidencacetone) has been employed o prepare platinum(I)-platinum(]) and platinum(l)-
palladipm{l) dimers, [MMX2(pt-R2Ppyiz] IM,M’ = P41}, Pt(D)]. Initially 'head to head' dimers
were formed, but these isomerised to the 'head to wil’ form, eg. (58) [88, 89]. Single crystal X-ray
diffraction structures were reported for the complexes [PdPiClz{t-MezPpy);) and [PtaCla{u-

MePpy)a] 190].

MezF" N
|
Cl'-'-Fi! Plt"“—CI
N PMe;
(58)

Treatmenat of [PrpCla(p-dppm)] with an excess of NOYA- (A = BF4, PFg)} leads t0
isolation of the stable cationic species [PizCla(p—NO)}u-dppm)2i*. Reaction of the
corresponding halogeno-complexes [PraXq{p-dppm);] with NOBFs gave the analogous
compounds [PrXo(U-NOXu-dppm)p)BF4 (X = Br, . The crystal structure of [PraCla{u-
NO)u-dppm);]* was determined by an X-ray diffraction study, and confirmed the presence of an
A-frame structure (59) [91]. Two-dimensional 3!P homonuclear shift correlated spectroscopy has
been appiied to the analysis of a series of dinuclear Pi{I) complexes containing phosphine ligands.
On the basis of the spectra it was established that cross-peak positiens of the Pt-P sateliite signals
can be used to determine the sign and magnitude of the 2fp p coupling constant [92).



55 PLATINUM(0)

Cyclohexyneplatinum(0) complexes [Pt(CgHg)Lz] (L. = PBu/sPh, PBu'Ph3) have been
prepared by reaction of the complexes [Ptly] with 1,2-dibromocyclohexane and 1% Na/Hg. The
reactivity of the complexes with HCI, and with MeOH, in the presence and absence of Og, was
explored [93]). Reductive elimination of neopentane from (60) at ambient temperature, generates
the reactive 14-glectron intermediate (61) in situ [94].

BY, BY,
P, “\C HCMg 4y,
< o -CMe, " by
o Ny P/
B lfz e l'f?
(60) (61)

The platinum(d) complex [PtiP{OCgH4OMe-2)3}3], containing the new ligand
P(OCgH40OMe-2}3, has been prepared by a variety of routes, including reduction of the
corresponding dichloroplatinum{Il} complex, or by ligand exchange reactions between the
phosphite and [P1(12-CH4)3] or [Pyn2-norbornene)s] [95). The first X-ray swucture for a
platinum dibenzylidencacetone compound has been reported [96). A convenient synthetic route for
the production of platinum(0}-phosphine complexes has been described,; the procedure involves
reduction of platinum{Il}-phosphine complexes using fluoride [97].
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